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Mineral Exploration Research Center (MERC)

o MERC is a collaborative center for mineral exploration research and education
supported by industry, government and Laurentian University

o Focused on field-based collaborative research on Exploration and Precambrian Ore Systems
o More than 100 faculty, research scientists, and graduate students working across the globe
o Lead organization on Metal Earth project

o Membership in MERC provides a seat at the advisory board.
Matt Rees, Chair; Francois Robert, Science Advisor
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Metal Earth

o METAL EARTH is a MERC led collaborative research project focused on metal endowment in the Precambrian
shield

o Partners with UQAC, U Laval, U Ottawa, U Toronto and U Alberta
o THE GOAL is to improve the science for targeting and finding new orebodies
o Fully-funded seven-year +$150M applied R&D initiative.

o Canada FIRST Research Excellence Fund (CFREF) $49M, $5M from NOHFC, $1M private donation and cash + in
kind from 22 private sector and government survey partners

o Project started in summer 2017 and will end in August 2027
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Metal Earth Components

o FUNDAMENTAL SCIENCE:
Transform our understanding of Earth’s early evolution and the processes that govern differential metal
endowment
Improve the science for targeting and finding new orebodies

o APPLIED INNOVATION AND COMMERCIALIZATION COMPONENT:
Make Canada a global leader in mineral exploration research through open source delivery of new
knowledge and the development of transformative technologies targeted at increasing exploration success
Improve training of quality young geoscientists for the industry

LaurentianUniversity
UniversitéLaurentienne

HAR UAIL SCHOOL OF EARTH SCIENCES
ECOLE DES SCIENCES DE LA TERRE




Metal Earth Strategy

o Focus on Archean greenstone belts, which represent 60% of Earth history and almost 50% of Canada’s
metal wealth

o Resolve ore system-scale controls at craton - greenstone belt - district - deposit scales
o Image ore and non-ore systems at full crust-mantle scale

o Develop transformative 3D-4D data integration, analysis, and visualization tools that will aid discovery of

new districts and new deposits—

Focused on the Superior Craton as the level of framework geoscience is unprecedented, take this
into other Precambrian terranes
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All Metal Earth Data online now

€& > (C @ metalearth.geohub.laurentian.ca/apps/9t8d5d17c2814bebbbddd1c01c2525e3/explore G 2 % 8 0 % \i; a G

MERC /e Q RSherlock_LeurentianU - Geology

Chib Transect Dat . . . 1 .

Dol A - Prosleedlien Chibougamau Transect - Data Sampling Locations & Geochem|stry
T Metal Earth

Laurentian University of Sudbury

View Full Details

Details

Gravity
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Seismic

oo Application
00 Web Experience
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Date Updated
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Published Date
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Geochron database
(separate)

| Bale-Come

sapenosiiesy

Public

Anycne can see this content

No License Provided
Request permission to use
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Open source
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Chibougamau Samples =

OBJECTID StationID LitholD SamplelD SampleNo SampleType Analysis &

1 MECH00001 MECHOD0001A MECHO0001AGO1 1 representative whole rock;geoc

2 MECH00006 MECHO0006A MECHO0006AGO1 1 representative whole rock;geoc

3 MECHO00007 MECHO00007A MECHO0007AGO1 | representative whole rock;geoc

4 MECHO00008 MECHO00008A MECHO0008AGO1 1 representative whole rock;geoc
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State of the Industry, why Metal Earth is needed

From Dan Wood’s SEG newsletter

Value of discoveries less than the exploration investment _
Unsustainable as an industry vt % [ISEN s2%
, : C 2% 0.47
Focus on Brownfields environments. pca & R
Greenfields discoveries are rare Zinc + Lead % 6% 050
Uranium 0% - 0.61
Diamonds % A o
ron o o QS o
. 9% 0
Requires new search space to change S B s
Other m BSEN 1% o
Deep L Bl —
Covered TOTAL 100% 100% 047
Remote FIGURE 2. Discovery performance by commodity, 2007 to 2016. Value of discoveries (US$S 2016)
estimated as $2 billion, $500 million, $80 million, and $10 million for tiers 1, 2, and 3 and unas-
ive i signed, respectively (excludes unreported discoveries). Value/Spend is the ratio of the value of all
Needs new tools to be effective in these Spaces d[iscoyeries' to the total cost of exploration (break even = 1.0). From Schodde (2017), used with
el e B e nrentianne
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Gold Endowment

Destor Porcupine +89 Moz Cadillac-Larder Lake +112 Moz Au
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Monecke et al., 2017 Reviews in Economic Geology, v. 19 pp 7-49
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Gold Endowment

CLLdz

~80 Ma and 4 + events

Gold production
(Gosselin & Dubé, 2005)
e < 1AuMoz

Syn-intrusion; ca. ~2742Ma
Cote Gold

© 1-5AuMoz
@ 5-10AuMoz

@ > 10AuMoz

Syn-volcanic; ca. ~2700Ma
Blake River, Horne, LaRonde

—— Faults / Shear zones

- Transect lines

Other lithologies

Syn-Timiskaming; ca. ~2675 Ma
U Beaver etc

Lithology
Felsic intrusion
Granitoid

B Mafic intrusion

Metamorphic

Post-Timiskaming; ca. ~2660 Ma ?
Kerr-Addison etc.

4
, Pyroclastic
Loke aa— = é‘\q‘( c .‘ .
G e e B o, 100 [ sedimentary

oz ot - .
- I T Volcanic

LaurentianUniversity
LY== Y & E UniversittLaurentienne

. ' . E n v HARQU AI SCHOOL OF EARTH SCIENCES

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES ECOLE DES SCIENCES DE LA TERRE




Gold Endowment

Abitibi Transects

Deposits aligned along the
Destor Porcupine fault and the
Cadillac Larder Lake

Drawing cross sections across
ancestral faults/ volcanic and
plutonic complexes of variable
metal endowment

A e

 d

'ib»@ b

100
I <

Gold production
(Gosselin & Dubé, 2005)
e < 1AuMoz

© 1-5AuMoz

@ 5-10AuMoz

@ > 10AuMoz
—— Faults / Shear zones

= Transect lines
Other lithologies

Lithology
Felsic intrusion
Granitoid

B Mafic intrusion
Metamorphic
Pyroclastic

[ sedimentary
Volcanic
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Waibigoon Transects

Manitoba

North Dakota

North Dakota
. Minnesota

L]
LTI

Ontario

~ %
~Umfreville Lake . =
Ve

0Z

Trout
Lake

G| QuUOZ
g) au

Lake St.

.

ong Lake

Hard Rock

Lake Superior

Ny @ 5-10AuMoz
2
® @
%% @ >10AuMoz
Transects
‘ Faults

Gold production (Dube)
o <1AuMoz
O 1-5AuMoz

Other lithologies
Lithology
Felsic intrusion
Granitoid
- Mafic intrusion
Metamorphic
Pyroclastic

- Sedimentary

Volcanic

=
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southern Abitibi subprovince

Assemblage
and age

Timiskaming
~2679-2669 Ma

Pontiac
subprovince

~2685-2682 Ma

Porcupine
~2690-2685 Ma

Volcanic
assemblages
~2750-2695 Ma

Schematic
stratigraphic

Emplacement or
depositional
environment

alluvial-fluvial to
shallow marine
(i.e., molasse)

deep marine,
turbidite
(i.e., flysch)

deep marine,
turbidite
(i.e., flysch)

submarine,

volcanic
(primary construction)

(Frieman, 2018; PhD thesis)

western Wabigoon subprovince

Age (Ma)

Emplacement or
depositional
environment

Schematic
stratigraphic
section
2700 —
CONFORMABLE?
2725 | L :
2750 —
2775 STRUCTURAL?
—= NONCONFORMITY?
2800 P
3000 - L=

STRATIGRAPHICALLY, THE ABITIBI = THE WABIGOON (+10-20 MA)

LIMITED GOLD ENDOWMENT IN THE WABIGOON

alluvial-fluvial to
shallow marine

deep marine,
turbidite

submarine,
primary volcanic
construction

J

gneissic-plutonic
(Marmion subprovince)

(Frieman, person. com)
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Km 4 of ~1,000 I/km seismic survey Metal Earth transect work
Geology/geochem/geochron
Seismic

MT
Gravity

Reflection S
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Reflection Seismic
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Reflection Seismic

Swayze R1 seismic secTion (LN241)
ABiTiBI SUBPROVINCE

E
e
L} =

@

: £

3 &

Distance along profile (km)
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Magnetotellurics (MT-AMT)

Source of Natural Electromagnetic Fields

« Complex interaction between solar plasma

(wind) and Earth’s magnetosphere _
° Long period (< 1Hzor>1 S) e Short Period (> 1Hzor<1 S)

e Lightning
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Magnetotellurics (MT-AMT)

High conductivity (low resistivity)
can be caused by large scale
interconnected networks of:

* Fluids

* Ores

» Melts
 Graphite
* Sulphide

I} (8]
Fractures

(¢)

Resistivity (2 m)
° 10° 10* 10’ 10” 10™ 1 10* 10> 10° 10* 10° 10°
Shield
Unweathered Igneous & metamorphic rocks
Igneous & metamorphic rocks
[ Shale Sandstone Conglomerate
Q
2
E Lignite & coal Dolomite Limestone
g |
= Gravel & sand
5
Q
»n
Tills
Igneous|
Mafic Felsic Duricrust
Weathered layer rocks -
Metamorphic rocks
I
Archean brines Sea water Fresh water Permafrost
Water, ice, aquifers _]
Seaice
Massive sulphides
Significant conductive minerals
I Graphite | I I I I |
10° 10° 10 10° 10° 10" 1 10" 10” 10° 10" 10° 10°
Conductivity (S/m)

Vel L Y
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Magnetotellurics (MT-AMT) Resistivity Section

SWAYZE BROADBAND MAGNETOTELLURIC SECTION
ABITIBI SUBPROVINCE

@uﬂ‘*‘ &

Depth (km)

Depth (km)

20 30 40 50 60 70 80 90 100 110 120 km

Distance along profile (km)

10 100 1,000 10,000
Resistivity (Ohm.m)
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Other Systems

HH

—nusnieyRREE

The least resistive zone is remarkably aligned with the world-
class I0CG-U Olympic Dam deposit and the other two with
significant known I0CG-U mineral occurrences.

These zones are spatially correlated with narrow regions of
low seismic reflectivity in the upper crust, and the deeper
lower-crust conductor is almost seismically transparent.

We argue this whole-of-crust imaging encapsulates deep
mineral system and maps pathways of metalliferous fluids

A from crust and mantle sources to emplacement at discrete
- _%ri_uug\!ysauu 8000 ?50000?000 6500 VCB0OQ__ 5500 5000 4500 locations.

nw r"T S

Depth (km)

Graham Heinson , Yohannes Didana, Paul Soeffky, Stephan Thiel & Tom

Wise. Nature Scientific REPORTS | (2018) 8:10608 | DOI:10.1038/s41598-
018-29016-2
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Abitibi Transects
Larder Lake

Gouin

Seismic

MT

Gravity Magnetics

/8 Focused geoscience

Gold production
{Gosselin & Dubé, 2005)
e < 1AuMoz

© 1-5AuMoz

91 QUo7 =

@ 5-10AuMoz

. L-( auO'l

@ > 10AuMoz

— Faults / Shear zones

- Transect lines

Other lithologies

Drawing cross sections “
- across greenstone belts |

Lithology

Felsic intrusion

Granitoid
I Mafic intrusion
y Metamorphic

,‘ Pyroclastic

— ’j 100 [ sedimentary
= I < Volcanic
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Larder Lake area

CLL deformation zone

Lincoln Nipissing fault

Metal Earth transect work
Geology/geochem/geochron
Seismic
MT
Gravity

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Larder Lake area, Mafic Volcanic Rocks

Lower Blake River Grp.
(2704-2701 Ma)

Host to VMS deposits in
Noranda

Dominantly mafic volcanic
rocks

Unconformity at Timiskaming \

contact

Dominantly mafic volcanic
rocks to south

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Larder Lake area, Timiskaming Sedimentary and Volcanic rocks and other clastics

Light yellow i . @NOT T / \!
Alkalic volcanic rocks extrusive S, TN N T
equivalent of the syenite badies-

Dark Yellow, alluvial-fluvial i e
sedimentary rocks, conglome py
and sandstones ”

{8 Brown o
| %8 In part Timiskaming sedimentary \
~ | rocks, marine facies.

To south becomes Hearst assemblag

\

= e — o From: Jackson, 1995, 0GS Map 2628, 1:50,000 2 9 2km B e arentionne
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Larder Lake area, Intrusive Rocks

5,336,500MN

Timiskaming intrusive rocks '

5,330,500N

Small volume intrusions,
variable composition tends to
be syenitic

Intrudes along structures and
associated with clastic
sedimentary rocks

5,320,500N

\

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Larder Lake area, Larder Lake grp

5,336,500MN

-~

Larder Lake group
(ca. 2705 Ma)

5,330,500N

Piché group in Quebec

Defines the CLLDZ

Succession of mafic and UM
volcanic rocks

5,320,500N

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Larder Lake area, Cadillac - Larder Lake Break and Gold Deposits

Larder Lake group

Other mafic-UM volcanic
rocks mapped to the south
possible extensions of the
Larder Lake grp. or the
Piché

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Larder Lake area, Cadillac - Larder Lake Break and Gold Deposits

Upper Canada
Anoki
McBean
Upper Beaver
Omega
Fernland
Cheminis
Bear Lake

. Barber Larder
10. McGarry

11. Kerr Addison

©ooNOTR WD~

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Schematic cross section through the CLLDZ

N Larder Lake grp. (Piche equivalent) S

(ca. 2710-2704 Ma)
unconformity Timiskaming (2679-2669 Ma)

Level of exposure

— — e —

- .-‘ What is the nature of the contact
+112 Moz Au is associated with
this contact

/ \ = \
Blake River (2704-2696 Ma) SN \ B
/ . Timiskaming (2679-2669 Ma)
| e
Cadillac-Larder Lake Break
Poulsen 2018
PR — B e e




Fuchsite-carbonate altered ultramafic rocks
Larder Lake group
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- North contact between Larder Lake group and
. Timiskaming assemblage marked by a “transition
= zone’

1-3 m of UM-mafic clasts with a sandy matrix

(

Younging direction away from LLg

north and south

Photos from Nadia St-Jean MSc thesis
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Drill core across the N contact at Cheminis
Youngs away from LLg

Presents as an unconformity

Modified by subsequent deformation

Photos from Nadia St-Jean MSc thesis
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Schematic cross section through the CLLDZ

unconformity

Sl
; & Level of exposure

Blake River (2704-2696 Ma) s .
/ . i
Proto-Cadillac-Larder Lake deformation zone +112Moz of Au

associated with the contact

Structural juxtaposition between the
Blake River and Larder Lake grps.
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Larder Lake area, Cadillac - Larder Lake Break and Gold Deposits

5,336,500MN

5,330,500N

Ancestral CLLDz a. 2705 Ma)

Structural juxtaposition between
Blake River and Larder Lake

Unconformable overlain by
Timiskaming assemblage

|
b
5,320,500N

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Metal Earth Role of NE trending faults

A /

7

iy | ; Role of NE trending faults

No offset on lithologic contacts

ST oe T e w v bR e e o R
aaaaaaaaaaaa

Mainly within the Timiskaming
Assemblage

Clearly mapped with magnetics
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Metal Earth
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Metal Earth

Intersection of CLLdz
And NE faults
localizes deposits

Largest NE fault,
controls Proterozoic
sedimentary rocks
|s the largest gold
deposit

LaurentianUniversit
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Depth (km)

LARDER LAKE BROADBAND MAGNETOTELLURIC SECTION
ABITIBI SUBPROVINCE

o 2 a b S -~
South Jg‘;gk Jgsg? &:gﬁg: - Jg@gh \?33@ \35&& an“? North
E | | ——— E’

5 5
10 10
15 15

Ictivity ~13kmr
20 20
25 25
30 - 30
35 - 35
4{] I T T T 4[:
0 10 20 30 40 km

Ni=tsmneca slamna arafila (k)

Depth (km)

MT surveys shows a
distinct contrast in the
structural hanging wall
of the fertile systems.
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Metal Earth

MT Long section

Linear MT body

trends ~220°
Plunges ~45°
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Metal Earth

MT Long section

Linear MT body

trends ~220°
Plunges ~45°

Intersection of steep S
dipping CLLdf & NE faults
steep SE dip

Same geometry
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Metal Earth

LARDER LAKE R1 seismic secTiON (LN321)
ABITIBI SUBPROVINCE

South Trace Number North
500 1000 1500 2000 2500 3000

The fertile, highly endowed
faults manifest themselves
geophysically as large through
going features that separates
domains that have distinct
physical properties.

Time (s)
Depth (km)

Washed out seismic impedance
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LARDER LAKE BROADBAND MAGNETOTELLURIC SECTION
ABITIBI SUBPROVINCE
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MT surveys shows a
distinct contrast in the
structural hanging wall
of the fertile systems.
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Metal E LARDER LAKE COMPOSITE GEOLOGICAL SECTION
ABITIEI SUBPROVINCE

Lincoln- cadiac-  Kerr Addison North The fertile, highly endowed
Mipissing Larder Lake
Fault

faults are marked by
clastic sedimentary
assemblages which are
inverted during
subsequent deformation.
Ancestral fault marked by
juxtaposition of volc.
assemblages

Mulven Fault Misema-Mist Fault

South Shear Zone

They manifest themselves
geophysically as large
through going features that
separates domains that
have distinct physical
properties.

Depth (km)
Depth (km)

MT surveys shows a
distinct contrast in the
structural hanging wall of
40 , , , 40 the fertile systems.
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Abitibi Transects

Swayze greenstone belt

Similar to Abitibi in geology, 8.8
limited gold endowment %S
\

Gold production
{Gosselin & Dubé, 2005)
<1 Au Moz

-]

© 1-5AuMoz

@ 5-10AuMoz
@ > 10AuMoz
— Faults / Shear zones

= Transect lines
Other lithologies

Lithology
Felsic intrusion
Granitoid

I Mafic intrusion
Metamorphic
Pyroclastic

I sedimentary
Volcanic
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Swayze - A less-endowed greenstone belt? (Gemmell & Haugaard)

SwAYZE R1 seisMic SECTION (LN241)
ABITIBI SUBPROVINCE

Trace Number
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Swayze - A less-endowed greenstone belt? (Gemmell & Haugaard)

SWAYZE BROADBAND MAGNETOTELLURIC SECTION
ABITIBI SUBPROVINCE
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Swayze - A less-endowed greenstone belt? (Gemmell & Haugaard)

SWAYZE COMPOSITE GEOLOGICAL SECTION NO geophyS|ca| expreSSI()n
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Abitibi Transects
Chibougamau

NE part of Abitibi
Copper dominated

5 5 O 1-5AuMoz
21 ?b
=5 @ 5-10AuMoz
@ > 10AuMoz
— Faults / Shear zones
\
- Transect lines
? Other lithologies
| Lithology
Felsic intrusion
Granitoid
4 I Mafic intrusion
> - Metamorphic
! : Pyroclastic
s -9 T g L
Sl -‘\.‘3 - o :‘E-""{J}: 100 = Sedimentary
%E: o4 I < Volcanic
_ .
Vo et Yoas

Gold production
{Gosselin & Dubé, 2005)
e < 1Au Moz
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Chibougamau

Deep Into the Chibougamau Area, Abitibi Greenstone g
Belt: Structure of a Neoarchean Crust Revealed f—d
by Seismic Reflection Profiling '

Lucie Mathien® (*, David B. Snyder® (*, Pierre Bedeawx®, Said Cheragh, Bruno Lafrance® (7,
Phil Thurston®, and Ross Sherock?®

T
5,550,000 (m)

Copper-Gold camp, associated with intrusive rocks
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I Cummings sils
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] / 10m N Froferozcic dabase |

Citation: s 000

Mathien, L, Smyder, . B, Bedeaan, P,

Cheraghi, 5, Lafance, B, Thumston, P, Figure L Geological map of the Chibougaman area, showing the main volcanic, sadimentary, and intrusive pleses. The

& Eherlock, B (2020). Deep inio the geological map & modified from the Minisére de I'Energie et des Resspurces Naturelles (MERN), Québec

l:]i:lmp:rlnl.l area, Ahitihi greensmme (SIGEOM, 2020). The projection k& UTM NADSS Zorne 18M. The simplified stratgraphic column k inspired by the most
recent stratigraphic interpretation (Leclenc et al |, 2017). From base o top, the Cummings silk cormespond i the

beli: Strocture of 2 Nemarchean aust Bourbean, Venmme, and Roberge sills The Caoptina Formation is not integrated to the stratigraphic column because it

revenlad by seiemic reflaction profiling. hes a poody constrained age and an unresolved rebionship with the Opémisca Group. The Gilman Formation & a

Teciomion, 38, e OROTCOOATIL ]“F’:-H remmant of a former siratigraphic interpre mtion (Leclerc et al, 2017). The permaneni broadband station (CHGO)

. i located in C hibao city (49.9105°M, 74374833 W
doiarg/ 101029/ 30TC 0062 ugamau clty (#9.9105°N, b
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C h . b Druilletles La Dauversiére Chapais  Chibougamau Chibougamau Waconichi
I Ougal I Iau (‘\! AnloinelleF?i \’P V’I\i

Kapunapoiagan F#£ Lac Sauvage F/, N W7

Cruercheville F7,

Barlow FZ.

Main Features of Transect S
12 2Mid crust

1. Large intrusive complex, resistive and
seismic isotropic, lower crust source,

melting mafic volcanics ? No surface .
expression «9

18
sLower crust:

Depth (km)
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Druillettes La Dauversiére Chapais  Chibougaman Chibougamau Waconichi

N
N
. N
Antoinette F7. <

La Dauversiére Kapunapotagan FZ, Lac Sauvage FZ H Barlow FZ.

WTZ
Chevrillon
pluton - | | luton I

2. Intrusive complex from lower crust

Guercheville FZ

5. Chibougamau pluton, rootless in
upper crust. Main Cu-Au system

—

Depth (km)
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6. Barlow fault, Abitibi thrust over Opatica
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Chibougamau

{a) Synveleanic perind (+1.8 - .73 Ga) :::::::ﬁ_;:;, plateau basal?)  Lac Dioré Camplen Mims s crsed Ut the norih
Older voleamic Tocks : : i - Conneched to tha Abitibi crust? ]
Chibougamau is a Cu-Au mining camp known for its magmatic-hydrothermal s e : N

deposits centered on the Chibougamau pluton (Pilote et al., 1997).

Waimre of bower crust? Mafic cumstats and gwisses? Siakic Emsemunt? i

The imbrication of parts of the oceanic crust followed by rapid devolatilization R
and melting of mafic rocks to produce TTG suites, seems favorable to the e Ty
production of Cu-Au-bearing hydrous magmas.

Plicro-plates imbircationT
Shoriening of cuntinesus crust?

Continued shortening during terrane imbrication caused additional burial and
metamorphic devolatilization, producing fluids that induced orogenic gold style of
mineralization in the Chibougamau area (Leclerc et al., 2017)

However, the paucity of economic Au deposits in the
Chibougamau area likely reflects the absence of major
transcrustal fault systems similar to those observed in the
southern part of the Abitibi greenstone belt.

I 'afic crust, volenic awcle | included {mafic volenic sd intnasive rocks, ssbordinate felsic voloamiss)
[ ] Velcanic cycle 2 {mafic and felsic veleanic rocks)
Magmatism {mesthy TTG and TTDY basdoliths, but also manile-derived magmas) .
Magmatism of the syniecionic pericd (TT, sarukitoids, alkalse magmatism) N Lic Dort Cemplen

== I Caopating Fomsation (sedimesiary rocks)
m:‘fﬁ?:‘:nn [ ] lemixlrmlpimll ryn:h'l-
= L Figure 8. Evolution of the crust exposed in the Cl ibsowga maw area, between 2 80and 269 Ga (e text for explanation). The vertical scale for surface top
DE’EP Into thE Chlhm-lgﬂmﬂu Arﬁﬂ, Ahltlhl GrEEﬂStDIIE arhitrary. The base of the disgram is located, from (a) to (d), atabowt 30-km depth (normal Anchean oceanie crust) to =>354km depth towand the end
BElt' Stl"l.lﬂ ture Df a NEDHrChE an Cl‘l.lst R.EVEEI]Ed shortening event, prior to Chinming related to port-Kenoran (7) and post-Grenville omgens extendion (pree nt-day erest & 35 km thick in the study ares).

crust evalved into more felde miderust and lower st throwgh metamorph Em, magma injectons, and local anatesds.

by Seismic Reflection Profiling

Lucie Mathien' (), David B. Snyder” (), Pierre Bedeaux', Saeid Cheraghi®, Bruno Lafrance® [,
Phil Thurston®, and Ross Sherlock*
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Waibigoon Transects

Manitoba

North Dakota

North Dakota
. Minnesota
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Keaton Strongman

Lake Superior

Gold production (Dube)
o <1AuMoz
O 1-5AuMoz
@ 5-10AuMoz
@ >10AuMoz

Transects

Faults
Other lithologies
Lithology
Felsic intrusion
Granitoid
- Mafic intrusion
Metamorphic
Pyroclastic

- Sedimentary

Volcanic
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Dryden Area Geology

a3 oW

Gold deposit

====Shear zone boundary
—— Contact

Fault trace

Highway

Goliath-=

i

— Seismic transect | —
I -
Vanlas

Defomnaﬁonmne
Bl oiavase die

Intrusive porphyry

Intermediate to
felsic intrusion

- Tonalite-trondhjemite-
granodiorite

Ghost Lake granite

Banded iron
formation

- Timiskiming-type
sedimentary units

~ Metasedimentary

Supracrustal stratigraphy

« ~2750-2715 Ma

2700 —
bimodal volcanic
successions

o 2715-2710 Ma
2725 —

turbiditic rocks
(Sioux Lookout &
domain) %
(o]
o 2705-2695 Ma <
coarse clastic

sequences (Stormy
and Manitou Lakes

2750 —

Schematic
stratigraphic
section

2775 STRUCTURAL?
I wmafic Intrusive Grou pS) = NONCONFORMITY?
i i 2800
Felsic metavolcanic ;
i X 2 Bedding with top direction (inclined, vertical, === Uncanformity

Mafic metavolcanic ol ~— Contact (undeined)

(low and high magnetic) N e i e e e

(.:r;elssuc unltgw % e et e s ‘ 3000 -

armion and Winnipeg / R
I(?Ner Terranes) oW - -
(Montsion, in prep., Friedman pers. com)
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Dryden Area Geology

83" 0'0"W

A Sioux Lookout domaj dm‘;d

Wabigoon Goliath

> e

Manitou -

T
49°20°0"N

, i _‘.”’ -'g
SR L T ei—— M@fmlon terrane

‘\ RS Bedding with unobserved top direction (inclined, -

vertical, overturned, trend only) -D MM
Pillow younging directrion

\\ "\.. Unsubdivided foliation (inclined, vertical, trend only) — ‘

o (MontS|on in prep., Frieman pers. com. 2020)
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Dl‘yden Ar DRYDEN R1 sEismic secTioN (LN341)
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Dryden Area Seismic

DRYDEN BROADBAND MAGNETOTELLURIC SECTION

South WESTERN WABIGOON SUBPROVINCE North
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Dryden Are‘ DRYDEN COMPOSITE GEOLOGICAL SECTION

South WESTERN WABIGOON SUBPROVINCE North

3 : Eltrut tonalite fo 2705-2695 Ma  ynnamed 2720 Ma
Eltrut amphibolite gneiss oo irite gneiss Storm Lake Group Fault Boyer Lake Group 2695 Ma infrusion

2709 Ma biotite
tonalite suite 2730-2710 Ma

No seismic
transparency
zones

No upper — mid
crust conductivity
contrast

Depth (km)
Depth (km)

Distance along profile (km)
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Dryden Area Seismic / MT

& MT
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More resistive crust

Few if any conductive zones reaching surface
Listric , shallower faults

Underplatted by Marmion terrane
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Waibigoon Transects
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Rainy River transect — ~cgional geology

. \2705"‘0 6 Ma
e Que\‘°°
bl e > S\ G ,,l

- "

“
2689+1.2 Ma j
25 5 10 kilometers L3

New geologic map increased geochron constraints
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2700 —
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2725 —

2734

2750 —

2775 —
2800 —

Stratigraphic section

Seine River group
(Alluvial-fluvial)

Unconformit

Coutchiching group
(Deep marine turbidite)

Unconformity

Felsic volcanism
(Calc-alkaline)

Submarine
— volcanic

Mafic to intermediate suCcession

volcanism (Tholeiitic)

Unconformity/Structural?

2900 _

Gneissic basement
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Rainy River transect —

420000

1 « Synvolcanic Au-Ag-rich sulphide deposits
(Rainy River 3.7 Moz of Au/9.4Moz of Ag):

== > Relationship with Qdz?

.T‘g » Synorogenic sedimentary basins and major
"= deformation (Qdz) zones

BUT poorly endowed:
» Crustal stratigraphy and architecture

_ » Comparison with endowed transects from the
__, > i | ) Abitibi subprovince
A e 4 MRS (SN 4//"; > What parameters control the endowment of
T RN N Ay ot . /  deformation zones?

5420000
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South - . —+— + B —+— —+— North
som e el oo A e o Crustal architecture of the RRGB -

T Upper crust:
7 % ¢ Weak seismic reflectivity
5 e S;pra(;;té_l S ] g » Reflectors (sills/dikes?) dip toward to the S in the northern part and
Sl praces K toward to the N in the southern part (Dome-and-keel structure?)
sywolcanic = | o L ower limit of the RRGB at ~5-9 km
10
$f  Middle crust:
-k £% o Reflective crust between 9 and 15 km
, * Less reflective domains = probable intrusions
* Interlayered mafic and TTG gneiss
20 * Depth extent of faults ~¥12-15 km
s S Lower crust:
8% :% *  Weak seismic reflectivity
< ¢ Subhorizontal reflectors
30 * Ductile homogeneous crust?
* Moho at ~37 km
40 - 7"_ =
Y B e aniiaane
bl s HARQUAIL (005t e




Crustal architecture of the RRGB - No strong geophysical response to lower
L North crust. Felsic volc. Truncated by Qdz
R PR <« Qdz-—>

et e ® O ® O Rainy River
b ( f Cu-Au |
2716 Ma

South

Dobie ultramafic
intrusion Ni-Co

Brittle-ductile
transition
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Aseismic crust —————>|
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Crustal architecture of the RRGB -

South

Dome & Keel geometry North
| Keel | Dome } Kee| ——|
Dobie ultramafic intrusion  Kingsford intrusion «~—Qdz—> Felsic volcanism Sabaskong synvolcanic TTG Morson Gneissic dome JUft et

I 721-2716Ma) 1 "

S

(260221 Ma) —, ot A
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i

SRS
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: R;;:‘ﬁesistive *Upper crust:

Sreenstone beltl, -~ pasistive crust (R1, R2 and R3
anomalies)

= Greenstone belts

* C3: Conductive

ol gneissic dome . Sub\./ertical relatively conduc'tive
. . . corridor (C2) = depth extension of
i the Qdz?

* Conductive zone to the South (C1)
= Ni-Cu Dobie ultramafic intrusion

Depth (Km)

Lower conductive Middle anq lower crust:
crust * Conductive lower crust
=TTG gneisses

* C3 conductive anomaly
= Gneissic dome related to
Morson gneissic dome on surface?
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s of fault geometry on gold endowment? —

-« e
Qdz \ ‘ Felsic volcanism

Dobie ultramafic intrusion Kingsford intrusion

Matheson

(26911 Ma) (2692£2.1 Ma) — ) ! I (2721-2716 Ma) 4 .
/R / b N Glod - @lo S B

10/

15
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[
“'Rainy River transect: \
+ Limited depth extension of the Qdz (~12 km) Deep rooted PDdz (~30km) \
+ Faults are listric at depth Faults are steep Gl \
sce - Moderate conductive corridor = moderate alteration and fluid A deep-crustal conductive corridor connects the lower crust with the surface
flow geology .
+ Absence of a deep seated mineralizing system Existence of a deep seated mineralizing system — PDdz
..» Absence of gold deposits on surface Gold deposits on surface
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Geophysical signatures — Characteristics of fertile faults

All models display similar characteristics:
o Marked by clastic sedimentary rocks, some fertile some less fertile
o Largely resistive upper crust, base of greenstones

o Localized low resistivity zones (fingers) in upper crust linked to laterally extensive mid-lower
crust/upper mantle. Mapping fertile breaks

o Seismic opaque
o Interp as changes to rock properties as a result of fluid flow, in large breaks cutting the greenstones
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What are the differences between sections of variable endowment

Areas with weaker metal endowment why ?? Grossly similar geology

O Weaker precious and base metal fertility in the supracrustal rocks ?

Difference in volcanic rocks (ultramafic flows are notably absent in the Wabigoon)

Was the timing of fluid generation different that the timing of deformation in the fault system
Differences in overall lithospheric architecture, under plating by different substrate ?
Differences in the geodynamic processes
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Why this approach Great Bear Resources Corp. presentation, June 2021
Major Structures Control the Gold

Two places in Red Lake where large structures bring gold to surface
Red Lake Mine
Complex
(Evolution Mining)

Dixie Project

Red Lake Mine Complex
Cumulative gold production of
25 million ounces

LP Fault

Four gold zones drilled to date

with apparent continuity being o ”
drilled over 4km, within an 18km © Great Bear’s
target LP Fault Zone

Seismic cross section after Zeng & Calvert, 2006

E LaurentianUniversity
UniversitéLaurentienne

R = gy .
Vi M Lithoprobe dataset HARQUAIL £ e

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES

Great Bear Resources | Corporate Presentation | June 2021




Metal Earth MT over Lithoprobe seismic

Great Bear
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Lithoprobe dataset
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Metal Earth Data online now

€& > (C @ metalearth.geohub.laurentian.ca/apps/9t8d5d17c2814bebbbddd1c01c2525e3/explore G 2 % 808 \i; a o

Q RSherlock_LaurentianU - Geology
Chib T D ‘ ! . 1 .
Bowriloud AGE ransect Data Fooglendileten Chibougamau Transect - Data Sampling Locations <] Geochem|3try
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i Metal Earth

Laurentian University of Sudbury

View Full Details = /
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Superior Map

Chibougamau Samples =
PRI
=| |8 New Abitibi Map across

OBJECTID StationlD LitholD SamplelD SampleNo SampleType Analysis E . . d . t-

1 MECH00001 MECHOD0001A MECHO0001AGO1 1 representative whole rock;geoc J u rIS IC IOnS

2 MECH00006 MECHO0006A MECHO0006AGO1 1 representative whole rock;geoc

3 MECHO00007 MECHO00007A MECHO0007AGO1 | representative whole rock;geoc

4 MECHO00008 MECHO00008A MECHO0008AGO1 1 representative whole rock;geoc

. T — Y e r— i All open source
4 »

https://metalearth.geohub.laurentian.ca/
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Thank you.

Stay up to date via the MERC Newsletter
Subscribe online by visiting:

Contact us with questions: merc@laurentian.ca
Connect with us on LinkedIn, Facebook, Twitter

oLd METAL EARTH

A new Canadian research initiative funded
by Canada First Research Excellence Fund.
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