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\- Openpit mining method
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- Room and pillar mining method
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\- Sublevel stopping mining method
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\- Cat and fill mining method
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\- Sublevel caving mining method
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\_ Block caving mining method



B ool gl slagis) Julni oY lodgy

by, gl el sla s,
o S5y @ axg by suein)g

T oty

o o AL . .
\‘ ul.?h." ‘Ss..\.v.a o\bLo ul..m 9 »)‘ 6LQ(J“’5)J’J‘>U
ool (5.14)“»0 09;‘1: u.\.;.‘ftsa s ool zl el
Ok ) DYloeile g6 g (Some b
" Bl o
Sl g .
L | el L els | el el <5L"°u*‘3) J-‘-L"”
9009y Tyl i (51809, Tl SR 0%9) yolee gzl S
& . . o g
v 3SR s bl Geein| 9 0 o Olge
ol gaxe ool Slasin| Uil
&S e sl g, Jelos
5 ke gl ey QLI sl S0
Vo[ lagie 4 azgs g (g | LU
‘_,,.'»m ools
A )‘ ).o.:.m.‘o o).oj

Ay )‘ ULAQ}’ gsi:.uoLw o).a.i

Yo 3l leogy 0yes







F yloog

20 dlgo g lw le o sl gy Jdxd




Y 5ok walg

SVl b2 39 Gilw sl 3 sl iy Julxs

Sibeslen 9 o9l 2 45l Cao o eslitul g glnl gl wSls ol pen (LallEL L (Sase Slge S
el e Ll i ) 4573505 oo )18 0linl 590 (51,8 43n Bro (9 9 Londias 5 0I5
stz 55 M8 Slre b ddian g oo ] Bl polae 51 45 (g0lge oSl s 439l Ygamo Jos 53 Js
S8 ) Sase oole jlie ol pon albly g o callBl pl 0529 adlgs 2ST 0 5 diwn of jan o oIS 5
abaly cpl o s waless 1) oY (golaisl (551 (g5lusle n 5 (55508 Sldos (3 a5 apo 0 2ol
G5l b sla S (65518 0920 g slal (S Gaxe 03le 8L g (S-S SIS Lo 5 xS Sl Slalse
g Span ik alierd 5 (Sapd Lolsr (ks 5 6L )5) ol e albl 5 (golil az o (5551 05 5
0355 5 aiz3a wll il e Sl 5 5xsld Sl b Lbsy Sl o ISE St eyl
e )Y 32855 g (o) 2 bl g Sl glite Jlge plu g (Some oole caliteo SV 4 a5 9l
e 00be o (5518 embis sla g, Sl g Sl 3V cnl b 00,5 BT (65518 sl b
S 055 0575 gy i il 50 easd LT ame Slge (g3l ey sloolSiss IS 05

w23 n e Silorke p loolins (n e

SVl (b 2> 59 3l 1 S
Sl le aS 0g alowl S a4y wilgs oo Yl alwgdy o dlge (g3le,le

Yl by yo ilwyle p

Yl by 09 W b2 b g5lesle ol bsillbey Fbob beibker

oK £ 95 S olis e S riod g slo
WO REQFSO% (WY
e S5 oz S itz S Gl



B ool il 5 by, ol :F plodg

B Ly 50 (Fuxoe Slge (5 3lw )l p (A

bews &3 gilule gl p a5 s SlolKiws L Xs> IS jeba 1S jl colaw!l b pulos
shalad) o e sodgw slo S gile le sl 3L La:oLi’ma: LRI X WP VES WAL
g olel o p b K a5 (509,9 ,b 1 Wgd oo (gomdids oy Lawgs 1351 s yo l)d oS ol
5 ez s b i 59 IS 5 5550 ganaib (ol jo8 s 500 5 e sunaiib baails s

Sy aplysd 5 als saal Cavsas Jaame § 0 ol S
ST G a5, Ll alaass 300 50 1) Same dlge a5 05,10 (5,55 S S b alrdzes G o K
S5 @ 695 b g 4Sed (59) Blae (S1)3 Sgod Slge azi )3 5 wloe b 9 YU (Sone Slge Y Y
oW OL}S)LHMJ .]aj.a.w ul.o)).ujs.\.ujso.t Joj.n...a é‘)] O ygods u‘)du_ioé)jn o ».\....:L"SA g.)T J.‘>‘O 5

Ko 4 69959 b syl Ceels ol 9 Y <8 52) (g
(9l 0313l Sy, %o A5 U gl o0) (g o0 DD 50 GIAS g

|
= lewmrs

v Pyato (3ig b albl (ol 31y O

Ko 69y N /

QQQ

Jbw

()
0 yiiluwss ’ ) ®
b pgaso 039 b ©l)d) —Lh”—'

QTM‘SLDMB&.Q-’?

a5 joboled 095 oo plnil Slge (pgars (35 (ululy ez 53 (Gane Slge il le 1502 U b
ol o S a0l O Bl 50 gt o 3l ool b Sz sl o ools i YU S o
1y olge 5 S o il Some Slge 5l i3 (g9, 2 wslite jsbar a5 9,0l ST Glyz 6500 5 5,V O]
S (o0 Sl (pgatie (g (bl

Slalole Kz jo ilole p Sllas Lol slop il

ol b 31 el by g el YU &8 o 50 Ll Ol s 3 | ol s Kz o ol (gl 51
oloj 5 " oiS ES 1y 6,500 5 Gz oo 1y O el e 5 ' stz S8 > |y Jgl 45 05y smlss

- Pulsion

Y- Suction



TO.O. O.C) o o 59 0,90 98 cpl 4 aieS i by | ol sl

| | ©je®

b Gml g Vb b g gty i g 88, &S >

©) A) ®) ©) D) 88,5 obul wiyle S8 T gy, 2 olge 45 (G35 p
LS jo wlyd gilae 050l e . .. .

) shls @l “Sg’ﬁ*"ﬁ w3 (oo LS 9,4, S5

L5 (I S M (Ko K5)) 0bj pogase (39 9 (5,ls5 (S Mie carbs K5)) o5 (ogase ()39
Glisee Jolie jo (0 o) ail a3 5 18 Ko 0 o008 )] mhu K o Gl slaoslall
mw@mr@)ld)ybm&}o)ﬁo&

oley baias Hlid YU Coows 4 uld csl oo a8 T )l 0 als e F S o Slee gl YL USSS o
e o lis ) GeaS oley omb 4, slaidd 5 i

o?djj;,‘.g]s'agc;l)é‘Gé)éc.lamagMQTQSYL;:\”)JP@Q;L&)A&!)MW.

.MS@QSPY[{WA{Md?ojo)bwgmo)’jjo)"_ﬁ‘OT)dds

AV Copare (j9 SIS 45 (oolge AS (s Slml 4 az gl b al> e (l )3 14yl lid SMST @
g g0 oS ol Byl 4y oy adsl QL b ais

S 5,55 5035 b pgle jsboty 51,3 85l 0 & S J51s 45 Slye e 18la b by e
539 Sl slge cde rad 4y g aiS bt S0b Gy SO L aileis olge U ogd o el 855 5 0
g8 (oo @lo b by Bly3 boghuw 0920 (pl 4 Mg oo (add &5 509 ¢ il (gt

iy glals Joe j0 0ie8 oS 1) S clals gYay 5l S sladls &S > iyasSs @
slaails GYay jl 5 ) slaails oS (50,0 Wgpn Jiml WSl ced ;0 Wed (elial w2 55, Ky
3 hd 58 el el oo o il o slaals 1 g w0 OS> Gl Byb 4y g0, jee Cll o

S 1y oy (pl &5 il oo @l ;0 (1255 e S5 > aslol Sle oo g B (6955 Slle 4 o0
ags asls gYa 5L lasls o

S 0l sz 50 Fume dlge 5lusle (@

S gy L Sle Gl S olSies 5 i5e 03 e ol 113 3o 3f ooliel b Sl
S Ygeno g ailsny, (Jane dlge slp g ol
JL g 039 YU golatdl ()] [l 5l e jle oS
S 50 sleolfiws alws 4 il ke
05 b oRws (ol 6551 Srae 39,00 4
9 Mo Ql)é GjLw)Lﬁ.cﬁ: AS‘)-.' oK Qg.‘ )’l Sl
Osslish laolliws Jle o5 Jpame il 25
205 oo ,le p oSlws () Lagy 50

Sz ) &S S el e G510l e

Olis e JSas il oo Sy o sl oye g Job




B ool il 5 by, ol :F plodg

&8 o S9y 2 9 09b )y ol adsS Syl el olgs 5l o5 CAle b Qb S g0 adsl L el oa
Coons 51 LT £ )| a5 sl 00 00ty St s Shiel 5o Yoane 45 ssilge Lawsd je el 03,5 oo
Lol @lo (g 5 Blo e g (LSl (i a5 (976 4 39 (o0 08 @y 4 500 Bib s adsl b s

O3y e )15 550
9y 2 (23 J58) 4385 dz by Sul) o g (VL 4855 5l 05 el wo o b b S04 Slge
48,5 )18 see VU olael jo aS Ol eaisS x5 bawg Ol Y SH6 by g e dBu, o5, e
Ol e Jsb Caz 5o Glog &8 o S oaiil )] sgige 09 o0 al5y ;) Sdme Slge g s (59 » e
10,8 oy e & g a5 0 s sl el ) e a5 ol (g 4 25 > ) S e e
loails plpls digd co ol p gl 4 o1 Job slael 1o s zhaw (53, 2 S9390 duls sloails amis o
S 955 5,520 5 0l b Sz 58 e S8 o 5l Bl 555 (o W55 00 418 55 98 b s
5 95 90 (nl by Geo (g slaial yy 050e) Sro s (0555 olaal o OI SL Y 5 >

QT ouSS &9 599

IF 9
/T o 59y sl
buslg us J,..a_;ul 00 Ay bl |
o o

AL 5 6 y5LusS 31 Laly 4 Jguano souiSIax o 93y

PO g 5 SzsS slaals ams j3 )ls (K bbails S 5 olal 4 Ol 3L aY bz 3
g on Culad 0 lee y Jpamme (i & Gpdy 5 9t e Jsb Sz 53 Bae (5> 1)l
Sl S5 a4y 03¥ 005 o Jiine abl o 4 wilse 3l oo b 5w 5 g o sbaals aSl >
a6,k oS > b o o leaS g abl Sl olal g (59 Glasein gl)ls oS &ilse opl 51 cisw oS

el ooy BB plaases aliws 4 Sl Jpame (iu isd o0 Jiie Sl Jyame

g Camid o o adLls

69959 )b

'

VvV \ 4 \ 4 .V.OQ

e a.®0 © e =
YU powaeo oyj0 b o) o yilacsS - @ = -

s 139 b (Foxo 00bo) oyl L)
e oy b I P ¢ oo [ ) 5 o
sishr sty —3/0 e o =

@bdrm//\ © l O

oaSlazr 45 (o5 ogasio (g b e 05Le) albly

Oliy e S 69y 3 $3lwyles 5 092



oladl (55,IL g alogy, Sase dlge (g5lw by 090 ogas 10 ool &SIl Llxosgi 4 azx g L
DS JeeSS ) 5 ooz Oy e 9, 2 YL

Jaaxe £93| a0 (59 3 00 (S ey &5 > g | WS o3l | Wlyd pguato ()9

sk SzsS ok

SHx ol

by s

S (655 bssie S

Sy N

Sk Ligie oS

b ol 50 (oo dlgo gilwyle m (Z

Wlosgs calizee glas IS slyls SLTal o ol Wl (b oo )b slosaiSTos 15 yaod gy ylo
5 0 1) gy ol Curalsl sladwle viile dlo slawle (sl Luils 5,50 10 T 0,1 o i Jg
Bo 5l paS cdale b Jb & soas 9,500 YO U e e ¥ 050 (solal b adsl )b .cesl oo jlocalge
S (zsle seme 535 20k el Gl @890 ) 5 955 0 9,5 Easle Vb S Sl sy
3 (Shaaw slraly) S sladils anlon oo |y zamsle (L3l (idu () obew laasly) S
25 Sox 2 ol a5y S8, e pe Gl Sl 4 azg b Ol sses 0 L ol pen
S8 > b S g 03,8 U le () e Galple 9 825 o0 )12 65 R S e
Sl S jlead JSis g5l o jsee 5 b some slaiel o glgiands O 0l > b ogdledy 0iS oo
g 0 Colad za b B (iSu G 4 g oallas iSu ol o saile SL S slaasls S
Lol oeiis b S ol o0 i 005 Jle  0lge (sl (lalizme g lo haie jl gl (3 omly o
s e Jsbo yo 00l jle y Slge (2 y 05 mo, a4 az g Lo )S e [y eal Jle y le B ye S oo
50,5 o 455 35 albly s (5Ll 515 00 65 s 0 VU 5 205 gl 535 2 elasdly i

s

©



B Sl sibosbe nglaghy; ol :F plodg

0 yilusS’ 63 gor (Sheol dlg)

&k By .
sbj epgato (yi9 b o yiiluds g5
shol dgl 4 o2 58 Ayl @ ,b 3
Tl o0y phile
adsl 5L

o LS 2ol g2 9 ol

S8l 2o ol dlg!

Joo o piilcs’
B9 IS 50 g slo (o0 6 phadio / """ ’
(CR2 )
S B S (29,5
AT
ID

 —— —

U LI
S Jpazmo 29,5 — \ S g U (29,5

S rhod gl




A S ol vty
(0 g0 (8 3l ybs 33 30 aamlight s i gy WL

cotish
355 (o0 5B eolitul 550 ml) sebds (Sane Slge (55l 2 )3 oS el (Slbee (3lajglid b (ganliole
e el albly 5l 351 b (Sase oole gilulaz sl sy (50l s riee S S sy
O30 5 O 6503 Uhy) gt b gmelisld gy 4 2 (200 B BT (538 Jlee o5 (G olge (3,5
S 2L pgate (g elulp (Soid sla by, L odlge nl 0355 e p les 1) S 480 &
Vo b (gelighh (35, b olge (e (3l a5 (Jlojo i (o 5ol 700 51 LT (2lsl 5 050 (ol
el (59,550 YOO 5l 7S 902 Lo (yg0mlishd (63959 )b slul sy (oo oy
S e golae Jloo (lgie 4y 098 o0 485 W (55l )le sl Ol Rl olae 25158 (oalbishd b
S5 sl Scw ey ol o5 polae) (Brd 5l S ey ol (558 b g L) oleys
O Dl (Sl (555 5 o polae 5 (Lo S il )3 dotir s e (e (225 S J5 ne)
53 Sl 5 0l OlheSl o SaeS ane pledal 058
gl 35 o )3 2 o (Fame e 285 canle IS (b (Figd 5 CollE (senlisld (39, sl
wiebige pdy ST L Jdoyee 1, 5 g5 (nl Wisdon 3 2l b poled 3 L GBS 5l (5 (2,15
yS o b ol b ogdgraae G wists 5 OTL elad jo G o o5 5 j90 50
2 obdnd oS Lgd o pradi (ol il g (i 095 93 4 la I (xbaw el Sl
S95) (oVlgsS slaJsSdge 5l Lo SIS (nl 5l (pan waw wi)ls (hend (JsSge slasign o095 mlan
Slge pl dzeS (o 5 WS sad i ol (Sole & Ll odad e a5 conl ool LSCas (Lulgaily
o Vlg9 S o SISl po Wiy €95 5 93,10 (598 (Jsge slasisny 955 s 1o (ol (gla I ol ]
3o S 5 ol JsSge b s &y b SIS ol ol pebans lcianss g i i 4135 51 5
P4 e ol b Casgos] Bl 4 b SIS ol o Casgos] nsbs jsbas b IS 5l azws ol
c S 49 S ped 098 Sl 3550 0 (39 (orad 4z 0 dmy Ao Jgu 50 igd o8 el 098
5 e w05 Olb 2y s (i 2 MelS gl 09,5 sla IS b e Gl sam slaogS 5
lo S5 (092 (orad i)l (698 (B 42 )3 iom 9 05 (S g e 2 45 g3 09,5 slasdlgw sled
L3Sl e dosnST dalins doodle dacly S daclilow 10 iy 4 5 Cosl o5 bogilyw 4
ody ool ol e st 1T (b jeba S 095 la SIS gd e 3L 5,155 5 lalSlw
Jie Olie a ool (G55)000 Nigey s3> pos b T Gl 0og Gl pgs e ool Wl og (oab e
Sl g sl LG 5 o1 (Swigh 5 (Lol JIs 05T slagn b o (59,900 sy
el 5500 g 5l (Sl 5 9,555y 900 cad S (G000 Wi ST b S5 sl e 4y
S aisy hug Y L gl culdgm o SIB o )l ol Jlpl ol g Cudaudge
PS4 00ile Bl chnnd glag i b jglme 4¥g0 50 (it slaps] &S (> po aits Jate So0Ss @
a2 o ol 093 5l lab et i3l g 00y 5ozl T (S Sl L W g Wi o i




P ool siboobe 5 baghy, Juoli :F losgy

009 b8 sl g (kS a5 I ST gy puendld

ML CEECLLLLLL (L

MRLELLLLLLLLLL (L

b ol

T

fog,s

Y 09,5

Y 09,5

Y og,5

SR

<o)l

S8

=

oSV

oy

<295

<351

Coilosln p3s,S CelS gy g | ol
)5 05,5 Codgand Co e Sy 89 5
5lsS ool yilg Ceeglgd <ol b

it k] B M B e

J5s,

Cudg) Caromml

TR

I g NPT FE RGN E] R ...\;.;Sdﬁ—l L osdgyue |y gase S o G ax L S > )15

o @ Ll ol pon 5 iz (0 I30 Slaol> 4 oad Lgdgyune SIS ladils 358 sl lgs slacl>

b maw o1y &S 5l glay LS lole cpl locaS ol 4y (solge 509381 b gl oo Jiiie b
O, ol IS plo 5l e SIS cpl lg co S adsw b g ol ool Cgdg 000 SIS (gal> a5 aims o

o IS Lol 45 1, e dlge s 50 masly o
FN5S 5 o el 01
SS9 Canglys 35,155 «a i o Jlawsl (IS
s slaola a 5055 b SIS 51 SuphS 08 65,8 alisld () @ alSlaz jsbay | wis

Dgd god 5ol g Wil oo (Bl (ygrlighd Jolo a5 0 SGplaS 5 098 co j5lids § Sz o0

SS9 ik

&)



olablis jo 1) n5 loMasl 51 oSG pa ciy i o (Jlo Ggenlisht by, pogas )0 axil 4 az g5 b1 Jlgw

(Cowgs ) Jdg e

(O] ©sdg,0.m
et

sleas

Ogemligld

Oglight ooliuws 15 5,

Opemilish Jols J515 &) alg) 5 cany 3l 03litl b Ygmao b 900 (53955 5l (osebisls Jobo S 59
Joho &5 S35 &5 (Sren jlosliinl b g 098 00 9)ly Jobo G5 & pladlg) 30)b 5l 192 095 oo iz
Slge G o8 4 g (St d I 09 b se Sl (0] o0 D9d o0 00 o a4y Gl 8 S 15 enlisle
SulB e 8,5 g oS ladslre og3los S JSid lga ol golans 5 398 (6 55 sl UL o
hongts &5 2l GE WS 0 S5 Gemligh S 2L Ca Feglie 5 i slacle S
Sl o wgd Jite Joloe v 4y g o 50 Glacola 4 ally oo Wload gdg 000 SIS
che 4 gy o o 5 wWsd e ol Ll )5 ead rtiar Jolo iS50 Jidg o slo S
L Dol Joho o alides slocond ) J55 igd oo g)ls Joho VL 5l g 00l Jiie Joboo

| 4]

o Ao o 3 (ygamlisld Jobos Sy



P ool itk slaghy) ol :F plosg

2,5 el Al yo ds @y Olg 0 1) genlisls Slibes o S5e laaul 3 (IS jsba

G S5 a5 wiiea solye (yselisls Lo solitul 550 (sl Slge 1 Iy ol Sgo il
S o ol lilB (5 S5l oS e oS ol iy b Heled Sl g ale 5Lt | pogate
s alail, b JoSdge (v (el b Glpl ol 0l (S 0] G392 (G12D) @989 00 4 S
k8 slo J5Sge 5 00 Sty s sloJsKse 05 (ool L B 40,500 & e b anis
38 oSl et 5 0 S5 il 1 (bl (slaJsSge 5 Jlor 5o o S35 oy
T el o8 o 1S kil o (oo (bl (sl y255 00 5 (o J3SUgn S i 53,15 Dlie
C}bb&h@sd&f MUM)jlﬁwwl-ﬁb ‘fLuMu&J:bu‘MaA;w‘GJaB
gd o yglid Az ;0 g aied (32,5 ) gdgyaan (idad s

flos Lma ol po o050 b g 418,85 )13 LT g0 a5 lg slal 3 Wl le b i 1S JuSid
5 s a8 g5 00,28 (slym B, 51 5 (SlSe 1y 4y 0T (9,0 Iyo sl (59,5 oS,
Slade 4y a5 )lo pb 5L aS aS slge oyl 0gud co i (B co i | &S ple a5 Hliands Slgs 3529
Sl (50mslisld (6 a5 095 g0 S a5 plgo ial8l el ldl 052y 5 wigd oo > T 0 o8
Sgyiee Ot 5l s oot LS |ygd S slal by sluciS (s ol

Az gelighd jo luaS fal 00438l b ol amuc¥l iul38) g S an Yl

Mds‘o L)L‘:" ‘) Qloads ‘A} o~ )‘ ;.;‘ Lngday di..uj a FLY JSMJ 69; 6‘5& LgLﬁbuL} w‘) Couw J&w
sty o Lo, slaols 0 a8 Jl o sl ol sl 5o O jlade eogs plgs o5 § S5 ol oyl
Jlade yuizmen 004 oo Ll il Gl ol mhw j0 dul> 5, O3 de3g Wigd o lax w2

50,5 oo Ll plSimial el g 0ud goz sl b 10 o5 s e 4y i o ilol lucis

Ogwlishd jo 429 9oz 9 59,5 sLols

U9 3



28 g sl 4 G5 b ogligl o o] (i Hebd 5 S 9 Sl acgamo JuSid
s ol S gemslisld Jsho jo b 55l BB 0,3 52 ol oo Y g ooz Wi)lo S92 g Lape
ol Bl o (lplis 08 o )18 Ol 5B o Koo Bybo 5l g lsm 56 j0 B)b S, 5148 (5 sbody iz 0
.&Ssnéaé‘))iidsi“g—‘jMl.?f..\.ol.?s‘j_bf‘j_bjgisﬁm&ﬁ@)ﬂﬁb)‘do?ﬁsbo)é
JobS )3 058 g mgdeed)| (i gy o bg uSo b b ol (59 p (el 185 lag s
S el (6 y5bo g ol o3Il 095 LD o ygmnlislt Lanoma Ll 5 okan

Az s 158 Sl s 4y sl xlan (S (55, e 4 SIS Y

el oa U 5 00,5 o8 o aule ) o IS 5 g ol dsgarme L3l

(12D g8, SIS (Cawgd o) Jubsyiud SIS
2391 (50 Y Caows &3 1 (SIS gtz (o0 SIS @ 192 Sl e 08 S 4 lgp Ol
\\\
— J buzo
n |
(S wol> lan

(©) wloi w3l Sz oS Sy

S S ob; ]

Qo Hgld cosB S 3

Ogemligld o soliiwl 8590 B 20
lgo ol o s a5 0,50 (sla SIS wigd o el a5 aiied T Slosds Slge Lo, SIS by oSS
ook 55030 ol JT lale loygiSIS plp iy s 1 Sl ks ok slid (s oz
gy H5 3550 S S L Logae Slale (nl (oS Ceand igige Jo O 3 45 aits oS 12
Qry dbo S0 a8 e olRl b S haw les' (u;”) b8 el Caond &S (o o alS e I8

Sl oo 00ls ylid Sledgl o HeSUS JeUge SO el



B Sl sibosbe nglaghy; ol :F plodg

HHHHHHHHHHHHHHH:
O R R A o
H-C-C-C-C-C-C-C-C=C-C-C-C-C-C-C-Z
L I I 1 | |:°0 Na
HHHHHHH HHHHHH:
SIS JoSJge
(D oid e 035 L ey
09! b ossls
A5 050 G 0 g 0 05,5 2035 1,5, 09,5
1S 30 02305 Aszn S sy

i G5l gasUS JgSdgo jLs L
PSS A 50 4 Loy iSIS g d oo Al (Soiae Dpgod b g W18 352y (oab jsba layeSUS
o yig yt slaygsds
RPN IRV K SR PRV WL g B yeba g ais (ol e LS 5 gl ls e, giSIS
ol abowg @ oads 5 ojlal g 0,5 oo 1) o S 590 3L phed G &jpoas b oSS ) g oo Jo
s ed bl
odigal 0 3ig) (sl giSLS
wZato )0 00laiul 3550 (51, 5iSIS 05, 1 S ) Nigd o had (g g 0 S ol o Lo jiSIS ]
NG o el A 9O Ay A4S Aud 0dig 0 (Sl SIS
el o b gyl a5 a0 0550 SIS L 0gs ke b L g aites ite ) syl gnil (slaygusds
g go ol Gab Dgdgyae el 5 A0S o 5185 g
Ol Ol s odumzr el gain )b sl)ls a5 Jlai 0550 SIS s 4y Cutie )L L oS 1 a5 (s yoisUS
S (oo g8y e L
el 0as oals lid as axas Jloged Ho eSS gunarl



S5 9,0 oY goro
S LSlwl udad s
Jo of o a8 alizo

g 03

2045 oy Sl

Nigah o0 J> o




P ool siboobe 5 baghy, Juoli :F losgy

S0 SRS 2SS 09,5

ool gliil g (oodad i sloy Sy
J&5 0l ol ol xailo jobos sla SIS | (5938 i wiile g9l b i

Sy § (g G S 5[ olhlas (S S slaes,y 039S o
Ry 9wz s,

o lacslows  daclSlew _
e R g ke . A
o S e dS s oS clen| (SO LD o]

S (S0 glamndd o Yl o
) ) ] e Slogel Gilaiie ey SUS oyl
fﬁ'wﬁ)s‘)wgb&“ﬁd}bf:&
o sy (selisls 3 b gl
Aylso )l

o) SeslS
wal?\\laa(cpH 63gdte 4 g (U'i"’)@}‘"

A gslweas

iz BOGE L olyen Ysors
Oy g e ool gnliglt olawdgs g
"‘\55)6“ )lsd.a

0digan 03uig)
oal g loly S 5

[NV [EXVO T W -
= ittt YN NONEN]

0dnST Gy g CILS g JSCS Ll

L'Jlf loouls b)5 g5

X, g5lwaS Caslz= AL T PH o
PSS olyen g S L8 5l
S5 sy g loaenST (genliple

RPN

[Eg IRy
bolstlew bEMNwSe,S  Jolis
bolluss o 5 b lsilsw LS

Sk chlys ol cos o o)l vgzg (lase PH GI  (9mslisld (ol PH glronias pudiis
Syl plpmts 256 oloord Slse s Shoe r PH Jlade opdleas 398 oo SiSTu (genlisld

sl PH 055 o0 S50 0SS (0 e VW BV IPH a5 L8 gl s o (5emslinht Slilas yiioy
GYLPH 5 ol V5l a8 PH o Jls (S Lo slos 5 (abaneds Slge clald 5 55 ( SIS 95 &
Wl e 055S o B oliiasl 300 Cyaslisld 0 PH oaliis gl s boas 45 (golge otysS LI 1Y
poeigel S5 )0 5 mastes A5 i it Sl (Sl pH al33l c

Sl g 008 sl 5 958 g sl (S 5l sl PH S

Sl g aole 518 S i uad yo Lyl Cools aS aiiin b 8 g dab LS 5 e sl caS i jlwe s



g eo oyl o G5 iz el 5 05g oL

s ) oy Lame 4 0dd LSid sl Ly ool (6 leis LIS alls clals yo GS sl Jes
Sl Sgym dlwg 53y » a5 diiwd b 12 g a8 BLLS 5 gl lajleaS gl e o)l le
b coSgne ohd o g ol Cam @ bl Cangool b (i s a5 (g y5bay oS o 1 Iga
355 o0 )18 13 o 4 0

yiwqwsagﬂi@hﬁéo,; of e

S8 5k IS sle JgSdge
lgp Ol gl 5o 4185

S 9y (ol il i Igp ol
l92 Caows 43 51 1T

bole mhw 5o jluds b Jedgo ¢ 5

Lol 45 0 o gl Ly Lm0 55 (6,500 (gl i olge ol S et 45 njluociS” llss s opdle
28l dalgs Sgag (eamlight Jolo 10 190 @595 ol (i 1) Lol oSS

plesls oules 5l plioa )1 sloml Jddo 4 dsa Ol mhaw )9 ajlu S ge o ole plésl bl (als
WS oo § S sl S L ol

gl 50wVl Ll g (e piS el el s lbole (b Cwglio !l
P50 Lol oIl (Rl o ais o 5 00l ol

Jsbo o ook sgno S pw (a5 4 )3 5 (b F59)S el bajlusS Hobe JS& s
g0 gamlight

Sl alo e amnlisld o sdae slajlucas

(YOG Saw Jij 5 (Yo gID) bl slo G5 G5elisld 1o | (MIBC) Jsin S Jisoinl Jee

9 (~\YAg/t) k_i.»..wJLC) 9 ("‘\“"g/t) Lgdv..ﬂ.jgw Lg[m‘slf U}““’L’ﬁb °

-5 ¢
(35315 (sl 5SS L ol ya) Lo Sl €= o
(~Fogit) sonilsw o SIS onlisls o (Sehs)S aeal) Jo35
(YOG sy sla IS (psemlislt 5 S 5 o0 (sl 5l Ly




B Sl sibosbe nglaghy; ol :F plodg

H(oud 1o 3b) bousss cublajb

500 (b Cawgao) Judg,oud el ygrnlight b 4y il 0,5 Lol a5 aiiwe oloewds olge
Sz 5 3,90 S5 59y 2 emlial 3B o e 53 5 00,5 oo gl s w5l iy g la IS

Al el b g (SBge el e 50,5 Cudilozl Do o jlad ol asgld
sloisly Sy Il e ell Wsd oo pems (Goxe) JI 5o 5 I 09,5 50 4 osiiseuslsily
Il G mhw S3U sl Ojeoa 50 I glheauSciloilh Wad oo i SE maw ;o olend

Sl sl le oaus cublosl glgl alig

Ag Fe Cu Zn ,ole b gaddsw sla S5 culs;l
Sb 4 Ni .Cd

(NaCN s 4) CN- 5,

S slsl

(K\Cr,0y gy Slog S (60 IS 40) (CriO))™ 150

b e oeen 5 2l 5 55, sleasdlaw cuslsil
Odedge (ygemlisld

.

B 5 ool s, slaasilgu cublosl

SO, ;&

oy g S dlal sl

S, Slalguw

Slacl S8 4 Sl oolgls sl S5 cusls sl
o

o 55516 5 Lalidgus dalins dacly,S

ComlS cpizman g Al S 4 35,168 cuislsjly

(Na,0mSi0,) s Slomlin 5 SIS

b S5 san cuilsl co>

H+ Oj—} ..l~ -

Soambwgld ol

P55 calsil cer

Seysheld

SawsSI g o eSS sl

NTRWIRVNL S0

oDy g So byl

Caoglgd g CadS clilo sl

Sl

Js55 b 5]

I g e ey gl (I sy colssly

wrMMS .5543...41..’2:5

Hoko e (5925

S gl SIS 5 I coslssly

a5 5 oo

0.:‘73.409-‘90 9 CndS - w‘é)l.:

SIS 5 56




DS o Coais ) Sume Slge 5l sam ol jelid Cools aS wiie olald e des lildoadcs Jled
@ b S o 5 Gl S5l pan s 655 epat e iy 3B S GBI pan )
looasS JUd 5l (B p 09 j5lid 1) Lol oasS Jlad (50,5 a8LAI L il 5 wgd god jolied HoSIS” aliwss

5l Wl le vgee

o el oy 4 loosdlow (49,5 Jbd Cuz | w5 e O
CeSVlo g Cojgpm yolai S0 S Gla B 05 ardlgm Saz | o 9o

Fr g Slwsls pli ool 5l (pan o5 Jd cex | wysb o

)SL""“’)|SOM Lbdwc.la.w)oif‘) Mfﬁd") ubdbw‘ ‘B)y 0)‘5A ‘_,,}).»)o :LQOM&M
5 o) B lp hol oaisS B8 Gy 4 o Sl S 0gh ALl WS (e 6T olx Ll pud
B9y 5 4 b U ek 5l 4oy

e g0 st 5 F ooy ! [

5 Ohd e S S5 s L
v [ Ol b oselish sladslel T sla by, Jolos
slr L sloler oo ua.j| 2 sibeben
S o el gameosls| sladesll jsws |yl L :
bl .
e . N Lm -
5 o) e ‘&" B Jeel > A e “?L:'Ci’
Vool Loosebsl sledslel T slagl > | R
oS | (ool slaghs, Sl | Sasa slge
QF . [ENE
2 Osesld
Lok Ol e oSz 8 sl il dge illee
WS | il | EReS

Yl plesgy (Kol 0 yo3

Yo 3l ledgs 0,05




Available

Land
Resources

Reclamation 1-4 years

Monitoring 5 Years _ Eorati
Xploration

8-10+ years

Mineral ‘

Environmental
Assessment

Resources & Approval

Ongoing stakeholder

Deve | Op ment consultations

Cycle

1-3 years

Operation
10-30 years
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Technical words And Expression

Mineral A homogeneous, inorganic, often crystalline, naturally compounds which are found in the earth.

Gangue The commercially valueless material in which ore is found.

Mine excavation in the earth for the purpose of digging out minerals

Mining process of working mines

Ore A mixture of minerals and gangue from which at least one of the matals can be extracted.

Deposits A natural occuring of a useful mineral or ore in sufficient degree of concentration to invite ex-
ploitation.

Reserves ore bodies that may be worked at some future time

Geology science of the history and development of the Earth

Proven reserves

the reserve that meatured with exploration method with certainly 95%

Probable reserves

the reserve that meatured with exploration method with certainly 75%

Possible reserves

the reserve that meatured with exploration method with certainly 60%

Resources an ore body which can be used for mining

zZinc metallic chemical element (Zn)

Copper metallic chemical element (Cu)

Iron metallic chemical element (Fe)

Lead metallic chemical element (Pb)

Chromate metallic chemical element (Cr)

Manganese metallic chemical element (Mn)

Coal A natural carbon compound that use for fuel.

Gold malleable precious yellow metal (Au)

Silver precious metal that used to make jewelry (Ag)

Metal any of several solid mineral elements (such as gold, silver, copper, etc.) that are malleable under
heat or pressure and can conduct heat and electricity

Metallic similar to metal

Grade assey of element in an ore that measurd with Chemical Analysis

Indications sign of a ore body

Field a large area containing valuable ore

Prospect search an area for valuable mineral

S




Part (1): Mine and Mining Industries in Iran

Iran is rich not only in oil and gas, but also in mineral deposits. Iran has the world largest
zinc reserves and second-largest reserves of copper. It also has important reserves of iron,
lead, chromate, manganese, coal, gold and ...

Economic geology of Iran is one of the best in the world from a mining perspective
point of view. Proven & Probable reserves of metallic and non-metallic deposits are >
(more than) 55Bt (billion ton), with 62 known types of mineral deposits and >5,500
known ore deposits and indications, a number which are inactive or not yet developed.
The mining sector has a main role in Iran’s economy. About 30 percent (30%) of the
countries investment has been made in the mining field in recent years. Over 200 iron
ore deposits (Reserves of >4.5Bt grading 45-60% ~3% of global reserves, 45 man-
ganese ore deposits (e.g. Robat Karim >300Mt Mn) and 500 ore deposits of copper
are known in Iran. Presently there are 10 active copper mines in Iran whose reserves
amount to 3Bt of ore, containing 30Mt Cu comprising 9% of the worlds known copper
reserves.

Au Deposit/Prospect
Fe Deposit/Prospect
@ Cu Deposit/Prospect
@® 2n, Pb Deposit/Prospect

Kerman Cu Belt
- Malayer - Isfahan Pb, Zu Belt
Esfandagheh - Faryab Cr Belt
Tanker and Kavir - Sabzevar Cu, Cr Au, Fe Belt
- Tarom - Hashtjin Cu, Pb, Zn, Fe, Au Belt

Figure) Areas with the potential of metallic mines
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Technical words And Expression

a large continious stretch area with similar Geological properties that

£ ol have potential for copper mineralisation
a texture of rock that have a disseminated mineral on non-granolar
porphyry background
drilling act of boring a hole
discovered a ore body that find with exploration method

fluid inclusion analysis

a method of mineralogy study

mineralization

a location that making into naturaly minerals

exploration

examination, checking; searching to unknown regions with geological
method for ore

alloys

mixture of metals

Copper Ore in Iran

Native Copper

Copper Ore Copper Product

Iran’s copper reserves, which account for %4 of the world’s total reserves, amount to
approximately 2,600 million tons. According to the reviews made, Iran is situated on
the global copper belt which stretches from northwest to southeast of this country.
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Figure) Iran copper belt

During the 1960s and 1970s, geologic surveys by the Iranian government led to the
systematic recording of known deposits, as well as the search for new ones. As a result,
about 250 copper occurrences and several potentially viable projects were recognized,
including the Darreh-Zerreshk and Ali Abad porphyry systems. At the same time, pros-
pecting and drilling was underway at Sarcheshmeh. Sungun deposit was discovered in
the 1970 when fluid inclusion analysis suggested the presence of mineralization similar
to that found at other world’s large copper deposits.

In 1972, Sarcheshmeh Copper Mine of Kerman was established. By 1977, about half
the country had been surveyed from the air, but less than one-fifth had been explored
on the ground.

Over the past 10 years, the Exploration Companies had exploration efforts for porphyry
copper deposits, particularly in the northwestern Arasbaran and southeastern Kerman
regions of the country.

Sarcheshmeh and Meiduk in Kerman Province and Sungun in eastern Azerbaijan Prov-
ince are the three largest porphyry copper mines in the country.
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Iron Orein lran

Iron Ore pellet Iron product

Today, iron and steel industries are one of the most basic economic and social
foundations of the world and this is because of the essential need of human beings to
advance their life.

These Industeries product plays important roll in our life; because in addition to its
application in the field of construction, bridge, building, shipbuilding and locomotive
manufacturing industries and constitutes the foundation of machinery technology in
the form of different alloys.

The discovery of an iron axe dating back to 3000 B.C.(Before Christ) inside a Sumerian
tomb in south of iron ore extraction and use of iron by man had been common since
about 3000 years B.C. and was mainly practiced in Egypt, syria, China, Iran, and India.
Some of the works of that period have been discovered in Neyriz, Fars Province, and in

Golgohar, Kerman Province. At first, man used natural iron ore with different degrees
of purity.
The use of pure iron was made possible in about 1300 years B.C. when presumably pure

iron was extracted accidentally as a result of intense heating of mineral rocks by charcoal.
'. b r Bl

Figure) Ancient iron tools in Iran



The iron ores from which iron is extracted are mainly in the form of iron oxides, such as
magnetite or hematite, with 2-20 percent of impurities (such as silicate and aluminates).
The impurities are separated from the iron in the furnace.

Major iron ore producing companies and complexes in Iran are Chadormalu Company,
Golgohar Company, Iran Central Iron Ore, Sangan, Sirjan, Jalalabad, Mishdovan and
Iran Central Plateau.

Chadermalu, Golgohar and Sangan are considered the largest iron ore mines in Iran
and the region. Experts describe Sangan (situated about 300 km southeast of Mashhad,
Khorasan Razavi Province, and near Afghanistan border) as the “Mineral Assalouyeh”

of Iran believe it has a very high mineral potential.
Technical words And Expression

Extraction taking out ore from mine

Furnace A device which generates heat (for heating homes, melting metals, etc
Impurities quality of being unclean or contaminated

Limestone sedimentary rock which contains mainly calcium carbonate

Blastfurnace

tall cylindrical furnace used for melting metal and iron from ore by way of
heat intensified by a blast of air

Slag Waste matter separated from metals during the smelting of ore.

Molten iron [liquefied iron by heat

Coal bricket |the small block of coal

Purity Freedom from contamination.

Power plant |an installation where electrical power is generated for distribution

Steel Mill factory that processes prouduct of steel

Coal-rich concentration of coal

Region Especially part of a country or the world having definable characteristics but

not always fixed boundaries.
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Coal Reserves in lran

iron ore, limestone, and coke

blast furnace
Coal

hot air

Coal bricket Blast Furnace

Coal is one of the oldest sources of energy supply. At their time, countries that had
access to coal resources could make power in the industry and development. The purity
of coal and low depth of the mineral in those mines have been one of their advantages
and are still very important.

Iran’s coal is divided into two groups in terms of consumption market.

Coke coal which is mainly consumed in the steel industries and

Thermal coal which is mostly consumed in coal power plants.

The coke coal mainly supplies the demand of steel making factories with blast furnace
method and Isfahan Steel Mill is almost its sole customer.

Iran’s coke coal reserves are more than 1.1 billion tons. If Iran is divided into four main
coal-rich areas, the total coal reserves of the country will be as follows:

Coal-rich Tabas region

Coal-rich Central Alborz region

Coal-rich Kerman region

B3 Coal-rich East Alborz region

E Other coal-rich regions



Figure) coal reserve position in Iran
Lead and Zinc Orein Iran
Iran by possessing 3% of the total world reserves of lead and zinc is the fourth producer
of lead and zinc concentrate in Asia after China, Kazakhstan and India.
Zinc is a white and bright metal with a bluish gray appearance and is not found in the
nature as an element. It has low toxicity and is flammable in powder form. It is used in
many industries such as manufacture of kitchen tools, some alloys such as brass and
bronze and in batterv production.

Zinc Ore Zinc Alloyes Zink alloy Product

Lead is a gray, soft and heavy metal. It does not catch fire and is toxic in the form of
powder or vapor. It has little electric conductivity and absorbs sound waves well. About
50% of the lead in the world is used in production of galvanized metal. Lead is used in
production of storage battery (car battery).
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lead Ore galvanized metal

Opening to add Water
Negative Plates:

Lead grills filled
with spongy lead

H,SO, and water

Positive Plates:
Lead grills fiiied with pbo,

Seperator
storage battery

Iran in terms of geology and structure has several important lead and zinc mineralization
poles such as the zones in Sanandaj, Sirjan, Alborz and central Iran where large mines
such as Angooran, Mehdiabad, Haft Emarat, Irankouh, etc. are located.

Figure) the biggest Zn-Pb Mine in Iran



The high purity and structure of lead and zinc in Angooran mines (in Zanjan Province)
and also volume of lead and zinc mine reserves in Mehdiabad (in Yazd Province) are
unique in the world. The amount of lead and zinc reserves in Iran is about 300 million
tons which annually an average of about 5.1 million tons are extracted.

Gold Orein Iran

Gold mine (Zarshouran) Gold processing plant Gold ingut

In Iran you can find also gold and silver mines that were operating in the past, some
measure was taken to exploit gold mine.same of the Irans gold mine are:

The Muteh gold mine, located near meymeh city.

The Zarshouran gold mine, located in West Azarbayjan Provence.

The Agh Darreh gold mine, located in West Azarbayjan Provence.

Today, approximately 3 tons of gold is produced annually in Iran, and according to the
Twenty Year Economic Perspective document, it is set to reach 5 tons per year by 2025.
Zarshouran Gold:

A long history of civilization in the Takab region (Takht-e Soleyman) indicates that this
mine has been known since the Maad and Sassanid periods. More over, the mining works
found during these periods include the use of placers and washing gold-bearing sands.
Zarshouran, the largest gold mine in Iran, is located 35 km from the city of Takab and
15 km from Takht-e Soleyman, a cultural heritage and tourism complex.

The mine is located at Zarshouran village, in geological Map 1:250,000 and geo-
graphical coordinates: latitude 36—-37 degrees and longitude 46—48 degrees. The
area can be accessed via an asphalted road (Shaheen- Dezh-Takab and Zanjan- Dan-
di-Takab).

Zarshouran reserves evaluated 11.5 million tons with an average grade of 7.9 ppm; as
a result, discovered the existence of 88 tons of pure gold in the mine.
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Please Complet the sentences and answer the questions
Iran has the world largest ............. reservesand ................... reserves of copper.
Iran is situated on the global .................. which stretches from ............. to
................ of this country.
................ and .............. in Kerman Province and ............ in eastern Azerbaijan
Province are the three largest ............... copper mines in the Iran.

Where were the first Iron discoveries in Iran?

What are the two types of iron Oxides ore?

Write the name of four Major Iron ore producers companies in Iran.

What is coal?

What is the consumption market of coal in Iran?

......... is a white and bright metal with a bluish gray appearance and is not found in the
nature as an element. It has low toxicity and is flammable in powder form.

What is the important used of zinc and lead in industry?

The high purity and structure of lead and zinc in ............. mines(in........... Province)
and also volume of lead and zinc mine reservesin .................. (In........ Province)
are unique in the world.

Where are located the important Iran’s gold mine?

What is the zarshouran mine geographical coordinates?

Zarshouran reserves evaluated ........ million tons with an average grade of ....... ppm;

VoY



as a result, discovered the existence of .....tons of pure gold in the mine.

PART (2): Safty in mine
Technical words And Expression

Exploitation |the process of mining and removal of mineral from a mine

Borehole hole drilled in the Earth

Ramp a slope or inclined plane for joining two different levels

Shaft any vertical passage way on underground mining method

Miner one who works in a mine

Ventilation  |the provide of fresh air to aunderground mine

Collapse fall apart

Helmet a hard or padded protective hat

Soil uppermost pa}rt of the earth’s crust which consists of humus mixed with
rocks and minerals

Assembly gathering; act of putting together parts

Wireless a communications without wires
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This picture shows how rescue the miners Trapped in the mine
CHILEAN MINERS RESCUE

Rescue workers began mounting a large drilling machine
on Tuesday that will allow them to rescue 33 miners
trapped for 19 days undergound
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Look at the picture, and learn the Safty rules and use them in mining acivities

SITE SAFETY RULES

Safaty Holmet Must Be Wamrmn

Eye Protection Must Be 'Worn

Ear Detenders in Designated Amas

=z
o

Equipments Name

Ol ool N oo | ] W] DN -

Warning signs
Look at the pictures, do you know meaning, Explaine each of them
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Mine commenucations Equipments

Commenucation systems have important role in the mine. With this system one can has
access to the different part of the mine very short time; in the following picture you see
the wireless commenucation mine system
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\ocabulary practice:

What is exploitation?

What is ramp?

What is wireless?

Who is a miner?

List the mine commenucations equipment?
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PART (3): Drilling and Sampling
Technical words And Expression

Feed Frame |a strong pieces that give feed, force or Ore to the another part

Wireline a kind of drilling method

Mast long pole above the drilling rig

Rod a type of pipe that use in drilling

Pump machine used to move liquids by suction

Core the column of rock that take out with drilling from the earth
Bit the cutting edge of a drill

Drilling rig | drilling machin

Mud soft, sticky matter resulting from the mixing of earth and water

A multitude of features
that make the difference

The mast and feed frame
The mast is carrying the full weight of the drill string. The feed frame is over 3 m long
and use for rod changes.

VoA



Main hoist and wire-line system
Main hoist has chosen to use for removal of drilling rigs parts. The main wire hoist is
used as the wire-line system for core removal.

Hydraulic jacks and mast dump

Hydraulic jacks and mast dump getting a rig into position ready for drilling can be time
consuming. Once in place the inte- grated hydraulic jacks are lowered to stabilise the
rig. Then the mast is raised into position while the mast dump slides the feed frame into
place.

Rod holder
Rod holder Placed at the base of the feed frame. This safety measure means the rod is
always clamped in place when the drilling rig is shutdown.

Rotation unit
Rotation units are the muscles of a drilling rig. The rotation units give an extremely
wide range of speeds and torque.

Flush pumps

Flush pumps make sure the right amount of water is pumped into the hole at the right
pressure. It also facilitates cuttings and mud removal, cooling and stabilization of the
hole.

Diesel engines
Diesel engine provides the mine force for drilling rig.

Separate hydraulic oil cooler

Separate hydraulic oil cooler Keeping cool is not easy when you’re drilling for core
samples at temperatures of 50°C. This unique feature is mounted away from the engine
and facilitates efficient cooling of the hydraulic oil.

Control panel
Control panel, controls work perfectly. The control panel is mounted on a platform that
facilitates an excellent overview of the drill and work site.
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Inner bore hole component of a Core drilling rig

Felieg aivk

Shdestalln baich e

The Pump that transports
the drilling liquid
and ice chios to the
chips chamber

Motor and
electronics
section
The drill head with
the three cutters that
cut free the ice core

The anti - torque section
with three skates that
prevent the drill from
rotating in the hole

i
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l*"The core barrel.

The chips chamber.
Drilling liguid runs
through the hollow shaft
and is recycled, while a
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\Vocabulary and expression practice

Describe the following drilling equipments:

Mast

Rod

Bit

Wireline

mud

List the important inner borehole component of a core drilling rig.




Sampling

take a small part of something for determine the quality by expermintal

Sample
P methodes
Soil uppermost part of the earth’s crust which consists of humus mixed with
rocks and minerals
analysis detailed examination of the elements or structure of something
geochemical an exploration method for taking sample and do processing the analysis

chemical result

stream sediment | matter that settles to the bottom of a river

a instrument consisting of a wire or plastic mesh held in a frame, used for

Sieve . .
separating coarser from finer particles
shovel tool with a handle and a broad scoop used for digging or lifting and
removing material
outcrop part of a large rock which exposed to the surface
chisel tool with a sharp metal edge that is used to shape and cut wood and stone
libration the process of setting somethings free from attached matterials

Take a part of things like Rock, Soil, and water and ... that shows the properties of them.
In mining and geology sampling is used for geochemical analysis or microscopy. Some
of the important sampeling methods are:

I1 stream Sediment sampling

One of the most widely used methods in regional geochemical approaches is the stream
sediments sampling. For taking sample, digging and remove the 15-20 cm top soil and
then sampling. The tools are used Sieve and shovel.

a b
[ ]
O
® Sample collected from high stream order Sample including different geological unit
o Sample collected from low srream order Sample including on geological unit

geological limit
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chip sampling
This method is used to take samples from an outcrop. The tools are used hammer
and chisel. Samples are taken at the surface fresh and clean.

channel sampling
This method can be used for continuous sampling in the surface and also in an
underground mine. The tools are used cutting stone machine, hammer and chisel.
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Thin and Polished section

The following pictures shows different part of thin section, Polished block and
polished thin section sampels

Thin section Polishd block

Polishd surface

cover slip

Glass slide
rock slice ~ 30 um thick rock slice ~ 50 um thick

resin block
polishd thin section polishd wafer or doubly Polishd section
polishd surface glass slide resin cage

rock slice ~ 30 um thick rock slice 50 — 500 um thick

polishd surface

Types Of Thin Sections

/Coverslide

1) Thin Sections (+ cover glass) el deteteteide moample s

p A " o
For transmitted light , = —Glue 5
——Glass slide
. . . Sample 25
2) Polished Thin Sections _%
For transmitted & reflected light | ] clues
F~Glass slide
. | Embeddi
3) Polished Sample N Material
For reflected light only Sample




Liberation:

Liberation is crushing and or milling the
Rock for liberate the ore minerales from

gangue mineral

Please Complet the table and answer the question

Explain sampling and list the differents type of sampling?
Complete the blank cell in the table

Thin section | Polish section

parts

PART (4): Crushing and milling
Technical words And Expression

Crusher the machine that use for brocking rockes

mill A machin for grinding the product of crusher to the finer particels

Screen a instrument consisting of a wire or plastic mesh held in a frame, used for
separating coarser from finer particles

Rock hard material on the outer crust of the earth

Shell hard outer cover

Frame a structure that surrounds something such as a door or window

Feed an act of giving ore to mineral processing instrument like Jaw crusher

Discharger ?Odg(\)/‘i;i LTH do all things is required to allow (a liquid, gas, or other substance)

Hammer  [tool with a hard solid head
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Cone Crusher

Main shaft Adjustment Screw

CONE

CRUSHING
CHAMBER

SIZING
GAP

ISCHARGE

DISCHARGE

ECCE NTRIC SHAFT

Gyratoyry Crusher
Spider
Assembly
Mainshaft
Assembly
Top Shell
Assembly
Eccentric
A |
ssembly Pinionshaft
Assembly
Hydraulic
Cylinder Mainshaft Positon
Assembly Indicator
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FEED FEED

SPIDER

SHELL

CRUSHER HEAD

ECCENTRIC SLEEVE

SPINDLE

DISCI&RGE c l

Ball mill

Dust collection

Feed material

Feed material

Grinding balls

Adjuslable

discharge slots Finished product




Please answer the question

What is feed?

Write the name of first level crushing machine.
List the different part of a cone crusher machine?
What is mill?

PART (5): Survaying and blasting
Technical words And Expression

Surveying measure and record the characteristics of a plot of land

level device used to determine if a surface is horizontal

leveling changing the ground level to a flat or softly sloping surface
SCrews metal fastener with a spiral grooved shaft

valley low area of land located between hills or mountains

peak reach the highest point

landscape |all the visible features of an area of land

contourline |a line on a map joining points of equal height above or below sea level.

Surveying Equipment

Objective lens
-

Battery case
[

Focusing knob
-

Optical sight
|

Tubular level

arge clear LCD screen
Horizontal drive
|

. . Circular level
Tribrach locking lever
[

Leveling screws
[
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Telescope

Mirror

Bulls Eye Level

Horizontal
Tangent Knob

Horizontal Angle
Rotation Ring

PEAK

MAP

Landscape With
contour Lines
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Auto Level

Sight

Diopter
- Adjustment
Ring

Eyepiece

Leveling Screws
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B
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Please answer the question i

What is leveling scrows?
List the parts of a leveling camera.
Blasting

Explosive |chemical compound that when ignited produces a strong blast of energy

Detonator |device for setting off an explosive

bench a working level in open pit mine

crest the top of something, especially a mountain or hill.

steamming |to fill in the end of explosive hole with mud

Face front part of the working area
Toe the lowest part of the bench
Floor flat surface at the bottom of the bench
Burden the destance between first row of hole from the free space
Bench
Design burden Crest
____.-"'
Face
:r"'f

™ Explosives
column

% _ el S
=1~ Sub grade
™ :;-f;_r :

By |
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Leg wires Shock Tube Downline
Rubber Sealing bush
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7 CaseCrimps
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@
O
— Case |<T:
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Insulator L Delay _ o
Primary charge 5
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Base charge
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—
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Stemming

ANFO Bulk Explosive

[ NONEL Detonator or Down
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PART (6): Exploitation

Technical words And Expression

Truck large vehicle used to carry loads

Underground Excavating mineral deposits by methods that involve shaft or tunnels into the
mining earth

Adit a horizental shaft that provides an entrance to a mine
Drift a horizontal shaft at an under ground working level
Open pit a surface mine in which working levels like traces
Crosscut a tunnel connecting drifts

Raise a shaft driven upward from a drift

Winze a shaft driven downward from a drift

Stope the area from wich ore is being or has been removed
Sump a pit where water collects at bottem of a shaft

Slab flat thick piece of material

Duct a channel or tube for conveying something like fresh Air

Surface mining

Excavating mineral deposits by methods that do not involve shaft or tunnels into
the earth

Shaft any vertical passage way on underground mining method

Dump drop somting together

Valve device that controls the flow of a liquid through a pipe
Ventilation the provide of fresh air to aunderground mine

Brem small safty bench in the open pit mine

Dragline the big excavator machin that used a cable for pull and discharge material
Pillar narrow vertical structure used as a support in underground mining
Orepass an incline tunnel that use for fall down ore by gravity

Vein band of ore between rock layers

Haul track the very big truck that used in mine

Spiral curve that twists around a fixed center point
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Hanging wall The block of rock that lies above an inclined fault or an ore body.
The block of rock that lies on the underside of an inclined fault or of a mineral
Foot wall .
deposit.
Conveyer mechanical apparatus for carrying material
Shearer a coal cutter machin that use in long wall mining method
Stockpile materials that have been accumulated and set aside for future use
Run of mine (ROM) | excavated material from mine




* Typical Non-haul 1 Typical

Outside Dump

Top of Main Ramp &= .
| =5
I Outof Open Pit

Headframe

Open_pit_ mine

Ventilation

Road bench Bench Wall

Typical Open Pit mine

T,

Shaft
Station™

Sump

-

Catch ~ Typical Haul
Berm Road

7 S
Drill rig Drilling
Out a new Pattern

Empty haul truck

returnig to shovel

Cross — cut
— —

Stope
pillar

Ore '
: .-" pass
B

Loading
pocket
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Preparation Plant

raw — coal breaker

raw — coal silo
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The hammers have been designed to deliver the power and efficiency necessary in the mine and
construction industry, The part of hammer is shown in the diagram below

Air inlet Circuit

Valve moves Side
to Side

Piston

= Air Outlet Circuit

Hammer moves
up and down

A - The handles are made of plastic
material to further reduce residual
vibrations resulting in a more
comfortable use of the hammer.

B - Double spring suspension
absorbs  vibrations that are
transmitted to the operator.

C - Silencer, built in plastic
material, has an ergonomic design
that does not obstruct the view of
the working point.

D - The air cushion that is formed
at the end of the piston stroke,
practically eliminates all the
harmful repercussions for the joints
E - The tool retainer lever allows
quick tool change.

Please answer the questions:

What is underground mining?

What is the surface mining?

Explaion the folowing therms

Adit

Drift

Raise

Winze

Ore pass

Shaft




PART (7): Ore Processing
Technical words And Expression

Process

Perform a series of mechanical or chemical operations on something in
order to product.

mineral processing

The process of separating valuable minerals from their ores.

Grade assey of element in an ore that measurd with Chemical Analysis
Gangue The commercially valueless material in which ore is found.
Flowsheet a diagram which show all part of a process

Bubble a thin sphere of liquid enclosing air or another gas

Benchmark A surveyor’s mark that used as a reference point in measuring altitudes.
Valve device that controls the flow of a liquid through a pipe
Underflow an undercurrent of air or slurry

Agitator a device for make circular movements in liquid

Dump drop somting together

Overflow an cvercurrent of air or slurry

Slurry insoluble particles combined with a liquid

Concentration

a process that separating mineral from gangue in an ore

Froth a mass of small bubbles in liquid caused by agitation
Gravity earth attractive force

Apex discharge down valve in hydrocyclon

Vortex discharge overflow in hydrocyclon

Tailing The residue of something, especially ore.

Shaking move (an object) up and down or from side to side with rapid
distributor a tools that feed equally

Splitter a tools that divide things

Tickener Atools that settle particels from water
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Jﬁ FEED

4

/ ISTON
TAILING

%Q. Q0000

()
rd e JIGGING — WATER
JIG SCREEN ® ACTION
CONCENTRATE e

—'g-o.g..
Hydrocyclon
& Clean Liquid

Overflow

CLEAN OVERFLOW

VORTEX FINDER (2)
INVOLUTE (1)

FEED INLET
Fluted Vortex

Finder

Pressurized

" l Feed Inlet

Apex Nozzle
PARABOLIC BODY (4

APEX NOZZLE

CONCENTRATED SOLIDS
Shaking Table

FEED SIDE WATER ADDED

CONCENTRATE END

TAILINGS SID

GRAVITY CONCENTRATING TABLE

DEISTER NO.6 SHAKING MECHANISM



Water Distributor

Table Slope

Concentrate
Launder

Middlings Launder

Adjustable Splitters
for Tails - Middlings
and Concentrate

Humphreys spiral

Tailings Launder

Table Motion

FEED BOX

|

CONCENTRATE
TAKE - OUT
PORT

CONCENTRATE
— COLLECTING
PIPE

~ SPIRAL SECTION

HEAVY
MINERALS

A —— T

LIGHT

i i
|
MIDDLING /4/? <« 2ftdin _>\

MINERALS

Figure 17 . Amodern Humphreys spiral concentrator .

From Wills , 1984.

Splitet hold
down Clamp

Centre
Column

Concentrate
Outlet

Middlings
Outletr

Fi

IS

Concentrate
splitter

middling
splitter

Talls
Outletrt

. 7 the Spiral Discharge Splitters
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Spiral classifier

Overflow

Figure 13.3: Sketch of a Bowl Classifier With Spiral Conveyor For Collecting Sand From The Tank
and Discharging to The Launder at the Top End Of The Vessel

Rotating Spiral

Feed Slumy

Slumy Pool

Discharge Of
Coarse Material
Sediment is
dragged up along

the bottom

Fines Overflow

FIOTATION PROCESS
o e

*

Air Supply

Concentrate Launder
!
i

Agitator —J B8 _E I P IAC -4



ESS FLOWSHEET - MARAVAIA COPPER MINE

Process Flowsheet _ Marayaia Copper Mine

Tertiary Crushing
b ! Primary Crushing OV

i O ﬂ« O1_ Stock Pie
O

E mmmoco:mw
Scarvanger
L
L = R

~. ,\mmmomme Crus

Rom

Tailngs Management Faclitu

Re — Cleaner

w {Cleaner
X l i to be installod in the future

1 7.v Cleaner/ Scarenger

]|

Expediting “ <

.::oxm:mq (future)
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Please answer the questions:

What is Flowsheet?

List the parts of a flotation process

What is the meaning of spiral?

List the name of mineral processing machines.
Explain the folowing therms

Apex

Vortex

Agitation

slurry

Tail

Grade
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Bulatovic, S.M., Handbook of flotation reagents, 2007, Elsevier.

Basics in mineral processing, 2015, Metso Corporation.

Tatiya, R.R., 2013, Surface and underground Excavations, CRC Press.
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