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ADB Asian Development Bank

AIST National Institute of Advanced Industrial Science and Technology, JAPAN
ArcGIS ArcGIS for Desktop Basic (software name)

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
BTN Bhutan Ngultrum

CDA Community Development Agreement

CNDP Comprehensive National Development Plan for Bhutan
CP Counterpart

CSI Cottage and Small Industries

CSR Corporate Social Responsibility

DB Data Base

DEM Digital Elevation Model

DGM Department of Geology and Mines, BHUTAN

DHI Druk Holding & Investments Ltd.

DHPS Department of Hydropower & Power Systems, BHUTAN
DMG Department of Mines and Geology, Nepal

DoFPS Department of Forest and Park Services, BHUTAN
DoT Department of Trade, BHUTAN

EBS Environmental Baseline Study

EIA Environmental Impact Assessment

EITI Extractive Industries Transparency Initiative

ESCAP United Nations Economic and Social Commission for Asia and the Pacific
FDI Foreign Direct Investment

EU European Union

F/S Feasibility Study

FYP Five Year Plan

GDEM Global Digital Elevation Model

GDP Gross Domestic Product

GIS Geographic Information System

GNH Gross National Happiness

GSI Geological Survey of India

GSJ Geological Survey of Japan

GVA Gross Value Added

ICP Internet Service Providers

IMF International Monetary Fund

INR India Rupee

JCC Joint Coordination Committee, JICA project

JICA Japan International Cooperation Agency

JMCL Jigme Mining Corporation Limited

JOGMEC Japan Oil, Gas and Metals National Corporation

JORC Joint Ore Reserves Committee

A Joint Venture

KT Khang Thrust

LCA Logistics Capacity Assessment
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LME London Metal Exchange

LULC Land Use Land Cover

Ma Mega annum

MBT Main Boundary Thrust

MCT Main Central Thrust

MFT Main Frontal Thrust

MHT Main Himalaya Thrust

NKRA National Key Results Areas

MoAF Ministry of Agriculture and Forests, BHUTAN
MoEA Ministry of Economic Affairs, BHUTAN

MRA Mining Regulatory Authority

MRDP Mineral Resources Development Plan

MVT Mississippi Valley Type

NASC North American Shale Composite

NBSAP National Biodiversity Strategies and Action Plan
NCB National Council of Bhutan

NECS National Environment Commission Secretariat, BHUTAN
NK Nippon Koei Co., Ltd.

NKRA National Key Results Areas

NLCS National Land Commission Secretariat, BHUTAN
OHS Occupational, Health and Safety

oJT On-the-Job Training

PALSAR Phased Array type L-band Synthetic Aperture Radar
PCAL Penden Cement Authority

PDCA Plan-Do-Check-Act

PGE Platinum Group Elements

PPP Public Private Partnership

R/D Record of Discussions

REE Rare Earth Element

RGoB Royal Government of Bhutan

RSMP Road Sector Master Plan

SAARC South Asian Association for Regional Co-operation
SEA Strategic Environmental Assessment

SEDEX Sedimentary Exhalative

SEG Society of Economic Geologists

SHM Stakeholder Meeting

SIM Subscriber Identity Module

SMCL State Mining Corporation

SMM Sumitomo Metal Mining Co., Ltd.

SPOT Satellite Pour 1’Observation de la Terre

SRED Sumiko Resources Exploration & Development Co., Ltd.
STD South Tibetan Detachment

SWOT Strengths, Weaknesses, Opportunities, Threats

UN United Nations

UNCTAD United Nations Conference on Trade and Development
US/USA United States of America
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USGS United States Geological Survey
WB World Bank
XRD X-ray diffraction

I- viii




L

| ooy ke

T—2 EE LLTF, 17— EH] 7)) e~ 7 VILIROMEEILEICAEL, 1> NE
BEFEROAR B 100m OKHIT 2 b PEIESTALE O 7,550m £ T, FEEEO RS VAR HTE
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D 2 BEICRRFERZERME & ZEPERE 1M | (Economic Diversity and Productive Capacity) % 281F T
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DBAFEIZIZE > TV,

ZOXEIRRMOT, T—Z CEBUT & EERH S5 (JICA) 13 2019 4F 3 A2 & B %8
WCETLHEINB N 7 ey 2 N2FETHZETARRELIE, Z0o7mny=7 MTiE, ERNOIY
B A AL, AMERZE(ET 5 B TR 72 BZEHE 2 K E T 5,

4 20 JICA EMEN T vy =7 MPFEPICEKRE 7 =2 Y EIIRE S, 77— Y EORESE
OHEHL LR (DGM : Department of Geology and Mines) D W 7 > X —/N— | & 3L[6] CEHK % 5
L7z, 7muy=l NEDFENICERT D201, BRANET =X ANDOA D X —3— KT
4 SDDORET — L BER ST,

E R ==tE &2 (GNH : Gross National Happiness) 35X OEHFBHFER 2017 28BE L, 7 —#
VEOME R LS ETRIE R & IR ICRE T 2 RN — R REFRICESE, HETF— L
I ZHE & TR BH 3651 (MRDP : Mineral Resources Development Plan) % 3KiE L7-, Z @ MRDP |4,
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Fe~A &, KA, 76, AKA, BA, WA, 77774 h
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7= CEIFTERBER GEEBIEMENR) CEENLTWD, LERBER (AKA, R
n~A b, BEAkd) O OFNTTEICT X BB TEB L WD, HEF—LI1E, 4 OO
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X, BEWKE LT 5 2OEAL) 2H#ET L2 L2EDTND, 5 DOFEL : KIFEE, F/h
AR PEYE, §R%E, BB IORER, t2RFRBLBEL X OERHT 720 0EEE s ¥ —T
HY, HEEERA~OFREME & EBROBLSD S PR ES B 2R L T\ 5,

T =2 CEIFHR TR OHIENRLWVED 1 5TH Y, HEEIE 150m 2>5 7,000m Z 482 T
Lo BEEOEWVBERLWILA SCHERWARR EDRIROZWHIEIL, 2ol ZoXhick > Tk
BT STV D, 1Z&AEOWINTAL O & L2 & LT, RVBRRIEZA L T LT,
Ko 7= EFRICAD, &EHICA > ROT T ~7 b T I2iiiiAte,

T =& VEOMMEEMEEOMBEN I L ORENELD TS, T —2 VEIFHR TRZICES
NWIEMBRRMED AR Y NAR Y D1 2ThDH, 7—F EOFMANT OREIX, &80Tk
ARRRZEAELTWD, BEOEEMNZEMRL T, TOENREMSEIELRET D Z EI1E, B
ORI NNT ZA LD | DThDH, BUFIEZ, D72 &b 60% DR AL 2 5 IHERF T 51k
BEHE Lz, BE, 72 EOBRELHRED 7047%IEHRKCEBDONTEY, LHERHO
51.44% 1% 10 DENLAR & REX, B OEDEIER S 72 5 REIRIZ I TV 5,
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Legend
Altitude (m)
(15,500 - 7,525
[ 5,000 - 5,500
[0 4,500 - 5,000
[ 4,000 - 4,500
[ 3,500 - 4,000
| 33,000 - 3,500
- | 12,500 - 3,000
| 1 2,000- 2,500
| 3 1,500 - 2,000
| 32 1,000- 1,500

K7 v =27 KTASTER GDEM 7 — ¥ I BAER S vz B 7 — e iz X

-2 #1'E

INETIZ, R 1:500,000 DWW OO EEME X NARR S TWD, 1983 42, £ K
HEFRART (GSD 137 — % VEOKRYIOHE XK 2 AR L7y, Z O TIFEACE O JAw (L H
BHIIREI LTV, [F4EIZ, Gansser [XALER L HL O R EN O FEIK R D & 3172 Fe g D #VE [X] %
¥F L1z, 1991 4EIZ UN/ESCAP IR L7-HEXZ A Lz, ZNO6OMERIZEIT DT —
S URERE R OME AL, THETRERER R LICHEINTE 72, RFTOHERIL,
2011 4EIZ Long HIZ k- THRESNT-, 2L, ASN-HER L H LVWHTER#E T — % O
EEHAEDEEZLOTH D,

T EEG e~ T YIUIRIZE & E L g ThH Y, & EWEIC Ko T2 b 4
oDV —v (T e~IY, Lyth—b~I¥, JL A ¥—b~T7F, TFAE~YTY) XA
ENnbd, T~ T VIZEARNICE T Y ILHOREICHET 2 HHI» SREFOT T v i
EWmroiesd, Ly —b~IXIE 007U TPV AROWE, BA, ZvA Yy,
A, THOE, Fa~A K, ARBEREOHFEENDRD, T4 X —e~ T YIIHEREHND
T VT RO A, Fa, KEA, B7VA Uy r, BEREOEBEENOLRD, T
FAb< T, WA LERAEN THEROHERE RINZ L > TS DK 100km 1E
DEFITH B,
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PLRITS ESERMENB L OCHEFNRE CEREIND, S F I ERFEOIKITRED
HERE TR ESNS, HOEOHKITEBEDOE OO TR SN S, HREHE) /£ 721
il OB FRZEEORER L LT, BOHBEAGHNCEE T2 608305, Lzh> T, HEEH)
AR & R HE OBFSEE, SRR O AR5 ETEHEETH D,

BEfFOXEIZ L B &, 77— VETHFINS SBILERORBEIZE S Cldenis 9,
BRI BT, KEEFEZZ ORI W THIGER O EHER G N AR SN S X4 7O RMEIT,
AR, BUoTAT Y, D70 EEBTOREOKMEIIENZ5I SR T NI H D, ZHiT
LIZLIEA I N B A TOHIRE LTHET D, FRICEAERREZMED 7T F A~ 7 VY OEREK
MHLIRZ A4 7" Sb-Au 1%, KEHEZEEZ OME~ 7 ~OELEITMMICBEEL WD, 7—X
[E D HE 13 R FRE 2B DL RAEMICER L TWD DT, BIARELRIGHIR O ATREMEN D 5 b
LivZew, 72, &b b20b Livew, o PHRIFTEEZRILLIEMIX, SEDEX & MVT % &
te THEREMIN X A 7 OHALER T TH Y, T SIEKACE B kD KN & FEEFRIE OGS & o B4R
DRIZBNTWL D00 Z T LT b, Z2EOMEREDENE D EOEEESEDE AL,
BUKMESLIR & X7~ 2 A NEKROKIA & 720 5 5,

T— X CETOWMEOEBIEDRE L FEMBREORE, ¥ 727> (W), & (Pb), Hish
(Zn), #i (Cu), 4 (Au), A L¥EILFE (REE), XU U T LA (Be) BLUEE (Fe) 72D/
R BER & ZE DB R R EN TS, ZHEDOEIMEIRD 5 b, (KN OEREEAT D I 3B
A, 1 OOEKILLDOHPBEL TV D,

(2) TERHER

7 =2 VEIFTEFEBER GEeRIEMER) ICEEATWDS, 7—F VETIE TICHE
BENTWBIEMER DO S, ARA (BAY MELFERHWE), Fa~A N, AE, B (&
MEbFEHME), AR, REABIOWEAE, ENTOHEEZIT TR, EZAYy RO T
TF 4 a~DOEHOZOICEIBEN TS, 260 TEFEEFROERIIMEICHERL TR
D, GDP ~DOEMBbITEEEITHZ TW5DH, 2017 4EI2iE, Fu~A b, HIKA, 68, KA,
A, WA, BEME, @Rab (ERE), TECE, it ARBB IO AEEI Nz, T
EFBHEIRIL 7 — & E ORI EE R E 2 ERICH S TV 5,
FEAEDOTERBFERITT — & VO MERERIIZAE L TWD 7o, DB
FIBRBEICB W TR AR SEE 26T 5, EARMIZ, 2o o TEFEERO RO E
PEME &R OB RITRIR X o EME TH D, T—HX EO NGO TEFEIEFRIZESNT,
HOPLBALDOFEENBFNLINTEY, WEIZEREAZFHERLARVRY, I5ICEOFEENEX
HAREMEN B B,

-4 S ER

MRDP DHARW 25 2 KX, 7— % VEOEMEROBREZELLB#KTH ZLicdhH b, %t
SerfEIE, (1) 6 DOLBILMEIR ; Pb, Zn, W, Cu, Au, REE, (2) 7 >®O T¥JFEEIR ;. N
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n~A ~, REA, A8, AKA, BA, W6, 777748, ThD,
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INHOERDO—HILEILA » RENVT T T o vallimi SN T 5729, JEILIEREIL GDP
DREICAOGND X7 =2 VEORFICERKL TE T\ 5, 2018 0o EAL 10 BEih
TRCTEFRHG TR SN, T5%UEOY =T 28>, ShEB LR LAY % —1%, 2017
FFIZGDP T LT 486 X—F v DY =T itk LT,
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LR L EDOIMEIR % A PE L T %, Druk Holding&Investments Ltd. (DHI) 1%, 7 —#
VEBFOREE/KE L LT 2007 FICR S, BUE, fE, —xouX—, RARER, e/, @
15, WiZE, 85, FEEOKSE T2 (L2 A L TW5,
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WZHIE STz, Bill 2020 13, BEINR, S ORE LA, SEETHOS, EFouB L E
R, IR &R, RIS ASO Y RV ER, MM BIAT, 2I2=7 s O5 L
W, s L bR, gk, SRl EHRIEZBE L TV, Bill 2020 13X, SLEOREROFEE L
ok, BLOBLENRIEDORBIC > TRAETHAMBEICKH LT L EEFL LTINS,

MNTAEBI & L COMLERGIY R/ (MRA) 13X, BHIFEHE 2 @502 RAIZER T 572D
Bill 2020 OHLEIZ L VRN S N7z, DGM I, FLEICEET 2 FEAQEEMEMKE TH Y, HEHERE
FERZLTWD, DGM O EREEHNX, BORK EH#iE, B0 YT/ T4 2 th, #E 17
FARNT I TFv—, HEKFFER, REE~ >y s, LA —r v a s EThb,

FLil OB Y, B P B I OERET oM CRBAOREICEEL HE X HWREERS L, £0D
e, SEIERREVELZEL CHEZEDILEND D, 7—F VETIE, HEESCBIKIC
BOTHRERE~OEENEI RO OGN TEY, BIHEEENOLER TR 2TV, AR
EREREDBOAEEZERT L ENEETHD,
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EZBITARR T RICBRILY AR EDaWwE LTELTEY, BRI ITHIRE
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SERFETHREEND, iEfE#%% e BlgET 2 E TICE OBEMALETHY, £ D
FHEOME, THXLX—BIOLHAN—20L 57, L0ELDax v RZunELALD, Hlzid
SRAPE LT — X ECR DO FIENMETH D,

(1) BRAAVER - FAEIC X 2 BRI~ — i - 854 (0.1~2%Cu)

(2) S0 EURNE— Al Ho R - R (20~30%Cu)

(3) &mfhH BB ->EH-FR . 1Y — R/ —F% (99.99%Cu)

ZOE)REBEROFESCEBIILOME X, TEFREREITRERD Z LICEELART
X7 B 720,

RSN IEARICTRANT VA TRE D, HEE (Cu, Pb, Ni, Al 22L), H&E (Au,
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@%ﬁ(m@)@;5&ﬁﬁmﬁﬂﬁﬁ%ﬁ&ﬁém5 BFEES W X° Ta 7280 E RS 4
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II-4-4 EEILYEROEFE

2 OERBIEMETIY, EIZT—X VEOFENOEEBOT 7 ANEOHR CHEE ST
WhH, THHDEFDITE A ED/NRBETIREALTH D720, ZAETHRIEINZZ LIER0,
T VEOME L ERKRIAICES L, RS T 20 KB ERITMfECE 2, LaL,
WL ONOFEBEOE B AR I NS /RN H 5, Bl 21X, EIsH4eE, RS E 2 13r
B CoTEN MWL, (K= X N (57, B, EEM) THEAEHOH LM, VETH
il i D 4 &~ 84 5,

6 DDOFFE (Pb, Zn, Cu, W, Au, REE) %, HUEIE®, FLKRMKE, EIWFEM, 3 L OHR
& HUIR DR F IR FE S W CTFEI L 72, SWOT i & & =dl i Ric Ly, 7—% EHTO
GREFEBHRETIIW L REEDLVEWELEZET D EE X T,

w<o#@é@ﬁ%%ﬁi DOt fl DL ERTIC R CRBICHAE SN TS, Lo,

BHPHE L O FRE®IE, BEEOSWVWEREHEICIIA 0 TH D, —KRBLED
i,%ﬁ@ﬁfﬂk@é6&5%@?&&ﬁmmﬁmfﬁmﬁﬁﬂﬁgf%éo

EVRBRFICET 5 BRI e S, LT O 1-5Q)I278 7,

1-4-5 I ZEERHERORERE

7 OOHFE ; AKA EREA (CaCOs), Ka~<A k (CaMg(COs).), (A (Si0)), AF
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[D] 7— % EHoME, EWEFERE
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FAE IMEFRFRREFTEORE

AIFE Ct L7EIVEE RSB L OBMEBR ICB W TS LI2FREICKE S, 7—% U EHOHL
Y& PR B FH i (MRDP : Mineral Resources Development Plan) % R7E L7, #a47& IR BHFE G M
(BB IE L LM S TR L7z, SEEIRARERIE O BROAEK 4-1 17T,

& 4-1 HHERFAREE (BIH) OBR

1. HEEETE® 3. PRI ApE

1.1, HRGSEE 31, FEE L HE

12, ER#=EmE (GNH) 3.2. pEHE

1.3. HJE 33. i¥vr ¥ —Di¥E

1.4, fE4E 3.4, RO 4L EM

15 REMREX 3.4.1. Bk E O A2
16. AV 7TANT I F ¥— 3.4.2. &JEAhtsDLEB)ER

1.7. WZ 3.4.3. @@tk DHER

1.7.1. Hish 4. GLFETE

1.7.2. Hi 4.1, PLIEECR

1.7.3. HE 4.2. GLEEREE

2. SEIR 4.2.1. Mines and Minerals Management

2.1, &RIEWEIR Act 1995

211, 7—F VETHIRINDIRE A 7 4.2.2. Mines and Minerals Management
212, 7—X VEOERILWE IR Regulations 2002

2.1.3. 7—% CEOELEO 4RI E IR 423. 7—X4 EOBEK

214, Xy be=TYHERDOLT X X)L 4.2.4. Mines and Minerals Bill 2020
215 77— UEHICBIT A EBEOMRE 43. $LEITIRD THE

22. SBRIWMERKRT VT xv 44. §r¥w T Z— OB
2.2.1. # (Pb) 45. FRRE

2.2.2. Higny (zn) 5. BREEATEC

223. BT AT (W) 5.1, BREZECE

2.2.4. §f (Cu) 5.2. BRETBHEIE

225 4 (Au) 5.3. FLZEICIR D REEALSELE
2.26. A t¥ocFE (REE) 5.4. FRE

2.3. T RLX—HHEIR 6. SR R BH TS F
2.4, TEFEHEIR 6.1. SEMEIRBHFRE O TR
25, LHEFEERART v v 6.1.1. FL1LIBAZE D BeBE

25.1. Fe~<A1 b 6.1.2. JORC =— K

252, fiJKA 6.1.3. 4@ DA piE

25.3. A5 6.2. XtGLFE (&JEILY)

254, K¥EH 6.3. &EILWE IR D BRFEE
255, Hf 6.4. LEJFUBFE IR O BA S FHE
2.5.6. A 6.5. SLMEIRBHIE IR D BREE A
257. 77774 b 6.5.1. BEIR— AT A VA
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6.5.2. BRETRCZEGEAM
6.5.3. REET =XV 7
6.6. FRRHE

6.6.1. —xAY A
6.6.2. SLAE W BA 7 O KM
6.6.3. & BRELD HEK
6.7. fimmEiRT

S PLRDE S

7.1 REE B

7.2, BREEEEE
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$5E HHMRE

5-1 #hiEthiEE

GRIEIR ARG L LT B IR TG E (RGOS 1) 1XEARICEEAA S s %
SWTREINTWD, ZOFEFEIZE Fh DX GO 4 @S & IR % 8 E IG5 729
W21, ARITHHAGLEIC X 2 25RO BN R EFRIRFRCE LM E 2R T 5 Z LN E
FLWV, LML, EEHMEORKNLRENDH D Z LoD, FRN R EIREA O flREME - BE A L4
HA~DT 7 AZ2OWT CP &g L7z BT, 2 FBEOFEH 28R L CLL TSRS 2 Ero8
WA ZFERwm L7 (X 5-1),

(1) REGFR

@ Maure #kFL 1L : REE #7811, Dagana Dzongkhag
@ Khepchishi hill : 7'7 7 7 A F§L#M, Haa Dzongkhag

Masang qug,Q B = Chomolpan Q

.. Kang
L V% \
\
. o N\ ChutalK o
NI T y "7 f Thanza \ e BOITIET G
, A~ aya =~ S A 2 e
FoAN S f = 2R
<h3r\nchm‘gvzo Yim 4 CONA COUNTY
&
= /
iz Q) / . ;
.S b = o Sk IV
hang . 7/ N Saidu
TroTy s Jigme Dorji \ s
- .3 Jangothang National Park Sasoka Sawang, (BN
s / Bhutan S S eriths
achung ¢ 5 o ~ Zemithang
). 2 E-%Bj_',r‘/j Naspe Lhuntse e
. . — [-Fz>
Khepchishi hill o Chen 2 s
. . A Jakar Pimi \
= D5 ‘ \
5774 MEEH = A e b 51 v 4
Y 70 Wangdue Trongsa Ura e bt 2B P
L & /N Thimphu Phodrang
53 Va2 aro
\ ; Monka
& Sengor VP IH
= a3 Trashigan
7 & S5 s gang
T i ar Jxe Mongar
/ ” F v IFo A Khaling
* Chapcha Haracha d
V. 4, ANLT ¢ $
b7 A Sharand Wamrong
Fan Daga ) ENLVFR Domka iy S
RO A— Chhukha bitang EITAR Pemagatsel
Dk Royal Manas
ithan 3 National Park Rading
i 7‘\7'\ —_—
Nagrakata 1§ A Y SIS L 7— 3 s
| _Phuéntsholing Sarpang Gelephu YLES T e
Nt et & / ot ol [Fa TN — Sanctuary
—_— R ~—_ samdrp
Binnaguri 53 Jongkhar
o Maure &% kLI ! Re
NF R
P a X S e N 2

| REE #h#tth

5-1 LEMERAEMER

(2) AER*E
@O Maure #4511
2020 £ 1 H 28 H (k) : Thimpu~Gedu~Lhamoi Dzingkha B ®) (¥J 200km)
2020 4F 1 H 29 H (/K) : Maure $&85 1G5, REE SL{#0HIFR A
2020 4= 1 A 30 H (UK) : Lhamoi Dzingkha~Gedu~Thimphu 7% &)
f6{AH : Lhamoi Dzingkha
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@ Khepchishi hill
2020 4F 1 A 31 H (4) : Thimphu~Chele La Pass &}, Khepchishi hill graphite §5780H 784
T4 T =B REY

Q) ZmAE
D Maure #5511 REE #7800
(@) JICA A
B L RS IRB RN B IR BT A
W sl Ak
(b) Department of Geology and Mines (DGM)
Tashi Tenzin: Executive engineer, Geological survey division
Binesh Pradhan, Executive mining engineer, Mineral development division
Norbu Tamang: Mine inspector, Mining division
(c) Mining companies
Dilip Mukhia: Owner of Maure iron mine
M.K.Pradhan: Consulting mining engineer of Maure iron mine
@ Khepchishi hill 7' 7 7 7 A kL8
(@) JICA A
/A L EIRE BRSNS E IR BR BEH A AT
LINEE I e A
(b) Department of Geology and Mines (DGM)
Tashi Tenzin: Executive engineer, Geological survey division
T.P. Thapa: Former geologist of DGM

5-1-1 REE #L{#%ih

(1) #=

REE $L{81Cd 5 Maure 8L (LK, 7 — % U FEIZ & % Dagana J:® Lhamoi Dzingkha O 37,
A v REDEETITME L TWD, 7 4> 7 — & Lhamoi Dzingkha & O E#RHEETH 90km T
bHHN, BTOETHBEITA 200km & 7225, BETOFERKMIL, 747 —nbEE 1 5%/
T L, Gedu Z#H L T Lhamoi Dzingkha ¥ T#J 6 Il Td 5, Maure #58L1L11E Lhamoi Dzingkha
DK 3km (ZAE T 5, MICHALIZHEAL D Sankosh JIAAH Y, HE BN DER RN 0,
RGN EERET S Z N TERV, 7272 L, Sankosh JINZIZADBERTHZHDORE S
220m OMYVKENH Y, Lhamoi Dzingkha MO HETZ OLAFRICEIZE LKL, MOIBEESTHE
D, %5 Maure $5 LI HE L2 HEmICE D 2 THLILIZE > 72, Lhamoi Dzingkha 7> & Hji]
THRSLINCRET 572 010F, —BEA > FIZHT 30km (F L/ F LT, HIZMAITT Sankosh JI|
(1 > KTl Gadadhar JIl) %Y, L ELTT =X VRS TL DRERD S,

Maure $4 (L CTERIRS LD ERILA1EL, EA L MEEHE LTHATSNTWD, 72720, EFICER
L TNDHDOTIERLS, AV MEHDOIKEN & o L REIEITEE L TV 5,

Maure #KFLILD 9km Ly TR EHF 2R T T, 5% A 7 7HE P UBEIND HIAL

I- 14



ThD,
1992~1993 42D GSI IZ K B F ¥ FH 7Y o 7 &G TeiiA T, Maure Hulsk o &kfn 4 A I B IK
£ & REE OREZRTONMERHRE I N TND,

(2) thE

BOGIOITHS, RE THCE TISMAZL LZZREISHERY 3 SOEERNSER 5, JES 25m L
FOWEEITHAL U728k o EFIEE ERE ICEREN D, BASKILAIIIES KRR 20m FLD
BEIK AT (U RREGIEY)) DD, BEIKA R ITKCEIT NI 820m LLEdERET 5,

BRI AR AAL T, Fe Aoy 25~46% %~ L, Wt UV Z@omafhicitihd 2, gkiia
U IIHEIR T 23 B4, P2Os fbfif 0.43~23.9%, #2 REE & 2,677.5~10,289.5ppm % /<7,

3) BERNAE

Maure SK85 LT TRERSE, BEERELDN D 72 2 854 DFERIEY 217> T\ D,

JE KB L OBLR TRt e~ R A DOEKI A ITTH MO ER S ICHRENARE T 5, £OERIT
B EWEIC L > TREI b5, BRILA IR A TP EREE 2 R B HRBIERIC L > TR E LT
ATREME DS U,

SILATFIC L R ~ERERICEAO Y VBRI, KRBIESMESERRA LD, SEO
FHAT P Tl AR 20em FED BN A STz,

LI DAL 700m TlE, HRGEA~BEAOBRIA Z MR TE 7, VU UBBEIEMITMEZE TE 2
ST, FERICIE TV FEZEARIZE ATV,

BHIEE A OB A X 5-2 12T,

(4) 2RFEBEER

REE OGHBEA2HERT D20 DILENTB L ORI 2 HET 57200 X BEHERBRAIC
A 10 FB 2 BRI L 72,

BILA I L R~ ERERICE RO Y VERESY), RBEIMESIEND 6 Rk, BLIRT
BEOPGIA NS 4 BB LT,

03B 36 £ O X BRI e RS SR I 58 o 2.2.6. il R LTz,



#E : Maure S35 1A —7 By b (B2 S H 5 %2 Zie)
£ FLE (M SR 2= 2Ee)
By bR E SITHEER 200m, LR 140m, % S5 30m,
R~ B NI T, 2O NI IR GO ERD I & BB OW ) HEE N A LN D,

e BRI
oS L RRICIRIET D A6 Y CERIESEY), IRERESIMESIE EAHN)

e BRI O BAL A R ERIC AR S 9 5 SkE A O FREE L Hnfr (BL L2 E 5 E )
i @ Sankosh JINZ 25 B VG (KX 220m)

5-2 Maure $%ILDOREFTE
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5-1-2 35774 M

(1) B

77 7 7 A MR TH S Khepchishi hill 17 4 > 7 —OVWEFE A 30km, Paro 7> Haa (Tl
U %lEE (Bondey —Haa Highway) DA Chele la BEDOFFMICALE T 5, Chele la IH:E Paro
L& Haa WROBERICAEL, &L 3,988m, 7— %V ENTRLEWINICHDHEIE L ST
%, Bondey 7>©5 Chele la ﬂf%i“C I, HCHE 1 FFREIE & THIZETE 5, Khepchishi hill i% Chele
la I ROFEANALE L, EHTI0MEETHD,

Paro it & Haa %@F‘ﬁ%fcﬁﬁ‘jt:{tﬁ—ﬁﬁﬁﬁ OB LU H O TEES, Chele la W%HL X777
7A FOFLEBHERINT WD, > FHEMET (GSD (X 1983 4 F TICHIE M A & BRI
PEZ TR L, FEMZRHE XA ER L7, A FEh L 72BRIC Lﬁbtﬁ%ﬂﬁﬁ%%of“é
Khepchishi hill 7'7 7 7 A NESHTIZ, 77 774 b (C) DAL 10~22%, 53.74Mt D F
77 A MEERHEEIN TS, GSI TEIERBROEML THY, 77774 5 90%LL LD
LTS LT % (Austroplan, 1989)

(2) thE

PEFESCHRIC L B L, 777574 ML Paro BIZBTHEERS, AKEE R, Fo~A MNMIEES
L7777 MREPICHET D, 77774 PAARBIZ3IENGRY, TREI 5~10m DJE X
THREMFHEIZ 250m #HE T 5, FMEHSTIE 3 BN 1 BIcEGHLI Y, 30m L EotEcEm i
1,500m #5535,

777574 FOKREBPIZEMBETHLIN, 7V—TWKROT7IFZ 774 NHET D,

Q) HERAE

772774 NrATEREREL, 79774, A%, AZREZzEL, TNHOT 7774
FrAFEMOLOLY AL THY, BATEBELRDEN,

77774 NAEO I EEER S 2R L, BEEREEBbICHECTHEK SN, V&R
DIBIROBERZLED, MEMORBRTIZSZ 7 774 bAAENE(LL, THZERLTWS,
IS A OB R A X 5-3 12RT,

(4) BRFEMER

777748 (RE) OGHFREMRTDIIEDOOILFESIBIORT T 7 74 b ORESRE %
ET D200 X RETREBA IS A S B 2R E L 72,

b5 M ds £ OF X #RIE 7 5RBR S 358 1T oD 2.5.7. BilToR LT,



&) BE

#£ : Chele la I B T IZBNWRAII DOV 7 7 74 b REHOFETE (G FH B Khepchishi hill)
4 : Khepchishi hill {fil> 54t 55 @ Chele la I % e

A ERERE AR 5

5-3 Khepchishi hill DFAEEE
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5-2 $LILfEER

T2 TR BRI E IR TH D, LB TEREER (GG, Fu~Ag
N, BEARE) OFINIEREHEZ ERE LTELBH LTV D, SmEIHBREETE (K#EED
O TIEING O TEFEEFRICOWT LT L TWD 7D, HE - EIRBARIZ T T
372 <, SLILHDOLAE - BEIZOWTHIER A5 7O B IR 2 5Hl L C % L7,

81 REBIHFAEICBWTIE, 74 72 BIR Y TOMENAIRE/R KEA — A KA LI
ZH Lz, F2 REHFAEICB VTR, 7—% > Thd TEFREERNSEE 2K cH D, E
PR DT >+ U VEBICH D80 & T ORASERM Lic, HEHONMEL K 5-4 I27R7,

T U UEBE ORI LTI, RIESCERESRICR I BERS L OEA ET S
ZEHME LT, BEEL RIS, ML) ZoRmofsg, WONCHMERE~DE
T TRE RS AT o7, T - T, JICA HEMBIT C/P #H24FE L Hla CHER=E
(Questionnaire) Z{ERk L, FHRFOIFHINE DL Z K - T2,

(1) EhfEEFR

RSA Private Limited (RSA)

Bhutan Ferro Alloys Limited (BFAL)
Penden Cement Authority Limited (PCAL)

ERCHGC)

Masang Kang Q = Cuomolpar
B >\ Kang
y \. N
. H N\
FOGF Ehd Thanza \_._ ChuraKang 9
il Laya = S -8
i \ N\l ( ~ xR
Khangchengyao | Lo 4 CONA COUNTY
snamn Q) / ; i
8 Sy U Sk BV
/ o
e ; Ei /AR Saidu
: S Jigme Dorji
§ Jangothang NatiopallPark Sasoka Sawang, s S,
'S I Bhutan L eihs
achung § / = A Zemithang
) o LR Lhuntse -
{ = /> 7"_ 5245 Fzy
firt 2o | ﬁ%ﬂ T4~ L)Tﬁ Lung Chen > Tawang
unakha Uokar Pit \
- 025 = T \
2 s = 7 RES > Ry 95 eSS
f 7] Wangdue longsa Ura S Bl
L g hitwehu Phodrang 2
Paro
SCY\JOY pogka L
g VP IHY
RSA jt IEE f}-'L\ IJ.I S Trashigang
e S Mongar
J Fo o Fty Khaling
g Chapcha Haracha B 3 ; (
e SR Wamrong )
) Daga 2 {Kalaktang
Fan J EUVFR Domka e ¥
Penden Chhukha Bitana E AR Pemagatsel DDA
Royal Manas. Tt =
ithan ra) WE ﬁ IJ.I National Park Rading 5

H '+
lPakchlna EARL Rt :
Nagrakata 1 g LGS = W) R 7— o s >

o o ST o T o) BERER | sapars  Gelephu A 4
N o Phipsoo / > g

~ /e [N ——
5 i o RS ~— samdiip
Penden Cement L vusmao| Bhutan Ferro Alloys | 3 oy |
j5> " - 73\/ I\ —l= Nt 127

5-4 SHILRTWOALER

(2) B8
(D RSA Private Limited ¥ J U" Nortak Mines and Minerals Private Limited
20194210 H 25 B (&)
+ 09:30~10:30 : #H) (Thimphu~Gidaphug)
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+ 10:30~12:00 : RSA Gidaphug Marble Mine S #5af, HEEFLIZ 1)

*+ 12:00~12:40 : Limestone, Marble £&A1 BiGah, Bl iss

* 13:30~14:00 : Gidaphug Top Marble Mine O3 K a4 T & HIFhR, Bl
* 15:00~16:00 : % #) (Gidaphug~Thimphu)

@ Bhutan Ferro Alloys Limited (BFAL) 3 X Uf Penden Cement Authority Limited (PCAL)
2019412 A 8 H (H)
- 09:00~13:30 : #8) (Thimphu~Pakchina)
* 13:30~15:30 : Pakchina Quartzite Mine #4 [
-+ 15:30~17:30 : #H) (Pakchina~Phuentsholing)
+ Phuentsholing 75 i1
20019412 H9 A (H)
+ 09:00~10:00 : %) (Phuentsholing~Pasakha)
+ 10:00~12:00 : Bhutan Ferro Alloys Plant 7/ [t
-+ 12:00~18:30 : % #) (Pasakha~Phuentsholing~Gomtu)
- Gomtu 15 A
20194 12 H 10 B (k)
- 09:30~10:00 : &) (Gomtu~Pugli)
+ 10:00~12:00 : Penden Limestone Mine 7/ [
- 12:00~12:30 : &) (Pugli~Gomtu)
* 14:00~16:00 : Penden Cement Plant 7/ i
- 16:00~18:00 : ##) (Gomtu~Phuentsholing)
« Phuentsholing 155 {H
2009 12 A 11 B (k)
*+ 10:30~16:00 : #%#) (Phuentsholing~Thimphu)

(3) &
@O RSA private limited 35 X O* Nortak Mines and Minerals Private Limited
(a) MNCATELEN  [EERW A (JICA)
SRR R - PESERRFE « NIRBUORES B - R LF—T—T B F—LARE
HEEHET . 7 — ¥ U FHEPT Project Formulation Adviser
(b) JICA FH AL
/IR (#45) : SRED B IREREEHAR ik
AIIBLE © SRED BB FE AR e LRIV —T7 ) —F—
WP AR s © SRED EIREREEFRALS Fi L& L—T
(c) Department of Geology and Mines (DGM)
Tashi Phuntsho: Officiating Chief Engineer, Mining Division
Tashi Tenzin: Executive Engineer, Geological Survey Division
Sangay Dendup: Mining Engineer, Mining Division
Mina Tshering: Regional Coordinator, Khasadrapchu Region
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Sonam: Mines Inspector, Khasadrapchu Region
Tshering: Mines Inspector, Khasadrapchu Region
(d) Mining companies
Sunil Rasailey: General Manager, RSA Private Limited
Chimi Rinzin: Mines Manager, Gdaphug Marble Mine, RSA Private Limited
Sangay: Mines Manager, Gidaphug Top Marble Mine, Nortak Mines and Minerals Private Limited

@ Bhutan Ferro Alloys Limited (BFAL)

®

(@) JICA FAAEM
F)I5LE : SRED EHERBEMAR LRI NV—T ) —F—
HEARYE S+ NK BRBEBAN
(b) Department of Geology and Mines (DGM)
Binesh Pradhan: Executive Mining Engineer, Mineral Development Division, DGM
Ugyen Dorji: Chief Chemist, Chemical Laboratory Section, Geological Survey Division, DGM
Tshering Dorji A.: Offtg. Corrdinator, Phuentsholing Regional Office of DGM
Pema Mangyal: Mines Inspector, Phuentsholing Regional Office of DGM
(BFAL % DGM @ Phuentsholing Regional Office DE/E FicdHh v, REHEHN D HEN)
(c) Pakchina Quartzite Mine (Bhutan Ferro Alloys Limited)
Phuntsho Namgyal: Senior Mines Manager, BFAL
Sangay Tsheringi: Mines Manager, BFAL
Mon Bhadus Rai: Mines Supervisor, BFAL
(d) Bhutan Ferro Alloys Plant (Bhutan Ferro Alloys Limited)
Tshering Penjor: General Manager of Plant, BFAL
Lotar: General Manager of Production, BFAL
Kencho Pclche: Administration Plant Manager, BFAL

Penden Cement Authority Limited (PCAL)
(a) JICA i
AIIBLE © SRED B REBRFEHAR P LEERI NV —T ) —F—
REATYE 1 : NK BRBEH A0
(b) Department of Geology and Mines (DGM)
Binesh Pradhan: Executive Mining Engineer, Mineral Development Division, DGM
Ugyen Dorji: Chief Chemist, Chemical Laboratory Section, Geological Survey Division, DGM
Changay: Regional Coordinator, Gomtu Regional Office of DGM
Lelie Chodup: Mines Inspector, Gomtu Regional Office of DGM
(PCAL IZ DGM ® Gomtu Regional Office DR TiZH 0, RFEEFTNHL L)
(c) Penden Limestone Mine (Penden Cement Authority Limited)
Purna Bduadur Rai: Head of Mines and Supply Division, PCAL
Karma Wangchuk: Mining Engineer, PCAL
Tshering: Senior Mines Foreman, PCAL

I-21



(d) Penden Cement Plant (Penden Cement Authority Limited)
Sonam Tamang: Head Manager, PCAL
Durga Bda. Adhikan: Chemist, PCAL
Tenzin Wangchuk: Junior Chemist, PCAL

5-2-1 RSA Private Limited

(1) &A&BR

- U722 oOFEINET 0 T — O EK 11km (27 F 5, Gidaphug Marble Mine ~|XH T
140 430, 2 Z A5 Gidaphug Top Marble Mine ~1E & S IHTEZ D 9 1 B 20 5

- Gidaphug Top Marble Mine |35 3,300m O UTEIZALE L, 7 — ¥ Y ENTHREEO é )
% Limestone OFLILTH 5, BIfE, BIBHLAIZHIT THEFE L TWD,

- Gidaphug Marble Mine /& Limestone, Marble 35 & O Quartzite % #& KV THA L T\ 5,

o L L O HUE X Lessar Himalaya 47 Paro BIZHE L TH Y, THLLY Schist, Limestone,
Quartzite, Limestone, Quartzite & 7225, Paro JEHIZIX 3 JED Limestone EBAEHILTE Y,
Limestone ® —BIX FHfEdh L CTHUKLZ: Marble & 72> T\ %,

(2) Gidaphug Marble Mine
i) AR

* [RISEIITE 1988 AR IR S S Tz, BT A 42313 RSA Private Limited T& %,

- RSA OREEEBFIL 110 4 TH D, RSA AKHTT 4 7 —HNICH D,

- 2018 AE D4R AR PE 81T 90,000t Td - 72,

3~4 HERTIC SN U 7= S ERRPL CTIE 1.8Mt @ limestone Jh N EGR S AV TUVN D, el HERE I RRIL
BAZTAILC, BUEILHTA LT,
i) HE & B

« B4 L T 5 Limestone 132 2OHIETH YD, ZDOHIZ Marble D7 1w 7 BNE 5,

* Marble D7 v » ZIXENHNZ WD, AMICEL TELT, Bkl TEELLTWDS,

- Limestone (LMD &Y (92~93%CaC03) HEES & AHI DL (60~70%CaCO3) K
HRH D,

- fEHELD B 5 Limestone J& Z EFIZIH> TERIEY LTWD, XUFOHIT 14 B,

i) Fp AL e

* Limestone [ZUED 77 T —F% U I L EAR— LI NMITL VBRI NS,

* T E ST 200800 A v v afREE THESH, MNSZRHEL LW O 0BRED
Ny —RIEPRGEI N D, —KITHAWIE S & < 72 D,

B O 7 L — R, CaCOs DE A&, W (brightness), @il (color) IZX > THRE S,

iv) Hi&,

+ Limestone D HRIL, A THRIOH O (granule) [T=7 h UCHOEHIZIRE 5720, kL
DL D (powder) 177 AF v 7 CMORBIMELE LT, KVMBLZRSOIXERHEE L TH
b, CaCOs B HBEMEWIKAHZITE A NOMEIE 725,

CINHORGIAN T TT 4 vaniitishTng,

-%mﬁﬁﬁﬁi TV VDA REKETA Y RO NI vy 7 ICHEABEZ T, A K%
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REWT L C (1 > RNOBBENEEEIZK 100km), N> 7 T7T 4 v a~@BENTn5,

N T TT 4 an~DRBIC Lo TR NV EBRT 22 LN TE, FILRMEEO#wmADT
WDOERFE LTS, AEELELTKRNVEZERTELIEDRRERAATHLH D, 1~
REDEHAIZVE—THESNS,

« F£2® Limestone |% 92~93%CaCO; CTHEAELEZD, N M F LA, v~ L= THEKROFEEEIC
R ER0R0%55, LL, "7 I7T 4y vat7 =2 OB HBEIZLD,
Limestone 30RO H THDH Z EMMT RNV T—T Lo T 5,

- $L3B93# TiX, dolomite, gypsum, plaster (anhydrite), limestone (marble), calcium carbide,
contraction rocks @ 6 ¢t H 23 Z O Bish HIZEZ Y T 5,

Q) FE

: Gidaphug Marble Mine F55 77 TOFHAIF g (D FARAS Sunil K)
D APKE R LT B T (RS 250 Ay v, A5AY 800 A vt a)

ot At

%= : Gidaphug Marble Mine £R#E3 (5 _E# 2> 545 FIZH2F T Limestone J& 2355 47)
45 : Gidaphug Marble Mine 8881357 L IALEE 7" Z o R & RUF A

5-5 Gidaphug XKEALILBERNDEE
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: Gidaphug Top Marble Mine £&4 T E B (R0 HiEE s ZREL TV D)
: Gidaphug Top Marble Mine (£ 3,300m) 767 « > 7 —T1fi H & Lie

ot Rt

5-6 Gidaphug Top XERLILEENDEE

5-2-2 Bhutan Ferro Alloys Limited (BFAL)

Bhutan Ferro Alloys Limited (BFAL) (%, 7 —#% v [EH, HAOIAHKASH, 2L TT7—F
EHRRKORBAAEFHXTH D Tashi MEJIZ LY 1990 FIZE s LFEERTH D, KtLiX7 —
S UREOEET T Y VD D, 1994 FITEGLF 2 E AL Tk, Bftghill (Pakchina
Quartzite Mine) ® Quartzite Z kL L7z 7 =07 LA OAEEZE 1995 FE L VT TW5, 1
RFEWITZT7 znv ) ay LRIEND~A 7 av ) B ThD, v—7 v NOFTRBHAIZLY, 7=
Ry ) arvs 7 RxY AR T 2n v ) arT IS ADEERETIZ L b DD, ZDOH, i
ROEFEWTH L7 =) arOEERE, 4/ 30,000 Fiibiesd, A, FEOHLT
% % Pakchina Quartzite Mine & O @S L. 1.3 C& % Bhutan Ferro Alloys Plant %35 L 7=,

(1) #ill : Pakchina Quartzite Mine

AROL XIS IZ1X Lesser Himalaya 7 ICAZE T 5, ERIEHIOHE X Buxa EREIZET S
Shumar & X | Manas J@ TH Y, FIHETIZH S Quartzite ZERIEKRIG L LTV D, SiO2 DL
FIEFICE <, FEHT I7T5~RBRBETH DL, KBIZEFWHENSLZ OO, IS
Overburden [XI1E & A EFAEL TRV, ZhE, BIESRLE L TCWAIURRENDIFEAL
Pure 72 Quartzite THDHZ VB TH L (¥ 5-7, TE 1), AFulix BFAL =0 B #HF5 0L
(Captive mine) Toh v, HAZRITEHIZH 2 AO TIHORIZ N T v 7k LT\ 5D,

B TEII R F Yy b HFXTH D, ARITIEFITHE D Quartzite TH D23, HINENZ N
7, BEIIANT—a XNV ORTEIEL TS, NTU—2 a3 L TEIETE 20T EDILRD
Quartzite O & & DA, 1BIE (Explosive) ZfEH L TWA 2, ZHUTEHEIIE RV, NU—
arYLE AT 3 ATHDH, K KOMATSU #od 2 5 THE L TWi=h, S4EICA- T
HYUNDAI % 1 538 AL T\ 5, BIBITEEO N F TRFIIT> TR Y, HKF 100 £ FEE O
FEE DR L O F L TWD, FHEOSLIIBHMERTHY, ZhiL CSR O—BRT
HD (BAHOELICHHBENGHNH L EHEBLTND LI THD),
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BI% L, SaxBi Ay~ =l oE, A X &2/hE<H— (WRER) ITLTWD
(K 5-7, BE 2), Ziuk, W TH TO Waste BEER/NRICTH-2OOMYMATHS, Bl
HTORAITBRMEROZEZEICEDITEN TS, ~L Ay NROE~2 7, BRI EHL
TWen, I—=TNVOERRRELN >z (¥ 5-7, BE 3), E?O Quartzite |LH| 5 &l
A BRETRLT WD, a—7VOEMITEETHL LBbND, ZZTEHEMALTHZRN
LEMEHENTWARVWE I THh D, £, BIBICHEVBEREAT S EBbhs, BUHEE O
WA, S DIITRIEET N OHE A — M REESICHLRE~ODRENREEND 5, HE
MEIDOT-DDOKOER R LIIHENTWARNE S TH S,

AL UL USRS 5727 4 U I DGM DA 5 745 10 AREFEET 5 Regional
office 23V, T IMBHRIETHEIC | FITALIOR TERRIE LT > T2, 7272 LEKZ
HLREHBHDHDITTIEARL, RRZRECCHEEL TV DIOARD L) THDH, ik,
Environmental Management Plan (EMP) [ZEIMIEHATIZH I STV 722y, RILLix 7 —% v [FH
O EIA VERERATICBRRE Sh7z72®, EIA TR TAT-o T RLY,

“ L e o
e f'r_ & s N b é ‘ - N 0a 8590 o0

72 P B2 B AL 72 Pakchina Quartzite Mine (FRJE 0 5 SALD W Quartzite ZH-E L TV 5
o BRARICBE TN ba i ii A (%K)
o BHTIHA T 2958E (N =l 02T D)

5-7 Pakchina BERILILAEROEE

(2) 73 > b : Bhutan Ferro Alloys Plant

ARIHE 7 xvv ) arOEETY THSH (1SO 9001-2000 & HufFH) . 725Uk EHE Pakchina
Quartzite Mine £ @ Quartzite ToH 525, ZiLTH LY = B @ Tintaley §4 1L FE D Quartzite % 1 2. T
W% (Pakchina : Tintaley = 4 : 1), W& DOMEICKE RE W2V, 63K, 42 RhbigA Lz
Quartzite HFEH LTV, AR ZORELH Y, BIEIXENO Quartzite DA THEEEITH-
TW5b, 26O Quartzite (2, FEIEE LT Coke X° Coal/Charcoal (W97 44 iE LA,
Limestone (A7 ZFrZEHM), Mill scale (8530H) Z#HEHL, 2 >DOEINF (load 20MW K ¥
14MW) IZX o T7x=mv a4 (HES6 o ROHE40 ) LTS (K 5-8, &
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B o4), WMo ke LT, ERNOMA L, TENSHALZa—27 22 HnTng, =
— 7 A im:/?4’ Y RDBEAL TN, A ¥ RO PASIZ K 0 FED S Ol Al _@JD%’EZT:
E9ThHD, HEMTHL 7= ) arid, EICHET LA FIZEH S TWDIE0, #BE
WITAARIZEH SN2 b H D,

BREEm CIL, [RIFLFTTE# D /X4 712 regional office % -2 DOI (Department of Industry) D ERHE
¥5FY  (Environmental Unit) <° NECS (BRIEE) NEWMICEZZIToTWnWA2Z b b0, BES
BITENE S TH D, BEOE=FI 7L EHMMICRIN TN D,

ZAKAE TIE, 2016 4512 OSH (Occupational Health and Safety) I CENLRE I TV
% (K 5-8, BH 5), BHNIZITELIHMICZEBITEZEZT 5ERCERPIREINLTND

(4 5-8, BE 6), LI 1 A 24 FFRHERFERB L TRV, 3 BRI L0 HEF 50 4 L EofE
(EMMEEL LTV DH T, THEHNICIZEREYENFEL TWDIE0, NELEDTE S
GATbREINTWD, ZOED, EEREIEFE2BOREZEZ2Z T T\ 2LE, bl
R R Z 2 EENI RSN TNDL LI THD, LrL, BTtk I XA THEET S
MEERALNTZY, BEICKERABENTWED T 572 L, EiEL L TOLREICIIMERH
L&D,

FTNELEEETTTILI IV

PLACE SAFETY
SAFETY FIRST RULES 2
=

ROYAL GOVERNMENT OF BHUTAN
MINISTRY OF LABOUR AND HUMAN RESOURCES

This Certificate of Recognition is awarded to
M/s Bhutan Ferro Alloys Ltd. for adopting
| Good Occupational Health and Safety Practices for the year

2016
=
%’3‘. 28 Apri 2017
I -~ —

for 7 xuv ) arEzAET H2%00F (load 20MW & TN 14MW)
Wi : [E1Z & %5 OSH (Occupational Health and Safety) #3FiCOEE (2016 4F)
o THRNOERE LN 6N 5 Z 2RI

5-8 BFAL 75 v FEERNDEE

5-2-3 Penden Cement Authority Limited (PCAL)

Penden Cement Authority Limited (UL T, PCAL) %, 1974 f2IZ8% S S 4172 Joint Sector Company
T Y, Druk Holding & Investments Ltd. (DHI) 23k 40.33% 2R A3 5, Athix7 —%
ORI L hviZHY, Ty x Uy, ST, FLARy T« Vg Uh)VITHERBEEZE N T
Do 1977 FEIZHEE 300 MO T3GAEALTLEOR, 1981 £ L0 T A M vIiZBWNTEA L DR
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HAEELHIB L TWD, 2002 FITIFAFER D Z HE 1,000 ~ 2, £ LT 2004 FITIXHE
1,650 R AAZETHERL CTW5D, AlEl, [FFfEOHLILITEH % Penden Limestone Mine K& N DAL T
% C& 5 Penden Cement Plant Z 34 L 7=,

(1) #iill : Penden Limestone Mine

ARGRINEIRIEAYIZ 13 Lesser Himalaya 7 (SN 92, £R48EHI O HE (X Buxa JEREIZJE T % Manas
JETHY, [FAHEHFIZH D Limestone ZEMExG L LT D, CaCO 3 DL 76%LL 1= (CaO
PHE T 3% E) EHEmICEy (K 59, BE 7), A&#01L1X PCAL #ho HA#i1L (Captive
mine)

Thy, BRHICHL2BHOTHORICNT v 7HiEL TV 5,

B FEEIRCTF Ay PR TH D, HESEED 830m L~/binb 10m Fith DEE DO~ F
T, BIEIX 690m L~V E CTEEAIT - T\ 5, Waste & L Tl Dolomite, Phyllite } O
Quartzite ¥ £ 5, Waste DULIIZOWTITHHAO X L& FoTEBL TEY (K 59, FE
8), I LT FUMHNCAPIERZ/ED Z L2 L0, BRI ~OH 28 L T\ 5, HIE0E 0
B OEMIAENZ S OMELRREEL TVDA, BUKELZEHIZELETEY, & 2RE DR
ZIT-oTW5d (K 59, BH 9), L2 LEMEHIIKIEN G, BUKIZ X —REaICiE > 72 g
LRGICHEBELTLE I 2D, HMEREOMENIZRANRH L L5 Th b, BT < ITIEfE
EBEHOEERDH Y, 100 4 L EOF@E P ELIAL TIEXEZIT> TV 5D,

AILAE D, TXTOBRBILILIEL DGM OELZJRNE=F Y 7 5% T DRI R-TE
0, ZRSPBEREICE L CXEOEMEEZRIGT- L CWD X5 Tho, ShILFEBITIC LR #fiA
FELTWDIEDy, EERITEE 1 IEW)@J% ZWrak T Cnabield, el LY IBRB 2 ekt
HEENI SN TWDH EHICR x5, ZDIiEn, il & L THREEB DREF D= DIZ Sugar cane

(SLHEV) ZRMLTNDZ LR, HHAGEHABEZIToTCWVDHZ L LML T\,

APLILUIZ IV TIE, Environmental Management Plan (EMP) (ZELHIEFEPTICHH ST\ 5
#,HAKO%T%2%2@K%VF@:V%W&VF%Eﬁbf?ﬁ%%imb,ﬁT%ﬁ?
BEHTHD,

AGLLBSFEILT D56, MR EOMBERFRiE AT L2 Z & %2 DGM M8 L, £ D%
WRIZEBEDPEEIND Z Lo T d, FAIZEE L T Environmental Protection Bond (¥g3%
REXSDO L HRb D) PHEA TN TEY, HILZEOERICHEHIN B THD, ZOft:
LA DUV TIE 2020 4FIZ2LET &AL D Mining Act ICHHESNDA TFETH D,



e BRI S & 72 D Limestone (3 (3 Phyllite 72572 %)
o BRIERR IR D HALT- Waste (Waste ¥ A& 1ERKT D)
o BUKEIC X 2 @M EOK CEBEIMH OO TH 50, %RIIT T <ICEnTLE))

5-9 Penden AEREBHILARNDEE

(2) 735 > k Penden Cement Plant

ATHETEA Y FOEFETE TH D (ISO 9001-2015 Z EG#) ., £ FH EHI Penden
Limestone Mine £ Limestone C& %, LARIE Uttarey $Ii (L £ Limestone & H L TV 7273,
(LD FASHIZ - THAEIX Penden SLILDO L DODHTH D, ZHUTHIEEE LT Sandstone < Iron-
ore, Caletuff Z{E¥, TA L F&2{EFoTW% (K 5-10, BH 10), ZhLDFEEHIVWT L EN
FETHD, IEbNToE AL FOK 60%IEA > Rt 4, 750 OF) 40%ILEN TOFTFEIZHK
THNTWD,

TAVNTIHTHL-OMBORANKEE 7255, NECS (BREH) [CLrmBEE=4%1 >
i3 IThTEY, EOEBEEUTTCHLEDODI ETHD, £z, BETHERICIIE 3 FHO
HEREITO-TWVWD LI THD, TNTH LHNOBERIIMD T, EREMOHETHRNE
NTLEIRTHhH-o7 (K 5-10, BE 1), LIFIT 1 H 24 FFRERBEE L Tk v, G5 700 4
PIESDOREEN 3 HZRENICEVIE(EZ LTS Z 0D, FHRE~OREIZIEETH 5,
L L, EREOARHEZIZENT, BEDIINI L HEEOLZECEBEE IOV TN 2R
WD ZABboTe, BlzIE, Yo F—%2WHOFEEENR~AZ7ZLTELT, REHOEET
TR EDOREN D D, o, THEHANZEEORPIMEL TnLZ b2 LiETH 5,
N TH, 2017 #121F OSH (Occupational Health and Safety) #f CEMNOERE INTWND LD
Thsb (¥ 5-10, 5EHE 12),
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o

Thin Certiate 1 awasded 10

£ A2 NI (B #4$51LU Penden Limestone Mine @ Limestone % {# )
o REOKEBIZE D HEN T (BEORAT v IR 251X EDKE)
F : [EHIZ X 5 OSH (Occupational Health and Safety) ¥ CThOFEE (2017 4)

5-10 PCAL 75V FRENMOEE

I-29



Questionnaire

This supplemental information from this questionnaire will help us to understand the current situation

in environmental consideration.

1. General
1.1. Do you take any environmental protection measures for air pollution?
YES / NO
If yes, describe the details.

( )

1.2. Do you take any environmental protection measures for water pollution?
YES / NO
If yes, describe the details.

( )

1.3. Do you take any environmental protection measures for noise?
YES / NO
If yes, describe the details.

( )

1.4. Do you take any environmental protection measures for solid waste or siltation control measure?
YES / NO
If yes, describe the details.

( )

1.5. Do you take any environmental protection measures for ground vibration?
YES / NO
If yes, describe the details.

( )

1.6. Do you take any environmental protection measures for forest and wildlife protection?
YES / NO
If yes, describe the details.

( )

1.7. Has the EIA procedure been implemented and completed before the start of mining operation?
YES / NO

If yes, please show us the report.

I-30



1.8. Do you have an Environmental Management Plan (EMP) and Environmental Monitoring Plan
(EMoP) prepared under the guidance of NECS and DGM?
YES / NO

If yes, is it being properly implemented? Please show us the report.

2. Safety & Health
2.1. Do you have any personnel who are in charge of health and safety at site?
YES / NO

2.2. Are training on health and safety necessary for any laboratory, equipment, processes?
YES / NO

2.3. Is there a worker safety program exist at site?
YES / NO

2.4. Do you have any records of training or safety meeting?
YES / NO

2.5. Do you have any first aid kit in each workplace?
YES / NO

2.6. What major health and safety hazards are anticipated or reported?

( )

2.7. Do you use proper safety equipment (safety helmet, safety boots, working clothes, dust
respirator etc.)?
YES / NO

2.8. Do you have any emergency plans?
YES / NO

3. Mining & Processing

3.1. What is the current average rate of production?

( )

3.2. What is the expected life of the mine?
( )

3.3. Describe the type(s) of explosives used in mining operations.

( )
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3.4. What is the source for drinking water and water for other purposes?

( )

3.5. Are there any treatment plants for mine water and chemicals used in such treatment?
YES / NO

If yes, list the names of chemicals used in the water treatment process.

( )

3.6. What is the average generation of waste material?

( )

3.7. How is the waste material managed?

( )

4. Monitoring
4.1. Has any baseline data been collected for the main water bodies in the area prior to development?
YES / NO

If yes, describe the details.
( )

4.2. Do you have any plan to collect data for the monitoring of the environment?
YES / NO
If yes, describe the details.

( )

4.3. How often do you monitor the environmental parameters of the site?
YES / NO
If yes, describe the details.

( )
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$6E BAMLEICELTT

6-1 37—

(1) FtE B

2019412 A 3 0 (k)
9HF 10 975 16 BFE T

(2) FAtEZFr

Ariya Hotel,

=iy (5 FE)

Olakha, Thimphu

€ RA=Es A WN

Time Contents / Title Presenter
8:40-9:10 Registration
9:10-9:15 Opening remarks Offtg. DG, DGM
Mr. Dowchu
9:15-9:35 The geology and mineral resources in Bhutan DGM/ Mr. Yonten J.
9:35-10:15 General information of mines and quarries in Bhutan DGM/ Mr. Tashi P.
10:15-10:25 Q&A
10:25-10:45 Coffee break
10:45-11:15 Global trends of price and production of metallic mineral JICA/ Mr. Onuma
resources and industrial raw materials
11:15-11:45 Metallogeny of target commodities JICA/ Mr. Ishikawa
11:45-12:15 Exploration methods of mineral resources JICA/ Mr. Onuma
12:15-12:30 | Q&A
12:30-13:20 Lunch
13:20-13:40 Mines and minerals policy and laws of Bhutan DGM/ Mr. Karma C.
13:40-14:00 National environmental policies and general issues in Mining | DGM/ Mr. Sangay D.
14:00-14:20 Training report of mining course in Japan DGM/ Ms. Sonam C.
14:20-14:30 Q&A
14:30-14:50 Coffee break
14:50-15:10 Mine environment JICA/ Mr. Ishikawa
15:10-15:40 Social environment on mining activity JICA/ Ms. Masaki
15:40-15:55 | Q&A
15:55-16:00 Closing remarks DGM/ Mr. Karma C.
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4) smE
42 4

) HEME

i) The geology and mineral resources in Bhutan by Mr. Yonten J. of DGM
History of creation of the Himalayas

Geology and structures of the Himalayas

Geology and structures of Bhutan

Historical geological maps of Bhutan

Summary of metallic mineral resources of Bhutan

NN NN

Summary of non-metallic mineral resources of Bhutan

ii) General information of mines and quarries in Bhutan by Mr. Tashi P. of DGM

<\

Information on the existing mines and quarries

<\

Dzongkhag wise distribution of mines and quarries
v Total mineral production in last 5 years (stones >dolomite >limestone >gypsum >coal >quartzite
>marble >Phyllite >others)
v’ Sales, export, royalty, GDP contribution
v Import of minerals (2018) (Silica, quartz, quartzite, stones, cement clinkers)
v' Employment in mining sector (2018)
iii) Global trends of price and production of metallic mineral resources and industrial raw materials by
Mr. Onuma of JICA Study Team
v Economy of base metals
v Metallic mineral resources (Copper, Lead, Tungsten, Gold, Nickel, Zinc, Tin)
v' Industrial raw materials (Limestone, gypsum, talc, graphite)
iv) Metallogeny of target commodities by Mr. Ishikawa of JICA Study Team
v Mineral deposits
v Metal mineral potential in Bhutan
v" Possible approach for the potential metals
V) Exploration methods of mineral resources by Mr. Onuma of JICA Study Team
Fundamental definition: mineral occurrence, mineral deposit, ore deposit
Mine development process: flow from exploration to mine closure
Flow of mineral resources exploration
JORC Code

Mineral Resources and Ore Reserves: inferred, indicated, measured, probable, proved

AN N N N SN

Exploration methods

vi) Mines and minerals policy and laws of Bhutan by Mr. Karma C. of DGM
The Constitution

Mining Laws

Government Policies

Mines and Minerals Bill 2019

AR NENIRN
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v’ Other important government laws

vii) National environmental policies and general issues in Mining by Mr. Sangay D. of DGM
v National Environmental Policies

Environmental Acts and Regulations

The environmental management requirements of DGM

Environmental Clearance

IR NNEN

Environmental Restoration Bond
v General issues for mining in environment management
viii) Training report of mining course in Japan by Ms. Sonam C. of DGM
v" Introduction about the Training Program
v Overview of the Training program
v Learning experiences and achievements
v' Acknowledgement
iX) Mine environment by Mr. Ishikawa of JICA Study Team
v Environment, Health and Safety (EHS) Guidelines issued by IFC (World Bank Group) in 2007
v Water pollution affected by metal mineral mining
v’ Mitigation of water pollution
X) Social environment on mining activity by Ms. Masaki of JICA Study Team
Anticipated Social Impact by Mining Development
Environmental and Social Impact on Surrounding Area
Mitigation Measures for Surrounding Environment (Japanese Case)
Occupational Health and Safety
Mitigation Measures for Occupational Health and Safety (Japanese Case)

AN N N NN

Health Risk Assessment/Management
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6) FE

: % j?c:’

VSEMINAR ON FORMULATION
OF MINERALS RESOURCES
DEVELOPMENT PLAN"

e b Ariya AR T VO v B —|ZERE S 4172 Welcome board

#i E : Dr. Dawchu Drukpa (Offtg. Director General of DGM) |Z & % Opening remarks
ET R TNVSHECHLIRZHBEOANY ANDLENE LT

£ BENEE, BNE 424

6-1 EXI+F—0NDEERE
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6-2 BHWMBIELY Frv—

6-2-1 YE—brEIVIUYT EMBIEER

(1) EEB
2009 12 A5 A (K)
9 BF 304375 13 Ff, 14 By 15 BF

(2) EreIZFT
DGM &=

Q) &m#E
27 4

(4) BIRE R E
JICA AEMDO/NER ) D vi)E T, AR Vi) DL T F ¥ —%ITo72,
i) Company profile of Sumiko Resources Exploration & Development
v' Overview
v" Business fields
v’ Projects location, recent projects on resources exploration
ii) Introduction
v" Information of remote sensing
iii) Theory of remote sensing and spectrum
» Electromagnetic wave and wavelength
» Sensor type
» Synthetic Aperture Radar (SAR) Sensor
SAR system
SAR polarization
SAR features
PALSAR data
» Optical Sensor

v
v
v
v

v System and theory of Optical Sensor

v’ Spectral pattern

v" Band location of ASTER and LANDSAT
Spectrum
Spatial resolution

Spectral resolution

Y V V VY

Mineral mapping theory
v’ Spectral patterns of alteration minerals

v' ASTER data analysis to detect minerals
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iv) Geobotany
» Roots of Geobotany
» Ultramafic / Serpentine flora
» Synthetic Aperture Radar (SAR) Sensor
V) Case Study 1: ASTER data analysis in the area of ultramafic rock
» Method
v' ASTER image analysis
v' PALSAR image analysis
vi) Case Study 2: ASTER and PALSAR data analysis in the area of ultramafic rock with vegetation
» Background
v Geobotany
v’ Ultramafic / Serpentine flora
v" Multi-polarimetric SAR data
» Overview of the study area
v" Location, regional features
v' Typical ultramafic flora
» Results of satellite data analysis
ASTER data analysis
Vegetation index
ENVISAT ASAR data analysis
PALSAR data analysis
Data fusion
» Ground truth

v" Ultramafic flora and general flora

LSRN NI NN

v’ Spectral pattern of leaves
» Conclusion
vii) Airborne Geophysics for Mineral Resources
» Geophysical survey
v' Comparison of airborne and ground survey
» Airborne geophysical survey
Electromagnetic survey
Magnetic survey
Gravity survey

Airborne Electromagnetic & Magnetic survey for Geothermal exploration

LSRN NI NN

Airborne Gravity Gradiometry
» Recent advances in mineral exploration
v' UAV magnetics

v The use of Artificial Intelligent (AI) in mineral exploration
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6-2 UE—bEVI VI EYBERBEORMBELI FY—DEE

6-2-2 HiERILZR &

(1) EEBE
20204E 10 4 9 H (%)
10 5 00 23726 13 BE 00 4y (77— & R

(2) EHEIGFR
Web 2% (Zoom)
7 — X% TiE DGM OLH#=, HATIL SRED ftO&EH=E

3 smE
29 4

(4) BIRE A A

JICA FAEMO/NEN i) & i), BHTHEM iDL 7 F ¥ —%{To7,
i) Geochemical survey and data analysis

v" Flow of mineral resources exploration

v" Geochemical samples

v' Characteristics of geochemistry
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Geochemical survey flow
Introduction of geochemical sampling
Geochemical exploration
Geochemical exploration methods
Statistical analysis

Geochemical anomaly

Multivariate statistical analysis

AR N NN N N NN

GIS mapping of geochemical map

ii) Example of statistical analysis in Bhutan
Geochemical data in Bhutan
Geochemical data analysis

Histogram

Statistical population of Zn

Geochemical estimation for Zn

AN

Multivariate statistical analysis
iii) Exploration drilling

Exploration drilling

Wireline drilling

Estimating deposit

NN NN

An example of Hishikari mine
iv) Watching video

v “Introduction of Hishikari gold mine”
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Project on Mineral Resources
Development Plan in Bhutan

Geochemical Survey

-- Survey method, statistical analysis, GIS mapping --

Lecture
9th October 2020

JICA Study Team leader
Takumi ONUMA
Chief geologist of SRED
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i) Introduction of SEA and the Process
ii) Case study
Strategic Environmental Assessment (SEA) for the Project for Formulation of Comprehensive National
Development Plan (CNDP) for Bhutan 2030
iii) Opinion Exchange for SEA of Mineral Resources Development Plan (Group Discussion)
Based on topic (1) and (2), all participants joined group discussion.
Discussion as following topics:
v' Key factors which should be paid attention in the SEA of Mineral Resources Development Plan
(Ex. water resource, protected area, economical Potential, local communities)
v Alternatives of the Mineral Resources Development (Ex. Possibility of Another Development (ex.
Tourism, Agriculture)
v’ Effective Mitigation Measures of the Development of Mining Site
v' Other necessary surrounding developments (Ex. Infrastructure (Access Road Network, Industrial

area, and Export Route)
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(a) Department of Geology and Mines (DGM), Ministry of Economic Affairs, Bhutan
* Choiten Wngchuk, Director General
* Dowchu Dukpa, Chief seismologist, Earthquake and Geophysics Division
* Ugyen Dorji, Chief chemist, Geological Survey Division
* Karma Chophel, Officiating Chief engineer, Mineral Development Division
* Nima Yoezar, Senior Program Officer, Mineral Development Division
* Tashi Phuntsho, Officiating Chief engineer, Mining Division
* Binesh Pradhan, Executive mining engineer, Mineral Development Division
* Tashi Tenzin, Executive geologist, Geological Survey Division
* Sonam Choden, Sr. Mining engineer, Mining Division
* Yonten Jamtsho, Geologist, Geological Survey Division
* Ruk Mani Ghalley, Geologist, Geological Survey Division
* Ugyen Namdol, Geologist, Geological Survey Division
* Sonam Tshomo, Geologist, Geological Survey Division
* Kuenzang Choden, Geologist, Geological Survey Division
* Namgay Dorji, Geologist, Geological Survey Division
* Kinley Khandu, Mechanical Engineer, Geological Survey Division
* Sangay Dendup, Mining engineer, Mineral Development Division
* Sangay Laida, Mining engineer, Mineral Development Division
* Sangay Lhendup, Mining engineer, Mineral Development Division
* Pratik Bhattarai, Mining engineer, Mineral Development Division
* Pem Doji Tamang, Asst. Environmental Officer, Mining Division
* Kuenga Choden, Intern to Mining Division
(b) Department of Industry (Dol)
* Tashi Dorji, Deputy Chief Industries Officer, Industrial Development Division
(c) National Environment Commission Secretariat (NECS)

* Sonam L Khandu, Chief Environment officer, Biodiversity and Land Use Division
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* Choki Wangmo, Chief Environment officer, Environment Assessment and Compliance Division
(d) Department of Forest and Park Services (DFPS)
* Kinley Tshering, Chief Forestry Officer
* Nima Om, Deputy Chief Legal Officer
(e) National Land Commission Secretariat (NLCS)
* Kinzang Namgay, Head of Satshan Section
(f) Japan International Cooperation Agency (JICA)
* Yoshitaka Hosoi, Senior Advisor for Natural Resources, JICA Headquarters
* Kozo Watanabe, Chief Representative, JICA Bhutan Office
* Jun Kudo, Representative, JICA Bhutan Office
(g) JICA Study Team
* Takumi Onuma (Team leader), SRED, Chief geologist, Mineral Resource division
* Satoshi Machida, SRED, Land-based mineral resource group, geologist
* Junko Masaki, Nippon Koei Co., Ltd., Environmental Science & Engineer Department, oversea

consulting administration

(4) Agenda

1 Opening Remarks by Chairperson Mr. Choiten Wngchuk, Director General of DGM

2 Outline of MRDP by Mr. Onuma, JICA Study Team leader

3 Geology and mineralization by Mr. Machida, JICA Study Team

4 Focus on selective potential minerals by Mr. Machida and Mr. Onuma, JICA Study Team
5 Environmental issues about MRDP by Ms. Masaki, JICA Study Team

6 Discussions

7 Closing Remarks by Chairperson Mr. Choiten Wngchuk, Director General of DGM
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Project on Mineral Resources
Development Plan in Bhutan

- Stakeholder Meeting -

5th October 2020
by Web conference / Zoom
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(a) Department of Geology and Mines (DGM), Ministry of Economic Affairs, Bhutan
* Dowchu Dukpa, Officiate Director General
* Pema Tshering, Chief engineer, Mineral Development Division
* Ugyen Dorji, Chief chemist, Geological Survey Division
* Tashi Tenzin, Exective geologist, Geological Survey Division
* Karma Chophel, Exective engineer, Mineral Development Division
* Tashi Phuntsho, Chief Engineer, Mining Division
* Benish Pradhan, Executive mining engineer, Mineral Development Division
* Nima Yoezar, program officer, Mineral Development Division
(b) Department of Industry (DOI), Ministry of Economic Affairs, Bhutan
* Sonam Lhamo, Asst, Industries Officer, Foreign Direct Investment Division
* Dakpa Gyeltsen, Industries Officer, Industrial Development Division
(C) Japan International Cooperation Agency (JICA)
* Daisuke Iijima, Director, Team2 Energy and Mining Group, Industrial Development and public Policy
Department, JICA Headquarters
* Kozo Watanabe, Chief Representative, JICA Bhutan Office
* Yumiko Yoshizawa, Project formulation adviser, JICA Bhutan Office
* Kinley Dorji, Chief Program Officer, JICA Bhutan Office
(d) JICA Study Team
* Takumi Onuma (Team leader), Sumiko Resources Exploration & Development Co., Ltd. (SRED),
Chief geologist, Mineral Resource division
* Hiromasa Ishikawa, SRED, Land-based mineral resource group leader

* Satoshi Machida, SRED, Land-based mineral resource group, geologist

(4) Agenda
1 Opening Remarks by Chairperson Mr. Dowchu, Director of DGM
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2 Opening Remarks by Mr. lijima, JICA Headquarters

3 Opening Remarks by Mr. Watanabe, JICA Bhutan office

4 Introduction of attendants

5 Explanation of the project by Mr. Onuma, JICA Study Team leader
6 Discussions

7 Closing Remarks by Mr. Pema, Chief engineer, Mineral Development Division, DGM
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(a) Department of Geology and Mines (DGM), Ministry of Economic Affairs, Bhutan
* Choiten Wngchuk, Director General
* Dowchu Dukpa, Chief seismologist, Earthquake and Geophysics Division
* Ugyen Dorji, Chief chemist, Geological Survey Division
* Tashi Tenzin, Exective geologist, Geological Survey Division
* Karma Chophel, Exective engineer, Mineral Development Division
* Tashi Phuntsho, Chief Engineer, Mining Division
* Binesh Pradhan, Executive mining engineer, Mineral Development Division
* Nima Yoezar, program officer, Mineral Development Division
(b) National Environment Commission Secretariat (NECS)
* Karma Tshering, Head, Policy and Programming Services
* Rinchen Dorji, Assistant environment officer, Environment Assessment and comp liance Division
(c) Japan International Cooperation Agency (JICA)
* Kozo Watanabe, Chief Representative, JICA Bhutan Office
* Kota Wakabayashi, Representative, JICA Bhutan Office
* Kinley Dorji, Chief Program Officer, JICA Bhutan Office
(d) JICA Study Team
* Takumi Onuma (Team leader), Sumiko Resources Exploration & Development Co., Ltd. (SRED),
Chief geologist, Mineral Resource division
* Satoshi Machida, SRED, Land-based mineral resource group, geologist
* Junko Masaki, Nippon Koei Co., Ltd., Environmental Science & Engineer Department, oversea

consulting administration

(4) Agenda

1 Opening Remarks by Chairperson Mr. Choiten, Director of DGM

2 Introduction of attendants

3 Report on progress of the project by Mr. Onuma, JICA Study Team leader
4 Report on draft of the MRDP by Mr. Onuma, JICA Study Team leader

5 Discussions

6 Closing Remarks by Mr. Watanabe, Chief Representative, JICA Bhutan office
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(a) Department of Geology and Mines (DGM), Ministry of Economic Affairs, Bhutan
* Choiten Wngchuk, Director General
* Dowchu Dukpa, Chief seismologist, Earthquake and Geophysics Division
* Ugyen Dorji, Chief chemist, Geological Survey Division
* Karma Chophel, Officiating Chief engineer, Mineral Development Division
* Tashi Phuntsho, Officiating Chief Engineer, Mining Division
* Binesh Pradhan, Executive mining engineer, Mineral Development Division
* Tashi Tenzin, Executive geologist, Geological Survey Division
* Sonam Choden, Sr. Mining engineer, Mining Division
* Nima Yoezar, Senior Program Officer, Mineral Development Division
* Sangay Laida, Mining engineer, Mineral Development Division
* Pratik Bhattarai, Mining engineer, Mineral Development Division
(b) National Environment Commission Secretariat (NECS)
* Sonam L Khandu, Chief Environment officer, Biodiversity and Land Use Division
* Choki Wangmo, Chief Environment officer, Environment Assessment and Compliance Division
(c) Department of Forest and Park Services (DFPS)
* Kinley Tshering, Chief Forestry Officer
* Nima Om, Deputy Chief Legal Officer
(d) National Land Commission Secretariat (NLCS)
* Kinzang Namgay, Head of Satshan Section
(e) Japan International Cooperation Agency (JICA)
* Daisuke Iijima, Director, Team2 Energy and Mining Group, JICA Headquarters
* Takahiro Okamoto, Team2 Energy and Mining Group, JICA Headquarters
* Rie Ogata, Team2 Energy and Mining Group, JICA Headquarters
* Yoshitaka Hosoi, Senior Advisor for Natural Resources, JICA Headquarters
* Kozo Watanabe, Chief Representative, JICA Bhutan Office
* Jun Kudo, Representative, JICA Bhutan Office
(f) JICA Study Team
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* Takumi Onuma (Team leader), SRED, Chief geologist, Mineral Resource division
* Satoshi Machida, SRED, Land-based mineral resource group, geologist
* Junko Masaki, Nippon Koei Co., Ltd., Environmental Science & Engineer Department, oversea

consulting administration

(4) Agenda

1 Opening Remarks by Chairperson Mr. Choiten, Director General of DGM

2 Opening Remarks by Mr. Watanabe, Chief Representative, JICA Bhutan office
3 Report on results of the project by Mr. Onuma, JICA Study Team leader

4 Report on the MRDP by Mr. Onuma, JICA Study Team leader

5 Discussions

6 Closing Remarks by Dr. Hosoi, Representative, JICA Headquarters

7 Closing Remarks by Chairperson Mr. Choiten, Director General of DGM
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jica’
Project on Mineral Resources
Development Plan in Bhutan

Outline of MRDP

The third JCC meeting
14th October 2020

JICA Study Team leader
Takumi ONUMA, Chief geologist of SRED
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ADB Asian Development Bank

AIST National Institute of Advanced Industrial Science and Technology, JAPAN
ArcGIS ArcGIS for Desktop Basic (software name)

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
BTN Bhutan Ngultrum

CDA Community Development Agreement

CNDP Comprehensive National Development Plan for Bhutan
CP Counterpart

CSI Cottage and Small Industries

CSR Corporate Social Responsibility

DB Data Base

DEM Digital Elevation Model

DGM Department of Geology and Mines, BHUTAN

DHI Druk Holding & Investments Ltd.

DHPS Department of Hydropower & Power Systems, BHUTAN
DMG Department of Mines and Geology, Nepal

DoFPS Department of Forest and Park Services, BHUTAN
DoT Department of Trade, BHUTAN

EBS Environmental Baseline Study

EIA Environmental Impact Assessment

EITI Extractive Industries Transparency Initiative

ESCAP United Nations Economic and Social Commission for Asia and the Pacific
FDI Foreign Direct Investment

EU European Union

F/S Feasibility Study

FYP Five Year Plan

GDEM Global Digital Elevation Model

GDP Gross Domestic Product

GIS Geographic Information System

GNH Gross National Happiness

GSI Geological Survey of India

GSJ Geological Survey of Japan

GVA Gross Value Added

ICP Internet Service Providers

IMF International Monetary Fund

INR India Rupee

JICA Japan International Cooperation Agency

JMCL Jigme Mining Corporation Limited

JOGMEC Japan Oil, Gas and Metals National Corporation

JORC Joint Ore Reserves Committee

A Joint Venture

KT Khang Thrust

LCA Logistics Capacity Assessment

LME London Metal Exchange

LULC Land Use Land Cover
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Ma

Mega annum

MBT Main Boundary Thrust

MCT Main Central Thrust

MFT Main Frontal Thrust

MHT Main Himalaya Thrust

NKRA National Key Results Areas

MoAF Ministry of Agriculture and Forests, BHUTAN
MoEA Ministry of Economic Affairs, BHUTAN

MRA Mining Regulatory Authority

MRDP Mineral Resources Development Plan

MVT Mississippi Valley Type

NASC North American Shale Composite

NBSAP National Biodiversity Strategies and Action Plan
NCB National Council of Bhutan

NECS National Environment Commission Secretariat, BHUTAN
NK Nippon Koei Co., Ltd.

NKRA National Key Results Areas

NLCS National Land Commission Secretariat, BHUTAN
OHS Occupational, Health and Safety

oJT On-the-Job Training

PALSAR Phased Array type L-band Synthetic Aperture Radar
PCAL Penden Cement Authority

PDCA Plan-Do-Check-Act

PGE Platinum Group Elements

PPP Public Private Partnership

R/D Record of Discussions

REE Rare Earth Element

RGoB Royal Government of Bhutan

RSMP Road Sector Master Plan

SAARC South Asian Association for Regional Co-operation
SEA Strategic Environmental Assessment

SEDEX Sedimentary Exhalative

SEG Society of Economic Geologists

SHM Stakeholder Meeting

SIM Subscriber Identity Module

SMCL State Mining Corporation

SMM Sumitomo Metal Mining Co., Ltd.

SPOT Satellite Pour I’Observation de la Terre

SRED Sumiko Resources Exploration & Development Co., Ltd.
STD South Tibetan Detachment

SWOT Strengths, Weaknesses, Opportunities, Threats

UN United Nations

UNCTAD United Nations Conference on Trade and Development
US/USA United States of America

USGS United States Geological Survey

WB World Bank

XRD X-ray diffraction
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1. ERIF®

1.1. BAHRRE

T2 EEIFe~ T VIUROEEICH D/ S eNEETH Y, Lo ESEIETE S, mEAl
OEEEIA V NS L, 72 VEIXFEHEEZR CH Y, E LRHEEIL 38,394 km?, #AA 11T
735 TNTH D,

=2 OMIE, b Re~ I YUK, A —be~TFvORER, YT e~vTYILE
DREBELFE LW 3ODEEY — IR THT ENTE D,

T2 DORBETIEFICSETH Y, 2o@{ﬁ%l‘lﬁf@#ﬁ’k%&@%#k%%y
REV A= ORE, ITERNTLEEXOND, EEHOKRWT — & U m i & iR 2 o f 2T
@T%D R 28 U CRBEN R 0T &&A&ﬁ<,mmiﬁﬁwrwéﬁoﬁmﬁfﬁﬁf
5, BHEWEBORN SR D EO R R TIE, KETLYFEHHTHY, HITERE TLZITRL
BT 2, EROBWVEORIE CIL, AORBETEIVEIRY, UEHITEFETHICEDOILT
BV, ETHILHO FEIZE LV,

T =X OHBRALE &M O HIER R L OREN R EIC LY, T2 TR TREIC
BoT-EMEHMER Yy ARy O 1O5ThHD, 7—F 2 OE<BELWILA EENRITHEDID
FANTOBARBRIZENTEEARARRZRILL TV D, BEOEEEZZRL T, B4k
WS ET 5 2 L IZBROBRBED 1 > Thd, BIFIE, L7 Eb 60%DIRMEE
AIFE 22 W \CHEFF T A IR 2 HIE Uiz, BUE, 7— 2 v ORELEHED 80.89% NHMHKICEDLINLT
BY, [[51.40%25 10 OESLARE & REX )N D 722 D RER & 72> T 5,

TR AMLBETH DL, NERETHY RN, TOXLNISHEE L BNSIZEETH D,
ZDa=— 7 I b E MR LRET 5 Z LICEADREI LTV D

T—2 L DNADK 3 5 @1i@%kbfiafﬁw,ﬂsw@§l74/Tf$%¢5r
FHUBIZHEATHWDER, 77— NORSHIIFHEREZFOLEEBEREL TV, EFEORERENR
fkizk v, 7—% v EROAFKEIRIEICKES N,

T A OEBELRFIIEETH D, KL LMB IO OEINS D Z T, 7
~&/imﬁ_;bhﬁﬁ%ﬁ%iamﬁT EMEZFES TN D, WL OO KRE R BAPEE
T, BB X —TMFET =2 VEOREROBERE Lo Tnbd, gt s #—1%, EHOIL
AK%Té%ﬁlo@Egﬁﬁﬁﬁf%éoA%ﬁ ¥R X — ﬂ&jéﬂt_kf,tfy
T, v AERiey, S 7 onv U ay, aba—F, ILICKMPIHEELRED
¢ﬁﬁ%¥ﬁ%%b%btof~&y®ﬁﬁﬁ¥&1%4@Kﬁ@ﬁ%%éﬂto%ﬂu%
BYCTERIIEBRORBEAKES YA L, BFIGBINORAZ 25T 205, T—X 2 ORFIC
k%<§ﬁ?é%lk&oto

ITORBEIRIBOFER, T—F 03— ANY7=0 OFTEN 3438 Kk RVEET VT TbEWE
@10T&60L#L,_®@Eﬁﬁﬁk% ZH bbb, 72 OBRRELZRET D
=0T, B LWHBIAHIE SN TE T,

(UL _E, Tourism Council of Bhutan £ 1)
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BHUTAN
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g > L ., Feeder Road
oo P gl T SO 2. e
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tnemonat)  AdY 9 % buy e o, ) S o P e ¢

Tibet (CHINA)

> e 0 @ Q
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-

Tashithang
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; _.) ..E i ooy
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/ — o Ll 19
(. o e »v ormey e T .
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S frashfb\( (INDIA)
Yangtsely "\
a)gts ; D.;ﬁ'v“’\"v..k

-

. Seanas

-'h

Sikkim %,
INDIA) Y
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Samdrup Jongkhar

’ t] J" -
Ll -
West Bengal ti@ Assam
(UNDIAY (UNDIA)

Hi B : iGuide Bhutan, UNCTAD
M 11 7—42 20K

1.2. ER#=%E (GNH)

[E R ==f@ & (GNH : Gross National Happiness) O#E&IE, 1970 FFRHFIEHIC T — & > D 4 & H
DEE TH % Jigme Singye Wangchuck |2 L » TAf &7z, RIETER, EEBEETCHY, 77—
2 VEHROESHREROIETHDL EFE LTV, TEREBEEIIERBAELY G EE
Thbd| ik,

GNH %, 2008 4= 7 A 18 HICHIE S N7 — X VEIEIZBWT, 77— X VBIFOHEE LT
il & S 7,

GNH %, WENE LOEWENME & ANMPREREZRRLIZNEWVWIERLDONT A% L
5, MABTREATRZRAE~OT Fr—F Th %, GNH O HIIZ, EROEFOIZDITARTA
RIGEFEDH B D LHHTNT  ADWNT R EZENT DI L THD, HEKE T XTOEMDIE
MBNBEDO S OFHARNICH D &) NFORRICHE A 1TE D, BRY RWEE T, LT 54
SRFHIANFEL LORNLEMNIL, B2 RAREROMEBEHEs 2 L TWD, [UELH),
FEOMR, FEER LMK, WMRTL2AE, RLEEMBS IO, R boEfaBR 57210 T
<, BI=bOEFEEINL TS, 41, BRI SR, &fl, EEXELITEIOEY XA
MUTHIET D2 2I3EZA LR, TNUHLDRWRLIERIL, ROT 4T EXATT 4 7 OWI;
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DR HIETH Z LI AR OEMAZE 2 TWd, GNH X, FEREOFEMER RN —> 2T
HZ &, BLY, BANFHGEAREL B CRIETEZ 2L OOHIENTAMO —EO=—XD N Z
VA& ED OO I DL HFIEARMT A EICLY, Zo k)t EFENES XOMEAD
PRI EEEXF LT 5, (GNH Center Bhutan & V)

GNH % KT 572012 4 DDfE (pillar) & 9 DDOFEE (domain) RNEFEINTWD (K 1-2),

GNH @ 4 SO, 1) BOWBIR, 2) Fifirlie ot fRg e, 3) SUbofRfF L HidE, B X
W 4) RERETH D,

GNH @ 9 SOfEIE, HEIEKHE, HE, #FE, RE, 2I2=7 0O, RO,
ODERBZ2SEE, RUVOSlR, SUbRZREE ) L HitE, Td 2,

Source: Centre for Bhutan Studies & GNH Research, 2016

X 1-2 GNHIZHIT5 9 DFEEE 33 DIER

T =X U ORFERREBORIL, 4 DOMEICES< GNH OEFEH T2 E T T\ b, L
2L, FREEREZRMRE A RITT S E RE B E L TE-> T D, RFFRECE 2017 1%, #&
NG & L C 5 DDOFEA (Five Jewels) T HZ L2 LTWD, OO EHL [KIFEE,
FWNB L OVNABEYE, J03, Btk LORED 1T, #HaREMRBEZIREL LORET 27200
Bt s 2 —ThV, B E~OREL L OWTER FTREME D ST I\ CHIEE ) e iR 70 B 2 4%
5, SLEBLOERAE 7 #—1F, 2017 4£IC GDP ITHB W\ T 4.86% D> = 7 & itdk L7,
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1.3. iz

T =23t~ 7 Y IUROFEEICALE T 2 NEEETH D, I 150m 225 7,000m LA EIZ K
O, R TR LMK LWED 1 2 TH D,

T—2 0%, HIBIRIZ 3 SO EER I c K~ Z YLK, Ke~Z VLR (723N E
~ZVIWR), Y7 e~IYURICEKSSIND, 7—FTRbEWIEESR 7,56lm O
Gangkhar Puensum [UTH D, 7—Z AHOFETEONLI KR~ T YL, 7—% L LHhEOHE
BRIZIH > THED DA &K 5,500m BL EOFEPFHTH 5, Z OJLEHIsIIOK T b =B 5 72
%o M 1,500m 725 5,500m [ZH7ZHEE < T VIIRIZZ K ORI 5Bl HR0, 7—X
VHE I G E IS, T —Z R TIEALEA DEEICH TV D, 2D O LERIHIE,
T 1,500m L O EEOY 7 v~ F vk L O Duars R &R TH 5,

ZOEHIRBERICEDHBIIERZS DI EZOIMICL > THE SN TEY, 1ZEAEDH
JINFAEE O @ L A2 PR & L, HWBRACHEAR 2 Y 20 F LT Duars *ERICAYD, 42> KD
Brahmaputra JIIZJEAVIATe, 77— O EF2 )X, PSR A~EIZ, Jaldhaka, Amo Chhu,
Wang Chhu, Punatsang Chhu, Mangde Chhu, Chamkhar Chhu ¥ J O Dangme Chhu TH %5, JAW
Bix, v, T4 T—, THh, TAEZCHY, BOREEUboHLHE R L TWD,
T =5 RO BB, MALAND T Ty I vy T T, JRIESRICKRERERE L
ZTW5b,

EHLREED T1%IE8FKIS, T%IETHFES LOKIZE DL, BHETREZR EHUITK 3%, HBomh
EHIFIL 4% %2 H, KV IIAREME, SAELITEATH S,

Legend

Altitude (m)
. | 1 5500-7525
~ | 3 5,000 - 5,500
[ 4,500 - 5,000
[ 4,000 - 4,500
[ 3,500 - 4,000
[ 3,000 - 3,500
- | [ 2,500 - 3,000
| 12,000 - 2,500
| [11,500- 2,000
| 3 1,000 - 1,500
~ | 3 200 - 1,000
200

AKF1Y =7 ~T ASTER GDEM F— & 7> 5 /ERL

1-3 [EEHEE
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1.4. {4

T EEOEEL, F 5 &3 TEHORKREREE#EL, EREROBLET-DIZ,
BFIX 7 — % > OFE R EE ORI 60% 23 K EICFHEIIIC AR CHEIND Z L 2 MiRT 5]
EEKR LTS,

= 0%, 23 OEE R SHEME, 8 SO/ERMIE, EEAMpHIEE L NEE LD, 20
DT LY — VAERHI R B 5, EE & REOTBNIRIN =D, BEMITIZETENTHDL, 7 —
H L, BHREEENEORERED 70.46%IZET HHRTHHE—DAEMZEEMER Y AR > b
THd b,

T—HNIKRELKRD 3 DO T DI ENTE S, AN EL B E L (EE
4,000m LA E), SFEERRCILZERARD AN HiE (BEE 2,000m 725 4,000m), FAH<Cdi2E O
s A A9 2 AV (B 150m 205 2,000m) TH D, FRROFEEIT, SFEEBIAAK, TLIERBAK,
BABK, TEIRLTN— A R~ T YYD, BHSCEHOBEAOR, BARIKHAL ET
bbb, T—HUTIE, FEOESH L [BEEREICHY T 5 6 DO FRERREARE TR « &L,
MR, BRIEAY, SRR ENE, ZWMUENE, WA NS D, He~ T VICERT 2HMFED
) 60% N7 —X IETFICHFEL TV D, BE, 10 OMRERIKITIAYZERIED S O B 22 (HHRTR
E L THERE L T\ %, (Banerjee, 2016)

AKF1 =7 T LANDSAT 57— % /S AERK
X 1-4 #HEEE
LULC (2016) @ LHigEma Al CiX, 70.77% (KAZERL) O2EZBKEEI RSN TS,

FDIH 4594% 1T MR, 13.53%IXIR A FHEER, 6.02%I1XE X, 2.64%IXt ~T Yy, 2.64%
Te~ovaauvmThs, &HILIEAKRIT 3.39%, EARIT 9.74%, BHES - B & HE I+
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IWEN 2.75% L 251% %2 55, FEOHBEIL 5.35%, HADOEEIT 4.15% ThH Y, KK, &
Hilsl, FESERHIE, HIED, TEL— 3 FENEN 1% R TH D,

1.5. RERERX

T—H CEEOEEZ, B S LS IC TESE, BRI, Bovinde bk a ENL AR,
P AR ORFEX, HARRERX, (REMN, EMEREX, e 720Rds L OREICHET 22 oM
DRSS THDHEESTDHIENTES] EEKRLTWD,

T =5 ORHERX T AT AT 1960 FFARICERIE S AL, 1993 FI T — X UERBERASEEEGOE
SRR E LT, ARV AT ATEY BWARZHRI L BIENREHELENE LTS
2o AR, 72 XEEREEOYE DU EEHERET S 10 O ERICE#E S R (AR,
Yy F TV EAEWFERIEIEEE E&Te) AdH D, Wangchuck Centennial AR % Z O T KD
F& 4,914 km? %4 L, Jomotshangkha (IH Khaling) #F/ESHIR#E X X/ 335 km>2 TH 5 (X
1-5),

T =2 U OEWFENEIRL, TR TORERIEZ 1 SO@RUAOR VIR E LT L, ¥
AEMABHRICBEITE 5 XL D12 1999 FITEA I N, BAEAEYOMY OIS U 7o 8L,
BRMICAEFATREENME S, SR SN EEREL Y X0 KRERV AT 26T 5, AEE K
DAL, FEFLCHEmEZ IR DMEEHT-DICEHWITEE L TV A Z bR S5, B
DONLEIE, FHRAKKDOY Ry, BEERHEOBEN X —, HIEHKRE, AEHoRE, AMO
W B OWER EOBEEORKRE, ZLOBERONT U AE2ZE L TE RSN, KED
EEEIE 76 km OALEIEETH Y, RKEIT TNV Aty 7 T ENAE & ALEIEE OB % 5.5 16 km Th
Al

Legend
Main River
National Highway [7) Bumdeling Wildlife Sanctuary [ Royal Manas National Park
i ] Jigme Dorji National Park [ sakteng Wildlife Sanctuary
International Boundary [ Jigme Singye Wangchuck National Park [l Thrumshingla National Park
[ Knaling Wildlife Sanctuary [ Torsa Strict Nature Reserve
[ Phipsoo Wildlife Sanctuary [ Biological Corridor 11546748
. Wangchuck Centennial Park
Hi#it : DoF, MoAF B ang o m w0

M 1-5 REKX
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BREOMREILZGNH O 9 SOfEED 1 > THDH, I 62, BEE, 7—F rORELEEO K
K 60% MBKEICHEMRICEDON TS Z EEFTERL WD, MBI, 7—X Tt~ T Y
DERSHENER Y FAR Y hO—EHEZBHR L TN D, BRIET —F L OFEERERERRTHY, [H
TEBEDO T1%0BHFRICEDIL, S5 1043%BMERICEDN TV, ESAR, TFAEDRE
X, EWFREER R & O CR#E SN TV D BAOREREIL, BEHmEO 51.44%I2FH% 35,
BEERETFIIC, 7T—F IR S JUESRER R D 6 S OB RS D, T—F L DKAE
AERESRIE, EISEI, W, WHE, RIRTCHERR SN D, T —F IZiX 5,600 FELL EOHMEE RAEY)
DRI NTEY, ZOHIHH 94 X—t > NBRERFETHY, K 144 TR T — X U OEHFFET
H5, 200 FELLEOWAIENHER SN TEBY, TDHH 27 EARMICHKROGEIZH D, S
52, TNETIZ 739 EOEPREHEINTEY, T0 55 18 ENRICHIROGEHKIZH 5
(NBSAP Bhutan 2014)

16. 1275 A IV F¥—

1.6.1. &%
(1) E,

T—2 FNEETH L0, ENBIOEBOA v ROMN~OIRE R X OVEY O I3 7 i)
EFETERRETHD, BADO IKEE (1 KOTIT AT %5 & 11 KD 2 kIE
ERHY, ZHULORIEREIL 2,574 km TH D (K 1-6), BifE, BEfFo BEHIEKHEO 2RI
12,000 km TH 5, BUFIXERKEEOLEEIZ L > TENO LV T L7 il 2 FEmaIicfl 2 9 & L
TWAHH, ERRIZITERA 7 3R ATV D,

89%30E 91°00E

o e
’__-‘. b \"--.._‘“ PEOPLE'S REPUBLIC
5 Rttt OF CHINA
J7Sams = o
s f 7
} -3 GASA g_:._q ~ f \ e
- 26°00N o~ - - S 28°00N
_} asa -}
- —td
e BUMTHANG LHUENTSE L
_ ,-’ Tashithang | TRASHI- E. .......
\ P, THIMPHU.' 8 aiia  WANGDUE-PHODRANG Lilentse YANGTSE)
\ ~~! PARO Trashi- Yangtse INDIA
v
Tt Drugyel Dzon
?’Damthanggy 2 Changkl ada-n s
INDIA { Wangdue- SBarisham
\ phodrang F_;—/'
e Ha® Phongmel
g HA Trashigang P,
; e TRASHIGANG ,1,"
G Tingtibi UINGA : , 1
S SAMTSE Chhukha T ZHEMGANG ThiEie i\
—27°on Dorokh A ] Pemagatshel SAMDRUP 27d‘onu-
M Dungna s . Gomphu - PEMAGATSHEL JONGKHAR

Samtse

\ ,_.f"'

= S i e r——— . NP e
) 3? g e g “Samdrup Jongkhar
e o

89°30E Jd HillL . 7T BAREERIT (2005)

X 1-6 EIRHE
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FmE R (RSTA) (XEEA > 7 7O L MEEEL, RKBEHRAOEEZ#mLT 281
T, 1997 TN S T-, EKRF (DoR) X, O HMOZDIZHELORER 7255 71 % # H
LT, EEOMRFEHEELEL WD,

T—H U OEKEBRA T TIE, WENRT 7 b=J X, Wbk~ T VILE#OMES X
UHRE LT WHITE O 72012, #I5E, KB X O v o LT Th 5, 5 A 8 Algh
FTOE A= FHITE, BT UITUITHE D CREVICE > TEPIND, 2 HEHEOWNWL D
DOBMEBELRE, 1A EOBERITHS, REGHRS L —F — (3@ TR TH D5, WL
27 FIXEBEORT, Phuentsholing THif FA L &4, EONEHA~EHIET L7200, EWITEL

DINSIR N T v ZICEAREAbND, (LCAY =7 %A Finb)

(2) #&

TS INEETH Y, W EEDICEDZFEENICT X TOBMAZ T —X U1 HK 700 km B
NIZA Y ROaLhBEIKFEL TS, T—F 0%, alL B ZENLOTXTOMANEY 2R
GNZT B0, )k ZICHBEEZEWTW D,

T UBIE, TVl L DD STIR RTAR— FNERERTLEHEE D> TVND,
RIAR—EDBB@MTLHE, FEAEDNT IR RTIAR— MIERIESND T8, BFEOEE
BATORMENEM SN LS D, £72, 7oy ) rog@msEbiEfmshs & YR Eh
D

(3) =&

T TR I~ DEBREEND D, 2 ODRESMEN, AR, x8—, XA EE
19 5 [EERR 2 EH L T D, Drukair (24 YL 7 —& fi28) 1%, 1981 FI27 — X VEUFIC
koTHESILESNET =2 D7 T Ty T2 THD, 7 — &/mwi 2011 4EICRY SN
e REWZESHTH 5,

N [E RS RIS 2,243m OFEWARICH Y, FEOILEITES 5,500m (26705, Lan
ST, HRTHRLEENHELVEED 1 2L ST 5,

(4) #:&

T2 NI EGE Y AT MEIFTE L, IEFICILER IR T ORE L B &
HEOU AV ICLARLEERMEDOTI-DIZ, 7T —F L TEHEY AT LANERIN LA REMITIEE
A ETRuN,

1.6.2. &h

21 HAHIEHIZIE, T—F DR XAF—HEDOK T10%IXFZFHIM Tho7o, FHEH L
INER & FAER TR = R LT —THEED 710~90% % 5, FEATRLX—HEEDIZIZE 100%
ZEHO T, MBIIC, 7 —2 OEEFEIL, BICKIRE B 97%), —Bofbfaeh<
—ADKT) (K 3%), BIOR/NEOMOILABREHZ L > TR x bWz, SHET, 77—
AU DBEBRTFNX—MIGITEE LERICKNBETH -T2, KUEEE O TOKDHELE D ETH
MDD, 7 —2 CBUFE 21 RIS KRG, B, SA AT AR EORBT RN X —OH
REMDI,
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T—Z U TIE 4 DDORBKHFEEBRMEI L O Do/ LR/ N o K 3 B R E L

THEY, S5V 200 RBAETTHL (K 1-7), 7—Z O/ XL OVNK )%
BATD% 1L, FEREBENEPOUVEEI N EOREBHOFICENZHHBL TS,
T—=HNFA L RBIFEH I LT O DOKIIEET ey =7 FEEBLTEY, ZOENN
EFMTERIISNDZ LT, KHEEBEIZT—FD GDP IZRKRICEBMLTWS, 7—F D%
K OKRIBENIEFIIFEEZILDINC LB ENEZMBET 2000, BT IL4FLLOMHE
MTéﬁﬂ%%@%®t 2, 72 FA Y R bmx X —ZmA LTV 5D,

an

ARUNAGHAL PRADESH

o "
L
- P
gy
““ s
i) lipurd uar
Karandighi /\

Tonr =S _l L

(PG == 6000 MW

WEST BENGAL

Hi# . DHPS, MoEA (2018)

X 1-7 TH
1.6.3. MRY—EX
(1) EiE
7 —& OBEICIX, B, EEER, TU4, TLE, A ¥ — Z/Eﬁaihé I%
W12 5 Intelsat BrEOFEHERFE A | 22FTlch b, EHEOSHHTH D7 — & vtk ES|

NTHERITHE—DOT LERERTH 5, ﬁTSO@EW7VﬁHﬂW%%ﬁoTwéO4/5—
Fw M —E AL 1999 FFIZHE 0, HERERY— B 13 2003 FI2hE - 72,
T—=H AT 2 ODA v HE—Fy v —E R T a( F— (ISP), HEMCETHLT—H T
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LarbtBREMGETHIZ VAN D D, Withiddkic, SEIERV -2, 77— KR
EENRANT = HEFHEHFIOH HMAE TR L TV D, FEAEDRETE, ZD2o5DISP 71
WA X —=MoA v F—Fy MNMERRT—ERAZWEALTWD, [l ISP 7' 1 /3 X — OHHIsilE L5 K
30 mbps THDHMN, £20 DY A7 T4 GB OT—FBFHATE S, ERHEFEO SIM I — Rk
KAGHATE, 7= 77 AFEFIEEERE L, BRICHATE 5,

T—=H T LAl T —H L TRROEARL Ny NI =7 Fa A X —THV, +XTD
SR LY THIKEZMEL TBY, EEOIAN—FRIL 95% T %, Tashicell (T XTDY
T EN OO THIXKEZHEFEL TR, E2EODNN—FT 75% Th o, WFEHITHE
~OY—ERAWEEN ESEH7-DICE L TVW5D,

(2) %

T—=Z DT XTOBENL, END 3 DORMBRTEERE THL 7 —Z allistt, o
v 7 HAMEE, XA TF =2 AMSHEEECEOEFES S EBUT, AT 4T VA NVE
t (59% > =7) =T hAalEtt 1%y =7) ks nTnsd, b DOREER
%, BEO 57T OF VY AR RIZYH—E AL WD, 7T—Z BT SREIONE &
itk 1L, MFEEOBEETICHLEER (DoT) ICL-oTHHENT WD, TXTD 3 DDOARIEE
F X DoT M E O I [7]—flifg THAL L TV 5,

Q) FEE

T2 OREFEE L, ERERSEFOMOBINFSCRBEOA 7 F@BRRE, BRHMT
FICFHESTWD, AR, Z<ORRGTBHE2LELTLIREETHL I LEEZD L,
ERNOREITTEHEITRLNCAR L TEY, 1ZEAEOREIEEITEICA v Fb OSNE NG #EFH
L -oTThbnTWV5,
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1.7. #'E

1.7.1. HhER

b~ 7 vl LA R 2 KR — KR ZE Y, D FE VA U KT —hEa—F T 7L —F
DH) 5,500 HHERTOEZRRIZ K DR T L — FEHRTH S (Hodges, 2000; Mukherjee et al., 2013),
)2 & 2,500 TAERT, A2 RiZdA—A N7 VT OWEITHDIRERETHoT-, T F AHE LMW
ENDERRUEN A RETOT REZET T, K2 EERNC A TBRENSHL, A«
Y RET VT REIZHT T 100 £ T 9m OX—A Tl E&E /D72, 4,000~5,000 FTERTHZA > K
MY PTIZWMBELTE, b EA Y — NXZ O 0RBREIZROE LT, #22 L BE T 2 BENEE O
WX~ T YO RMEROBIG LIRSS, MFORERFCEELZ L OO TH DT L —
MEb O AFIZAHIAD I, T — MHERT BE1E B~ L2 L - TR S, KF
(2 2,900km IS D R-T-b~T YDl 2 LT (K 1-8),

EURASIANUPLATE

g N |
38 million i Liets o
[ 8 0 e
years ago | B :
Equator /.4 7
|
Y |
\
4 i \"-.
(<Y > )
55 million s
years ago |
I
J
1

]
2] 0
Y -
/
‘

=30 INDIAN
P OCEAN

e \
N — 71 million
-l . ' yearsago
; INDIA 4
, Land mass b -

"~ SRILANKA ki
- USGS(2015)

1-8 4V FTL—FDOBEEE

2= T T —hEA U RT L= IRERELLEZET, TOVTHNRMEZRVEZ P 6
A2 RNCD - Y EFEY EIFMROZ, A R L—F =T 77— FOHGERFETOEE
RixFe~7 vl EWE (MHT) &I D, METITZ OMEITRZ22KEIICEKR L 3 o
DRI ST-H EWEE LTHND, B CHEZELE MHT (-7 7 L— hOEIZ 2K - TA
v RHIERDN D BNV E A O E LD L, IWEWEADO EICEBE LZ, ZoMEo R
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foelX I rh el BrE (MCT) &FEEN D, H<BWWEAL EF S5 MCT OEE D kRt 35—
FHTCZDOT /7 b=y /a=y & bHSE2 MHT OLE bk L7z, MCT OIFEIRK T LT
REHNCIXWEEwRENH Y, EMICL > TEET LI b LT, 7—2 TN 1000 54
FHL-EEZLNTWD,

RIS, RO CIIAERR S CHRS 2 B WHERS O E~EBET 5 MHT M H4ykd 5 15
Wrig 2 L5 A& LW (MBT) &RES, MCT O L HICZofEIT 7 L— FoEMICHES L, <
DR EF-SE TV 5,

bt~ 7Y Ciba < IHEM &I TR E LB (MFT) Thb, LIFLIF >0 7 L —
NOBEERORI LD, ZOMBEITH > TRRKOEMNBEZ > TW\D, LICIHE) L2 kE
(MCT, MBT) ® X 512, MFT HRFEIC EF 240D, oo X0 EWE EREA MHT 25 57
LiEH TV 5,

1.7.2. #&&

7= EITe < T VILIROFERILEICALE L, > FESEMEmESOHESE 100m DKM 7
o W EESR AL O 7,650m £ T, EEADORI VWAL ET 5,

T—=HLDTI h= Ty T 4 U TRHEICONWTW DZDOREND D Bz 1 Gansser,
1983; Bhargava, 1995; Long et al., 2011), HUEAEERIZIE, 7 — & vidb ~ 7 Y L8 O HERICAL
EL, B~ Yl PATITIZITHEEIZEND 3 DO KX 26 ERrEE &, TICE I N 4 o0
HUEREE R B2 5H, M bALAIAIS, & LWE A X A& LkrE (MFT), F5E5E LEE

(MBT), THflf EWrE (MCT) AL, ZHAbICEENIHEMER I 7~ T v

(Sub-Himalaya), L v ¥ —t ~ 7 ¥4 (Lesser Himalaya), @t~ 7 Y47 (Greater Himalaya) &
PEEI D, Me~TYHO EEIEHE Ty T2 v F A2 Mtk (STD) & MEEN 5 IEWEIC &
> TT7 F AU (Tethyan Himalaya) 4 & X615, (X 1-9 @ EHIEH(2017), 1-10 :
Yin(2006)) ,

76«»5 Khaghn 8(])°E 9(I)°E
valley [Jisland Arc (Mesozoic)

[ Tethys sediments 35°N

[CHigher Himalaya

Tso Morari [ Lesser Himalaya

Sub-Himalaya

Il Ophiolites

TIBET STD: South Tibetan Detachment

MCT: Main Central Thrust

MBT: Main Boundary Thrust 30°N

MFT: Main Frontal Thrust

—30°N

s ca. 500 km 80° 90 S
| : JEFEIEH(2017)

K 1-9 EXSVLUthDHhEEES
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FaifxE LW (MFT) I, @e~I7viHeEA L RV — PR EOER T Fe~
7Yl BrfE (MHT) OEHSOKERE THLH, MFT IV 7 e~ T virov Ul J@hte 1 v
RAEE O F U ACHEREY) OBER TH D, MFT [ZEANICITILER CHE bOWKE TH 5, 20
AN T Iz & 5 g (BEm 1,800m LA R) 2729 8AEo> U Y 7 (Siwalik) J& 235540
D, YUVIRBIEF#HE~YTIYELOET vEHEYTHY, b~ 7 YLk S MG S N2 EY
TR S NIWE, BEEEEENDRD,

EERE EWE (MBT) IZv vy —b~7vH (BE& 1,000~2,000m) ORISR A 723 0
RoOWWE THL, Ly h—be~x T YHIIREERNO HEAROFHERMEFEHETHY, BE, T
Bod, Fu~A b, Wia, HE, ®lcs, ARBRENSRD,

T gefl ErE (MCT) Eme~ 7Y (e 1,500m B E) ORGSR % 722 3 AU o 1 it
BThsb, Me~T7YHIIREERNPDEAEROERMER S THY, Ba, hE, BRERKE,
WE RS, J7~XA NeEhbd, @b~7 YHITAEM EMEEICL - TS DITHHEERN B
CHEERFERD 2 DI EN D, MCT &7 % o ElrE (KT) ICHEREN &N FieE &
< T Y HITH R AR~ T FE 2k (<1,000~443.8Ma) OZEHER S & 5/ BB 72008 B AE A
HAEBEANAND D, KT & STD ICHEN A ER EEim b ~ 7 Y L m Ak A S fE a8 &
WRBIB B I EEREEEAEN DR D,

w7 YHEodbflide ~ 7 Y ILHALAIRNE 2 S 720, R T F AHERME D049 5 08,
T— 5 VENTIET F AR O IT IR 5 b, i O8I AR 0K 4 o ER
BTHo, MFXy bTHyF AL MFE (STD) EMEN D, 7 F AHERWEIZR AR S
EROWBRHERBH TH Y, B, ARERENLRD,

T—Z EOIEHOEICEHE Y T YR PICE, Rt IciEE L EAEARAEE O’
ANEER AL TN D,

1.7.3. #hHE

T URBOMEIZOWTIE, ZAETIZWLS O OB R AHER 50 H4ro 1 TATIEh
TW5, YOHEXIEL 1983 Fi21 > FMUEFRAA T 23317 L7z Geological and Mineral Map of
Bhutan T, A KZ2AEE LRI IR A TR I 722y, [ CHEICHR S 4172 Gansser (1983) @
HE T & - T, AEE LT 028 AR RER S 7o, & BIT 1991 4F1TiE, ESCAP D = /3 A
MM X D MUE RS ATIS 7z (ESCAP, 1991), 7 —Z HE B RERIZT TiE, Zh bt
BHOMENMPIZIEZDOEEBEE CTHEIN TS, 727201, Gansser (1983) DOHIE T
ERREFOAIKA E L THRINTZAEADNR Y O, BEECEAAEREEZRE LTS
EWpbivsd (Davidson et al., 1997), A > FHUEFHAFTIEL 1995 4712 Bhutan Himalaya, A Geological
Account (GSI Special Publication 39, % Bhargava) Z# R L 7=, HFrOHMEXIL, 2011 FIC
Long IZMIZ Lo TH LWHET —FZ 2 M Tar (M Lrani,

Long &7 (2011) X2 &7 —=Z U DEFITFH LV ONLIEIZU TO L S22 5,
(i) 7 t~7-%# (Subhimalaya zone)

- U Y2 (Siwalik) JERE
(i) Ly ¥—b~7YH (Lesser Himalaya zone)
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- 2> RUF (Gondwana) JEH#E
* 7«4 7Y (Diuri) J&
- N7 Y (Baxa) &
- V¥ AKX (Jaishidanda) &
« XY v —3 a~—/L (Daling - Shumar) J&#f
- X (Paro) f&
(iii) mt~7¥v#H (Greater Himalaya zone)
- SR B e~ T YA
- HEER FEE B~ T P
(iv) 7 F AHEHEY 4 (Tethyan Himalaya zone)
« ¥ %7 4> (Maneting) &
- 57 =% (Chekha) J&

g '“Zgbjrlq(\Tibet)
=~

s W, |

v~

Bhutan (o

e~

\ \_ o
Arunachal
LLw  Pradesh
E—MCT

S ——
Tethyan (Tibetan) Himalaya: Greater Himalaya: Lesser and Subhimalaya:
Paleozoic and Mesozoic, undiff. Higher structural level, leucogranite Paro Formation
- Maneting Formation Higher structural level, undifferentiated Lesser Himalaya
|:] Chekha Formation Lower structural level, metasedimentary unit Subhimalaya (Siwalik Group)
Lower structural level, orthogneiss unit Quaternary sediment

[Hi84 : Long etal. 2011)]

1-10 T—42 U O E R

Y7 eIV PHi~fEitto v ) 7 BEHNL 20, HHNRE <7 ViEILE
NopiiA AR TH 5, U U 7L TE, TR, EMicoEsh, v baESoRtE
bibE, Ba~L BALTHAMET 5,

Ly —b~IVHIZA N7 T b rodtig THER LB G PRBESE P55, Ly W
—b X T YORFIMEAERIIEKX LTS, Ly —bexT VT 6a1=y bR, &
Frodifettn b “ollpanbd, (1) HEEARTHLYy—e~7 e (2) HRER~EE

II- 14



REHLYy Y —~vIF ¥ THD, THL Yy —b~TYITHEERF Y - a~v—BHEEND
b, Ay —vav— VEBRHTEED Y a~—L B L MO Y, TR, EENLRAAY
VBO2ONGLRY, FEOREHOKIETLSICER L TS, Yav— L BITEWERESE D
RO MBI A AR TR A8y, XV VBT 2 — VEICH Y, ESEERAR NS
fR TS, Fa TS, ERAEEEAMERITIZ ) v—a~v— VEREORK X IR EHEIC
Hohd, FRAER~EAEREHL L v —b~TYEINIVERE, Yy X2 xE, 74000
J@, T RUTFEHO 4 DOMBENG2RD, FIRER~T 7 U 74 (?2) O 7 F R
~EEEEENGRY, LXK, ERIRRERIEORIKATRE, Re~A MarES, FiEAER
~F N RERRE (?) OTVXYA T H U ZEIE MCT O FALTH Y v — v a~v—/VEREO IR
ATEZVMO EEFL v —b~ T VIZITER Ly, Yy A X X BITERERICEARATH
W7 e mzE80REPLR Y BERCECESZHD, 740V BIETEOXATITZZA B
THERR S5, £ 390Ma OEWIEIED L2 v DR Y — 7 135K TF R Ui OHERER E R
T, T RUFERHIWE, IREV IV ME, BakTARNLRY, ~L Ll azET 5,
SNufgigolia, N, TFh, T4 T ICE N DT, S a T E AR E AR,
AIKEEDPOBRIND, ZUOITITAKEE SR A, BE, AX— WY/ oa—+5Fa—8
pa T A E LD BOEAE RS & WERAE A IE R RS R E & T (Tobgay et al., 2010), IEMEZR
HERVEEEII E AN TH DD, EHE EAOEE T Y L VERWERETHL Z by
2~ —)VE EALOBEE AN V@ T OREEICEHET S EEZ 2 b5,

eV 7Y HIIANEREEIETICHEY T 5 KAE & EHERS, EILHEREOBEAS NS
7%, BHREOFSEOFEMRIIHFRARD D HAEROFHICHZ S, ELEBO W5 EZ AT,
TN Th~F N R R IER AN E e~ TV RICEET D, DT U TRR~F L RE
AACD IR 72 28 AE R & K BTEEN T AR O @ INEB) OFEL L B X b TnWDd, HmeE~ 7
YHEAIIHEERIC B e P E N D, MEN EEIX F~ 24 NEIER A & AHERE A,
TR BB AE RS TR S D, MER TEIE TALO ER S & B OESHEFRSTEN DR 5,
WE LRI DT o THOWERAEE (BAESIXERAMEK) 27T, e~ 7 VYHEOERKSE
IIAE S B RS THER S 4L, AR S A By, |~ 7 YR OEHERUS BILEES, FA,
HEF RS CHER S VD,

T T AHERE IR AER~ BT OHERED D70 b, LA U RERX =L TDOH T
TR~ RERRLO E5, BE, HBAEY OHERE D & & AW O (LT E) 23 7 T A HEFEY)
WHBERLTWA EEBEZ LN TWD, ZOT 7 h=y 7 RIEENIA > FtgDo Ry v T ~w—T v
ELTHEREL, 57 F AMBOREBKICHERE L= 4L BB A S~ AL R HERE Y o 7 T A DO ™
RICHERE L 7o~V Ao~ AERRERE D 2R T, B F AT EREHO A FopR—ET VT
~OHZEW O EORITE Z 572, F= BBITEWEIRES THER S, RTICEEE SRS
BEN-HER-— VI E82Mt5 v X7 4 VEIE7 7774 F—RER -V 7 onTEA
WH7Dh, 5 OOTF AHEREWHEE DO DAL D H>H 4 S1F STD LV Efios U v _EtEZ 5T
W5,

LyH—b~vI¥HLEmb~ T YHOERS A 71E, KEEEZEH OJRRE KA Z2 FiE o0

HDHERERGE TH D, M~ T virOEMEH (AREMERE~7 7 =274 MAKIR)
X, Ly —b~ I YHOEMER (G EMA~AREMGEER) O ki MCT (29> TEW
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MEI D, HEEIC AL G BRI W N 57 5 WsiREEEIC > TV D,

IO OWMERREREE L, HEHK 2,000km (272> T, MCT ([ZIFIXFATICOA T 5, MCT X
DFREDOL vy H—b =T YHTIEL, MCT [ZHVIEEERENE L, T AL ~FkEa#—
BEMNF->V 7 eawm (oFFa4) &2k 325 (330Ch5 620°C), WilsiEEMEE X, mE
v T YIHONEA~FEE, EAAEERAG /1Y Eaw (CEFAR) 2T (8 630CTH
5 860C), BEifhAIE, MCT fHECHE e~ 7 Py FEICHELT 5, E@k~ 7 vird~ EE T,
HERHIMAKESSIZ L > THKR L TEB Y, @E~ 7 i FEIC~ % & 28 BRI XIS &
VW, Bk~ TP EEIE, STD (2 - CH~MREMRE DT FRAHRBY CEDLNTEBY, FUOE
IR 225 (K 1-11 @ EHIED, 2017),

(a) L partial melting X
v Ms-out (l5<m)
; i . Sil-Kfs+Crd
g : P SiltKy : Sil-Kfs = .. ' 3
2 .....__ . % ' [ (iK
' 2
1 -\ ]
. LHDS lower-middle HHC 0
5km
k - 0
®) oy bar
(3? b
o"oQ - 2.3
M - 500 °C
-Mcr s0:0
— 7 700 °C~ 5.0
i 800 °C
1]";:3“ .
500 °oC a SN LTE :
- S +10.0

0 50 km
A A A A J

[Hih : WEFEE22(2017)

M 1-11 EXSVEFTOME-—ZERF—ZEREENEAMER

NI HEREE V2~ — )V EITREATOLMIMEN TRES T b, BEROKREIC > TR
FICHBEICBITL, ST 7 o AEZERAE, REMICAREIZEDS, WS MAEHEIC S 2200
59, ZHO OB ITFEHOREREEREE D DILBTHREICEDLON D £ ClEllT 5, H
W7 —2 o TT Ty I~y 7y ugoBEHEEEO R EREa AHICEL, T~y
T4 CAPERSC T A, BaA, BERA 2SR EREDCT 4 T —AE~BITT 5,
T4 OEMRRAITRERE, P e amoERERERT, ST AR -EREEY
7 B Ao AL, BEAERZH25 2 81280 AEICBITT 5, LT F 24
BRI A T E B 2 WVERWEREZRT, LrLAans, FElTIET 0 v 7 — a8 L
THERAEL LEERA~OZ b Z 7T, BERIRES DAL, ZEHH 7 —2 o TlE7rF 2
WHMOREITH DL B2 DN TWD, EHEEERNC Ll 7 ) 7% M ofs iV A
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L EHERE R, TOBOBERIEEE, < HEVERORENE ~ T Y ERIMER 2 - =800
BT 5, FEHOETWEAITHE Mot v~ 7 Y ZERERIZ L > TEEIZHS L TV, Ek
ERIZEICREDO L~ T YOEBRMERLTERBY, K732 07U THREBEMRITRL T
720, 3 RREYIC HUE RS S (3R & 2R P Tl W IE O FEME L 2 R THEIE A7 L T\ 5 (ESCAP,
1991), IR ZE B AE LIS Tl 10~20Ma 0450 ME B AR [ 45 23 SR B9 N2 B 7 Bl 28 i /E % 5
TEZLTWD,
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2. Y EIR

T— 2 CETIEEMEIREEZIIREEE S > TLL, MEEREEENIZ L A EOIEYEIR
BRI - AFEL TODORHRTH D, —FHT, W O0DT—% VEAEMRELWEIR % 4 pE
L, LM%Y — FLT\W%, Druk Holding & Investments Ltd. (DHI) 17— & > B O pF SE4%
AL LT 2007 IR &H, BUfEITHLESE, —x X —, RARER, &/, 8E, e 85
BLXOAREEEZ F—I2BWT 21 OR¥(EEZFTAET D, 2025, SWERICELEEIT 6 tHd
D, ZOMEY A MIIIHITR L,

LTI, @Rftwali, L¥EREEER GEeRIEmER) LoV X —EWER & I2551T T
ERBUNE RS

21. ERMYEIR

TLU— T F=7 AT EAADEKBRERIZB N TRE & Z R L T\D (USGS,
2005), 7L — REEFUT 4FEEDH D,

VoOREER L — R EWICEEN D Z LI K o TH LWHIE S S D ST

vV OREREER - L= ERMLO T L — b O FICHE D 2 & THIERSIEE S b 5T

V FIUARATxF—ABER T L— MR EWICKEBE UERE SRS R & WG AT

vV T — MERW BERABNITIoX D EERTET I U— NOMANEH ORBERY 6N TIER

UM O T A
FH 2 PIIRZ A T DT N EMRK e E Y T 4 7 %K 2-1 1ITRT,

Convergent Divergent Convergent Continental
Plate Boundary Plate Boundary Plate Boundary Rift Zone
Spreading Continental
center arc
Island Epithermal  Sedimentary-exhalative,
arc Orogenic gold deposits sediment-hosted copper,
5 vein deposits and evaporite deposits
Volcanogenic P Polymetallic

Epithermal massive sulfide replacement

i s : Porphyry
Porphyry deposits Volcanogenic Shield deposits Volcanogenic d deposits  MVT
deposits massive sulfide volcano massive sulfide Aeposits
= / deposits E— deposits
p¥ - _ e — e S N =
N Y BSSEEEE HI‘: Oceanic crust SN
__mm e Vi 2 \
I"':l’: ‘ll-’,,.f - Lithosphere ~ <qumm :"ll:|lllll -
tayt Aaud Il
Illl. II | 5“"9\'6'@ |.' : ': [
11 Asthenosphere
]
Hotspot

Hi# : Open File Report of USGS (2005)
B 21 FL—rBRICHIEFELMMBLERRZ AT

SR I 2 T 7 b=y VB Y v T 4 VS FERT D, BEx REMIIE S A T1LH D
RESNTT I b=y T 4 T THALND, 77 b=y 7 R{EHSCHERNIERORR S L
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TH DT TR SNIZHE MO BN EICEIZN D Z &b D, £ 2T, SR DS
OHRIITT 7 b= 7 2iRCIRE M E O ENEE TH D,

211 72 VETHHESNDHERT AT

t < 7 YILUR COIAERICONWTOMEESZZIZT H LT —X VENTH LFEDOIALIEH
DEIFFCZ % (e.g. Hou and Cook, 2009; Hou and Zhang, 2014) , 2-2 127 F AGLIR A K] X D> 1 22
WEINEEB O BR et v T ¢ 7B L2 IR & R T,

a) HEMINKREY T 47

T A4 T
c) HEBRINKEY T 47

Source: Hou and Zhang, 2014

b) BEHBM N T AT — 2k

Legend

A Podiform Chromitites

© Porphyry deposits

O Granite related Sn-W deposits
* Cyprus-type VMS deposits

* Kuroko-type VMS deposits

W SEDEX Pb-Zn depsoits

B MVT Pb-Zn depsoits

@ Epithermal deposits

@ Orogenic Au deposits

@ Skarn Fe polymetallic deposits

Break-off
of Oceanic slab

M 22 TV b=v9—KBERELLEXREFRELDXTLTORIMIKK
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PR BLIRGR ClX, KEEfZEE v 7 4 v 7 CHUBOESERESE N D AEA M ESND S Z 14 S lEia
TIELIXLIEH EF T RAT v, U0 EELEREOBUKILEAZ£ T % (Hou and Zhang,
2014), ZTNHIF LI LIEAD NV CRIGRR & LU CRET D, BEBUKMET v FF v —&H0K, FiCT
FAHEREY) A GIERET O L OIRER%ET 7 b=y 7 KRERELICEFR L THELND, 7
— & O T E SRR OB RIERICEE T 5 Z LD, SRR SIROAREEN RAEN D,
EREOKGLR WG (U H AR R & iR & LB R SIR b AET 200 L, tho#ifFsh
LELR T SEDEX R° MVT % & eHEfE AN — 2 XA X VEIR TH D, T3 SHITKEREFEH O KNS
HERE 2 PRI K DIRE) & W o 72 S THEIT 5, &I NI O EHEIZ X - TR S V7 L g —
T VAT AN N T AT =T 4 T ORTMARICREEL, HERICH KT S ESEEN
X (HEgn, &, ) ZHHIT S, FZTIREROTZ vF A NBIZIH - TR E) L 7~ HEfS 2 He
MK DPRE LI K > TE L OHERENEG IR — A X X NVELRNTERK S35 (Hou and Cook,
2009), KEOAE A E B AL VDO MM B A ST BORMEIR & X7~ 2 4 MNMEKE
AU S B AREMED D, Laurence  (2005) #JLAZENENDILR S A 7% LLFICEBT 5,

(1) HBEBEAR—X A 42 LEKER (SEDEX, MTV)

W HERESLIR (SEDEX) 1dHfisp LRI E &, $HIcZ L, BHEANY U ALREMNS, WK
WEHY L 72 BOKEAR I B 53 5 23, KBS Eh & OB 2 BAfRIT A DAL, SEDEX SLARIF SR
O, WIEROYSU EEZHED LD, ZbIFE—KICZ T FNY 7 MR S L, KIS
VI EEBEE U 72 WM SRS W SOME CERE B ) IR 5 . BVUK R OIS I X HERERF O M H & A&
ot RAERE L, HEREMREIRILKDOEFRIZOWTOMmSFE2H HREITEHETE D, ZOFRKF A
TNIHAL 7 v R B B T & ZEALMED S BR OB L7 8h R0 Hiim TX %, SEDEX ik
RITATHERL S Y 7 4 )L =T D V)b b 2 JE D O Hig# (B L - BUKIGB O i b B TE 5,

UV B AL AR (MVT §6K) 1% SEDEX ([ZEl CTHERE N CTOWMIADOTEER & 48
DOBENILE Z IR &+ 5, SEDEX #LE D X 5 ISR AEA & RIFFERL TIE722 <, MVT 855EI1ZH
BNIHAENTH D B JEITHE ITHER OHERE ST HAERICIEE L T D, SRR I RIE
AR (150 FELLT) BB L, TICRBEASICIME L UL BHERKI S NS, A6t BELAOE
PRV PIHEESAEE & TENRIC BT 5, < D MVT #5058 THENHE L 0 BIFEENEL N E L < Zuy,
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Flud —— ‘ —_— P .y
Exhalative ore ﬂ]ﬂ

mnllllllllI|||||||| )

_u--l--l — —1 g

— — Distal sediments, |-
- _ - _ barite,chert _

-~
T I[IJIrI|“L]|I|[|_F4\1—|| o
LLLL — [T T T T T TTT 1T i

- - “Replacement ore

s A et et

—Faultbrecciaand ~ —
—feeder pipe - -

_Syn-sedimentary - -
growth fault - = T -

|Hjﬁﬁ: Laurence(2005)|

X 2-3 SEDEX R4 4 7OER @

(2) RBIL VSRR

(AT | ARG (Ca V7 uf, Ba, ANRA, EEA) 2267 5EFICHEWE
FAEBRT DAY =2 —F 0 OH G B CREGRELILPR 0 2 SRSLHL AR 1 B U 72 IR 72 BB S b
F LB I T, A BT B EH SO IRIR A BAE ] CHIREEE A A bEIC L D
RigiA (FIRE, Fr~vA N ORRIEAZTRTEE L LTARRFCEbALTWE, AT
v DI I G DR E FEOFLRIZA DV U FRR & bd, BEMAERAIER & RIBES ~ D1 &
DENIE - T RRIEHOMMBFEN Th 5, BET L @BOZERRA DNV AFRITZ 7 AT
v, 8, BEVTTF L, M, 8, B —HE, &LV ol ANV UEKROBEICAEEND, 2Bt
FOFEVITHRCILIREE, BASORRERBEEMEOEWC L > TEL S, ZIUERNBEALE
R R DNE DN L > TR A IV, SR A IV o ERETI D,

RE S REFBNERIE FTHEZR 2 v VPRI A KBS A IV ANZRAET D, X T AT A
ANAAIHRDO L o T ATV EFERO Ry 2 AFEL, —HRAIZ TS O R WG PTIC E il
Lienvs 7uh D BAEICEEST S, —J7, ALV ATEBOBAEBEASICEEL, REEHE
HICE AN LTEBEESHIR IC LIZ LIS D, A BV U HRICEE T 2 8B tHE NS W0IC 7
OO, HBRO A RIEETHINER T 0 2 3P LIEMAEOERE L ~ 7~ —BUkihE &
ML D, TEREEENEEROBEMENFIZH O N2 0TF Tikewn, %< OFEIFHEE S
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N5, ABNVUFERIT I 3 DO—HEDO 7o 20 EIEMKEN S (Einaudi et al., 1981;
Meinert, 1992), EA DO EE &AL O L REMERIER, Hi BAKRRRIER &~
7 AR EARIRE D, Btk DTRA R EIRF O KKDIREATH 5,

I T
Carbonate

Isachamical "3
altaration

Crystallizing +

+ granite
intrusion

+T o+
M PROGRADE:
+ Stage 1 Isochemical (contact O
meatamarphism) mEH‘ .
Stage 2 Metasomatic (magmatic B o
fluid exsolution) Laurence(2005)

B 2-4 XANVEKRE A TOEKXKE

B) EWLUFHEMK (AP =vY)

< OFEFOELHRBIRDNH Y, —HDORXG TOHEITEmMmORMNR L, LorLian
OELHEA, RIOBLENG, SBIEH Y T, HEFIREE E HEELOB SN L S E S E YT
S AT OB EED FFE LI\, AR O E LR AR O RFEUL 5 8 K L, A HERE
A, WIRERILE, BERERMCEEHE GO EMICBEE LS8R Y - A N UFICIRET S 2
ETH D, BHEOELE L2, WMEDIERT DIREICH b Tlat:, Motk — %, BHER L
LTENDBOT AR o THICA DD, BAROSIIRITFEREILHFICEEL, HAER
& (LTS SE IR D FERAZ Do o T BRI AR IS e B RRIR &2 1 5 . BILRITZ < OGA % E
EB)C, TR & A E LW ICImE9 % (Partington and Williams, 2000), {ERSEBE AEEH &~
7= RS DNRAERDIIR DL \TBET 5, BAROSIIRILIFHOT L — MRS U B
L, #kt R EMICZER LT3 TR E BE 8 2 BR0) 5 JEME 0 O BE 3 UL AW ISR 3 5,
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(4) BAIKELER

BOKFLRD 5 b TERAKMESIE N RO EETH 5, EBEUKMEIR I EMER & KR o
ST=ODOKBHIRIALIEREN H D, 21D O MHFEIXIK T O OBLIRRE, (LFMEE, pH
WZOWTHE L, ZNoIEMMT2EEERCHEET 5, @b & AR A BRI R X
KIWAL TOWRMBENR LIEERDO 7 1 2Dy & LTIRA DN D, Mt RHR T 0 I HE
L, BHEKENNZOEFIZR SN D, SALEHAZ L] & 2 3 AT & R PR O fafno
FEM L LCHEBE~ 7 ~Ichk L, SMERBE OB EZ s 27, MAIEIETICEmET (pHI~
3) B{LIREETH D, Z OFEMERRIZIER OEFE TRILER KU S DREE B %< O EEK
NEERT AN ERED, ZVEME - SERTEEERE V20T, —F, KR IR
REEENS B VWHBAJKE TR LS &5 2iRICEbn s, ZORMKITESEICEEL TRBY, IF
KNSV, S~ /<K EIRAELE ) TH DR RICKKESICHBET 5, R
&L TERMAERUT R ILA, &0 DI RAKOBE TR SRS KRR BICEKR SN D, — &Y
WCKUTEBY D LD BRI & T AT D, WiRITHhPE, RESIRE T, St b ERICIE
b OEMECORBRHREEN S,

BV TTURHA LT ATV, O LD A RIT0E 72 3R CEIBBUKIER D D OB
RIBEENTND, ZOXK D RIWEITIREUK E T 5, BN v AT, FiRo ik B
~DRFE & REUKEER~OWENC S TH, #idn, 8, v Wy, BBUET L, &, 7FE
v, KEBO LD 70 EERECEBIERE T IR ICBI, HRE < TELEBENEF OEEL
KB BIER SIS,

(5) RT<THRA b+

R B A NI~ 7~ KREDOFET HRE CRMIL LT~ ~vHRDEREE XD
NTW5D, XT<Z A MIEFICHRI S0 E L TER S, AR ICENTERE D
FEEEEDNOERIND, ZOXT~H A NORVEEHERT D 0%, Ba, BEROEMR
FLIR VI TEREE LTHESND, X T, EXA, X, XU LD L) REEDY TH
B A MR A B B E RBEEIE N S 70 D, RT~ X A NI, X T ATy, vTy, b
UL, UFTL, RYUDTLA KUFE, XXV, =F7, BLULA U TLA Ja=th
DX D7 LIL JuH#EX HFS iENEET H, R~ <X A MIT 2 RAIBFE N S TWD, EITH
TTNAY~AET NI F AR T XA TIRAEIZHED Nb—Y—F RF & EIZX—=T /LI F A7 S
A ATHREIZHEI RURICET Li—Cs—Ta RINTHDH, HDHXT XA MI/NZWESEE R
EORERER SN, MEREEMRATOR 7V F—a v LN EREERT2H0LH 5,
D7~ & A4 N TIERBEBERIEREEBABEKO F—A5acEbir, KicfafL, FEFITHL
L7=ERor iz BT 5,

(6) T Dtk

T2 VETEMOIR S A T H AN H D, O L DIITIEIIR N & 5, FERVFLR I3 HE
FEER ORICEWN BRI DNIRE LD TH D, &, WU T V8, ¥4 T7ECFR, B,
ANVATA N, VFIL, Dvaripliezahd O, @BIZE > THERIRIHETH D,
R 7 7t 23R OEREENEE TH Y, BT LBWR T O0RIZ L > TERIN D,
Lk, WIKDEZ AR, SRR &% < OFURTIZAI A 1 = X DWW SRR N~ P [E] O HERGER
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BECRARDUFENERETLRINE 25, ERACITED LR T TR BR B IEREE TRk &
n, & ZATEVE, &8, Ja=ul, FEUNEETSH,

MIZIETZ 7T 74 NEKRDZH D, 77 74 MERIZBARH T O L WEE EKIEOEY L LT
EFESH, —RICHAV T4 NERL, 80TV =0 AR ST, TT 4
MEIMAD FTHRBIZELDEEO-DEHEEN L HEEL, BEORIZITL IV AF 2N S
gL, LIELEERHRELD TEDND, 7774 NITAI =D LAOET L EEREREE L L TR
BWICEETHD, =y 7N, ~> A, &, i, AEEO LI RERPRETIZ b D,
FTFIA MIEWHZ T CLEERBTER SN,

EHIE, by —b~IvHltme~ T Y#IIILRAE TR SND DT, BRIERUATICA
v RRBEALZ TR S NI WER D & 5 0 b Lt

21.2. 7= VEOERELMER

T — % ETOME OGRS R RN L0 B R IER L < OFLBH O R R X
NTW5b, N5 OFMEIE, $h—Men, H, 27270, XU UvLA, §, HEE &, 77
774N, AR, A8, Alk4A, AKE, Fa~A N, ER, B4, BKE, G, EEEM
(H&, KEfG, fEFE) Thod, BEXBMTHRESN TV I EBEMERILY v 7 AT v
(W), &n—Hfign (Pb, Zn), #l (Cu), & (Au), #IFELE (REE), # (Fe) THDH, Zib
DONLEZIK 2-5 1T, EEFEEOS HEBIEMEPRIIETZ T THY, BITIMLDL 1 27T T
b5,

BERE A 2006 (MoEA, 2006) TIXEEBALOIMEIRT — % OfEFT R HE I T D
BEE DA > K, HE, A%z&/@ioﬁkﬁﬁﬂm%@m%gmﬁ%ﬁﬁ@méé#%%*
R D L WAL ERBRRO T DBEN TR, BiOUBELIGET B ADORKEIZLY, 73
DO —TEENFEIR, TN T — R R=D X T AT VR, FxVvIDT T 7 7 A MK, 2
y:?@%ﬁ%i%ﬁ?%éT%@ﬁ&éoL#Lﬁﬁ%,:h%@ﬂ%%%mbt¢~kﬁﬁ
RAPERIIREMEOB SN L ARETIZ RV, L2 > T, pEEMICERILTRE 2 &R L Y T E v
BUVRIL & F e LB O 7= thmmm%hé%wfbééo

$h — HERELIK - FLIEHIE T — X CHEH O R O T RARHEBON T @O T T =
NEFIZHhBIND, th— HEIALERITIRYY, MR, HPFELERL CHEESCT —7 ik, v
VAW, HIURMEIR & L CRME AR A Ka~ A MIWIET 5, Subif BRI AT~ T
THALERIIEERTI S NS B2 b b,

&Vﬁx?yﬁﬁ°%ﬁ%ﬁ7~5y$%%%$%fﬁ%n,wa§—FwN:ﬂW@?
ST =B I OTF = W ETHRE SN TWD, IKEA G e Rk o~ e eI A
ﬁwyﬁ%ébkﬁmﬁgﬁﬁﬁ%?éo:h%®%k¢%ﬁﬁﬁ%®§k_iéﬁr?gﬁ
ZRAEFIC L A ANV RILR EHEE S LD,

HPLR - FLEEHIE Y —Z VR~~~ RN CE 2T - ) TV F aDv
f?47%%%A?:ﬁyN—NNF(%iﬁ7/74/)@ﬂ7%@,:A%;@yzv—w
JEIZIRIR T 5, Fde REEENRIZEGEY & U CHEEIFL A fE, ARRBESSOA R —ea —t&
U9 A b THCE, Ha, AKRE TS, SERAPTEICHRIET 5, EIX -+ TlEzwnas, SiklE
BTGB BEE U Frlc i ©d 5,
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Geologic Map of Bhutan
@ Journal of Maps, 201 1

Sean Long, Nad ne McQuarrie, Tobgay Tobgay, 2
Deerdje Grajic, and Lincoln Hollister
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2-5 T—AUDHMERE

SOFHBIIT TN a T ORI HERLs U F 2 OFMLHREY THRES LTS, hodii
TEH (B 2 X8RS EER) ICfE Y R b B STV D, N7 T T E & f Eikid R E THos
WZEIE T 5, HiEDRBIZE > TE U SIT B WAHEREY IS AR L, ERIRZENRT 5,

REE §LHIZ 7 — % VHEEO~ T LIC Ty U Y @kt 20 U T BREOBE R IV Bk
BHAPTORBRESN TS, REE 25 0T RASEESE L EBICHRBLIZEEZ X 6N
%, BASKEEST 2010 0B AR EHE (Dilip Kumar Mukhia K) (2K > TSN TV 5,
2017 FEOERHEEIL 33,000 > TdH D (RGoB, 2018), FRIE IFE I 4.4ha T 1.23ha BERIRFE A TH
%o b &1E 1994 4212 Penden Cement Authority (PCAL) fEA3E A v MEELE L COAFEZBLE L
TeBS, AUEH LW E SR 2 &2 LT\ D (NCB, 2013), Z OFLKIE, 2 2O/hS 72K
PR NS 720, SR EALIE 25~46%Fe T3 5 (Mishra, 1985),

213. 742 VEQORIEOERIEMER

FR— VEFREEEMETE ~ T PIUIROBEANALE L, TOMEITT —% L OHEFTIERIC
WD, FNR=INTHEEZL ODIREREICLD Ly —b~TYH, Sbe~T7 Y, 757 AHHED
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HTORBIRIZOWTORM AN H 5, Ram and Kabi (2019) 2k 2 & % /3—/L Tl 63 §LFk
DORFUEN LN TS (DMG, 2004; 2011), R/8—/L Tk v 7>, il—h—digh, $H—%> 7
ATy, RYVTTY, = —au b, &—gk—ib e 8 < 20O FEER BRI B Xk A3
MHINTWS (ESCAP, 1993), “hbd o H 5 gifE (8F, &, #igh, v 7>, #&) 7200235
RS, Ly —be~TYHICHOML, REFEM~RFRR FOHEK LM STV D,

(1) 4
FR—= TS ERICEER TV D, EANO 100 2Tl b CHRSMLERA RN FEET 5, #IE
SR HE S EHIACERIIM L T3 20X 4 FIZHETE 5,
(i) EARIAEIER - >— MIR, EHORELE O B A 2 = IR L AEH O SR W22 40 An & ik
BB CTHEIE S 17 5415, (Dhusa, Devrali, Lodim Khani, Jantare Khani, Siddhi khani 72 &)
(i) Wi RS BOKRILAEAE R © UL W A B R OB A C O B SR EL HE— O RPN LA THRED
7 53 %, (Wapsa, Kalitar, Chhirling Khola, Sanotar 72 &)
(iii) 2B A FHOFAVERITE AN SR E OBEfh IcRE L, ZuEOHLER L L CFr
B2 545, (Kurule, Bamangaon, Sikri khola, Kimti Khola 72 &)
% F 7 @ Bhut Khola S$FARIZZEMERCE ICHER 5 RERESE DT —Z o Odgi ik L7zt
EMEADODEADREREEZ LN TS (Paudyal, 2015), —MRICEHOIALIERIZFREN TH D
(Bhattarai and Paudyal, 2018) 7%, % b < HEFE/EMICEA L TIXRAENTH 5, EE 2 WE B
DHE SN DG TIEZ 0D e oL Hilg O EmNISIR - THIERSFTE L, FE D8 T O b N
IR RATRNCIRET DR R &0 D, IABERIZ T 7 ) THik HE, WHE, KBS
WZRREMICA LD,

(2) %0, Hidn

— I L AN DOILRIT —HEICHET DO TE L O THHAT 5, BIED L Z A 50 Tl Lo
— SR PLE IS R R— L TRA SN TS, ZbEFEFCLyF—be~vIYHFEmE~Y T YHD
Fe~<A MIWHRT 5, Ne~A MNEAKIX Himal ERE (Formation-11), Bhimphedi E#E (Markhu
J&, SR KPEA (Bhaisedobhan ? ), Phulchauki JE#f (Chandragiri 1/K%, Godabari KEPLAf),
Nawakot JE#f (Dhadhing Fu~A ) O®HLEMICBOND, @H, Fiuk, SRR, IRKRIT 6
Prds L ONPIHEERIE A R & HigR P A & L TCRET 5, BERIC TR N R ToOMWE P HLHNIZIMb
TEROREDHEREER THDH Z L Z2REBT 5, Lo LAEBESCWE o &L 5 228 1 B AGH C oI
D% OBENII S ICHEERBIR T, V3 — = b ~—)L7e EOFMENTLE R 1T HERE1E FH BE o Jg Ik
HWERGLR 7S L R ST 5 (e.g. Chakrabarti, 1982), & L2xL7=H TN HIXBAFE T, &8
FHERRAE I OET TR LB LT et n & %

@) v7v

RN=TIEY T T E e~ 7 YR oS, RS, P e~ T YO B Ho
Mg, R/X—VRREEO Ly —t < 7 P4 D Thakkhola-Mustang Hij#, Banku E:% (Bhimphedi
JERE?) CTRESNATVD, FRE A=V DOT T Y ZETHE, WIRTRZ STV 7 U HbfEH
Buka Khola, Chiruwa Khola, Chandi Khola, Tinbhangale Khola, Mardar Khola, Panpa Khola 5
D EHEU Y 7k (UMS) & B U U 7)fE (US) O T~ FENOIRESINATND
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(Kaphle and Khan, 2003), #Ab/ERIE EREs U ) 7 @OBE T V2 — ABERBICR b,
B, RAE~EAOBSIEICHE, YY AU HEaT 4 U EEET,

(4)
FEFICE L OBILBEHIAH Y, FIhkh o7 ) THREN, S uuid, FEE =D 3 S2DF
HEIZHIFR XD, KT HERE M2 ik IR BRI — SRS IR CTh 5,

AV ROTNVF—=F ¥ )b« TI7F =2 afliZ7—F% U OFEBIALET 5, Kesari (2010)12 K5
L, BZODROEA 72T 7 h=vy VBRE T COZRRPROEA TR 2 RIb AT v v v %
o, BEFT —H IS EUTOEIITHETE D,

TNAF=Fxe T Y EIva IRBICELT 5580 7 ) TR EAE IS TS A XS
N, 8= T AT UACER DN BT D, SLA AL OFLRIZIEN D, PRE DA ETH TH
5o $h, HER, FHE Vo TN A X X VEREHNITE D A I o A R, EAN U R R
AN YRS T VR, TNV RE, n—k MR, T FTRTHEINLTWD, FALIE
FISEHR AP OB HERKCATEROIEK E LTHND, £ 04, KL TREETHD
DT, BRFHICEHRE TE R0,

Naga-Lushai-Patkoi %5 = fd Iy 2 #E k3 2 M BHEE W X 8i & IRIC Rk < 23, Bk ic i
> TAHM, RARTA, GROBT v Vindh D,

fIRA, Fa<wA b, R=ZXRXAZ VR EOFEMITT VI —F ¥ v - 777 =2 2O HAER
PO HEDOMNSTND, SHLRDLIMENRDLENTND

Goodell et al. (2014) TiX, BEET L4 FENTO =y 7 VI T T A MEIRDIFEND 7 —
ZVENDTT T4 NT=y FNVEIRO AR EZ RBE L TWD, L LERRL, =y V7757
A4 FORFEERDBEGERILIT X VEANICENTH S,

214 FAYPEISVHEDOLT A2 )L

2017 SR A T AF v AT T VAR EYTYOLT AZNLIZONTHRE LI, “A

preliminary study of rare-metal mineralization in the Himalayan leucogranite belts, South Tibet”
(Wang and et. al., 2017, Science China/ Earth Science) (233X DL FICHi#T 5, 2-6 132 D
o E AL,

%Ny%%ﬁ@2o®$ﬁ¢é%$ﬁtv§%@5@%%%mﬁﬁmLm%muﬁzﬁw
R Rk OIER S Th D, 6 OERELREITHEEST 2 LT A Z VFGALTEH D &
2o T,

E~v 7 YEAEERA TSRO LT A2 VA LR a0 PR R AR D2 =— T s
ATHD, LLRRL, ZOHIRTITHEA DT R LT X ZVHEIEHOMZE LAEK S
TV, FRKR: & REF AR HUE 5 ek B 22 i O WF 58 77— 7 IXSE AR R D 43 A & A
THDIZ 2016 FOE, Ty N TOBHAFELZMEL, EEEY A AF ¥ A FT—2R
YA T AFEIZ T L,

PFARHE CTIEZ < OBEREERAEERTRY U v LOHAERBNASEBD bille, FHOHIC
HE, RULVO—FETHKN—NVEOLEREATMERTHL7 77~ TEWHE, L _dﬁ
&, BA%, TEHINTETEY, eI YOPEMTENY U T LAOHAEMDORT 2 % L
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K 26 EXSViEDOBAEEBMESMETTHEHER

TR CREMZR MBI b~ A 7 a7 a—T7 R iThi, 12 2FTO#E A afbia R T
Vv, arvo7H/47Vv—7, ZEFTA N, RN"qMuarar—~Aruafi, 7x/V7 V> fa, Nb
—Ta VT, GADLIRVLT AZNVEGRIEMPH LN, XU ERY U o AOFALIER,
ANCTHIN—T, BEETA N, NAmwrar—~Aruaf, 7))V 7 VA, Nb—Ta /b
FMT=A4T, XX NVOHEALER, BaEHOHLERA TERETRRENICH LN D,

SIHTRE R B IR IEE IXIALAE D 45 ﬁ%%%%# L7, VT AZLOEALERIZT F 2 HE
EWHmEmeE~ T Y CTHALIL, MEIZITIEZ-ZV L LEEVWTRLNRY, L, HETHE
BT HLIE-&D & LTE b\75>5§k%7h5 WS OWRSERILI=F7, X%, &, XU oh
DFALER TR ST BN DD, FEEHOEMEER TIZd & LICHOTAERB KM 5, 20
fER, e~ 7 VERELRE DO LT A ZNVEAERITHIRMICEL L, REEERORE S L EE
DTV b=y 7 RFHBIZL > THEI SN2 WZ EXRBIND,

v IV EBAEERAEDEARETIE, v 7 ~OIMEHET L E AL M ~OWR % BT %A
5y (B 21X H20, Li, F, B, P) OFEENEREDEME AV N EFE~D LT A Z LD EIC
HHETHD, LT AZVITH LOFEEORIKHISE RIS WA EEN & 5, FEIZL T A &L
FEPR & AERE, FRICHR Y T ADIERN B H IR E TV Z A X (BriE Y 1 7V BT X)
DOIEFERIZEWELIEN 2 5 2T d, X TEELITE~ T Y TOREDF V iy llifi
ML, b~ 7 YHUIR TP HOFAEIIEN CRFMICEE IR S 0B3R5 T
AL IFACER O RT o v V2R 4 5,

BARATRE 22U U U AEJRDORT ¥ % NV EFFOM A 72U U o AR O L & FLE DK E )
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7RHEEMEIXFEIT 0.05~1.0%BeO, 0.01~100 & 5 k12444 %5 (Foley et al., 2017), =47 &
2B NTETH B UEMEMEFEHIE 2 >0 T, HRATIHIZIEV 2o THRA SN
Lo AL LN TWD =4 THRD N « SEEIL 0.01~3.0% NbOs T 1.0~1,000 55 ~ > THh
% (Schulz et al., 2017), & > Z VELRO SHAL « JLEIE 0.01~0.2% Tax0s T 0.01~1,000 H 7 >
T®» 5 (Schulzetal.,2017),

215 TJ—A2 EICBIT2BEDRAE

T = H BT HPLFE & EREE O B ST NEB ARSI BRI A 2 B L 7o 14 HEACHIEHIZ £ T
IDIFED, T —HX T 1960 FARITIEEIRORIPLA 723 3 H Y, 1970 FRIZA » FHIUE
FAEFICL > TRIE T 1 7T ARER SN, BEOHEOMEL £ 2-1 1TR-7T,

x 2-1 BEOHEDHRE

Period | Agency | Commodity| Area Contents Outlines of result
1960, | GSI Au Kuri Chu + Stream sediment sampling-gold | - 0.001-0.25 g per 1524 kg (0.764
1964- extraction by panning carried m3) of gold from sand is reported
1965 out.
1961- | GSI Cu Samtse + Detailed mapping accompanied | + Samples analysis from the surface
19662, copper belt with pitting, trenching and indicated that only mineralized
19772 (Sundarikho sampling bands from Chungpathang,
la, + Drilling of 8 boreholes at Lamitar-Rambagar and
Bungthing, Bungthing Athaiskhola are above the typical
Chungpatha | *some reports are not provided exploitable grade.
ng,
Chirubotey,
Dhamdhum,
Dhaukhola,
Lamitar-
Rambagar,
Athaiskhola
and Saureri)
1965- | GSI Pb-Zn Genekha + Large scale geological mapping | < Average grades are 3.74% Pb,
1977 (Romegang (1:5,000 and 1:2,000), pitting, 4.46% Zn and 1.03% Pb, 6.33%
Ri, trenching, groove sampling, Zn at Romegang Ri and Chakula
Chakula) geochemical soil sampling. respectrively
+ Detailed exploration by drilling | + Estimated ore is 0.514 and 3.116
(43+178 boreholes) million tons, at Romegang Ri and
+ Exploratory mining by Mineral Chakula respectrively
Exploration Corporation of
India
+ Beneficiation tests by hindustan
Zinc Ltd. and National
Metallurgical Laboratories of
India.
1973- | GSI Pb-Zn Bjemena + Geological mapping (1:50,000 + The grade range between 3.5%
1976 and 1:1,000) and 48.15 Pb+zn from grab
+ Dirilling of 7 boreholes samples.
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+ The grade range between 1.29%
and 41.69 Pb+Zn from drillimg
samples with thickness between
0.1 and 2.3m.

+ Mineralization limited areal
extent and thickness.

1974- | GSI Cu Gomchu «+ Largescale mapping (1:1,000), | + The estimated ore reserve (both
1977 pitting, trenching for Cu and Pb+2zn) are indeed
+ Explored with 10 boreholes very small with low grade

1976- | GSI Cu Gongkhola | - Systematic mapping (1:2,000) + 1.55% of average Cu upto 120 m
1992 - Nobji Chu | - Detailed exploration by drilling depth & 1.50% of averager Cu

is completed with 104 upto 500 m depth.

boreholes. + Postulated as hydrothermal

origin.

+ Estimated ore is 2.5 million tones
under 1.0% cut-off & 1.0m
stopping width. 10.00 to 500m
depth.

* GSI report Au content 0.20 - 1.20
ppm in the Eastern Block
1978- | GSI w Burkhola- + Large scale geological mapping | + 0.25% of average W and 0.22%
1984 Dolpani (1:5,000 and 1:1,000), trenching of average W at Dolpani and
groove sampling Bhurkhola, respectively.
+ Detailed exploration by drilling | + Estimated ores are 0.349 (0.12%
(19 + 25 boreholes) completed WOg3 cutt-off grade) and 3.29
+ Bench scale beneficiation (0.20% cut-off WO3 grade)
million tons at Dolpani and
Bhurkhola, respectively.
* At Gurungkhola in Dolpani -
Bhurkhola area  0.10-3.99 ppm of
golds are reported from carbonecous
phyllite
1989- | DGM | Au Kuri Chu + Upstream sediment sampling + 0.0001-0.00349/70kg of gold spec
1990 are recovered only from 25
samples in 50 panned samples
1990 GSlI Pb-Zn Gombadara | - Explored by large scale + The grade of ore is 0.48 — 4.1%
(1:1,000) mapping and Pb, 0.47 —2.1% Zn
sampling
1992- | GSI REE Maure + Geologically mapped + 2,677.5-10,289.5 ppm of total
1993 (1:50,000) REE
+ Systematic channel sampling; * REE reported in the investigation
Ten representative samples for | for phosphate.
REE analyzed
1992- | GSI W Nobding + Geological mapping (1:50,000) | + Scheelite mineralization is
1993 + 190 samples are collected observed at the contact zones of
aplite granite veins in carbonate-
basic rock of the order of
0.1%WO:s.
1994- | GSI W Pinsa + Geological mapping (1:2,000), + Scheelite occurs as
1996 groove samplimg and 2 test disseminations and stringers

drillings

along bedding, concentrations
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along the contact between
carbonate and metabasic rocks
and as lump in late stage epidote-
tourmaline-quartz and pegmatite
vein.

1995- | GSI Pb-Zn Bjemena + Large scale mapping (1:25,000) | + Occurrence of base metal
1996 mineralization associated with
magnetite are recorded at several
place in mable.
2004 DGM | Au Peping, - 28 grab samples collected + Average gold of 14.11ppm in
Hauree Peping, 36.44ppm in
Khola, Haureekhola, 9ppm in Dungina
Rangatung and 18.57ppm in Rangatug
and
Dungina
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22. ERIEYMERKRTO¥IL

— R~ T VICHEERSBIEWMIRIIRE Ly, it ~ 7 VOB WERENR L BHE
IR A ICEIH T 2000 LivZew, 9 5,500 HAERTOEWILIRZA O T, MR 4 8 o biEAH
ZHle T~ I~ —BORKRDEET D+ 0N E) S 72w gEME2 & 5 (Mitchell, 1983), #
WK HUE 70 318 1L A R B IR O #8 T R < ST HE P O LR S IR IS H 92 DITK 5,500 754
L EDOERRI 35 Z & 2Rk 5 (Goldfrab et al., 2001), b~ 7 VIUIRDO EE 3T a & A
ENDRDEmE~ T YHOEAILEDIL D, 20 18~6 (BT D B 28R E 72 28 s 13 (L
DT 5 & (U RIS HUR OHIH 2”7, 72870 D, < O LTI b OB A ILE LT &R
D FEIZER SN D THA D (Goldfrab et al., 2001),

T2 T, AR XTI, -y, ATy, &, #mtHE#E (REE) O4& B
MRS TS, MEEZE 22 ICE DL FICHBAT D, EWEFRO ALK 2-5 (BEH) (2

ZNER

K 22 ERIMVEFROHE

it Jak PL A PEIR £ s mn iz BEgE . | 7 — & v H
(Reserve) EM PR B0
Pb | o~ | R, B | BIREERGE | 3.63Mt Pb Ba, Ag, Cd | ff1iZ Paro &
Endik Cb/Nt IN 1.41% X° LHZ H o
e~ B A AR AP
TY R, b AT
NN S A3 %0
bhbd
7n [l k= pSEiRAF TS [A] k= [F] k= Zn [Fl k= [A] k=
BRRGE, 7K 6.06%
g+, &
A8
W | 7o | JKEA i Wi | 0.349Mt WO; AL 72 | W O %
SR BOERF | (FA5=) 0.25% Cu, Sn, XY Arik=
R= EHHIZEA | 3.29Mt (FAs8=) | Au, T S
7R AIREE | (Fv=T) | 0.22-0.26 Mo, Ag | TW573,
BE Tk (7 vaz) A Fy L
YR K EH A PR D HAE
BHHND (A
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Cu | Fr= | HEGL AT oA | 2.5Mt Cu BElck | EsoY A
7-77 JEIRSOBE, 1.50% > Tl FrlRAiH
UFa PREBYE 51T Fe, Mn, |.ZLHZ T

vk hal S Au B D HLI
L 7o MR Hit 0D A3
A4 73 &5

+5

Au | vy | EEREEOW | RE TS |2 Au Ag iz U F

a7 STEINNEE I AN ) 0.10— = DERYHE
3.99ppm it (0.001
S e ER | 2= g0 |2 Au0.2— —025g/1524
-7 | ITrED TOF 1.2g/t ke), RIET
Do AL THE T O
FeALIER (9-
36.44ppm)
WD
Do
REE | v 7 L | AB] (B§IK | 3 DAL ? REE Fe, P 2L
£, BFY | LEMEWD 2677.5-
A b, Bl | EIRICET 10289.5ppm
t4) %
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2.2.1. # (Pb)

(1) 8 L /ER

HBL A gh — HRGIL S 2 7 LT RS (SEDEX) & LTHIBN G, ZOV AT AT,
fh—HEh A B O IIRITHERR AN O KIS, R AR IO/ EITKIEN bbb 3D, 2
WO DOFBIIMEOM N> THIRESRS R~ A &, HE, YW NEREOHEE LA LT
LILEG T ~BE T 5, ArEAO X O 2Kk, BT 7 h=2 AR TZOIRFZ A L LA
b, iz vy =L =8 (MVT) O —disniifbiERA S — X <ThH b, ZOFE S
A 71X SEDEX & 7o Z md 2%, MVT IR AERRIIRTH Y, EILH ORTHISCRE T 5
EWIEHO XS RINKT 7 b= ATHRICA NS, 7T —& U TOH— i biERAIT L v
=T YHEE Y T VO T A DAL D E W -0 L A B U - HERE S N Eh
— AL E L HEE SN D, SABTERIZSE D 7 ) Tt~/ R EZFLD N1 & D5 5B £ IR
BRNEHREE, Ly -t~ IV avy—VEO TR, BE, AIKE, Fr~A b THK
SN DEHREEICEICRIET 5, WIALDIT L & PIMSAEL T, Mk 2 R LA ST
W5,

FRAMIRIE T — 2 O — MWK E LTI MmO TEY, FMARENE I Twn
Do TR —HENIERITT 4 7 —RIC/LE L, Romegang Ri HJi & Chakula Hilik o 2 2>f ¢
FE SN TWND, FLRIT 1965 412 GSI IZ X - TR A SN2, 1968 4E 5 1977 4EIZ ) THEM
7R PRAL DN N X AL, Romegang Ri M3k 43 fL 5,222.23m, Chakula #1138 C 178 FL 7,509m, &7t
221 FLOF#EZ FEfE L 72, Romegang Ri Mg D HEMBRIFAE M A 60~70m LU, Wrifi J51m <
#) 30m DL N Td %, Chakula #HlikTl%, EMGFIC 30m, Wik G IZ 30~50m Th D, #EHE
RafEid+ 572, Chakula il TIZE y &L B L Fii#d, Romegang Ri #ilik TIT h L
FIRA L YUERL S E i < 7=, Romegang Ri HUK TIX 2 AT 366m DHLE, 750.10m3 D kL2
F M 5472, Chakula Hi8 Tl 21 2587 T 300m O E v b & 2.245m3 T8 b Lo F b T,
HEE S F: 1L Romegang Ri M3 T 51.4 J7 F >, 47 3.74% Pb, 4.46% Zn T& 5, Chakula #ilik C
1£311.6 77 b, f0fi 1.03% Pb, 6.33% Zn T 5, GSI TIT7 R FLREMR TRIFIRA T2
LTWb, ZOERETIImILINA & BRbIiAa 2 XBI L TWHh7Ru,

FALERIZEIC N e BORSEAPCE IR T 5, SRITHRBIER L FRERNTH D L RIES
AU, SEDEX |[ZEIE 4 BHALER & B2 5N TWD, EIRITEIRELAR T, FIXS LYy, MAREE
DOIRFHIR AR 7 > b, L XREAR £ TR, ST OIREE SV AE T 5, Chakula Hi
B CITEE AR T 3R L HIFIE S 2ITEL STV 5 A%, Romegang Ri TIXERLEE 2 K& < &1k
L, SERICHEERIEA D DERICEILSNIIEA E TR 55, Chakula HUS C I3 SAREE MBS
5w, KESh T, ZEMENGL, HENFILAFE S, Romegang Ri Mk CTiX, SREEWIT HERIL N ES %
D, HERILAIE D, HERIEII DI SR ILMESS A S, ZEibndn, HARGL, KMgh LAED,
Chakula HU D FLAR T NW-SE FFANIZIEDY, ERIER T 1,100m UL EiZ72 5, Romegang Ri H#ithik o>
FLARIZALTE I ERE 750m IZIRE SN D, TR T A7 — L&l Tid Chakula Hidko 2
WHEA VR RGN S 70y, MR e BB O A A b L BRI L > TR D
28 T& 2 ATREMEDV R &7z, Romegang Ri MO R M & U CIEAET D &8 40 | LT 05851
Lo TRETE S,

$n— SR EER X IE o THHE SN TWD, BlxiX, 77— @ Bjemena Hilik
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X, YR RO Gombadara 138 T %, Bjemena HilkiE 0.1km OFiIFH T 7 FLORMEIC K D 4RAE
DITHOIN TS, il 1.29%~41.69%Pb+Zn T %, Gombadara HUIEILFEM 2 #HIE X (1 :
1,000) 1ERL &S 70 v 70 T, SRS 0.48%~4.1%, HESNARAT 0.47%~2.1%TdH -7,

2 RFoviL

HEFES N Zn-Pb(-Cu-Ag)JL R 1T KR flif 2244 Hl O 2 o1 © T & 72 Lanping RiHIMTEH7 IZPE L,
FRy FEFEEH TRRDOMEGTIN—ZAAZ LMK E L THHNTWS (Hou & Cook, 2009),
Lanping ATHIWTE#1L, B GMOMBRME, = 7 Ao, 5 Lo onihg
DR E, H< Ay R—7 7 KREFHRICLDHTFT Xy N TOMBRENRE ZEMERT 7 h=7
A L Z %8R L7z (Wang and Burchfiel, 1997), Z OWrfg#r TIZHAENRD 2 SO KB R T v 7
VAT BT K o THAMRAIKECHTMAMNOF =@ %% 5> 0B 2 aLERE NIt L, #Hik
ROR—=2 X Z VPR O ZEFRIBLE & T 5, o LRiE — 7 v 7 R30I BUR
LT Xy F Ay MEDEEICHEN, T4 vF A2 MENIRIEAIZRAR O 557008 0 & & $E k4
HEEZBHND (Xu and Li, 2003; Hou et al., 2006¢c), Z 45 O b K@ 2 HH & 7= Heafg e N
Zn-Pb-Cu-Ag FLIR TR AL AE FH 0 e A& 48 4% B~ e ) (42~30Ma) 1HilK S 4
%

TR OEBIZAET DA KTV —F %/« T35 =y ¥ TIE A7 Rk
% Bomdila JEHED Chilliepam & FH D Ru~ A NMIEEBRBIT O — IR N A DD,
H/X—/UZIE MCT B N RFEEAS I PE O BYERSIT O8h — WSR2 H 0, £ 300 77 k> OFL
BORERINTWVWD, e~ T VILUIRTIE, BESRGE —HEMILRIE MCT O FRIZHMT 5 (%
AR, 2001), 7 —F IXETHIAHSCE LWTE — ) TRV ETE D e~ T VIEIL ORI ICAL
BT 5, -HENILENMEIR T 2 AR D H 5 Paro BRL v —b~ 7 ¥H O LIRS MCT 12X
onsg,

7 Hidlk (Romegang Ri #lik 35 X OF Chakula Hithik)

> SAER) - Jrendn, POERENER, FARPL, JKEEEN b, ZEEEENEL, PNk

> FEIR  ERIEAETEIT S AT, MRS IFITBR AR v b, L XWREE E TET B,

> AR . HETESLE S1.4 I b (Romegang Ri #13%), 311.6 &5 b (Chakula #}5) 1% Pb + Zn
Ul k& RHE

> ALZEHHE : Pb 3.74%, Zn 4.46% (Romegang Ri #115), Pb 1.03%, Zn 6.33% (Chakula Hi11i)

> FFf : GSIIZ k2B ERRFRAT

2.2.2. #gp (Zn)
(1) 8 & HE1E A
— AN R P OFEITEICHESTEL, 7—Z U THRKTH L, thedbETRbL

TV,

2) RFooxiL
7 — 2 TCOHESHIACER ISR TIALIER EAES O T, IR ORT oy viddht & b
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223. BVTRTU (W)

(1) #&E &b ER

2T AT TN TWOREEAEARE Y, IURT 27 b= 2Aky T 47T
AR A BN D, EREE~ T~/ A0 Mo L, 2 O5A, SROMKIRE 2D,
~ 7~ OfEEmbOM, AV MTELREI A S, £ 2 THRRIZZILVE TEEMED H L IR
B B, AKAE) KREL, ERPWET S, 20X 2T e A EEIEMRITY T~ —
BOKA DN EEIND, T—Z L TDE T AT UHWALERZ A IV o THMSIT b, #v
JAT R EEAEERAIERENEA L KBEAOZMIEROED L BEIND, TraF
— RARZGRII T YAV H A E Y a~— VBOERE 3@ EWRICWET 5, ER80
SR AT, DTk~ v H U EHA &ML HISL D X 5 etk % £,

TNaAT = KA NR=F T AT VPRI T — 2 TR b RIABDOH DK D —>TH 5, #h
IRIZPF VS RITALE L, 8km DRV 236 5, Witk TIX 1976 £ H 1984 4FIT GSI IT LY
A7 M KAERL, 100m B b Lo FH T U S, 47 4l 4,219.2m OFEEN K Sz,
AR BEIT 100m RFE CHME X4, 19 L 1,399.3m A3 R/L o) =Hilik, 28 7L 2,819.9m 287 /L =2 7 il T
b, AT AT LI aala ANV CHOIKBELICEEND, FRENOGIKEE SO
IREA DG E U THALERN A BN D, AKEE S X LW BT CERA AT e N
RELTHET S, IKEAITEHEPATRBICEND, 73 THIETIE, 2 FIRPBIRD 2 %
VIR ERPERIT 1,200m BL |, JE K 40m (27> TEET 5,

ABNAATBOKREE L AFEIROFER 2 Z T - ARG A A (FICKEA) ORMNEEER O
RAECTEHEI LTV,

HEE L IE RS =3k © 34.6 77 R 2, WO; 807 0.25%, 7 /v = Z #illk< 339 77 b, WOs
S 0.22~0.26% T 5, 1997 40 DHV A > ¥ —F L a3 FA4EOFHl T, 72 J HigidE
KERHC 61.5 77 1 2 WO ffif 0.40%, WOs ffir 0.15%LL ED ST B T 58.0 75 b2, WO firfir
0.49% Tdh %,

BT AT CPEHITIENC b H Y, FERPEME LTY T 2 - RE RO Pinsa Hilig,
Nobding Hk73d 5, Z4 S IMMEMAL T/HBUR RS O T ORFHIERIT NI N EZ 25N T
W3,

JICA REIZ L D57 va T — RAS=Hll o TEHFHE CTHRIRES T 5 BHZ W T ko &
J K& ALS #EIC T3 L7z (F 2-3, Appendix 11-3), HREHOFEAIRHTH S, JICA-WO1
FF 7 e aBIEAZELADNV Y EERFADRAGM TH S, JICA-W02 & JICA-WO03 [L A
JIv T JICA-WO2 X% 7 v LA &= ETe, —J7 JICA-WO03 [3HEA DA EETe, JICA-W04 [T
ERFEEE T JICA-WOS (XBR A LA TH D,

JICA-WO1~JICA-WO03 D 2 J1/b 13 X #lEfrigE (XRD) THIES Nz (R 24), ZhbHo
AAXAR, BHREA, BREA, A0A, BER, VYoreahrbhhd, X AT UEMOIRE
Rk~ U EAIREE IR o Tz,

BT AT v DR KEH L JICA-W02 @ 1,580ppm T WOs-5& 1,993ppm ([ZAHYS 5, o
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RITFFIC JICA-WO02 DALY 7 m g ATV CTBAFE R RAIRED X o 7 AT i &g, i
Roz o TAT o gilEHD L, b FF L0 Nui Phao 5K (A B /L A) ¢ 8,790 /7 b,
¥ WOs Gtz 0.19%, V8754 @ Mac Tung $LK (A Bv M) T, 32,000 75 k2, ¥ WOs
fahL 0.92% TdH 5 (AR, 2010), JICA-WO02 (ZE A~ A, A UL, 8, ~Hr, #h, 48,
8, BT AL EBHEWMEZ R LTS, 20X R8BI RICELERT A TV BIGLE
TE, FlzIE, PEOMTEIRIT WOs fSAZAY 0.22~0.802%, Mo ftfii 50~1,210ppm, Bi /i
A7 40~5,010ppm, Sn #H{iZ 0.103~0.170% CT& 5 (Lu et al., 2003), @HF], ##, &, #Hh, ¥ 7 A
T AT T T ) BRI bAE RS (1 Z A7) BAERICERT D,

® 23 BUURATUMBMDOEEDLESITHER

%5y HAL | JICA-WOL | JICA-WO02 | JICA-WO03 | JICA-W04 | JICA-WO05 | k=2 — R
SiO, % 59.3 49.5 46.3 72 63.5 | ME-ICP06
ALOs % 11.9 7.52 5.24 8.92 12.85 | ME-ICP06
Fe,0; % 8.51 11.45 11.85 7.03 9.7 | ME-ICP06
CaO % 8.34 25.6 18.95 3.9 5.45 | ME-ICP06
MgO % 3.6 1.09 11.65 1.34 2.03 | ME-ICP06
Na,O % 1.64 0.08 0.59 2.12 3.64 | ME-ICP06
K,0O % 3.55 <0.01 0.1 1.93 0.78 | ME-ICP06
Cr,03 % 0.009 0.005 0.005 0.007 0.009 | ME-ICP06
TiO» % 0.56 0.23 0.32 0.37 0.59 | ME-ICP06
MnO % 0.39 1.38 0.31 0.42 0.06 | ME-ICP06
P,0s % 0.08 0.04 0.22 0.08 0.1 | ME-ICP06
SrO % 0.04 0.01 0.01 0.04 0.01 | ME-ICP06
BaO % 0.07 <0.01 <0.01 0.02 0.01 | ME-ICP06
LOI % 1.14 3.14 2.79 1.86 0.86 | OA-GRAO05
Total % 99.13 100.05 98.34 100.04 99.59 | TOT-ICP06
C % 0.21 0.45 0.18 0.04 <0.01 | C-IR07
S % 0.12 0.42 0.82 1.5 0.52 | S-IR08
Ba ppm 575 5.6 14.7 195 70.3 | ME-MS81
Cr ppm 60 30 30 50 70 | ME-MSS81
Cs ppm 18.15 0.3 0.13 4.84 0.7 | ME-MS81
Ga ppm 16.8 21.3 8.7 13.9 21.4 | ME-MSS81
Ge ppm <5 14 <5 <5 <5 | ME-MS81
Hf ppm 6.3 3.1 7.2 6 9.5 | ME-MS81
Nb ppm 11.4 3.7 6.2 8 13.9 | ME-MS81
Rb ppm 297 0.9 2.1 140 17.1 | ME-MS81
Sn ppm 109 417 114 27 77 | ME-MS81
Sr ppm 333 59.8 122 356 129 | ME-MS81
Ta ppm 0.9 0.4 0.5 0.7 2.6 | ME-MS81
Th ppm 13.4 4.39 8.54 10.5 15.7 | ME-MS81
U ppm 2.55 3.45 3.49 2.73 3.97 | ME-MS81
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v ppm 63 29 46 35 67 | ME-MSS81
W ppm 12 1580 13 247 5 | ME-MS81
WO; *! ppm 15 1993 16 311 6
Zr ppm 233 113 275 220 343 | ME-MS81
As ppm 3.6 24.6 8.4 31 11 | ME-MS42
Bi ppm 7.54 226 1.88 20.4 6.8 | ME-MS42
Hg ppm <0.005 0.091 <0.005 0.027 <0.005 | ME-MS42
In ppm 0.075 3.86 0.065 0.077 0.09 | ME-MS42
Re ppm <0.001 0.016 0.001 0.003 0.001 | ME-MS42
Sb ppm 0.25 1.32 0.17 0.11 0.1 | ME-MS42
Se ppm 0.2 0.7 0.2 0.9 0.4 | ME-MS42
Te ppm 0.04 0.34 0.02 0.04 0.02 | ME-MS42
Tl ppm 0.54 0.14 <0.02 0.15 0.05 | ME-MS42
Ag ppm <0.5 4.5 <0.5 <0.5 <0.5 | ME-4ACDS81
Cd ppm 0.8 1.7 <0.5 0.5 <0.5 | ME-4ACDS81
Co ppm 6 8 4 8 5 | ME-4ACDSI
Cu ppm 427 1545 14 334 34 | ME-4ACDS8I
Li ppm 40 10 20 20 10 | ME-4ACDS1
Mo ppm 1 4 <1 2 1 | ME-4ACDS1
Ni ppm 20 13 12 19 | ME-4ACDS8I1
Pb ppm 12 3 9 3 | ME-4ACDS1
Sc ppm 10 4 8 12 | ME-4ACDS8I1
Zn ppm 571 658 92 132 58 | ME-4ACDS1
Au ppm 0.002 0.006 0.001 0.001 0.001 | Au-ICP21
La ppm 25.9 18.8 14.4 18.3 42.8 | ME-MS81
Ce ppm 51.4 35.7 31.3 36.9 81.5 | ME-MSS81
Pr ppm 5.99 4.02 4.04 4.47 9.66 | ME-MSS81
Nd ppm 24.5 14.3 17.7 17 36.1 | ME-MS81
Sm ppm 4.84 2.84 6.62 3.53 8.34 | ME-MS81
Eu ppm 0.96 1.38 2.95 0.69 1.84 | ME-MS81
Gd ppm 4.36 2.74 9.56 3.2 7.3 | ME-MS81
Tb ppm 0.71 0.43 1.67 0.46 1.16 | ME-MSS81
Dy ppm 4.63 2.76 10.5 2.97 7.54 | ME-MS81
Ho ppm 0.97 0.56 1.8 0.63 1.6 | ME-MS81
Er ppm 2.68 1.51 5.53 1.77 5.04 | ME-MS81
Tm ppm 0.41 0.22 0.75 0.3 0.7 | ME-MSS81
Yb ppm 2.9 1.46 5.23 1.95 5.02 | ME-MS81
Lu ppm 0.46 0.23 0.66 0.31 0.7 | ME-MS81
Y ppm 24.4 15.9 50.2 16.8 42.8 | ME-MS81

*1: W B S O HEE
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R 24 BUTRTUHBHMOERD X REHEHBRER

i ik pEn | WAUEE | MMG | RES | ¥rum
JICA-WO01 + ++ ++ ++
JICA-W02 ++ ++ -+ -
JICA-WO03 et

ML . At BB, R, R

Q) KTy

SR R BR T TUd, MU EOMIIR o 72 HERE 7 = v P70 & 53 Bl U7 FiME R 0 1TV 0 5
S S T BONE B o— MTIRE L RHIEL 7 @l (Harris et al., 1986) Z5l&#E 29, S HITHT
i RWTRE & PR I T D KRB EMEE ~ 7/~ 2 BT 27210 TidZe <, AUER
BANNCE®R (o7 AT, 8, vIY) RAEEIHE (WEYTU LA, BT LA, UFUL,
A4y hUoL) ZE(T S (Seltmann and Faragher, 1994), Z O kD KIZfufn L7 (KEERE
TAHTT 4 —BERERITEREDL (FIIXTFNy &) CERmEEY (F X L — & L)
WCREH L, SERTERICKERART vy Ve fih, 208 T AT VHIRR Y T VIR DI
DHIHILTW D (Leroy, 1978; Kelly and Rye, 1979), 7 —# > T3 < OHgkH K S ¥ A I
BEPEE~ T YIRIFET D,

R KO Z 7 AT APIRToH DM ESLRICEE T 2/ERMEIL Y v 7 AT VIRE 124~
47.1ppm %<3 (Lu et al, 2003), —HHAKDZ v T AT VKR Z DR WIER S TIX 0.6~
4.0ppm %<9 (Ishihara, 2002), 7 — % »HECTEERIC H D AEMAEMAR (B 21X, Cheri {fEfEH,
Garzikha fEf#’%+, Sha Ngawang {Efd%=, Nobding {Ef&, Trongsa {Efd, Kamichu fEfd&=,
Burichu %) 1 0.6~4.6ppm DX > 7 AT > %G de (Tashih, 2015MS), TN HIEX v 7 AT
VHRRICBE L7 AEfE & 0 BIRVWEZ R,

> SLAEY)  IKEA

FEAR AR A BV AT ISR IR B A 03 FE

> KB BRIEY 615 v (0.40% WOs3), HINHEY 58.0 7 h v (0.49% WO, fiKinfL
0.15%WOs3)

> ALZEHTE © SEH 0.40-0.495% WOs5

> Bl GSIIC LB ERRFEMED D

A\

2.2.4. i (Cu)

(1) #E &b ER

TSGR E SRR T B SRAIL R & LT b T\ 5, oSS EER O BIRE LCTias
RAEH - AN TS b OB D, FEFTECE EWEO X 5 2Eah o5tz > TIHERT
DEUKTRIZZIVE CHIBIED B D IRBE S ISR EZ LB SE, AHOEE2LAESED, 7 —
S TIREHALERIZA N FE AR~ 2T 4 VBO TR LEEDER T~ v T4 M &
ML D A RS I IRIE T 5, REail VA b —BER -FRALZEPEFEET DI ENG
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FALERIZBKEIR E B2 bivd, MOGALERII AN giho 7Y+ U VEO TEEEHR O
FAERCHEEIND, ZNLOHAERITO L - & LD AWV RERICEEST 2 00t
LIRS, SEIRAERR O FEMZ2 PRI 72\, E ARG A SR I L SR S0 CREFRERSE, FEEREL, Mihk
ERIL AR, T MED FIRILCHERIL ALY 2L b b D,

a7 — ) T VF aRIET — % TEEREFIURT, MoV R, Ty IvT T
OFEREIZALE T D, FLRIE GSIIZE 5T 1976 I UHTHAL S, 1976 1D 1992 £
THEAICHAE Sz, A 2.6 km? O T, FEMAHORMEL G O TEE 104 L 16,302m D
AR BEA T S 7z, AREERIFEIZAEM JFH T 100~300m T 5, AEMGHIC 3.6km LLE, EX 1
~2m, HE 1~10m ® 2 DOFIKN Z DMl TRl Sz, SOIAEMITA L FE A~ 21T
4 VIBORBETHSE EAEY v - BEEOSHESICIZZRE SN DEmE~ T T4 b
HIZHR DD, TO LX) RRBES OBV EITRE TECARCESTICO A DD, AR S
FEERAIEMAR, L X el W YT T4 FTHEREN D, BRI O KBRS
RESEFOAEMARL 7 7 > N BB T IRCILGRIZET 5, b IS HgLn, Behisk
g, PEEKPL, BRALERIE CAOEO GO HESRIL b A b D, T3 THIFLRITHES, RO,
PO 3 207 vy 7 IZHESN, TR 2,100m, 500m, 800m DEME, 1~3m OOF % o,
B L P TIE, 250 5 R Cu SR 1.50%DHEEILEN AL ST W5, FEE O LIER
2L L5,

B LY = D Sundarikhola M, Bungthing M, Chungpathang M, Chirubotey Mk,
Dhamdhum #1138, Dhaukhola HfiJi, Lamitar-Rambagar M35, Athaiskhola i35k, Saureri i3> 9 Hfi
WCHEIALERITHE SN TEY, YAV =2 o= N IS, VLAY = v/ —
VN O 2 DFLRIZ/NE DD, WS ODELEHITILREEE L TCE LD TRHMIiTRETh D,

Q) RToivL

o H SR DFEALAE O & D ICH AR OE LA & SO R I = L 7R T b E
i < v, HEFEAHUIE KIS B U 72 digh — 8n — 8 — SRIEIR > A 7 ADRFAET D AlgetEn &b 5, H
R ET DR OWIB RN REET 20T, EG0REKSHERGELS 22D B USn ) & JLR
TEL0h L, FRCT — & VEICAIE T 5 A PO T EVKTER & S LAV R E L
T LT W EA 9,

SR PSR

PEMK e — RIS TP O£ Sl

B 0250 5 b2, Cu S0 1%8L E& 5 1

B HTHE : Cu 0T 1.5%

FEAM : HRES L R T ey 71 GSTAC L o TEHRENEI D & FE-l S 228, 720 OF I3
FETX 0,

YV V.V V V

2.25. £ (Au)

(1) #hE & 1EA
F R SR ITBOKILIROHE TOFKR, Fl21E, EEUKELE, &L &R, EmiiK T
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& 7% (Zientek and Orris, 2005), HAIA 722 BUKSHLR TR 7" L — FERZE TR S LD KL
MBI U7z kiliE & & Iz /27025 (Cooke and Simmons, 2000), EBHFIZFED L 9 72 :kKIlIETE
MR XD SR ICETT 2, 20 0IKIT—RITEVELHETROSND, 7—F 12iTn o
DO E WE NEENGFIET 225, KEm s Ty, & IR SR IR 3 %
T L— TSN ZELEICA L S KETEE (25 (Hageman and Brown, 2000), Z O W&
T R TORROINIRE S 20, (ZIFEEITEE km &S 100km 2L IR %, EHIA A
WZBEHE U728 R M Ko TAEUREKRKRIZCE s TIN O DOWIEIT @V EIC /D, 2, &
DE D RBEIDIKOBIN L > THRMICRET D22 LD D5, T 6 OeIlE LHERY O
OFEIR I EL AL Wb D BUKILR DR BLEVKIZ B R 5, ERSIRITESAL T, HAEN
Ko, WERHEMZRERICR 28355,

T DESMHIE T a T i, T aT— ) TUF M, 7)o itk O
%y (Peping, Hauree Khola, Rangatung, Dungina 72 &) THEHIHHN TV 5,

TN aTII Ty a T — KA RSO % o 7 AT EENICH Y, GSI 1T T AR
Hx2 LT 37 HOTEEEZRIR LTz, ©OPAIERILHERIE & ST 2 1 5 IRE TR ISR
%o HTRERIX 0.10~3.99ppm O&REEZ R LT, —FTINaAT X TAT RO T
BT TIE 0.1~0.6ppm &V D FRERENHRE STV D,

GSI DL LD &, TaT— 7 TTVF RO 30 FLOREEN LIS Tz 449 KT
XA 0.20~1.20ppm, b FIEEFE 0.15 LLF~2,000 LA L ppm TH o7z, b ERENEIEVES
RLTZIZH 20 b 5T, EREEOMICIZMERA LN -T2, AT a7 iid#lT —
2D e, @O ETo KBTI 2N b RBEICBILSNTEETH DL, BLL 0D
Te DI = 7 DR LIE A 2 G O N o7 L D Th 5,

Ny 2 B Y F o OWWFEHERE Y T O A IEIHIE 1960 4F GSI 12 X A REWTH A TS S vz,
1965 FIZ)INTih > THUE IR & N =0 7 EfE S 869 HOHEY » 7V 2RI L 1=, &
H & H 12 0.001 to 0.25 gm / 0.764 m? (1,524 kg DORPIZHY) DMK 7 L — 7 4R D4 JEFiPH 72
DR WE STz, 1990 7 UV F 2lih> CTT7 —Z Ao F Xy MEBEE T L OHERY
YTV NERENTZ, ML TEEICES £ TEDEIIRRNR S fiE R Lz, TL— T
= ZEBTANLEELLIIZ ) FaOWEETOEIITF Xy hrbftieEnTns B2 60
Do

DGM (% 2004 4F, FFH o> MBI C 172 & O A % M L7, Peping ik, HaureeKhola
Hilik, Rangatung H3%, Dungina #ilik2> 5 28 3B 2RI L 7=, & OIBIT N7 Vo L < #il
SNThklea FREEICA DD, BERITER <, FHeMANL 14.11 ppm (Peping Hilfk), 36.44 ppm
(Haureekhola #13%), 9 ppm (Dungina #135%), 18.57 ppm (Rangatug) T 5,

Q) RTFoIvL

Hou & Cook (2009)IZ & % & i& LA HL R ITIERT PR (L2 A 7 AE A BIE L A7 A THy
M ThH s, Fy bl HE i R ALK I E L (B 21 Mayum) O0fE 28 1%
(Ailaoshan #7) (8T 2 E TSRO ZOEIEH & L bITiRZ > TW5b, BaEsl
EE)CII AR b 288, 1—U O XS &fiK (Li and Peters, 1998) &t AW Rl 4410
JE (Zhang, 2001) 3% %, Hi#E 1% 240Ma~170Ma (Mao et al., 2002) O it FH4E % £5 5 Motk — 4k
P AW &2 o 7o i AE RO E T IFFICIRYek & L CHLD  (Li and Peters, 1998; Zhang, 2001) ,

II- 41



#%E1X 170Ma~120Ma O 44X (Chen, 2001) % FfbhH, HEZMEL YT 4+ 7 THEMREIND
B EWEROBEROER 2T a7y 7 A0 A%kE LTS (Zhang and Zheng, 2001;
Chen, 2001), ZAUHIEFF Xy M THHHEDBEERSEOE AL STD Ol F— A B L
TR BOKEIR E LTV 5 (Yang et al., 2009b, Hou & Zhang, 2014), 7 — % VLI STD K&
BN RIS A SN DD T, ZDOK D REFIRNH D WREEN D 5,

SRR CH BT MR EN DR N D T T =X VENDOEDRT Y v LA G
HTEIFEEL W,

2.2.6. #1 %% (REE : Rare Earth Elements)

(1) #&E &Rt ER

Long et al. (2010) {2k 2 &, ALFEHILHE (REE) [FHERKOHZRICHLEHEE R ITHR TH HIT
Lhb b, BRI CTE2IKICBEETIZLFENTH D, FEHETROWAENRERETT VY
VERH—RTEZA P Vol B LWKECEIZ b D, & MR BRI O+ 0 el
KRGERR T~ Z A, SEAbWEEIR, WERIK S DRV EURIZ X > TR S L5 ERHLR
RBEBIR TH AL H D, & O DFEDE A O BAITRIWEF, Rk, T2 Llno
TN WEREE CHEREZAE U D, BRERRIIER EOEEWZ EMIE~LBET D, BRSNS
HADEFIZE ST, EFTAARLE ) XA LD X9 7bHFEOA LHEHILHEZ & W I o BEHL
M —HICBETIZENH D, BUFRE A AIXETE Rk, BEE% 10m 77 7
AL, TROLLERICED HEST VI =V AMCEL HEN G R M e LEm 2 kT 5, &=
Bk vt A%, @EAHIRE L CEEWERGE L, RE(LEBO LicE&RICEDEE o
%, TR IIENZD L D 2B b EZ T 56, FEETRIIREEO D DREICHEES
000 LivZe\, A A WaER O K5 ARl 7 Ay LR BIRIL X80 72 L7 B O KA 0 B Ay
THEITENMFH I RO LICEESND Z LIk > TR SIS,

T = Z A SO O B R R R R BAGE TR S VRS 0 B e
ATAT VA N—VRELNTWS, XHFEO~ Y LS5 L TIIRIRE & 7 TR ITHE O EEN
WME SN TWD, 1993 4, GSI IFFEMRMEXIER, vy MRS L TFREICL 27
Vo THATNT AT VA M= HOBIKE, fitHROREZRE L, TAT A =%
EMEAR 450m LA EEHEIK) 20m OFE T U 7 EOKAERERDE I 3 D055 L 72/
FEWHAL LTET D, @, 747 A =B IR, bE, ik Tth s, GSI kD 10 &
BFO 3 B34 REE & 2,677.5~10,289.5 ppm 2 /<9, A TIETHEIZTA T A h—rDEFF
B A7 10 ARSI S 2 <9, La, Ce, Pr, Nd o IXMiIEFEREICH L CIHEHIC
B,

AKJICA 7Yuv =7 MZBW TSRS T 5720~ T LENLA S 10 BBt 2 s L7c (3%
2-5, Appendix 11-3), T X COREHIFBET A T A h—2rThHY, JICA-ROI, JICA-R02,
JICA-R03, JICA-RO5, JICA-R06, JICA-ROS TIIWIR CHG D U VBRI N HERE T&E 72,
JICA-RI0 17 A 7TV A =272 Tlid i vV NEBEBEZ S ATV D,

5 @£ (JICA-R02, JICA-R0O3, JICA-RO5, JICA-R06, JICA-R07) (ZxfL Tix XRD bR %
TRz (F 26), TAT A N=UIZIEEEEE, 7705748, X794, X—%
A&, WIKA, VI, BFVFA Nnbied, 770874 MEITT 74 MHRSOBIKAIC
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BT~ I A NOEEMHICAONLIM TH %,

10 3EA 12 ALS #RIZ 2 (b ir 2 i L7z, La2»6 Lull Y #1272 REE &% GSI
DWELFRBREOMTH D, WA THFE (LREE : La~Eu) 1IHEA 13 c# (HREE : Gd~Lu)
D10~25 %< EENTWD, TRTORECTIHS 27 REE N — U &R L, 2-7 TR T &
N2 RT4 MIH~_T LREE IZE#, HREE THEA T2 (22 K74 ML Taylor &
McLennan, 1985 Ik %), =2— v E U LAEBEFLE Y U LRI RIS R, BT AV T HE
(NASC ; Haskin et al., 1968 ; Gromet et al., 1984) Zkt-_XC LREE T ¥ — %/~ L,
HREE T35 (X 2-8), # REE ®(FEM bW &I L TIN5, A LR IT) W
WL Tlid e < SRERILY - KERIEMICE TN 00 b L, —fRICA VAT A RO TF L, ¥
Ny DX L FENCLEEREIEMICE END TIOX° Zr IZELZ EET A T U A h—r DH
EIERIC X 2k E R~ET 5, RO EEH PETRIERIFIAAY AR —, ¥IVvF Ry, ¥
HE, ~vAd==2—tr, nRErBlmbn g (L, 2010), FEO Y > 4R —FhK
IFBUKMEERFR (L BUPL R C, 8,000 J7 b ¥y ML 6.0%DIEETH D, A2 ROHX I )T K iR
ERDGERIT T 7 o b T LADRIFEY & U CAEFET DIEMILE T, 799 7 b2, ShL 56% & HE
ESNTWD, BRENCIEA A RERGENH Y, HE 18,000 5 k2, dhL 0.05~0.25 TH 5,
HE O~ A4 =2 — R ITIEE 3,660 5~ 0L 4.1%D 0 —RF X2 A MNIGLKTH D, 1
T OouRBafiKITT VA VAR T, i 1,670 7 b Bl L 0.6% EHEE SIS, v U
LSRR 1R DL R I e ~ME AL TH D

Q) RTovL

T—=5 TR~ U VBRI A bR < Ay RO RILR - SRt o @A F1T e <, GSI T K D BEIKA
ERTHTEROREIRONTZT =X TH D, 7 —F O L ITRIIR I ACID F, SRR
RO SN SREHESCEHEN R+ OEETH D, 7 —F rOF/mEFELRIKRRT v v i+
WM T D22 EIXTERY, T—F N —RTFTH A FTABVERMBNTWNRND T,
~ U VELRIZ KIS © Te R ILR 07 — & U R OB < Wi - 7o BB COFRE LRI BE L 7298
Rt Livzeuy,

& 2-5 REEfi{1DERDILESITHER

3 S 3 3 3 3 5 S 2 S | A

P * = * = T = T = x| R
B | E < < < < < < < < < < £
o o o o o o S o S S | &

SiO2 % 28.5 14.15 25.9 3.17 29.6 1.71 3.73 36.2 2.19 12 | ICP
Al20s | % 30.8 21.2 29.7 15.1 30.6 30.5 14.8 32.2 14.75 205 | Icp
Fe20s | % 16.8 24.7 19.05 54.1 17.75 6.12 46.5 11.85 34 26.8 | ICP

Ca0 % 1.54 1.35 171 2.81 0.84 5.08 4.14 0.38 0.89 7.78 | ICP

MgO | % 0.24 0.51 0.49 0.32 0.13 0.17 0.17 0.22 0.24 0.23 | Icp

Na20 | % 0.12 0.43 0.53 0.11 0.1 0.05 0.11 0.38 0.03 0.09 | ICP

K20 % 0.02 2.09 2.07 0.07 0.09 0.14 0.06 0.12 0.4 0.16 | ICP
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Cr203 | % 0.002 0.005 0.004 0.006 0.006 0.002 0.008 0.003 0.004 0.021 | ICP
TiO2 | % 0.99 15.25 1.07 0.76 2.25 1.2 2.95 1.44 0.98 6.97 | ICP
MnO | % 0.16 0.54 0.43 0.42 0.29 5.67 1.18 0.27 22.6 0.24 | ICP
P20s | % 5.29 6.68 5.7 10.35 3.67 23.8 12.1 2.61 5.28 12 | ICP
SrO % 0.28 0.42 0.21 0.56 0.14 2.79 0.31 0.03 0.64 0.64 | ICP
BaO | % 0.57 2.01 0.53 0.75 0.33 4.85 0.82 0.06 1.17 0.68 | ICP
LOI % 13.55 9.38 12.4 10.8 13.45 16.55 121 14.5 15.3 11.65 | GRA
Total | % 98.86 98.72 99.79 99.33 99.25 98.63 98.98 | 100.26 98.47 99.76 | ICT
Cc % 0.03 0.05 0.02 0.05 0.03 0.94 0.06 0.02 0.1 0.19 | IRC
S % 0.04 0.02 0.02 0.03 0.02 0.18 0.02 <0.01 0.03 0.09 | IRS
Ba |ppm 5450 | >10000 5080 7080 3000 | >10000 7840 512 | >10000 6600 | MsS8
Cr |ppm 20 30 20 40 40 10 50 20 20 140 | Ms8
Cs |ppm 0.28 4.1 3.46 0.18 0.45 0.31 0.56 1.4 0.62 1.73 | MS8
Ga |ppm 43.9 447 49 64.2 45.2 36.4 43.1 58.3 25.6 36.6 | Ms8
Ge ppm <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 | MS8
Hf  |ppm 16.8 54.7 12.7 13.6 23.6 13.9 12 38.1 10.5 16.4 | MS8
Nb | ppm 586 1310 244 667 344 252 530 147.5 1575 439 | MS8
Rb | ppm 0.9 69.6 57.9 1.8 3 45 3.2 51 12.3 10.7 | MS8
Sn ppm 12 19 8 4 8 1 7 8 5 7 | Ms8
Sr ppm 2310 3550 1720 4690 1135 | >10000 2600 267 5230 5230 | MsS8
Ta |ppm 11.7 87.9 9.7 134 22.8 17.6 29.8 10.7 33.7 52.8 | Ms8
Th |ppm 66.9 114 41 47.2 16.15 16.95 40.4 8.83 100 92.4 | Ms8
u ppm 6.95 29.8 14.85 57.3 289 26.9 37.6 8.37 25.8 18.85 | Ms8
\Y ppm 187 335 170 467 192 94 688 173 180 363 | MsS8
ppm 3 4 1 1 1 2 2 1 1 3| Ms8

Zr |ppm 649 1830 532 876 1555 1135 507 2750 517 680 | MS8
As |ppm 3.7 2 31 8.5 2.1 3.6 15.5 5.2 18.6 7.6 | MS4
Bi ppm 0.07 0.18 0.09 0.81 0.08 0.07 0.25 0.01 0.09 0.16 | Ms4
Hg |ppm| <0.005 0.675 0.3 | <0.005 0.036 0.026 0.22 0.008 0.074 0.114 | MS4
In ppm | 0.345 0.39 0.312 0.713 0.183 0.069 0.356 0.133 0.356 0.242 | MS4
Re |ppm| 0.001 0.002 0.001 0.002 0.001 0.001 0.001 | <0.001 0.001 0.001 | Ms4
Sbh |ppm 0.11 0.13 0.11 1.02 0.05 0.15 0.7 <0.05 0.31 0.58 | Ms4
Se |ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 | MS4
Te |ppm 0.02 0.1 0.03 0.16 0.1 0.33 0.21 0.01 0.17 0.21 | Ms4
TI ppm 0.09 21.7 14.55 1.1 1.04 2.96 0.26 0.2 4.02 0.23 | Ms4
Ag |ppm <0.5 14.2 256 <0.5 <0.5 <0.5 5.5 <0.5 <0.5 <0.5 | ACD
Cd |ppm 1.2 <0.5 0.5 <0.5 <0.5 0.8 1.1 <0.5 7.4 <0.5 | ACD
Co |ppm 5 55 22 38 72 47 98 70 816 29 | ACD

II- 44




Cu ppm 121 450 165 94 956 746 1065 214 263 144 | ACD
Li ppm <10 <10 40 <10 30 <10 <10 10 20 40 | ACD
Mo ppm 1 3 1 4 2 3 3 <1 <1 1| ACD
Ni ppm 36 40 38 68 64 9 48 13 204 48 | ACD
Pb | ppm 36 83 50 546 43 35 146 3 76 40 | ACD
Sc ppm 47 87 49 62 24 5 69 17 40 60 | ACD
Zn ppm 884 597 525 1265 273 425 746 135 865 211 | ACD
Au |ppm| 0.003 149 | 0.006 | 0.005 | 0.001 0.03 0.007 | 0.001 | <0.001 | 0.002 | ICA
La |ppm 214 1005 221 1790 212 185 664 91.9 539 452 | MS8
Ce |[ppm 468 2390 482 3880 393 431 1320 178 1215 1120 | Ms8
Pr ppm 52.9 304 55.3 507 62.4 51.3 154.5 214 152.5 142.5 | MS8
Nd |ppm| 188.5 1130 201 1900 260 | 1935 566 76.9 597 547 | MS8
Sm |ppm 31.7 168 32.6 290 49.2 28.4 92.4 10.2 102.5 82 | MS8
Eu ppm 9.51 414 8.55 75.9 13.8 6.37 23.2 2.83 26.4 19.1 | MS8
Gd ppm 29.5 114 24.6 221 43.1 16.4 67.2 8.76 72.3 50.4 | MS8
Tb  |ppm 4.37 12.65 3.16 26.9 4.79 1.71 8.06 1.08 8.03 5.37 | MS8
Dy |ppm 26.2 62.9 18.05 151 24.9 8.32 43.9 7.64 41 28 | MS8
Ho ppm 4.74 9.89 3.08 25 4.19 1.27 7.03 1.55 6.17 4.27 | MS8
Er ppm| 13.35 25.1 8.18 67.4 10.85 3.38 18.55 5 14.8 11.35 | MS8
Tm |ppm 1.53 2.58 0.95 8.02 1.09 0.4 2.17 0.56 1.63 1.42 | MS8
Yb ppm 9.21 14.55 5.99 49.1 5.78 2.71 12.85 3.83 8.86 8.83 | MS8
Lu ppm 1.28 2.09 0.91 6.39 0.78 0.54 1.7 0.58 1.23 1.25 | MS8
Y ppm| 128.5 246 78.2 652 126.5 35 171.5 48 147 107.5 | MS8
TREE |ppm|1183.29 [5528.16 |1143.57 |9649.71 (1212.38 | 965.3 |3153.06 | 458.23 |2933.42 |2580.99

TREE: total REE
HT 51 1CP: ME-ICP06, ICT: TOT-ICP06, ICA: Au-ICP21, IRC: C-IR07, IRS: S-IR08, MS8: ME-MS81,
MS4: ME-MS42, ACD: ME-4ACD81, GRA: OA-GRAO05

& 26 TATUA =20 XREHFHBRER

IR BHEEL | 2T | FTHA | = A BRIK A1 NFN | AT S

74 b I\ }\ A4k

JICA-WO01 ++ ++ ++ ++

JICA-WO02 ++ ++ ++ ++ ++

JICA-WO03 ++ ++ +++

JICA-W04 ++ ++ ++ ++ ++ ++ ++

JICA-WO05 ++ ++ ++ ++ ++

JLf] s R, R, R
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Samples / Chondrite
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100

10

La Ce Pr Nd Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu

= J|CA-RO1
e J|CA-RO2
e J|CA-RO3
== J|CA-R04
e JICA-R05
e J|CA-R06
e J|CA-RO7
== JICA-RO8
= JICA-R09
~—=JICA-R10

27 AV k54 MK % REE B

Sample/NASC

1000

100

== J|CA-RO1
JICA-RO2

[uny
o
|

</

e J|CA-RO3
== J|CA-R04
JICA-RO5

0.1

La Ce Pr Nd Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu

= JICA-R06
=—JICA-RO7
== JICA-RO8
~—=JICA-R0O9
——=JICA-R10

2-8 NASC IZ & 5RHEIER
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24, IXRRHMER

7= CEIFTEREER GESEBIEMENR) ICEENRTEY, 2 IO ER K
WCHRAFT 5 Z & d, WEBICBRICAERI RS S,
2017 FIZHEERERBER HDHDIL, Ru~<A N, AKA, A8, REA, BoE (Av—1), &
£, VA, WA, ad (ERAE, TRCE), KL, AIKIE, WThD (RGoB(2018)), LA FICE
7BV E R 259 (RGoB(2006)),

(1) Fa<4 k
Ke~A ML, Ly¥—b~7YH O Baxa JE# Manas 8 & L C, 7 — & UEEl—HICHIRIC

AT D, RO Fr~A NEKIE Samtse 72> 5 Sarpang WIZ)MT THAiT 5,

# 28 rAZA b+
No. | Location Reserves | Reserve | Grade Description Remarks
(M tons) | Category
1 Samtse-Rehti- 102 Inferred | 20% MgO Suitable as fluxing | Parts of the
Sarkitar, 30% Cao agent and for deposit leased to
Samtse refractory purposes | M/S Jigme
Dzongkhag in steel industry Mining
Corporation Ltd.
for 15 years
through an open
auction.
2 Uare-Deergaon, | 29 Inferred | 20.50% MgO | Bands of dolomite
Samtse 30% CaO intercalated with
Dzongkhag phyllite, slaty
phyllite and
quartzite
3 Khanabharti 426.55 Inferred | 20.50% MgO | Bands of dolomite
North-Pagli-Titi- 30% CaO intercalated with
Hauree, phyllite, slaty
Samtse phyllite and
Dzongkhag quartzite
4 Sukti Khola, 7.20 Proved 21.49% MgO | Exploration by
Samtse 29.70% CaO | drilling
Dzongkhag
5 Titring to 86 529 Inferred | 21.35% MgO | Grey dolomite Seasonal mining
Kalesore North, 29.80% CaO only possible at
Samtse- this juncture.
Chhukha These two
Dzongkhag deposits
however, fall on
the new Samtse-
Phuentsholing
highway.
6 Kalesore, 2500 Inferred | 21.14% MgO | Four bands of
Samtse-Chhukha 29.73% CaO | dolomite with 330
Dzongkhag m thickness & 5.25
km strike length
7 Dhanese, 730 Inferred | 20.95% MgO | Thick beds of Poor
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Sarpang 28.78% CaO | dolomite accessibility
Dzongkhag interbedded with
grey slates

8 Kakulung, 2900 Inferred | 20.00% MgO | Two bands: Seasonal mining
Sarpang 2.30% SiO2 | Kanamakra- north | areas possible
Dzongkhag band (over 20 km east of Gelephu,

extension & 2 km which is not
max. thickness) & | declared Game
Kanamakra- south | sanctuary area.
band (12 km length

& 800 m max.

thickness)

9 *Decheling, 2400 Inferred | 21.00% MgO | Crystalline Falls on the
Samdrup dolomite deposit Mongar-
Jongkhar with average Nganglam
Dzongkhag thickness of 2 km highway under
* Now in and strike length of | construction.
Pemagatshel 20 km.

Dzongkhag
(2) BIRA

FIKAVE, Ly —b~ T YD Baxa BB KO Shmar J§ & LT, 77— UFEI—#FIT)A<
AT Do N T DT =3 A FHOAIKATACFEME EORIRE DY, SRS TS,

& 29 AKRA
No. | Location Reserves | Reserve | Grade Description Remarks
(M tons) | Category

1 Tintale, 0.38 Inferred | 50.51% CaO | Bedded limestone Needs further study
Samtse 2.93% MgO | interbanded with for use by the
Dzongkhag phyllite and existing cement

quartzite plants in the
Dzongkhag.

2 Pagli, Titi, Bhavani Khola, Uttare, Total known reserves of around 19.95 M tons leased &
Kalapani, being mined by PCAL. Some portions leased to M/S
Samtse Dzongkhag Lhaki Cement Pvt. Ltd. also.

3 Khanabharti, | 0.26 Inferred | 45.30% CaO | Bedded limestone Falls on the new
Samtse 3.66% MgO | intercalated with Samtse-
Dzongkhag phyllites and Phuentsholing

quartzite highway.

4 Kalesore, 1.42 Inferred | 44.47% CaO | Bedded limestone 0.20 mio tons
Samtse- 1.51% MgO | intercalated with chemical grade
Chhukha phyllites and (51.29% CaO,
Dzongkhag quartzite 1.23% MgO)

5 Hauree Khola, Estimated reserves of 17.22 M tons
Samtse-Chhukha leased and mined by BCCL.

6 Rong Ri, 3.13 Proved | 50-51% CaO | Grey to light grey Leased to BCCL
Sarpang 2.52 % MgO | crystalline for calcium carbide
Dzongkhag limestone inter- manufacture.

bedded with
phyllite and
quartzite
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7 Katle Dara, 0.11 Inferred | Ca0>51.0% | Light grey Eastward extension
Sarpang Mg0<2.3 3% | crystalline of the Rongri
Dzongkhag limestone limestone, which is

known to extend
further eastward as
thin bands.

8 Dholpani- 0.21 Inferred | 41.08- Low grade Could be used to
Bhurkhola, 42.06% CaO; | limestone inter- supplement other
Sarpang 1.87-2.24% | bedded with sources for the
Dzongkhag MgO phyllite and manufacture of

quartzite. cement.

9 Gomphu, 4.30 Proved | Calcium Banded, light to A local mini
Zhemgang carbide grade | dark grey, fine to cement plant can be
Dzongkhag 7.32 Proved Cement medium grained considered.

grade crystalline
limestone.

10 | Marung South, Marung North, 60.16 M tons proven cement grade | Investigation
Kangrizhe, Kangrizhe North limestone all reserved for the one- planned to prove
Extension, Kurung Ri, *Nganglam, | million ton Dungsam Cement more reserves in
Samdrup Jongkhar Dzongkhag Project. the remaining
*Now in Pemagatshel Dzongkhag unexplored areas.

11 | Tsebar, 3.94 Proved 42-46% CaO | Grey to light grey, Could consider a
Pemagatshel 1.02% MgO | fine-grained, crys- | mini cement plant
Dzongkhag talline limestone although grade is

just marginal.

12 | Tokaphu, 20.4 Probable | 46.01% CaO, | Bedded crystalline | Second largest
Wamrong, 1.19% MgO | limestone in deposit after
Trashigang 8.5 Probable | CaO<45% Shumar Formation | Nganglam area in
Dzongkhag Eastern Bhutan.

13 | Brekha, 2.0-3.0 Inferred | 44.3% to Bedded dark grey Can be used with
Trashigang 51.93% CaO | crystalline lime- Tokaphu
Dzongkhag 0.33% to stone (Wamrong)

2.74% MgO limestone for a
cement plant.

14 | Pelela, 216 Inferred | 50.56 to Predominantly High grade
Wangdue 53.26% CaO | bluish grey in limestone may be
Phodrang 0.56 to colour, limestone is | suitable for
Dzongkhag 0.85% MgO | thinly bedded to chemical industries

massive

15 | Genekha, 0.900 Probable | CaO 52.00% | Crystalline lime- High grade
Thimphu MgO 1.40% | stone hosting limestone but not
Dzongkhag Pb+Zn ore fit for calcium

carbide
manufacture.

16 | Khanku, 12.44, Proved, | CaO 46.94% | Crystalline Located right next
Paro 29.59 Probable | MgO 2.50% | limestone to Paro Airport &
Dzongkhag associated with mining not allowed

mica schist & for environmental
quartzite reasons.

17 | Wangcha, 5.00 Probable | CaO 52% Bedded crystalline | High grade
Haa MgO 2% limestone in the limestone, but
Dzongkhag Shumar/ Paro physical

18 | Chilungkha, | 0.447 Probable | CaO 52.5% formation characteristics not
Haa fit for calcium
Dzongkhag carbide

manufacture.
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@) R

B, Ly—be~xIvHEBIOEE~ I YHOL OBIIHMT 5,

= 2-10 ¥HA
No. | Location Reserves | Reserve | Grade Description Remarks
(M tons) | Category

1 Tintale 0.89 Proved 97.52%, Coarse grained, Leased to Bhutan
(East), SiOy, snow-white to Ferro-Alloys Ltd.
Samtse 1.06% Al,O3 | greenish/ greyish Pasakha.
Dzongkhag white, hard, well
Tintale 3.49 Proved 97.54% SiO;, | jointed Free for mineral
(West), 1.06% Al;O3 concession.
Samtse
Dzongkhag

2 Omchena- 1.20 Proved 96 to 98% White/smoky white | Leasehold area of
Pepchu area, SiOy, quartzite with M/S Druk Stone
Chhukha 0.39- 2.19% | interbands of and Minerals
Dzongkhag Al;O3 phyllite and basic Company Ltd.

sills

3 Kamji-Kezari | 20.36 Inferred | 95-97% Fine grained, white | The Dungina-
areas, SiOo, to smoky quartzite | Pakchina, Padzekha
Chhukha 0.76-2.01% is located in a 23- Chhu and Singey
Dzongkhag Al;O3 km belt from Kamji | Chhu deposits,

in the west to which are leasehold

Kezari in the east areas of existing /
proposed
ferrosilicon plants
fall in this belt.

4 Wakhar- 0.76 Inferred | 96 to 98% Highly jointed, fine | Investigated for
Mukazor SiOy, grained, white to M/S SD Eastern
area, 0.11-2.80% grayish white in Bhutan Ferrosilicon
Trashigang Al;O3 colour plant in Samdrup
Dzongkhag Jongkhar.

4) BE

BlX, 7—% o HEEE O Pemagatshel RIZIEFT 5, Ly —t~F YH O Shmar J& D T4
BRI A TIZEEL, BABEED,

x® 211 BAE
No. | Location Reserves | Reserve | Grade Description Remarks
(M tons) | Category

1 Cherung Ri, 69.03 Proved 48.67% Gyp. With phyllite, | Leased to M/S Druk
Khothakpa, 18.90% Anhy. | intercalations Satair Corporation Ltd.
Pema Gatshel | 56.44 Proved | 58.22% Gyp. With phyllite, | for 15 years through an
Dzongkhag 23.30% Anhy. | intercalations | open auction.

2 Uri, 13.60 Inferred | 91.63% Gyp. Available for future
Pema Gatshel 1.26% Anhy. development.

3 Khar, 0.03 Probable | 87.87% Gyp. Available for future
Pema Gatshel 1.18% Anhy. development.
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Omsi Ri,
Pema Gatshel

8.83

Inferred

91.00% Gyp.
...% Anhy.

Available for future
development.

* GQyp: Gypsum, Anhy: Anhydrite

(b) X¥EHR
KBLAIX, Baxa, Shumar/Paro, Thimphu 33 £ O Tethyn f &7 (ZBHE L TRES 5,

* 2-12 KEHR
No. | Location Reserves | Reserve | Grade Description Remarks
(M tons) | Category

1 Khanku, 42.03 Probable | MgO <4.0% | Suitable for Medium-coarse
Paro decorative grained banded &
Dzongkhag purposes. Finer white varieties.

varieties withstand | Once mined during

chiseling and the eighties but

cutting by lathe for | mining

making various discontinued for

artifacts environmental
reasons.

2 Gida-Jemina, | 2.186 Proven >90%CaCO3 | Medium to coarse- | Being mined by
Thimphu grained, white and Bhutan Marbles &
Dzongkhag banded & is quite Minerals Ltd.

pure.

3 Genekha, MgO< 1.4% | Banded marble Suitable for
Thimphu extend over 1.25 ornamental building
Dzongkhag km and 75-166m stone.

thick.

4 Mirchang- MgO<4% Three bands 30-80 m| Was once mined by
Tala, thick & extending BCCL.

Chhukha 350- 950 m.

Dzongkhag Suitable for
building and
ornamental
purpose.

5 Wangcha & MgO 2.00% | Thick bands of Marble occurs
Chilungkha, white crystalline associated with the
Haa marble extends limestone in the

over 1 km. areas.

6 Tsebar, 0.700 Probable | Ca0<50.70% | Marble occurs Marble occurs
Pemagatshel MgO<1.20% | associated with associated with the
Dzongkhag cement grade limestone in the

limestone. areas.

7 Bunakha- Ca0 43.0% Crystalline marble | Preliminary surface
Chapcha, bands 40-50 m investigation only.
Chhukha thick extends over
Dzongkhag 1 km.
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(6) #itkm (RL—b)
A L — hE, Wangdue Phodrang 5 JX UF Pemagatshel I IZPET 5,

® 213 RL—F

No | Location Reserves | Reserve Grade | Description Remarks

) (M tons) Category

1 Sha Bhel, 16.00 Estimated | Dark, Distinct cleavage | Mined since the
Wangdue Good | planes and well 1970’s for roofing
Phodrang quality | spaced joints & still being mined

on a small scale

2 Pangthang & Not Poor Thinly laminated, | Locally quarried for
Pemagatshel east, | estimated quality | soft, steel-grey, roofing purposes
Pemagatshel slaty phyllite only.

N B (U7774 1)
AL, mE~ T YA O Thimphu EOARRAEIZHET 505, F/RPEMIL Haa it Cheliala TH
%o

= 2-14 H=
No. | Location Reserves | Reserve Grade Description Remarks
(M tons) Category
1 Chelaila, 11.83, Proved, 10-25% N.C. | Crypto-crystalline | Beneficiation
Haa Dzongkhag | 33.88, Probable, | 70-85% Ash | to amorphous tests &
8.03 Inferred [/flaky type within | feasibility
graphitic schist studies done.
2 Donga, East 0.217 Estimated | 18.20% N.C. | Fine-coarse flaky | More detailed
southeast Takti (Average) graphite in the study
Chu, graphitic schist. proposed.
Chhukha
Dzongkhag
3 Depchasa- | -—-- | ----- 14.62% N.C. | Occurrences Depchasa-
Dorjamsa & & 14.18 to noted during Dorjamsa area
Dungna areas, 23.10 % Ash | reconnaissance is East of
Chhukha mapping. More Tsimasham.
Dzongkhag study needed.
8) ®A

WAL, Lyh—b~7YH Baxa BHOHEHRE, THEE, Fa~vA Melicftbh T, 7—%
V' FIER O Samtse 2> 5 Sarpang VT T T T D,

& 2-15 BR

No. | Location Reserves | Reserve Grade Description Remarks
(M tons) | Category

1 Pa Chu-Seti 0.110 Estimated Medium- Two lenses of white, | Workable
Khola, high grade | pale green & dark deposit. Average
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Chhukha grey colored talc width 9.0 m.
Dzongkhag with inclusions of Strike length
quartzite, phyllite 300 m
and dolomite.

2 Khempa, 0.0125 Estimated Medium White pale green talc | Average Width
Chhukha grade foliated & grades 3.0-20.0 m.
Dzongkhag into quartzite. Strike length

7m-48m

3 Thunuwa, 0.0036 Estimated Low grade | Four small lenses of | Average Width
Chhukha talc. 5-40m. Strike
Dzongkhag length 30-70 m

4 Pagli- 0.0017 Estimated Low grade | Three small lenses of
Sarkitar, talc intercalated with
Samtse quartzite and
Dzongkhag phyllite.

5 Molabanse, 0.0053 Estimated Low - Three small lenses of | Strike length
Samtse medium green to white upto 170 m
Dzongkhag grade schistose talc.

6 Lapchekha, 0.0042 Estimated Low grade | Five lenses of grey
Samtse and light green
Dzongkhag soapstone.

7 Sukti Khola, | 0.0023 Estimated Low grade | Small lenses of talc
Samtse with quartzite
Dzongkhag impurity.

8 Budheni-Tin | 0.0018 Estimated Low grade | Small lenses of talc,

Doban, highly impure &
Samtse sheared.
Dzongkhag

9 Lhoring, Surface High grade | Assmall lenses Light cream in
Sarpang investigation within dolomite colour and of
Dzongkhag bands. steatite grade.

9) Uriha

U U$LA 11X, Sarpang ¥ Maure-Kalikhola Hilik D 2 THEFR STV 5,

=& 216 ) UHhA
No. | Location Reserves | Reserve | Grade Description Remarks
(M tons) | Category

1 Maure- | ----- | - 2.10-10.80% | Phosphorite Host rocks found
Kalikhola P.0Os mineralization within along Siwalik-
area, & 8.70- 7-21 m thick ironstone | Gondwana-Baxa
Sarpang 1.66% Fe;03 | shales & carb phyllites | sequence contact.
Dzongkhag extending over 820 m.

(10) #5t

#it1%, Thimphu ¥ X TY Wangdue Phodrang W& CTHERR SN TW %, B LR THY, A Y
FTA MBIV A FNEEERET D,
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=R 217 ¥t

No | Location Reserves | Reserve Grade Description Remarks
. (M tons) | Category
1 Wang Paon, | 0.070 Estimated | Has A lensoidal body Extracted for local
Sisina, (surface moderate 2400 m in length and | use only currently.
Thimphu investigati | plasticity 4 m thick. Found May find use in
Dzongkhag on) and can be | associated with ceramics and bricks
easily metapelites of the industry and as a
moulded. Paro/Janshidanda drilling mud.
Formation.
2 Khelkha, | ----- Channel Impure clay | A lensoidal body of Insignificant
Wangdue sampling 50 m by 2 m non- quantity but should
Phodrang foliated, massive & look for similar

well jointed. Found
over the pegmatitic
granite of the Chekha
Formation.

occurrences for
bricks making.
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25 TXEBERRTOvIL

TR U TINETICRAINTZEHIER DS L, AIRA (BEA L FBLWMEFEZ L—FR),
Fe<A4 Lk, A5, B (BREMBLIOME®7V—F), Ak, KA, AL— KL, EANT
OFER EHHOE G OTDICERE I N TS, b OISR TEFRBERIZESNT, Hbwp
HRBEOREENRLINTEY, BRHBIZE 2EERIGRENRVERD, 510 DEEDOR
NEDZAIEETH S (MoEA, 2006)

TEREERITT — & O ER E L TEEREEZ 5, AKA (CaCOs), RKa~vA K
(CaMg(CO3)2), EA (Si0l), ;%(@KMHMD,@E(%@O4MhHﬂ)%i@7?77
Ak (C) ORT ¥ VELITIZRT,

251 rFO<A b+
(1) hE & Y

Fa<A hiE, CaMg(COs), DALFME EZ RO NN T A~ T 32 U ARBBESEM TH D, R
B A MIBRIER FICBIT 5~ 7 %00 MCETH T KIZ L BREEI VY Y AR & 0K E O HE
FEHOEZICL-> BRSNS,

Fao<A ME, Ly¥—b~TF7F¥—4 A (LHS) N Baxa JERED Manas JENICHIE & L
THET D, ZOMBEIZIE, AKE, TS, BEan UILLITAERET %,

(2) 7
Ke~A M, Pl Samtse 225 HAMID Sarpang RFE TOE~ T YHEEIZH > CTEICET
}Z)o

(3) &R

TR AZBT D Rua~vA NOBEAORER R, el E TR 5,133 T by, TGRS
T 15918 7,900 i b ThH 5,

BREDO 3 50 1 UL EDNEWIREXNITHEET D03, EETHHT 57O HIR S 41
TWARWHUETH + e BIREDFIET D,

(4) A&

Ra~A ML, 8, 7=ur7naA, T7 X, 5&M, EREEREOEELRFEO 1| ST
b5,

BEINn7TRae~vA ML, Fior7—2ro07nA2té A4 KO Jigme Mining Corporation
Limited (JMCL) D&k T3512%f L TR E LT SN TV D, & D FEE OB I3 [E N TR
S, Fa~vA MERELTHE IS TWD, ZOMOHEROW DML, EI7I v 7 BLOH
T AR T DA EM, A, RETEO- 72U AR, BIO~ 72y LMeGW
DFEETH %,

BG)RFUIvIL
Ke<A FOMEREREIZHDIZRKE W,
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BHEIFIFRZ2ICERE LTHHINTWS Re~A hME, 7 3%y 7 AESSRELAS I
T35 & TRIMMEZH T D Z ENTE S,

(6) £ Dth

Samtse (2 & % Chunaikhola FKr -~ MEILIE, EOSEEMNAICEERT 5 ENEKOZE K
DILLD 1 D ThHhdH, ZD R~ MUROFEMZREAE L L TIE, 1975 F006 1976 FFI12A ' F
OHEFEFT (GSD 25 21 OR—V 7 fLZ#HI L TW5 (Reddy, 1977), GSI 1%, 30.05% D
CaO & 20.49% D MgO DOY¥MLEH T HG5 2,747 T oo Re~v 4 MNMEE (fEEHRE
1,672 77 b v, HEEHEE 1,076 7 ) ZH#EEFL7-, DGM I 2019 FIZHEEITV, Ra~A
kN OHVE LR E LR BT, B 420m LUV ETTSME9,269 H b THDH EHE LT,
ZOFEKITHRE IMCL Ik > THRIESH TS, Fa~Af MImish, SEJFRPA4 X
B SN T, 7—Z CERNSNOSAE S, S8k, ARV, SEEEICHB I WD,
fbL7z Fa~A MK, KREOVEES—AOFEEL, K, BE, HHlkEEoMmoOHPEEICH
mEns,

Chunaikhola ® K~ A O ERHHIL, 4> O LM k® 2 & E#ERMTH 5, Al
CUNERX, TS TN, JxuaTuA ST, ARVUET T NDTT v AL L
THEHEN5,

25.2. AIRA

(1) hE & Y

FIKENE, HRAE WO SO REE IV 7 L (CaCOs) TEICHR SN WS TH D, 1T
& A EDAPEITEYFENTHEARICHR L, AR ORI TR Lz, KBS T L0
FEE I, HERERFOIREL & REA~DOEBNER Z &% D% DI FRIZE S X ORE L ITkFT
5

AR AT FIC LHS N Baxa JERE & Daling-Shumar BRENIZ, AL — K, FHE, THE, HEE
LHIBLTHET D, MmEAIKAE D~y Vo VAR ifg1%, LHS O/ uafgWNIz ia & EEEIC
BENTHET D,

(2) 7%

A4 DFLRIL, PEMID Samtse 7> 5 Bl D Nganglam, Tsebar & Wamrong & CO i HiH (2
IR PET %,

S0 JE Ol B A KA OFRIRIE, Haa 22bo3w, 74 7 —BRET, EOWEERONERICET
2.

) BER
FIRAFIRIE R ~A MERED B EZLAFET HP, ARADOEFREIZEIZEL R0,
Samtse, Chukha ¥ J OY Sarpang RO AKAFLKRIE, —MXIZ Paro, Wangdue, Pemagatshel 3 X
O\ Trashigang W OFLR L D /S, RO AKATLRIE Wangdue W& D Pelela HilikicH v, &
JREIT 2 £ 1,600 b T 5, Trashigang .00 Wamrong & Brekha Hilsk O HLEE I 3,000 I F > D
BRETH D, WS ODOAKATIRITIRDOIER ZHET D2LERDH D,
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4) B&

RERIEE B KO OEEWX, B8, 77 v 7 A, BT ZXFE, Wk, FTEM, Akt
WIBREC I T DROGH], BHER, HHREBEA, #K - T I 2F 7 - BEROREY, BLUZ oM
Dkkx i@ THEA STV 5,

ARADIZE AV EFENTHE SN TN D,

G RTIvIL

HIRADOBRREIL, AL M7 T v 7 AOENER L LTE+Ha0 L5 Th 5,

HREHM L LCOENRMATHE, 7—F2 L OEBT /v ARRL 0T, FRAHLIEH
BHOFEATHDLMEND D,

253. B8

(1) thE & Y

LB, A, WAE, B, FfA, Fa~A b EBEET D EIRHERPESL R I B b % E
WCRONDABAEIN TH D, A (CaS0s 2H0) 1%, HAKAE (CaS0s) ELIFEFITLILTH
Do ABEKRIT—KIC, HEESICHEEITRES T 2 AERSOEGKR TRk IS, KTEA
BIIABO _WRED THDH, BAEIL, FOMBIISUT, SBEPTO—RELIZTZKREDE L
THET 5,

£’ 1%, LHS @ Daling-Shumar fE#£ Shumar J& N O£ E & HEHZELE L7 EWHifg & LT
ETH, COABE—MAEREIT, —MH&KICES 25m OFGAO THE L E#ETELDRL TS, A5
BT, B, MAERO BLIET S, A8 —WAEREIL, ARETECE & IRBES
DL HET 5,

(2) 7
LBHIRIL, 7 —H FEED Pemagatshel I Khothakpa H3 27 & 75,

3) BEIR
Khothakpa Hiulik & 2 O JE A HUE 2 & 08T, & 1 & 2,500 5 b O e & & 2,200 7~
OHEE I E NS S TW5, BIE, M/S Druk Satair £:1%, ERKI 15 T OaBEEEL
TW5,

(4) A&

FABIILOELSICHD 3 DO/NIRBEAET 7 b~O—HOMEERNT, FEAEDA
BIIERE LTA > Rzt ShTnws,

LB, AVEZo XN, RERBRH, MIEERST T AEETHEHIN TS, B
LB, REAE, BEOE, BB, BIXOABEEROREICHERAIND, AL, MEE
BFZEZ LOWETHERE LTEH IS,

BG)RFoIvIL
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AEE, BHLO 233%0y =7 L Fa~vA FoBHOEoOMELR>Tnbd, Lo
T, ABIRT— 2 OHEBRERTHLZEEXERT D,

7L, ABESROSAIT 1 DOMIRICRE SN TW5, HESEHIZIE, ABELRKOEMNY
M~DIEENTREND,

2.5.4. KR¥ER
(1) #hE & i

KEAIX, AREPBAELEENOEBIER 2% Tl X IR SN ERETH D, KEAIX

FIZH A (CaCOs) THEL SN TWD, BRAEHOSRMET T, AIKE T OH A LIRS LT,
F ARG L RS LR e b B A R TEET B,

B, aaE s REAONEEZ RTHLOTHD, REOEKIERICE S Sz KEA I
WIS FRAaORkiE Lo, BRIEMORBRENSEDRICONT, MMidk&<ins, KA
O HEMIE, ZBRRIERAOREN ERDICON T, ERC X EME R EEREHEE 2 LT 5,

REAIE, 3 2OFT_XTOE~T YL MNIE#ET Mg L LT, FIZ LHS @ Baxa B
Manas JEWNIZPES D, BEEZRKEAHKIL, £ LHS O @NIC, AJKE, Fa~A b, F
a, EHEAEELTET S,

(2) 7

KEAIET —2 T OMX THRAINTWD, 23a o Khanku SR, B O
EHO BN TR I 7z, BIfE, RSA WiEE 35 Gidaphug Marble Mine O 73 KELA AR,
ARB LU RZAEREL T b, Gidaphug KELAEITIL G ITIER L T Jemina M2 2 &
HEENTWDE, ZoOKREAFILOIT < IZ Nortak Mines and Minerals #1723 Gidaphug Top Marble
Mine % B L T\ 5,

Z DM O KA FLR OFEX 1L Genekha (Thimphu ¥%), Wangcha (Haa '), Mirchang-Tala
(Chhukha ¥%) & Tsebar (Pemagatshel If) (23 E S 41 CVv5, Thimphu—Paro—Haa Hil D% &
A EDORBAITHELTH 528, FHP LEMOIERICITMR KRB AN LEL S ND, 20X o7k
AE O KRBT HI OFR TR IND EEZX BN D,

() BEIR
Gidaphug Marble Mine DR &R E X, CaCO3; 2 90%LL ET218.6 i b tHfEESI S, KA
JEDES1L45m 25 8.0m, AEMITHOUERITH 800m TH 5,

(4) A&
REAT, BFRFEN D EELPREIET, BILONTFRRMED DAL, BB, MR
SNTWVD, 61T, REAZZOEBNOEECHANI M S, Mea £ TS AMITHE
5Nb.

G)YRTFUI¥IL

KREAODEREIIEERLI THD, LarL, REAIAKELEEENOEELS L THIEZO
SR HUICEES 2 Z & D, BRERICERIE T 21T W< S 0NN S 5,
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KELA OJEVVHE X Haa I @ Dorithasa, Rangtse 35 1 OF Sombaykha #X|ZfFE L TRV, BE
DGM MEE L TW5H, MR TH 223, KEEAEO K713 CaCOs 23 90%LL LD i 2 H 3 %,

255 HA

(1) thE & Y

EEEIL, BEERICARTHEESNTZIHEEROERSE Th b, HEIL, ARICEDDENE
BAERH OB, ENB LI MEFRERIC L > TEE LTINS, TIHDERMBIZED, WLl
ITNOEEET DLV A RENERELT D, TOME, ARERRFRRY hT—7 BICKBRE
IZLETRELLNARVIEEDRELHT 5,

AT, ROUEMICERBE N ZENICIHEOH 554D 1| D ThD, IEE X, mHek
DM < T APE DRV E A IXE LR BRI K » ThEE SN D2, B ITEF L CRREERT 5,
HAEX 3 20T XRTCoOe~vI7VHThRAELAEREL, B0HiEL L TET D,

(2) 7

i m L OB X, Samtse R D Tintale #iJk > Shumar J&, Chhukha V@ PE O Omchena-
Pepchu M3k 7> & H | D Kezari Hilk (F =49 33 km D7), Trashigang U7 Wakhar-Mukazor il
\ZEET D,

EEOBEADHHTED Lo 2 6T, ENICTZ v ary TENRELINT,
TRTOZ7zud ) aryTiGE, ZALOESEHFNOIKREZFIHLTWS,

AL, IR, RACEESE, By v n, SBHEZOMEICHMHEN TE 5, Samtse WL
D DX REXDYA, Tintale (W) (XM OFLX & LT AIEETdH 5, Tintale FLK DK
FEWHFOIRELAIEETH Y, FAEDOMENH S, Chhukha R TINHDEHXEZRLT H72DIC
%, 7zuy ) arTHiIcko T —ASRTWARWESETFIZB W T OSE 2T LE N H
%o Shumar BMN)EL 5 L TWAHER T —# » Tld, Wakhar-Mukazor A HE 2> 5 ORI x4
L3I0ROLMELIY LT END D,

Q) &R

TJxua ) artEbhAY T AEEICE L TWDS Tintale ICHDHEAFIRKOBHREIT, B
4~42m, SiO27N 97.54% T 349 7 h v EHEE S LD,

Kamji-Kezari H3 TI%, 95~97% Si0, T2,036 i b LHEE SN D,

(4) A&

EEAE, ek, BE, @, EMHSCBVWTIEIERHAEBRH D,
HEART I IOGHEENEH WD, FEHE LTERD 5, W OhORR KL, 98%
EBALVINERENDD, TNHIFRESNT, #T7A, Zzunvlay, v 7xn
viay, EFgvVay, varh—n_AF, ZOMOMEIZREET S LITEHAEIND,

BG)RFUIvIL
HAoHEMERIZAIKAER UL bWEETHD, 72720, EiaOFLR IZEIE v /e 72 8k
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BEFEO—HMTHLLEZLND,

25.6. BA
(1) thE & Y
WAL, EEEIZE < ASN D MgsSis010(0H), DALFMALE b OB K~ 7 2> 7 A A Bk
WMThbH, 7T—F L D|AIIKIE, ~ T2 UL INEME LTINS TZKN Fae~<A b
BREA EISTDEMREAICE o THEEESN TS, BANERINA Mo E L TiE, 2L
EALERNTIEME AR IRIRIC E 0 Z oA b AERERCE R EOR A DNIBAICEET 52 3 d 5,
B4, LHS @ Baxa BREOER, THCS, AKEESICfEONDENL X, T v L, R
v b, BELTHETD,

(2) 7

T RO BRI T L OAIBH A RE SN TS, ZABIEVEO Samtse 705 B
@ Sarpang £ THOTW 5,

BT Baxa JERENICE L, BAOBOEIIIHE T F N5 40 A— MLOFFHATH 5,

(3) &R

WEIN TV DI OBEM O EIL 139,700 > Th 5,

KD AFLAKIL, Chhukha . Pa Chu & Seti Kohla (28 %, JEX 5~12m, £ & 90m, JEX
13~40m, EX300m D 2D L A TR INTWD, #HEEREOAFHI N TN THD,

(4) A&

WA, WEMELTEACHLATWIHVHRICHIES NS, ZOBiE, KozWRItL,
HWEWRIL, BWaRIR L, MEEMAe LCTHEiEL, AMOREICNSIENZ b2 hafd
Do WA DOMEFREFIEZ, ¥T Iy 7, B, K, BIRM, 77 XAF 7, T4, FBAH, BX
UM D% < OR-GZAED T2 D DBHEBIRMETH 5,

GYRTUTvIL

BRIR RTRE /R LR S AE(E T A Chhukha ¥ & Samtse R Ci, WA &)L 7 A3 O EE N R E
TEHEB26N5,

PO LA CIX, AR L OBEN TR/ NBREIEENZ S FIET L EEx 6D, E
B EZEAT 572 ODKRANTHET S LT, MIMlfE7e L CHIZEIE T 5D TR,
ERNICHEARNGE 7 PeRET DI ERAREL 2D,

257. 95774k

77774 MIRRLHEIEDTHY, BRCERKEAIZR LIS RKARIZHET DhEMmMERE D
B Thd, 77774 MIFEFIZFEZOLNL, FEFITHRNESTHEBEEL, FFITIRWEELFF-
TWb, —HT, 77774 MIBUCIEFIZTHERH O, holZEAEOWE LML THiZL
/V&K/%@T%ZDO IO OMSGERFHEIC LY, HWeaTB L OEEICB W TRAWVHBRRES
o,
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> Z7L—27 (fRIR) 77774 & (Flake graphite)

FEAEDTTT 7 A4 ME, FT7=2T A MNERM L FEDRIREREROBE ENIZE
ODINTEABMICEOESE L AKEICERIND, ZOEBIERICEY, 77774 KOt
BORseh L 7 L—r 2E e REA, A, AREBNERISND, 77774 NOREN+4
IZEWEE, THLOEAITREII, 77774 b7 b— 7 Bl S SRR S,
BREE 7T 774 FERETLHEODOLESHE/ZITRFEICL > TEIEIND, HiESN
RIX T ZVv—20 75774 ) 25,

> TENLT 7 A (W) 797574 b (Amorphous graphite)

WS ONDT T 774 MIARBOERIERNOEKRIND, AROAEMIZIITIKE,
ek, KFE, BF, MHATHERIND, BERIAROERS FEBEL, BHE, KE, =
R, MELHBIE D, BIET L2001, Kb L THEDERR L o1 IZITMP R RFEME T
bbb, ZOZTT7A ML AROTTOBIZRIET 2 HEE) ICET L, #iicsnhd s, £
OWEILZ T TENT 7 AT T 774 &%, [ 7TELT7R] EWHIBEHEIR, 77774
FFEEEEEEA AT A, TOLEITIEERICITELI Ry, SLIITRS E, ZoWEIR
% B D 72N RO T Ml R > TV D

(D #&E &L
77774 ORI AN A, TRE, BEREAELT, 747 —RBNICh HE
CHELTEICET D,

(2) 7%

Khepchishi Hill ® 2 Z 7 7 A MEKRIE, & 3,900m % 2 % Haa I Chelela ikl H 5, 7
T7 74 ML, NuBoHRE, AKEEE, IV rABEEBL O Na~v A b EEESHHE S
BT 577774 MIEIHELONWTET S, 77774 FOIZEACITRBEMAE CTH D0,
DINCT V=TI ROV D b DD, 7T 774 NAED 3 SOHMENFET S, 3 EIE Latina /2
ROFTL TOEODOHIBICAM LT, MHEHFIC Khepehishi THE THOS, 4 L7 H#HigoER
FDE 1L 1,500 m, #EIX30m L ETH D,

(3) &R
GSI X Khepchishi Hill T 1983 ‘FICHIE A S RARMEEZ LML, 77 7 74 F ORI A M
Bx 10%00 2% DR x &t 5,374 7 o EHEE LT,

(4) A&
KRT T 774 ML, Wk, &M, ®, WK 7774 b, TVv—F%T7 4 =7, i
OFRMEE LT, #iRAl, gnECEHEN S D,

G)YRTFUI¥IL

77774 PABIET = OWEIIES ML TEY, H2BREDT T 774 hOFHRE
DR ESND, 777 7 A FOMLEREGREE, BRIBOARENEIC L > THRETH 5,
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(6) EREER

ARICA 7my=l MIBWTC, 77— BIXOHAROHMEZN Chelela Hill & Khepchishi Hill
HilkD 77 7 7 A4 MEBHAEEE LT, (BT L OV X BRETEER T o8 A alek A2 BRI L 72,
LF Tt R a2 2-18 (Appendix 11-3) (2, X #REIFTakBAAE R4 & 2-19 1277,

BEL L7z 5 3UBHTIX, 747~179%DRFEETIL 7.33~1755% DAHERFZENEENTND, T
bbb, 1FEAEDRBIIRBIEIY & U THFEL TR, GSI ORBEF#REE TIX, FEH RN
2N 12.10~15.65% DIERBRIRFE THH E L TWDHI=, RIUEODILFESIERLEANTH D, B
PRI W CTHHERZSI SR IT RO RESRBIZIZ G EN TR,

77774 MAEE, AR, ERBLOMEORELTTHERSATWS, V9774 b bE
FNDHN, XBEHHZBT D EEREY—I N7 7774 PR EICEBEICEEINIAFEOE—7 L
HRo>TWDHTIed, 79774 FOEZRIED Z LIF#H LW,

F 2-18 Khepchishi HIl DT 5774 FREDILESHTIER

Component unit JICA-CO01 JICA-C02 JICA-C03 JICA-C04 JICA-CO05 | Analytical method
SiO2 % 57.1 52.9 70.4 62 57.2 ME-ICP06
Al20s3 % 13.75 16.8 10.6 8.92 16.05 | ME-ICP06
Fe203 % 2.18 2.64 3.18 0.95 0.74 | ME-ICP06
CaO % 0.86 0.3 0.53 0.01 0.02 | ME-ICP06
MgO % 1.22 1.63 0.45 0.53 1.05 ME-ICP06
Na20 % 0.37 0.32 0.1 0.15 0.2 ME-ICP06
K20 % 3.05 4.53 2.73 2.54 5.03 | ME-ICP06
Cr203 % 0.04 0.024 0.032 0.054 0.029 | ME-ICP06
TiO2 % 0.67 0.89 1.04 0.51 0.72 ME-ICP06
MnO % 0.02 1.44 0.03 0.01 0.04 | ME-ICP06
P20s % 0.44 0.45 0.85 0.06 0.02 | ME-ICP06
Sro % 0.03 0.05 0.04 0.01 <0.01 | ME-ICP06
BaO % 0.09 0.21 0.15 0.09 0.12 ME-ICP06
LOI % 19.05 14 10.1 18.55 15.45 OA-GRAO05
Total % 98.87 96.18 100.23 94.38 96.67 TOT-1CPO6
C % 14.6 10.55 7.47 17.9 12.95 C-IR07
C organic % 13.8 10.45 7.33 17.55 12.85 C-IR17
S % 0.07 0.01 0.01 0.01 <0.01 S-IR08
Ba ppm 862 1960 1385 823 1080 | ME-MS81
Cr ppm 280 170 220 390 210 ME-MS81
Cs ppm 4.79 5.79 3.34 3.74 7.24 | ME-MS81
Ga ppm 19.2 26.2 18.9 13.2 25.3 | ME-MS81
Ge ppm <5 <5 <5 <5 <5 ME-MS81
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Hf ppm 4 4.9 4.5 3.5 4.1 ME-MS81
Nb ppm 21.3 116 43.3 15.1 20.9 ME-MS81
Rb ppm 127.5 187 128 101.5 227 ME-MS81
sn ppm 3 7 5 2 5 | ME-MS81
Sr ppm 290 473 357 94 64 ME-MS81
Ta ppm 1.6 3.7 4.2 0.8 14 ME-MS81
Th ppm 18 28 22.8 16.45 18.95 | ME-MS81
U ppm 13.25 5.41 5.88 7.81 4,71 ME-MS81
\Y ppm 193 237 111 154 243 ME-MS81
W ppm 4 4 2 3 4 | ME-MS81
Y ppm 36.6 28.6 55.8 38.2 159 | ME-MS81
Zr ppm 153 184 168 130 140 ME-MS81
As ppm 4.1 11 15 0.7 14 ME-MS42
Bi ppm 0.1 0.08 0.68 0.08 0.46 | ME-MS42
Hg ppm <0.005 <0.005 0.009 <0.005 <0.005 | ME-MS42
In ppm 0.056 0.031 0.051 0.007 0.019 | ME-MS42
Re ppm 0.003 <0.001 <0.001 0.001 <0.001 | ME-MS42
Sh ppm <0.05 0.06 0.18 <0.05 0.08 | ME-MS42
Se ppm 75 0.2 5.1 0.4 0.5 | ME-MS42
Te ppm <0.01 0.08 0.04 <0.01 0.03 | ME-MS42
Tl ppm 0.45 0.37 0.13 0.21 0.22 | ME-MS42
Ag ppm <0.5 <0.5 <0.5 <0.5 <0.5 ME-4ACD81
Cd ppm 0.8 0.7 <0.5 <0.5 <0.5 ME-4ACD81
Co ppm 5 52 3 1 2 | ME-4ACD81
Cu ppm 36 21 56 14 2 ME-4ACD81
Li ppm 20 30 20 10 20 ME-4ACD81
Mo ppm 5 1 2 1 2 ME-4ACD81
Ni ppm 71 17 9 11 4 ME-4ACD81
Pb ppm 20 28 10 12 22 ME-4ACD81
Sc ppm 15 20 18 14 17 ME-4ACD81
Zn ppm 96 77 28 7 7 ME-4ACD81
Au ppm 0.001 <0.001 <0.001 0.001 0.002 Au-1CP21
La ppm 454 74.6 76.6 36.2 37.1 ME-MS81
Ce ppm 79 153 154 62.3 68.2 ME-MS81
Pr ppm 11.1 19.85 21.2 9.22 8.84 | ME-MS81
Nd ppm 39.7 73.9 78.2 35.7 31.1 | ME-MS81
Sm ppm 8.05 13.15 14.5 7.05 5.86 ME-MS81
Eu ppm 1.13 2.6 2.06 1.08 0.55 | ME-MS81

II- 64




Gd ppm 6.48 9.39 11.3 6.34 437 | ME-MS81
Th ppm 1.02 1.2 15 0.88 0.6 | ME-MS81
Dy ppm 6.58 6.56 8.86 5.98 324 | ME-MS81
Ho ppm 1.21 1.14 18 1.18 0.62 | ME-MS81
Er ppm 3.96 3.17 5.51 3.91 1.81 | ME-MS81
m ppm 0.52 0.38 0.7 0.51 0.2 | ME-MS81
Yb ppm 3.87 2.46 4.39 3.72 1.49 | ME-MS81
Lu ppm 0.55 0.37 0.65 0.53 0.24 | ME-MS81

% 2-19 Khepchishi HiIl DT 5774 FFAED X #REIFHERGER

v 19 REA ERk
JICA-CO1 +t ++ ++
JICA-CO02 +++ ++
JICA-CO03 +++ ++
JICA-C04 +t ++
JICA-CO05 +++ +++

BEONH] . 0 R, PR, AR
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3. hEEII—DERE

3.1. MMERDEFL AR

HEROWE N LI 2N T 5 7 0t T ELFHEIN D, EMTEORFNB I TA 7

TR OFEE L THRET 5,

BT T O 3 EEICK Yy S D,

(1) &R
BRI - &, B, ToTFFRE
JESRE BN ¢ B, WEN, Y, ZU AT, A b, =yl
ERIL © AREREE, WEEKELTR &

(2) &I
R (TF) MEtef - AlkAa, RELA, WA, Kibze
FRBIW) : T T AN, XATELUR, A%, @AY

(3) BREMILE
vZ v, ARk, Ail, RIRT AL

FEBIOREFRTIE, TBER (R—22%1)] Lo HiEX, G4 2%RESREELY
B9, &b MR BRERIL, 8, 8, =y, fligh, AXETALI=ULATHD, BRERIX
BB LIV EENTHY, LVESGICHE IS,

A)

X EICERICIN TSNS, TOMIZ, AL vF, BE, BE, BEX, BRM & 1Hh7
PESE RIS L OVEE A E S HE B KO RS I a7 Sl SRS,

B) =v4ou

=T VEAT VLV AOEEE LTARAIRTH D, L5 L UM ZEFHEE CHEEREE
R,

C) #n

MTHBIEA ANy 7Y —IEHE TS, o, ik, I, 7T U EsB8E, R0k
ik, ®IIvr, §, EFEiFarTrcbEHIN D,

D) H#ifn

TSN IO D A v X IR S D, £z, XA DAL, $HEDOAREIZLDEHKROHRE,
TLARLBEOAEME LTHEEHIN D, BBLlsni3dE, BB, ii=A, BRETIEORr— 3
VIERH SN S,

E) 2X

ARNE, mRRA, ERES, EFELOREITEN IS,

F) 7/L3I=7L4

THAI=ULAIHEKROMB TR OEERSBILETHD, 7= A%, BEIECRITHE,
O RHEYE, BEBLIVERI R EOHETHEHRNIND,
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3.2. IMYPERNDEES

T =& OB IRAEFERIT NSB BARITT AMEEHE 2019 ICE LT WD, L Hik
OGN EFER (2014~2018 4F) &K 3-1 12T, ZOTFT —ZITHDE JICA MEMADMERR L 72
RAEHER X A X 3-1 127”7,

HREME L TOEADAEEIIFELBML TWD, L, EAERSSA V7 7 ED
B BENEFRITHEA TS ZEZ2EKT S, Fr~vA N, AKA, REAOAFEZE LML T
WS, TNHOMEIOIZEEAEEFEHSNTEY, ZhLDEEILT—% O GDP KEIZEHR
LTW5,
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® 3-1 SYMEREINOEEESE (2014~2018 £F)

Minerals (unit) 2014 2015 2016 2017 2018
Dolomite Total 2,040,691 2,662,310 2,367,659 2,536,693 2,821,166
(metric tonnes) | Export 2,004,877 2,495,580 2,283,725 2,546,210 2,816,806

Domestic use 35,814 166,730 83,934 46 4,361
Limestone Total 1,122,825 850,431 1,257,101 1,235,162 1,344,038
(metric tonnes) | Export 16,406 24,579 1,244,999 40,121 53,345

Domestic use 1,106,419 825,853 12,102 1,195,041 1,290,693
Gypsum Total 414,148 389,365 317,597 328,128 461,128
(metric tonnes) | Export 368,411 343,684 241,650 269,385 377,197

Domestic use 45,736 45,681 75,948 58,743 83,932
Coal Total 121,891 85,164 117,783 161,527 186,824
(metric tonnes) | Export 26,574 5,403 18,931 26,916

Domestic use 95,317 79,762 117,783 142,596 159,908
Marble Total 61,921 97,648 75,031 96,567 188,901
(metric tonnes) | Export 39,850 14,543 36,358 75,655 152,585

Domestic use 22,071 83,105 38,674 20,912 36,315
Slate Total
(square feet) Export

Domestic use
Quartzite Total 83,907 79,818 92,770 175,501 145,714
(metric tonnes) | Export 2,228 2,120 2,745

Domestic use 81,679 77,699 90,025 175,501 145,714
Talc Total 12,601 5,807 2,261 1,293 2,042
(metric tonnes) | Export 6,917 3,470 1,293

Domestic use 5,685 2,338 2,261
Stone Total 1,474,395 2,203,065 3,414,215 3,828,254 3,730,975
(metric tonnes) | Export 28,340 104,482 553,639 299,369

Domestic use 1,446,055 2,098,584 2,860,576 3,528,885
Granite Total 4,362 3,889 96,827 26,364 6,080
(metric tonnes) | Export 0 -

Domestic use 4,362 63,438 96,827 26,364
Phyllite Total 40,077 40,417 41,800 61,910 53,189
(metric tonnes) | Export 12 36,592 2,615 771

Domestic use 40,065 3,826 39,185 61,139
Calc Tufa Total 12,324
(metric tonnes) | Export

Domestic use 12,324
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Iron Ore Total 18,997 43,202 28,065 32,974 37,843
(metric tonnes) | Export 0

Domestic use 18,997 43,202 28,065 32,974 37,843
Clay Total 10,209
(metric tonnes) | Export 0

Domestic use 10,209

Hid : NSB(2019)

2018 “EDEH AFAD EAL 10 FEME R 3-2 BLOE 3-3 [ZR7, 2018 FEDOEB O HAENANT
B 3-4 1R,

PREE\ TR D TRFEECH OB EH O = T 1%, 2018 FI2iE 4% %52 B2, TOIFEAL
DAY RENVTITTFoallimt i,

ZOXI B TEREHIGEIEY LV b BRMEMRN 2D, LRIV ERE 2 X R 23
EThHY, SV L, SLLIRASES TTHiGOESIZHL] ZENMETHL, Leno-T,
AV RERVTTTFU 2L, ShER 7 X =BT TEERTE TH L, b 2 0EICE
F 5 TERELOTEMAE N R Al RIZR D,

® 32 MHBLEMI0BETOEEY (2018 £F)

Mining Commodity description -V-alue Percent
(Million Nu.) share
O Containing by weight more than 55% of silicon 13,050.06 42.32
O Boulders 2,121.64 6.88
O Other, of rectangular (other than square) cross-section 1,419.67 4.60
O Dolomite, not calcined or sintered, chips 1,232.48 4.00
O Portland pozzolana cement 1,091.03 3.54
O Neither crushed nor ground 929.41 3.01
O Pebbles, gravel, broken or crushed stone, of a kind commonly used for 895.26 2.90
concrete
O Of silicon 842.56 2.73
O Gypsum; anhydrite 718.81 2.33
O Ordinary portland cement 616.28 2.00
Others 7,918.01 25.68
Total 71,345.20 100.00

Hi L : NSB(2019)
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= 3-3 MIAZELEGM10BEITOEEY (2018 &)

Mining Commodity .\/-alue Percent
(Million Nu.) share

Other light oils and preparations (HSD) 7,943.33 11.13

O Ferrous products obtained by direct reduction of iron ore 2,563.00 3.59
Motor spirit (gasoline) including aviation spirit (petrol) 2,333.61 3.27

Other (Wood Charcoal) 2,226.24 3.12
Dumpers designed for off-highway use 1,916.41 2.69

O Coke and semi-coke 1,796.53 2.52
Semi-milled or wholly milled rice, whether or not polished or glazed 1,689.09 2.37

For a voltage exceeding 1,000 V 1,253.15 1.76

g.v.w. (gross vehicle weight) not exceeding 5 tonnes 992.30 1.39
Petroleum bitumen 850.85 1.19

Others 47,780.70 66.97

Total 71,345.20 100.00

Hi#L : NSB(2019)

& 3-4 WHE'Y X b (2018 F#mHEEIER)

No. Country Name Value in Nu.
1 India 21,591,811,700
2 Bangladesh 5,948,359,953
3 Italy 917,899,323
4 Netherlands 550,273,774
5 Nepal 525,055,549
6 Germany 423,176,288
7 Spain 125,529,733
8 Hong Kong 104,923,262
9 Turkey 102,460,007
10 Singapore 99,950,573
11 United Arab Emirates 90,148,957
12 Belgium 68,375,998
13 Thailand 52,307,644
14 Japan 48,985,579
15 Viet Nam 43,851,248
16 Malaysia 31,016,852
17 South Africa 25,126,830
18 Taiwan 14,591,653
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19 Poland 14,524,467
20 Slovenia 12,181,086
21 United States of America 11,225,121
22 France 10,610,754
23 Romania 9,339,800
24 United Kingdom 8,418,564
25 China 1,459,855
26 Korea South 1,362,394

Hid : NSB(2019)

=& 3-5 ¥ -BAEHEHD GDP (2014~2017 &)

Contents 2014 2015 2016 2017

Prices (million Nu.) 3,376.43 4,484.27 6,455.09 6,954.62
Percentage share (%) 2.82 3.40 4.34 4.22
Sectional growth rate (%) 17.01 13.38 11.47 7.01
National overall GDP growth rate (%) 5.75 6.49 7.99 4.63

Hi#L : NSB(2019)

PR - AT 7 X —ORRERIE, 2017 FO T.01%DOEED 2018 F£0 37.56% DN E L&,
30.56 %N L7, AE & RBEADOIILNFEE 7 ¥ —OEICROERL TED, 2018 FDOHFH
RERITZNEN 92.36% & 67.67% CTH -1z,

2018 FED[FEIE 7 Z —DORREZRIT 10 FLNOREED 1 > THY, 2013 F121E 36.20% D &%

ERAETH LT,

SR - At Z—1F, GDP 12X LT 4.86% D> =7 Zisk L, 2017 4ED 435%75 0.51%
RA Y NI LTz, BIEOMEIZI T 2R IMMME (GVA) 13 2018 4EIZ 81 & 1,378 7 Nu & #E

ESND,
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3.3.

WEEIZ—DEE

PR 7 X — IR DBEORERBEDOD X M, T3, A, [SEmER],
&, T8 o 4 MBS, % 3-6~3 3-9 (27”7 (DOI, MOEA(2017)), L3 & #emiflfis &
U7 v A L@ME RPN —RADEZEIZBW TREABRREEITDT N TH D,

Fr¥Et 7 X —I12B8 W, DHIALICEET 2 REIFILLTFD 6 4:TH D,

- State Mining Corporation f1: (SMCL) : L4 & JRERA 35 L OVERAIE 2 F it

- Natural Resources Development Corporation (NRDCL) : #pf & Wb % A58 - fitha
* Dungsam Cement Corporation ft: (DCCL) : & X > MERE (E Wi KAEFE &)

+ Penden Cement Authority f1: (PCAL) : & A > NERE

* Bhutan Ferro Alloys #1: (BFAL) : 7 =1 U =22 i
» Druc Metallurgy f& (DML) : #REFHL G, Bl

(7 oo 8

(1) #i%x, B8

x 36 EURM:HE BA
No. | Company Name Scale Location Investment | Scale
1 Jigme Industries Pvt. Ltd. Medium | Samtse Domestic | Large
2 Adagangchu Stone Quary Medium | Wangdue
3 Begagong Stone Quarry Pvt. Ltd. Medium | Bjena, Wangdue
4 Bhutan Crushing Unit Medium | Pugli, Samtse Domestic | Medium
5 Bhutan Green Aggregate & Sand Medium | Bhurkhola, Sarpang
6 Bhutan Stone & Aggregate Factory Medium | Mewangd, Thimphu | Domestic | Medium
7 Bhutan Stone & Mineral Medium | Samtse Medium
8 CDCL Stone Crushing Unit Medium | Drepong, Mongar
9 Dawa Dotshang Pvt. Ltd. Medium | Dogar, Paro Domestic | Medium
10 | Dhendup Stone Crushing Unit Medium | Sjongkhar Domestic | Medium
11 | Dolliwa Stone Quarry Medium | Doliwa, Wangdue
12 | Druk Mining Pvt Ltd. Medium | Kamiji Domestic | Medium
13 | Druk Norbu Kuenphen Mining Medium | Kunkha/ Chukhan
14 | Gebakha Stone Quarry Medium | Wochugang,

Wangdue

15 | Gewachu Stone Crushing Unit Medium | Wewachu, Wangdue
16 | GP Aggregates Medium | Sjongkhar Medium
17 | Homdar Crushing Plant Medium | Zhemgang
18 | Jigme Industries Pvt. Ltd. Medium | Samtse Domestic | Large
19 | Jigme Mining Corporation Ltd. Large Chunaikhola, Samtse | Domestic | Large
20 | Jomokha Quartzite Mine Medium | Jomokha, Chukha
22 | Jungomla Stone Quarry Medium | Bjena, Wangdue
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23 | Kilikhar Stone Crushing Unit Medium | Kilikhar, Mongar
24 | KNT Stone Procesing Unit Medium | Paithachu, Sarpang Domestic | Medium
25 | Kuenphen Norden Mining Medium | Thimphu Domestic | Medium
26 | Kuenphen Norden Crushing & Medium | Pasakha IE

Powdering Unit
27 | Lhaki Dolomite & Mining Industies Medium | Duarpani, Samtse Domestic | Medium
28 | Lomekha Stone Quarrey & Medium | Drakarpo, Paro

Aggregate
29 | Nortak Mines & Minerals Medium | Gidaphu, Thimphu
30 | Quality Stone & Aggregate Factory Medium | Siligang, Thimphu Domestic | Large
31 | Radak Co. Pvt. Ltd. Medium | Wangdue
32 | Samden Dolomite Medium | Pugli
33 | Samden Dolomite Medium | Sjongkhar
34 | Taktshang Aggregate & Sand Plant Medium | Gidaphu, Thimphu
35 | Tara Dolma Ghardar Mines Medium | Gardara, Samtse
36 | Tingzam Stone Crushing Medium | Drepong, Mongar
37 | Upper Gida Stone Quary Large Gidaphu, Thimphu
38 | Yurmong Stone Quary Medium | Trongsa
(2) IHEIR

x 37 EUXF:HYER

No. | Company Name Scale Location Investment | Scale
1 Penden Cement Authority Ltd. Large Gomtu, Samtse Domestic | Medium
2 Barma Chemical Industries Medium | Pemagatshel Domestic | NO
3 Bhutan Bricks Pvt. Ltd. Medium | Pasakha Domestic | NO
5 Bhutan Concrete Bricks Medium | Bjemina Domestic | Medium
6 Bhutan Gypsum Products Pvt. Ltd. Medium | Pemagatshel Domestic | Large
7 Druk Cement Compant Pvt. Ltd Large Pasakha Domestic | Large
8 Druk Gypprduct & Chemical Ltd. Medium | Samdrupjongkhar Domestic | Medium
9 Druk Mining Pvt. Ltd. Medium | Kamji, Chukha Domestic | Medium
10 | Druk Plaster & Chemicals Ltd. Medium | Samdrupjongkhar | Domestic | Large
11 | Druk Satair Corp. Ltd. Large Pemagatshel Domestic | Large
12 | Dungsam Cement Corporation Limited | Large Nganglam Domestic | Large
13 | Lhaki Cement Large Gomtu, Samtse Domestic | Large
14 | RSA Pvt. Ltd. (Marble Unit) Medium | Pasakha IE Domestic | Medium
15 | RSA Pvt. Ltd. (Carb Unit) Medium | Bjemina, Thimphu | Domestic | Medium
16 | RSA Pvt. Ltd. (LSU) Medium | Bjemina, Thimphu | Domestic | Medium
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17 | SD Eastern Bhutan Coal Co. Ltd. Large Samdrupjongkhar Domestic | Large
18 | Yangzom Cement Indrustry Medium | Samtse Domestic | Medium
19 | Yoezer Bricks Medium | Sarpang Medium
Q) 7oA HiE
& 38 ®EVXRL: TOCMHE
No. | Company Name Scale Location Investment | Scale
1 Bhutan Alloys Steel Casting Medium | Pasakha IE Domestic Large
2 Bhutan Carbide & Chemicals Industry Ltd. | Large Pasakha IE Domestic Large
3 Bhutan Ferro Alloys Ltd. Large Pasakha IE Domestic Large
4 Bhutan Silicon Metals Pvt. Ltd. Large Pasakha IE Domestic Large
5 Druk Ferro Alloys Ltd. Large Pasakha IE Domestic Large
6 Druk Wang Alloys Ltd. Large Pasakha IE Domestic Large
7 Pelden Enterprise Ltd. Large Pasakha IE Domestic Large
8 Saint Gobain Ceramics Materials Pvt. Ltd. | Large Pasakha IE Foreign Large
Direct
Investment
9 SD Eastern Bhutan Ferrosilicon Pvt. Ltd. Large Samdrupjonkhar | Domestic Large
10 | SKW-Tashi Metals & Alloys Pvt. Ltd. Large Pasakha IE Foreign Large
Direct
Investment
11 | Ugen Ferro Alloys Pvt. Ltd. Large Pasakha IE Foreign Large
Direct
Investment
(4) Ex8
*& 39 ®EVX: &
No. | Company Name Scale Location Investment | Scale
1 Bhutan Rolling Mills Ltd. Large Pasakha Domestic | Large
2 Bhutan Steel Industries Ltd Large Pasakha Domestic | Large
3 Druk Iron & steel Pvt. Ltd Large Ramitey Domestic | Large
4 KK Iron & Steel Pvt. Ltd Medium | Pasakha IE Domestic | Medium
5 Lhaki Steel & Rolling Mills Pvt. Ltd. | Large Pasakha IE Domestic | Large
6 Bhutan Concast Pvt. Ltd. Large Pasakha IE Domestic | Large
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3.4. HROERE@EE

3.4.1. EEMEREDEHEA

LME (v Fr&@islpn) &I D BREIA etk z2mHER L TWD,

v LMEIZ 18774l v U TR SR TRLKEWEERSIFTTH D,
v RO BT, $h, Wi, =y, AX, TAI=UATHD, 2010

X, VL7 AEZALDOFEY TTF o eaX)L ha2fhoTng,
v LME 3 HED b= & BN CAREE| 217> T 5,
v LME I EEL L CERMik 23 ET 5,

X 3-2 1L LME ¥ =74  (https://www.lme.com) D7E—ALX—VHIETH S,

©LME

An HKEX Company

TRADING METALS

Register

MARKET DATA LME CLEAR NEWS EDUCATION & E S ABOUT ®HX

LME FORUM MUMBAI - THURSDAY 5 MARCH 2020

to hear industr

FEATURED LME PRICES

USS$: 18 February 2020

LME Aluminium

LME Copper

LME Zinc

LME Nickel

LME Lead

LME Tin

LME Aluminium
Alloy

LME NASAAC

LME Cobalt

LME Gold*

LME Silver*

LME Steel
Scrap**

LME Steel
Rebar**

1,681.00

5,728.00

2,128.00

12,880.00

1,901.00

16,520.00

1,380.00

1,270.00

33,500.00

1,600.40

18.176

283.00

429.00

Non-ferrous cash prices, per metric

tonne, discovered on the Ring: 12.30-

13.15

*Gold and Silver spot price, per troy
ounce, established basis LMEselect

trading: 18.29-18.30

**Ferrous Month 3 prices, per metric
tonne, established basis LMEselect

trading: 16.25-16.30

opics influencing metals markets in the

SETTING THE GLOBAL STANDARD

The London Metal Exchange is the world centre for industrial metals trading. The
prices discovered on our three trading platforms are used as the global reference
price and both the metal and investment communities use the LME to transfer or
take on risk, 24 hours a day.

LATEST FROM THE LME
LME Asia Week 2020 update >

LME proceeds with warehouse reform proposals >
LME sets out responsible sourcing requirements >
LME Group announces fee schedule for 2020 >

LME opens consultation on warehouse reform proposals >

ACCESS THE MARKET REPORTS ON LME.COM
Whether you are an industrial From average prices and stock
hedger, metal merchant or movements to warrant banding and
proprietary trading desk, there are the commitment of traders - we
broadly speaking two ways of publish a number of reports,
accessing our markets. summarised here

Access the market > Reports and data >

3-2 LME O R—LR—Y
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LME @ HilE, LME ) CTHREIF 2720 Okl 2 &8 & Blkiiifk s & blciRitT2 2 Th
%, LME |%, &RiT4EEEHE (FCA) IZX» THEHEHF SN TV ARKEHRLIFT (RIE) T
HD, TOEMIED TS EERICEEL TV DR, & —E 2B XO0HEE (2000 4) @
KBl O AN THERE L T\ 5, RERR, BSIFTNEE T 55602 MEICERL, RIE & LTT
RTOIZNZBNTCHRFH L2 TG EMERFT 52 L2 FR LTS,

LME (23] 2 AR RS B BERIL, JEELMEHEONT A THD, ZhIZAaT, &

BEDOHMAN L Vi OEEERN S HICEmE D,

v FEERENSBEICEKE LD T 2004 FENDL, TETOMOFENZMHE L, 80> LME i
N ElEs L,

v 2008 FITHE Z o - AR e R ORI, SBOTBEITAMICIKT L, £ M IXaE%
L7z,

v RS, BHORLET T HIRICE - T 5,

342 ERMEOEEER

S BT EARMICHTER NN T VR Lo TRES N D, FEROIZIEK, BE&BOERIEEE T
bHHFEORFE MDA BMBICKREREELE 2L THRINTWS, EEIL, PERKEOR
WA RN BROEHE LEO TWL DT, @RERTFEOHEMT 52 ~—2 I8k L, @BEMkiTe
KEIC TE LTV D,

SIBIMEIR O EMBIZIZEICI DD A7 B3 H 5,

1) BIFEFaF V) XL

2) BIRORE

3) FEILILSFEDOE S

B U271 &RSTa U XA
Bi%@ EEORKRERILX, LIEUIEAEBEAREZLIIEBERICE > THE SN TEZ, —F,
A RXLTO=y DX 512, BREIZAEOERZEE - AL L O LT 2HmAMmE -
T2,
> RSO AT 20
gLt oE A, ShE OB
> HEREOR S ZELT 20
i LB & il R o5k
> LENDOIRNAZERLT D
BAYLT 0 LEEROEBALGE T

B U7 2 BRORE

IR DTEAUTHER DML & BFEICEE L T 5, L -> T, @RERITIHFEI ML TE
59, BROAFEEIIF-> TWd, BifE, R THEL TWLREBOKFESOREN, EERED
EAZ3METHD BN TWD, RECHMEf L LT, BFEEL IO v b Lo snmott it
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B U773 EEHUStOES

PRILUBRRIZEIC TBRA Vv — EMENRDZ REEICIVEFICOEY EITENTE T, £
DFFEIE, BIRA Vv — DRI b ]k L O AL E ToBELE R T 52 & T, it
REPOZEETEDXAZERL TS ZETH D,

FL O RN O EFIZEY, M&A ICZXA2FEHIEBEATHDS, WS ODPOEFRA Y ¥ —IF,
A& AW % B @D DN 5 5,

5O GEEe)E) AV vy —I%, BHP /v —7F, VAT o b, Tor7uar Ay, XN
—L &7 LrarThdh, INOLOMBEAMEIILTOLEEY TH D,

1) BHP /' )V —
[FEW : §n - HifRh -8k~ - Z DO, A X>T LI =0 A—8i - £ Df]
BHP (LLiix BHP Billiton & L CTHILILTW) X, 77w « A=A 7 U T OLEEDL
¥, BB LOAMICR S “HEH B3 Th D BHP Group Limited 35 & TN BHP Group ple 70 5
RABEGEEETHD, A=A TV TOEZ FU T, AVRLAKEND S,
BHP & Billiton % 2001 4E(C&0F L7z, BHP (X 1885 4EICA—A T U 7 DT —27 e/ TH
—$h— HEENFE L & FE L L CRRAL &7z, Billiton X 1860 4FI12A » R ¥ 7 TA Xk &2 B
DI DR ST,
2) U477 ¢+ b (Rio Tinto)
(PEW) : $i—8h - lsh AR, BILA->T VI =07 L, ZOf]
VAT 4 ML, 7ov/nm - F—2 7V T70LEHEOCERBBI OIS TH S, VAT
42 ME, BY Ry ERAVERNL AZEFEAER D D,
1873 AF|Z A A VTRIL &AL, 2007 4FRIZ T v &= EHIN L 72,
3) 77 a7 A Y J1 (Anglo American)
[FEW) : $i—8n - Hgh—> Ak, BIA—>T VI =0 A, O]
Tora T AV AL, T 7V IOIAANARATAT EEFEOT R CHLE A E L EEO
ZEESRILETH D,
1917 FAZ BRI A BIR T D72 T A U BTN Sz,
4) X—1 (Vale)
(PEW) - SRS —>T NV =T A= /)b, O]
NR=VL SAXTT7VNVDOLEEOERE LTINS TH D,
wmﬁ T I UNTEN STV A4 K& (Rio Doce) 1% 2006 4Ei124 > a2z HILL T, 2007 4F
WCHEOESHAIZETE LT,
5) 7 L2227 (Glencore)
(FEW : $h - High 8> = 7L, ZoDfh]
Tl rarTiIEEE AL ZADOZEEOSRE LIS THD, A4 ZADNN— VIR E <
~—2 U vF (Mark Rich & Co) (% 1974 4EIC A A AT &4, 1990 4E T4 28 F Lz,

B 5 OOERAT Y —DOHFEESBFHOE EEEK 3-5 [RT, 2 BT, BV ES
Lo TRRIEME LD,
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(MUS)
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5,000 i

BHP VALE ' AAL ' GLEN

m Others W Fert. Products m Alloys B Ind. Minerals B Diamonds

= PGM W Zn+Pb W Ni B Cu Al lﬂﬁﬂi :

W Iron Ore W Uranium Coal B 0&G JOGMEC(2019)

X 3-5 5 0D&FACY—DEENFIDOFZT LS

3.43. EREMMHEDHT
22 BT L7ZX 51T, MRDP OXfZEMIX, & (Cu), # (Pb), High (Zn), ¥ 7R
7 (W), & (Aw), BXOHIMETHE (REE) THDH, ZNOLDOEHOEBMKE L AERD
HB & LLFITRT,
¥ 3-6 1, 201345 AN 201945 HETOM, =47, &, flighE X OEOMEHERE %
RLTWD, fMEEHEREE D X 2013 4E 5 A% 1.0 L LTHESRTWD, ROV 2ol
AR 72 B FRENK 3-6 IRENTWD,
v'2005 FEND 2007 AE T UL, av T, A VR, HEZREOFEECIEMEIROTEEN
HINL72720, 8, =7, &, otk nasm Lz,
v 2007 D 2008 o HHl, = v, #h, EEEh Ok, THASZREREE (Wb D
V—=rvayZ) X0 EMICHRE LT, —F, @fitsiX kA Lz,
v 2009 D 2011 A SEMEIRO IR T ENSMEMN LB L CEE L22D, i, =
vV, By, HER, SO DT RTHREM LT,
v 2013 DD 2015 A KEOGREEMOK T2, SLEIRO MR H & &2 D Lz
W, i, =y, g, HiEh, SOMEOTTHRELD Lz,
WAL, KPP ESBEENFBOMAL, TEOKRFRENMILL TWDH2D, GRMEIL TR
HEZH D,

GEAMAE, R, T/RAT R, AR, REeB Eae, IEEXER, &Y
a7 Y XL, WEEY X7, RERME, HRREOSEFSETRERNICE > TLHT S,
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ORI, BEBSCLT AXNANO L) R EE &R L IT Rl E R L TWDH I L
IZALNTH D, IFETIE, @OMKIZT —a v XRLEICT AV DL 5 R RICHEL &
IEL TV A E L OBHERFIRIICIKEL T\ b,

[May 2003=1.0 |
10.00
9.00
8.00 Greek financial concerns Copper
7.00 Nickel
e.00 — Lead
e — Zinc
- — Gold
2.00
1.00
0.00
$ FF F|D NS Dy o K Source
o8 ot 08 ¥ ] e bl LY o 0T o Y | o e e JOGMEC(2019)
A4 A4 N4
Demand surge Global demand|recovery | | Expected recovery
in emerging countries through monetaryleasing | | of the world economy
NS
Global financial crisis Decline in consumption
of 2007-2008 due to the end of US monetary easing

3-6 FFHERDMAEHETR (2003~2019 F)

(1) #d

ORI APE () LHE (B 1T, BERTETHEHMICHEML TV, K&
ik EEPSRTISICS AT 2o T, $Ex G OFE/EML TWD, WE 20 4
M<T, ko7 7 AMBIIHRA CROMEEET LM E LT ELTWD, 2016 FICHR
DEFDK) M1%IXT7 T T AV FVU, ~b—, AFxia, TIIVLVTEESHE (K 3-7 8B
LOH 3-9 %),

SAOAEPEIIH A OBINTEY, BH—OEF 2I3HIRICRE S TWinizo, fiim
TR DIRELDO Y A7 1FEWEBZ N TS, 7272, B EBICBITL2ZOEEEDOT
DIZ, SADOMASFE LD BEIIRE LR D,

T _XTOEBEOFTTROLIAS VA7 vE3NTND, 2R THEIN8HOK 3 50 1
TV A7 VEND, VA7 VENTEETOAEEIL, &R E ZIImEAEMEEZ KD
], BEMEINTCEHEMHINS ), SIOICHAEL TERMICTHZ ENTE S,
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HENE, 2009 FICH RZHRNTHIEAOE | ffAE LR o7z, 42 REXTT1X 2010 4FF T
SAPEA OEHE T b > 7 3 I A2 TV, Shfa L OK T & KRB 8085 1L TOHEE A ~ T
A X DD B 50~70% I D L7z Z & T2011 FENDBIEETT v 7 BNE 4 ML E7IXH
SPLICHE BT,

3-10 |28 S A= SRS O BE SR E AN RTR O L B8 0 TH B,
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Chile

Peru

China
United States
Australia
Congo
Zambia
Mexico
Indonesia
Canada
Russian Fed.
Kazakhstan
Poland
Mongolia
Brazil

Iran

Oceania

Europe

Copper production
by region 2016

Latin America

Morth
America

Lao
Spain
Bulgaria Asia
Turkey
0 1,000 2,000 3,000 4,000 5,000 5,000
Source: C5G

| tHH# : LME Copper factsheet (2019) |

3-7 EROIREEE (2016 )
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X 3-10 LME OfR{fit&HR

(2) ¢n

HROMTEED 80%IXEMTH D, shEMIT, T+ XCOHH;HE (EV X° FCV 2 51e) ITHH
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FEAEERIL, PE, A—2A S U7, KE, —, AxLaThsd (¥ 3-12), HEE
BIOEHHEBEETHEOREICES SN TWAHETOMEBEORIMMC LY, o R pEE T
RELHMT 5 & FPRIND,

3-13 \Z7R S U7 gk O E BB EIATIR O L I ) TH 2,

GWh | Global market of secondary (=rechargeable) battery
500 ~

B Other Li-ion

a0 ®NiMh = NiCd e
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[Hi8 : JOGMEC(2019) /Argus |

311 ZREMOMATIG

Sndi A AR pEE Sy 4 ¥ 2 [
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7 — %It : LME
T 73R TaT = FTIERR

E 3-13 LME O #Affit%

(3) e

R IZEAE, 8k, TAI=U A, HICRNWTHRAT 4 FHIZEASHEEINLTWLIEETH D,
Bk 13 R 2 5 D, to&RE E OMAEMENRBHETH D, TORE, WENEEOR ML,
High A > FITHHIND, Hlign A v X0, &2 1T 272 DIC8CMIC digh g 2 B3 50
HThHD, HEEIEFEICHLEETHD, HEEE, AWM, 88, WPHOEYLlE & BEICHER
FERTHD,

SN I IE T, SO EoM OB AR L L bICHIRICHEET S, EEAEE R, TE,
—, A=A TUT, A F, KE, Ax>aThbb (¥ 3-14), & & WO ITHE FRY -
S FRNC R BB B D128, HEOEEEITOAEE LR L TH 5.

¥ 3-15 127K S U7 dEpfliAS o E S AL RR O L B0 Th 5,
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HFE, X)b—, KL EHN, avT, XA, XREFLABIOW OO T7 7 DOETSH D,
X 3-18 [Z/ RS NI H o 7 AT Aliks OFE S FOE A X o B4 8 L FER I 5,
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Metal Bulletin Historical Tungsten Pricing (Annual Mean Averages)
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XFT L, TaRrAFUL, YUV UA, a—abt®UA, HRI=UA, TILETL,
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U, RAVITLA, TAETA VITA AvTIVETA ATTFUL) THEINLTND,

AR EENLEZEDAAE, A Ea—X—D AT Y, DVD, KENXEM, HEHESS,
ikl = o N— 2 — BiA, wmAARE, AxPEAEATLIZoEETCHEA I TS, BE
20 “EM, MTHEABALEL T OMPOFEBENEFRANHEIM LIz, £< OfEO FEX
FEIEA HEEE TES N TV, Ny T U —0FE L, EHEERN, HAARVE, R—271
AV a—H—, DATREDR—FZTNVEFEEOFEEICL>TEG N TN D,

T TFEIT, TOLFINRT LI )] TRV, A B3ECH T HER O 3k (2 bl i B
BTHHN, BRI TOHERIBARERILADOEREIMMOIZLE AL EDIAD X S ITEL 72,

HEIA LEM RO R R KROEERETHY, ETERHEEETCLH D, BAREKEIX, &L
YEMELOE 2L EF INOBEEETH 5,

H#Eha, FEMEARS, =X —0FRo/m R, IO o MR RTZmET, 41%
10 AERCAMICHNT 5 & PHEND, BEXNELOR LEBEOOBE TINS5 L RSN
Do EEREINICB T DH T REENENT L PRIND, FLELRIIINDL T X TOREET
REIZHEHAHINTWD 72D, ZALOREITEWVEEMHEFINLITTTH D,
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E 3-22 REE flitfsn##
N =y

=TV EIL, AT UV LVAIREDOMOEEE L VIR L, Wi 2IRESCE BT OREIC
Mz HNd LT DIl IND,

By 7% 2010 FE ClE= v Fr VO EHEAREETH o=, THE, BT 6 fLOEERIZA v KX
VT, 7408y, av T, BWFHE, A—ANTVT, —a—AL =T ThHDH (K 3-23),

¥ 3-23 12T L2, A RRUTIX 2014 A 1 AICRA=y I iAotz L, =
DEPFERBITRIEICHD Lz, ZHUE, TV 271 & FaF U XL & LUTRORLIZZER
DV ZID 1 DThbH, ZDA 2 RRIT OFEBE IS LT, = v 7 )LOfitsiE 2014 4
(C—HFAIC B H L72A%, 2016 4F & Cldthx 2% L CRIBIZHED Lz, ZoMmEE, 10 22ELL L
W L=y 7 VO R EEREN 02 H 0, KEOEREEFI O T %Y E RO R
BIZREE BN KB L2 2 KL T2,
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4. SLEITH

4.1. ShEBRE

72 CEEFIE 2019 £ 2 AT T8 12 kR 5 4ERHE (FYP) | 2@ Lz, [REHE <X, 17
@ [National Key Results Areas (NKRAs) | 23l 41, 2 % H D NKRA 1T T#RR#EZHk{L) Th D,
Z O NKRA 1L, SN REE® 7 ¥ —0OE &, B¥E, BL, FWN - NBEFESE (CSls), i
¥, BIUOBET I KNBEEE~OREZBE LT, TRXTOAXICHIGREFOHESZH120
TE 7%, AR TR ARRAERRFEOREBLZHIEL TS, 20O NKRA OFEHERIT&
BETHD,

UL, #h¥tr 2 —CIIBEITEBHEBE DR E RO RENRETH Y, AKAEAR
ED IR TEFEHEY Z R TR EIR OB R ITIZE > TR0,

2017 MR — & VBUNIZ X o TRE SNV REBRBEURIL, KDFEE, BE, FN - DB
FEEE, B, LEDOS SOERAE T~ 7 uifkF RO AL A G R E R E R A fERE L T
W5, LEE7 X —IIRFICBWTEEREEH AR L TS, LrL, EBL0K 40%72T 5
MRS o 1 THEFNICY y B 7S, ST, BifE, EWNICIX 24 OB+ O
Ll 40 OEALRH Y, 3,319.86 =— I —IZ DD, FLEX, LM —RADFEE, AT T
ARNT I Fx—, BIOZOMOE 0 Y =7 FOFEBOMBICE W TEEREEZ 7L T
WD, SEMIBIRITIE A ORFIFEE L BIEZ L0 T0, S LREICERZEL 52 5L H
by TDEINREBELETXTONREREDTZOICHEYNHLBE L OVEHTILERND 5,

WYNCHE S, ROICHBI S, EMOICER S EET, BoRRBICKESEMT
x5, SEMTEERRRER THLD, ARTHAERAETHD, LEN-T, SLELHAICH
THT—H U OBRIE, HAMOATEEEZEZEE L TCWD, ZOERKRIE, HESKEZBEROBEME
W7o T 72D OHIERIRE ) & AMBE RO T OBLENOITEE T ORI 2T 25 Z & &5 LT
W5,

T — 5 VB, SEWEIRN R AT RE e FIE TREE SLT A0 S, EEA~D
AG L NY 2 —F ==V ORI R G EERT DL I T D, SHIT, BUKBEHEZ HLHIFEEED
HEUNCTHET 52 &ICk Y, ey X —ORN R EMR L ERPHEIIITbND Z LIl b,

2017 FRFFERBBORIL, EOONTHELZERT 50D HEEZRL TN D,

PLBARBORIL 2017 HIRE SN, LT 7 ¥ — O R ATRE 72 BT D 72 D O 2K 72 BUK O
Petlir & o— R~ v 724k L7,

4.2. EhEBREE
7= VETHIE SN TV DI EICEZNICHEET 2ESFEITIUTOEREY THD,
« Mines and Minerals Bill of Bhutan 2020

* Mines and Minerals Management Act 1995

* Mines and Minerals Management Regulations 2002
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* Mineral Development Policy 2017
* Mineral Prospecting and Exploration Guideline 2018

* Guideline for Leasing Mine

ZOMOBEETFEIILLTDO LB TH D,

+ Economic Development Policy 2017

+ Foreign Direct Investment Policy 2019

* Foreign Direct Investment Rules and Regulations 2019

+ Revised Taxes and Levies Act of Bhutan 2016

+ Forest and Nature Conservation ACT 1995

* Forest and Nature Conservation Rules and Regulations 2017
* Environmental Assessment Act 2000

* National Environment Protection Act 2007

* Water Act of Bhutan 2011

+ Labour and Employment Act 2007

* The Land Act of Bhutan 2007

* The Local Government Act of Bhutan 2009

+ Waste Prevention and Management Act 2009

+ Regulation for Environmental Clearance of Projects 2016

+ Regulation on Strategic Environment Assessment (Draft) 2019

4.2.1. Mines and Minerals Management Act 1995

Mines and Minerals Management Act 1995 (Act 1995) (% 1995 F\ZHIE S 7=, FEORISCIZIX
UTFHianTn5D,

TG 7 — 2 > EFEORREREEDOBEERBEHLETHLI-D, LWEWRORIEITT —

2 EEBFOME - BRFEHEHCE L2 FIET, 2o, FrgE, BREOREBIVOT —
5 EOBERFHE SULBEEDREDOHM A O T THEM SR TIUTR 520, 2D Act 1995
X, ZhooERBEOERICAT TS, St 2 —0kFH2ER L #ERQKEDT
D OIERIRAA DR EZ HiE L T\ 5, ]

[FETIE, B0, WL IEIEBOEH, EOBRETS, B, 1R, PR,
A ERED LTV D,
Act 1995 TIE, % 1| ECHEMEPBIIEICE L TVWH EERL TN D,
%555k M OFT A HE
5. THRIMSHUNG-CHHENPO @& 7 3 5 > KA 11-1 I[Z5- T, $EHOT X TORTAMEL,
AN AGHIZET 2120 0b 5T, BFICORRET S,
T—& o EEEER, SCMEROHEMEZE 1 F0O6H 12 RICERLTWND,
15 7T—4% 2 FH
12, SEEIR, W, WIE, BARICx T oML, EidREL, EBomfamThy, E/H:
IZX o THHl S D,
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Act 1995 1%, AT ZEHZLTWND,
vV ZOERICE S TRTORE, Bk L OBEEE) o #E
EHEOEH
P B D A B O METR & B RE D B AL
U — ZHE
IRk
tEFOMER & £H
NI
H & E1H
i G DRI

AN N N U N NN

4.2.2. Mines and Minerals Management Regulations 2002

Mines and Minerals Management Regulations 2002 /¥, Mines and Minerals Management Act 1995 @

FSORICE VNG SN OHERZITHH L CEERENER L T, 2002 FFIZHIE S L7,
FHEIZU T2 ERL TV D,
v O EREE A SRR ) — A TR E

T - oA YU T o, GEREL, #IRMEE, REEBESRS

PRI O PASH, MEER L O T O Fe

PR ILE e & s 2=

mELE=4VY

SN BT % 97 e /ERREE (OHS)

LSRN NI NN

423. 7—32 VEOBRE
(1) Economic Development Policy 2017
TR FERBUR 2017 1%, ~7 nREABOBEELZ T EBELRRFEICELZHEEL, 5 >0Fa
(Five Jewels) | Z#XyEHEIE & L CHEET D Z L 2L LTV 5,
LLFD 5 2OFEAIL, HERBERRELREB L OERT 00 EEE 7 2 —ThHY, &
TERY 72 FTREME L MBS REA~DEEBOB AN DO E ST 2T 5,
> K13
> FEWN - NBUBLESE
> L3
> Bt
> R
PR REL 2017 1%, SL¥EZREETIENE N ENEZENRT D HEEZRLTND,
v O ETIZE N T O ~ O I 2 e+ 25 2 &
vV LEEIPTAMESDOIEI AN ZEET 5 2 &

(2) Foreign Direct Investment Policy 2019
2002 FITHmAIOWRSEHEFRE (FDI) BURAHIE Shlz, BB L IR AREOZITIG
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UC, FDI BURIZZ OBUR A L 0 #Etic L, BERITE LW OIZT 57O EMICHET S
TW%, o FDI BURIL 2019 FICHlE S i,
FDI i%, L FICHBAT 208 TS5,
> 7V — TR AT RE 2R AR O 38
MR BEERH Y, REICE LW EEORE
LRSI & OV AL B 7 PE 3 O IR
T—=H T T ROERR
AL DA
> i & AR ORI D AR L
FDI B3R TliX, FDI OREN LRSI NDIEBZ X T T 4 7V A FELTERL TS, XA
T4 7V ARNIUL T OOIFENRH Y, [—RIBEOEWOBIED =D DRI NEEnDd, Zh
%, RRFEBIFEBUR 2017 THEME SN TV D~ DA INIE & —E L T\ 5,

>
>
>
>

(3) Mineral Development Policy 2019
IR PR BOR 2019 1%, [E, GNH ORKRZ2RBHIFEE F 28k LT, Hulgfha- oo ESE & M A
WA RIAFICERT 5 L 0 7, REICE LASIZELOH L HMEEORE L HEEL TWH
2o
gt s 2 —OF AR O v Orn— R~ v
BUR & SIS RE D40 B - JL3ERSI YR (MRA)
L D 43 FE
S DR & PRIE O HEHE
KO RMIMOIZEY — 2« FHSRMT & TR 30 4
P ILE1E Hede
Hilet 2 0 BAS W E 36 &L OVHit a2 0 B 38 K4

AN N N NN

4.2.4. Mines and Minerals Bill 2020

Mines and Minerals Bill 2020 (Bill 2020) {3 i8¢ Mines and Mineral Management Act 1995 % &
ETDHDHEETHY, 2020 FI2HlE SN, FEROFIUIIULFRALR I TV D,

[TEEBUFIX, ¥R X —ORMBIRE, N 2 —F = — 2 OWE, RERFTAHED
fedr, SRR O, EMEEMHEMLOME, BLY, BFHTREICELLS, 5
LD & D HHEDFELR DT DIZ, ENOFRFETEE O G & BB 22 UWIET 5 Z &8
WY THDEEZTND,]

Bill 2020 <Tix, #ifIM/FR, SEHPRE LRI, SLEEEIOE M, BEANOHERN & R, HHIM
DOEHE - DR, BRI - tham ) X7 E 8, mBifl, kit oS L3, 85 - E,
frdpfi, SRl ERNEDHN TN D,

Bill 2020 (X Act 1995 (ZHAT, FHEHHEHB L OXLEENH X TBY, FRERILFEORRE &
TR L OBENRILEDOHBICHE S TELTWARER EICRIST IR E 72> TWV 5,

Bill 2020 1X 15 &L 191 O THERE SN 5,
Bill 2020 D EE /2 F XL F & & e,
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Bill 2020 IZB T2 H LWKFEIZILL TOLEEBY TH D,

HTEE Bill 2020 & IHVE Act 1995 Dbk A2 £ 4-1 127,

NN N N N R NN

v

v

AN NN Y N N N N N N N N N

4, DGM I LML (MRA) DOHERR & B e
SR L R
BLFETEE O S HE

DR & K

FHIF OB, REORME, JMERE, NI RE

RERBLIOHRY 27 OFH
HL I B A
Hierk 2 OB G- &
R & R

FEREH LAL T & iR

SLHE D T HI B IR
LR 4R (MRA)
TET D PR

BRER LORILT A & o 2RO

gL U — 2 HAR « K 30 4

U—AD#T 2B H &9 2 W

L[] oD R A
/IR A
HWRE (T vF )

FIEEIE - 1 DO TOT XToO HHIBRE
FEE RS Rl A2 AR L, KBGO HHEERFICERATE 5

At B E (CDA)
HEEH LS TR X
E &SR OFE

% 4-1 Mines and Minerals Management Act D18 kR D LL 8

No. | Items Act 2020 Act 1995
1 | Preliminary Chapter | Chapter |
Application
Ownership of minerals Chapter V
2 | Administration Chapter 11 Chapter 11
Power More detail
Function
3 | Mining Regulatory Authority Chapter I NA
New
4 | Mineral Prospecting and Exploration Chapter 1V Chapter 111

II -
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More detail Quite simple
5 | Management of Mining Activities Chapter V Chapter 111
Mining Lease
Mining Rights More detail
Mine Feasibility Study
Accident Reporting and Investigations Chapter IV
Termination
6 | Rights and Obligations of Lessee Chapter VI Chapter III, IV
Rights of Lessee
Obligations of Lessee Items increased
7 | Short Term Mining, Surface Collecting, Fossicking and | Chapter VII NA
Artisanal Mining New
8 | Environmental and Social Risk Management Chapter VIII Chapter 111
Protection of the Environment and the Affected More detail
Communities
Mine Reclamation Fund and Reclamation New NA
9 | Mineral Fiscal Regime Chapter IX Chapter V
10 | Community Engagement and Development Chapter X NA
New
11 | Duties, Immunities and Intelligence Chapter XI NA
New
12 | Search, Seizure and Disposal Chapter XII NA
New
13 | Appeals and Dispute Settlement Chapter XII1 Chapter VII
14 | Offences and Penalties Chapter XIV Chapter VI
More detail

Bill 2020 Ti%, SEERICKHT2HEMIIEIZFEE L, TNULHIEEOHEMTHY,
WCHE SN TW AR ZRE, A, WL, S, ZEEE, EWEER LI OBEET IEE 42 52

fid % Z LIEFFR STV,

Bill 2020 Ti%, $iWHED HHEMEIL, SEWED G & EFICEET 588, 77 AL, XE,

I LOFINEZ AR U, LN A EAHIZEST 21267, EITBIREE & o -
T e tERB L OB T ORHELFFOZ LI EA LTV D, BFEEIL, FEROEERM MO
REMEDRH LM ZE D TCTESL, AV 77 AT 7 F v —LRARMEEZEIHENZAT L,

FLEY —2OEFHIZBE LT, Bill 2020 1%, #HAICL > TREH SN =T X TOEYHEEEILX,

ANFELIIAROBESAANL 7ot AL D)RE 2B L CERFEERECE VY TCO NDZ L, B

LT, WP TP S 5 BRI ROFRY) F 72 13RS A R

HKRDTIZ O DB TTEZOWTHEHIFIZESE T2 2 2F kL TND,

Bill 2020 %, MMM ORI, KEHRME, SEWINE, DRERE, RERL LGN ) 278
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BHIZOWTHIRAR TN D, JLEIRENC K - TRELZ T ok, Sl 2 AT
HERMEN G 2 B, HEICH > - RIS BRI E 28 U TR Sh 5,

Bill 2020 I£FE 72, MR HUgrtE ORI BLEHE A2 HLET 2 U — A gLl 72 8 12 Hulgorh 25 BR
HKWMEEEETHI L, BEIY, YRNU —207=OIC SRR L OEE D EBICHBFFE TV
MU SR E & A2 ER I KOV BE L C, HUgcrh 2 BRFS B i 12 25 < @& TR BN x4 2 e 2 78
ETHZEHBRTND,

Bill 2020 1%, #H7-i2 [EL3EHHIY4D (MRA) ) 28 3EE LTLUTFEERELTWS,
PR R ORSL  HEES DR, HESORE/HEEOMIE HESORE, TEK
BLOWE/ YROEER,YLROMKEE MhOMIA L O ATENRE M5,/ ARSI,
HEMRDOZEGEL L OHEZE BT 27007 L—ATU—7 /RN

Bill 2020 Ti%, ##& (Prospecting) & BE#L (Exploration) [ZfEBICER SN TR, BET A

TR EBIIER 2 IZHB S TV D,

Bill 2020 DEH T RXEAIZLLTDOEBY TH S,

M LERFLD (MRA) & &Y BULES

PR X —IlZx T AR O 1 DX, SLIL2NEE F L IIIEMBER R EIT bk D T L A
BEICT 2 MU R oK TH 5, Bill 2020 1%, K VRALEH LHAEEEEETLIZ L&
HM)E LT, B MRA Z3%V 95, MRA T EICHER 7 ¥ —%2Bl+HrZ L aERL L
T, SRLUANERANEST L, @MU EIEIT AR T2 L 2MEICT S, MRA 121, A, &
LIFE 2, S1&0MIN, TOMMEREELZHEC RN G ON TS, MRA 1TE7-, #L1l
(U AT B NN D 2 L AR L CHERT S,

DGM (21, $L3EHGEELZ TR AT 5 720 O EERR 28 BFI IS W28 iE B iR
ERRIEAL D RERI 2B DR E S LD, R AREIC L, ¥R X — & FHiT 572901, Bill
2020 (WO T, FHELHIAEIRZ 8 U7l ER PRI SV T OBIR 27D 5, DGM H
BITHEH OB T, L0 Z OEGREERICEREZ YT, HERZERL, BEEMOREE L
ROLAE R L, RECRIET A B AZRITL, HTLWILILOILEMEIEREZRIT - THL, &4
TG U TSRS E S B2 ftsk - L E = — - BH T 5,

Bill 2020 1%, #5ILFHERS L OBRK A2 ) A7 B> CTI¥ELEMT 52 &, 1k
MBREARETS L, B, SILEBEOEEE2FERE TS LR S ICBLT, BEEE
FEEORBE BB~ TWN D,

Bill 2020 |£F 72, 77—V EEBRICL o THRbND N E HERER S &b, LR, E
FATE L EJE EOFIE, oo CNCBhET 2810 S 1TE 2 I ER L TV 5,

Act 1995 121%, FLEZVNIEMAEER T 50, RIS THEBEOT-DITHEH I N5 EICIK
BENDIIEEREENHESN TS, L, ZORESITE<FEEZ L E & otz
KRV I Bill 2020 TiX, FEEEOEICASIN ORISR L, BELLLAENHES L TWD,

(2) ot S~ D FIZE
Bill 2020 (2%, THIEALES OB G EBH3E] EWHIFHLWENRDH VY, %< i S 17 il tbS B
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FOMBICERZ YT TS, ZOET, JEAT, BEHESBIUOMEM Y —vX0#EL
FAHER DY, HELZT OB AELET DL INTWD, EER &IE, BELZT
DMt A2 E, WIS WETAMEDRAIZ EHT 52010, SLESAHOKRREZBEAT HELEL 5 2
LNDEEINTNWAZETH D,

Bill 2020 1%, #EZ =T 5 #llkihaiE, BAICREIZ X 55 0mflEZm L Tl D
ERARTWD, £z, AL, SICks THBEESNT-EE A 7 TR0, ERiiz, EE,
KEREDMDA L T TICHT 7V BATHIENTE D,

Bill 2020 (2 XALiE, UV —AIZ K 2808 Mttt ~ ORI LG I 2 HE+ 572012, J02E
RN HIBAL SR B EEZRET DO E LTS, S¥ERITE -, MIESBERGEICE SR
CESZIRMT 27001, UV —RIZ XD DIC Hlgith S BSR4 38 - BET 5,

(3) {+ hn{ fiE

Bill 2020 Ti¥, FHMHUIC HRFIC S EITAREZRGS, W3 2 BT IEW A INAGAE % £+
HRELLTWD, ZauL, FEHES ORI LT, R VIZEESTEY O T A2 T 5
VW) EBERBIETH D, Act 1995 121X Z DRIEITFLE LR,

(4) REZRE

DGM & HMARFJE (DoFPS) DR Tiim SN CWAREIL, WRENEBRELZEEL VD
ZEThDH, THIE, AR BIREFEE 1995 2 DoFPS ICKERMOEH ZRB DO TNWHT-DTH
%o [FHEIZL D, DoOFPS 132 < OEZEICKBEIM L BHEMHEEL 5 2 T\ 5,

BITE, Bill 2020 1%, #HHLWEE LT R, RKERME, SLmERE, DHEER v
WIEABL CEBREAEMTERLL Y ERATWD, 22Tk, HUEE, REEdE, ik
WEREE, /BB OMERNZ K3 2 HEEE I3HLHI & HUE CREE SN D2 A T i E iR Iz
H 52 ERBRENTWD, 72, THAELARE OWERBERE £ 23R EORKE SN
HIX 2 RN BEE 2 T D ATREME N IR R BT 5,
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43. hEIZRDLTE

(1) GDP

T— X DPLFEIZ LD GDP X, 2017 #0 1,927.30 57 BTN 7> 5 2018 4D 2,062.30 557 BTN
WZHEI L7 (K 4-1),

PR - PR LBUEZED GDP (KT DY = TIE, MR X — 2 RET H57-00BFOHHE LI
BHENANCEDPPDOOLTIRNWEETH D, I - Fat 7 2 —1%, 201718 FEIT 10.6% D
MEFRNRIATN, 4% 3 FERITITEY T 125%, ZO%D 2021 —22 FEIL 4.9%2EE#HT 5
EFHIENTWD, 201718 FFED[RE 7 X —0 GDP IZxT 5 =TI1% 32%TH Y, 5% 4
R CTEAE T 0.05% KA > N5 & RIS TV,
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201 0 2012 2014 2016 2018

SOURCE: TRADINGECOMOMICE.COM | ROYAL MONETARY AUTHORITY OF BHUTAN

4-1 §ixt%Y 2 —0 GDP

Q) MELHEEEDTFE

i Ok & BT 5 B U R ARBEORIIC X 2 8% 0L b o \EEMEEZRBET L, 81
¥ - BE¥EY 7 ¥ —0E S, WMEEEZINT 50 RIER IR T D L RIS, KIIEEOD
BAFE DIV MAH /G T 52 & Th D,

INOOEEEZERT DI, [Ft 7 X —I121%2019—20 FE T 17 & 7,673 7 1 T Nu 258
TENTWD, 2095 24E 8,610 5 Nu 2, 4 50O L¥#MH (Bondeyma, Dhamdum, Motanga,
Jigmeling) OFESIZWMITTEEE 2T 272DICHE SN TS, X512, Bjemina & Pasakha
THEM#MOA > 7 T DOREBLLIOILED DI, FHFH 8269 15 Nu & 1,517.6 7 Nu 23E 0 4
THNTWD, I, #5n, B, 22 RET L7010, BESCE YR ARBOIIE L
EBIT, FEWN - NBEEESE (CS) NEREE S0/ 750 1 DL LTERERTHD, 2019—20
HEEOZORBEE T 7T LAORTEIL, BE 70 7T L0720 6,900 5 Nu Z&1Tr 23,569.8
T Nu Thd, BHA 7 TORBIZMAT, BHHBLEBEEOL AT LB LOEGRED
72O DORMEMA~OLEN, BEBS LXEMZO T TEmSIN TS, (HFETH 2019-20, H
%4 2019 12X %)
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4.4. BhiEELD 2 —DEEKH

BT L LY 7 X — O RBEM & OBREK 4-2 17T, M2 L2 TH D MRA 1%, il
FERE 2 1851 2> %h i :%% FHE DD ENT-, MRA D&FEIZK 4-3 (ZRT, 4.1 B X
W42 TR L7=L DT, dh¥twr ¥ — @ﬁ%kif}{fﬁﬁﬁ“n’ﬂ?f WO E SN TWD,
DGM (%, #LEL _Féﬁ@ﬁ“éaz%bm%)ﬁmﬂﬁm%b EEREEAH S TS, DGM D FE7
HwENL, BURLRE, A48 AT, 877, %%ﬂ%%ﬂn,fﬂ% I~y B,
PLILEE /e ¥ CTh D, DGM OflLikIX & &EI 2 LK 4-4 L4 4-5 1257,

—

* Mineral Development Policy

POIICy and Legal * Mines and Minerals Bill

Framework

< * Mines and Minerals Rules & Regulations
£
c - Mi i
= Institutional M¥n'eral Rights Cadastre (]?GM)
S * Mining Regulatory Authority
8 - Development + Transparency and efficiency
5 74
) . * Investment
S Improvement Exploration + Enhanced revenue
x of and Mining
Management

Role of Private Sector

4-2 T—RUOHFELEIA—ODO—FT YT

Mining Regulatory Authority |/ Mine Plan
__| Mine Feasibility
Study report L EIA
Autonomous body | | Draw Lease ESRMMP
S Agreement
e N g
Finance | Compliance
1. Fund appropriate by the < r
Government % —  Regulation Collection of levies
2. To be delinked from RCSC L
and have it's own service rules ) OHS &
N y — Permits Environment
|| Reclamation and

closure

4-3 MRA &FDEE|
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Department of
Geology and Mines

Mines Leasing

Committee (MLC)
| | | | i
Geological Survey Earthquake Mineral Mining
Division & Geophysics Development Division
Division Division -
Mapping & Internet Audit
; Unit
| Prospecting Earthquake Policy
Section — Monitoring Section f 1
Mineral Section Mines Legal and Compliance
|| Exploration Project Leasing Dispute and
Section Network and Coordination Section Resolution Monitoring
— Instrumentation Section Section Section
.. Section
Engineering :
— Geology - . | | Envt.
Section Exploration I Monitoring
— Geophysics [ | :
|| Drilling Section Admin & Pool Library ! || Regional
Section Staff Service | Offices
1
1
| glljgvey & A4 | Mining
Section Appeal Committee Registry
| | Chemical Lab
Section
4-4 DGM D #E#EE
Prospecting
— Receive application Exploration Mining
® Mineral Rights Surface collection
2 Certificate
=]
5 : Fossickin
3 L Review proposals g
£ |_r— Process application
D
2
= Clearance
£ — Mining
= Mining Rights |
Certificate — Short term mining

Mineral Rights

Fossicking

Rights Certificate

Surface collection
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45. Bq8

(1) MRA D& IE 75 iE Bl

MRA (I Mines and Minerals Bill 2020 O K& IZTEVVEX L 415, MRA (Z1&Ed6 K OFEA O i i
TDGM k38705 (K 42 1 bIX 4-558),

MRA WIRANZHE > TEDOZRE| Z W IEIZ/H O L THEITTDHZ ERTE DM E I I RER
HETH D,

(2 DGM D=

DGM IS DEFLOSICEBWTLUTD X 9 2958 % 6o,
v' DGM (2 L 2 F) I T HE 722 8590 & P D BFEAT D K A

v BEFD AMEET) & fFR D =— X DOFEAM o K AN

v BT S RIEREAGRE L OFH W= =y

(3) £tk

v FIERLRE M OREER T

v ATEE CSRIEH) O EEAHRE D RN

v MU BURIC K 2851 Ffe = (B9 5 BEF ARk o Kk an
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I OBIFEE, ERTEBIOCBRETOMG THMEOREICEEL G D/ EERD L, 0D
2, SESERRERELEEL TEDOIMLENRD D, 7—F  TIHEFTPERIZBWTHER
BRE~OBREN RS RO LN TEY, FRIEMEOBERFRHE 2170, HTBIRESER S
DIBEBOERTZMT DI ENEETH D,

5.1. BEKE

(1) 7—42 o EEZFEZE (2008 &)

FIEE 5 &KL, BRERBE~DT =4 Da3y hA v e, GNH (kT 57200 4

DOHED 1 D& L TORBEREORHKZ KL TWDH, HSFRIFIUTEZEDTND,

1) TRXTOT—H 2 ANiE, BIER L OREROEROFIZE D72 DICEE O RRER & BRI O G
FThD, BREIIRSSLWETEHTHORA L XREZB LT, BRERORE, 7—%00
SENREMSEEORE, BLY, BE, Rl IOWaENGREZ b b P L REOA
REFHILLDOBEIICEHIRT 5 2 &1F, T X COFROEANRFTE TH D,

2) ENBUFIFROZ L A2ITH>bDET 5, (a) FANTORRELZRE, REe, SGEL, o4k
MR RET S, (b) BREAREROLILEDI<, (¢) ENRBRFENR X UL B3
EARHE L7235, BRI T U ADIRN - R il RE R B 2 e+ 5, (d) 24 Tt
7R BRBE 2 R T 5,

3) BUMIE, HoOXAKREREZHREL, ERRAOHIEY DL, 7T—F D tiodbial &
t 60 =t MRFEICHEKICEBON TNDEZ EEERIET DD LET D,

4) ERIL, RIREFROFHEErTRE2FIH 2 et L, O EMZHRFL, BEOAMERIC
%9 B EFE O MO 2 FHERT 2012, BEEEHIET RS 5,

5) X, EHICLY, EOEBEOH S A2 ENAR, BFALWRERX, HRMEEX, R#EMK,
EEREIX, EERE, BIOMREIHET 2 Z20MOSHETHLLEEET LI LNTE
%,

(2 7—42 > EEZFE (2008 &)

Bhutan 2020 1%, 5 FHEFEE —HLARTIER LR WVEOER, 2%, wEE2EE LZREK
% DOXFETH 5, Bhutan 2020 1%, WEOFHERE, BAFKOMBE, wiEMR B L fRE2 AWk
DI, 2020 FFLED T —F L OBESNDRNAE L E2a— LT,

AR BEEX, fFROMSL, 28, FHEAHRT LI ThHD, e R2EANL 6 DD
FETHERINTWD, TAT T 4T 41%, UL EFZBEET L2 LIk o> THRRI T
e o, th2of— EPFIEE 2 OFAITH L, BELEEHICL2ZE®RITIIZFATH
%, BIMIZ4FHTHD, ey, MERY, BEF®, SUERy, BREEAIMIHE 2 8858 9 2 £t rT Rt
%, 5 BHELTCHEFICEETHD, MELLISEZ SFICELICHEST 2], 6 HHOD
18 (Middle Path) D& & —E L T\ %, Bhutan 2020 (%, fi#tL 22 EAIZEIT LoD, &
HEORWIERIEDOA Y v E2ZITFANDE, BELAZFF->TAHMNT D Ax, SnREMSZHRMEC

II- 104



BOSH L IEOPREEZ MR, BEORE, REMMOZ AT I v 7 2iG8z 5 o
R Z AT OEROA A=V ZRBELTWND,

5.2. IRIEEEE

(1) National Environment Strategy (2020)

EZBRBIHE (NES) 2020 %, 2020 4F 6 HICEZFREELERS (NEC) FHER TR SN,
ZoO3CET, BT HEREEOR, B, RHChonboThY, I IERMIAKEICE
FOBREGFOEEOEMONT V AZ]Y, kT2 2HME LTS, B LWERE I, 21
i ORFEr — R~y 7E2ERT 2 ECHLIEFICEETH Y, HEET D 5 B EF B O FEhE % 1%
T 5, K, ZER, Em, THICEAT 24 OFERERS D, [ELAMSERNEO EE A EIC
WO MATN G, FHp e BIE 2 ER T D720 DOMET 7 a—FIZONTELRL TN D,
IRETHRMG X, BREMRELZE X, thany, by, REHBEZE L BEEHN T L L THEET
bDH, THUE, TARTOR®Z X —NREMEOFBEN TEHE L 7’1 77 LMERNAR A2 1 50

\ZARNED,

(2) National Environment Protection Act (2007)

EZFREREMRHEE (NEPA) 2007 1% SEA OEZR LIS 5, Z OIERIL SEA OEENZ SV T
TV, SEA OEMIZEENSOHHRNT A —F—%EHTND,

ZOEAE, BHL, K, B, S5, TOMORKEROMEHEEHRT HMOT R TOEAE
BIOBBINZOREL =BT 5L A28RL, EHREFETIREICHET ST XTOBED
EHEZFEILT 2D (ZNLEFFELZRWVA),

ZOERE, TRTOT—2 NI, EOREEEEZR#ERS X OMRET 2 720 OFED D%
ST DB LD, KA TRHRENRBREICRT 5 RN L 52 T\ b, BUFOHIERIEIZH
> T, ZOERE, BERREEEEREFIFESOELEIAMEZZITLIXETHDL LB ITND,

(3) Environment Assessment Act (2007)

BREET A A2 ME (EAA) 2007 OF 1 503, BISHIESR, FHEE72137 177 4 (SEA @
W EE®T D) BLOTrY2s b (BIA ZEBWKT %) DREICKIZTEEN 8L TN
HZ L, BEY, WBEMNREZEZEBL, BESOMSZIEET 57200 F#k L O & 2 ok
ET DO DFIAEFESLT D,

FEE, B 7 ey =7 ML TERETEAA U bE2HEL, RBREZ VT 7 0 A 2R
D2 DEMFEZBLE L TV D,

vV BRBEZ VT 7 ZA0RITIE, BEBEEORITOREREME TRiITIT R bRv, (B8 5)

v BROREBEENLEL LAWESBHO Y27 ML, 5K (NECS) 7 bEEEH %

T RICOBRBBT D ENTE D, (FIF)

vV ABORIEBEZLELT L0y NEFEITLES ETHHIE, BEYR~ORGEEICT

nYxl NOBENREEYEOHNAZEDL b0 ET5H, (F115)

v F=%JR (NECS) RHEEENLRESNTIFRICESWT T r Y =7 OB R EREY

BEKFECE WSS, FLEREISNERN T2 =7 MRE 18 FOKRMETZL
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TWDZEEGEHT DI+ TRWEGEE, IMEEITIXIESRPEARE LR LLMEITHE-
TERETEAA L PCEAERT LI IIOFEE RO LD ET S, (B155)

ZOWERE, TOEMEES ZLEZFHMNE LESEIERNLECL > TXRFINTWD, #
HlE e LT,

BT NOREESZ VT T AT HMH (2016)

CBRETREARA U NO— IR TA KT 4 (2012 4)

TuaYzl NOBREZ VT 7 ACET HHAI (2016) 1%, FTEEETA, EAA 2000 OF 111
ERIOBAIOE I FIZESWT, FYued=s NOBEREL2 A7) —=7, ZAa—' 7,
BXORHME L%, VARSREZTe Y27 MR LTREZ VT 7V AERITTED LT
W5,

DGM ([CR#F 258 L Y r v =7 ML, B0 SN olcyay =7 NenETLHL 5 7%
(SR & FRFE 9 D 7= O OFEMIEE )] Th D,

(4) Regulation on Strategic Environmental Assessment (2002)

SEA ICBHT 2 AL, WO DR EOHMTEAS T,

v ﬁﬁ,%@,it@fmﬁ?A%%i BT, A, EITFETTLRICE, TRTOR
BN REMELZ 2 ICBERB L TWDH I Ll T 52 &,

VoG, EHE, 37T Ax2R0E, BE, A¥, FIEET T8RS, BEAOKR
BUR R BREE~ DO BREBERINTVWDLZ L AR T D &,

vV Tmvxs VOB VT T ZBHI (RECP) Ift-> T vy =2 MEADOREL E =
—ZME L, WEUZRFREM CRERE S T X TCOBNREOREL RMICRET L2 &
T %,

vV BEWRERERE V=T 7 ) n =0 E Y 5 RERICR R ATRERIRRORRE &
ZDORITEARHET D,

voOHLIX, U7, E LoV TOaRER R RRE TR & CHRIHEE OB e L, BT 5,

}

HRREHIBREE 7 £ A A MCBT 2 HAIOH 5 Bk, RO L DI Tn5D, TREICEKRRE
BE G52 50O H D 5 MMEFEZ G A8, FHE, FX7m s 7 A%%KE, T, A%,
FITFETTOBNE, BENTIREND D, T—F U ENBFICEE SR SENIC, Z oIz
o THRISHIERIE 7B A A (SEA) #EfMETHHD LT 5,

SEA IZHEENLEWIE, AM, &, My, L3, K =X, [, =8, WEWEE LS
{EEPEIZXT LT PPP 25T 5 2 LIC X A2 EARZREENLS L OMENEELMT 2 BN TE
AT HEL L SN ATREMED & DFEM72 & O T2RIT TR B 7220,

ZOMANE, T—F U OIBHIERET A2 A b (SEA) DEZEHTA KT 4 U EHE (2016) (1
FoTHR—FENTEBY, SEA 7t 2 IK 5-1 DL HITHESNA TS
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NECS

Proponent

SEA Team

Approval for
TOR of SEA
and Scoping

Establish of
SEA Team

Preparation

Preparation

of SEA-TOR of SEA-TOR
and Scoping and Scoping
I
Holding SHM

Preparation
of SEA-TOR
and Scoping,
Application

for approval

Conducting
of SEA Study

A 4

Analysis/Eval
I uation of the
Holding SHM SEA Study,
| Preparation
of SEA Report

i

Preparation

Approval for l‘- of SEA Report,
SEA Report  |[—p Application
for approval

5-1 SEADFIE

(5) Environmental Standards under NECS

BREZILYE 2016 1%, BIIONT A= —LFHLWEKELZ G L) ICdET an, &
%, 2020 4F 6 A 25 HICEZFEEREZEBES (NEC) 1L > THRIREN T,

BGET ST BRBEAEUE 2020 1%, UITOHHAOREAELZED TS,

v

AN N N N N RN

JE BH oD 7K B FL e

PE 3 HE K D HEH L HE

TKWEE T Z >k (STP) OHEHIFEHE

JE BH D KZVE D Fa e

PEFEPEMELYE (V5 YM'E D Fe KHIFR)
TN =0 Lo = N OREEYEH I TE
kb D HE H L e

HUEHE O R 38 L OVER 5 il BR 0D ik ¥

BEE L~ L DR
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v BERIOHEH LT
v BEIEWRERNE O PR ALER FI R o

(6) thDBEEES
T OMICEREICRE#ET D EOES EFEK 5-11TRT,

& 5-1 TOMOIRKBICEET S2EDESR

Item No | Name Related Organization
1 Forest and Nature Conservation Rules and Ministry of Agricult
. inistry o riculture
Biodiversity Regulations of Bhutan, 2017 y g
- . . and Forests
2 | Rules on Biological Corridor, 2006
3 | Water Act of Bhutan, 2011
Water - ) )
4 | Water Regulation of Bhutan 2014 National Environment
Wast 5 | Waste Prevention and Management Act, 2009 Commission
aste
6 | Waste Prevention and Management Regulation, 2012
] . Ministry of Home and
Disaster 7 | Disaster Management Act, 2013 .
Cultural Affairs
Culture 8 | Movable Cultural Property Act, 2005 Department of Culture

53. IiXIZHRIREHREE
IFC I X HBREE - fltEE - B2 WA KT A4 (LLF, BHS A RTA LV LIER) 12X B L, $1i
BRFEICIE, RO K D RELEEEIC B 5 IBER R BREREN S 5.
v KO & KE

BEZEWY)
fERY)

KR=E
B LR

NN N N N NN

£

TR & A Rk

T X —fE

B~ DR

SRS AEICE LTI, MUY A 72 LT R TOBEBTW S OERRAET S, e
X, ROBT I VIHE->THETE D,

AEDE

AN NEE NI

18 I8 DAE

BRI & R

— R 7R DR & A
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WERRY 7 fE R

R B S

A~ Ak

AT E D) T— bV A b O

BS T

BrE & IR

R ERIEIC BT D REE OfERRE (K, 1R, BPTR K OEE R T ER)

AN N N N N

5.4. 2%

() BFIELICH T DIREREBEDER

WY 7 4 —TOS 52 DLABITREFRE L HBEOTZOE 11 K 5 PEFHEOEZE 2 HE
IZEFT SN TWD, 2020 FO 7 —F > OFLIIBRRE B ITERIRER T, BUFITBRIEIZH L 72
8B4 % DFRIBHTE DILRITHIfF L T D,

—7, BEAFOFL LB O BREMSEE OB OV TIE, BRI b U] 72 ks 2 B X
nNTW5, ['A Bhutan National Council study on the socioeconomic and environmental assessment of
mining and activities] (2013) TiX, 77— VEFEFED MO OIFEEL 7 ¥ —IZB T 2 REREIC
ONWTOERELBEPRIN TN D, EFFBSITZBFICIEMEORITANS, LLTFD 7 SOEKE
RAIEZEAT ) L HOI-E LTV D,

i AROFROLEE L OERaTEEI O & F/lls, EEOFEMLEMERZELET D,

i. MUBIORAGOSE, £=4%1V 7, BHICELET 2BEFRKEEOETZED,
ZIH DRI ONWTOEMTE ML T 5,

i, SRR KO AGPIEROBEICHE > TEE SN TWD Z L 2 RIET 572010, BEF
DI, W, A RTA 2, T4 v 2 fihh, EEEOEHILELZFRHT 5,

iv. SEXRORATEBOEPER S &, 2RFNE L ORENREL ERT 5,

v. BUEERINTOWOIREECHEDOAIMELZ L E 2 —F 2, (BIRIX, B LR 728k
W, BRTERSMTTONTHD L) RECELIHAERENEM I TRV, &
EFTITEANDE /AL ERETICEA NS E, CORABITBNNERE, —
i RASHEICABE T 22 L D)

Vi. BTOHER IUORASENE RS ZRGEL, ABRBT & #REE O oY) e
I 2 ORFET D

vii. EZRREZESFBERVIEEFICERT D Z L2 BBMT ATV LERBREFEIZ,
NEPA 2007 TEH 51TV 5 the middle path strategy & AR OEF(LITH - T, BRiEE
FOBATEIZ LT 272D R FRRB L OCZOMOT X ToOHELED L, F
Tz, EROIMHOEDOIT, BRI > TEFRRREZESB IO RRRICEMT 2,

viii. FREORMBENER SN D E T, FHEOIEEDORITE T 5,

ZOXITAB IV FBRRBEBERINUBAENEEN DAL, b DOREITH- T, BifF
DIL¥tL 7 2 —CTOREERZEUNCEN T 206E N H L, 2O HEEZRT T, DGM, NECS,
BLORMOIMBEESHT, BORREEEFEZREL, RERMRLERL, BRI
DI T 20ER B D,
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(2) IREREMIF TOIHERMR

7 — 2 20X, 19,750.57 km? E700E 51.44% YT 5, EOHBER) D Y45 DL E S RGE D
W AT LD FIZH D, T, 42.71%OREHIK, 8.61% AW FEHIEIEE, 0.12% O P4 ik
TR SN D, 7 —X v Of#EIET, 1) FEAEMY 7 F 27V, i) BFALEMEERX, iii)
HARREX, iv) BiE7e BARREX, v) WFZEHRM, vi) EE R E 7213% O fh o R EHUIKIC
SIS, REHIEIL, BARBRWEREE (1995) IZESWTHEESN TS,

FEIC LY, REREXIE, Y —v, BEY —2, ZHNY — 0 3 FBEICOEINT
WD, ZOWEAE, ks niE®) & TR SR8 292 Lick, REHIEAND
ANBOIEEZHHI L TWD, BEI1T, YRICE > THEIARFIIRBITENTZHEICORTFTEN
Do

IR O N =T —! BRENRERODPDERA, T8 T, REHIEOnr—va v~y
IZRTDFEIT AT,

x® 52 REMBOHE

No Name Definition/Purpose Development
potential

1 | Core Zone | A fully protected area within a protected area designated | No potential

in accordance with technical regulations, human-related
activities are not permitted, except for regulated research
and monitoring programs

2 | Buffer The area established within protected areas based on the | With EIA approval
Zone mutually  beneficial relationship  between nature
conservation and sustainable management of natural
resources. Local people can be used multiple purposes
with special approval by the Forest officer.

3 | Multiple- Area set up as a "buffer” for human activities and nature | With EIA approval
use zone conservation within the protected area

NECS DT BEAA L b« ar T T4 T VAT LD L, ZHY — 2 3R E T T
BLRGHEBRNB RO oIz E, 7uvey MIREPEFMREONRE D, a7/ —r
TORRILI RO bR, BIRPFIET DATREMERH > THHBIIW ST 225720,
T—F OB, BREFMI TR E X, ADB O 2% T THRET S, RO B
EZITTRESNTEZ LD THDL, Lo TT—F L OBREFNAM T X 13, EARMICIZER T D
DB SRS O BRI N—T 2NE - TE D, JICA BREMIEET A F7 A
v (2014) IZHERL TWD, T—F Rk, BARLED, £ < OETENARSCHREXNTO
BRSEAT 2 ZRMI R R & 2o T D, ENIARND O A E R EIRNFE SN-854, DGM X
NECS IZMX THEMAFYP—ERF[EFE LAV, a7 Y — A TORBOHD EIA FIAZED
LMEND DL, v AT X2y S AL NIREBE~AODAMPRKERFETHLZ LD, H#HUk
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EIA 21TV, ®Ea2i/MET _ETH D, IIIARITREICRE REELFOME T =7 b
ThoHDT, Bah/MbT 5720wt EIA FIEZ ERid 2 LR H 5,

LU D, SmEIRFHASCIME IR O 2 iR 2720 O/ 723D X 5 724])
HFECHIREXANTOIEE CTH 554, BIA B NERIND, 2O Ffh S IS TRSOHIH R
VELRY, TNANEIEEDOmWEE L Lo TWVD,

H AR TIXESLA R O R B HBIR S L~V O L S TRO 4 OL 7T I VI T o5, FF
PUCRFEHLDS, 55 1 MR, 55 2 AR, 5 3 AR T H D, ZohT AU TEMA
EORERGNITEN SN D, 77— R, —EBRED LU 23S VR OR G sl TIEBA & 125
WTBRHFEILZTE 2000, BUREFITAIXIZEA ERD LN, L0 B L~V O
1 flf2~ 65 3 FlR R U THAA OB 1A OERILD X 9 7o/ N 2205 8 2 Fe it L 72 WA 1 38R
FERE (b LITME) ITHHEL, NS TRRBELHBLI LN TE D, FEEHLRIET L
FHIZE oA (ARAREEMATHRAE 11 &) BRLOSHBCTRE S oL (ELARFE B
FHED) ZW 7T EEIND, WA E TOMBIIRBEONRIZ L > TER D23, i 1~3 » A
i TH Y, EIA ITH_NEHRERFHRE L R>TND, ZOXIREEFhRELHE RIS, HART
ZESLAREN TOMBIEED et Ze SIC O W TIEFERENEAL TV D,

T2 BV Th, EMNAROBRERRICEELZ G20 LV O/NRB R B R,
a7 = PUSNOREX T, EIA Tt OffiF e L, FISNNREELZRD TV Z b 0HE
Tho, FELLBAA, TNLOFIMEELEFT 25%61%, BREIRE L TRERIERE %
179, BBERE=Z) I7EELERT LI EITHBRLETH D, 4% DGM [TEREEEEKE & =
DFISEEICHONT, Wi#Ea T2 enfEhcsnsd, £/, AIEH TR TS National council
DEFED (1) To prioritize on conducting detail geological mapping of the country before embarking on
further mining and quarrying activities. b HER AR A F Th D, AL BIZENARE X —7 > b
LT HDTIERL, £F, T X R BT D HERE R T, EARNOEE RO T
PECHONWTT TA AV T 1 2 L, BN R Z N—RZHZEOTM TOMRME I~
Th o,

T—=Z T oEE i LT BRRE, FRICENARORERGIZH L, Ko THPT
(2 &Ko TIT AR D 7278 2 SEA IR BA 8 O BEAFHE (L O3B T DWW TR L W2y 54Ty
%, —H THMBRARITIABRE RN BEGSFEL LTHIRFSNTEY, HBRERE L ORI, R
BEvH g B IR 2 U L 7e 3 6, MBERPRAESHBEZNT VAL FE ML TWBERDH D,
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6. SLYEIREFEETE

6.1. SiMERBARDIIE

P EWICBEES 5 LR HEEOERITRDO LB TH D (USGS, 1992),

M9 &0X, EPBREZDLTHER S D EE X TWD, HDWIE, B i Hir 72
BLEBETLHMOBETH D,

MPER ) &1F, b E LWVRI T T, REFOATEEERD D & e Id 0l 7Bl &
LA AT A TH D,

MPEA ) &iX, OERBRAERE CTHY, FliRE/ELHT O ORIENAHETH 5577 #l
B, MBLOT 78R LT IE2ATLIEDRHONTWOLIIKRTH D,

EpAABLE I3 T9L) N OmEY, SOROIMEICEY THR) ~b#ER, THiA] IZED
ZEFENTH D,

MR ER L O A E ] & L COEMEROSHEIL, 6.1.2 FITRT,

6.1.1. SLMEIREAFE DM
FEEPRBAZE O TR X HAM TV, RO R 72 8n LBz 2L, M EERIEE

FIENMLETH H, FLILBHRE TR TIE, KO 6 >D4] %%ﬁ&%#%z%hé(ﬂ6q
%%ﬁ.g)o

(1) ##7& (Prospecting)

A DOBERETIE, B L 7 - R0 O o E3E3E DY HUVED 10 ik % 3 T, SLRAFE K
ENDAREMED S 2 MR A R ET DD OREZIT I,

T B R RN, B VERR & VBRI, HIERMERA, HERK(LAIRA 2 & O FIEDS L
HI7e PR & F LT 2 7= O IC R OB Clli H S 4L 5.

(2) ¥4 (Exploration)

TEPETIE, RMEFAENEM S, BKOMME BEFMT S B TILEST DD
THEIRRREN D, ZORRICESE, RO OIcEET Y v k%/ﬁ%?&@ﬂ#ﬁb
H, I, i, MEBBIOREOFEB A RMEL ST T 5720, FaiFEEL A e A&
(Pre-F/S) DFEMEIi 5,

(3) SELUERET - EHIE

WE~ > E 7 LHMERT — 2B oIlCEShD &, SLLORRE L FIBOBRBENIRE D,
ZOERMETIE, eyl FRZET, EEMNICEST, REMICETITET, HEMICEERN
HDOME I MBI T DI ORELEMT L2LERD D,

FEAREMERHE (74T 4 227 4) 1%, SMERZREFICRIETE 2010 E 9 0%
W 272 E SN D, ZhiCiE, HEAER, SLXANOIMERO &L mAL, BRI ED
W, S ORILITIE, EER, SILOMMER (w4 T4 7), MR, PHRICLERR
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HREB LTI T 2 EERE D 2 ENEGEnb,

(4) FFE LR
BATE D BFETIX, MEIROFREA T, Sl A 7o hogkit, 7uy = MNMIBET LA
D FEfE, MEBRY I L OBRERZEOF AN, MERFFAT O, JLLEREO KA ThiL 5,
RO TREE, BFZE, FFAl, KERE T L7Ic&IiThind, L4 M oL, B,
WLBRfEY, BREEHR L AT L, WEBEREER EOMBROBEHRNEEND,
BIEOR S — W72 2 DOFEE, BREREEMT (JLE) | TH D, BIEEIE, IS
IROFeME L, e, HlT, BEBIORFNBERICL > THRELNDHIRIZE s TREIND,
FLILDBARE & BFRITIX S D 10 =D

(5) £&E

EETRTIE, SBRPLIEAZREL, Tz L TE&BEEMmHT 5,

AETRTORNOBEBIZIEATEWORBE TH D, Zhid, SEIERTACHMEMEML
THEAPOIAEZRIET DLETH D,

2 FHORMBITEIL TH L, RIS NI AIZIERRHAEE IO TR S, XN

(A D & 2 FE D IEA Dy BES N D, IR 25k - 7oA 1R L & FRE N D,

UERF T, i - RN BRI ISk S D,

EEORBEOBEIMRETH S, Zhid, a0 bR AT 5 7228 TR Z i3
LU THDH, GROMEL LV EL T HOITITI HITHBEMTON D, ERIRITSRIZEDN
Nt/ ESN D,

(6) BALL - &1&

PRI E DO R KEBBEIIPAIL R CTH D, FLY A N CHERENEE T D L, SERNDO T
T Ok & fRR L T, ﬁM%Fﬁlﬂ@“é@ DITOID, WIZ, THUEME OMBENFELT S, FLL
A MEBH S AT O K HE )%éms

AEREIH T v 7T M2, AREE L LEEOMNE, REREOR/NME, BEMEAEDYD
BHokrE, KEORAE, Txﬁb%f% ET 570D oL E, B LWHIE & A O
ISR ONTZLZ OHBDN® 5,

PRl Z P T 2 DICER K 10EPND 2 Enb D,
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(Exploration)

SEILIET
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- WEHEETY T
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- FRTEBLATRENEF A (Pre-F/S)
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- SEBLAREMEAA (F/S)

.« PLZEME D HUAF

R E T v N ORKE

- PRUEHEREYS (TSF) Okd
- TAEETH

2~5 4F

- JEBK, MER DR
« JEPET AT A

- BREE SR

.« wFad ]

< TREFHH

2~5 4F

EE

ST (A= N = e

.« PRAERER

- BEAEE

BRI AL O BER

« A T4 7 (LoM) DIEE

10~30 4

FAL

(>34

< SR A F OEE
- R EL
-+ BLRTEIR
C RET=4Y) 7

1~10 4F
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6.1.2. JORC O—F

T EIR D FEIL, MEFHEREGEEO L LD FFRICESSEMEROSETH D, =
DOFITRBEEE Ch D7, ED, HAlBLXOEROKEETOEEICL DV EFHIN TS,
HIIZIZN OO GFEAFT—L20 BV, b AN Z 4TV 2 DI Australian Joint Ore
Reserves Committee Code (JORC =— F) ThH %,

M &3 X O A B & O WS T 2 KEEMNBFE (JORC 22— K) | X8 RG0S 5
(Exploration Results), #L#&JF & (Mineral Resources) 35 X OV A & (Ore Reserves) DA
AT D KR EA R ET A EMW R KR 2 —FTH D (¥ 6-2), JORC =— KX, 2
A5 2 O MV R RO G & BARRY  RRIEIE R OEHEEE It > T E IR 2 DT 572 O M
VAT LTS,

JORC =— R 1989 TN AR S v, B OLETRIE 2012 &2 I A S vz, 1989 4
L1992 FEDOXRKETURE, FAla— R (4A—2A V7 t=a—U—F 2 ROGERRGIFTO L5
A ICHAAEN, A=A T VT E=a—U—TF 2 RTAREHELY LT 57202 iEF a2 —
R DNESF N FHA T 5T 5, JORC o— RORFIE 2012 FEICRITSH, BITHBO%,
2012 AEfRIZ 2013 4 12 A 1 H ) BIEANES T 5T,

JORC =— KX, A=A M7 b—y 7AiM EGRIZES (JORC ZEZ)) 12X - TERK
ENiz, JORC EEAIT 1971 FIZEY SN, A—A N7V T OHE L ZOHMMMEIC L - TR
BEanTns, RZEBSE, JORC 22— RO Lk B2 H Y45,

(JORC 7 =7 %A k&Y : http://www.jorc.org)

Exploration
Results
MINERAL MINERAL
RESOURCES RESERVES
_ Inferred
Increasing level of
geological
knowledge and : e
confidence . | INdicated —= Probable
i #H#,
Measured | < Proved
Consideration of mining, processing, metallurgical, economic,
marketing, legal, environmental, infrastructure, social,
and governmental factors
(the “Modifying Factors™).

[ : JORC(2012)]

6-2 REBR-UVERE-HAEBRED—RER
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6.1.3. ERDAEMETE

BRPTTICTHRDOIE THRICET 2 & 2 258101, D 2L BB T 48 2 £
THIENRTED, ZhiE, &, #, 7I7FTBL0ZomoVbw s BE&EOLETHD, =
NoHOERITIEE, thoxRLmEETICARTITFET D700, R DRWIBINO LR T
PRI 2 2 DR L e D, 7220, 1Z&EALEDYGE, @RItz E o
fba e LTHRRICHET 2700, OISR REBICERT ILENH D, TOR, FrEDHE
MR THEATED LT 2DIl, SEIERFETREHIND Z LITRD,

BB OGEA N DTS ETITE, Z<OTEMMLETHD, LLTICHOHF ZiR~5
(X 6-3, X 6-4),

> RiE

PLELT, ME (FERED) BLOH T (BLE#Y) JKibE LT, Mm»oiiazity 5
ZEThDH, BRI T, SAIXERREL > ORAIND, HROMFOZL IXEKZ2HE KK
DI BHEO TR Y, TBRIE B ORI 1,000m <, HEiE 3.5 km L EIZET 5,
oA DALY, — A 0.1~2% Th 5,

> ER BEREEEE

PO ITRRE SN, BESnBRIZR D,

> EL L
PELAITIARRICEVEBRNBEM SN TRBILE 25, &OIC, B S a3k & iimgl &
TRAIND, KRIZ, BEWITZELIPREZIAEN, WWNLRRAET S, Ja i T LETIE, IkeE
MEIEAL B R DN R e DRI A, B RN D, R, >y 27— MEhnd > 7 TK
ZHEK LT-t%, SRIEHERESICHT S D, SEHL O ML 20~35% TH 5,

> HlR

UL, eREZMMEL, BAZMEHL CHETIRAEZ AT 278 L TR RS ZDIZ, §0A
FATEIICEBE MR DN TH D, BAIE1E, FRNTHAZETOT T2 720I1I28A12 %
DNOIWMETH S, WHREMITAIZENN, HeEoBEPEGEIN T, RESNHIELERD,

> BfEREE

FNTBELRIRICE D 99.99% IR S5,

FROBGETRIE, 9 02% 0% G Tea a5 99.99% O E O 8 & A k9 2 s & #
LTW5,

> B (U—FY)

BULEEILICB T 20 LT TH 5, A AR CAB S N5, ARBIEIE IR
I CHANED - < D LRNED THEBR L RN G, BMRRBREEAR SN 5, 20
%, BRHEED BRI L > CHARRS NS, 207 Rt A, SK-EW (GBS
LOEMRR) & LTRBR TN,
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Base camp
<y utilities

SECURE UTILITIES SUPPLY
AND DISTRIBUTION

Mobile
Water Units

Dust
Control

PROCESSING

In-process solutions:

C ) filtration, evaporation . 4
5
L.a<  REFINING
RESIDUALS MANAGEMENT & o ot INDUSTRIAL SERVICES
Wastewater Tailings, - By-product Recovery: “wey ' M | octrial cleani
Acid Mine Drainage resources, water, heat MR gy neustrialcleaning
: Maint:
Waste: collection, aintenance

& Overhaul

ey \

2 Qd
S 2.3 SHIPMENT
ﬁy R \
S
>

R

sorting, recycling

Compliant discharge

[ : VEOLIA(2016)]

6-3 SLLEEDA I+ TS D

EXRHE Y SRl
(Chino, USA) ==

(FB5 81
..

5

WS Mk

fRE S ET
(BERER)

o (R S

6-4 HRILILERICHEDIFE
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6.2. XRILE (ERILEW)

TR AZBOWTHIRF SN DS RIEMEILOFK & LT, A MRDP Oxf& & 72 5 80fE1X, &
(Pb), #igh (Zn), X7 27> (W), #i (Cuw, & (Au) BIOA LM LFE (REE) THD.

SR EWOREINL, S{LIERO X2 4 7 /70 (FLRKKG) BT 5 2 & NI
WCHETH D,

USGS X, SLRET NVO@EFENR 7 V—7 « FEEBE L, Zhicky, #EFRIE, BHO
BIHRE R A2, X0 R HERBHE 7 L — Z I m e IR B & i3 5 2 &N TE B, RIA
WHIE — M BRBE L SR BT VO BMRZ R THITERI AKX 6-5 \Z/RT, 2D OIKET VL,
# 6-1 CLVMMLHHENTWNS, 6-5 DAEMHOETIE, £ 6-1 OEFITHIEL TV 5D,

Mafic-ultramafic { Stable Area #1to4
Unstable Area #5to 10
Intrusive Alkaline and basic #11to 12
Felsic Phanerocrystalline  # 13 to 15
Igneous Porphyroaphanitic #16 to 22
Extrusive { Mafic #23 to 24
Felsic-mafic # 25 to 28
Clastic sedimentary rocks #29 to 31
Sedimentary Carbonate rocks #32
Chemical sedimentsMafic-ultramafic # 33 to 35
Regional Metavolcanic and metasedimentary #36
Metamorphic Metapelite and metaarenite #37
Residual # 38
Surficial
urhieia Depositional # 39

il : USGS

X 6-5 hE—F9 b/ RBELEKRETILOMBEZ

IIr- 118



® 61 BHEH—TI O RBEIZLBLEKETILONEE

1. Mafic and ultramafic intrusions
A. Tectonically stable area; stratiform complexes
(1) Basal zone: Stillwater NiCu
(2) Intermediate zone: Bushveld chromitite, Merensky Reef PGE
(3)  Upper zone: Bushveld FeTiV
(4) Pipelike deposits: CuNi pipes, PGE pipes
B. Tectonically unstable area
(5) Intrusions same age as volcanic rocks, Rift environment: Duluth CuNi PGE, Noril'sk
CuNiPGE
(6) Greenstone belt in which lowermost rocks of sequence contain ultramafic rocks:
Komatiitic NiCu, Dunitic NiCu
(7) Intrusions emplaced during orogenesis:  Synorogenic-synvolcanic  NiCu,
AnorthositeTi
(8) Ophiolites: Podiform chromite, Major podiform chromite
(8) Serpentine: Limassol Forest CoNi, Serpentinehosted asbestos
(9) Crosscutting intrusions (concentrically zoned): Alaskan PGE
C. Alkaline intrusions in stable areas
(10) Carbonatite
(11) Alkaline complexes
(12) Diamond pipes
2. Felsic intrusions
D. Mainly phanerocrystalline textures
(13) Pegmatitic: BeLi pegmatites, SnNbTa pegmatites
(14) Granitic intrusions/ Wallrocks are calcareous: W skarn, Sn skarn, Replacement Sn
(15) Granitic intrusions/ Other wallrocks: W veins, Sn veins, Sn greisen
E. Porphyroaphanitic intrusions present
(16) Highsilica granites and rhyolites: Climax Mo
(17) Other felsic and mafic rocks including alkalic: Porphyry Cu
(18) Wallrocks are calcareous/ Deposits near contact: Porphyry Cu. skarnrelated, Cu
skarn, ZnPb skarn, Fe skarn, Carbonatehosted asbestos
(19) Wallrocks are calcareous/ Deposits far contact: Polymetallic replacement,
Replacement Mn
(20) Wallrocks are coeval volcanic rocks/ In granitic rocks in felsic volcanics: Porphyry
Sn, Snpolymetallic veins
(20) Wallrocks are coeval volcanic rocks/ In calcalkalic or alkalic rocks: Porphyry CuAu
(21) Wallrocks are older igneous and sedimentary rocks/ Deposits within intrusions:
Porphyry CuMo, Porphyry Mo-lowF, Porphyry W
(22) Wallrocks are older igneous and sedimentary rocks/ Deposits within wallrocks:
Volcanic hosted CuAsSh, AuAgTe veins, Polymetallic veins
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3. Extrusive rocks
F. Mafic extrusive rocks
(23) Continental or rifted craton: Basaltic Cu
(24) Marine, including ophioliterelated: Cyprus massive sulfide, Besshi massive sulfide,
Volcanogenic Mn, Blackbird CoCu
G. Felsicmafic (bimodal) extrusive rocks
(25) Subaerial/ Deposits mainly within volcanic rocks: Hotspring AuAg, Creede
epithermal vein, Comstock epithermal vein, Sado epithermal vein, Epithermal quartz-
alunite Au, Volcanogenic U, Epithermal Mn, Rhyolitehosted Sn, Volcanichosted
magnetite
(26) Subaerial/ Deposits in older calcareous rocks: Carbonatehosted AuAg, Fluorspar
deposits
(27) Subaerial/ Deposits in older elastic sedimentary rocks: Hotspring Hg, Almaden Hg,
Silicacarbonate Hg, Simple Sb
(28) Marine: Kuroko massive sulfide, Fluorspar deposits
4. Sedimentary rocks
H. Clastic sedimentary rocks
(29) Conglomerate and sedimentary breccia: Quartz pebble conglomerate AuU, Olympic
Dam CuUAu
(30) Sandstone: Sandstonehosted PbZn, Sedimenthosted Cu, Sandstone U
(31) Shalesiltstone: Sedimentary exhalative ZnPb, Bedded barite, Emerald veins
I. Carbonate rocks
(32) No associated igneous rocks: Southeast Missouri PbZn, Appalachian Zn, Kipushi
CuPbzn
J.  Chemical sediments
(33) Oceanic: Mn nodules, Mn crusts
(34) Shelf: Superior Fe, Sedimentary, Phosphate-upwelling type, Phosphate-warmcurrent
type
(35) Restricted basin: Marine evaporite, Playa evaporate
5. Regionally metamorphosed rocks
K. Derived mainly from eugeosynclinal rocks
(36) Lowsulfide Au quartz vein, Homestake Au
L. Derived mainly from pelitic and other sedimentary rocks
(37) Unconformity UAu, Gold on flat faults
6. Surficial and unconformity related
M. Residual
(38) Lateritic Ni, Bauxite- laterite type, Bauxite- karst type
N. Depositional
(39) Placer AuPGE, Placer PGEAuU, Shoreline placer Ti, Diamond placers, Stream placer
Sn

Hi B : USGS
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6.3. ERLMERDOEFEE

TERSLOVEBOH, RIEEFEORFE 24 L2 o8I L oENIS 228, BEEICE
— X X RSB A EE TR o T, SREEEER OB D 12 A oo TV D, é%
W T — 2 D NEHFEDTRWT Ty I~ o7 U HRICET 7y NRET B & OF KR
&% (ESCAP, 1991), ED 7 — % o COIWEIFHECHMEIIETEN X8, e, #, ¥
AT, XU VgL, WL, MELRESEO/NEKRSS S OIEM AR L (X 6-6),
GSI X DGM IZ L » CTHESI NS BIMERIZY 7 A7 v (W), $h-i#igy (Pb, Zn), 4
(Cu), 4 (Au), A L¥rE (REE), # (Fe) ThHD, BRMFEEDOH 2B E P ITERTT
To VRSO R ERILIL DS — D72 BAT L TV D, FREROIEMEIRBFE O -8, JLRT — & o5t
WEEA R EORT v VAT, 8, Wigh, ¥ AT, M, &, A RICER L,
RiEX & OREROIERE, WL, T EBEADRE, A7 7 ~OFRMEbELEETHDH, 6
OFEPFIILL FIZHRF LE E DT, 7— % U TREWNRILRTH D7 %N (Pb-Zn), 727
— = (W), 2vra7—/7YF =2 (Cu), ZrraZ (Au), v L (REE) ZHIZHY]
T 5,

Bumdolln( Wildlnfo Sammnry

0’0’;‘6 "" g
%. ‘

‘0.0

2 Leag-Zinc ; ey "o’o:o‘oto.o,o.‘, ” Sakun( Wildiife Sanctuary
= on
Q ’ o e % ’~‘,.. 2\ mn?Sm;yo luohuok National Pnrk coppr 100
‘ R < iy Gold “Silver %] {\ ,v"‘
Copper A 1\.0; 'Coppe! £ "‘
oo ()
{ Iron Foop! k 5 oo
Copper o PSS X
{ Copper, . ’_: Q S 3 5 :.:‘
/Conoe? oo Coppe RIS A
Codper FA R A iidlife Sanctuary
Copper =N c e ﬁowe R/oyal Manas National Park o U
5 ~, ALY \,
Copper [—~Lopper Rurite Xy LEad-Zinc ‘\_..\ & ’o:o;‘o:ofo’:’#
Phipsao Wildlife Sanctuary LA <

Iron  Phosphorite-REE

Eree B omon
% Fe Y Ag W Au W Au-Ag W Cu W Pb-Zn YW REE W

X 6-6 REFRERLIMEYERR

6.3.1. & (Pb)

@$£®&Min/7) —Th b, fAy?U—iEV%W@V%€U¢&T®E@$Kﬁﬁ
ARENTWD, ITH, VFULALF Ny T U — (LIB) OFENREITILRN L2, kR
Ay7J~m%®£EE$T%5Oéﬁﬁkﬁﬁﬁﬁﬁm%@&ﬁ Th%éﬂt¢lﬁ%®%
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ML > TEHOMRFEEIREIRESLIAETND,

i S8k O $h HlER LR 1T 500~5,000 77 b > Dgh L EnA R A ETe (81, 2011), BlEzT5 L,
F—=ANFZ VT OTa—7 VK (SEDEX %A 7)) 13855 280 /5 b, $hdhfL 10%, HE
PRinfr 8.5% & RFEL bivd, 7 AV DLy KRy ZHK (SEDEX # A ) [3fL& 165 57 b
¥, ERARAL 4.6%, BEENELAL 16.6% TH D, BT H DT — KXRGLEKE (SEDEX % A ) O RFE
b VITILE 476 HH N2, Ehdnfn 2.0%, HER AL 5.0% TH DL, TANT L ROFNUHIR
(MVT %A 7) (X858 953 B0 by, SAdnhr 2.1%, HSRSAL 8.3% Th D, HARD ML R
(ABNHEAT) 1100 HEH b2, SRdAL 0.8%, HHERMAL 52%CTH D, 7 —F v OFLKIX
B 21X 7 R ~NFER D Romegang Ri TEhdnfL 3.74%, Chakula T 1.03% & S OFLK & B~ T
AL CTéh D, Romegang Ri CTHEE SIL7-8L& 0.514 H 5 b »<X° Chakula DL 3.116 {7 b > ikt
ROFIRIZH AT TH S, FRILBHZRIZIIBERILNKREIL TO S 62 5 A D,
FRNERIT B IR AR OFE S 3,475~3,675m OB L WEILIALE LTWD, 77 & AL
R, 7o r V=T 40— AT xAnD 17km TH D, BHITEKESH T 80km Hh
e F = KN ENEFHATELEA S, LERERMIZA L FOOEETHEAL, IHEREL &
IMET B0 BIEATE L7249, MRE L THERERKITH LAY, RINLIAE A
YRRNTTT Y a OEERHR L CEBEMRTSICEETAIZIEEW I A MR LDT,
B HETICORILZIT ) Z E N E LV, BILEA v R+ 5, $TENSZ < HREEL LW
R=ZAAZNVD—=D2THDHDT, OIS RIEMEIR LB X b b,

6.3.2. & (Zn)

FEN Tk, 73 =LA, SRV TIHAT 4 FHICEESHESNIEBTH D, Wk
i fetb a5 h, thoeB e L<EET L, MR E L THREEREOR 0N HE A v FICEH
ENb, HEITEIZ, PO L D D R—A R X VL —SEIFEST D, T — X OHERILIEK

XENBEIR TR~ T2 K SIS/ &V, T — & o TOMMBALTER XA ER AT 2 DT, LK
%b<éﬁmm%%%&ﬁ%f%éoﬁﬁ%@4%%(Mmy@Rn,ﬁﬁ%m6%%
(Chakula) @ X 512, 7 —% > OFRIZ MR OFLRIC LR TR S TR RS 200, HEER 181
BNEERR—ARAZNVO—DOTHREREOFEETHS Z LN LIMETR & L TORISME TS &
EZ IS, FBHITHROHNAEEEDO > THDHA > RITIRTET D L5725 9,

6.3.3. 3T RT (W)

BUTATURBOICH T AT —" 4 K (WC) & LTHBA4E, muEH T, &1
BEgs, MRBEAEAN, BT, a—T7 4 7 BIOEAHEN, BEiHE, FEHMZEEE, BRI,
EREEVEE, TR RSN, RROWEEIZHRET, 7 AU, BU §EH, HA
%iti%@m%lf%é TR FENIRREIM L TV L HEE SN D,

RO K o 7 AT PEEIE 705,000~1,000 F > D WO &t ()5, 2010), #z1E, b~k
%A@x4ﬂﬁ%%(xﬁw/&47)i@$819ﬁﬁb/,WONMLQW%&%méhéO
AT HD~ 7 8 PR (RN Z A7) 138320 B b, WOs L 0.92% Th D, T A
VB DR, ) —=D8K (RANVZ A7) 3HEE 138G by, WOz 0.6% Th 5, 7 b
27— ROV ZERIIHEESL & 0.349 k2, WOs fnfiz 0.25% (KL s THiilel), #HEEHi&E 3.29 &
7 kv, WOs S 022~0.26% (7 /v ZHK) CTho, MROX 727 VIR EigT 5 &
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M/ NS CIR AL T D, — RIS, BRIEFTRE 72 A 7V U HRIRIE WOs dbiL 0.3~1.5% CHUEL I
BENOEET b OfiE%2F> (Werner et al., 2014), Z OILEITIT X 7 AT 20 TlER
S HAHREOMDO LT A XNV EELI ENLE LRI & it ESHEE IS,

T3 T — R TR E 800~1,800m D LL#EH)E < IRD B D EICMET D, ZD
T E A A Ao hhral) R=cgEnd, 73 ZHHKRIET V7 O 15km L IC
PO L, SHEEER, HmETAREER, BGEZ B> TT 78295, MRE LT, BTk
REBRTDLZLIFHLVWES Y, LERFEEITA LV FOOHERIEATE D, BFEIZA VR
LEWa A NTHATLZZELTEDLN, PIHRELR/IMET DD HMEZEATLIZ LS
TED, oA HEEA L RO T IT v a0Erm L CHATFRICEHET 22 XX A
WO T, EHANCGREEZ R T ENLEE LV, S5I2, XU T AT VA2 Ll
e L CH T AT VBRIRIE 2D Z ENEE LW, B L /T TCA v Rl sh s 72
Ay BT AT UDK S0%NHETEEIN TS &IV, HRATEHMSEEEDEEND
o ZUTATATEOVEBIEMEEL R T2 TH 5,

B LWVEES BN R~ & 2 AT, #2727 U /EMIZ BI, In, Cu, Mn, Zn, Ag, Sn
o TWD, BEFOREET — % TIIBEFEOR S AL 0HHE L2 o T, LRI biE
M %3 i 5 72 OIIEZ BRI F TR RETH D,

6.3.4. il (Cu)

o T 70 BT 7 CREBM 2 &) LHREGRRE L) Thas, BERTFED D
BT O FA A E & HEIZBIRICIIN L7z, BERZRJERE FES R TS ICTMbo72 2 &IT X
> CHilZ ZLIMFEOTEIIIEM Uiz, RO EERHFIIRITBSMIR TH Y, HEERD
50~60%% 55, ZOXATOHFIIRITRKBAE (1,000 T hor~10 & ), K~H A
(02%~1%LL F) TS T ohd, Trad— ) 70 Fallo7 —% » OHFIRIT/ N
THRNLTH D, 7—F VENOEEN R RIEHEHEIC L > TS LR 20RO ANHFEIN
5

FaT— ) 7 TVF 2d 1,500~3,000m OELWELIIZMEL, YA T e T rFay
ENLAREWNICALET D, 77 B AFEIIZY L7 — YA 7 = A D Sureylekha 7>5 56km D%
g (3 HEORIL) Thd, EEHITE HRICIFER TE R0, fF e LU CHKRELIZ R
EREBRTLZ I LV, BERRMIEA S FADEWI A NTHATDIZE L TEXD0, ¥
WEEE/MET DD EREBAT AL L TED, AT EEA L RN T TT v va
OB CHRATHICWET 22 LI A MAEVO T, WHANGRILZFEET 52 ENEE
LW, FEILIEA » RICIRTET A2 LI D725 9,

ST R TOEmNELE L KB AEIC L > THREEOHIHMIEY ThHhD LEL DD,

6.3.5. £ (Au)

AAOMROE L TEITEMEGI O\ FBEL L THWOND, @@l kI TIEES G &
PR, EAM A, B, R, MR XOTFEmEER, =i, ER, o T
SNd,

T2 DEFEM THRE STV D ppm O ITHROFR & R TERIBRALL T TH 5,
Bt ppm DEOFMTHIUTIR 7 T 2 DOBIIRICIEHS 5725 5, AP OZL < OREFRIIE
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Rix 6 F UL ED4E 0.2~30g/t D4ihf/iL % F#> (Butterman and Amey, 2005), 7 —# 2134
PLRICEAT 25 e kS 1TV, 22T, @HIROFE RO, RIVHLFERE D X 5 7 KR
MVE T — % LALFE T EOINENHER SN D, EDH%, FHE I BTk U TR/
BEFERT D,

SHEAA DO KEITIIFEEWIZ IR D DT, iz Ay RROFIDNOEICEERET 5 2 & I3RFN
TiX7ew, BHANCRIET 2 2 ENEE L, Tra T il cofo X 5 ichos@IcfiEd 5
ESHHEHPHE SN TNDOT, SFREHCRKSEE CRIZEEY & L THEIRTE 2R H 5,
FifnCHEMEL L TOREORE I L HEEI D LBITEEIEDO S WIEWER TH 5,

6.3.6. 1%tk (REE)

THELHERLZTDOARAEE, a2 Ba—X AT U DVD, KREXNEM, HEAEL, filliar
— X —, WA, BRIBREOLIBRAXDPHFETHEHTIZ OBBICEHIL TS, Bk
20 £ T REE # L 5% < O E OFTEMNERANTHEIML TE 7z, Z< OfHEHO KENXE
M2y REE (LEWMHOIELN T WD, REXEMOFEIIELERS, AR, #HHrHary
a—H—, DATOLD REFREFHBOTEICT A SN TS, FEIFH R KD REE
APEHETHY, TEREBEETLHD, HARET AU BT 2 KA L 3 %HD REE O RKIHEE T
b5, BHFESCFEMABREN, XX =20 R WRE], Ao RFEEIIRO 10 £ TRA
HIZHMT 5 L PRI TWD, RENXNEMICKT D REE MADOFELHEMN RiAEN S, &
B, EREINOBRBIZEIVEMARIAENTWD, REE X5 DEFEDOT T CTHEIZMHEH
i, TNOOFEIKARENTEA D,

R THBITL T DRI L2858 10~100 55 M, REE &L 1~10%Tdh 5 (JE,
2010), BlEZ%TF 25L&, FEONY AR —HK (BOKBRLEA) (X958 80 B0 b, fufiL
6.0%THd, A1 FOZINT Ry (FEHR) X 7.99 55 b Odif &L 56%05
BbonTnbd, BEHPEOA A WAERGURFEITILER 180 B0~ &L 0.05~02%Th %,
FEO~F=a— UK (DW—ARFZA M) 1£366 L~ WAL 41%THDH, =T D
aAREagR (T VAR 3R 167 55 U E, WAL 0.6%EHEESNTVWD, v UL
THE SN T D SALIE SR OFLR O AL & e~ <, D &y HREE Tl 72 < 3612 LREE
THEREND, +ORFEENRINTORWEDIEIIAATH D, LLRRL, SRIE 7Y
I EFOREEDORBMEICIET 5D T, +oRERn D BNRAD DL E LivZe, REE SLRDOHEE
I ERENHFSN S,

~ 7 L REE #8135 150m OEWEEBICME L, B 7Y —EBEE#ERNICMET S, 7
72 AR, v U L REE S8HUIBITH O~ ¥ VEILILNCIFE T 5, Sl A 77
ARNT I F v — 3B HE AT, M TERTH LWKDEEBFORERFE G H D, 12 Ko
T T vy aOWERE L CESEMROTIGICRILAMET 2 Z LIEa X FBREVOT, BHATC
BT HZENEFE LV, REE #ifldA > RIZIRFZETHZ L2725 725 5, REE OFE|ILH
T LB e DN, HrZ HREE TIREMZRE TOEPEN, REE Z@EWERIRE & & 2 5 FHIC/2
STWA,

6.3.7. F&OH
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(1) SWOT 547

T =X TOEBIMERRBICET A L2 AN E LT, SEFEBRBHE THERE L
JrFEA B LT SWOT ofra FEh L7, MRkt & 6-2 1277,
T =B IR E G EBMR B R oA REDRWBMRERA LR D, FE, A
VR, WET T EBEL TR T by, BERKER KNDBETT—F il Eo

THNRRTH S,
WEIRDOBRFEN IS,

HE - S EFEBRORES & AMBERBICEID 7 ) —0 7 40—V RTO4EHE

#* 6-2 SWOT 747

@& (Strengh)

® ANTHIE LTIHERD 72 WBUY

® Ik [FE A o> TR 7 S

o HHEGWEIZLDA LV RNV T TT
vV a i~ OB HBRT 7 & X

® W7 T RHEO KIS

® (2 N 72 sk 758 )0 Bl s 8
Z M
LA TR TE D8 &R

PR3, BREE, WEOIREOR

BE 7R KBRS

i CEL IR T — N

A e — S Mn%E L-mE
GDP oD ¥ 2
HRAFLCIRE CTOA > N D BV BIfR
ITA 7T DRE

‘A 7L —2 30

554 (Weakness)

® i L VHUTE & FI ] AT RE 72 R oD A 72y v/

S e N REE

EHEFHRESI DKM

NS ENTS

H15T DGR L 7= A O A

LIFLITE Y A= 0 iig 0 T5Hlr &S

% [R & 7= 1 B A2 8 1

R TG~ DORER 72D

T SERE Rk oD SR A o0 k4

G DEITRE

HEEHROZ L E (150,000 #HE X,

EIRIX)

® ZEHREA, Wi, HUEAAR, HiER
b5 D R A

o HIH T —ZEMBUR, GIST—4X—2A
DR AN

& NOREEEMRICL>THITOEND
BURIRBRAR L DAERENRT

® PHIFEMER L

® SLE, FRIA ¥ R~DIRLF

® RELDZ < ZiigA

< (Opportunity)

® JL(LIBASE D

@ V) —L T 4 — )L R~DEERT Ty
L

® B OREMIIEE ) & 4% (five jewels
D 1)

® &JRAit& D I 5H-

Z® (Threat)

® SRKQHE, A K, WET YT L OB
E AR

o i[E L [E BRI

® E (HMUE, ZM, WK, KRBt
K, HiEY)

® &R flikg D2V
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(2) RERXTORH

I a5 — ) T VF 2 OEgESR~ L REE LK, 72T — Raok=

DO—EMOXIICEREREXNICMAET IR D DH (£ 63 ),
Conservation Act (1995)1%
LTWo, HIBRIEENIE T2 O RERIFF rI 23 AT S T B & OO 2~ FE i )
M,
NECS (2 &% & RFEXH, FFiZ
Ni=%E1%, Environmental Assessment Act
AREIND &, MERESR, 78RR, vy MEE, hLrT

Bl ININEEGE -

DR T AT IR

Forest and Nature

ERIETREY” & “HIRRIEE)” 2R 2 & TREX N T O A REE) 2 Bl

(Z BT ARG BN Y W] REL
D& B % BAFELT R 1 AT PR I A

SROLND,

BE NI IEALE L7V,

SEANIX 54 =

multiple-use > — > X° buffer ¥ — U ZH L2 LETRAFE R S
€ > T EIA FHi & 2 FE T 5, KIZ BIA B 2
AT,
2725, LnLenn, BReft
REEMEHALETHFAE CH> CThE LS h T
T — & v OBIED TEFURFE RSN ILX kIR L, BRA

MR A 2 B T HRIL D
#EXDa7 S —NT

HL,

QMQ@WTﬁ%ﬁ%%gﬁﬁ%ménhi DGM (% NECS &L a7 Y — v LA TR
ZHfg L C EIA Ffex 2 Bth7 5,

x 6-3 IRERERATHE

BT & o TR X O FFBLE 25 AR

Ed LivZguy,

menhrf=SiEER

Area/ Protected | Agency | Period | Commo Contents Outlines of result
District area dity
Burkhola Biological | GSI 1978- | W + Geological mapping + 0.25% and 0.22% of average
-Dolpani Corridor 1984 (Au) + Trenching groove W.
/ sampling + Estimated ores are 0.349 and
Sarpang + Drilling (44 boreholes) 3.29 million tons.
+ Bench scale beneficiation |+ 0.10-3.99 ppm of golds are
reported at Gurungkhola.

Gongkhola | Jigme GSlI 1976- | Cu, + Systematic mapping + Estimated ore is 2.5 million
-Nobji Chu | Singye 1992 Au + Drilling (104 boreholes) tones with 1.50% of averager
/ Wangchuck (Fe) Cu.
Trongsa, National + GSI reported Au content 0.20 -
Sarpang Park 1.20 ppm in the Eastern Block.
Kuri Chu | Wangchuck | GSI, 1960- | Au + Stream sediment sampling | -+ 0.001-0.25 g/1,524 kg (0.764
/ Centennial | DGM | 1965, - panning. m?) of gold from sand.
Lhuntse Park 1989- + Upstream sediment + 0.0001-0.00349/70kg of gold

1990 sampling are recovered from 25 samples.
Maure Phipsoo GSlI 1992- | REE + Geologically mapped + 2,677.5-10,289.5 ppm of total
/ Wildlife 1993 + Channel sampling; REE.
Dagana Sanctuary
Pinsa Jigme GSlI 1994- | W + Geological mapping + Scheelite occurs as
/ Singye 1996 + Groove samplimg disseminations, stringers,
Wangdue | Wangchuck + 2 testdrillings concentrations and as lump in
Phodrang National vein.

Park

Geonshari | Jigme Dorji | ? 1990 w + Preliminary surface ?
/ National investigation
Punakha Park
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Tsachhu, Jigme Dorji | GSI 1992- | W + Preliminary surface + Scheelite mineralization in
Jarangchu | National 1993 investigation carbonate bands, basic

/ Park rock/calc-silicate skarn.
Punakha

Lagor Wangchuck | DGM | 1990 Fe + Preliminary surface + Hematite is observed only in
/ Centennial investigation boulders.

Lhuntse Park

Legchugang| Biological | GSI 1983 Cu - ? + 4 gossanized zones are found.
/ Corridor

Sarpang

Ritang Biological | ? 1990 w - ? + 2 sample are analyzed.

/ Corridor

Wangdue

Phodrang

QEBEELIRE

1970 FARIZW K O OFLR TIFEIREOHEE N L S zn, %< O TldnwE 72 &R
FRAFRA B B SN TR, BEFOME T — 2 1%, M2 MEX, SHrEo EmtE, R
ETINVEDOR TR THD, 2D OEEENT — % O RIXHRIL LB T332 HE K, &
BT 2N B S AR WRK & 72> T 5, SRILBRR A RET 2720 121F, FERERYHUE D IX
ENVETHD, +oRMEERNIRI Y Z L2k - TEEMICREERESC 7 P T 0 22T
A DX IR DRILATREE 72D,

6 SLFEDFMEIRFAFME IR AR 6-4 1TnT, EEEIT 1T (BRW) 206 3 (W) o 3 ERET
AT, 6 FLFEDOH TIL W & REE OELENFE S 2o/, Pb-Zn [ ZHFFEE T, Cu & Au [T
MRV, BBied, 7—X U EEO W LK & REE LKA > i<, ke ABERD ST
TIEABREW, MZTW & REE (ZHRF TORAM L FEOHMIZ L > THEWERIEEZ 5
P EIR T D, Pb-Zn JLRIINA T = A TORMND T —F U ETEEICALE LTV D, JAW
AR LT OB, Pb-Zn HERIEMEILH D28 W X° REE L 0 BRESME MKV, Cu JEESC Au i
RIZT —Z i@ L, ERNB IOV E 0T 7 & AR, KW & EBEOB NN,
Cu X° Au & F 72 BRSPS E VA, W X° REE L WKV, W X° REE [ ZIE0O&EIEY L0 &80l
BIZE LT W EE L HND, FFIC, REE SABMAFT 2~ LEELILIT T CIZBITL TV
DT, REE SLILUBIRZ DR WHIHIHRE CTHD LN TH A5, EFITRO N HHIEH I
REE /ifii & HREE OF ST Z T EELS WD T, BEMoO~ T L REE SLRITAL & IFE 2720
L72L, REE ORI EELZITH 2 & T, BFEFRPEZ THEROBRERH LR, B
FETANT 2B & ANTEFEIC 72 D ATREVE N & D, REE $EIK O BHFE FREME 2 fIWr 4~ % 72 121%, $h&E
Do, SALDOAE, BHAATH - LTI, BB AN ETH DL, b L, TNHODFRE
RS SR 2N BT AUE, MREIE RO EBLREMEORMEZ El+2 2 L1t/ b,

T— XTI, MERESCEBIEMERBRENER I N T RWVWHIENZ N2 Eand, R
DILRPAFAET D ATREMEIXZERITITEE TE RV, B L2 M 25V E X O ER 2 HIRF S
Al
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& 6-4 SMERBFAFEOELIBL
Pb Zn w Cu (Au) Au REE
REWEL | 7 PbiZ[A U Trag—K | draz—) | Srraz ~Ub
T o= TOF =
oG | SvjE, Ly | PhIZFEL TEREICEE | b 2F R | 7V F 2D
H f—t~I¥ 5 ek Lyth—tb~ | BIKSHRIE
HofmEa 7 Y H; T HCE
KA
FLRZ A | ABN AT I ATV AT ? HEFEME
—
PLE (& | 3.63Mt Pb IZ[F U 0.349Mt 2.5Mt ? ?
) (RLr8=)
3.29Mt
(= 7)
3 3 2-3 3 3 2
ETELA Pb Zn WOs3 Cu Au REE
1.41% 6.06% 0.25% ( K128 | 1.50% 0.10-3.99ppm | 2677.5-
=) Au 10289.5ppm
0.22-0.26% (7' | 0.2-1.2g/t
L ?)
3 3 3 2 3 3
HTE it (B & Pb (Z[A C fepE (e [ANE: ) hE (& 1L
3,475-3,675m) 800-1,800m) (=% 1,500- 800-1,800m) (K& 150m)
3,000m)
3 3 3 3 3 1
HRAR | 720 Pb IZ[F L HABININA | DT A -y | AN, | BT Y — B
duavhra | FevrFa | Fudhra | BEK
U k=1 JENARN |V R—N
1 1 2 3 2 3
TR | A Pb (ZE L X X X O
fic A NS B @EITARE | N U= A b | BT AAE | #kEEILE LT
—F S — REE D @ Sureylekha | 72BN 5 3 5 5 A
NA T A D 9km ™5 56Km 9km
5 17km
3 3 3 3 1
W) F = AAKIFE | PoICE T FLT7—H | BEIPLEV | LT =W | RMTEY, B
AT IR AT R B LWIEEFT O
FEAH D
3 3 2 3 2 1
DiE”; AR AR PN AR, TV | TYT A4 K
7
1 1 1 1 1 1
fili & $2,000/t $2,000-2,500/t | $200-300/10kg | $6,000/t $1,000- $50/kg (Nd)
(WO3) 1,500/0z
F 72 F | mEXE Highw - & A A CER 5 fiff it B, CERRi 2
oy 8y Sl
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EANFRE | IK ZIES 1K 1K 1K 1K

TIOT =1 o & & & TETLICR
)

R I W I =t =t THEIEICRE
5

ERESLY | {58 I H I =

A
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6.4 TERHERDOARETE

SR AMIFECEHERSIFZE L CRiesnbd, — AT, LEHOIEYEAADEESRIT,
R LR EREORMREZEL TEDICEF B CEHENICHS T OLERND L, LEMHOIMESA
OffiksIx, —Mic, VA 7 AMHEoEWEREAHOME LY bEWEEEE T, TEMRE
BIROMEA LIRS, ZORERE L THEZ A N ELSTLHOILERD L7280, TGV
FLRNER SN D, RO ANO O RS EEOAIEKED M LN FEFEROFEEZMH L
JF5, HE, ZLTA U R, vy 7, WMETEFTAIRERNTHAZEII LTS,

f[IRAE Fr~A ML, RECKRMEOIEFECTH D, LEMIEWEZED 5 BITIET ITHFN
WML, ZOEENMITE LOMBOTIGICRLZRZMIET 22 EB/HETH L, LIEn-T,
BAEDOMUWERER, HOWIAMBEICBWTAE IR NOEHEPIRENRERZTHL L v
/<9, (Industrial Minerals & Rocks, 2006)

HHRANZIE, BEA L PBIOBEE AER EORBRER G OFEITIIMENICH 5, BRI
PEEAT & B W S AT A, E L TEMMTRIATE 29587118, EROFIRRICKE S HERk
LTWb, £ RTIEEAY POFENIEFIZHE D, ERBRICEIY 7—F V3P ER-
TV, Hil L TWAERKOMEL, FEMEREEDOY A7 Lax b)) tTHD, I
1%, AT A FOEDICTERAREOHENA VR, N7 T75F a2, x3—)L7p 8Ok E
WIRESNTWD Z EEERT 5,

AEPERREE (£ 3-1) t#aHT —% (F 3-2) [ZHSWT, AMRDP TiE, Fu~A b, K#H
i, 48, ARG, A4, MaBXOT I 774 FRBIRSN, KETHHIND,

Fe<A b+, KA, AFIE, FIA LV RERVTITFval@mEInTWas, [lkAa L
AL FEICENTHE SN TV, EAMIZ, oo TERAFEFEROAENE L REX, kM
THIIMEMRIIZ S 5,

6.41. FA<A bk

Foa~<A FOAEREITTEENLTEBY, TOIEEAERA Y FiHENTWDE, Fae<A
M, L7 ¥ —CROVEERLEETH D, N~ POHENERIIEFICKEL, Faw
A NERITT —Z CREBICOML, A RA~OBEICAERTH L, Fr~A ORI EEN R
ELTHHEN TS, Fa~vA hE~v 7327 AECEECEWITIN T 5 Z & CHRNMEEZ
DNTFDHZENTE D,

~ 73Ty LI~ 7 7 A (MgS0s) Th Y, FEAMFRLLE L TONRZY LR,
BEICBT D B, B, LS, BRI o~ s xou ARELTHERSNDS, Wil
VTR NIRRT A ERBOKIGIC L D EI RS,

CaMg(COs3); + 2H,SO4 — MgSO04 + CaS04.2H,0 + 2CO; + 2H,0

CaCO3.MgO + CaSO4 + CO; — MgS0O4 + 2CaCO;s;

Ke~A MROHHZBEAIZHE-> T, HHITHRICESE, ®H, v A v, 2% 5
TR, BT Ivr, TA, ZTOMIIHFEEIND, INSOHEOF T, RS TIXEYT K
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BTG EITES A RO L PIREND, HEAHETIE, Fe~A MHRIZECHL L0864
WEPICRAT 77Ty 7 AL LTSNS, BEHRESER R & OEFETOMHMOE R ORI
Fe~A MROFE g@%muoﬁﬂéoFH74F%Xi,ﬁW§ﬁ@E@ﬁE%@k@%T
WXk, EAVMEETHVWEENLNH D, Rr~vA MHRIE, BEAV MRz 7 ) — MEDOR
WL LTSN D, £, TOX T XU LEREDOIC, 4O pH 6, AL, &
DRER EOMBTREEETHHEAIN TN D, BEMHBTO e~ MHROTFEDHEMIL
Fe~A MHBORELZSLICHEMN LT D, BT I v 27 & T A5HOMEIE, &ETICTETZ
2B LOEFHNEIFOMEOREICLD Fr~v A MHROTFEOHEMEBEL T1D, TLB X
OMitL oD IR D 43 87 Tlk, BN RAVICAR R ITMEXR T 5 & THIS NS, Fe~A FOFTFEHFMT
@Hki03%74/7,wa,mm@,ﬂ%%ﬁm%ﬁéFuv4F%$®ﬁﬁi@%m_
R 2 AIEEMEN & %, (Fortune Business Insights J2 1))

LT OBEREROIRANZFESNT, HEGHI R A PE & B LWIRIK DB 2R ET DML E R H 5,
EHE i cE s
Him A K, E<TREW

T

T A b RN

Wk PLR O RRAF T A BV

MOMIE RS - B ASLE (Bl 21X, ~ 7 3> 7 L)
PRIL - EIREHEE BT 2 FE M e PREL S 4 22
RIEHE  TERIOST D

FEZefE LAY

YV V.V V V V V V V

6.4.2. K¥ER

KEAOEFEITRIHEMLTEY, KEAEZT—% T4 ZFHICEEEROSZ VR TH S,
=1L, REAOAEERIZ2EHICEZVAKAD 15D 1 TLHRY, KRELAITEROBOEM
B LTEIIANVITITrailimtisnTng, —J, REAOEMHAOK - JERIZA > Fond
MASH TS, KREAHEINTEROBLWMIEEZ R9 57 —Z o Of R iLET 5,

KEARERET, W8, BEA®R, HRE0S»LEF IO ENTWD N, TOHG T/
B LA, B ETEaM, FRLEZOMICKRE IS TE D, 2016 F TlE, EU 2N KA
OEFEREFERE LOERMETH - 7225, FEE, FICHE, SFAZ 2, 40 Nl 5h
DELVWEEZ, 7T HRAEER IO E L TESICR>-TnD Z L2 ERT 5, 2016
£, HROKBEADOAEFERIT 8 8 1,600 HL T A— MUIZE L, REKEADOEERD BT
10 2»2Eix, HE, £ K, 47>, brva, A 2V7, AXA2, 77V, =V K, KL
NV, V% THDH, 2017 4, t=a, fF, A Z2 V7, FU Y BIOARASA %, i
ROIFEFE BT rE8EEEOREL (KEAT Ry 7 EREAEKRLOARH @M L,

k@ﬁ?%i KB ZEBEREN D/ REEEE COSMRRMEEET N LR DI

WL SNTZEETh D, KEAEEREDERICBITH2HEOERL, FEMEETHD, R
DORBEAOEREIT 0 THDIN, BEORBEOANRN & TEIRNSHIE L~V F 7= v
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UVICZHIBR S VD AIEEE DN B 5, RELA O RKIHE kLI — 1 v /3T, 2016 F o KE
HHEED 29.05%% HEDTWD, KE, £V FBLOHETOREAOHE LMY THDH, R
ORKEADOFTFEIL, 2106 025 2023 FFE TONED R TEE 3.0%DRERTHRIET D EHTE
ENTWb, (MarketWatch(2019)X V)

PLF OBERORPAZIE SN T, MR EERL K OH L WIER OBAE L R A RET 5 05
WD,

BIEE oM E LB ELBESRD

T . N 7T F7 v a, < T

T D

T AN PR

ik - FLR DIAFSGITIE R < 7e v

MRS - A2 (BIfE, T ClIChRELTH D)
PROE -SRI BD> © FEM 72 ZREE S B
RIEEE - B2 (FEIST D)

ok 7 X IR R | DA

YV V.V V V V V V V

6.43. AE

HEOEFERIT 2016 F0°5 2018 FE THRICHML TWD, ABEIZT —Z T 3 HFHICAE
BEOZWIETHY, BNV ITvalligiiSiiTcngd, N7 770 aTlE, 7—F%0h
OEASINT-AENEICEA V MLESHTHEHA I TV,

LBV, IERE LT, R, BT a—7, B CoZEBG O EERS E LT
Mz, 779324 —3ER06Z2 ofbCHRANCER SN TE 7z, K 6-7 IZ7-T XL 91T,
HEFZEN LR R ROAEAERETH 5,

140,000 —=— Algeria

—— Australia
—— Brazil
—— China
—— Egypt
—— France

120,000

100,000 —— Germany

—— |ndia

—— |ran Islamic Rep
80,000 —— ltaly
—— Japan

—— Mexico

—— Oman

—— Russian Federation
—— Saudi Arabia

—— Spain

—— Thailand

—— Turkey

—— United States

(kilotons)

60,000

40,000

20,000

Hi 8 : USGS

X 67 ERNOEELEEER
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LEMEORFOM L, WE, i, tATHE, BIOZOMOBERICKEFET S, AEIX
1£®mﬁ#ﬁ<,ﬁ%®Mﬁﬂ%wI¥%%%f%@,%@%%%&ﬁ@ﬁﬁMﬁ@MIm
£5<,
o (Kffifii : KA FT U REAL MNIOKMEAERSIOERERGE

BEN I L OVEEEE H O B A B
o GffifE : HEHEH, BEARBIOTLEROAE

BB IOCERLASEOLE (777 7N)

TEHABEEA b

FAEEROKRFRNEZ THTL7-DIERAINLHEE R IERITEFRERTH DL, ERER
ﬂfﬁ&m%f&é@n,E%N—xwﬂﬁwﬁ IXEUTIE U TN %, & QMR T
DD BEEM BHI X THER— RTHEA SN TWD AE ORIZIB W CHBREWEI 724
{ERR 6D, BlE LT, vy 7 TIE 2017 FETIEABER— PR LESOAEEHE LT
Wity LL, ZRURBIIHEEL T, FIAI v 7 RAETay 7 OAERABER—RLD H£L<
ZHELTWVD,

R EETOAREBR— FORABRIHEICBEVEE L TWD, itk BXEh (B8, & A
YR EHIEMEHL CWEEEAE, ABR—RFOBRRICETETBITLTND, Fifllmnd D
HIRICEAIND &, BE, BHAEEZET L2774 F = — U BRI I E LRz
b, Hrik miﬁm%%fﬁméh,ﬁm%_%ﬂénéo%@%mﬂﬁﬂﬁiéné_onfﬁ
THH X T, THNBMAEERGORE &5, 2018 4F0v5 2023 4F£F TOEMBEFIT
4.0% & PRI D, (Smithers, 2020 L V)

HER— FOBERT— 5 VG CiER<, EREETORNTETHS 5, HHE— R
Y YA 7 ATRETH B = LIRSS LR, B 68 I ABR— oS 1 —% 5T,

UUTFTOEROIRIZIE SN T, MR EEB L OH LWILKORE LR ZRET 5 0 E
NdbH,

EPE RO HIRN THE oM E LCTEE L EESND

M AV R, X% —, N7 5F o, i CTHERE

FHE L HEW

T b PR

s SRR DIAFESEITITIR < e

AR R - BAEOKR KRR & LIRS, FEIS UM TRGE E L CEInE
RO IR B RERE 7 RO S 4 B

RIE LB (ABER— FOBEAEREOFTFEILIST D)

S et LA M E

YV V V V VYV V V VYV V
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1 crude gypsum 2 Firing furnace 3 Crusher 4 silo

O ] ~ p
Belt conveyer
Additives 0y
5 Mixer
Forming plate b Screw conveyer
Ocutter

! ’ Paper facing{back) 6Paper facing(face)
/ o 0 o o O O o O O O O O 0
; 8Belt conveyer 7 Molder

O oo oo
‘|0 Dryer Board cutting .I ]Inspection

1 Crude Gypsum : Crude Gypsum CaS042H,0

2 Firing furnace : Calcine crude gypsum (CaSO4s2H,O — CaS041/2H,0 + 3/2H,0)

3 Crusher : Crush to adjust the grain size of calcined gypsum

4 Silo : Store calcined and pulverized gypsum

* Additives (Additive necessary for board formation)

5 Mixer : Mix gypsum and admixture with water to form slurry (CaSO41/2H,0 + 3/2H,0O
- CaSO42H20)

6 Paper facing : Face and back paper facings

7 Molder : Slurry is sandwiched between the face and back paper and molded into the
predetermined shape

8 Belt conveyer : Gypsum of the molded board hardens while on the conveyer belt

9 Cutter : Wait to harden and cut to the predetermined size

10 Dryer : Remove excess moisture from the board

* Board cutting (Cut to the specified size)

11 Inspection and Stock

K 6-8 AER—tOREFETIO—

6.4.4. AR\
LAIRANE, 7—H2 T2 BHRICAEBODZ W TEEFEMBOHETH D, AIKA XTI

MRBEREXRDIZOICENTHE SN TWD, AKAHIIE, 77— ORE & R AL E

LTW5d,

FHIRA (RERH L™ L CaCO;) 1,

AHZENTE S, BaiIZmWITNBIHAIK, AIK, AKADIETH S,

SEIERVREROAKDE, BRE, B4, &R, ¥/ LELREOMBRTHEMSIA TS, A

RO D e bR ITH ML T2 0%, BEHNETH D,
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FHIK « AR (Fe{b v oL Ca0), AR (K
b /v 7 A Ca(OH)) BIOURIE DL 7 A (CaCy) TIN5 Z &2 X 0 AN % in



IR (BAEH VT R) X, @AY T LERE~ RV T AAKAE Ra~ A b b 1E
B, 97%LL EORRIREEEM R T 5, AL T ATEE, AJKEE X CHIRA & B R
LTELND,

CaCOs+heat (1,000 to 1,300°C) = CaO+CO

RACTI N T LE, FAIRET—7 ZADREMNPOERT — 7P CLENICAEESIND, WG
ST T = FRUEI—RIZ, HETKH 80% DRILII NV T LEE AT D,
CaO+3C+heat (2,000°C) = CaC,+CO

T— 2 DGO AR K IFEEIL, AR E RIS T A DEFEIC BV TR
WCHERITH D,

AIRAPEFET, BB ETIIHA TSN AIR A28, AET LHEETHEKIND, A
JRAE, HRATROHBOILNEE S, SESEREEOEERFMEITH S,

FIRAE, 1970 FRENE, HEAYZE Lo fliks 2 2 5 RE TIERAME OFLfE L R ST
%, ITOARATGORIEE, AT OBUFIC L > TEER X OHRIT I R geR, s
EEOUGE, A v 7 7HEOREREOHERIZL > Tl &R iz, FERA V R EoB%
& EEICB T 2Rt 7 ¥ —OBEOREWVEEIL, SEETGOMITVOREZMEZR L T, AKX
AORELIETHEMMEIND, AKRATSHOMREITERES, SildEl L0k A v Mg
LS FEODNWTEY, RN RKEIBIIEETSG TOAKARTEEZ RE<HD5H 2 Lidkn
olc, PEIFHRTRROAKADEERTH L, BA L FOEEIZET 20 LFRKIC, %<
OEAED B M OEEIZHER S WL OO EWEIZB T 5 A6KA D WEHE, ko
MG EDIZ O DEE RS ZRMT 2 L PRRIND, HK, LEZENR, RR L OREREMN
BRIZH1T 5 FHRFERE L TCORKADOHER S, TiHOTRHEELZIFT L2 enHFINTNS,
(Market Research Reports, 2020 £ V)
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6.5. IMYERARICRIRERAE

6.5.1. BER—XS A VA

(1) HBRBRIZL IREBRMAR EFTBLLEEDOER
Phuntsholing & Gomtu (T & % E ML ILAEZE~DFIE 2019 4F 12 A 1T 5 iz,

(A) Bhutan Ferro Alloys Limited (F>v# 1) >)

BFAL DA E TIGIT L2 RE IR T 2 EMAE W, ZREROTLDDERSLERASZ v 7O
HEREOMEITTICHE IO TWS, LL, REEEMITOEHNRLEEE T 07T LT
FRETELTEBIN TR, BB TIX, B Lo ZBREEMRIIER XY, TOBMEKIT
a1 E T & o> TR TR AR,

DGM OEEEE=% U v 7#HYFICL 5L, DGM & NECS (%, T & H#EGICH W TE 2
AR TE=4 Y V7 %2{ToTW5, L, T=4 VU U JHHA L ZOMBEEZHMEICT LR
=X U7 (EMOP) [ THNTHR TE o7z,

R <
ko .
ENVIRONMENT, HEALTH AND SAFETY POLICY

Ich BHUTAN FERRO ALLOYS LIMITED RECOGNIZES ITS

MORAL AND LEGAL RESPONSIBILITIES TO PROVIDE
JORKING ENVIRONMENT

ENVIRONMENTAL A

————
——— ==

Signboard for safety Emergency room Signboard for safety management
management in entrance inside the Plant

X 6-15 BFAL #tDIREEME

(B) Penden Cement Authority Limited (Gomtu)

PCAL DA EPETY; TlX, BFAL tHICH R TEEFEROEITID 20N, ERAZ v 7 DILHLE
WSO KR DORRE R EORKITT TICEBSN TS, =120, EEBMTOEHN 2R 2HE
A =8 NN - AN

BB Tk, BN T Lzl T3 TR IThTW\WD, 4% bREICEE L 7oxt
ROMRE L CTEESND ETFRREND, £/, [FthE DGM I, FERMICILNEAFEI NS Z &%
HMELT, REEZHLe L L UHEFE-EHLEA LT T0D, RIEBGAZMAHE L 2%, DGM (X
TOBEBHEHE S THRHRBFAEZITY, ZELILEZIC, HKOEHREKRERICET,

PCAL #:T% BFAL tL[FAEIC, =% U v V2 EIIHR TE R o T2,

II- 143




X 6-16 PCAL TOBEBEEMXIE

Mime LT, REBLUSHIZESRORBERENSROL B ZBGE L TWD, LarL,
A « Lo @E O L)L TIIREICIFEE ZIXHE SN TV 2R, BiE - THHGOE=
Z U TIE—EDORMETE S ILTWDD, BT — VCHEE 2 AR ICEE L TV,

(2) NECS DIEILEBBYUEADET ) VI HER

2020 4F 2 HIZ, JICA HHZFE L DGM 1%, BEFOIEILOREEBE L5 LWL O 7= DB
AR L O ESMEEIZ OV T, NECS DFLIIEHAZ v 7124 v A a— LT,

NECS (%, BIEOBEERMBLIG IR T HREMEEFFELZROED L 5 ITHRF LT,

& 6-5 BHEOEBRXRERBICE T HREME LFRE

No | Environmental | o nideration in Bhutan
Items

The heavy excavation using blasting & drilling techniques and continuous
1 | Dust emission | movement of heavy vehicles during dry season lead to dust emission from
mining site and approach road.

Due to unavailability of flat and suitable area, the designated/ identified
over burden dumpsites are small and located in steep terrain. As such, the

2 i\?élrlsgfosle%f overburden (OB), which is in excess, is seen overflowing the dumpsite.
During monsoon, spillages of OB are observed from the mining sites and the
dump yards.

There are few instances regarding increase of sediments. Natural landslides

3 | Siltation are found to be the main cause of siltation. However mining activities may
contribute to siltation although there are no studies done yet.

Most mines across southern Bhutan (except few captive mines) do not
operate during the monsoon season however; they resume extraction work

4 Monsoon during dry season, which is approximately for 6-7 months. The benches

Impact which were constructed during the dry season are normally damaged/

washed away during monsoon. Mining operators are not able to carry out
mitigation works due to inaccessibility.

5 | Visual impact | Mines in general are visually unpleasing.
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6.5.2. REFEE

AJICA 7r Y=y MEIFEDHRERPRIMAS L RE L TR0, RIER L OHRR
BEi~OBUEIZBET Dl %« DY A hBRFEOFNIIT DR, ROKIL, JICA A KT A G
S CT =4 v OBRIRS R T DBICEET REREA - TOMREF LTS,

*® 6-6 REASFZETMICHIT SIFREDHER

Result

Scoping ltem - -
BC ’ CS ’ oS ‘ Reason for Scoping Evaluation

Natural Environment

1 Meteorology D D D B: No activities are planned that will cause the item.
C/O: No activities are planned that will cause the item because the project
structures would not affect the air.

2 Topography/ D A- | A- | B: No activities are planned that will cause the item.

Geography C/O: Large scale land reforms are required for all types of mining
development both of construction and operation phase.
3 Soil erosion D A- | A- | B: No activities are planned that will cause the item.

C: Impact on the item is temporarily anticipated caused by construction work,
especially during rain. It’s preferable that construction work is implemented
in dry season.

O: Impact on soil erosion around the mining site is expected to be large.

4 Hydrology D C C B: No activities are planned that will cause the item.
C/O: If the proposed mining sites are located in near water bodies, the
development work might affect the hydrology.

5 Land D B- | A- | B/: No activities are planned that will cause the item.
Substance/Gro C/0: Land subsidence in mining development may occur due to collapse of
undwater the cavities after underground excavation, the excessive springing of

groundwater, and shrinkage of the stratum due to the lowering of the
groundwater level In addition, the prevention and control of potential releases
of hazardous materials, the management of potential sources of groundwater
contamination, primarily associated with leaching and solution mining
activities should be implemented..

6 Ecosystem/Flo | D A- | A- | D: No activities are planned that will cause the item
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Scoping Item

ra and Fauna

Result

BC

CS

(O]

Reason for Scoping Evaluation

C/O: The mining development project will be a large-scale project
implemented using vast land. If the proposed project site has a rich
ecosystem, it may have a significant impact on the ecosystem in the area.
Bhutan has more than 60% of its land in forests and maintains a rich
ecosystem in the forest. Therefore, mining development in Bhutan is likely to
have a significant impact on the ecosystem, so this item was evaluated as A-.

Protected areas

B/C/O: The impacts of the mining development on the protected area are
expected to be the reduction of protected area,
valuable/decrease/extinction/endemic flora and fauna, and disappearance due
to indirect effects such as drying due to changes in hydrological environment.

Coastal areas

B/C/O: No activities are planned that will cause the item.

Natural
disasters

B: No activities are planned that will cause the item.

C/0O: Construction/Operation works should pay attention to cause land slide
due to the development of mining site.

Pollu

tion

10

Air Quality

B: No activities are planned that will cause the item.

C: Impact on air quality due to operation of construction machinery and
movement of construction vehicles is expected, especially during dry season.

O: Mitigation measures for air quality should be introduced as much as
possible because of the large amount of dust generated from all plant
equipment processes. In the case of electric power facilities required for
production, activities are installed, air pollutants such as SO2, NOx, and dust
are emitted as fuel is burned. Air pollution is one of the most important
environmental impact factors in mining development.

11

Offensive
Odors

B/C/O: No activities are planned that will cause the item.

12

Water Quality

B: No activities are planned that will cause the item.

C: Surface runoff from the construction site causes water pollution in the
surrounding area.

O: Effluents in mining projects, especially those that can have a serious
impact on the surrounding environment, are acidic water and surface runoff
water. Other drainage water without taking appropriate measures will cause
water pollution in the surrounding rivers.

13

Bottom
Sediment

B: No activities are planned that will cause the item.

14

Soil
Contamination

B: No activities are planned that will cause the item.

C/O: Drilling operations might cause soil contamination in mining site.

15

Noise/
Vibration

B: No activities are planned that will cause the item.

C: Increase in noise and vibrations due to construction machines and vehicles
is anticipated temporarily. Appropriate attention should be paid to villages
(especially schools or hospitals) during construction work.

O: Sources of noise emissions associated with mining would include noise
from vehicle engines, loading and unloading of rock into steel dumpers,
chutes, power generation, and other sources related to construction and
mining activities. The prevention and control of noise sources should be
established based on the prevailing land use and the proximity of noise
receptors such as communities or community use areas.

16

Sunshine

B/C/O: No activities are planned that will cause the item.

17

Waste/Toxic
substances

B: No activities are planned that will cause the item.

C: Construction soil, waste material and garbage will be generated from
construction site and worker’s camp. In addition, there is possibility of waste
including toxic substances.

O: Mines generate large volumes of waste. Structures such as waste dumps,
tailing impoundments / dams, and containment facilities should be planned,
designed, and operated such that geotechnical risks and environmental
impacts are appropriately assessed and managed throughout the entire mine
cycle.

Social Environment
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Result

Scoping Item
BC | CS | OS | Reason for Scoping Evaluation
18 Involuntary C D D B: In some cases, involuntary resettlement may occur in and around the
resettlement Project. In addition, temporary resettlement can be used basically as
temporary construction yards and worker’s camp.
C/O: No activities are planned that will cause the item.
19 | Land use B- | B- | B- | B: There is a possibility of impact on land use due to resettlement and land
acquisition.
C: Land modification for construction yard and worker’s camp is not large
scale, and temporary.
O: In ROW of T/L and towers, land use would be regulated based on ZESCO
Way-leave guidelines.
20 | Usage of local D D D B/C/O: No activities are planned that will cause the item.
resources
21 | Master D D D B/C/O: No activities are planned that will cause the item.
plan/Urban
planning
22 | Social C C D B: There is a possibility of impact on social institutions and local decision-
institutions making institutions due to resettlement and land acquisition.
such as social C: There is a possibility to impact on social institutions and local decision-
capital and making institutions due to inflow of construction worker and people from
local decision- outside.
making 0: No activities are planned that will cause the item.
institutions
23 | Existing D B- | B- | B: No activities are planned that will cause the item.
infrastructure /B | IB | C: Set-up of construction yard and quarters for construction workers, and
and services + + traffic congestion due to increase of construction vehicles cause impact on
existing infrastructure and services temporarily. If need, a new connection
road to the proposed mining site will be constructed as a construction road in
advance.
O: If new roads are constructed, the road infrastructure of the villagers live in
the surrounding area will be improved. However, regular large-vehicles
transport will be occurred from mining sites to transport minerals.
24 | Lifestyle and D B+ | B+ | B: No activities are planned that will cause the item.
livelihood /B- | IB- | C: Positive impact on local economy is anticipated due to increase in
commercial/working opportunities from the construction work.
O: Working opportunity in mining site will be increased in surrounding area.
On the other hand, the operation of mining has possibility of change the
lifestyle of traditional communities.
25 | Misdistribution | C C C B/C/O There is a possibility of misdistribution of benefits and damages
of benefits and between affected households and others in same village.
damages
26 | Local conflict B- | C C B/C/O: There is a possibility of local conflict between the beneficiary and
of interests affected people due to the misdistribution of benefits and damages. To avoid
the local conflict, Project proponents should discuss with related local
communities to form a consensus among related people.
27 | Water use C C A- | B: There is a possibility of impact on water use due to resettlement and land

acquisition. However, the impact might be small because relocation site will
be set next to existing area.

C: There is a possibility of small and temporary impact on water use due to
the construction work, such as preventing access to water resources.

O: All mines should focus on appropriate management of their water balance.
Mines would use large quantities of water, mostly in processing plants and
related activities, but also in dust suppression among other uses. Water is lost
through evaporation in the final product, but the highest losses are usually
into the tailings stream.

Mines with issues of excess water supply, such as in moist tropical
environments or areas with snow and ice melt, can experience peak flows
which require careful management. Most of proposed mine site in Bhutan
would fall into the category of that.
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Scoping Item

Result

BC

CS

(O]

Reason for Scoping Evaluation

28

Cultural
heritage

B/C/O: There is a possibility of impact on cultural heritage due to location of
proposed mining sites. The project proponent should survey the information
in and near proposed mining site before development.

29

Landscape

B/C/O: No activities are planned that will cause the item.

C/O: Mining development, especially open pit drilling, may adversely affect
on the landscape and affect recreation and tourism.

30

Religious
facilities

B: There is a possibility of impact on religious facilities due to location of
proposed mining sites. The project proponent should survey the information
in and near proposed mining site before development.

31

Poor

B: It is difficult to envisage the project causing significant impact on poor
people. However, accurate status of the poor in the Project area should be
ascertained through census survey for RCAP preparation.

C: In construction work or related work, poor people could gain working
opportunities.

O: No negative impact on the item is forecasted due to the Project.

32

Ethnic
minority
/Indigenous
people

B: No activities are planned that will cause the item.

C/O: Four ethnic groups — Ngalong (also known as Bhote), Sharchop, Kheng,
and Nepali-speakers — make up 98 per cent of the population in Bhutan.
Before planning of the mine development, social study should be
implemented in local community near the site.

33

Gender

B: No activities are planned that will cause the item.

C/O: Social relationship between men and women in Bhutan is traditionally
characterized by gender equality. However, female mine workers often face
discrimination, poor working conditions and unequal pay for equal work. In
addition, women can lose their traditional status in society when mining
creates a cash-based economy.

Great care should be taken to ensure that mine development does not harm
women's position in the local community. Before planning of the mine
development, social study should be implemented in local community near the
site.

34

Children’s
rights

B: No activities are planned that will cause the item.

C/O: DGM and private mining companies should carefully monitor and
prevent child labor both of the construction and operation work of the Project
and in the mining site.

35

Risks of
infectious
diseases such
as AIDS/HIV

B: No activities are planned that will cause the item.

C: Risks of the item would increase with fixed probability due to influx of
laborers into the Project area. In addition, risk of STD/STI and HIV/AIDS
would increase between construction workers and local people.

O: Miners who inflow from outside have a possibility of cause of
communicable diseases.

36

Occupational
health and
safety
(Working
environment)

B: No activities are planned that will cause the item.

C: Working environment of construction workers should be noted.

O: Community health and safety issues that may be associated with mining
activities include transport safety along access corridors, transport and
handling of dangerous goods, impacts to water quality and quantity,
inadvertent development of new vector breeding sites, and potential for
transmission of communicable diseases.

Working environment maintenance workers should be noted in operation
phase continually.

Other

37

Accidents

B: No activities are planned that will cause the item.

C: There is a possibility of increased risks of accident due to the operation of
construction machines and running of construction vehicles in the mining site.

O: There is a possibility of increased risks of accident due to machine
operation in the mining site.

38

Climate change

B: No activities are planned that will cause the item.

C: Emission of greenhouse gases (GHGs) would be generated from
construction machinery and vehicle traffic caused by the Project. However,
the impact will be limited and small-scale.

O: No activities are planned that will cause the item.
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Evaluation: A-: Significant Negative Impact A+: Significant Positive Impact
B-: Some Negative Impact B+: Some Positive Impact

C: Impacts are not clear; need more investigation

D: No Impact or Impacts are negligible; no further study required

Source: EIA Study Team

BC: Before Construction Stage, CS: Construction Stage, OS: Operation Stage

6.5.3. REE=421Y) Y5
NECS & DGM %, 7—# 21T OFORBEG 24 2 bR TEH L WD, E=X1 v
NS DFERIZRIG X IZRT,
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B OB LHFIETH D, TLY RT - 7 4 F 015 BIP BUFIE, 2014 FOBMETRER, 1
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®6-7 T—RUEAV FORDOEZERKR

dE T =B 9 Ol H T— B~ DN
At AR P AN2) At A K6 | A KD
7 T
2000 11.1 5.8 52.3 112.8 47.5 42.1
2001 11.2 5.3 47.3 122.6 54.7 44.6
2002 12.5 6.9 55.2 127.9 60.9 47.6
2003 14.8 8.4 56.8 186.9 104.4 55.9
2004 44.4 35.1 79.1 1071.1 862.9 80.6
2005 258.7 226.2 87.4 387.2 290.7 75.1
2006 414.3 319.4 77.1 418.9 287.6 68.7
2007 675.7 550.2 81.4 499.8 365.4 73.1
2008 522.3 495.8 94.9 543.4 401.8 73.9
2009 496.4 463.6 93.4 530.0 412.1 77.8
2010 414.0 340.8 82.3 854.4 640.8 75.0
2011 453.5 343.0 75.6 1052.0 760.2 72.3
2012 532.0 497.7 93.6 993.1 781.5 78.7
2013 417.2 384.8 92.2 1245.5 1040.1 83.5
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2014 404.9 367.8 90.8 1257.7 1075.0 85.5
2015 603.1 532.8 88.3 1748.3 1483.9 84.9
2016 498.9 464.5 93.1 1719.6 1537.2 89.4
2017 432.9 407.2 94.1 1692.3 1496.2 88.4
2018 568.7 5290.1 93.0 2623.9 2345.3 89.4

HAL: 5K R
Hi B : Direction of Trade Statistics, IMF
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TW5, Fiz, SILRZEERIZHOWTIE, HIUREENFNESERE L LTHEAL, ERIZXL
TG 7ot B A2 L D,

(c) SLZETBIEE DO I E

HARDBRFEEE L, IO REMNEE S HICHILT 572D DA I 2§k 1L $58 E B kG &
LT, SRy @SeER hFhm (5 BHEFHE) 2R EL TWD, ZOFMEE, HAROHL LT #F O
PRI FSAARAET 22 2 HE LTWD, AT E LT, 2018 AN D 2022 4FEE TD 5 4
M 55 13 [RIgL T @ SEERS Gl | 25K E L7,

Z OFEOBE A LLFIZRT,
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I B

KEZERSEDL 2 BET,

BN O R EFARPLE LT, FHEHIM S FEMT, ROBELZERT L2 EHIEET 5,
R 1 - EORETREIZO (Br)
B2 REZWDSELBA0D, FFEHTHEEEOTIOLT
FRIE 3 HERKNELZRD SELBEND, FEPHTEENLEDERE 050 LT

I FEGXNREIE

1 MBMUBRRIR DAV PR TLOEARE

11 LR E~ R P A F U AT ADEA - EH O

LK ELBERIS T DL LV BEARELZENRT L7290, L0 EWIRIC TREZDEREZ FH X
<, BREHERE, SLLEE LMD & T HBGE, EIL, SLLRE MS OB AT EHiE —fKL o
THfTe, EAZHERBITTWAEUNIEBIIS L CIVRERVATLALERDIHIED D, =
D=8, PLEMEFTITIRDO S OB % 5| & 57 = etk

QU AZTEAAY b (BAE) OFESE

@~F YA bV AT 4 (PDCA Z[EF{IH) OFESE
1.2 SRIHBNTIE Ui ifRZE~ R ¥ A h v AT L DB AL

FLILPRZE MS OB AIZENN I B D F/NFEMILL OB RN EZ AT WEDL Lo, Eik, 74 F
T 7 EEVSNYRT < RIETE, FHREYy — L oL, FHILORRICISE U EE 8
ZOMN<AT I,

2 BERLTDHE L LTEIEDER

2.1 B ERZOMIK & LD

PLIEMEE, IREMEEE, RLEHE, (FEEEE, ToMoLmiiEs, REREE, RE
EHE, FEEEE, ToMmoSiLm@En, TNENoSGEREICS T T, HERE ZRHE,
2.2 LTI T 5 230k & mE R AT O BE Ak

MO SR EO R 22 KERTIEELTH D REL) KL, MEMNELED TS
WOIFEEAITOND X5, BE by FIXMELICHETIREEV ICED D,

3 ERIxE DA

3.1 FEL KT - HEKEORKIEI & BB 1kt 3R O fFUE

> FRIECKESCEBE N EIL, SLEHEEIIMUS L2 RRTEH & BRIEICSED S,

> EIFX I KEFEFRE D003 HEHL - M USRI L A i,

> ba—wrx I —lkAKEEZYIET A0, ANEEEEZEE L RA ZHUST 5L & b,
KERERNE, 72—V —TRT =N TFIN—T7 ZEE LR D TR % 2 T,

3.2 FEABELL S @ W F TR D B 1k 3R oo HE e

> TBEYE - AR DS (BRh oSMEmE)  TH) 12 X 5 KEEEFZITHD,

3.3 FLFEDEWITIS U7 K EITHR 2 B LR o HE it

> SFEIC Ko TEZRLFLKFORBITIS T, EHIX, SEERGORRNICHOWV TS [HFRINEZ
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TV, BAGRE A Lol U CHGH 2 S0,

4 EBHGRZTAEREFTRMOME
4.1 SRR 7R Rl R
O KIERIE DIRBEX K, QI ORL R, OFERIREL O
4.2 FAT OIE I L D Rz Hdafrom Lk
> PEFENEEL, RLENOm ELBEXICEODL L LB, vy b, B —, BEEED
HET 0 F2FE - FE AR AT L0 SRILIPR 25 B ~ D ] & HEdE,

5 BBERRADRAL

5.1 BUMMIESE R OHEE RIS D R B

> FURBRETOY R HADTEDD DI o =rr— 5 L IEBVE G AR T O RS B 50
Do WATZ, BUY—ITk Rk - FHEEICL D KEORKYIL, FEZY,

5.2 BIGRE iom EE A3 0~

> BEMEEIE, EREREE, BRTMOEBRBEEFORR LRI 5. BBREIM OB E
FLILERZE MS O T4 FEREAM L 2o 2 ffEitE,

6 E - iiXEFREAKFOEE - HHICL IRREROERME

> L, AEEMFIC L DREIRE, JLGEE S L2 MROSHEIHME, SEENRTROK VRS Z
FHK, PFEBRHARL, RLEH~ A X —HIEOEM « deEziX U & Lk A ERZ KL
DTS, Gl SEFER 1k D 72 ¥ 0O 1E By 2 FEhE A |2 R,

> - PRERAMREAIE, RE LV OfkEERIA IS0 D KO E#EE - @, FRIC TN
FLUNZBA L Tix, TRGEREN LS OEM, HIREAL TOMHRRH, KB X 53K
EEPHIBIATON D K9 Z Dl < X,

A R E R
https://www.meti.go.jp/press/2018/04/20180402003/20180402003.html?from=mj
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7.2 REEE

(1) HFixrlRE L BAF

HIER 2> & DL OFh L, Rl ATREZR BRI % L T, B, VA7 247267, EMiT
ANFDFEBIIARTHY, FELTRXRTORERDHFICL > THEANTH D, 2L, FREITER
BERTREMEIC K L CERKABE LV A7 bbb d, SmERIT DA< &b AR EITEmFO X
A LA —)VTIIARTHAERRETH D, FLEND L TRENS XS RMEE Y 2y
I, SRSt E IS OMICETETH AL ZR I L TWD, 1TE A EDTEYOFA SBNLH
BT DB, AESNDEREOENMNH -0 OFAEROEE R & AT 5 I E NN
DEEEMERH Y, BT AERE A MIEA T KT 23E L2 THAH I,

LIS ENL, FRERTREZRBAE, FFICEORFIMEICHEIRT 22 LN TH D, JL¥ENE
FEEICHMBINAZ -6 L, BREKEZREL, BEAZAHL, A7 7 OBEICERT S Z
EMTED, LIeMRoT, FLETFHHEATREZRBFE HEE (SDGs) I/ T A&~ A FADM DM
mzfA L, 170 SDGs ® 9 6 11 IZFFICHRWVEE L KI1FE3 (X 7-1), (UNDP, 2018)

PARTNERSHIPS
FOR THE GOALS NO POVERTY
PEACE, JUSTICE AND | [

STRONG INSTITUTIONS ZERO HUNGER
: GOOD HEALTH
LIFE ON LAND " @ AND WELL-BEING
17
16
LIFE BELOW WATER ___ & g _ QUALITY EDUCATION

CLIMATE ACTION —

1
RESPONSIBLE ~
CONSUMPTION
AND PRODUCTION

SUSTAINABLE CITIES
AND COMMUNITIES

" s &
~~ GENDER EQUALITY
6

L3

™ CLEAN WATER
AND SANITATION

AN

AFFORDABLE AND
CLEAN ENERGY

/ \
.-’.’ \

REDUCED DECENT WORK

INEQUALITIES INDUSTRY, AND ECONOMIC
INNOVATION AND GROWTH
INFRASTRUCTURE

4 : Managing mining for sustainable development (UNDP, 2018)

7-1 §ii3% & SDGs

II- 163



R ZER L, AMEZREL, oM aEBAREL, SLEMBLLORKEED LT
X, JLLOFRHEB X OLEONY a—F =2 — 2K 2B L TTUTONDOIRXThH D, JLEDY
B, BLFMO S T I E B EEEE, LB, SHRIEEERS I OENLEES) 2@ L TR
HEmbEISHEMTED, EOEETEICBT 2RET (K 7-2), BUFSLTOMOF]ERR
FENPLED S E I ERBMECERITTE 2 BEM R TE 2 8E L T\ 5, (UNDP,2018)

Mineral Exploration - Limited, but escalating impact as exploration progresses.

\/

*+ Limited impact during studies, assessment, planning, but future
Mine Development impacts and mitigation opportunities are ‘locked’ at this stage.
* Major environmental and social impacts during mine construction.

\/ - Surge in demand for jobs.

- Resettlement, displacement, in-migration.

+ Major environmental and social impacts, depending on the nature
Mining Production and scale of the deposit and mining method.
+ Demand for jobs, goods and services.

+ Fiscal revenue flows.

_ + Winding down of operations lead to reduced impacts, but can leave
Mine Closure lasting environmental legacies and social dislocation
+ Loss of jobs and fiscal revenues

4 : Managing mining for sustainable development (UNDP, 2018)

M 7-2 SLLRARICETIEELGEE

PLFENEEN I LRI L D I iV B ARERBE IR B 2 R T, BRELO W) BE R > & 5 36 AR P

USRI PASH £ CoREE ML, BUF & FIFERRE LU EIZ L o TR R TH D, T
B, BB L UOHSREERIIHANIC I VEEICR>TEY, Zoax MNIHEILTW5,

BREEAN—2 7 A A (EBS) (3ERILELME CTHEME S, £k, JLIUBAZICHITD F/S & LT
DERFEREGL (BIAEIS), #L¥(AEICBITA2REE=4Y 7, BLOILILMASEZ OREE
=XV T EREEENERmIND,

REN—Z 7 4 AL, BABATOBAFOREREZ ST, XEALT L, BEINLT
Nyl NOWBESZITANREEOS ZBREBERENT —XIEOKRE R D, X—RA T 1 VERE
FEOMFIL, 2 DOBEHTEETHD, | DIFEEFMMOKBELZ KT L2 L, 9 1 DIEH)
MO ERMET A 2L Ths, ey oy FoEMAT EFEILEENMThL L XD
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W CARARTH D, THRRERER—AT A VRELZITV, 7ry=7 MPAHIROREIC
LETE R B WD Z N EECTH H, FEBLATREMEE I L ERBREN R, RERE
— h A Y MIRERER ELLITNDH, FEM L LK< 72 %, (IAEA, 2005)

EBS I%, Ym Y =7 MEEBIDNTON LIS, RESFOREE L TRROHNIL O EEH P %
WGET260THD, EBS 7—XI%, SLiloBA%, #E, AHOKEM T, SEIERREER
F O ERFHINT A —F —DiENEBLZERTL2DIHEHTE S, BEYR VAL TR
T AL, BREBEORBORE L, WEAF I EHEEOEEEORIE EZ MM 5701, T
B 72 Rl CREBERIIC T S5,

SLILBASE OREE =2V U 7L IEFICEETH S, IILFASICI I 2FEIX, EITfEBRY,
etk OB EA K, oBtEwE, LHiEE, a6, gabyy M Th D, EEePASHE
FIIE, BEgO THFIH, PAEOBR, 52T, ST — X OWE Lo, B X OEYPEE
W% &M Bt O R 2 3 O D LR B D,

5%
AT

PR ~OBREMMIOEAN L, MOBEROFTHE Vb, EOBRNE X ORRFIR
B, MHOMIN, KO O EBRMEICEREICBEE L TH 2 REER D 5,

HRAICHLEE 7 ¥ — O R a2 BRI F R & el & 7o TW D, FrIZ 7 — & TlT,
T4 EEBEEERRERERERICE S, KARBHLBERENEFICHEETH D,

KRB DA IR RFE I L > C, MERBLENAFZHIZTE RN &L, BRIEEREIZLD
PLERR T OR B B WATREMEN B D, I EIRDORT % VTG T, RO il TIdsR
Btk C L EORGEDRZ T AN OGN DAL H D,

REMIRICB W TEFRFAREEZ 7252 L CHRERIEMERNFE SNTHE, BUFIZELR5
RILAFFAIL, ERIEDINEIDERETILEND D, ZOWREITHMY CH L vh Ll
W, TEROIRELZBET D 72010, REHIIC R T DI ETR DR L B O 72D 0K E O BLHI &
MESLT DMEN D D,

HARDOENARNOBE RS e E2FpE L, 27— USNDOREXNIZE T 5 ESAF
D HRERERICHEL 5 200 LV O/ N e B PRE X, EIA FiiE Offisgbz L, Hism
REEEZRO TV ZEBMETHD, 7L, ZnbDOHSMEEZEET L5481, BURER
ELCBREREHRELIT, NERE=X ) 7SR E T 52 LIINEATHD, 4% DGM I
BB R R & Z OBSMERB I OWT, MEEE T 5D RIS,

Fo, FOLIBRPAETFENRED LS 2HIKTRD LN D), EOWRBBETED X S 72 T
ERMERLOD, TR EIZoWT, A - BIRENEM LTV X 9 I BRI BE RS TRl S
Nz sian, gz, HEFEE L, WERE, HblE, WEEAERS LOR—
U THREND D, BARBICOWTIE, MEORACHEHE, Lo F By b, R—=U 77
ERD D,

(2) SEILBAIL D FIR (RBEFRIZDIEERLEBLE)

FRABBL O & A, SLIUBAFEIC KD BTk 2 IERICEHE R FIETH 5, NECS 115
FAREOEMHEE E LT, ZOOFIEICIEFICEOLZRF>TWD, NECS I2LbD &, T—H
XHAE, SERICHESNIZIILORBRINE E A LR GIEDIRTLTIX, — oL LT E 21
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A TWD), 7—=2 > TOAROIIIABHOIR Y ADEE L LT, AARTOIHILFILE
IR D WA L RIS/ T %,

BE /MO TORIOBEREE LT, MU LMASEEE s ZOX\PEETH DL, — KDY
TR L X R 0, SR TOMBMIENE I L% b KB Yeo A TR 55 80 B 5 |2 T R
EHZDBNRH DI, MELTE Z EIXTERY,

HARTIE, 2EAHIC 5,000 5T kS HRBEILGLIL] BFEET D, 2D 95 HK 450 » AT,
FLILOEENMEIE L2, MO0 ESH ILEEZERT, HOLOVEZTOXLERH D L I T
%,

HARDIKBEILGLINTIE, 2o THILAZ&RE L W EENSE L Z OB 288 LIER Ik
MREATO [BEEFEIIL (BRI - BFElR) ) &, BE L W RENBEICHE LEHRZEE N
RIEL Ip otz TRBERGELIL (BIL) ) 0355, REESREE L W KBEESLLD %<
PG B EENEEL T2, HF/NEEOINILOZ 1T BENEE - HE L THREE A
FAEZT2 D, OFRE LS R ITH G AR - T D,

HARBFIZ JOGMEC % U T, ZiLh DORFESHG ALFRIS L TEIN R A 1T> T b,

kJOGMEC

[ | [ ] [ | [ | [ ]

KRR i EE EHEE || stERs R -
MBEAKILIEREOD || FEEE. || R SRR R || GEHLERES
EREE EIEE || EER. P DER - BE
\\\/ ! -.'_.“# ‘H‘:-- ! \\wf,
IRk anIg |
HhA 4K | HEFLETS H #nsXid P sEEtE

FEET IR LD =] Bk LI s FEreE TEA LI
e sEae (| MEIRXM G EEn - s [TEFAL B

Hi# : JOGMEC (http://www.jogmec.go.jp/mp_control/main.html)
7-3 JOGMEC D #hEFLEEXDEHEA

JOGMEC (X% &, BAOERIILIZEW T, £& LU THILIED A2 ERIE L T\ 27z,
% & EERIL, RAFL, POHEERTL, FHEILFEOIMNIRD, DM FARRZER T OREHE & X
JGL, BEEREGATBEOTEKRERETHZEND D, iz, REFEICEL > TRETIHE
[ (X)) BOEBBICBWTIE, AZICL> TRV ICEENIAERELBENEHL, 91E
DOFAEPE 2 D1F0, AV AERORHSCEIC L 2R EOREE b Z &b 5,
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NG EGIET 2EIEEET, KE TRARMEK) & THEAKLE] © 2 2125056
o,

c FEAETEE  BUBEKIC K 2BEAMNEZIMZ 572012, AT ORI CHUEmEHESCE

KIEHE - G OE L - S ZTV, KEOEESKEOH D ZX-> TV 5,
< VIBEKALBE  GUBEK N MAT D KB OBRREICHEL 5 200X 212, EE&REOMRYIRE
MN—EDORKMEMLFIZRD L HINEF L2 L Th D,

JOGMEC 1ZZ N E TH o TE L ERIED ) UNT ZEN LT, SFEIEFEZITO R
HRAARCAEZESE~, JLFEMIEXIRICE T 2 8348, Hivbiss, MRS s17v, REORS
FICHBAL TWD, —F, JOGMEC 1%, #LiliyBYps k072 OEABA%E, Fa Py 1k 328 E m
DR —=V 7 AMER, SLLTEYRY EHEFE RS OEI L EE H1T-> T 5,

BifE, 7 —% T JOGMEC O#&&E 2 K- HBI L LT DGM ML E 5, DGM [FHHE% D
EEB L OO D S TEHEEICT 572018, SISt SBEEEEREZ IS 5, 1)
VAT ARTTITHEINL TV D,

Lt%, ENTHSMD DBREMNICETOH DI ELZ MR T 272012, AMEBSCHEINEF 72
EMERIEB N S B Tbhd 2 EnNEEND,
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Appendix 11-1

Category

A: Policy and law of Bhutan,
E: Reltaed geology and mineral resources, F: Related environment,

Reference

B: Mining in Bhutan, C: Environment in Bhutan, D: Geology and mineral resources in Bhutan,

G: Others

No.

Author or Publisher

| Year

|Title / Other information

A: Policy and law of Bhutan

A-01 |Ministry of Agriculture (RGoB) 1995 |Foest and Nature Conservation Act of Bhutan 1995

A-02 |Ministry of Agriculture (RGoB) 2006 [Foest and Nature Conservation Rules of Bhutan 2006

A-03 |Ministry of Economic Affairs (RGoB) | 2017 |Mineral Development Policy 2017

A-04 |Ministry of Economic Affairs (RGoB) | 2018 |Mineral Prospecting and Exploration Guideline 2018

A-05 |Ministry of Economic Affairs (RGoB) | 2019 |Foreign Direct Investment Policy 2019

A-06 |Ministry of Economic Affairs (RGoB) | 2019 |Foreign Direct Investment Rules and Regulations 2019
A-07 |Ministry of Economic Affairs (RGoB) | 2020 |Mines and Minerals Bill of Bhutan 2020

A-08 |Ministry of Trade & Industry (RGoB) | 1995 |Mines and Minerals Management Act of the Kingdom of Bhutan, 1995
A-09 |Ministry of Trade & Industry (RGoB) | 2002 |Mines and Minerals Management Regulations 2002

A-10 |National Statistics Bureau (RGoB) 2018 |12 Five Year Plan: 1 November, 2018 - 31 October, 2023
A-11 |Planning Commission (RGoB) 1999 |Bhutan 2020: A Vision for Peace, Prosperity and Happiness
A-12 |Royal Government of Bhutan 2008 [The Constitution of the Kingdom of Bhutan

A-13 |Royal Government of Bhutan 2017 |Economic Development Policy 2017

B: Mining in Bhutan

Anti-Corruption Commission of

B-01 Bhutan 2016 |Improving Business Environment: The case of the Mining Industry in Bhutan
B-02 [Asian Development Bank 2015 [Draft Maps Bhutan: Version 18 March 2015
B-03 Macroeconorpics, Trade & Investment 2019 |Bhutan Development Report
Global Practice
B-04 [Ministry of Economic Affairs (RGoB) | 2006 [Investment Opportunity Study —2006, Bhutan
B-05 [Ministry of Economic Affairs (RGoB) | 2017 [Study on Productivity Enhancement: in Existing Large and Medium Industries in Bhutan
B-06 |Ministry of Economic Affairs (RGoB) | 2018 [Detailed Feasibility Study on Industrial Linkages and Cluster (Mineral Based Industry)
B-07 |Ministry of Economic Affairs (RGoB) | 2019 [Guideline for Leasing Mines
B-08 |Ministry of Economic Affairs (RGoB) | 2019 [Bhutan's Domestic & External Trade
B-09 [Ministry of Finance (RGoB) 2019 |National Budget: Finacial Year 2019-20
B-10 [National Statistics Bureau (RGoB) 2019 |National Accounts Statistics 2019
B-11 [National Statistics Bureau (RGoB) 2019 |Statisitical Yearbook of Bhutan 2019

C: Environment in Bhutan

Ministry of Agriculture, Department

C-01 2006 i f Bhut.
of Forests (RGoB) Forest and Nature Conservation Rules o utan
c-02 Ministry of Agriculture and Forests 2018 |Forest Facts & Figures 2018
(RGoB)
C-03 |National Assembly of Bhutan (RGoB) | 2005 |The Movable Cultural Property Act of Bhutan
C-04 National Environment Comission 2000 |Environmental Assessment Act, 2000
(RGoB)
National Environment Comission . . .
C-05 (RGoB) 2001 |Regulation for the Environmental Clearance of Projects
C-06 |National Statistics Bureau (RGoB) 2017 [Annual Environmental Accounts 2017
C-07 |National Statistics Bureau (RGoB) 2018 [Environmental Accounts Statistics 2018
C-08 Natural Resources and Environment 2013 |Socio Economic Environmental Impact Assessment of Mining and Quarrying Activities in Bhutan

Committee

D: Geology and mineral resources in Bhutan

The Bhutan Himalaya: A Geological Account /

D-01 |Bh O.N. 1 R . . L.
0 argava 995 Geological Survey of India Specail Pubulication 39
. Meatmorphic Reaction Related to Decompressoin and Synkinematic Instrusion of Leucogranite,
-02 |Davidson C. et al. 1 . .
D0 aviason & et & 997 High Himalayan Crystalline, Bhutan / Jour. Metamorphic Geol 15. 593-612.
Geology of the Bhutan Himalaya /
D-03 |Gansser A. 1983 |Band 96, Denkschriften der Schweizerischen Naturforschenden Gesellschaft, Birkhauser Verlag
Basel Boston Sturrgart, 181pp
Mineral Resource Potencial of the Kingdom of Bhutan /
- Goodell et al. 2014
D04 Society of Economic Geologists, Inc. SEG 2017 Conference
- |The geology and tectonics of central Bhutan /
- V. . 201 . . . . .
D05 |Greenwood, L.V. and et al ° |Journal of the Geological Society, doi:10.1144/jgs2015-031(online)
D-06 |Gupta, A. 2004 'Pala'eozglc metalloge'}ny in Tethyan Black Mountaln Basin, Bhutar? Himalaya and its regional
implication / 19th Himalaya-Karakoram-Tibet Workshop, 2004, Niseko, JAPAN
Metallogenesis of the Tibetan collisional orogen /
-07 . . 2009 .
D Hou, Z. and Cook, N.J Ore Geology Reviews, 36, 2-24
D-08 |Joint Ore Reserves Committee 2012 |The JORC Code: 2012 Edition
. Geologic Map of Bhutan /
D-09 |Long, S.P. and et al. 2011 Journal of Maps, 7:1, 184-192
Geometry and crustal shortening of the Himalayan fold-thrust belt, eastern and central Bhutan /
D-10 P. . 2011 . . . . ’
Long, S.P. and et al Geological Society of America Bulletin, 123(7-8), 1427-1447
i Report of Regeional Exploration of Iron Ore Occurences Near Maure, Gaylegphug District, Bhutan /
D-11 |Mishra S.N. 1985 . e
GSI Progress report for field season 1979~1980 (DGMPZETE)
D12 |Thomas Caspari et al. 2006 Geochemical investigation of soils developed in different lithologies in Bhutan, Eastern Himalayas /

Geoderma, 136, 436-458
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D-13 |United Nations 1991 |ATLAS of Mineral Resources of the ESCAP region, Volume 8, Bhutan
D-14 |United Nations 1995 |Industrial Minerals Development in Asia and the Pacific, Volume 8
Mineral Deposit Models /
D-15 1992
USGS U.S. Geological Survey Bulletin 1693
D-16 |USGS 2018 [Minerals Yearbook 2015, Bhutan and Nepal
A preliminary study of rare-metal mineralization in the Himalayan leucogranite belts, South Tibet /
D-17 .C. . 2017 . . . .
Wang R.C. and et al Science China, Earth Sciences, doi:10.1007/s11430-017-9075-8
. . T =2 O T TR IR ST OB (Japanese)
. g o
D-18 |G =i 1995 | jype = 4855, 29-40
T =5 O LB E— 4 ETIT o7 2 & — (Japanese)
- 3 e
D-19 |7A fee 2001 |y oemgeate 110, 449-453
T =K LD JED O RE (1)-F OREEL R 5 - (Japanese)
- 3 e
D-20 Bk B 2001 |G T s
T =K LD JEND O RE (2)-F OEEL R A - (Japanese)
- 3 e
D-21 |fek B 2001 |G e 60
. - TRl FOMEFHEDOITNEERY (Japanese)
D22 /A 1E 2002 \ypr =", 257145, 40-45
E: Reltaed geology and mineral resources
. . Geology and mineral resources of Phalamdada-Dhuwakot section of west-central Nepal, Lesser
E-01 | Bhattarai A. and Paudyal K.R. 2018 Himalaya / Bulltein of Department of Geology, Vol.20-21, 59-64
Mineral Comodity Profiles - Gold /
E-02 .C. .B. 2005 .
Butterman W.C. and Amey III E.B USGS Open-File Report 02-303
. Zinc-lead mineralization in Ganesh Himal region of central Nepal /
E-03 K. 1982
Chakrabarti C.K Jour. Nep. Geol. Soc. Vol.2, 47-51
. Characteristics and Genesis of Epithermal Gold Deposits /
E-04 R. .F. 2000 . . . . . .
Cooke D.R. and Simmons S.F Gold in 2000: Society of Economic Geologists Review in Economic Geology, 13, 221-244
Lateritic, Supergene rare earth element (REE) deposits /
E-05 |Cocker M.D. 2014 |Proceedings of the 48th Annual Forum on the Geology of Industrial Minerals, Phoenix, Arizona,
April 30 - May 4, 2012, Arizona Geological Survey Special Paper #9, Chpter 4, 1-18
E-06 Deprtment of Mines and Geology 2004 Mineral Resources of Nepal /
(Nepal) Dept. of Mines and Geology, Kathmandu, 154 p.
Beryllium /
E- K. . 201 .
07 |Foley N.K. et al 017 USGS Professional Paper 1802-E
Orogenic gold and geologic time: a global synthesis /
E- . 2001 .
08 |Goldfrab et al 00 Ore Geology Reviews, 18, 1-75
) The "North American shale composite": Its compilation, major and trace element characteristics /
E-09 | Gromet L.P. et al. 1984 Geochemica et cosmochimica Acta, 48, 2469-2482
. Geology and Mineral Resources of Arunachal Pradesh /
E-1 K. 201 " . . . .
0 |Kesari G.K 010 Geological survey of India Miscellneous Publication No.30 Part IV VolI(i) Arunchal Pradesh
. Geochemical characterisics of collision-zone magmatism /
E-11 .B.W. . 1 . . . R . ..
Harris N.B.W. et al 986 Collsion Tectonics, Geological Society Special Publication No.19. 67-81
. An accurate procedure for the determination of the rare earths by neutron activation /
E-12 X . 1 . . .
Haskin L. et al 968 Journal of Radioanalytical and Nuclear Chemistry, 1, 337-348
Tectonics of the Himalaya and southern Tibet from two perspectives /
E-1 V. 2 . . . .
3 |Hodges K.V 000 Geological Society of America Bulltin, 112, 324-350
E-14 |Hou Z and Cook N.J. 2009 Metallogenesis of the Tibetan collisional orogen: A review and introduction to the special issue /
Ore Geology Reviews, 36, 2-24
E-15 |Hou, Z and Zhang, H. 2014 Geodynamics anfi metallogeny of the eastern Tethyan metallogenic domain
Ore Geology Reviews
Ground radiometric survey, prospection of radioactive minerals and its findings in Nepal /
E-1 Kaphle P.K. Khan H.R. 2 . : .
6 aphie and Khan H.R 003 Bulletein of Nepal Geological Society, Vol.20. 63-65
The Principal Rare Earth Elements Deposits of United States - A Summary of Domestic Deposits
E-17 |Keith R.L. et al. 2010 |and a Global Perspective /
USGS Scientific Investigations Report 2010-5220
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Compliance Monitoring Checklist for Mines/Quarries

1. General Details

1.1. Name of the Mine/QUAITY .. ........coveeuieiierieiiieieeeeete ettt eve e e
L2, AAAIESS. ..
1.3, L OCAtION. ..ttt e e e ——————
14, Contact PersOm. .. ...oiiii i e ——
1.5, Year of COMMENCEMENL. .. .. ..ottt et et et e e
1.6. Operation period: Seasonal or All-seasons (Season- time frame).........................

1.7. Nearest Settlement/NOUSE: .......uuiniet i
1.8. Nearest cultural/historical site/public infrastructures...................ccociiiiiiiiinn,
1.9. Nature of area (MiXed/SENSItIVE)..........oooiriiii e

1.10. Operational/non-operational...............c.oiiiiiii it

1.7. Mining Details:

a) Total Leased/MINing arCa:..........oeeueiririntent ettt et ettt et et eeareareeeeanennens
b) Type of Minerals Mined:............ooiiiiii e
c) Validity period of the Lease:........coviniiiii e,
d) Method of Mining/Quarrying (mechanized/semi-mechanized):.............................
€) ANNUAl PrOdUCTION: . .. .. e
f) Dumpsite area and CaPACITY ... ...virieit it
g) Length of haul/acCess rOad:. .. .......ouiiieii e

2. General (Tick if items are monitored)

Approach road.................. Surrounding environment and landuse......
Screening and crushing............... Labour camp, site office and sanitation- facility......
Dumpsite............ Progressive restoration.........

Water source and supply............ Explosive Magazine ............

Benches............... Waste Management Facility......

Public infrastructures (in the vicinity)... Machineries............

Drainage............

Note: If mining/quarrying has not commenced, the inspector/officer does not have to fill
up the succeeding requirements. Go to signing (page No. 7)

Page 1 of 7



Appendix 11-2

o0 o

Status of Mining Operation

Gradient of abandoned benches.................cooooiiiiiii

Gradient of working benches ..............ccooi i

Instruments use to measure the bench parameter ifany........................

Number of abandoned benches......... , actual bench height............ and

width...............

Number of working benches ............ , actual bench height............ and

width...............

Drainage provided,

I. Drains to the abandoned benches Yes[] orNo[ |, If no, specify the
bench numbers which are not complying as per the approved mine plan

ii.  Garlanddrain Yes[ ]or No

iii.  Drains at Dumpsites Yes[ ] or No[_]

iv. Haul & accessroad Yes[ 1 or No []

V. other locationsyes |:|or No { Jany other specific observations on the

condition of drain

Mechanism of dumping and arresting
SPILAgES. ..ot

Number of check dams USed/CoNStIUCIEd. .......eeeeeeeee e e

Conditions of Dumpsite:

I. Stabilized Yes[ ] orNoJ

ii. Check-dam Yesj0or No[ ] :

iii. Compacted Yes[] or No []

v, Restored Yes/No

V. and any other ...,
Type and Number of machineries
deployed.......oovvniiiiiii

Number of workers
(casual/permanent)........ccooooririiii

. Pillar to Pillar visibility ~Yes[_1 or No[1 and accessibility YesC_1 or No[l

Buffer distance between the actual mine/quarry excavated area to the nearest

boundary/DP. ... e e
Encroachment into surrounding environment Yes D or No D If yes specify ....

Infrastructures Yes [] or No[1; If yes specify the type and

numbe

Fo
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g.

Progressive restoration Yes[_] or No[_]; If yes, describe the status, areas, number
of trees planted/survival growth, time of plantation (year/month/date), species in
consultation with nearest DoFPS and others...............ccoceviiiiiiiiiiiiiiine,

4. Issue-based observations

4.1. Air Quality

a.

b.

Any point and non-point source emission  Yes or No D If yes mention the
SOUICE OF @IMISSION. ...ttt ettt ettt e ettt et et eaess
Mitigation measures implemented Yes D or No D If yes, specify the

11T e U PP PPPPN
Ambient air quality test carried outYes [ JorNo [ | If yes, mention the result

Meteorological condition at the time of inspection ................cccooiiiiiiiiiiiinnn
Location of the ambient air quality sampling (with geo-coordinates)

4.2. Water quality

a.

b.

Any water bodies nearby Yes[ | orNo [__] Ifyes, distance from the nearest
DOUNGANY ... .o e e
Any blockage/diversion of water bodies Yes [ ] orNo [ ] Ifyes, how..........

Is it receiving water body of mine/quarry waste water Yes[ ] orNo []
Immediate downstream users Yes[ | or No[ ] If yes, the purpose

Any other source of water pollution other than mine waste water ~ Yes [ | or No[] If
YeS, MENTION the SOUICES. ... uuttttt ettt et et e e et e eee e e aeeeaeenns
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h. Water quality test carried out Yes[ Jor No[_ Fyesresult...............ocoooooiini.
i. Equipment and methodology Used...........c.oiiiiiiiiiiiii

j.  Sampling locations (with geo-coordinates)............cccoeeiiniiiiiiiiiiiiieeene

k. Waterflow discharge measured Yes [ ] or No[ | If yes, mention the locations with

0CO-COOTAINALES ...uvtenettette et et e et et e et et e e e e e et e eaeereeaneeeneennns

4.3. Immediate surrounding land

a.

Land use type:

i. Forest Land Yes [ ] orNo [ ]

ii. Agriculture Land_ Yes [] orNo []

iii.  Orchard Yes [ orNo [J

iv. Private Land  Yes [] or No[ ]

Is it receiving body of mine waste water Yes 1 orNo L]

Any landslide Yes [] or N[_] If yes, specify the location with regard to the
DP

Any sign of drying of trees/Plants  Yes [ ] orNo [

Mitigation measures implemented for the drying of trees/ plants Yes [ | or Nd_]if
YOS, SPECIIY . .ot

4.4. Noise and vibration

a.
b.

Blasting required Yes[ ] or No [ ]
Blasting technique followed (describe)...........c.ooiiiiiiii

Provision for siren  Yes [ ]Jor No[_]
Direction of fly rock observed and mitigation measures.....................ccocoeee.e.
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g. Noise level test done Yes [ | or No[ ]; if Yes, Result with location and geo-

COOTAIMALES . . .ottt ettt et ettt e e e ettt ettt e et e e e
h. Equipment/methodology USEd ..........oviniiiini e
1. Receptor location (DiStance)..........c.viiuiiiiiiiiiii i e
j. Vibration generated Yes [ ]or No [] If yes, specify the source........................

k. vibration test done Yes [ | [ Jo ; if Yes, Result with location and geo-

(o701 (4 B33P 1<
I.  Equipment/methodology USed..........c.oiiniiiiitiit i
M. Receptor 10cation (DiStance)...........o.oeiriirioriit it

b. Reused/stored Yes[ or No []

4.6. Waste Management

b. Clean drinking water and sanitation facilities Yes[_| or No[]
c. Firstaid kit available at the site Yes[_] or No [_], If yes, Specify...........ceevvueeeennn...

Page 5 of 7



Appendix 11-2

4.8. Contingency Plan

a. Fire, flood and other disaster management plan at the site Yes [ pr No [_If yes, Specify

6. lssues resolved Yes[ | or Nd_]; If No, what are the issues that are not
resolved...

7. Follow up actions carried out (notification) Yes Jor No [ ]; if No, what are the
issues that are not mitigated or corrected..............................

8. Compliance to EC terms and conditionsYes [ Jor No [ ] Specify the terms
and conditions that are not complied.................cocooiiiiiiiii

10. Documentation available at the site Yd ] or N_]
11. Visual impact Yesl_| or Nd_] ;if yes, specify the sensitiveness of that area.......

12. Disturbance to public infrastructures/social/cultural sites Yes[ ] or No[ ] ; if
VS, P I .ot

13. Recordof public complaint Yes [_or No [1Specify .................coooiini.

14. Frequency of non-compliance recorded................ocoiiiiiiiiiiiiiiiiieee,
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Inspected by:

agkrownE

Date:
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