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Gold deposit types
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Gold deposits
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Intrusion-related: Porphyry to Epithermal Deposits

Kisladag
Grasberg
Cadia

Brucejack
Pefiasquito

Cripple Creek
Porgera

Lihir
Yanacocha
Pueblo Viejo

Round Mtn
Fruta del Norte
Hishikari

West Tethyan Magmatic Belt
Irian Fold & Thrust Belt
Macquarie Arc

Canadian Cordillera-Golden Triangle
Sierra Madre Occidental

Front Range Rocky Mtns
Papuan Fold Belt
Tabar-Feni Island Chain

Peruvian Andes
Greater Antilles Arc

Southern Great Basin Ignimbrite Province
Cordillera del Condor
Ryukyu Arc

Au g/t

100

10

0.1

Brucejack. :

Hishikari Porphyry

@ Hybrid
o Alkalic
A\ High sulfidation

Fruta del Norte
Low sulfidation

oporgera

Pueblo Viejo
Yanacocha Lihir
Round Mountain

Peﬁasquitob
Kisladag
Cadiao

Cripple Creek

QGrasberg

10 100 1000
Au Moz 11



=:i:i SEG Geology of the World’s Major Gold Deposits and Provinces BARRICK

Porphyry to Epithermal Deposits: Age & Period
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Alteration, Mineralization, and Age Relationships at the
Kigladag Porphyry Gold Deposit, Turkey

T. Baker,'t S. Mckinley,! S. Juras,! Y. Oztas,2 ]. Hunt,? L. Paolillo,* S. Pontual,> M. Chiaradia,* A. Ulianov,® and D. Selby"$

!Eldorado Gold Corporation, 1188-550 Burrard Street, Vancouver, British Columbia V6C 2B5, Canada
2Tiiprag Metal Madencilik San. Ve Tic A.S., Kisladag, Turkey

SMineral Deposit Research Unit, Department of Earth, Ocean and Atmospheric Sciences,
2020-2207 Main Mall, Vancouver, British Columbia V6T 1Z4, Canada
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Grasberg Copper-Gold-(Molybdenum) Deposit:
Product of Two Overlapping Porphyry Systems

Clyde Leys,!t Adam Schwarz,>* Mark Cloos,? Sugeng Widodo,? |. Richard Kyle,? and Julius Sirait!
IPT. Freeport Indonesia, Tembagapura, Papua, Indonesia
2Freeport-McMoRan Inc., Phoenix, Arizona 85004

SDepartment of Geological Sciences, University of Texas at Austin, Austin, Texas 78712




Grasberg Copper-Gold-(Molybdenum) Deposit:
Product of Two Overlappmg Porphyry Systems
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Grasberg Copper-Gold-(Molybdenum) Deposit:
Product of Two Overlapping Porphyry Systems
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Geologic Evolution of Late Ordovician to Early Silurian Alkalic Porphyry
Au-Cu Deposits at Cadia, New South Wales, Australia

Anthony C. Harris,!2 David R. Cooke,23' Ana Liza Garcia Cuison,? Malissa Groome,* Alan J. Wilson,?
Nathan Fox,? John Holliday,> and Richard Tosdal*

INewcrest Mining Lid., 600 St. Kilda Rd, Melbourne, Victoria 3004, Australia
2CODES, Centre for Ore Deposit and Earth Sciences, University of Tasmania, Private Bag 79, Hobart, Tasmania 7001, Australia
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The Brucejack Au-Ag Deposit, Northwest British Columbia, Canada:
Multistage Porphyry to Epithermal Alteration, Mineralization, and
Deposit Formation in an Island-Arc Setting

Warwick S. Board,! Duncan F. McLeish,2 Charles J. Greig,? Octavia E. Bath,! Joel E. Ashburner,!
Travis Murphy,! and Richard M. Friedman?
IPretium Resources Inc., 2300-1055 Dunsmuir Street, Vancouver, British Columbia, Canada V7X 11.4

2Department of Earth and Planetary Sciences, McGill University, Montreal, Quebec, Canada H3A OES
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The Penasquito Gold-(Silver-Lead-Zinc) Deposit, Zacatecas, Mexico

Omar Dromundo,bt Sigfrido Robles,! Thomas Bissig,2 Claudio Flores,! Maria del Carmen Alfaro,! and Lorenzo Cardonal
IMinera Penasquito, Prolongacion 5 de mayo S/N, Mazapil, Zacatecas, Mexico

2Bissig Geoscience Consulting, Vancouver, British Columbia V6] 356, Canada
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Epithermal Gold Deposits Related to Alkaline Igneous Rocks in the
Cripple Creek District, Colorado, United States

Karen D. Kelley, !t Eric P. Jensen,? Jason S. Rampe,? and Doug White?
IU.S. Geological Survey, Mail Stop 973, Denver, Colorado 80225

2 EMX Royalty Corporation, 10001 W. Titan Road, Littleton, Colorado 80125

3 Newmont Mining. 100 North 3@ Street. Victor, Colorado 80860
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Geology ot the Porgera Gold Deposit, Papua New Guinea

Jonathan P. Hay,! Mark M. Haydon,>t and Franc¢ois Robert?
10Z Minerals, Prominent Hill Mine, South Australia
2Barrick (Niugini) Lid, Porgera Joint Venture, Enga Province, Papua New Guinea

SConsulting Geologist, 7257 Dunver, Montreal, QC, Canada H4H 2H6
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Lihir Alkalic Epithermal Gold Deposit, Papua New Guinea

David R. Cooke,!? Stephanie Sykora,2® Erin Lawlis,! Jacqueline L. Blackwell,1** Mathieu Ageneau,!
Nicholas H. Jansen,.™ Anthony C. Harris,? and David Selley!

ICODES, Centre for Ore Deposit and Earth Sciences, University of Tasmania, Private Bag 79, Hobart, Tasmania 7001, Australia

2Transforming the Mining Value Chain, an Australian Research Council Industrial Transformation Research Hub,
University of Tasmania, Private Bag 79, Hobart, Tasmania, 7001, Australia

SNewcrest Mining Ltd., 600 St Kilda Rd, Melbourne, Victoria 3004, Australia
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Gold Deposits of the Yanacocha District, Cajamarca, Peru

Richard Pilcot and Sean McCann
Newmont Peni Ltd., La Paz Av. No.1049, Urb. Miraflores, Lima, Peru
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The Pueblo Viejo Au-Ag-Cu-(Zn) Deposit, Dominican Republic

Jeremy Vaughan,.t Carl E. Nelson,? Guillermo Garrido,! Jose Polanco,? Valery Garcia,? and Arturo Macassi?
ITnversiones Barrick Conosur Ltda., Avda. Ricardo Lyon 222, piso 9, Providencia, Santiago, Chile 7510125
2Recursos del Caribe, S.A., 2360 23rd Street, Boulder, Colorado 80304

3Pueblo Viejo Dominicana, Torre Novo Centro, Piso 16, Av. Lope de Vega 29, Ensanche Naco, Santo Domingo, Dominican Republic

Obduction of ophiolite complex Collision of arc with Bahamas Platform. End of subduction.
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Geology of Round Mountain, Nevada: A Giant Low-Sulfidation Epithermal Gold Deposit

David A. Rhys,! Nadia St. Jean,2 Rodolfo Lagos,2 David Emmons,? George A. Schroer,* and Richard Friedman?®
IPanterra Geoservices Inc., 14180 Greencrest Drive, Surrey, British Columbia, Canada V4P 119
2Round Mountain Gold Corporation, P.O. Box 480, Round Mountain, Nevada 89045
3313 Golden Butterfly Drive, Leander, Texas 78641
4Kinross Gold USA, 1150 Financial Blod., Reno, Nevacda 89502
5Pacific Center for Isotopic and Geochemical Research, University of British Columbia, Vancouver, Canada V6T 174
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Geology of the Fruta del Norte Epithermal Gold-Silver Deposit, Ecuador

Discovery
outcrop

Stephen Leary,!-t Richard H. Sillitoe,? Jorge Lema,? Fernando Téliz,* and Diego Mena?
1219a Mt. Aspiring Road, Wanaka, 9305 New Zealand

227 West Hill Park, Highgate Village, London N6 6ND, United Kingdom
3Lundin Gold Inc., Av. Amazonas N37-29 y UNP Edificio, Eurocenter, Piso 5, Quito, Ecuador

444 Alambique, Real de Valdepenias, Zapopan, Jalisco, México C.P. 45130
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Geology of the Hishikari Gold Deposit, Kagoshima, Japan

Takayuki Seto,! Yu Yamato,? Ryota Sekine,? and Eiji Izawa*1
ISumitomo Metal Mining Co., Ltd., Hishikari Mine, 3844, Hishikarimaeme, Isa, Kagoshima, 895-2701 Japan
2Sumiko Resources Exploration and Development Co., Ltd., 8-21,3-Chome, Toranomon Minato, Tokyo, 105-0001 Japan
3Sumitomo Metal Mining Co., Ltd., 11-3 Shimbashi 5-Chome, Minato, Tokyo, 105-8716 Japan
42-15-4 Sakurayamate, Shingu, Fukuoka 811-0113 Japan
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Porphyry to Epithermal Deposits: Footprints of Ore Bodies
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Porphyry to Epithermal Deposits:
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Carlin deposits in Nevada (Muntean) e
' 55| eezrca B ooy
Prolific N Central Nevada i g
hd 250 MOZ |n 250 X 300 km :\ :’;ﬁ‘;’; } go “Farmington #
* Maijor production center: ~4.5 Mozly M e (2568 2 \ | Gheyenne Belt (1718 G2
Well-known characteristics i [ Qe
» Replacements & breccias in silty carbonate °::%‘:1 X /. _
* Au in As-pyrite rims; As-Hg-Sb-TI-Ba e iy I RE Y £
« Eocene, low-T and shallow crustal depth A o S T S
Unique regional setting s | ‘
* Precambrian deep crustal architecture
« Favorable Eocene tectonics iy e s Shalow Gafinme depots
Large deposits along 4 Trends
» Deep structures and magma conduits in J, K, E
* Eocene Carlin and Miocene epithermal
Link with deep processes, heat source and
gold source?
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Typical Carlin characteristics : » lm; sucknern
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 From compact bx pipe to long linear zones . f ;
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- EQ strata to Goldstrike: units with debris flow 1 % ' g
« Open anticlines and thrusts e P s q
« K and J stocks and metamorphic haloes )
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Archean deposits: paleoplacer and greenstone gold
Provinces 100, ‘ Paleoplacer
« Witwatersrand, Abitibi, Eastern Goldfields
‘ Greenstone
Camps .
* Timmins (Hollinger-Mclintyre, Dome) O Orog_emc Hollinger- Wit
« Malartic (Canadian Malartic) O Atypical Mlntyre 7
* Golden Mile (Mt Charlotte, Fimiston) o O Fimiston Abiti‘ ‘,,330
Dome
Deposits 5 O O@ O ¢
« Orogenic: Hollinger-Mclintyre, Dome, Geita, Kibali, > Mt Charlotte ~ foPall - Hemlo Eastern
< Goldfields
Mt. Charlotte () Geita
« Atypical: Boddington, Canadian Malartic, Fimiston, 1l Canadian ()
Hemlo - Malartic O Boddington
Greenstone gold highlights ‘ v } —
« Atypical deposits remain enigmatic Deposits Provinces
« Diversity and multiple ages recognized
» Qverprinting of types in many deposits 0.1 ! . !
10 100 1000

Au Moz
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Witwatersrand Goldfields (Frimmel and Nwaila)

Syngenetic origin proposed Schematic syngenetic model
 Initial fixation on microbial mats

B : 3. Fixation of gold in microbial

° Reworking in ﬂUViaI Channe|S & eolian % Jf ye mats on flood plains and coast
deflation surfaces & 2 e e
« Subsequent local hydrothermal modification 5 e

Supporting evidence

« Sedimentologic controls across scales

» Grade vs clast size correlation

* Mechanically deformed Au micro-nuggets
with secondary Au overgrowths

Uniqueness
» Exceptional preservation of possibly more
widespread Mesoarchean process
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Abitibi Province (Dubé and Mercier-Langevin)

New synthesis of geology, evolution and gold Documents range of deposit types and ages

» Chronostratigraphic map « Sulfidic (Au-VMS), intrusion-associated, orogenic
» Well-constrained evolution * Formed over ~90 my of Abitibi evolution

Main Gold Deposit
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Timmins-Porcupine camp (Dubé et al.)

70.5 Moz; mainly orogenic qz-cb veins
* Hollinger-Mcintyre = 33 Moz @ 9.5 g/t
« Dome =17 Moz @ 4.8 g/t

Multiple Au styles and ages
* Dominant syn-shortening orogenic qz-cb veins

A

F1folded by F2 2691+ 3Ma

Hollinger-Mcintyre

~ICINTYRE MINE

v
Millerton Porphyry

* Pre-unconformity ankerite veins (low Au)
« Pre-shortening Cu-Mo-Au porphyry

Updated stratigraphic / structural framework
« Folds, competency contrasts, anisotropy
« Unconformities marking favorable erosional depth

5 370 000 m.M.

5 365 000 m. .

Dome - orogenic qz-cb veins | [Dome - early ankerite vein ™| |Mclntyre - Cu-Mo-Au porphyry
7R ' - A R [ i Pt :

—t

5
gz

=
=4
g
g
El
<

disconformity

EX]
3

< Timiskaming

Porcupine

Krist Fm.

Calc-alkalic volcaniclastic
rocks, argilite

ca. <2700-2690 Mal
Gold Centre Fm.
Mg-/F

Vipond Fm.
Fe-tholeitic basait

Central Fm.
Mg-tholeiitic basait

Tisdale

Hersey Lake Fm.

2708 £2Ma

2724 £4 Ma.

rbonatettourmaline gold-bearing veins

artz-ca

(.
/|

Quartzfeldspar porphyry
Bob's Lake Granodiorte

Timis kaming

Conglomerate, mudstone

Porcupine

=
(.

Hoyle and Beatty Formation
graywacke, mudstone

Krist Formation felsic
wvolcaniclastic rocks

Tisdale

~~f-. Fold axis (anticling)
[ Gold Center Formafionbasalt ¢ £oy ayis (synciing)
] vipond Formation basailt . Timiskaming unconformiy
[ cCentral Formation basalt —& — Major reverse oblique/
[ uUndifferentiated basalt thrust fault zone with dip
[ Hersel_,_r Lake Formation, e D_ip-slip:‘thmst fault!

komatiite and basalt high-strain zone

B Feridctite intrusion _———- Late strike-slip fault
Deloro @ Gold deposit
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Malartic camp (De Souza et al.)

32.5 Moz; mainly disseminated-stockwork
« Canadian Malartic = ~18 Moz @ 1 g/t

Canadian Malartic characteristics

@ Shaft of past-producng mine

« Sediment-hosted, monzonite-associated % ok TR '3 """
« Disseminated-stockwork/sheeted -N- - / i/
y T | Q?u ” T )/X/ Stratification, upright; inveried;

« K-spar-carbonate alt'n oz _som ar?\ et s

) ST i x frece ol o hinae
i AU-Ag (+/-Te, W, BI y MO, Pb) Piché Group Pontiac Group [ Dicrite and gabbro

. i:I:Tir. and plulonic uliramafic rocks I:l Turbiditic graywacke and mudslone Quartz menzodiorite
- Granediarite

Timing constraints
« Controlled by D, structures, cut by orogenic gqz-cb-tm veins

Interpretation
« Syn- orogenic (D,) deposit stockwork-disseminated

ISed-hosted Stis rorph hosted _




Hemlo (Poulsen et al.)
26 Moz @ 4.74 git

Characteristics

« Marginal to felsic porphyry in clastic rocks

« Disseminated-stockwork mineralization

« Au-Mo (V, Ba, Hg, Sb, Te)

* Feldspar (K, Na) + sericite alteration

» Highly strained with deformed post-ore dikes
* QOverprinted by minor orogenic gz-cb veins
Interpretation

» Deformed/metamorphosed high-level system

From oxidized hydrothermal fluid

Geology of the World’s Major Gold Deposits and Provinces

BARRICK
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A: Cross section

LI _Early folded carbonaceous e 12°
306 = shaar zone 126

Kibali district (Allibone et al.)

23 Moz; ironstone replacement
« KCD =~20 Moz @ 4.1 git

Characteristics

* In chert-magnetite BIF within clastic sequence
* Veinlet and replacement pyrite in BIF

» Proximal siderite-py-silica in BIF

* Broad halo of sericite-carbonate in host rocks

* Ore in hinges of stacked shallow-plunging folds
* Ore shoots +750 m down-plunge

fault, overprinied
by ACSA alteration

Interpretation | . e ¢
» Typical BIF/Ironstone-hosted orogenic deposit AR, AT ' S

cover ?

Typical ore: py-sid-qz and ghost BIF & sseess ?-'f-_*':"' “"‘E“"""' e, T e

Relict BIF
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Geita district (Dirks et al.)

District = 15 Moz; ironstone replacement

Characteristics

* In chert-ironstone units & intruding diorite complex

» Py-gz veinlets/replacements in ironstone & diorite

» Biot-carb alteration in clastics; K-spar-Fe
carbonate in diorite

« Controls: shear-BIF intersections, fold hinges

Interpretation
» Classic ironstone-hosted (late) orogenic deposit

H INyankanga _3};64.9"‘

»
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TN |

I Gabbro

Greenstone units
Kavirondian

Nyanzian

- Mafic volcanics
(metabasait, gabbro)

—_—
—

Diorite-monzonite-tonalite

Conglomerate, sandstone

I Metz-ironstane (with chert beds) |
Graywacke, volcaniclastics

Saragurwa . 2
" x Mguzu 3 4 S
old :
Taseloush W, \
o L

Nyamulilima Domam

- GSL-

J

Quaternary cover (lake sediments) % § -

Intrusive units A
./ Dokerite dikes i
K-rich granitoid
Felsic gneiss (TTG) oy -
- z{re;sr.‘ugmpgrr‘tpehiyw (granite ‘\ \\ » //-\
Igneous Complexes ™ Lo B Vs A s
.z. I S S -
v N | & —~

024
o0GEs

(o] Major gold deposit

”- Eﬂﬂ’]ﬂ\:’] bm‘mdary
rend line ering,
g foliation, ar(reagr) o
/ Shear zone (D2-8)

- Approx. center of
! intrusive complex

NW

Geita Hill

100m

1 0000 -

/\.—-' Fault

- Lamprophyre

:' Feldspar porphyry / felsite
| Quariz (eye) porphyry
—_| Tonalite (Star & Comet only)
- Hornblende-rich diorite
—| Undif. diorite/granodiorite

| Brecciated ironstone
Ironstone & chert

| Volcaniclastic sediments

- Graphitic shale
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Eastern Goldfields Province (Tripp et al.)

Updated synthesis - Kalgoorlie district as example

« 2 unconformities separating 3 sets of folds
* Improved framework for gold setting

Diversity of deposit styles and ages

« “Early” high-level: Kanowna Belle, Binduli, Golden Mile

« “Late” orogenic veins: Kundana, Mt Charlotte

Importance of unconformities
* Depth and time markers for gold

A

Gidlji Lake Fm unconformity - Modified frem Clout (1989)

'-_'._. Ahuminosiicate slteration
Gidg Lake Frn,

e uncanarmity

— FEmisten Lot
Gokden Mile Dalerite

Gibsan-Henman Fm.

B vaibot Fm,

Kurrawang uncanfarmity
Paringa Basalt

SEG Geology of the World’s Major Gold Deposits and Provinces

BARRICK

it Percy

Mt Charlotte
W,

- fa,| \,\

\“ Fimiston




% SEG Geology of the World’s Major Gold Deposits and Provinces BARRICK

www.segweb.org

Kalgoorlie gold camp (McDivitt et al.) ol / ‘
f | %
~75 Moz; Golden Mile = 57 Moz produced Gennge mm/

Fimiston / Oroya lodes: ") 4
« Carb-qz-py veins & breccias; crustiform-colloform jl'f’-' %
« Accessory sulfosalts, anh, mt, hm Y “

« Au-Te-Ag (Hg, Mo, Sb, As), +V in Oroya

$600000 mN

Mt Charlotte LA m®
« Late quartz-carbonate veins; Au-Ag only N T —
Interpretation 9% I
* Fimiston/Oroya: oxidized magmatic-hydroth | ., | | RSy
« Mt Charlotte: typlcal late- stage orogenic o + i {'l }
v - Jell . 7 (R EES ._E_ ;m_— | Mt. Charlotte
2560 [DOlerites) | =10 % i}: ________ + o }T_ p_ — | Oroya
ettt
e
mold | __]_ E"TD'E"E'GES&W_'"EE'E“‘EZ _
Intrusions Mineralization 25 km
e ; Zircon # Zirconalite #Phosphate Sericite
Williamstown Golden Mile  mlLeucocratic EMesocratic  EMelanocratic
WFimiston WOroya WMt Charlotte
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Boddington Au-Cu deposit (Turner et al.)

30.4 Moz @ 0.74 g/t (~0.10% Cu)

Characteristics
* Mainly diorite-hosted

» Fracture/veinlet stockworks — multiple stages

« Cu-Ag-Mo +/-Bi, W, Te
* Orogenic veins also present

Interpretation
* Protore of early Mo-Cu “dioritic” porphyry
« Orogenic veins

* Bulk of Au-Cu: late-orogenic high-T, magmatic-

hydrothermal

\

=X
=]
B

[

]

.

Geology of the World’s Major Gold Deposits and Provinces

BARRICK

' P
3 I
by RN N
i \ o

Western ‘Shear’) O e
P \

)

Proterozoic dolerite dike
Granite (Late Suite)
Granodiorite-diorite

Hotham Fm: Felsic volcanic
and sedimentary rocks

Wells Fm: Intermediate volcanic
and sedimentary rocks

Marradong Fm: Basalt
Late fault (D)

Strongly foliated fault (Dy - Dy)

Thrust fault (D, - Dy}

137,500mE \\'

Late clino

Early qz-moly in bio-alb alteration

WL T

hl-sulf — bulk of Au-Cu

' Orogenic qz vein §

[ OmRL

location of
Western ‘Shear’

| -400mRL

Southern
Diorite Deeps

Bl Froterozoic dolerite dike
[ ] sedimentary rocks
[ ] Dacite
[ | Fragmental dacite
[ ] Diorite
== Foliation zones
— Bbrittle fault

@ Au ore shell

==, Diamond drill-hole
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Archean greenstone gold summary

Orogenic deposits Exploration considerations
* Coherent group of deposits « Camp-scale framework critical for targeting
* Well-defined characteristics «  Unconformities important markers

« Localization controls well understood . Range ore styles, signatures and controls

 Hydrothermal overprinting & complexity

Atypical deposits . Supergiants can be unique and freaks

. Dlsparate group but...many show
Stockwork-disseminated ore &
proximal feldspar alteration

— Te, Mo, Cu, V, Hg, Sb; +/-sulphates,
mt, he

— Multiple hydrothermal stages

— Overprinting strain and orogenic
veins

 Formed early and preserved?
“oxidized” Associated with pre-
shortening intrusions

* Recurring “oxidized” flavor
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GOLD DEPOSITS IN METASED TERRANES:

PROTEROZOIC

Yenisei Belt

& PHANEROZOIC

Seward Peninsula Manitoba-Saskatchewan
Kuskokwim Province Slave P?c?\.%?c%m (Trans-Hudson)
Willow Creek District |
\ FairbankSIGoodpaster

2
o

J \Dist7cts
Y Klondike [
[ H g \. :' l, II‘
60°N| 28 Brltlsh Columbia.

_.._.—\ N
f

Chugach Terrane |
Juneau Gold Belt

S==7—Ketilidian Belt

Nodhern Appalachians

Hearne/Rae Blocks

Karelian Crato

Svecofenman Prownce\\

Caledonides —=*

Bohemian Massif

Armorican Massif

Bridge River J
Central Idaho
Grass Valley/Klamath ’} Superior Province  Iberian Massif
Mother Lode \
Wyoming Province \_Vtrginia Pyrite Belt Massif Central
30°N akota Segment ——— 1« \ Carolina Slate Beit Alps
(Trans-Hudson) : Dahlonega Belt
Caborca Belt , : e
Reguibat Shield — {1
gy

Segovia-Remodios —:= By

0 Lithosphere age | 21
[1Phanerozoic Eastern Cordillera —~\

] Proterozoic -

[ Archean Rondonia-Juruena Belt
Deposit Sunsas-Aguapei Belt

30°S Oroger_iic Gold !
Deposits Eastern Cordillera

Hoggar Tuareg Shield
Kenema-Man Domain

Guiana Shield \\‘-,.-
—~Tapajos Domain
Borborema Man-Leo Domain

Central African Belt
o Craton—

Con
“Rio Itapicuru b%[t
~~Sao Francisco Craton

Y Brasilia Fold Belt

>=+Quadrilatero Ferrifero
Damara Belt

W Tl

/

Paraguay Belt

Crixas Belt
Riberia-Aracuai Belt

P 18 vt

Kalba Belt

Charsk Belt

Urals—G¢
_Ukrainian Shield o

Central Asia

Malaysia Central
Arabian-Nubian Shield

‘$_ Tanzania Craton

—— Ubendian Belt
Kibaran Belt

Irumide Belt

Kalahari Craton (Zimbabwe)

Kaapvaal Craton (Transvaal
Barberton (Kaapvaal Craton)
Witwalersrand paleoplacer
(Kaapvaal Craton)

East Sayan Belt

Yunkaida. .
Youjiang Basin

‘-_'I':-\»Dhanvar _
Craton

Paterson Orogen——"

Kalahari Craton (Kaapvaal Block)

Mongol-Okhotsk Belt
' Chukotka

\

East F{uniunf

Yana-Kolyma Region
.+ Qilian Shan
S5 Sikhote-Alin

Baikal Belt

Jfaodong Peninsula
NE China
:;-—Taiwan !

Inner Mongolia

East Qinling Belt

West Qinling Belt
Hainan Island

Tibet-Yunnan Districts
Myanmar

Shan R

Belt —%

Hodgkinson/
Broken River Belt

S~Thomson Belt

North Australia Lnliers ‘R

Pilbara Craton-...

Capncorn*

. S
Basin) Yilgarn]
New England Belt’ J
Lachlan Belt /
New Zealand Alps/

Otago




Gold Resources (t)

GOLD IN METASED. TERRANES

(extroverted & introverted oceans)

Gondwana-
Pangea

Kenorland Nuna/Columbia Rodinia

2.15-1.75 Ga

Amasia

700-30 Ma

Paleoprot. Orogenic Au

(2.1-1.8 Ga) Columbia

&>
P

Tanami

= Transvad?(‘\

ricorn

1. Thomson fold belt
/\;;MM! PZ Au 2. Lachlan fold belt
vl\“‘(\;\gek“ SIBERIA %‘%’4 (2 7.075 Ga) 2. Westland, S. Island, N.Z.

Pataz
C

KAZAKSTAN<€§ 9
16

17
743

5. Ananea

6. Amayapampa

7. Sierra Pampeanas

8. Northern Kazakhstan
9. Altaids

. Caldonides

. Meguma

. Carolina slate belt

. Central Ural Mtns.

. Bohemian Massif

. Iberian Massif

. Eastern Tian Shan

. Western Tian Shan

. Northern China Craton
. Arabian-Nubian Shield
. Hoggar Shield

. Brasilia fold belt

. Tefler

. E. Sayan

. Baikal
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Metamorphic Setting - Juneau Area

METAMORPHIC SETTING

(Rarely Metamorphosed)
0 EPIZONAL _ R . .
Tonalite sill i Greenschist facies
CO,, 880 rich
o\ 3-15 km, 220-450°C
101 Prehnite- = " Greenschist mesozonar Y\ +/
e | pumpellyte | -

20

N\ PHYSICAL &
——————————— HHESMER  CHEMICAL TRAPS

_ LEGEND
- Paleoproterozoic rocks
X \ ' s : M| Ore bodies
.'I = ‘ : - D . . ' b
.! o ’ bgh g i

Ellison Formation
[ ] Homestake Formation

Pooeman Formation

"!.._ 3
g
-5
f
3
o { 2
P L
[ § . .
& -
5
Ly 7



WEST AFRICA (Thebaud et al)
1 /S\Sinbldlw < Ca. 2160 Ma; Tarkwa source?
€ Goumkoto Jogs, intersections, contacts (2110-

N
Petowal
120

2095 Ma)

Mana )district,
ond, Kona A4

Tectonic switch: Contraction, basin
inversion, mm & fault reactivation;

then transpression (SW Ghana)

Post collision K-magmatism, thermal ‘
aureole Au (Morila, Loulo; 2060 Ma) L2

\
Reguibat \
shield

Vol

WAC \ Approximate averaged Au endowment (Moz)

A8 250.00

!
o ! 'QI i
T %] o o i &
- L swac ) Liberia / ‘ 4 L 200.00 Q,* | QQ‘ — | Y C}O
A ; , L KB 0 I & | B
g, ' A |' 150.00 <° | < | &S
Y . S Gr S _
/ Chirano b t&S‘ V,X_ o [ [
- i restea, = Tarkwa,
l oo Mo e l ] | | Bogoso | Iduapriem |° 100.00 | |
Gold deposit styles Principal tectono-stratigraphic rock units | |
© Post-collision, orogenic E Post-Paleoproterozoic rocks 50.00 | '
; Z?;E_(t?s_l(ljlsrl](;r;,t:guIo/FaIeme - Volcanic rocks, and granitoids, ca. 2095-2060 Ma 0.00 ] l - [ . = I
Itoia- . L
@ Tarkwaian paleoplacer Undifferentiated granitoids, ca. 2195-2095 Ma X & 9 6& & ) S
O Eburnean basin orogenic Tarkwaian Group, molasse sedimentary rocks, ca. 2110-2 OQ"Q -\@' oé"@ \cé-’ oé\ A\Q’ ‘S‘? o
o Eburnean orogenic, part or Eburnean sedimentary basins, ca. 2135-2100 Ma QY Q:% Q7 QQQ Q7 {&@' ,@} OOQ
, : 7
wholly hosted by Eoeburnian rocks - Eoeburnean volcanic, and sedimentary rocks, ca. 2200-2 _ %QO v Q/O Q‘%} .Q,'O @b . @Q 0&0
@ Skarn E Gneissic granitoids, ca. 2253 Ma @ v Q/ &,& O‘%\‘ \&’ ch.\
@ Eoeburnean orogenic - Archean Kenema-Man Domain \0\’\' c;‘§ ‘b\‘b‘ & qu AN -Q\
O Undifferentiated/poorly documented 0@ Q)’ &K A% O ‘b\?\
gold deposits . % '&' & o>
A Porphyry copper deposits Gold deposit sizes O> 50 Moz () 8-50Moz O 3-8 Moz K @ S



OBUASI
(Oliver et al)

70 Moz; 8 km long,
>2.5 km depth
2135-2115 Ma gwk &
64" carb. phyll
Inverted basin margin
faults (plumbing)
— : MY Sealo 2 ki 2095 Ma Au & mm
1 oo | Vi 5 Early deformation &
‘ Au
jrrrsle Mm model (but

A = Alans Prospect .
Am =§%=pé§3_%§2 strange flincs)
p = Apitiso
isisislle Carbonaceous

Bi = Binsere . ags
JMCCl  material (fertility)--S,
Te-N = Tema Ridge North

Te-S = Tema Ridge South AS y Au SOU rce

Yaw = Yaw Mensakrom
Za = Zaks

/& ' ; | p / s ,'/' .

/G S o , 7= 8 /)7 Multiple Au events:

5‘§alnTrend 077 Historic Mine workings D2, D4, D5 (and/or

/) ZEw sl remobilization from
20 km

6.0

Obuasi mine
grid North

Kumasi Basin

Granodiorite and granite
plutons, ca. 2105 Ma old

Tarkwaian Grou
sedimentary rocks -
dominantly sandstone

25000

Kumasi Group
sedimentary
rocks

Mafic-

intermediate
volcanic and
volcl:(anlclastlc

Open pits of the Obuasi Mine
AA = Akuaso Abrasso ea rly aS py
An = Anyankyerim
Ay = Anyinam
B = Blackies East
Bl = Blackies

Salvi et al, 2016



RG10050

Balangouma

Pluton

2070+ 6 Ma
X

RG10039
Highway
lut

Highway,
2luton
2076 +
25 Ma

RG100%

»C 7

Z

Andesitic

volcaniclastié ™
2078 £7 Ma Aug
v | f

¥ |
[

RG10027
S:

andstone
<2096 %7 Ma

235E

)

Pluton
2080 11 Ma

x|
RG10036 ;cg&f{y

<

1<2117 £ 10 Ma,
é( 2099 + 15 Ma?

1450N|

1445

’
= RG10067,
{ Sandstone |

< ca. 2110 Ma

’ /7

sl
/XT RG10068, Sandstone 1440N|
sV <2113t 7Ma

!

7/
1y
mbal|i@

J 4"
! I\ s o
1 / / \ /
NG AN\
il
e H
A /] !
) = o 4 \ i 1435N|
y; /! P
R = N
Y i g
’

1430N]|

1425N|

bbbbbbb

1420N]|
Scale 5 kms

~~~_ Late faults

./Dolerite dikes

———— Mineralized faults and fracture
zones, from drilling and outcrop

Chargeable zones that may
be mineralized structures

Probable reverse faults, largely
inferred from the VTEM data
Strongly altered rocks

Strongly albitized rocks,
remains of plutonic protolith
Strongly albitized rocks, marble
and siliciclastic protoliths

Intensely albitized rocks and
breccia, protolith uncertain

LOULO DISTRCT (Allibone et al)

250-km-long belt, 2" most endowed area of W. Africa

Loulo District=>17Moz in 2120-2110 Ma clasticstcarb, evap
D1 folding/reverse faulting; D2 transpression

2120-2070 Ma albite, carbonate, tourmaline pre-Au alteration

2090-2060 Ma batholith & Fe skarns
Gold is late D2 (2070-2060 Ma)

No regional Mali-Senegal shear zone
Mm devol model BUT mixing of two
fluids (contact mm Au?)

Shoots where local shears intersect
gentle folds in areas of early alteration

Fe-rich skarns Major shear

Plutonic rocks
Granitoid dikes in
the Sansamba area

Balangouma Pluton,
variably foliated diorite,
and quartz monzodiorite

Heterogeneous granitoids, =~ |
adjacent to the Balangour'alémé River
E‘U‘ho” ot v 1.nd Senegal-
ighway Pluton, massive ;

porphyritic monzonite and’IaII border
quartz monzonite with
tourmaline

Bambadji volcanic and

sedimentary rocks
Andesitic and dacitic
volcaniclastic rocks
Undifferentiated volcanicla
and sedimentary rocks

Correlation uncertain
Rhyolitic breccia, including
spherulitic lithologies

_Koﬁ Series

Variably altered marble

Polymict conglomerate anc
breccia
Gray - black sandstone an
siltstone marker units
Eastward younging
sandstones and siltstones &
| Westward younging
sandstones and siltstones

Undifferentiated sandstond
and siltstones

l

Saraya
Batholith

S,, foliation form lines

Bedding form lines
based on geophysical date

Bedding form lines
based on outcrop data

/l?é Bedding /[QS foliation



TELFER

PERTH

Crofton Granite

Phancrozoic
Canning Basin

Nceoproterozoic Intrusives
Dolenite
Minyari Granite Suite
Crofton Granmite Suite

Neoproterozoic Yeneena Basin
Wilki Formation
Gardens Formation
Puntapunta Formation | Lamil Group
I'elfer Formation
Malu Member
Isdell Formation ] I'hrossel Group

High Cu, Cu:Au zonation, jasperoid, large footprint=unusual RIRGD

Fluids exsolved over 40 m.y. from large buried batholith

=~
A

Granite

TELFER (Wilson et al)

>20 Moz Au (0.75 g/t); 0.7 Mt Cu (0.12%)
Pre-650 Ma folds (D1-D3) & doming
650-600 Ma transpression (D4-D6)
645-605 | & S reg magmatism; cp-

bearing dike in deep core
Qtz-dolo-py-cp veins and stockworks in
b -~ >20 stacked reefs in dome fold hinges
N | -« Mxin silty units between thick quartzites
- A Pyritexcp as matrix to brecciated quartz
High salinity, 85% CO2 fluids

. @ 17 MILE Hill -

Wilki Granite
Distal jasperoidal Reefs, discordant veins
) ® | TELFER silica =i Z—"0 /| .. Au>Cu, ser-dol
IIISCt B ezzz===k \\‘::::\ser-py
: sezz=sk % P 4
® O'CALLAGHANS ) ;

® TROTMANS STC

- A
/ ab-tou -ser
L ’:_/,7 ﬂ{' ; 3
o e
N e =~ A Volatile-rich felsic
‘e -’ - 4
PY L 4 7 ,)/ ) apophyses, Cu>Au
BIG TREE R - ’4( e.g. West Dome Deep 1-3km
- /
Reduced skarn and veins Z’ - - J
Mineral Deposit W-Mo-Zn-Pb. Cu-Au 4
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PARACATU (Oliver et al)
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Late Paleozoic granitoids
I Middle Paleozoic granitoids
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Placer gold deposits
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SUKHOI LOG (Vursiy et al)

* 63 Moz (>120 Moz Lena prov)

* Neoprot-Cambrian passive margin
seds; E Pz terranes accrete

* 1960s=first metamorphic models

 Anticlinal dome in regional syncline

« Ores in highly carbonaceous clastics
between competent carbonate along
shears in axis for 5 km strike

« Many generations of auriferous pyrite
with gtz rims; unique textures

« Complex genesis; ages spread from

>600 Ma to 300 Ma for mm, mag, and

Au; multiple events



MAJOR FAULTS
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170 Moz Au (3.5-4 g/t)
Camb-Ord flysch
deformed pre-300 Ma
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Cz - Mz cover Zhao-Ye Gold Belt

Prot mm rocks

Archean Jiaodong Gp

Guojialing porphyritic granitoids (130 - 126 Ma)
Luanjiahe granitoids (165 - 150 Ma)

Linglong granitoids (165 - 150 Ma)

Granifoids undivided

JIAODONG (Qiu et al)

150 Moz (2 Moz/yr)
Archean & Pprot blocks
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EXPLORATION CONSIDERATIONS IN METASEDIMENTARY PROVINCES

Unlikely isolated deposit (e.g., West Africa, Lena, Baikal, So. Tien Shan, Yensei
Ridge); Large h-g oxide zone (Olympiada) or favorably oriented very I-g ore
body (Paracatu) may be critical for a project’s success

Fault reactivations, basin inversions, changing stresses needed for fluid
focusing

Carbonaceous sedimentary sequences associated with giants (source?, trap?)
Early timing (Paracatu, Obuasi) to late timing (Loulo, Kolyma) or perhaps just
many tens of millions of years (Sukhoi Log? Olympiada? Muruntau?)
Structures=jogs, fold noses, fault intersections, complex settings (Muruntau,
Sukhoi Log, Jiaodong)

Competency contrasts: Stratigraphy (Telfer), Hornfels (Muruntau), Pre-ore KF
(Jiaodong), Pre-ore albite (Loulo)

Magmatism: Almost always syn-Au but none at Paracatu

Metamorphism: Consistent greenschist but not at Jiaodong

Genetic model: Metamorphic? Magmatic? Maybe a local model on observed
geology is always best
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Hydrothermal Gold Deposition in Epithermal, Carlin, and Orogenic Deposits

Stuart F. Simmons,»231 Benjamin M. Tutolo,* Shaun L.L. Barker,® Richard ]. Goldfarb,57 and Frangois Robert®

Metal precipitation is the ultimate & most important event, producing
ores & geochemical anomalies.

Similar thermal & chemical characteristics permit comparison of Au
depositing processes across all three deposit types.

Analysis
-experimental data
-metal transport-deposition in modern hydrothermal systems

-mineralogical-geochemical-geological context of gold orebodies.
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Gold solubility in sulfidic hydrothermal solutions
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Gold solubility in sulfidic hydrothermal solutions

10000 3 max gold solubility

1000 -
Optimal pH (near neutral) ;
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Gold deposition from sulfidic hydrothermal solutions

15-30 cm diameter
50 to 150 kg/s

1-3 km deep
chalcopyrite scale solution
. R 60,000 ppm Au 1 ppb Au
5 ] i >100,000 ppmAg 8 ppb Ag
N P 66

Brown, 1986 Economic Geology



Gold deposition from sulfidic hydrothermal solutions

Orogenic quartz vein
Sigma, Quebec




Gold deposition from sulfidic hydrothermal solutions

Au deposition via chemisorption

Chloride water: 74° C
pH ~5
2000 ppm CI
3 ppm H,S

0.10 ppb Au
0.02 ppb Ag

Au & Ag deposit on As-Sb-S rich
colloids
540 ppm Au
750 ppm Ag

Pope et al, 2005 Economic Geology
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Gold deposition from sulfidic hydrothermal solutions

100 F A Carlintype (SIMS)
i Epithermal (SIMS . .
101 2 Chrintype (EMPA) Au nanoparticles For Carlin ores, Au deposits
- O Epithermal (EMPA) (HRTEM) i i .
14 © SREpEEMEALEERYS | g on to As-rich pyrite rims due
< o1 ' to chemisorption.
% 0.01 _ Au’ n(a;l:npsa)rticles
< o001 § : The evidence is supported by
00001 4 B high magnification elemental
000001 § g0 :::,‘"; Bt o maps & microbeam analyses.
0.000001 i *
0.0001 0.001 0.01 0.1 1 10 100

As [mol%]

Simon et al., 1999; Reich et al., 2005; Barker et al. 2009; Deditius et al., 2014. 6




Predominant Mechanisms of Au Deposition

Epithermal Ores
—phase separation (boiling)
—mixing
Carlin Ores
—sorption of ionic Au on to the surfaces of As-pyrite

Orogenic Ores
—phase separation
—pyritization (sulfidation) via water-rock interaction
—reduction via interaction with graphitic rocks
—co-precipitation As-pyrite & arsenopyrite
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Ore body geometries/dimensions
Fluid flow rates/directions

Duration of mineralization (repeated/long lived mineralization) | =
SW Cortez Hills a
Lo bl | | .




Descriptive papers on 29 important deposits & 7 major provinces
Manuscripts authored by industry & research geologists

Mature mining districts to recent discoveries

Exploration histories

Geological context

Ore body geometries

Structural & Lithological controls

Mineralogical & geochemical associations

Maps, sections & field/rock/mineral photos

Comprehensive list of references

Geology of the World’s Major Gold Deposits and Provinces BARRICK
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