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6 value (per mil %o); {low, high, but has no mass}

5= (M)XIOOO where R is isotope ratio, e.g. 180/1°0
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# LAVAL N Air nitrogen N2 (atm.)
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Si Quartz sand NBS-28
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Kinetic Effects * Disequilibrium
* Unidirectional

* Diffusion

+ Biologic —
* Photosynthesis (e.g. C) sozu7s <o e
* Bacterial reduction (e.g. S) K=ol

AY0 = 8170 -0.53 6180 (ozone)
A33S = §335-0.515 634S (UV light)

Virnes et al. (2024)
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Mass dependent fractionation

Hzlso + 180 = H2180 + 160

Isotopic Equilibrium
a ~ k =f (vibration energy)

* Temperature:a ~1/T2
* Pressure : negligeable for crystals,
* Chemical composition : SiO, > Fe,05 or SO, > H,S

B unversiTe * Mass

e LAVAL . .
* lonic radius
* Charge

* Crystal structure : diamond > graphite
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Stable Isotope Composition of Orogenic Gold Deposits

Quartz A

B
601 ¢+ Craton/Orogen/District
limited range: provinciality 2
Kaapvaal Craton .
I Slave Craton \Iélaal g (r?:'c
|| superior Craton
- [] Yigam Craton > Eoléyn—LNf(randa
8 404 ilbara Craton 8 arder Lake
5 rans-Hudson Orogen $ 204 Kirkland Lake
3 [ Appalachian/Caledonian Orogen =} Timmins
g B Hercynian Orogen g Matheson
w Tasman Orogen b=t Hemlo
Cordilleran Orogen w
! [l Dzeo Orogen
209 || Yanshanian Orogen 0
- 04 0

5150 vsMow (%ﬁ)

0 5 10 15 20 25 30
30 VSMOW (%o0)

Quesnel et al. (2023)

Stable Isotope Composition of Orogenic Gold Deposits

FEE universiTe

804

-3
=3

Frequency

204

IS
S

Quartz
¢ Precambrian: lower

¢ Phanerozoic: higher

[T cenozoic
L] Mesozoic
|| Pateozoic
|| Proterozoic
] Archean

Eranniancs

8%°0 ysyow (%o)

uartz
s0]C Q
¢+ Igneous: lower

601 ¢ Sedimentary: higher
g
) [] 1gneous
g_ B sedimentary
@ 404 [ Volcanosedimentary
L

20

30
Quesnel et al. (2023)

30 vsmow (%o)

Stable Isotope Composition of Orogenic Gold Deposits

UNIVERSITE

Frequency

C |

¢+ low &D: Cordillera

A
204
154 >
) Actinolite 2
1 1 Biotte &
1 [ Chlorite z
1 Epidote ]
1 W Muscovite w
104 Sericite
M Tourmaline
54

8D ysuow (%0)

04
-200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0

o4
-200 -180 -160 -140 -120 -100 -80 -60 -40

11 superior Craton
| Yilgarn Craton
W saltic Shield
[ Trans-Hudson Orogen

I Transamazonian Orogen

[l West African Craton

B Appalachian/Caledonian Orogen
] Achalian Orogen
| Tasman Orogen
M Cordilleran Orogen
[ North China Craton

-20 0
Quesnel et al. (2023)
8D (%0)

vanow



Stable Isotope Composition of Orogenic Gold Deposits Stable Isotope Composition of Orogenic Gold Deposits

0 Inclusion fluids

307 301 Boiling - Sericitization
. Condensation itizati iti
+ low 8D: Cordillera 20 - A \g 4 Cloritization Water composition
E + largely metamorphic
M Kaapvaal Craton 0
v . .
1 cenozoic [ superior Craton — ¢ magmatic perm|55|ble
2 1 Mesozoic I 2 ] Trans-Hudson Orogen Bg -20
1 [ Paleozoic 1 [l cordilleran Orogen i : boili i
8 Protoronsic 1 Goobo Crogom < + high 5[?, boiling or mica
S 1 Archean 2 ™ Tianshan Orogen = 40 alteration
2 e || North China Craton °
g g [ Himalayan Orogen =
=3 T 13
3 8 5 -60
w w Q Age
bl VETALEARTH o 0 al vETALEARTH I ~QuDol  ©Mesozoic
8 q eQuMs  OPaleozoic
a -80 YQESeh  oProtorozolc Magmatic ~ Deep Crustal
Zs) : +Quz-Ser  OArchean Fluid
UNIVERSITE
-100
+ Error
-120 T T T T T T T )
o o4 20 -15  -10 -5 0 5 10 15 20
-200 -180 -160 -140 -120 -100 -80 -60 -40 -20 -200 -180 -160 -140 -120 -100 -80 —-60 -40 -20 0O
5D (%) 5D (%) 5'80 %o
FI VSMOW FlvsSMow Quesnel et al. (2023) H2.0 VSMOW ( ) Quesnel et al. (2023)

Stable Isotope Composition of Orogenic Gold Deposits Stable Isotope Composition of Orogenic Gold Deposits

154A " .
! .. Hn T
;S . oo High 50 High T
< o %0 @ AN _ 1
z 10 “e % .!.-‘.‘3‘ oY - £ E S ¢ i g '8
¢ PATLN /v YR - High 880
: ORI Ty P g 104
b & TS 2 —
2 39”:5', ¥
LowT T a4 2 * HighT b3
© 5] Lowiro U FL v a 7 LowaD X
w© |, v o ~
N
N 2
e AT Q
150 200 250 300 350 400 450 500 550 600 650 150 200 250 300 350 400 450 500 550 600 650 % Mleng 2 reservoirs
Temperature (°C) Temperature (C) >
1518 Rockbutring g 5 + provinciality of deep-
Tvem e ] T . e o et o . Gl Ve eARTH Low T crustal metamorphic
~ .o ., N v Hanso Mixing 2 common reservoirs 9 Low §'80
N : .
z ° ¢l !‘;Agz‘ﬂ-i’ o ) o ° Superior Craton Yilgarn Craton + common upper crustal
UNIVERSITE H o 04 BabB g o g 0y + deep-crustal metamorphic UNIVERSITE OVald'or y
Z o, % Aggsp‘v vy ! al-af EKalgoorlie
g PRy Py L) av v . LAVAL ©Timmins B Coolgardie
o TR Y Pairs Age Country rocks ¢+ upper crustal, exchanged ®Larder Lake
£ 5| Lwr afu kS W v Qs -QzOJ  Ollesozdc  Olgeous o/ @Kirkland Lake
¥ JauAnk Qe
P SRR RN s SVeihens meteoric/sea water 0
N lazca squser Sachesn T T T T T T !
. : 200 250 300 350 400 450 500 550
150 200 250 300 350 400 450 500 550 600 650 T t OC
Temperature ('C) Quesnel et al. (2023) em pera ure ( ) Quesnel et al. (2023)



Stable Isotope Composition of Orogenic Gold Deposits

Stable Isotope Composition of Orogenic Gold Deposits

13} Yilgarn
1204A 1204B
33,
Kanowna Belle Sedimentary A%S
Sulfur (Wang et al. 2017)
- Vi ' i
100 100 2o oy Homogeneous S reservoir
& a vz ¢+ A®S: Sg-sedimentary pyrite
: o vaa
m V3 33¢. . .
> 80 > 80 S MDFSLine ¢+ - A¥S: seawater sulfate-volcanic sulfides
g 5 (LaFlamme et al. 2018)
Arsenopyrite
= Chalcopyrite El E ;ZZZE :
S_j 60 -g'a""e‘:';a’ E 60 ] Peleczoic . 58 (%) LaFlamme et al. (2021)
E Jamesonite [] Proterozoic Abltlbl
Molybdenite [0 Archean D ) Yilgam Craton ]
Pyrite orogenic goid data | @
40 Pyrrhotite
Sphalerite i
Stibite p—0— B%S (%o)
B univeRsITE Tetrahedrite ‘ 3 ]\
VEIN-
02
2 HOSTED
‘ PYRITE
-0.4
estimated
el B 0 o, 3 A " i 3 {——— Neoarchean
- 15 20 25 30 30 -5 -0 -15 -10 -5 0 5 10 15 20 25 30 o6 . | iseawstar
( Herzog et al. (2023)

%S | or (%o) %8 | cpr (%o) Quesnel et al. (2023)

Stable Isotope Composition of Orogenic Gold Deposits Stable Isotope Composition of Orogenic Gold Deposits

C
704
70{ A 0 B
] 701
601 [l Kaapvaal Craton 13
Aot L] Stave Craton Low &1C
60 H A 60 g Superior Oreon * Appalachian/Caledonian
o iigam Craton ° h
H e, 504 I Kelahar Craton * Corg-rich sedimentary rocks
504 H Magnesite 504 [T Trans-Hudson Orogen
Siderite 0 Genezac - [ West African Craton
g 3 H i g 404 5 ¢ppa\ac|gan/ca\edoman Orogen
S £ 40 ] Proterozsic g asman Orogen
3 S [0 Archean o I Cordilleran Orogen
1] g E North China Craton
I £ 50l L 30
20§ 204
UNIVERSITE
104 104
04 1
5 -30 -25 -20 -0 -5 0 10 15 0d
8%°C o (o) 8C pp (%o) 30 -25 -20 -15 -10 -5 0 5 10 15
8C | ppg (%0) Quesnel et al. (2023)

Quesnel et al. (2023)



Sources of fluids along the CLLDz Sources of fluids along the CLLDz

PR « Qz-Tur-Carb ChI veins. Literature: 291; Metal Earth: 317
asa -~ .
ﬁ e
-N- follinger - s -
| cintyre. ) % o
ot N3
PDF = 1S ‘_(.'h
Pamour =
Kirkland K Homo X
Dﬁ“@ 2ke? Addisg l
0 /
= Legend Paleoproterozolc cover Abitibi Subprovince Pontiac Subprovince
ala N
O This stud: Clastic metasedimentary rocks lasti t i ks Clastic metasedimentary rocks
UNIVERSITE N Sigma-Lamaq ONIVERSITE \D) Lmlera:"ey [ i i ry [ Clastic metasedimentary rocks [ i i ry
— _CLLFZ Intrusives I (ron formations [ Mafic to ultramafic metavolcanics
T 100 km N - . : . . " .
— ] ~ Major faults  [III Granitoids [ Mafic to intermediate metavolcanics [ Mafic to intermediate metavolcanics
[ Granitoid rock [___] Proterozoic cover O World-class greenstone-hosted O Other gold deposits [ Mafic-ultramafic intrusions [ JFelsic to intermediate metavolcanics
quartz-carbonate vein deposits of various types
I vaficintrusion [l Sedimentary rock [] World-class gold-rich LLCF Larder Lake - Cadillac
volcanogenic massive-sulfides Fault Zone
[ volcanicrock " Major fault O Other smaller gold-rich VMS  PDF  pocupine - Destor Fault Zone Beaudoin et al. (in prep.)

Sources of fluids along the CLLDz Sources of fluids along the CLLDz

N
FaIEOPIOTEroZOIC COVEr ADITIDI SUDPTovInce FoNuAc Supprovince ntrusives
L e e, TEISUPIUISIVCUIL LOvEr AU SUDPIUVITILE FUlUaL SuLPIOVIILE i usives Tl
Clastic metasedimentary rocks [ Mafic to ultramafic metavolcanics. B Vafic to ultramafic metavolcanics. N Granitoid intrusion T - ]
I Maic to intermediate metavolcanics. - Mafic to i | oz o mssuey
UNIVERSITE 7w o sy F i rocks 7 Maorfat o Ltesure [ Clastc metasedimentary rocks
/ Majorfault o Literature I Clastic metasedimentary rocks Beaudoin et al. (in prep.)

Change in fluid composition at inflexion in No systematic temperature variation along strike

orientation of the CLLDz, west of Malartic

Beaudoin et al. (in prep.)


Beaudoin

Beaudoin
Données non-publiées

Beaudoin

Beaudoin
Données non-publiées


Sources of fluids along the CLLDz

Données non-publiées

Clastic metasedimentary rocks
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Change in fluid composition at inflexion in
orientation of the CLLDz, west of Malartic
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Metamorphic fluids
* Boiling
* Mica alteration
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* 3D model, coupled
advective-dispersive mass
transport and oxygen
isotope exchange
(HydroGeoSphere)

¢ Each unit has
representative hydraulic
properties
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Fluid Flow Constraints, Augmitto-Bouzan

Higher structural
Low gold segments
: *  Narrow Piché (-
metamorphic auriferous
fluid infiltration)

*  Contact with more
permeable volcanic
rocks (+Ca, + upper
crustal fluid admixture)

Gold endowed segments

e  High T gradient
marks position of
auriferous metamorphic
fluid mixing front in high
permeability structural
corridors

UNIVERSITE

Augmitto Cinderella Lac Gamble Astoria

- Blake River volcanic rocks
- Timiskaming sedimentary rocks

- Piché Group ultramfafic rocks
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Fluid Flow Constraints,

ugmitto-Bouzan

* High fluid/rock
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Summary: Crustal-scale hydrogeology model
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Deep-seated auriferous
metamorphic fluids mixing with
poral upper crustal fluids
Vertical advection of higher-
temperature deep-seated fluids
in the structural conduits
Provinciality of auriferous
metamorphic fluids, even along

the same structural corridor
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