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Footprint Project Objectives NSERCCMIC g &
v, Develop comprehensive and robust

models of the footprints of large-scale

ore-forming systems at three integrated
study sites, combining geological,
mineralogical, geochemical, geophysical and
physical rock properties from the local to the
camp scale

Canadian McArthur- Highland
Malartic Au Millennium U Valley Cu

Inversion Modeling

v, Develop novel methods for integrating Dok FRODe Hes

and interrogating multiple data sets that
will enhance the exploration process and, at
the same time, answer fundamental
guestions about the origins of large-scale
ore-forming systems

Surficial Materials
Mineralogy
Lithogeochemistry

Geology/Structure

Integrative Science Groups

Research Sites

NSERC
CRSNG
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Au SI te Team FOOTPRINTS ) -
v, Research associates v, Researchers and collaborators

v, Stéphane Perrouty, Western v, Georges Beaudoin, Laval v Robert L. Linnen, Western

v, James R. Clark, McGill v, Martina Bertelli, Western v. Bernd M. Milkereit, Toronto
v, PhD students v Audrey Bouvier, Western v Reza Mir, Laurentian

v, Charles L. Bérubé, Poly. Mtl. v. Eric Chou, Poly. Montréal v William A. Morris, McMaster

v, Nicolas Gaillard, McGill v, Michel Chouteau, Poly. Mtl. v GemaR.Olivo, Queenos

v, Philip Lypaczewski, Alberta v« Christian Dupuis, Laval v Steve J. Piercey, Memorial
v, MSc students v, Najib El Goumi, GSC v, Benoit Rivard, Alberta

v, Sandra Beauchamp, Poly. Mtl. v» Randy J. Enkin, GSC v Martin Ross, Waterloo

. Kun Guo, Toronto v, Colin G. Farquharson, Memorial v Stefano Salvi, Toulouse

v Nicolas Piette-Lauziére, Laval v Leonardo Feltrin, Western v lain M. Samson, Windsor

. Thomas Raskevicius, Laval v, Jilu Feng, Alberta v, Pejman Shamsipour, Poly. Mtl.

v Caroline E. Taylor, Waterloo v, Carl Guilmette, Laval v Richard S. Smith, Laurentian
1, BSc students v Julia J. King, Consultant v, Clifford R. Stanley, Acadia

v, T. Kurt Kyser, Queenos v, Marc Vallée, Memorial
v, Daniel Layton-Matthews, Qu e e n'® $Anthony E. Williams-Jones, McGill
v, C. Michael Lesher, Laurentian

v, Natalie Blacklock, Queenods
. Neera Sundaralingam, Western
. Robin K. Taves, Waterloo

" & canada , o . . ® CRSNG
- council Perrouty 1 Kirkland Lake - Footprints Au Site 3



Location of Footprint Sites serccue YTC

| . v, Canadian Malartic:

@ Porphyry Copper v, >18.6 Moz Au

Uranium

v, South of the Cadillac -
Larder Lake Deformation
Zone, Quéebec

@ Lode Gold

v, Oxidized intru_sion-

,,,,,,,,,,,,,,, g related deposit |
Teck & Y (Helt et al., 2012, Economic Geology)
Highland Valley ~S<<di_’ v, Stockwork-disseminated

Copper
¥ systel N (De Souza et al., 2016,
.'

- YAMANAGOLD -
[ aanico eace | ANACY Economic Geology)

& Canadian Malartic

V
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State of Knowledge |n 2013 i

v, Structurally-controlled
biotite, calcite and pyrite B2 A,
alteration (perry, 1939, Econ. Geol.) ’"

v This deposit should have a
large footprint but its
expression is unknown

v, Geophysics does not work
for direct ore targeting
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Trudel and Sauve, 1992
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v Long mining history makes |
current surficial exploration | . &
techniques (e.g., soil Framt =
geochemistry) inefficient |
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Fault I

Near-surface (<15 m) =
Au mineralized zone |

TURBIDITES, BIF (CADILLAC GR.)

TALC-CHLORITE SCHISTS, DIORITE
BASALT, MINOR DIORITE

QUARTZ DIORITE PORPHYRY
AND DIABASE '__*_j SERPENTINIZED ULTRAMAFICS
GRANODIORITE TURBIDITES (PONTIAC GR.)
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Our Understanding in 201
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Cartier <.

118 structural, geophysical,
geochemical, mineralogical,
and petrophysical halos

Sizes range from 0.5 to 6 km
from the core of the system

Multiple alteration centers 2 ‘ o - | [ G S
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New models: structural/
metamorphic/hydrothermal

........
4 4 44
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New techniques applicable
to gold exploration Main vectoring tools in the Canadian Malartic footprint
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Major Results
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Geological setting and new metamorphic evolution model of the footprint
Structural footprint (zones of structural complexity, biotite foliation)

Lithogeochemical, mineralogical and petrophysical halos in mafic dykes,
metasedimentary and felsic-intermediate intrusive rocks

Isotopic (U2%H, U0, Ul3C, U**S) halos in mafic dykes and metasedimentary rocks
Mineral chemistry halos in metasedimentary rocks

New geophysical approaches: spectral IP, anisotrophy of resistivity, variance
Multi-parameter integration through PCA and machine learning approaches

New surficial exploration approach using mica compositions

: canada ) . . . @ggg};g
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Geological Setting serccuc TS

v, 3 deformation events: D, - isoclinal F, folds, pressure-solution cleavage (S,)
D, - close s-shaped F, folds, NW-SE biotite cleavage (S,)
D - subtle crenulation cleavage (S,)

v, 2 structural controls: E-W Sladen fault and NW-SE high-strain zones (in F, fold hinges)

<1 ppm Au > 1 ppm Au

v, Maln ore mineral association:
Biotite, microcline, albite, calcite,
ferroan-dolomite, pyrite, quartz

" & canada , v K i i ® g"sg‘:g
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Structural Footprint

v Fleld mapping suggests that alteration zones are spatially associated with

structurally complex zones (F, and F, fold hinges).

FOOTPRINTS

v The variance of the bedding dip highlights these fold interference zones.

Perrouty et al. (2017,

Ore Geology Reviews)
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Geochemical Halos (in mafic dykes) NI YN
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Whole-rock (partial
and total digestion)
lithogeochemical

279 6
(7.8 ppm) E (0.15 %)
ISE
1(0.06 %)

12836

(1509 ppb)
Auygp

1(2 ppb)

1(0.1 ppm)

WARD ﬂ

by structures.
99 E

(1.56 ppm)

1(0.3 ppm)

74

(1.11%
Moo Sieco !

1(0.04 %)

Concentration gain
factors are calculated
using the method of
Gresens (1967) and
MacLean (1990).

86 ‘ H

(1.70 %)

CI.ECO n

8 33
K)(RF (2.94 %) CSSPF (5.6 ppm)
1(0.74 %) 1(0.8 ppm)

1(0.06 %)

10
(5.00 %)

Cappp ﬂ

9
(3.99 %)
Mgaro
1(1.51%) 1(1.16 %)

7
: (0.29 %)
Tiarp
1(0.10 %)




Mineralogical Halos (in mafic dykes)

FOOTPRINTS

XRD cluster analysis
was performed to
guantify and outline
mineralogical changes.
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XRD Clusters
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# Amp (%) Bt (%) Chl (%) PI (%) Qz (%) Cal (%)
6 84 1 2 13 2 <1
21 78 1 4 13 4 <1
9 77 <1 4 4 15 <1
11 53 3 5 28 11 1
12 39 16 2 31 12 <1
13 13 36 <1 24 24 3
18 <1 67 1 4 13 14
3 <1 48 3 4 31 14
17 <1 45 1 30 11 13
v, Lithogeochemical Hornblende
changes are reflected C ,, .
in the mineralogy and | <wom ®<285g/cc
) ® > 10 ppb @ >2.85g/cc
rOCk denS|ty ® > 100 ppb @>2.90 g/cc
@ > 500 ppb 0>2.95g/cc
@®>1ppm >3.00 g/cc

5338000

5336000

10 20 30

Biotite

Perrouty et al. (2018, Mineralium Deposita)
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Carbonates (in metasedimentary rocks) _

Decreasing Xco, conditions away from the hydrothermal pathways
=> zonation of carbonate abundance and compositions:

v, Fe-Mg-carbonates are restricted to the proximal alteration zones.

v, Calcite is present in proximal and medial/distal alteration zones.
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Replacement-type and
hydrothermal brecciation
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Alteration
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5330000

Galllard et al

. (in prep)
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