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WRA ¥ UM B AT 99 9 PRI (el B MRy
AT o7 | WRAR e U 9 ¥ U1 & R DI o |17
o forFe Ta M T 335 fifore a¥ qd # foemm y—emar
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0. GoE SEHAIT
e [T =

B oAasiTES OF &L S0EE

"o 6 Q1 g # @ e W gy @ W@ 8, YR T e
s Yer ¥ Fife fUse gue & M. § SHeT IeH dad
1.2 TR @1 (@ G srferaensii # 5 9 6 Ui &1 o
#) e iy fob Al TawT d 9gd € F9 2 (9 PRI SIeR (400
T ) STafeh ARLIORIT BT 124 FRID! STeR (5,500 F.) TAT BHATST B
118 3FRIPT STeRk (5,310 %0) ) & |

“IRT ¥ G &7 § 9qalld oM @ oy e o
U R b & | IR G &7 B el @ fadeT e
T 210 Rfere el SR | 250 fAferH ¥l SR
(. 945 ¥ 1,125 BOIR IRIS) AAT SNl H 6 H 7 Yied dI g
TN FHAT & 3R 2025 T G AR UeT INEH & §RT 13
15 fAferIe ISR a7 A FobelT 2 |

39 Sy @ foly, & T mafiedel ® e fFU S @
SMTLIDHAT &, FTTH A9 Ua RIS SIfETEor & Aread | HRmee
T Rt 3R ¥ gl o, Wi Faell e # 41 &, 9o
AP R AT FRAT (SFerwiver, Sieifad, Wrenfire); T
WA & YN T G T4 Fad [dbr GRREd AT Ga,
e aiR FAR BT M IR HRAT FAT Aure GARad w
@ folt oeH IoFT” WA € I

TAT WRAAE I H AARS ITINT 5 W@l H Suael Wiiall &
farpra 1 farem o, uga wen wder SR Tawr 8| g # fawne

T AR 3T FARAl 6 9IE TG A TN & oy i o
(RPN Jprar oll) & e by § fbg wRA @1 A9 goie
arf 0 AT 2| 78 &I < @Y navaddr § b ey Ty
4 3 Ul 4, TRy WY W, TP GUR UhAT & 918 Tavor ey
i ofg @ @ R, du, W Su-wErgly § O a1 v
foxard 3 21 99 2016 ¥ v U U oo Wifee gefooi g
A HU & HRINC V@RI Yo (WHIg0d) @ Ud
eI ¥ AT Fofdl & b 2016 H WO i@ srellg @ Tawey
T dTell 20 HUFTAT BT A 7 RAfeR SFRial STeR & o
T BT 31 e dod1 71 39 RUic H I8 41 <R W © B
MY 10 HUFT BT Foic YA 5 STk H 1 STeR d8dT & o dRdd
U W AV R G HA @ A7 | qra1, WA A ERT B forg
<IT 10 BHUCEl & Gl ATV GIC FT 88 YR do & |

STRISEIY TTAY0T Fofc W I B ATHYDhal & MR W yrafed
foPy T 2 1 2016 & BoR SRICYC T |a M AT HUl
@ AR URRT 3T # e & My Aavd aTraRel drell
&7 B | BOR e G g1 R H <R BT T Sl s
STHYGAT TG T TR T Lo e & fofv fowam S
g 39 W ¥ Wi gured, PR @1 daeH, iR e,
RISTHTTcrep T GRET FHIaH], TUR qgal 3fife oi fafrT <fifcrd
fawRIf 1 oo o ST 8 | ¥RA BT R G Fadid |
88, Iod TRFRT I GaAGID H 94 TAT AT SMpyHal Fadid
qrel 104 R A W o7al WM eI W & W B Fel—el
TEEHS & o o SH1aT adie 3R 3w TEl @t
TR adTR” QA & IRVl BT eI S & |

e iferar & v ge & @9 mive gefool ST @
ITAR R fIeq # TI90T A JeAIH TGO ST DT FHIe
el g ¥ | ugel aferat § wiett B fory <uit & e ik @
B e St e @ forg <ul & W Bl @ sdvdd
Ml TUig TS 2| T BeT SR ARLIORT ofd THY | AN
@ & # ool a9 gU € anfl, TN & ARl @ w9 A lfed
FIG] T HT SVRAT G 2000 S 918 & GURI 4 el WY 7§
TR IR AU WS FRET IR iR QAR & gRT
o froer W S=a o fid ® 2|

2 2016 @ forg e STadadr gaaia R SeRa Fae arem g 4 vom e wreda
(@reT) ® SR FEawT (@) fed af # 194 ¥ & 9% 79 9§ gE WM W S T 2|
e smgfer TR WM W o $iR o Wt (4UH) e, | (@), TReE
(3T9.) Wied, 3mRele TRy 3R Fdiiele (emeforn) o | Jou srterdT uid &1 Fw &
for g # et B ST & 1 I fr T o | W &, W A 10 i A 4 7R
SToTeTg Wi SR WS & Iouel, BRI, WA, e iR Aonfed o & |




ARG H, AV R SRS I AT FIel, AT 3R AR Gael  WRA B -I9G a9 I <@d g Jgi &1 dF TBR
eTqalt TR 2 RET ¥ | 39 o, IRad TIVT o BT WeH 991 @iol (WO, SR e1g qr ER) @ s | € e
T ¥avt SR &gy (G e, AT 3ik o) ofR 88 W Bk gforg, dRas v faw &1 (5 Sgua S wRd # o W@ g
& ORT gad) difereT # o T 2 | ST Y S4felY BT © il 39 IR H Ig el bel ol ohdl (b U T eIl FHIr
3 @Sl &7 aT o # Bfonrg Bl € iR A @i ur WM & BT & SrrdT A @St TN & SR R |

B TaE B e e 2 | aRRne—2 § O wfre fedt @ wven

@ Uk & B dda @R Ry T E
IRIF AT IIC 2017 H T FT AT
yfreTa HE TfRreTd HI

HTeT 14% T ABIHT 5%
g fora 13% I APIDT 2%
TAECe Wl (ia) 7% SR B 2%
A 6% Y AT 4%
U% 6% il 5%
ferett 6% ElR] 6%
AfesT e (3) 6% Uffha /aeY g TRmn 5%
FTforet 4% 74 Wifead §g 1%
| 5% 3 (MRT Wfed) 3%

4T : IRad T TN ygfat 2017, T g @ Afe geforof srer

AHN-IR 2 TV Y

ELl wqut 3MYR ¢Tg8
(e, fAfdpa,
RIS

2012 9.65 (47%) 6.57 (32%) 062 (3%) 0.31 (1.5%) 3.39 (16.5%) 20.53 (100%)
2013 6.64 (46%) 476 (33%) 058 (4%) 0.14 (1%) 231 (16%) 14.43 (100%)
2014 462 (43%) 3.76 (35%) 054 (5%) 021 (2%) 161 (15%) 10.74 (100%)
2015 4.14 (45%) 313 (34%) 046 (5%) 0.14 (1.5%) 1.33 (14.5%) 9.20 (100%)
2016 348 (50%) 216 (31%) 0.28 (4%) 0.070 (1%) 0.98 (14%) 6.97 (100%)
2017 4.05 (51%) 238 (30%) 025 (3%) 0.080 (1%) 119 (15%) 7.95 (100%)

S : gEvsd Toigd Aifte gefonid (2012-17 @ forg)
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& AR Y BT &F W U AN, Ul &R G |

o Il Al 7 78 W RiweRe @1 f& "% YaR” (Bulk nature)
& GGl o dle R, FA-UeR, didse afe @ fou
S g @ Toialh UG TS & W bl B ©, AT 98
ey & TRe walfen 8 (AR R WeR @9 | Jdl el
ST ?) 99 e @ A & o1 wedt €1 g Amar #,
FE Ugel’ YUl & QMR W ol e ol (fivet. onfe &
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Ty & fagrh o/ A g | §¢ aRacdA

2015 ®, 39 AR & 9 @M IR @ (e &R fafres
e, 1957 (THUEIRIR Sifdifem) @1 wefed foeam o (3R
IS M o el 1 IR fdar ) 5 amaed ik |
faqemferar FoT foar oY ok efe gRefr o S | @
Rl & ofger & wag # f=faiad 5@ uRacH feby v :

o Sficg WAIGH & U Jge faem @M & uee 2030 JeEm
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@I ST | IR-dfted @l o) FHIfT o areg 2020 © 7 {5
2030 (37 QT BT HREAT BT AIRU—RTD 2020 H FAG & BT
TG © FJdu—1 H U @) |

o T W RIRIC QEEor TROT & fofy 31l T TRO1 & forlg
Bl dlell & gNT (IR0 T IV B 3Nl B AR W)
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(T R 2015 BT TATHSIATR ST & Srfie Srfdrgferc
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® ‘Tgcl M UEC T’ SR W CIE! FIE WRAT e I
P 7d FERM & M R R-ARre S8 adaor wfve gomed
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fbg ST I TR WFGIIRY & A & IR TR Y&
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P 3 S Wil (THamRy) R 2015 & I8 drifofy <uiiE
TS & | ORT 10— T WRMT & oIgeM @1 ITad g, S N
I Seoid A T & 6 5 e} oS 1 I9& <rel
FIAT B MR R hell GIeqv] g 31l @ Uee & foly
4T R BT HABR TE| BT | T A T8 & b TgarRdl
4 T el T TREN YRl gRT 3R A0 ax v TN
4§ AT I 1M @RISR BT 9T A W SED] Al
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T ? ULl URG S s YR I} Gl & all
TWHR W T TGl ¢ [ 98 U Gl DI AT B HT IR
THT 2 |
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e (RG § P S0) & U A SRl @
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3. TAURSIIR AR, 2015 ® by 7u domet # sfdfvem o
T 9% @ 3efie T WSt T I (TTUAREN) Dl ROl
B M B | 39 X § Tee] W 2% SUPR §RT &9 O
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I Wit aver i (TeEsdY) 2016
WHR 2016 § TP IS @il 79907 AT (THeasd) o
drfep Tavor T H ORI 1S o 9d | 39 AT B
W §
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AR I TWERI B e dTel Iod & w9 § B TRER
T AR @& I (e /N & te Red ufiwa @
| W) IS el /&3 H TAYe HE B DI AFA
ST AT ¥ wer T § fo ag uferdar /iy e aeierar
ERT T 907 TR T 37eT &1 SeHT SR goer e
I T fHAT ST 519 Wil & el A9 & MR TR
e & forv W@ o

® S ANV YOIl BT T4 Sl H AT o B A &
T g TIYT B AR TR YT SHD QleIoT [ bl STeamin
@ o0 <@ SITQ: dem

o U YR & Wil & fol 7AW & AHd AN Hre
et arfe e iR Bf S Gefd aF # faed
G-I R A e @1 e # afigid &1 e |

I @feret i 2019

WEHR A A & F I @i AN, 2019 TR B 8| gD

faefoRad faRvamd 59 2008 @1 AfY I 3T Beel § ¢

o UMW ST B el AR B “Heb 3 sfedl’ Usdl §
IUINT febar ST =Ry |

o Il B GG @G B AAH TR TE 9 WG o
@ TTEN B AT |

o R7 ¥i¥e “HderT T TN B WM W “qdervr T Ty
I T AT & |
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o 5 & @1 TavT # A9 BT TG WG A B AAGA W YT AR § G UeS 1eaT FufIc el wdem Rive
Tl & Rl AT 4 g I8 Hel TN ¢ b TV B & [l T Yelo] olgeid Ud T Uee Bl Aol o qr—fed 3fRor
oo & @1 “icafed febar S =Ry | @l A BE TS §

o TV BT AAHI & FHY U SRAG b AYPR & AR @ A H T Fed §Y HR-IRERNG AR DI FRIROT
e T & <R & fafd fron e ok Wy & e IRefeqd o TS B
Nt Sapfia R & forw diemfed B @1 e 2 | o "“IIP WA & FIY H FTR—IRERFT AT Aherd HeRT /

o I # o TART AR AT FRC UG & AR ARl O BN TR AT 3Reapiv | faR @ foan
[l e OIcAed @ gRT SOV &3l H il Wae W Wie... (Y @1 ORT 10)
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U3 2 - (g

lolol ©d aIdSUl 3 gRGidfdr

TAUHSIAR M # 2015 # b TU Heee Jea: 39 3907 9
IRT & & Rargal & aded & aFaws AdefeR qor F=[ M
B B AT T S AR BT T FHIfad A & 3R ol widat
T U H AASIG AT B 3fART dRd T XTord Jifvfa faar
ST e | 2015 & WIEA H G q01 W@ad AR IR I I
2q @it Mert @ Feml e W o7 | | RS, S F T
T4 G B 9 B RERNG 996 GHIG Y feAr o Aol &
foraer @1 UreATiRd e FRIFT BeaT € 9N SR R R 98]
Ugf 2| 9feh IV UF Iod SRGH arelm Se €, oIl e

201516 ¥ 2017—18 H 3w A&l ATZHA

YA B G USC b IFJEM Bl I AR YOIl & AT
[ YO @ B Uyl B S <@ | SEH 9 AR wihar
g & “AGS TR SRR ot (f ordreter Amal § @it
T foIy TAYOT ST FHIGAT dTeT &5 BT o) | @ @ ATy
G DI A (ol & & fory U awor § 4R e A @ for
PIg AIATE 81 ¥ 8 |

WRA @ &R 7 30 319 Red SR g% 2018 H (W 1
AR FHlen) “CIel AT WiFe], e dswal AR @ ucel
@1 Rfd” o 2015-18 $I Y & SR TAVT T& Yderor & forg
fraferRad &1 Seera fomar 2

6. [d@we) v |dGme) |9 |ew@w)
IRA 5 2869.04 . - - -
3y g 1 900.00 .
BN 1 154800 .
LIRSl 3 42104 .

* I @ Uee U QAT oTERIN, 2017 T qeifed

* it - faftt T TRERE W e (dreHatd tia-RidaR, 2017 3R AUHATE STaER 2017-HE 2018 T Haferd AFS)

8 wderor wite/awifie (N.0d. Td T4.Tq. ) aaat

2015-16 & 2016—17 & M 2017 W A 2015—16 & SRM  2016—17 & SR 31 2017 H A

SR CIEl A& SR CIEl WA 2018 DI Sl YAl oNgw-Ud— “JdeIT AIgHE-Td— 2018 B Jfafdy

Rl /IR e Wl /R e SR o 9derr @9 vee” aigar @A Uee” YAl @ QR gder

TR JdeO Rl el waewr WRfvel Wil /IR e it aiseiel @ prEifie oigeNl & olged—Yd—

& FFAIfad /e & JAITed /e clel WaeYl WSl ofAIfd /3w offAifed /e @ gec il

foy I @1 PlE fFU I B FE B AFAIRA /I BT TH B B fFU AR @B IE BRI el &

A U TE g8 GO W el g AU M @B B A U e g8 gE WK el g8 JFAIfed /S

Rl 2 G I T g R 2l fpy S @ PIg
g A U el g%

gl
* rIfiedT (THATEEY) 1 Uge ST Ugd T (ThivwyE) o wer o 21 Rt @i g ¢ $Red fivvew 3R 9@ 2016, 2017 T 2018 § TS 32 T 3-3 W (o |

<ol # SFer ufban sgde-3 7 & T 2
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I8 ooy 91 & & T ok @9 & di9 ey a7 et
GRT 38T UGR el AT & | aied <ITed o 9Rd & I
gRT URId & Wed H faid 27 RydeR 2012 31 (WRA & wfaum
@ ITWT 143 (1) & 3R 2012 & R & &, 1 #H) s
QUM ST C R I R CARER IR ICAE = GG I
A favar & e &1 A & te-A AR 8 2 | St
TR 7 Jooid T &

gHley [THY & WY H TF BT [ ST 14 BT
S S e U Al a1
P I TG B Iy [THYT Fae (AT T SR
guifery, Al @ AT W 1647 G I8 T al FIgT
sfic gv silv 7 Siifa @l gftc W IR & ... BT
sifa @ sierar sifrart Herd snffe sifaey & fAvda
o §I91T | SICTT—3TeTT Gl & [Ty SJeTT—37erT FIaaisl
@1 Sl 8l &/ SN U%, Fiplae werE @l @i
g 91 qoft @) SaeIEar & HRY A9 S [AlET @)
el & v G Qand 5 T 8§ TaR @
TV SRY B H GG ST SN W] AT ol e
Tg STeaT T & & 9w @1 SyaNT [ead &
SV W WA @ fory 99 Gefl A H AT A ST
VE [AdHYU @GN TV BrGAl § Gl AT @d
T8 @Y AR
Sead IR gRT SN {6 Q@IgAE o T g, o b
TR T I F WL 8, A 4 A9 (e B GHra
R Yfied Jd U W@ & | Je, I8 9@ A o "l © 6
Rl § WA 9T UReR qod Wit H werar forl, §=
7E 2 5 9 q@ Taver Aed ardel @ yER gfhar gRedt
Uq fIvqE el gl 8, A @ YA arel qeied geen
TR T Ffe—qut arar & g |

et o N aafdRuRe vd IR—uRestt @
RiC

TATHEIRIR AT & S1efiF (2015 TR & Al ¥) @it
AT BT S B A YOl @R Ueel & foy off 2—cladt
G TAT HUTE AZHT B g Wi—3 oael WX Rd € (S
JuAHH FffaRoT & IER HHE: (332) T (333) B)| S
FFAHT B AFREIA B oe TR €| TRl & IR
15.1 ¥ fU Y Ieord & AR IGa¥d T8 © [ il 3 3@ Sl 2
qel TP TN PR B UCHEC] & A U o WRERI §IRT €9
IR - el @ e Jad el TOR @) S | I
#, 332 iR 333—%R IV AMAF ©Y | G-I 31rdT FHIAT
e BT § GAT-ARG HSR DI AT BT (ALROT G=AT BT 8]

g 3R il Iueer el @ AR W faRvE! @ I I A &
TN & IR oAl G @ forg T bl Srraeaane &, fore
AT T4 QaigAr wniel © | Ol oRRerferil § U agriar Rar
A AMaW® & AR FAH FIeR & fod H, T cel Bl Aol
# o] frT Y A TR i # IR (R
AGl) & I JdeT W @A H SR B ouel & yraul 9
HH Tl B AR |

aa: @il | @ RuféT &t adae U em L gomel o
I QMG HRIR YOI QUG O &1 SAaedehal © | Hgad
FIE AR AR (MR AY) dle SRfY womfernt € e forg
e aRere & frafia smafe ROf o1 smavaear e € qon
IR W ARG eidT & A & fory fiwaw g qa
gelt 9 Rurc o &l 2

@feet e IR B SRA— B Ahell &
T THUASIAIR SHffam # “Bfica” do “R-dfed” @ a1
AT SRR 3R &1 T & | T DIl & B T IR
2 S BIIC G b TERBRY B HROT F4 A gaferd 2 | 3d
ol o1g T SufRl @ R a7 & forg dfted war
2 THl 1 ATl BT afiedT & e © b BTel H AT Y
39 e 9 IR Afdedl W SenRa JT-gfd @ wrl yomelt
4 QA AT AR S A BT BH—-ATHeIdH SUIRT BT
G TAHRT “dfica’ G BT JFAR R 77 T$ 3R (S
AP U e fmier el # Swan gy wE ) 97 R
¥ Aeu—afed wegad] Seural d1 g7 ¥ Ul fr S 2 |
4. fog G FEw@qYl 910 IE © (& GIOIR FT §9 o IR
P HH DI U JRIRV U] de “bfted” @i Bl el €1
fefestt g oo 7 1 Sl e aiforat g e (el
gs URWUfrl & w3 ) R a8 1 Q0 W § fb sRera
& Y& gy AR # “fIot &1 EEE” (Winners curse) @1
fodt faRme o1g Sced & |l W B 4 WS @l JATaeendl
grgelt & fafor # fobar o e & (sierer g wed @ fo) | Afe
S| HE T GAREd e & (b @Sl &1 S dY i o
T faFAToT T SfawRa & folg el T IUed R TR
faepra & forg fosan S a7 ‘$fica T @l SR & gog Rt
R W Jfidy A GER fIbey 8| dfica @ i eng
faiaT &1 e GRe B A AR Soll § AR Pl A
HH! SrraT Bg Y[ Bl SVHAT 7 81 AR T WAGH & foly &g
ftar 5918 & dadt (ae a7 @ eman vl @, fohg R 39
Rerfer & SR a1 T B |
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39 SR o HURE @ emgfod Refd S &l & dife
QIATE &3 SUSAl (NTFY) BT A1 T & @ smafed o
S 2| gl TR Heee I @ 98 Al o € f 9 e
@ rerar Gigay & Wi f ua N U sRae 7| |
(RGN BT §RT GH) 42 2015 H JIae & o RGN BT
3erar T sfera el WP JeM I SFew (il & U @
foU URS Al H Dl WBR R JAce! Bl T ARG
RIRKERINCENENE I RIRCR AN IR H RGNS IS TIE ERSCR
afRe T o &3 gRT Ueed e Nifem & o T8l 8l
T4 TF T Da GLTHY, B T & HdeT $ IId ]
W WPR TE ST Rifd gHeT I IoRd B Bl <A BN |

yuEaer fAafray

2015 ¥ J FR UAURSIOR iR 9 (@fe Raradt @
M DI UHHTE UG & ®U 4 ol dRe) R @ R
(eMEAITA,) iR ToF @ 19 Yfae™ fFeuerl & erl wR den
TRR BT 9¢1 a1 7| foRy w0 4, @i AId SIA &1y
q G HeR i GHRTd &) & e H fawaei gd
TE— vl faever & fer & fou fevemet a1 € o,
TR @ & 3R ey feenerl @l S-wfed, Suael e
IR §RT AT FIY S B! G & il o 379 faf-rame
Screr@l @1 frafe o # w97 w9 | S% 98 o ghieEd
AT MY & 907 i reew &) 7l iR e @ SR
R4 frm WY &Ik 98 @i a1 fdie @1 98T & @s fed
4 21| Rfme yorel @1 faur wraven & Awm 9 sews
PR Y By S B Saeaadl el T 59 &3 Bl fFaw
Uq YEnfie] warg & (o Sifeid sde T o e | 39 Yo
@ forg ewia fomfor @1, Afe ramd A oo @ die @ wer @
TS fobam ST © A U Sea wrfiean o 8 |

vol.ud 3 ¢l forfdr a1 gsndl
AN

o WTAZY I Td WS W 2 URRIT & Tdh SUGR A o
I &1 30,000 HRIS ®. B AMS dec! A gU (@l
e Afed) gRe BT U € ST 600 dRie . iy (3rerar
100 fafor STeR ufoad) & AU BT | Tefd 9% 39 & H
5 fAfeRM I STeR Ufiay (@R R W) & aaHs
Y Bl o H 98 AP & | R A, I8 weedt: Bl (1110
fifera omia STew), amegferan (1080 fAfera eFial STeR
yforad) T Afes sFRiaT (800 fAfera sFia STer wfcra)®
SRT <9l # T @ B o H % A 0P 48 B RN ¢
IE T BT § 5 U gve S AN @ &1 oei-a W &

e 2 T |

5.

TR HXAT ST A9 S} T FT AW GgH & fol 3Mawaa 2 3R
g Se—viiRg¥ Sed Ufahal & fARTe 3 91a & 7ar v
H YT TE R U |

39 Y o Y Shudans. der tiEiud. aRd dul
figay, & W 199 FRGAN & foly ST @1 o @l
2| 3 T ? b gxe o et @ shoaans, a-fasm,
NI T YA & JHele qaeo & TIie 8 4
g} @l & fIRgd TN & yHe S H o of | g
I8 faRne gurer +f & & Shogane. gried & e o
fafire Seifad @1 FRIgT ax %61 & 98 omfer faviyerm (3R
Y &1 3HG) & WY AP KR W ARG 1999 & for, fary
T W, 99 Aed, A9 Ao 91 I B TETg el et 3
IS B BT e | THef 7 8 9 | avad § Q4 T
FRT W 78 GARad o1 @ 3fic | oM fageryr fg T
1 AW 2 6 Th AR, SIS, T d¥AG e AR
AR $T R AT 7 81 3R TR AR, 9901 & forg [
3Rk faeryst Hard aifdd 71 & | ae 9% § f 2019 @ Dy A
"HAETT 3R TN B gderor SR IV H qeeAd T Wb
< ® {6 g w9 fRmR 78 2

39 Iy &1 MY I8 2 & URFe orf Adufe el
(iR @ folt mifea seEa) gRT fhar STom arfs uaa
v U 3 BT ST R wfie e @ o & forg
far 91 WM AR 3 YBR, IoRd # BT T Bl o
T | I Gt Taer AT & W1 151 F FET T € 6
# I BRI BT TF @ AT 37ET el B[ I g
BT T BT SR I W AV & i 3 AT Sl 2 WR G DAl
BT | XIS 1 Y U TG B TAYI GHAN IR FRA B
IS & | DL IRBR B 39 Uihar § MNerar o+ & forg
TIART el BT | TAUAZEL §RT XIodi & emm ffor e
I TR S S |

I8 G SR fob @il @1 91 off 3 sjeram Ia« A1 i
e TR O 2 WR W D AN €, $9D forg T AR W
T R @Y B MAIGAT Bl © | 3AH ARG TEHAID] AqaT
RIS FROT F ¥R araq ¥ fagreag 78 & @ @ o
@1 IR) SARGH BT © | §9 Y, 7 AT Tl I &
—JEe T Theiia] FAEFAl BT g ¥ 980 4IAd & | T
ud wR R e (e flgay, @ amel J iy e
TN T AW § qOICH WERdl WA 8) BAT B Il
fou gu @fer el @1 ar o & forg fawga Tawor qen
A U] & eyl SUANT e g &l o for
ST 9 | fou gU siar Tewe d Rerd @Sl (Concealed,
deep-sealed minerals) 67 foru BRI EIE—?HT?TP?[ ICENEI
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B o amawgedr & R oY 99 # € IR fRar &1 e
2| uRre—3 # o wdftd ufparel & e qafy v €|
TRRME—4 ¥ <3 # GG &3 & Wad 39y 0 & T Tt
foar o et & (A= SiRew W™t & ) |

o T IF AT 3P IRMS TR A &, JgT e WL Iga ©
S W e IR {6y S @ snavadd §

o ol Imiford ToiRE! gRT A9 B o denfae o @
it T2l ot & v TR & rau © | ST e
I8 ¢ f& woifrai wfer (Rard) w1960 &k @it (dReror
3R fa@m) 719, 2017 (1988 & Jd T & WIM W) & 3R
I & G fafame frEe & e T8 e, Sarfe
forely Ramaaemdt & amel & 89|

o Ig yrgy 2 fob Wi Fmifed woiRat «ff e @ drel § W
o Fadl &1 oy AN wufval @ ger § gl Al 7 g
IO F T ST GG TS B MBI &1 Tl &, IR Tg
TeI BET O AT {6 I8 fR 99 sEA @ A6y § a9
YIER IR Y& & | 39 AT A € SR AL AT o A
5 7 o o PR @ forv wdl S A1em T BN |

o I Ugl B el o gl B, TSN G 799 gR |
HIAT JATEA 600 dxIe . (100 fferd reR) & <
&, SudT Hiel R SNudaE., dEr WH Ao U4 fSoig
WM (N RELE), WINTA T I G R
-fagm feeme & wrem & URee a1 Sff 3 T off 2 %
AN & oIy SR v SITQ | RISl Bl ewar o B
o O M #§ 9 foy I @) snavgdar Rl O TLOA.
W & 7 151 ¥ Seor@ fdar a7 7| g9fery, PR § S
N TGS, B 3T TN B forw gve (A 7 el Ty
v I B @1 §1e & |

o TN THTHIW. & T 112 H TIv01 & forv THT yrerffiaarng
fARad &1 @ fov AT g™ e o o3 faeRia o
S @ Ry @Y g B, e, MR @ w iR emar ddeh
3rgTHl & RO o TrIfiehdT Ufhar & MR R A1 TNl
# Rerd iR v el srerar ImRe srrar o= @it
3 folv vd g7 fOWR <@ Bfed B | IRd & fFd e
HETCIEl I (WNUSN) @t ardorie e orar wer ufshan
"I SIRgH—Sed Uferher” ReifcRl # wyad #1 o &) TA.UAE.
A [ & IR F SR B B e T ® 3R S e
SUE § 4 \del @il & Wil @ foly ST 5y W @
BCICEIRS

o QX g # Tawr S faem # 98 R@T & for ofdd e
AR TS B AN & | BArS H FB Ui SARE Al
PR FeI—IRGH TAYT BT WeAeT ¢ %@ 8 | SRV $ forg
TTelS, SR for & I8 91 9l W&l © & ofibsl & SaklaR

WIE & AER W AN QiRyal 31 ¥ Hare | g o
S0 | 399 fawdia, Truas . § S Hare iR fawig frEo
ghe BT 2 O g« Taver favivsrr safia e @
T e £ |
“wadccliFal sol sisAr A
“HISol Sol sfSA” A “AD
Sol SisAdr”
S-S 9 faBRid &1 e © SR ST qen fafmir 9 < ©
YT 3R FHIT AT YR SEnT 3 3R fa9y vy
fafrmior @1 vo ufiRugions 9fdd Uem a1 # Fecayel e st
F | TS H. & N1 1.2 § 9% R fear mar @ 6 g
T T A9 & forg Ay wreifiedrd FeiRd awd aw IR @l
SRIPIE TT GRET & R H A IR PR DI Gl
2| foRy 7 9, IRTS S 9l & AW AR o1g A
Y SIS & WE—SdIe W 9o QU SfM & Navddhar & difd
W P AR Sl argell iR Solt wEw @ argeit @
AARHAT PRI T F T BT o T 3R T 3R, Tl 71l Bl
TRET 3R O AR, R <9 & R &7 3 fory ufvagiors
9T UG @I ST A | TN Bl S§a¥d dhdel JJoied 9T el @
g ARa @ @it gRe qon ufovagt wfed # o guR @ 2

WRd @ Rfir &3 & forg e AH-wge fARa RaRia
R 3R AhaaRT Jaek U 9T R 20307 TG S
TafeRer U4 oot uREe (M) gRT U U UE sraE |
39 YR $gl T 8 -

" H TARIT G &G PRSI P fory T
WY OY @G T SN UV U9 W G 8 oTey)
&/ T GveT 8q BIUE I 81§ GHY, R
@ gol 497 P 10 Favd § d9 H B0 @ waer
@ fory y-dste ade frar @y &) I8 Ao 1y
vl @ forg 99 v # g8l warge & @iy 9%
TG 399 @ A & [y 378 §W 5T SIeT @
SMaeIEHar &1 §ew SfRT, e & H weed v T
VA UHSLSR. SEITH, 2015 4 @77 geel & JarT & foy
v UINedl] @Eve] @) v @ T 8 dldd gu g
o Av—faffre cigt gaerr wefAe Al e @ e T
B BT & | 9 [forT g gofl e gt & ar o
@1 37 Y fEE & 3 AN &Nl B fory BaeT Vgt
BT JIFET (37 qTef Gl W) arieras 78 few@rg aar/

G 15 TIvE R (2016) F W@ 5T T & TV PRfmerdr
q GrIfAEar aF &Y WREN @ N GYore] Al @ T
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AT BT ETY SYAT B o7 SAaeIET &1 T8 SEqIT (el
wsgsoy orETgT) 4 v SYArN (STl a9y @ g
& fored faell fiffre @faw @ 8q @ waad [fed & giv v
IH TV FIT BT FrIAedr B AT T & I8 U [T
SRedi 78 & fbg I8 S TN W BRI G—IGIaAT ST
TBAE! Glaverg & @I &7 4 7aT T 8 §% FEqIT § YR
# 7T Srerar BIE HSr T8 aret @il @7 i Soored & off ae
3] G G W e 1TaT SU-9IE @ WY H JUTeT &)
Holf7H 7o 187 Sl  fore fery g v gv faffre e &
@ HTIIHAT 8"

6. W W ¥ “WF 39 e ve O i & Wt @
-G ARG B AR AH AT S AT W
foreprer foram @l e ¥ Tt gu R fam S & aifes s
il 3R argell @1 sifean fdor gRea fhar 1 9o
fSTp! e qd SfedgHl H S fhar e B, O I
e ey & foly R Ue S-ufshar @ smawddr gril
T oA #, 78 e Fel & e & fog dfod w8 €
g wfhar ¥ @ Rega 76 &1 Qb g 4 afie-fae
Iiha AR TS € ARG IR Yol & SYANT axar fToit
&7 gRT faca—uifi 8 | Frer, smegforan @en oma SR @i
&t # -lifoel W emRa wfad e, sRfve Sy wderor
febam ST &, S SHf¥erer AMell 4 rawie Y-dsal R
ysiifaifacl arell 8IS Sufwi e @ forer faw oo <.

TH.Ua9, 9TR adYl o Uaneal 9 9eR OOl gRT e S
g1 ¥ R FWIfad @RSiaR (Mineralization) @ IR #
ST SMeS U B § SW 9 TN Huf @l 9 &
WG @iell & Al § @ WR dd R TN Rl § |
WWWWH%@&@WWWWW

2 DY TR fomma @ &
?rf':n( gamﬁiﬁﬁ’l/

2012 3500 20.53

2013 3500 14.43 (-)29.71
2014 2700 10.74 (-) 25.57
2015 3500 9.20 (-)14.34
2016 1580 6.97 (-)24.24
2017 1535 7.95 14.06
W : TS O e g (2012-17 & forg)

iy, I Wit Y 2008 § 39 AiSd P & B WDBR fhar
T & TN, THUASIAR, ARfRE 2015 # et @F 18 e
UfhaT 39 Sr9g & ol B |

ifae w7 W ufeRugl a1 B9 @R | N ¥ T B T
fecaresa BidT & Jfig ¥ grg (il @ oM A @
A gifad oxar & R sarer s siear &H gfoRdg e
B G B § e Borawy i gfiey o €1 afe
“Hep 31 ST T Sqa¥d WK BT © Al el (@ Aam
W), M AT AR BT AR TR W 7 A1 fhy T
I TR B |

SlAR-URIRISIA Al

TAAL 2019 H BT AT § 6 I qHSH D MALIBA © b
"Gl Afed Wpfae GHEE U A ORI © Sl S d
AR W Y T YR B B foly g © 6 91l e 1 39
fORTI a1 T T | o WReR 98 GRIRad e @ wa
3 o Frepfia @il &1 R g <o ol Ut @1 | q, T
G & IR | HeRT /TRl T G-I & AR |
IYIRT BT FHGAT oI Tegall R (IR e SR—IRRTI |IRIa
TR =R & foTQ SFeRT—arerT SReIv SUTY SIGH, Gl WRAId HeH
¥ e e 3 21

Ig LT @il A, 2008 § W B 2 o/ et T E B
"Gl BT EREV ¥ AI™ H IYAN & foly Gud TG gRRE0r
TUE! Yy @) A1 T8l & g 30 U WORAS & w9 H
AT WY FRIT @ g orll, AooiiaevT (Beneficiation) @ 7
TS IR BT IYANT AR G T Heg @il Iy o
YR & gRI ¥R 3R 4 gfg @I gt |”

77 TR afE e @ foy a9 #eaygl q5er g1 IR
GS-3AET B Udh 3R, TAUHAL 2019 # & T ugfy &
fafyafia foar ST 2 o TTawer # fRremeHe (o & iRy
@ PR TR AR SR # di-gfg B } (@R vge &
W B o g9 ©), O [l YR & WP 9 A UEd @
Gicrared TR 2| 72 a1 ot @ dwael ) f ar] B B
I% FEaqVl & f& WEl g s WY 3R el & @1 @
Tq TaE0] 3R G & AR US € H R dRe yreanted fhar g
AME T I TAN TH Gudbed! &1 DI AR MY A
T g9 T SR AR-RARMT R & Sod WX DI YT B
# WERG T 6D |
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dug 3 : [aend 317 vrdl Apt

o e 34 3fAT’ B @i e HIEE1 9 3 el AT
U e @ forw fvaaigar @ smaegear & eR
"eRl /dEeH # g a @ fou fame aaven & |
Y GRS el BT Ul S B IR TN aRAl G
A GRET U@ A & AN S Bl G 3 qonl € |
i Rargd yormell & 9 e & fGad W a6 uitd &
foTg SR e ST aavar® 2 |

o e H Rerd wfHsll &1 Tavur faey wu | e S=
Rew S T g g #§ W v ol Sem oo
ERT T W € 3R o ATdSI-e Tl Bl SN Jei:
-JEe TdeTT QiR AMfE & &9 # ufvag! gd aMids AR
B B forg fopr S B

o ol foaer @ forg Tawor @ : 78 ghRed &1 & forg
&3l T "AREOT” O TH.UH SR, AR § vgel € Suae €,
IHBT ST 37Tl 5 ¥ 10 I H 3R & & WRBN T &
foTg a1 1 e © s ArdSiG &5 BT Srded fhar o 96
a1 Al febam ST e | A el Bl @ @ giied seR
& |y (ol &3 gRT 9wy 9w & forg gern Bis far
RY, ¥ aTed AT ARG & I°

o fafdre Serm goit snenfRa Tawor FHufsat & Aeafa g
SIM & AMAeIDl § dIfb 4 S+d Wenffeal &1 Suanr
G TS W TGN IR D | 3 9 e wfia § W
"Ied TG Sod Ufhel’ IWORT i N&fd Td99T YoTlell T U
TEayUt fRw & | “@dcl e Ul SR G dlel TH.UH,
SR, IffE § WO T @ W TN B AT XD
I AAIGRI W AH o <1 ;1 8, 9 A a7 @it
(o) st 1 dr avea # S @ Qe TR B forg o
el I & forv e & e #1

o “fga &= gdewn oTsH¥ (TA TR T.)” Ry w9 9,
g s diawIge, A-URR 3N (e JferaT ol @fiol)
Bl BISHR, A WA B foIU SfeRT Wau™ & 1l TexTs A
TIYT & fov W HY W U AT I IMAID & S Tl
v RIquRsl @ gRREd dor A @4 eR! (3!
SicRofirar |fed) I@ v @ A < B T8 b @l
e & b wRa @1 e e T e & fog den
I el TS GREM & Hecd aTel TevTg § Reyd e oy
QS T U o H 78 7T S+ Srefie & geaHTe 19997
¥ foaoly & faer @1 ST 2 |

° ey 3 T

¢ SR SfecifRad TATAT. & Iy IR—fAadN= ‘e

Tgl’ YR TR .. A TH.UA. T PRNAS D bR
T IR—fafdre S wderor (Reconnaissance) TRfde
(WEIRA.) TU G G BT g = § e w
[Hd € AR @S Seared & foly T A 89 =1y |
e yored BT wa Bae goia’ : gdfdr el @ forg
IR Bfteq der R-dficad @ & 91 997 g iR {6y ST
1Y A SRIDT & oy Jadt TR BT &1 T Hame! o
IPANT qI9IR Akl $ &4 ¥ @ §Y 950 IS Sedd
e S 9 | § TRTaRYT SR a9 Wl AT e S
Bl ST | TR &7 & Al | bl ‘e’ Tme & g
P I T RIgid W @ B ded BT AT | 5
AAGS &3 Yol doR H O derar Jed—afthq Sedral
3rerqr IR-IUIRfY IS BT T PR 99 B |

wfol Raraai o s/afd ggm @ siRvia &t srgafd
1 5 @M 3 e @ 9 @ s et @ e v
W G AR AT B IR T6 TS 20 317dT 30 991 B 915
A FeTaR T G B AFART & T ARY | T/ G
Blel $ W@ YARad & ok 3w Raragr) ufafer
foder R qr W AT 99 3R TS BT S8R STANT B
F wmet BT | WY & W, 39 Rigd 9 IR wWERT $
MAYIHAT B S B qerelT e & foy faery iR arferreor &
icATed Rl & |

T Aolgd a1 Jfid UREEl Al stidst Reifdn
TR ST : JRIE &Y F H/RIGl I o373k Bl
AT 3D AHGE BlS JURIT ST ARG AaXAS ¢ alfeh
AT T R SGd 9TRT o 9 | 98 Uy w7 9
A ¢ e CoiiEl B TIgAE.EL PRl &1 ST a¥e
RIS BT Ul o & fory ST TUHS . § W
frnfora foar S, aem g & Afe 9 oRa wRE H AR o
R AR T A § Arie o e A | LM AR,
ek &SI TAYVT URVTHI T “He TR gRT SHH
AR et o PR adue ROfET wfie 8 S wds
I TSGR BT |

o A WS AWVl TIE B HRIAIID gfte T2 fade

e f2d 8 S deifiel engel ok Huf wea @ engel

7 ey 4 T

MId # QYT Od I g W] bl AT 19



1 SUTE & WY H SdATe fbU O B GareT & e @
Jae ¥ a9 el wrrfiearetl &1 fHuRYT exd THY TH.UAE.
. & U7 112 BT AR e fohar ST a0fRT S SN,
BT RS AT € fF 98 TN & foly F-HT R IS
rIfedrg e x|

SI.U9.3ME. B deTo1 BRIbe™ Td a9l & §r° Sk
Ao @1 W1 AR ; TFAR Aide ol FAR FRH Td
HER MR & fory e qear uRfa-gd & ofids
TR B & 9 Sufal wew @ B € iR S el el
BT ST AR |

39 Ay 3N T ¥ T wadw @A faftame witrewon
IR —ITATrARO P ATIAT B Y qIfb d D T
T WR R FARA & o ok ® @9+ &9 & Sfed
3R @Ie TR R AW Bt o Farm o, (S sfdfrm
PRI 30 B I “@HI H YT I T BT I o) |

T vl @1 fIwa aue o e & a1 I8 ghRed
TR qHd1 g & 19 & forg e ffams e/ 73 @R
1T B G AN qAT G FHTI ATST10) SRRy &Y 9
Wipd qah-ile] AMavS] & gy URERiAl Ud fawd-y Y
q P R TS |

IR—IRFRITT A APRIHE JAURUN & H9 F 8
# fodRd @) Ry @Y iy wme MR deM & foy ta
W IOG ORI & T 9N R IMGR 8T | Th 3R, SN.UHIME. &
HeToT BRI qAT TAUHT. fihs FUIfdd WSR MR Bl FHH
% forv arfo—amavas € S wfiear iy oM @ smawadar
21 3R, rem @fet Y # o arelt fAfeRdt o o MRy
@ o & oY T& 9N Bl SFR—IRARTIT A & A 54
ST fohy 9 & forg urad fopa e anfev |

20 qfaaf ux



e

1. G IR @i (e siR fafrm) sfdfeem, 1957
http://ibm.nic.in/writereaddata/
files/07102014115602MMDR%20Act%201957_10052012.
pdf

2. @ A e Seavakia wfdfa (@rer wfdfa) Rard 2006
http://planningcommission.gov.in/reports/genrep/rep_
nmp.pdf

3. @M HA $ SR U5 IRA™ G &3 & GHIaail
BT IR BT 2011 § FbIrd https://mines.gov.in/
writereaddata/UploadFile/Strategy%20Paper%20for%20
Ministry%200f%20Mines.pdf

4. IR WS AT 2008 https://mines.gov.in/
writereaddata/Content/88753b05_NMP2008[1].pdf

5. G IR T (f[ad ok fafam) fderma 2011 https://

www.prsindia.org/sites/default/files/bill_files/Mines_110_
of _2011.pdf

6. WM IR Wi (A iR fafvaw) eifofaam 1857 (2015 @R
2016 H JoIT |y Qﬂ) https://ibm.gov.in/writereaddata/
files/07052018100905mmdr%20pdf.pdf

7. @S () R, 2015 https://mines.gov.in/
writereaddata/UploadFile/Mineral%20(Auction)%20
Rules, %202015.pdf

8. Wfel (@t qeal @ wned) R, 2015 hittps://ibm.gov.in/
writereaddata/files/06232017113737Minerals_Evidence_
of _Mineral_Contents_Rules_2015.pdf

9. Wil (TR f1H, 2015 https://mines.gov.in/
writereaddata/UploadFile/NERP%20Rules,%202015.pdf

10. G (RGN HUFT gRT &) (9, 2015 https://www.

mines.gov.in/writereaddata/UploadFile/Government%20
company%20rule.pdf

1. TSR WSt 79997 T (gAY 2016 https://mines.
gov.in/writereaddata/Content/NMEP.pdf

12.?1'%3?1 Qo Ifd 2019, https://mines.gov.in/
writereaddata/Content/NMP12032019.pdf
13.9Rd & SURT gRT (MRA Wi & =63 143 (1) &
3 2012 BT IO e 1) U@ W # faid 27 RideR,
2012 &I STIqH AT D I, https://www.sci.gov.in/
pdf/SupremeCourtReport/2012_v9_pii.pdf
14, 4R AT &3 & oy weagel IR—ue @l S -
2030 @ foly Uap faor : S, TafaRor U4 ofet URwg (1S,
33 2016 http://www.dst.gov.in/sites/default/files/
CEEW_0.pdf
IREME 2 ¥ 4 F Sfoafad Il & forg f=faRad g
3Ru
1. 9RT § T ¥ Rerd enfeas et & wre @
fapr-senfo-snfde afer Hifa da—(@—cm) @™
AT (ST 2011)
2. WS AV JJAERON qAT feeM—Fey Feel =8
SFR—gfe— R I T, W e

MId # QYT Od I g W] bl AT 21



3T 1

2020 TF FATS B 91 ISI—aR YT

1 Y ySI 3 6 9 9

2 mar 0 184 184 U] Tel
3 TRE 5 6 1 7
4 fewmEa uew 1 1 2 2
IRGTE 5 16 21 18
FHACH 8 42 50 33
7 WG URY 1 12 13 2
8  WENY 0 9 9 SEECIEH]
9 JerT 24 7 31 31
10 ORI 2 2 4 2
Ll 49 285 334 104

9

A : GH A https://mines.gov.in/writereaddata/ploadFile/cceo01102018.pdf

3F:I;e[iI 2
IR A0 I

2013 2014 2015 2016 2017
BTl 1.88 151 128 0.96 1.11
3T forar 1.88 1.30 1.09 0.90 1.08
Ein| 057 0.70 054 0.41 0.40
TH 0.72 0.54 0.54 0.41 0.56
EISIS 0.04 030 027 028 0.24
CIEEET 1443 10.74 9.20 6.97 7.95

fewlt : facir af 20162017 T 2018 & fog WRA FT TIN0T @ BT 13, 0.15 T 047 SFRIGT STeR o | 3AH SNTARME, THES TS T TILUAE SN gRT fomam mam &g onfired 2 | 590db
SferRad, TR S SE Tet, TRAT] Goat T SR o TS W T R i @ B § |

I 1) T S O eligal AifdieT e, 2018

2) 9Rd & forg : @M HATe

22 qfaaf ux




3dY 3

T3 A1 7 @ferot a9 e gk

-_——

T% ¥ UG, G |HIf e
2 Eﬂﬁﬁm T 41.U%.T4. 30 q¥ 30 T
3 CIREIR] U541 U%.T4. 25 T 25 T
4 FINIG] T% ¥ UG, G |HIf e -
5 CEIS] U105 T4, 20 T 10 99
6 ferett T% 10T, G FHIf e -
7 Preifqar % 91.9% 09, 30 I 30 T
8 CIEl| T 41.U%.T4. 30 T 30 q¥
9 i U5 31.0%. 0. 50 I 50 T
10 BIEIEDI] T% ¥ 7. Q4. 25 I 15 q¥
11 1% T 4 U T4, 30 ¥ IR W Ay IR
12 SIS [T R G FHIf e -
13 TR i % 9.9%.T9. 30 I 30 I
14 Tferor amegform T 31.9%.090. 21 9§ 21 99
15 If¥ed agferl  THHITHTE. 21 9 21 99
16 Hiferar T% ¥ 7. Q4. 30 I 20 Y TRIGR & rafdrai & forg
17 aifectrn T 91.U%.T4. 30 T ST TEI
18 ARGD T% 17T, 10 q¥ 10 q¥
19 Aronfrad T% ¥ 7. Q4. 25 I 25 T
20 ElR| —U% 310,09, T &= & forw —30,/20 /10 9 IR W A IR
— Ao g @ M & & 99 /wem /A @l &
ferg ferg
21 oM Fremd —20/10 9¥ oTfc@® /IR ST—-3TeT Wil & forg
gifad @il @ forg STCTT—TRT FAIHRYT 3rafey
22 kel e 25 9 IR W A IR
23 IR e 50 Y REEaUEH]
T, — TR el el el
rr: fd

MId # QYT Od I g W] bl AT 23



3 4°

iforol AdAleiol foifdge 3
lolol dAIdoll fAbdRA
OGS Aol Woll 3R UBIRT fBRdefar

wferagicre ffae

TR gfealv — yhrugicns ffag—ames wu 3 @i gumael
P G VS TBRI 1 Rl § BT N 8 (31 A1 Q@ T
Al G PRIGAl FgaT I§ Al fb o @i e

AT 2 BT IFERO1: Wiol BRI BT IS
TN AT/ ST fIRIET & @ PRI B FEH B olg 3
A H W ve gyl w1 e e S 2 : g @ o
(U=t 3l Ugel rel Rigia) o yfougicrs weH fMfae ..

I Ufshar @il el o1 5w, 9mE 1 Sude el i
3R ey &1 Wy (WRE arel ey a9 A= e (Wt |
Rer), T 3 & ATHR W R B AR B e &
IR feiRa @t S )

o @f+rat wife

V9 AORE Hud & IR H Semad w9 OGR! el § R
e & forg 1g fovagl e Bkl 8, e Whel G oW —
S ST fora, Wad wred aFie, AT ard srRial < Sk
39 g Bl U o Wil UgH (T8 M3, Ueel UIa) s
JTAT & | 6 SR & I AgAauRAl FI ewd & b
fory Wrag Uga B B | SIS Wau TN B @ e e
@ fory HIcAIfed o_dl € | SRV & foft, ATl Taver SRl
TS &3 B B A G AR FIUI qAT/ 3T B I H
a1 fovmn ges # 9fg o I gRRad axar © dife st
oy T B AR SR I & Bl A drer § foR 9 Swed
fRer # o wfy fowr 9@ |

Y @S A ge—as @i & ¥ qderr St aafid wRA A
Aol V&1 & AR 3 I AR oD Ydaror Wl & oY & W
T R (@) R T )

" fova o fowrr wA # @ S % 22 (RidaR, 2011) ¢

° g8 "fou ferl efad @Gl P Al &1 Wbl & | e o SR Tl Bl SR W)
fosty e AT ST R, | 39 A H @ e # et § iR 30 Wad) gtk g
TG ¥ 2Rl B | o Haal welt renfiferal o weraar & A i S @ e
S IR A THeN Tel e wadl (I8 Fe IS qd e P A 8) |

Y-deoe weaeet § e @ Giae Bl 2) den aiieRt &
forg arfde =T Siefe sFe Ul Ue € s &9 H e
& H TG g

e Aid FHHSC! GGl (O Al 3ORd), BRI, Menfie
QS (G BrRpRIge) SR i amfiRl & @99 &1 AfeR
THI-F G (ferel srerar Ramyd ueel & AW ¥ amafed
for o 8| o el @ e @Ry B 99 g BN © |
T4 YT ST §RT TRV ABR & AR W Bl ey
@ I T AATYA &1 O § A Fer e SR o i o S
Y-—RE & MR AR G -dve fRans & e e
[T B 1Y | RImal & $7eg MR W IS | o @
IR H U Yfovugicrd cIgaRiT Ufhar e da-ia! U9 fawiy
wY ¥ A el & forg fFiRa 796 & SR W S
2| SO o @il Wiy fshar & 9EeR @fdd a1 U a1 ae
B FH B |

e 4 R e wfi San & By g e o
oeN (fxdt U fem) @ e sriael & w8 e
3TdT 5T BR o e 2 | Wi Reafy F ff WeR @ afdaR
B Ve FarE Ffder # uRads ox BT AW o 9ol & |

Jg gRacd T & Gad ¢ afe Usel TN JA W AR
U BT AT SR T[T &GN H T AR IS @R el TS
B, 3R STl e Taver SRaH &) TITed AT H BHl BT A
IS | 9 I R I A &, T AR G AWIRI B
I Yo TMGR & deol # AW AR fow1g 1 v
I R FH ¢ |

24 qfaaf ux



APPENDIX 1

Glossary of Technical Terms

Aero-EM: Airborne electromagnetic (EM) surveying is an
active method to measure the electrical conductivity of
the rocks. This gives a better idea of the Earth’s structure
and the arrangement of deposits at depth. The survey
requires a source of EM field, which is generated using
a large transmitter coil, fixed onto a helicopter or a light
fixed-wing aircraft. There is also a “receiver” on board,
which measures the EM response. During the survey, the
aircraft needs to fly as close to the ground as possible to
get more signal back from the Earth, although regulatory
and safety issues come into play here when it comes to
the practicality of what's permitted and what'’s not. The
survey is carried out by flying in parallel lines as it helps
with the processing of the data.

Aero-magnetic survey: In an aero-magnetic survey, an
onboard magnetometer measures and records the total
intensity of the magnetic field at the sensor. The resulting
aeromagnetic map shows the spatial distribution
and relative abundance of magnetic minerals (most
commonly the iron oxide mineral magnetite) in the
upper levels of the Earth’s crust. Because the rock types
differ in their content of magnetic minerals, the magnetic
map allows a visualization of the geological structure of
the upper crust in the subsurface, particularly the spatial
geometry of bodies of rock and the presence of faults
and folds. Aeromagnetic data is commonly expressed
as thematic (coloured) and shaded computer generated
pseudo-topography images. The apparent hills, ridges,
and valleys are referred to as aeromagnetic anomalies.
A geophysicist can use mathematical modelling to infer
the shape, depth, and properties of the rock bodies
responsible for the anomalies.

Aero-Radiometric survey: The radiometric, or gamma-
ray spectrometric method is a geophysical process
used to estimate concentrations of potassium, uranium,
and thorium by measuring the gamma-rays which the
radioactive isotopes of these elements emit during
radioactive decay. Airborne gamma-ray spectrometric
surveys estimate the concentrations of the elements at

the Earth’s surface by measuring the gamma radiation
above the ground from low-flying aircraft or helicopters.

Airborne Gravity survey: Gravity gradiometry is used by
oil and mineral prospectors to measure the density of the
subsurface, effectively by measuring the rate of change
of gravitational acceleration due to underlying rock
properties. From this information, it is possible to build a
picture of subsurface anomalies which can then be used
to more accurately target oil, gas, and mineral deposits.
It is also used for determining water depth. The gravity
gradiometer is mounted on an aircraft and flown over the
survey area to obtain the gravity gradient measurements.
The survey is typically flown at an altitude of 80 m or
greater with a line spacing dependent on the target of
investigation. The signature from buried sources (such as
ore bodies) is maximized closer to the Earth surface and a
low flying altitude is desirable.

Basement rock: Basement rock is the thick foundation of
ancient metamorphic and igneous rocks often in the form
of granite, that forms the underlying layer of continents.

Beneficiation: Beneficiation is the processing of minerals
orores for the purpose of (i) regulating the size of a desired
mineral produce; (ii) removing unwanted constituents;
and (iii) improving quality, purity, or assay grade of the
desired mineral.

“Bulk” and near-surface minerals: Minerals occur
through a variety of processes. Some minerals are formed
by sedimentary processes and are deposited in basins
which occur atthe Earth’s surface. These include limestone
and some kinds of iron ore deposits. Some minerals such
as Bauxite are formed by weathering processes. Such
minerals generally occupy large surface areas and are
often called “bulk” minerals. Very often they are available

at or near the surface.

Chalcophile elements are those elements which have a
strong affinity for sulphur; such elements concentrate in
sulphides and are typical of the Earth’s mantle rather than
its core. Typical chalcophile elements are Cu, Zn, Pb, As,
and Sb. In contrast, Lithophile elements are those with
a strong affinity for oxygen. They occur as oxides, and
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especially in the silicate minerals which make up 99% of
the crust. Examples of lithophile elements are Al, Ti, Ba,
Na, K, Mn, Fe, Ca, and Mg.

Concealed, deep-seated, or deep-located deposits:
Mineralization often occurs at depth, with no apparent
surface shows. In other cases, mineralization, even if
extensive, is hidden by subsequent sedimentary layers
(“cover sediments”), or concealed by lava flows as in the
case of the Deccan Trap areas. Deep seated minerals are
formed under high pressure and temperature, and in many
cases, through the chemical action of hot mineralizing
fluids (hydrothermal action) associated with volcanism or
tectonism. These minerals, including base metals such as
copper, and noble metals such as gold, and special cases
such as diamonds can occur at considerable depths.

Co-production of minor metals: Minor metals (including
the so-called Energy Critical Metals) are not naturally
found in concentration high enough to be profitably
mined for their own sake. Many of them also occur in
association with other metals which can be commercially
mined (primary or major metals, such as lead-zinc-copper
or gold or aluminum). Such associated minor metals can
be recovered as by-products from the “waste” generated
during the extraction of the major metals. Many minor
metals are finding applications in renewable energy or
electronics and though used in small quantities, can be
quite critical. ‘Major’ minors include tungsten, cobalt,
titanium, magnesium, where several hundred thousand
tonnes are produced annually. Their production requires
“process research” so as to put in place an ore-specific
combination of physical and chemical processes to
separate them from other material. There can be
substantial risks and technical- and economic-feasibility
questions associated with process research.

Crust: The continental crust is the layer of igneous,
sedimentary, and metamorphic rocks that forms the
continents and the adjoining areas of shallow seabed
known as continental shelves.

Cratons are the old and stable parts of the crust (and
the uppermost mantle), which having survived cycles of
merging and rifting of continents, are distinct formations
composed of ancient basement rock, often covered by

younger sedimentary rocks. The Indian Craton is made
up of the Aravalli Craton, Bundelkand Craton (granite-
gneissic complex), Dharwar Craton, Singhbhum Craton,
and the Bastar Craton.

Deccan trap: The Deccan traps are a large igneous
province located on the Deccan Plateau of west-central
India. They are one of the largest volcanic features on
Earth. They consist of multiple layers of solidified flood
basalt that together are more than 2000 m thick and
cover an area of 500,000 km2. The bulk of the volcanic
eruption occurred at the Western Ghats some 66 million
years ago. This series of eruptions may have lasted fewer
than 30,000 years.

Exploration

General Exploration involves the initial delineation of
an identified mineral occurrence warranting further
studies. Methods used include surface mapping, widely
spaced sampling, trenching, and drilling for preliminary
evaluation of mineral quantity and quality (including
mineralogical tests on laboratory scale if required),
and limited interpolation based on indirect methods
of investigation. The objective is to establish the main
geological features of a deposit, thereby giving a
reasonable indication of continuity and providing an
initial estimate of size, shape, structure, and grade. The
degree of accuracy should be sufficient for deciding
whether a Prefeasibility Study and a Detailed Exploration
are warranted.

Detailed Exploration involves the detailed three-
dimensional delineation of a known mineral deposit
through sampling from outcrops, trenches, boreholes,
shafts, and tunnels. Sampling grids for drilling are closely
spaced such that size, shape, structure, grade, and other
relevant characteristics of the deposit are established
with a high degree of accuracy. Processing tests involving

bulk sampling may be required.

Geoscientificsurvey and mappingisto be distinguished
from “mineral exploration”; while the latter is specifically
aimed at finding minerals, geoscientific surveys have a
multitude of applications including subsurface water
resource location and estimation; identifying potential
geo-hazards such as landslides; the nature of rocks and

26 qfaaf ux



soils; and understanding the topography and climate of
the distant past. Very often, mineral exploration ventures
use geoscientific surveys as a starting point for the
identification of a target area for exploration.

Hydrothermal mineral deposit is any concentration of
metallic minerals formed by the precipitation of solids
from hot mineral-laden water (hydrothermal solution).
The solutions are thought to arise in most cases from
the action of deeply circulating water heated by magma.
Hydrothermal mineral deposits are further classified as
hypothermal, mesothermal, epithermal, and telethermal
according to the temperature of formation, which roughly
correlates with particular mineralizing fluids, mineral
associations, and structural styles.

Intrusive or plutonic igneous rocks form when magma
cools slowly below the Earth’s surface. They are called
intrusive igneous rocks if the magma has intruded into
pre-exiting rock layers. Most intrusive rocks have large,
well-formed crystals. Examples include granite, gabbro,
diorite, and dunite. Igneous rocks are generally granites or
basalts. The difference between granites and basalts is
in their silica content (a basalt is about 53% SiO2, whereas
granite is 73%), and in their rates of cooling.

I0CG: Iron Oxide hosted Copper Gold deposits

Laterite: A rock type rich in iron and aluminium;
commonly considered to have formed in hot and wet
tropical areas by intensive and prolonged weathering.

Leaching is the loss or extraction of certain materials from
a carrier into a liquid (usually, but not always a solvent).

Low grade ores: the grade of the ore generally refers to
the concentration of the mineral of interest in the mineral
ore. As the grade drops, the economic viability of a mining
enterprise also drops. When the grade of the ore is such
that the economic viability is a significant risk, the ore is
generally said to be of “low grade”.

Mafic: a rock that is rich in Magnesium and iron (Ferric).
Ultramafic rocks are igneous and meta-igneous rocks
with a very low silica content (less than 45%), generally
>18% MgO, high FeO, low potassium, and are composed
of usually greater than 90% mafic minerals (dark coloured,
high magnesium and iron content). The Earth’s mantle is
composed of ultramafic rocks.

Magma is molten rock stored inside the Earth’s crust. Lava
is magma that reaches the surface of the earth through a
volcano vent.

Magnetotellurics (MT) is an
geophysical method for inferring the Earth’s subsurface
electrical conductivity from measurements of natural
geomagnetic and geoelectric field variation at the
Earth’s surface. Investigation depth ranges from 300 m
below ground by recording higher frequencies down to
10,000 m or deeper. MT is used for various base metals
(e.g., nickel) and precious metals exploration, as well as
for kimberlite mapping. Audio-magnetotellurics (AMT)
is a higher-frequency magnetotelluric technique for
shallower investigations.

electromagnetic

Metalliferous: meaning yielding metal; from metallum
metal + ferre to bear (Latin).

Metallogeny is the study of the genesis and distribution
of mineral deposits

Metasomatism is the chemical alteration of a rock by
hydrothermal and other fluids.

Mineral: A mineral is a naturally occurring substance
(generally inorganic, though coal is an organic mineral)
that is solid and is representable by a chemical formula. It
has an ordered atomic structure. It is different from a rock,
which can be an aggregate of minerals or non-minerals
and does not have a specific chemical composition. Most
but not all minerals are crystalline; also, most but not all
minerals have one or more metals as constituents.

Mineral resource: A mineral resource is a concentration
or occurrence of solid material of economic interest in or
on the Earth’s crust in such form, grade, or quality and
quantity that there are reasonable prospects for eventual
economic extraction.

Mineral reserve (or Ore Reserve): A mineral reserve
or an ore reserve is the economically mineable part of a
mineral resource.

Mineral ore: An ore is a type of rock or rocky material
that contains sufficient minerals with important elements
including metals that can be economically extracted from
the rock through mining operations. An ore body is the
assemblage of such a rocky material.
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Mineralization: Mineralization is the process of
formation of a mineral out of unmineralized material or a
concentration of the mineral above its normal abundance
due to geological processes involving heat, pressure,

chemical action, sedimentation, etc.

Mineral occurrence: Thisis anindication of mineralization
that is worthy of further investigation. The term “mineral
occurrence” only indicates the presence of one or more
minerals but does not imply any measure of volume
or tonnage, grade or quality and is thus not a part of a
mineral resource yet.

Mineral deposit: A mineral occurrence of relatively
higher concentration, of economic value.

Mining operation: A mining operation is any operation
undertaken for the purpose of winning (i.e., recovering)
any mineral. It generally includes extracting the ore and
then processing it to recover the minerals in the ore.

Mining lease: A lease granted over a limited area for the
purpose of undertaking mining operations.

Mining Tenement System: Such a system depicts
the location, extent, nature, and status of current
mineral concessions (“tenements”), and often allows
for applications to be made for the grant of mineral
concessions in areas not already covered. Sometimes
the system also shows pending applications as well. The
system may also show land ownership (“cadastre”) and
other legal information, such as officially notified forests
or ecologically sensitive areas, for the benefit of intending
applicants.

Orogen: An orogen or orogenic belt develops when a
continental plate crumples and is pushed upwards to
form one or more mountain ranges; this involves a series
of geological processes collectively called orogenesis or
orogeny. Orogeny is the primary mechanism by which
mountains are built on continents. The Himalayas, which
stretch over 2400 km are the result of an ongoing orogeny
(the Himalayan Orogeny) — the result of a collision of the
continental crust of two tectonic plates: the Indian and
Eurasian continental plates.

A placer deposit or placer is an accumulation of heavier
minerals by gravity separation from a specific source

rock during sedimentary processes, e.g., river or sea
wave action. The name is from the Spanish word placer,
meaning “alluvial sand”

Paleo-placers: Placer deposits caused by ancient (paleo)
processes no more in operation, e.g., geologically ancient
river or sea no longer in existence.

A Pegmatite is an igneous rock, formed underground,
with large interlocking crystals. Most pegmatites are
composed of quartz, feldspar, and mica.

Petrology is the branch of geology that studies rocks and
the conditions under which they form.

Porphyry is a textural term for an igneous rock consisting
of large-grained crystals such as feldspar or quartz.
Porphyry deposits are formed when a column of rising
magma is cooled in two stages. In the first stage, the
magma is cooled slowly deep in the crust, creating the
large crystal grains. In the second and final stage, the
magma is cooled rapidly at relatively shallow depth or as
it erupts from a volcano.

Prospecting: Is any operation undertaken for the
purpose of exploring, locating, or proving a mineral
deposit, including geochemical and geophysical surveys,
and drilling.

It is the systematic process of searching for a mineral
deposit by narrowing down areas of promising enhanced
mineral potential. The methods utilized are outcrop
identification, geological mapping, and indirect methods,
such as geophysical and geochemical studies. Limited
trenching, drilling, and sampling may be carried out.
The objective is to identify a deposit which will be the
target for further exploration. Estimates of quantities
are inferred, based on the interpretation of geological,
geophysical, and geochemical results.

A Prospecting Licence granted under the MMDR
Act permits general exploration as well as detailed
exploration.

Proterozoic is a geological eon spanning the time from
the appearance of oxygen in Earth’s atmosphere to just
before the proliferation of complex life (such as trilobites
or corals) on the Earth. The Proterozoic Eon extended
from 2500 mya to 541 mya (million years ago).

28 qfaaf ux



Prospectivity for minerals: This is a general assessment
of the likelihood of finding minerals, based on the
geological evolutionary history and geological set up
(lithological, structural, and geomorphological) and
geophysical, aeromagnetic, gravity, and radiometric
imagery data sets.

Reconnaissance: Any operations undertaken for the
preliminary prospecting of a mineral through regional,
aerial, geophysical, orgeochemical surveys and geological
mapping, but does not include pitting, trenching, drilling,
or sub-surface excavation.

A reconnaissance study identifies areas of enhanced
mineralization on a regional scale based primarily on
results of regional geological studies, regional geological
mapping, airborne and indirect methods, preliminary
field inspection, as well as geological inference and
extrapolation. The objective is to identify mineralized
areas worthy of further investigation towards mineral
deposit identification. Estimates of the quantities should
only be made if sufficient data is available.

Shield: A shield is a cratonic area where the basement rocks
are exposed. It is a relatively flat region since mountain
building, faulting, and other tectonic processes are greatly
diminished. The age of these rocks is greater than 570
million years and sometimes date back 2000 to 3500 million
years. The Indian shield consists of the Dharwar craton, the
Southern Granulite Terrain (SGT) of Tamil Nadu - Kerala,
the Eastern Ghat Mobile Belt (EGMB) along the east coast;
and the intra-cratonic“Purana” basins.

Stratigraphy is the study of rock layers (strata) and
layering (stratification). It is primarily used in the study of
sedimentary and layered rocks, primarily to estimate the
age of the various layers.

Supergene enrichment are processes that occur
relatively near the surface (as opposed to deep
hypogene processes). Supergene processes include
the predominance of meteoric water (e.g., rainwater)
circulation with concomitant oxidation and chemical
weathering.

Unconformity: An unconformity is a surface of hiatus
between successive strata representing a missing interval
in the geologic record of time, produced either by an
interruption in deposition or by erosion (by wind or
water). An unconformity is a type of discontinuity due to
an intervening period of geological activity for which the
strata have no direct record.

Volcanogenic massive sulfide deposits, also known as
VMSdeposits, areatype of metal sulfide ore deposit, mainly
copper-zinc which are created by volcanic-associated
hydrothermal events in submarine environments.

Winner’s Curse: The winner’s curse is a phenomenon
that may occur in “highest bid” auctions in conditions of
incomplete information. In such an auction, the winner
will tend to overpay as he is after all paying what his
competitors felt was not worth it since they stopped at
a lower bid.
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APPENDIX 2

Genesis and Classification of
Mineral Deposits

An ore or mineral deposit represents a geochemically
anomalous concentration of elements in a very limited
sector of the crust. Geological processes causing crustal
growth and churning of the Earth’s material lead to
elemental concentration and formation of deposits.
The crustal elements have to undergo enrichment up
to several orders to attain the status of an economically
minable deposit. The genesis of economic deposits is
therefore, essentially a matter of sufficient enrichment.

Ore deposits are usually classified by the ore forming
geological processes and the geological setting. But they
rarely fit snugly into the boxes in which geologists wish
to place them. Many deposits may be formed by more
than one of the basic genetic processes described below.
The following is a common categorization of mineral
enrichment and deposit formation; examples of deposits
are given in some cases in parenthesis:

1. Deposits produced by chemical processes of
concentration of elevated temperature within the
Earth or at the sea floor.

In magmas (Magmatic Deposits)

e By concentration of crystals from magma (chromite
and magnetite of Bushveld complex, South Africa)

e By separation of immiscible sulphide or oxide liquids
from magma (Cu-Ni at Sudbury, Ti at Allard Lake,
Quebec)

e By crystallization of unusual magmas

¢ Carbonatites (Nb at Aka, Onebee,
Phosphate at Palabora, South Africa)

Cu and

¢ Pegmatites (Nb-Ta in Nigeria; mica at Petaca, New
Mexico, USA; Li at Kings Mtn, N, Carolina, USA)
From hot aqueous fluid formed within the Earth
(hydrothermal deposits)
e Deposited within the Earth and associated with
intrusive igneous bodies or volcanic centres
¢ Disseminated sulphides in and adjacent to
igneous bodies (porphyry.- CuMo deposits of
Bingham, Utah, USA)

¢ Contact metasomatic replacement of carbonate
rocks (skarn® deposits of Fe at Iron Springs, Utah
USA; Cu-Pb-Zn at Central District, New Mexico)

¢ Vein and replacement deposits

¢ In and adjacent to granitic intrusions (Sn-Cu at
Cornwall, England)

e Peripheral to granitic intrusions (Cu at Magma,
Arizona, USA; Pb-Zn, Ag of Central District, New
Mexico, USA; Pb-Ag of Cocur d’ Alene, Idaho,
USA)

¢ Associated with volcanic centres and hot spring
system on land (Ag at Pachuca, Mexico; Au at
Carlin, Nevada, USA)
e Cu associated with basaltic volcanism (northern
Michigan Cu, Michigan, USA)
Deposited within the Earth but with no obvious relation
to igneous activity
¢ Pb-Znsulphide deposits in carbonate rocks (Mississippi
Valley deposits, USA.) Udeposits in
(Colorado Plateau, USA)

¢ Cudeposits associated with red sediments (Nacimiento,
New Mexico and WhitePine, Michigan)

sandstones

Deposited on the sea floor by fluids from hot springs

e Massive Fe-sulphides with base and precious metals,
in association with volcanism (volcanogenic massive
sulphides, Kuroko deposits, Japan)

e Base-metal sulphides unrelated to volcanism (Cu at
Ducktown, Tennessee USA)

¢ Extensive Fe- and Mn-rich deposits with associated Au
and other metals (as in pre-metamorphic carbonate
beds at Homestake, S. Dakota, USA)

e By regional or dynamic metamorphism
¢ By redistribution of chemical constituents (talc

and tremolite deposits, concentration of Au at
Homestake, S. Dakota, USA)

0 By recrystallization (garnet, kyanite)

° Lime-bearing siliceous rock produced by the metamorphic alteration of
limestone or dolomite
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2.

Deposits formed by chemical processes of
concentration at or near the surface of the Earth
at low temperatures.

By weathering and related processes on land

By leaching of soluble constituents to leave residual
concentrations (bauxite, Fe-, Mn-, and Ni-rich laterites)

By supergene enrichment of sulfides (Cu at Miami,
Arizona, USA)

By evaporation of pore waters from soil (U in caliche™
at Yeelerie, Australia)

By precipitation in lakes and oceans

By evaporation of water (evaporites, gypsum, halite,
borates)

By chemical changes in solution
Precipitation of limestones and dolomites

Unusual precipitates (Fe formation, Mn nodules,
phosphates, basemetal sulphides)

By biological processes and diagenesis
¢ Accumulation of plant debris (e.g., coal)

¢ Formation of liquid and gaseous products from
plant and animal debris (oil and gas deposits)

¢ Conversion of sulphates to native sulphur (sulphur
deposits)

. Deposits produced by mechanical processes of

concentration

Concentration by size in flowing water (gravels, sands,
clays)

Concentration of dense minerals by flowing water
(placer deposits of Au, Pt. Sn, diamond)

As ores of the same metal can be formed by multiple
processes, the commodity-wise genesis of common
metalliferous ores is presented briefly.

Lead-Zinc-Silver

Lead and zinc deposits are formed by discharge of
deep sedimentary brine onto the sea floor (termed
Sedimentary Exhalative or SEDEX), or by replacement
of limestone (termed as Mississippi valley type), in
skarn deposits, some associated with submarine

""" a sedimentary rock of hardened natural cement of calcium carbonate

that binds other materials—such as gravel, sand, clay, and silt.

volcanoes (called Volcanogenic Massive Sulphide
or VMS deposits) or in the aureoles of sub-volcanic
intrusions of granite. The vast majority of SEDEX lead
and zinc deposits are Proterozoic in age.

Copper

Copper occurs in association with many other metals
and in varied deposit styles. Sedimentary, igneous
or hydrothermal deposits of copper are common.
The world’s major copper deposits are hosted by the
granitic porphyry. Sedimentary copper is formed by a
process similar to SEDEX. Copper is often associated
with gold, uranium, lead-zinc, and nickel deposits. Iron
Oxide hosted Copper Gold (IOCG) deposits (Olympic
Dam type) have low concentrations but very high
tonnage of these metals as well as uranium and REE.

Gold

Gold deposits are formed by a very wide variety of
geological processes. Deposits are classified as primary
deposits, alluvial (or placer) deposits, or residual
(or laterite) deposits. Often a deposit will contain a
mixture of all three types of ore. Orogenic gold or lode-
type gold represents one of the primary modes of gold
mineralization, which contains high-grade ore in thin
quartz veins. Lode gold deposits are usually hosted
in basalt or in sediments known as turbidite. During
metamorphism, the gold is transported up faults by
hydrothermal fluid and deposited when the fluid cools
too much to retain gold in solution.

Intrusive-related gold is generally hosted in granites,
porphyry or rarely, dikes. This type of gold is usually
associated with copper, tin and tungsten, and rarely,
molybdenum, antimony, and uranium. Intrusive-related
gold deposits rely on gold existing in the fluids associated
with the magma, and the inevitable discharge of these
hydrothermal fluids into the wall-rocks.

Placer deposits, sourced from pre-existing gold
occurrences, are formed by alluvial processes within
rivers, streams and on beaches. The Witwatersrand
gold deposit of South Africa is a paleo-placers deposit,
partially enriched by later hydrothermal processes.

Uranium

The uranium is leached from radioactive granites
during hydrothermal activity or during circulation
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of groundwater and brought into solution in acidic
conditions and is deposited when this acidity is
neutralized. Generally this occurs in certain carbon
bearing sediments, within an unconformity in
sedimentary strata. Uranium is also found associated
with certain igneous rocks, such as granite and
porphyry. The Olympic Dam deposit in Australia is an
example of this type of uranium deposit. It contains
70% of Australia’s share of 40% of the known global
low-cost recoverable uranium inventory.

Iron ores

Hematitic iron ores are overwhelmingly derived from
ancient sediments known as Banded Iron Formation
(BIFs), which are composed of iron oxide minerals
deposited on the sea floor. Particular environmental
conditions are needed to transport enough iron in sea
water to form these deposits, such as acidic and oxygen-
poor atmospheres which prevailed within the Archaean
and Proterozoic Era. Supergene processes related to
weathering or hydrothermal activity have resulted in
the concentration of hematitic iron ore from the BIFs.

Magnetitic iron ores are genetically related to the mafic
igneous activities. Indian major magnetite deposits
(Kudremukh, Bababudan) are derived from ancient
sediment.

Platinum

Platinum and palladium are generally found in ultra-
mafic rocks, which have enough sulphur to form a
sulphide mineral while the magma is still liquid. This
sulphide mineral gains platinum by mixing with the
bulk of the magma. Alternatively, platinum occurs in
association with chromite either within the chromite
mineral itself or within sulphides associated with it.

Nickel

Nickel deposits are generally found in two forms,
either as sulphide or laterite. Sulphide type nickel
deposits are formed in essentially the same manner
as platinum deposits. Nickel is a chalcophile element
which prefers sulphides, so an ultra-mafic or mafic rock
which has a sulphide phase in the magma may form
nickel sulphides. The best nickel deposits are formed
where sulphide accumulates in the base of lava tubes
or volcanic flows.

Some sub-volcanicsills in the Thompson Belt of Canada
host nickel sulphide deposits formed by deposition
of sulphides near the feeder vent. Sulphide was
accumulated near the vent due to the loss of magma
velocity at the vent interface. The massive Voisey’s Bay
nickel deposit is considered to have formed via a similar
process. Significant nickel sulphide accumulations are
seen in the conduits and lava tubes of continental
basalt and in the locales of thermal erosion in the
underlying sediments in Noril'sk-Talnakh deposits,
Siberia. The process of forming lateritic nickel deposits
is essentially similar to the formation of lateritic gold
deposits, except that ultramafic or mafic rocks are
required.

¢ Tin, tungsten, and molybdenum

These three metals generally form in a certain type of
granite, via a similar mechanism to intrusive-related
gold and copper.They are considered together because
the process of forming these deposits is essentially
the same. Skarn type mineralization related to these
granites is a very important type of tin, tungsten, and
molybdenum deposit. Skarn deposits form by reaction
of mineralized fluids from the granite reacting with wall
rocks such as limestone. Skarn mineralization is also
important in lead, zinc, copper, gold, and occasionally
uranium mineralization. Molybdenum is a common
constituent of porphyry copper deposits and also
occurs in association with hydrothermal sulphide.

e Rare earth elements, niobium, tantalum, lithium

The overwhelming majority of rare earth elements,
tantalum, and lithium are found within pegmatite. Ore
genesis theories for these ores are wide and varied,
but most involve metamorphism and igneous activity.
Lithium is present as spodumene'? or lepidolite™within
pegmatite. Carbonatite intrusions are important
source of these elements.

' Spodumene is a pyroxene mineral consisting of lithium aluminium
inosilicate, LiAl(SiOs),

12 | epidolite is a member of the mica group of minerals with formula K(Li,
Al, Rb),(Al, Si)40;0(F, OH),.

'3 Carbonatite: a type of intrusive or extrusive igneous rock defined by
mineralogic composition consisting of greater than 50% carbonate
minerals
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APPENDIX 3

Looking for Deep Located
Mineralization in India

With the exhaustion or fast decline of mineral deposits
at shallow depths of the earth’s surface, it has become
imperative the world over to look at deeper levels of the
earth’s surface for mineral resources for meeting the ever
growing need of mankind.

Given the intrinsic uncertainty and risk, exploration of
deep-seated mineral deposits is essentially a sequential
procedure, based on sound technical principles which
are constantly refined with greater knowledge generated
through successful exploration. The successive steps of
the sequential exploration are based on a data-driven
probabilistic approach. Generating better and better data
through adoption of constantly improving technologies
is key to increasing the probability of success.

Stages of search

The exploration of deep seated mineral resources, without
having much apparent surface shows, is not a venture
in isolation but requires a clear understanding and of
the causative processes and factors which could lead to
possible mineral localization. Therefore, the endeavour:

e draws heavily on the fundamentals of geosciences,
specially the aspects of crustal evolution and

metallogeny.

¢ demands rigorous work in the field and the laboratory
with the application of latest techniques and
technology

¢ depends on efficient data integration into multilayered
GIS and preparation of stage-wise interpreted 3-D
models (mineral belt model, deposit model, ore body
model); and

e requires sizeable investment, over prolonged periods,
with appreciable risk of non-return on the investment.

14 The Paper uses the terms “deep seated’, “deep located’, and “concealed”
deposits in a nearly interchangeable way though there are slight
differences.

The search of deep seated deposits may be driven by:

e Concept-based mineral belt modelling (especially
in virgin or greenfield areas)drawing on geological
principles; or

¢ Data-based expectation (on the basis of shallower level
deposits existing in a brownfield area) and geoscientific
possibility of similar metallization at depth.

Guidelines for the search

Selection of potential target areas for exploration is based
on specific geological parameters, which are useful in
developing a prototype conceptual genetic model. For
example, the theory of Plate Tectonics has dramatically
understanding of basic endogenic
and exogenic processes

improved our
or systems responsible for
mineralization and possible locations of such systems
in the Earth’s crust. These processes can now be better
modelled through application of experimental and
theoretical geoscientific knowledge (e.g., geochemistry,
fluid inclusion, geo-thermometry and geo-barometry,
stable isotope systematics, hydrothermal alteration
studies, robust geo-chronological determinations,
radiogenic tracers, computer-based simulations, and
remote sensing) to build working hypotheses, which can
be put to ground test for locating concealed deposits.
Additional or better quality data aligned to the hypothesis
can validate (or modify or invalidate) the hypothesis,
increasing the probability of mineralization as well as of
locating it.

Characteristics of mineral deposits

The genesis of mineral deposits can be varied:

¢ Sedimentary processes of mineralization include direct
precipitation of ore material from sea water and/or
their subsequent concentration.

e Magmatic processes, plutonic or volcanic, involve
fractional crystallization or melts of differing composition.

> Exogenic processes are those driven by exogenic forces that primarily
derive their energy from solar radiation. For instance, soil erosion is caused
by the force of wind acting on bare ground. Endogenic processes are those
that get their energy from endogenic forces originating deep within the
Earth.
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e Hydrothermal processes caused by movement of
hydrothermal solutions within the crust, often as
a consequence of magmatic intrusion or tectonic
upheavals. Sources of hydrothermal solutions include
seawater and metamorphic fluids created during
metamorphism.

A comprehensive understanding of the possible ore
genetic criteria in a particular geological domain with the
signature of crustal processes (sedimentary, magmatic,
hydrothermal, metamorphic or their combination) is the
primary task. Prognosis of the factors which could be
responsible for ore concentration through the analysis
of theoretical possibilities and assessment of indicators
would be the next step in concept building.

Brownfield and Greenfield exploration

Geologically favourable areas for mineral potential
depend on the particular mineral commodity or group
of commodities under search. The region favourable for
gold mineralization may not be coincident with those for
lead-zinc or bauxite mineralization. There are two broad
categories of terrains, viz., Brownfield and Greenfield.

Exploration is termed Greenfield if either no exploration
has been conducted for the minerals of interest or
previous exploration has not increased the probability
of mineral occurrence; and Brownfield if some previous
exploration has been conducted and there are known
ore deposits. Greenfield exploration is highly conceptual,
relying on the predictive power of ore genetic models
to search for mineralization in unexplored ground.
Greenfield exploration has a lower success rate, because
the actual geology may be poorly understood at the start
of the venture, or the concept on the basis of which the
venture is being undertaken may not be applicable to the
exact situation of the target area. Brownfield exploration
is less risky, as the geology is better understood and
exploration methodology is well known; however, the risk
can still be significant.

A genetic model attempts to describe the physical and
chemical processes that led to the formation of an ore
deposit and its related empirical features. In Brownfield
areas, exploration may rely on genetic ideas. The careful
use of models based on a full empirical database and

well constrained genetic theory, allows the geologist
to place some degree of confidence on the chance that
these targets will contain economic mineralization. In
case of Greenfield search, the conceptual approach is to
be built up on the basis of geological understanding of
the depositional and tectono-magmatic set-up of the
region, its age and relation to overall crustal evolutionary
trend and metallogeny of that era. Synthesis and critical
appraisal ofthe available regional geological geochemical,
geophysical, remote-sensed data and assessment of
indicative evidences of mineralization, if any, aided by
literature scanning and pragmatic evaluation of global
case histories of mineral discoveries in similar geologic
environment would be equally important. Petrological
characterization of the rocks (specially the magmatic
units), picking-up of evidences of hydrothermal activities,
detailing of metamorphic-metasomatic transformations,
fluid inclusion and isotope studies, etc, may provide
important clues in Greenfield investigations.

Area selection

In India, the greatest operational advantage is the
availability of geological maps for the entire country on
1:250,000 and 1:50,000 scales. Regional ground gravity-
magnetic (GM) data, high altitude aeromagnetic data and
various interpretative compilations are available for large
areas of peninsular India. Besides, airborne multisensor
(magnetic+ electromagnetic (EM) + radiometric)
geophysical survey data are available for most of the
known mineral belts. Aided to these are the satellite
imageries. All these datasets, when collected, collated,
and synthesized, will provide the avenues for the first
step towards the identification of geologically favourable
domains, in both Brownfield and Greenfield.

After identifying favourable geological milieu for mineral
search (with specific mineral commodities in view) in the
Brownfield or Greenfield territories, which may run into
thousands of square kilometres, the next task would be
to select and prioritize target areas where more intensive
exploration need to be planned. The exploration methods
generally adopted at this stage are:

¢ Integrated study of remote sensed data, high altitude
airborne survey data, and regional ground geophysical
data in conjunction with regional geological maps

34 qfaaf ux



e Low-altitude multi-sensor airborne surveys with

software support for data synthesis and interpretation
aimed at anomaly location

e Regional grassroots geochemical surveys (stream
sediments, rock, soil, gas)

e Ground geophysical surveys in selected areas
o Limited experimental test drilling; and

¢ Field and
prognosis.

laboratory studies aimed at mineral

At this stage, computer-based multivariate statistical
analyses may establish characteristic inter-relationships
of various parameters and lead to mineral belt modelling.
The application of all the reconnaissance tools and data
interpretation would need sound understanding of the
overall geological and metallogenic environment. Ages
of metamorphism, deformation, and intrusive events
need to be established by robust geochronology in the
area under study. There needs to be more emphasis on
accurate dating of mineral deposits to define the critical
age peaks of major mineral types. The geophysical and
geochemical methods recommended for this stage of
exploration and their basic principles are explained below.

Use of Airborne Geophysical Surveys

Where the surficial layers are of relatively recent origin
and the favourable geological milieu occurs at some
depth, the search for the “concealed” mineralization
requires the application of geophysical techniques which
can enable an understanding of the deeper layers. Fast-
paced regional scanning by geophysical applications is
needed at this stage for picking up responses of deep
seated mineralization.

A choice must sometimes be made between helicopter
and fixed-wing aircraft for an airborne electromagnetic
or radiometric survey. Helicopters have an advantage in
being able to maintain a more constant ground clearance
above rugged terrain. Also, helicopters have a slow-flying
capability, which allows for greater accuracy and they
can land for a ground check in critical areas. Helicopter
geophysical surveys can therefore be used in detailed
work as well as in reconnaissance.

Among the airborne survey systems most popular are the
aero-magnetic, aero-electromagnetic (AEM) and aero-

Radiometric systems. Airborne Gravity surveys have also
gained much utility as a fast reconnaissance tool. There is
a vast choice of patented instruments with add-on data
processors and interpretative software available with the
multitude of survey agencies. A right choice of airborne
systems would depend on the overall appreciation of
the nature and disposition of the targeted geological
entity, its surface and deeper environment, besides the

physiography.
Use of Geochemical Survey data

One application of geochemistry in mineral search is to
pick up the trace of ore building elements in the rocks and
follow these to the locus of concentration at depth, called
the litho-geochemical survey (bed-rock geochemistry).
The other, far more widely used, is to pick up the products
of partial disintegration (in soil, stream sediments, soil gas,
etc.) of an ore body and trace these back to the source,
called the pedo-geochemical and stream-sediment
surveys. While looking for primary anomalies in bed rock
is more appropriate after target / prospect selection,
regional soil, soil gas or stream-sediment surveys aimed
at locating secondary dispersion anomaly are essential
at the reconnaissance stage. For the mineral exploration
agencies, the development of reliable methods for the
detection of ore deposits covered by overburden is
critical to their risk reduction and future success. For the
exploration methods to be reliable, an understanding of
the dispersion processes is required.

The and

biogeochemistry as important exploration techniques in

emergence  of  hydrogeochemistry
concealed and leached terrains needs serious attention.
Application of hydrogeochemistry is well known and in
vogue in the sequential stages of exploration.

Limited ground geophysical surveys and
experimental test drilling in selected areas:
ground truthing

Ground geophysical surveys may become necessary if
the aero-geophysical data are either less specific or not
matching with geological-geochemical data-sets. Very
Low Frequency Electromagnetic (VLF) survey, which is
a rapid and cheap method, may be useful at this stage.
Controlled Source Audio magnetic-tellurics (CSAMT)

MId # QYT Od I g W] bl AT 35



is also a low-cost geophysical technique that provides
deep geologic information based on lateral and vertical
resistivity contrasts. In any case, ground truthing of the
aero-geophysical surveys needs to be done. This may
include limited test drilling and sample analysis for

discerning the stratigraphy or verifying mineralization.
Drill core studies (petrology, mineralogy, analytical, etc.)
at this stage may generate vital information, helping in
the ultimate zooming into the target.
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APPENDIX 4

Potential for Locating New
Mineral Resources in India
Himalayas

Both from the point of view of plate tectonic status of this
continent-continent collision zone and its comparison
with the Alpine belt, the Himalaya deserves a thorough
scanning for possible but varied metallogeny ranging
from sedimentary-digenetic types in the frontal belt,
SEDEX type and hydrothermal deposits in the Lesser
Himalaya, Tertiary granitic pluton related metallization
in the Central crystalline zone, bedded deposits in the
Tethyan sediments, ophiolite related metallization along
the Indus-Tsangpo suture zone and porphyry type
deposits in the Trans-Himalayan region.

Bundelkhand granite-gneiss complex

It is now known, after discovery of the Pearl Lake deposit
in Canada that porphyry copper deposits were formed
during early Precambrian time. Precambrian porphyry
deposits have been discovered in Australia, Finland,
Canada, China, Sweden, and many other countries. The
Malanjkhand Cu-deposit in MP, India is now recognized
as one of the largest of this type, much later than its
discovery. The vast Bundelkhand granitoid complex could
therefore host porphyry sulphide or shear controlled
hydrothermal mineralization. Concept oriented deeper
probe should be a priority task in this region.

Deccan Trap covered region

About half a million square kilometres of west-central
part of peninsular India is covered by the largely
Mesozoic continental flood basalts known as Deccan
Traps. The Deccan Trap covered terrain remains almost
entirely unexplored. The oil companies have conducted
extensive geophysical investigations to locate favourable
structures in Mesozoic sediments underlying the trap
(and also some drilling), but no effort was directed
towards prognostication of metalliferous deposits.
Other than the possibility of locating mineralized tracts
in the Precambrian basement rocks, there are two broad
possibilities of metallization within the Deccan volcanics,
i.e., magmatic sulphide; and hydrothermal mineralization.

Other terrains that warrant a closer look

The following Brownfield areas among others may
deserve a relook in search of deep-seated deposits:

¢ The Dharwar craton may be re-examined for locating
greenstone related orogenic gold at deeper levels
of the numerous schist belts, many of which have
sub-economic gold occurrences at the surface. The
Kolar Gold Field cannot possibly be the only place
where economic gold values continue up to great
depths. The Wynad-Nilambur Gold Field in Kerala also
merits a concerted effort to locate deep seated gold
mineralization.

e India is the only country in the world which in spite of
having a vast Precambrian shield area does not have
any nickel mining activity. No primary nickel sulphide
deposit has so far been located. It may need a sustained
campaign to look for both primary nickel and PGE in
favourable domains.

e The Southern Granulite Terrain (SGT) should not be
neglected for mineral search, as it is established now
that a mineral deposit does not get dissipated by high
grade metamorphism. Broken Hill Pb-Zn deposit in
Australia; Renco gold deposit in felsic granulites of the
Limpopo belt, Zimbabwe; gold in the high grade terrain
of North China craton are some prominent examples.
Though the Zn-Cu-Pb deposit in SGT at Mamandur,
Tamil Nadu is small, it would certainly provide a clue
to the suggested line of action. Gold mineralization in
Attapadi valley, Kerala, also presents a case in favour of
searching the granulite terrain.

e Serious research is needed to identify 10CG type
metallogeny in India, which may provide vast
opportunities for locating new deposits at depth. The
copper-gold-uranium belts of northern Rajasthan,
Singhbhum, and some areas in Chhattisgarh might
merit a close scrutiny in this respect. Presence of
mafic volcanics, high content of magnetite, profuse
albitization (soda influx), hydrothermal
breccia, etc.,, may be considered together as a starting
point.

hematitic
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¢ Ashematiticiron oreis nolonger considered as the sole
product of supergene process, it would be prudent
to explore at depths beyond conventional limits to
locate hydrothermally enriched ore horizons. Ample
evidence have been gathered, from many Indian
deposits, in favour of the existence of pre-deformation
epithermal concentration of rich iron ore below the
zone of supergene concentration.

¢ In the peninsular India, there are many crustal domains

where concerted efforts should be directed for
the location of Precambrian porphyry copper type
deposits. The Malanjkhand Granite being equivalent
in age to the much larger expanse of the Dongargarh
Granite, the latter may form the immediate target for
the search.
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