ch R BESARIRE 165T-2018-06-26

GHKBIE PR

- —MA&. FF. HEHAE



ARE ST IEZCK. BRAKBERIZAFHIIE
MIZRRI—PsEBU PR, BEr L RERE. A
=MaxRea,; kELILIsSERIERINESERIE

IRRREBES: MBEIIAEN K — BUIwEET —
SIS — SUEBREN + ERResaEXE
RS




—, EUBEET FKSiEWNEE]

AREEZAEELLTT, Zia
EHNREKEEY , BIJENEFMZIE
ESRFEEEEXR. NEBCEEXRE, X
s BEESKT aT2HNESWXEE
IBEEUEFREEF, HitkalNFER
HASIARZ N ET I RIBIRZIE]. B ShKit
IKSRFERMASZ BREREE (BF
FIIEEE) 1ERE,




Middle Ordovi-
cian limestone

[T i ancesiobasat [ Z] Stikostptau YA Fa Ll

Middle Ordovician tuf- body, significant ones "‘o'°-. iR
mfamsedimmtaryrodt&]gr:mb:gd LS oA T

23 S = S e




ojﬂ‘fj!?ﬁ i
A ‘Campbell Red Lnke

Ashanti
Preslea

~
oy
** Morro Velho

.

“!-

Bulynnhulu

Iﬁ'

h : Kolar J
/L'f
‘i' »11

Golden Mile

(Gosselin et al., 2004)




JEMINMFIR AREN /: (LT
[T N T




E2EER, SWUBEH KRAIBLE Bt
X, NAOHIEIFRENRESE . £
WRETF31(ZEE. 27 - 25{ZEF. 21 - 18(Z5F
#16 - 0.5125F, HAFAAGRKE MIEmA.

ATHELUREEN FFFEQENSLEE
I FiRERI42.9%, HRFAXHAIENE
Sy, FhHEWLUBEEN RO2EkiELLE
EHFREY20.2%, BBKESERELTTSH
X, dERHP-SEXSLUE SN KD 5!
50 13.8%#123.1%.



98)

ajuleg
2 ‘ON 2ewesep) -Inaoouel ,
WUy oleyng mf
SSOY
sijeased YUON/Uojneag-uolied
pajepljosuo) ueAl|ng
SUBJ|IM Jnouayoo)
algqeuay
B)SNoW
le1seuwfed
181s8youo(-aineeg
uojsaid
puey Jleddon
uuep eor ,
MOID 8}dld ,
Spi8ld4 PIoY Jlueey
apelbAH oiperep-owed
epeue) Jladdn ,
Xap|0D
puod ojAoH
aye SSop
HNYSH00D-poa7 0N -300Y pieH
OlUoJUY Ues
ouny
uaspep
IpJeieg ese)
a@yeT 1noleq
alymassniy
inowed
uosIppy 118y
anbewe-ewbis
awoq

(

PR

Small deposits
i

e

FHi=L

m Total Au (t), 6823t
Production (t), 5148t

3UZFER

Y =LA

Campbell Red Lake
Kirkland Lake

Mcintyre-Hollinger

(suoj ouisw) plon




® Total Au (1), 4622t

(9) siisodep |lews
elnod

eueRy
JeluoS-euws)y

B|9]BA

B Production (t), 1770t

obuouoy

RIS

Ashanti

BllWes
afelinbuig
0ssoqy -buewe(
luelqig
osobog-nyep
0|no

uInbIg

eweAg

Ojeyy

B|LIOJ

eslSald

2000

1500
1000 -
500

(suoj ou8W) pjon

K
=
&
el
—
’, E
HIM
HH
E).
N
LN
(@N|
I~
N
R
R
4
HI
K




Golden Mile

2000

B Total Au (1), 6421t

3396t

Production (t),

(#G) susodep jlews
peayieddon
asuding-ereqieqg

aabpin) _
umeq Aeq .

aouelaq-~A1010IA

plaljeoueT _

reAoy

eleYIRYes| .

1e1g Buiusaz-rels Buiuiop

1010eq ,
weq ensore)
yiws Auvess |

Buimmezuoig
anoeyD Wnow
e|ooule|
BUNjim
UBWaesIoN
uoneigaed maN
Aqejrem
a||leg rumoue)y
oluoinid
uojbuipped
aapunp
Jeubepy I\ ‘0S IH
Bl[eMD) JO SUoS
we(g esuunsg,
uonounp

(suoj ouew) pjon

PR

I
=

i

Hialll

A
—

)

BEyoEa{CiREE (21-18(25



() susodap [BWS mmm

2l0UyD mm
S0)SAOUNUEISUOY |

Production (t), 2023t

Bq|oyy-unz "eqioH-UNZ me
S0YSAOCJEUNLILLIOY mmme
Aexeqyy
L "ON NIDIAID s
9Q01S9F m—

1equifjoyz
SONSASUONAIY me
Auyzaiaqona ¥e|ngApP|el s
NS’V —
IABSBURION( s
N8l * £00IS m———
UNSEIE( m—

= Total Au (1), 7845t

sejedy0) m— L

J0JULINY m——

nejieljuelly s

NIYOJADET m— I

SA0YSAOY|ISE/\ T

unpieeAnMeS me——

(suo} oLyew) pon




BERIE

Eurasia Variscan Au M

Ca:edonides

%X Massif Central

iqu Russian Angara

s> Bohemian Massif Craton
4401' Craton X Berezovsk R Sukhoi Log
e

RZun-Kholba

S

XBakyrchik
Daugystau- xxMuruntau R Xiaoyinpan

Amantaytau - X Wulashan
Sawayaerdun N China [] p€ cratons

Craton [J p€ massifs

l
Og s Yangtze [J Pz accretionary
Craton complexes

Arabian b
Craton E
rato Ty Y

Indian

Ciakon [J Passive margin

] Basin




Yana-Kolyma
Verhoyansk

North
S
American Siberian
East Platform

Platform
European

-~ Platiorm Allakh- Yun

&MM
Sierra Foothills N. China X

Cathaystan
Platform
African Indian fisodong

Platform Platform

South

American
Platform Australian
Platform

Antarctic Platform

R B SH RDTHE




5] _EFEEXF100MERIEE PR

Total Deposits = 163

OROGENIC
WITWATERSRAND 22>500t
4>500t 6>1000t
5>1000t Muruntau 5290t
Dreifontein Consolidated 1326t Ashanti 2070t
ERPM 1331t Golden Mile 1984t
Free State Consolidated 1138t Telfer 1564t
Western Areas 2435t Homestake 1237t
Witwatersrand ¢.40,000t Sukhoilog 1048t

HIGH
SULFIDATION
—— EPITHERMAL
OTHERS ~ 2>500t
0>500t :
LOw
SULFIDATION
SEDIMENT- EPITHERMAL
HOSTED PORPHYRY 3>500t
2>500t 7>500t 1>1000t
1>1000t 31000t Lihir
Goldstrike Almalyk 1980t
Bingham Canyon 1219t
Grasberg 2127t

Total tonnage of deposits = 102,575t Au
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CONTINENT  OCEANIC BACK ACCRETED CONTINENTAL BACK-ARC
RIDGE ARC TERRANES ARC EXTENSION
O Epithermal o VHMS @ Orogenic O Epithermal o Epithermal/
Au Cu-Au Au Au hotspring
B porphyry m Porphyry Au
Cu-Au Au-Au A Carlin-style
(+skarns) (+skarns) Au
&) _./6\0/‘ -
: B «° N
—_— -9 . ~RN AL A /4 —~
-g!" frd N 3 w

B Accretionary wedge Continental crust | Granitoids
| Oceanic crust | Subcrustal lithosphere [l Asthenosphere

\

X Compressional fault thrust \ Extensional fault

Groves et al. (1998)



Compressional | transpressional environment Extensional environment
(= (7) < ~

amphibolife

Constructional (volcanosedimentary) stage
& post-orogenic extension

Orogenic stage granulite

[2]=]
N}er'IGSTOfDESiC grade EPIZONAL:  Deposit formed af
) Of Nostroc t{ Shear zone 1 to ~5km depth

- Ore bodies brittle structure MESOZONAL: Deposit formed af
- \’\ e 5 fo ~ 10k deph

+ | Granitoid W ductile structure  yypozonAL: Deposit formed at

10 to ~20km depth

+24| Gneissic rocks

Groves et al. (1998)
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IEMPEER TR E M LZEArchean quartz vein, Poura gold mine, Burkina Faso
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pyrite

pyrrhotite
arsenopyrite
scheelite
tetrahedrite
tellurides

Bi-rich phase
Ni-Co-rich sulfides
stibnite

chalcopyrite
galena
sphalerite
molybdenite

barite
hematite
magnetite

tourmaline
feldspar
biotite

0 50
percent
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The Defiance, Victory and Orion open pits, Western
Australia
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Gold Deposits of
the Juneau Gold Belt
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Metamorphic Setting-—-Juneau Area

W Treadwell

CRML Gneiss
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\ \5‘ Tonalite sill
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~ 250-400 °C

>1-4 kb

H,0-CO, + CH,, N,, H,S
<5-8 NaCl eq
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g . T

Todheide & Franck, 1963
and Hendel & Hollister, 1981

Temperature, °C

Temperatures ~ 250-400 °C

Pressure >1-4 kb
Fluid comp High CO, + H,0, N,, CH,
Salinity <5-8 NaCl eq



Evolution paths for
Tertiary meteoric waters
X = interior Alaska

® = southern Alaska
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Kensington/Jualin
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N 630
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Hydrogeological Model of the Crust
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/ Mylonitic zonc

- Quartz vein

- ' Rhyolite porphyry | Ore vein
Tonalite Gold deposit:
- ' e A-Kanggur, B-Matoutan
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~ | North China Craton (NCC)
D Central Asian Orogenic Belt

I:‘ Qin-Qi-Kun Orogenic Belt
‘ - Terranes derived from NCC

7 Terranes from the Siberian
///% Craton

— Faults .~ boundary

® Modeposit @ Au deposit

3o i@ Jp36+3) o Jiguanshan (245:3)
@ Chehugou (25516)

@ Jinchanggouliang (227+1)

® Sadaigoumen (227+2)

@ Hekanzi (22313)

(age dates in Ma from Nie et al., 201 1)_J
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Do | Middle Devoniansilty Upper Devonian marl Dx Upper Devonian spotted
£ 1 ferrodolomite phyllite limestone —J ferrodolomite phyllite
Upper Devonian marl, =1 Upper Devonian
limestone D.g crystalline limeston == Gold orcbody

Alteration zone; silicification,
| Faul : pyritization, carbonatization
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2NN
WESH FRIFEAAr-Ar F#85202 - 198.3Ma
(AT, 1993)

J\ENEEH ARNWE A EPKAr-AriE £ 8 5
232.58+1.59Ma , £ B & & # %K
/3

222.14+3.45Ma ((B&EZ, 2002)

22 FEIE W K8 = & Ar-Ar £ & &
211.9+1.5Ma (FEZF, 2014)

SR E, ZEMARB AT ERR XS 1EED
2 HR (FIgHH, 2003; Mao et al., 2002; 5K
S, 2004; Bﬂi%a_'%, 2010) .




WAL R /Ma
#Emﬂ*l: kaﬁaﬂyx LA-ICP-MS 214+2 EHiESE, 2011
= INK Ak SHRIMP 221+3 XIBSCEE, 2011
FLFE aqgﬁ KBk LA-ICP-MS 230.4+1.8 T H 4H ok & e HdE
SV 16 5 N B ik 230.7+1.8
UK 1 < BE A ik 219.9+1.9
[iipb| Al E=253 Bt KIERE 223.5+1.4
pUT =Y EABRENA 223.7+1.0
RIFETHX 16 I BEA ik 221.8+1.1
KA A 7 ik 225.0+1.0
PIRAR PRl e NK A 225.9+1.2
FEHLAE A R NK A LA-ICP-MS 218+1 FKILEE, 2009
e INKA LA-ICP-MS 201.243.3 K oRIE S, 2006
1 E N L A SHRIMP 214+3 Zhang et al.,2012
KA LA-ICP-MS 219+1 KIS, 2009
AHRLIN KA SHRIMP 215+3 XM SCEE, 2011
16 5 IN K25 ik SHRIMP 22143
(EESER=x"N TN KA LA-ICP-MS 246+3 IR SCEE, 2011
TEHINKA LA-ICP-MS 248+2 MRS, 2013
TeHINKA 247+4
RAT £ X IEXEE HEFH A A TRIENE LA-ICP-MS 21442 FHEPHAE, 2013
RIGEKE ZKERE 228+2
TRKIENE LA-ICP-MS 207+1 XIBSCEE, 2011
ZKERA 198+1
ek A Ak )ﬁi&a%;&xlﬂk LA-ICP-MS 22146 RIS, 2009
:J&XEW% LA-ICP-MS 214+2 XM SCEE, 2011
KK A 18245
MAMAKIEK S LA-ICP-MS 21642 7%, 2000
THVE AR O AR N KA LA-ICP-MS 214+1 FRHI%, 2010
WG KA 213+3
T INKE LA-ICP-MS 217.9+4.0 [T T-4%, 2011
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