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November 27, 2023, MERC Short Course, Saskatoon Geological Open House

New insights into crustal-scale influences on gold and base metal endowment in the Archean Superior Province

Program:
9:00-9:40: Dr. Ross Sherlock; Overview of crustal architecture and endowment from the Metal Earth transects across
the Southern Superior Province.

9:40-10:20: Dr. Mostafa Naghizadeh; Geophysical and Seismic Prospecting of the Southern Superior Province:
Overview of Metal Earth Project

10:20-10:40: Break

10:40-11:20: Kristine Nymoen; Isotopic mapping and its application to understanding craton architecture and
 localization of mineral systems.

11:20-12:00: Dr. Taus R.C. Jgrgensen; Crustal Architecture and VMS Endowment: Insights from the Rouyn-Noranda
Camp, Abitibi Greenstone Belt.

12:00-1:00: Lunch
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November 27, 2023, MERC Short Course, Saskatoon Geological Open House

New insights into crustal-scale influences on gold and base metal endowment in the Archean Superior Province

Program:

1:00-1:40: Dr. Bruno Lafrance; Differences in gold endowment in dome-and-keel and linear accretionary greenstone
belts of the Superior Province.

1:40-2:20: Michael Herzog; Multi-scale controls on orogenic gold precipitation and remobilization in the Malartic-Val-
d’Or District, Québec.

2:20-2:40: Break
2:40-3:20: Dr. Ross Sherlock; Gold Mineralization in the Larder Lake Segment of Larder Lake-Cadillac fault.

3:20-4:00: Dr. Jack Simmons; Archean orogenic gold deposits associated with structurally-controlled

metasedimentary belts of the Superior Craton.
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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.
David Harquail, Interim 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 $104M applied R&D initiative.

o Canada FIRST Research Excellence Fund (CFREF) $49M, $5M from NOHFC, $1M from David Harquail 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
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Metal Earth Strategy

o Focus on Archean greenstone belts, which represent 60% of Earth history and almost
90% 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-depasits

o Focused on the Superior Craton as the level of framework geoscience is
unprecedented, take this into other Precambrian terranes

E LaurentianUniversity
UniversittLaurentienne

HARQUAIL core s sciesces e s esae




State of the Industry, why Metal Earth is needed

From Dan Wood’s SEG newsletter --—
. . Gold % s o+ T
Value of discoveries less than the exploration investment ot 2% aets 2w [USW| 1%
Unsustainable as an industry Nickel 4% — L --
. : : : : Zinc + Lead 3% 6%

Focus on Brownfields environments. Greenfields discoveries 2 - e -
Uraniom s R
Requires new search space to change heop Gy 1% [RRRN S .
Dee Coal 7% _ 9% --
: o 2o [EEN
Covered e - S =-
Remote TOTAL ool 100%

Needs new tools to be effective in these spaces FIGURE 2. Discovery performance by cammodity, 2007 to 2016 Value of discoveries (USS 2016)

estimated as $2 billion, $500 million, $80 million, and $10 million for tiers 1, 2, and 3 and unas-
signed, respectively (excludes unreported discoveries). Value/Spend is the ratio of the value of all
discoyefies' to the total cost of exploration (break even = 1.0). From Schodde (2017), used with
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Metal Earth Data Chibougamau, Malartic, Noranda online now

&« C & metalearth.gechub.laurentian.ca/apps/9f8d6d17c2814bebbbd4d 1c01c2525e3/explore G 2 % 80 % \32 o G
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Open source

Rouyn-Noranda -

Chibougamau Samples =

OBJECTID StationID LitholD SamplelD SampleNo SampleType Analysis =
1 MECHO00001 MECHO00001A MECHO0001AGO1 1 representative whole rock;geoc

2 MECH0000& MECHOO006A MECHO0006AGO1 1 representative whole rock;geoc

3 MECHO00007 MECHOD0007A MECHO0007AGO1 f representative whole rock;geoc
4 MECHO00008 MECHO0008A MECHO0008AGD1 1 representative whole rock;geoc
= LY e P LR e Vatats Y MaCrLGHICANNNT A MACCUT OIS ANANTAC N B o R DT m

https://metalearth.geohub.laurentian.ca/
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Superior Craton

Focused on Abitibi and
Wabigoon subprovinces

PHANEROZOIC AC Ashuanipi complex
Ph Platform sediments OcS Opatica subprovince
PROTERQZOIC PT Ponliac lerrane

Kw Keweenawan

Th Trans-Hudson orogen
ARCHEAN

VIl Douglas Harbour domain
VI Utsalik domain

V Goudalie domain

IV L. Minto domain

Il Tikkerutuk domain

I Inukjuak domain

BS Bienville subprovince
LG La Grande subprovince
OnS Opinaca subprovince

AT Abitibi terrane

KU Kapuskasing uplift
WT Wawa terrane

QT Quetico terrane

EWT E. Wabigoon terrane
WWS W. Wabigoon terrane
WRT Winnipeg R. Terrane
ERT English R. terrane '
NCS North Caribou supedarrane
0SD Oxford-Stull domain

NSS Northern Superior superterrane
MT Marmion terrane

\ BR_Bird R. subprovince
- MLD Molson L domain
h ¥ ILD Island L domain

v emanry

Percival, 2007

FiGure 2. Mosaic map of the Superior Province showing major tectonic elements. Data sources: Manitoba (1965); Ontario (1992); Quebec (2002) and
(Leclair, 2005). Major mineral districts: 1: Red Lake; 2: Confederation Lake; 3: Sturgeon Lake; 4: Timmins; 5: Kirkland Lake; 6: Cadillac; 7: Noranda;
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Metal Earth
I:l Gneissic tonalite ﬁ Metal Earth zircon U-Pb geochronology

. . . database
|:| Foliated tonalite suite

- Massive granodiorite to granite
- Mafic to ultramafic rocks . SW Superior (quadrant 2) samples

Working at Variety Of Scales [] Metasedimentary rocks @ New Wawa sampling (July 2019)

- Mafic to intermediate volcanic rocks . New Bienville sampling (August 2018)

N ew m a p a n d g eoc h ro n d ata bas e [ Felsic to intermediate volcanic rocks

. SE Superior (quadrant 1) samples

Craton Scale \
Metal Earth: Craton-scale W BN oy e %
New project aims to perform multi-isotopic mapping of *jf% L = .
the Superior Craton
Collection of large U-Pb-Hf-O-TE dataset on archived
zircons

Ultimate goal is to:
Constrain time-space evolution of the craton
Build an advanced knowledge of crustal architecture
across the craton
Relate these products to the localisation of mineral
systems

Status:
Completion of SE Superior
SW Superior in progress

Kilometresﬁ

0 90 180 360 540 720

Kristine Nymoen will discuss
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MT mapping of the crust

Morthing (km)

Large scale electrical resistivity in southern Abitibi as
a series of depth slices

E
Clear correlation of conductive fingers from the lower £ g
crust focused along the breaks. i 3
Interpreted as hydrothermal, magmatic and metal N g
transfer g

T 5325

Gondwana Research 105 (2022) 84-95

C lists ilable at Sci Direct
Gondwana Research £ sa7s
= =]
e Ny |
1 SFVIF journal homepage: .elsevier.com/locate/ =
[]H[\”R jour pag www vier. gr 55,5&5
=
Magmatic, hydrothermal and ore element transfer processes of the m) ' e
. . A . = 500 650 600 650 700 750 500 550 600 650 70O 750
southeastern Archean Superior Province implied from electrical i

e Easting (km) Easting (km)
resistivity structure

Fig 1 Planview sections through the resistivity model at depths of a) 5 km, b} 11 kmy, €) 15 km, d) 20 km, ¢) 28 km, ) 38 km, £) 51 km, and h) 70 km. Gold squares represent
Eric A. Roots *™* Graham J. Hill , Ben M. Frieman®, Philip E. Wannamaker , Virginie Maris “, significant gold deposits as in Fig. 1. Thick black dashed lines represent approximate traces of the Larder Lake - Cadillac deformation zone {LLCdz, south) and the Porcupine -
Andrew ] Calvert*, James A. Craven b_ Richard S. Smith?, David B. Snyder ab Destor deformation zone (PDdz, north) White lines in a) give the locatons of the seismic lines and coincident vertical slices in Fig. 4 Labels and black | white dashed outlines
in b-f correspond to MT anomalies discussed in the text
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Gold Endowment

Abitibi Transects

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

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

© 1-5AuMoz

1 auO'Z
LI auOZ

Drawing cross sections across a3 @ 5-10AuMoz

ancestral faults/ volcanic and Timmins-Porcupine # (%)
plutonic complexes of variable ’ ).
metal endowment

@ > 10AuMoz
—— Faults / Shear zones

= Transect lines
Other lithologies

Lithology
Felsic intrusion
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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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Waibigoon Transects
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southern Abitibi subprovince

western Wabigoon subprovince

Schemat;'c Er(rjlplacementlor
: stratigraphic epositiona
SCI‘IJEITIEtILt: Emplacﬁmenl or section environment
Assemblage stratigraphic depositional
- - alluvial-fluvial to
and age section environment 2700 shallow marine
Timiskaming 1':1'“:;:::11:122:1‘: deep marine,
~2679-2669 Ma (i.e., molasse) e turbidite
Pontiac deep marine, e
subprovince turbidite =
~2685-2682 Ma (i.e., flysch) b -
Porcupine deep "."E!"'"E- §’ pri;uabrglsglr;hic
~2690-2685 Ma i t:rﬁ'::::h} 2750 — construction
Volcanic submarine J/
assemblages volcanic ’ 2775 STRUCTURAL?
""2?50'2695 ME . . = NONCONFORMITY :
(primary construction) 2800 7 F < TR % - |
) ) N gneissic-plutonic
?'{ff /é;// (Marmion subprovince)
s000 | IR

(Frieman, 2018; PhD thesis) (Frieman, person. com)

STRATIGRAPHICALLY, THE ABITIBI = THE WABIGOON (+10-20 MA)
LIMITED GOLD ENDOWMENT IN THE WABIGOON

E LaurentianUniversity
UniversittLaurentienne

HAR U AI SCHOOL OF EARTH SCIENCES
ECOLE DES SCIENCES DE LA TERRE

TV ad L Y

IV =M .-

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES




Abltlbl T Km 4 of ~1,000 |/km seismic survey Metal ENEREnSect work A
Geology/geochem/geochron
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g Gravity
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Chibougamau

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

Lucie Mathien® (*), David B. Snyder® (*, Pierre Bedeaux', Saeid Cheraghi®, Bruno Lafrance® (),
Phil Thurston? and Ross Shedock®

I
5,550,000 (m)

Copper-Gold camp, associated with intrusive rocks

[ | Sinlla Fm
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] / 10m N Froterozoic dabass |
-E ‘,;:, [—— B Prowiazsic sed, rock g

Ci:.lt!.m.' £80,000
Mathien, L, Smyder, . B, Bedeaan, P,
Cheraghi, 5, Lafance, B, Thumston, P, Figure L Geological map of the Chibougaman area, showing the main volcanic, sedimentary, and intrsdve pleses. The
& Sherlock, B (2030). Deep inio the geological map i modified from the Minisére de [Energle et des Ressources Naturelles (MERN), (Quéhec

area Albitihi (SIGEOM, 2020). The projection & UTM NADS3 Zone 18M. The simplified stratgraphic column i inspired by the most
Chiboog E e recent stratigraphic interpretation (Leclere et al., 2017). From base (o top, the Cummings silk corregpond o the
helt: Structure of a Nemarchean cust Bowrbeaw, Venture, and Roberge sills The Caopatina Formation 15 not integrated to the stratigrmaphic column because it
revenled Iy sesmic reflaction profiling. e a poory constrained age and an unresolved relatorship with the Opémises Group. The Gilman Formation b a
Tciood ox, 28, e 2020TC 006223 http)f remnant of a former stratigraphic interpretation (Leclere et al,, 2017). The permanent broadband station (CHGOQ)

. i located in C il city (49.9105%M, 74374833
doiarg/ 101029/ M0TC 006 2T ugamau city { N >
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Chibougamau

1. Large intrusive complex, resistive and
seismic isotropic, lower crust source,
melting mafic volcanics ?

2. Intrusive complex from lower crust

5. Chibougamau pluton, rootless in
upper crust

6. Barlow fault, Abitibi thrust over Opatica

S La Dauwversiére Chibougamau
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Chibougamau

Chibougamau is a Cu-Au mining camp known for its magmatic-hydrothermal
deposits centered on the Chibougamau pluton (Pilote et al., 1997). The
imbrication of parts of the oceanic crust followed by rapid devolatilization and
melting of mafic rocks to produce TTG suites, and possible mixing with
mantle-derived melt to produce TTD, all seem favorable to the production of
Cu-Au-bearing hydrous magmas.

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.

() Syoveleanic period (=28 - 173 G ¥ oloAnie eyele 1 a M sratun: enset o the nork?
Coder volcamic racks {centre] valcanal plateau basalt?)  Lac Doré Cample Canneceed to tha Abitibi srust?
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e - \ 0 ¢
7 " \ \ f
Matwre of lewer crust? Mafic cumalats and prarisses? Qullcbuuu{ml'i' \, J
Bicmo-plates imbincation?
T
(1) Synvolcanic pertad (2.73 - 271 Gia) Voleanle eyele ' e Shenening of comtingouy crust?
. 3 - i —

I Mafic crust, volenic aycle | included {mafic swoleanic snd intrasive rocks, ssbordinate felsic voloamiss)
[ ] Welsanic eycle 2 {mafic and felsis voleanic rocks)
Magmatism {mesthy TTG and TTD basboliths, but also manile-derived magmas) .
Magmatism of the syntectonic period (TT0, samukitoids, alkaline magmatism) = Lax Dord Complex

Crepatira Fursation (sedimentary rocks)
e i B oo o ey

Figure 8. Evolution of the crust exposed in the Clilsowga maw area, between 2 80and 269 Ga (e best for explanation). The vertical seale for surface top
arhitrary. The base of the disgram is located, from (a) to (d), at about 30-km depth (normal Anchean oceanic crust) o =>354km depth towand the end
ahortening event, prior to thinning related to pot-Eenoran (7) and post-Grenyille oogens extension (prese ni-day crust & 35 km thick in the sudy ares).
crust evalved into mone felde miderust and lower crust thmowgh metamorph Em, magma injections, and local anatesds.
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Abitibi Transects

Seismic

MT

Gravity Magnetics
Focused geoscience

]
A

Drawing cross sections
across greenstone belts
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Gold production

(Gosselin & Dubé, 2005)
<1 Au Moz
1-5Au Moz
5-10Au Moz

> 10 Au Moz

—— Faults / Shear zones

—— Transect lines

Other lithologies

Lithology
Felsic intrusion
Granitoid

I Mafic intrusion
Metamorphic
Pyroclastic

[ sedimentary
Volcanic
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Abitibi Transects

Seismic

MT

Gravity Magnetics
Focused geoscience

Drawing cross sections
~ across greenstone belts

ol Uo7 =
. LT' auO'l

100
I <

Gouin

Gold production
(Gosselin & Dubé, 2005)
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Other lithologies

Lithology
Felsic intrusion
Granitoid

B Mafic intrusion
Metamorphic
Pyroclastic

[ sedimentary
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Abitibi Transects

Seismic

MT

Gravity Magnetics
Focused geoscience

Drawing cross sections
~ across greenstone belts

ol Uo7 =
. LT' auO'l

100
I <

Gouin

Gold production
(Gosselin & Dubé, 2005)
e < 1AuMoz
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— Faults / Shear zones

—— Transect lines

Other lithologies

Lithology
Felsic intrusion
Granitoid

B Mafic intrusion
Metamorphic
Pyroclastic

[ sedimentary
Volcanic

IV =M .-

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES

LaurentianUniversity
UniversitéLaurentienne

HAR U AI SCHOOL OF EARTH SCIENCES
ECOLE DES SCIENCES DE LA TERRE




Metal Earth how are these faults expressed geophysically

TR

Separate talk

Transect Scale Research

Larder Lake Transect

Seismic & MT

From: Jackson, 1995, OGS Map 2628, 1:50,000
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Abitibi Transects

Rasmus Huaguard

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

John Ayer

© 1-5AuMoz
@ 5-10Au Moz
@ > 10AuMoz
— Faults / Shear zones

= Transect lines
Other lithologies
Lithology

[ Felsic intrusion

Granitoid
Mafic intrusion
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Pyroclastic

\
100 Sedimentary
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BI"50W  B1°4OW  B1°30W  B1T20W  BIMIOW  BI°W 80°50W  80°40W Lithostratigraphic framework
h A ] h § f i B

Timmins Region
B8l Proterozoic cover (<2500 Ma)

Hosts the world's largest Archean orogenic gold| .| \"™" Lt s Nk e saricng | | "nnsons

N C == ' Crawchest selamic e [ A ] Felsicto |nfermed|ate |nku5|ons_(2759—2682 Ma)
ca m p >75 M oz AU) - - Synvolcanic ultramafic to mafic intrusions
| o MT stations [

49"10'N
s

(2750-2700 Ma)
Sedimentary rocks

- Timiskaming Assemblage (2676-2669 Ma)
E Porcupine Assemblage (2690-2685 Ma)

[ sc | Scapa Group (<2697 Ma)

Volcanic rocks

Blake River Assemblage (2704-2696 Ma)
Tisdale Assemblage (2710-2704 Ma)

E Kidd-Munro Assemblage (2719-2710 Ma)

- Stoughton-Roquemaure Assem. (2723-2720 Ma)
- Deloro Assemblage (2730-2724 Ma)

5440000N m

49°N
|

Endowed with base metals
* Kidd Creek & Kamiskotia VMS mines
* Numerous Magmatic Ni-Cu-PGE deposits

5420000N m

48°50'N

5400000N m

Structures

Metal Earth’s 80 MT stations models ~10,000
Km? & combined with DA seismic lines

Archean faults  ------ Late faults

—— Anticline —— Syncline

5380000N m

. . Gold (Au) depo?ih . VMS deposits .
improves understanding of: e e eyl
» Crustal architecture B | hoee —
. . § 6. Pgmourmine . ) 14, Langr_wauirmine
* Conductive corridors/fault zones P . (GE e
9. Clavos mine 17. Crawford deposit

10. Bradshaw mine

* Alterations footprints

T
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Kilometers
"e - LD

Metal Earth Science

Timmins ~90Moz gold production

ew MT data acquired between 2020 — 2021

50 AMT - high resolution data targeting upper crust

Acquired by mining companies

| ? ~_ipper mantle structures Acquired by Metal Earth

.. »I !

M Cities
@ canadian Nickel
— = 3 », = -
R = - i, e @ Newmont
IV =M .- ' @ Pan American Silver
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South Timmins Seismic line

00E m 4B0000E m 500000E m 520000E m south South Timmins Seismic Iine North North
o A= A" South Timmins seismic line Hollinger Au Mine - PF N Kidd Creek VMS Mine
o 1 B' South Porcupine seismic line PPD F /ﬂ g ﬂ
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Upper crust folded (green
lines) & faulted (red lines)

PDF is south-dipping

Pipestone fault is north-
dipping

Depth (km)

20 4

Vertical transparent
sceismic zones in the mid-
- to lower gneissic crust
e St ~—— suggests the PDF

_ e ® " % continues to depth

- » Upper Crust greenstones - evidence of thin-skinned folds and thrusts

« Middle and Lower Crust - evidence of thick-skinned deformation (i.e., basement
faulting)
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| Batholith
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Crawchest Seismic line

Pipestone
South i ic li North u
00Em 460000 m 430000E m 500000E m 520000 m A faults Pdz Crawshaw seismic line 2 _Reflecto rs In the u p pe r
N | A== A" south Timmins seismic line K M ‘ I ‘ ‘ . .
( 1B B' South P I B
‘ L 7// o Cf:WCh:sr:iz:Z::}e:;:m i : ¢ : sl s =y _ i st . R N R crUSt Ind Icate fOId &

e thrusts in upper crust

greenstones

-Kidd Munro
assemblage (yellow)
bounded by Porcupine
seds & Pipestone
faults to north & south
(pop-up structure?)
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Depth (km)

20

25 £

-Subvertical zones in
the mid & lower crust
OOOOOOO ‘ | === = e suggest connection to
n " 0 5 10 15 20 25 30 35 40 45
| Distance along profie (km) crustal scale stuctures
Upper Crust shows thin-skinned folds and thrusts
« Middle and Lower Crust shows thick-skinned deformation (basement faulting)
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Combined MT and Seismic for Timmins and Crawchest Sections

Kidd Creek VMS
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Kidd Creek N-S Section “60km
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Matheson Seismic and MT Section - Moderately Au Endowed
e B-B: I¢ A-A I

; Matheson .
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Lithological assemblage

= Intrusion
Q Felsic intrusion
o
T | Sedimentary rocks
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2 .
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- 2.0 3 Lower Tisdale
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20 40 Distance (Km) 60 80
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Swayze — A less-endowed greenstone belt? (Gemmell & Haugaard
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~ Plutons (young) | Krist? (Porcupine, 2690-2685 Ma) [l Blake River (2704-2695 Ma) [l Deloro (2734-2724 Ma) !
- I Timiskaming (2679-2669 Ma) 1] Porpcupine (2704-2685 M?) B Kidd Munro (2720-2710 Ma) [l Pacaud (2750-2735 Ma)
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Waibigoon Transects
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Dryden Area Geology
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Dryden Area Geology

93" 00w

A Sioux Lookout domaj dlu’:ri' d'l
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Beddlng with unobserved top direction (inclined, .

wvertical, overturned, trend only) o] D Honmnn
Pillow younging directrion

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

S (MontS|on in prep., Frieman pers. com. 2020)
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Dryden Area Seismic
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Dryden Area Geophysics

) ~ MBWdz Boyer Lake & Wdz
Soiffy  THoron Wapagelsi ¥ Kawashegamuk + North
S s ¢ 5 1/C Maps deep
0 seated fault systems,
likely into the moho.
10 MT surveys shows
contrasts mainly in the
5 20 lower crust. But broken
= up
4
A
&30 No significant contrast
- associated with the fault
systems in the upper
40 crust
Different from Larder
>0 Lake and Abitib
—5480 —-5470 —5460 —5450 —5440 5430 - -aKCandADIDI
Northina (km) transects
Ve (Frieman pers. com 2020) G 0 i,
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Waibigoon Transects
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Rainy River transect — =coional geology

Stratigraphic section
| 2686+ Seine River group
; (Alluvial-fluvial)
2692 Unconformit
Coutchiching group
2700 — (Deep marine turbidite)
2704- .
Unconformity
2710 ]
Felsic volcanism
(Calc-alkaline)
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g
8 2734+
B Submar
— volcan
Mafic to intermediate SUCCOSS]
2750 — volcanism (Tholeiitic)
2775 — —
Unconformity/Structural?
2800 —
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Rainy River transect —

420|000 430000

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

=== > Relationship with Qdz?

» Remobilization of gold mineralization during the
regional deformation?

.. Synorogenic sedimentary basins and major
deformation (Qdz) zones

. BUT poorly endowed:
- » Geometry of deformation zone at depth
G Vak - / > Crustal stratigraphy and architecture
6?] SN e > Comparison with endowed transects from  the

5420000

JA:'I‘. 1

> 7]

’Z/” ' Abitibi subprovince

> What parameters control the endowment of
deformation zones?
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Upper crust:

. Weak seismic reflectivity

. Reflectors (sills/dikes?) dip toward to the S in
the northern part and toward to the Nin the
southern part (Dome-and-keel structure?)

. Lower limit of the RRGB at ~5-9 km
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Supracrustal rocks
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Seismic crust —»
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synvolcanic " =

Middle crust:

* Reflective crust between 9 and 15 km

* Less reflective domains = probable intrusions
* Interlayered mafic and TTG gneiss

* Depth extent of faults ~12-15 km
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Brittle-ductile
transition
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Lower crust:
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Crustal architecture of the RRGB -

South North
} Keel | Dome | Kee| ——
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R3: Resistive | Upper crust:
Greenstone belt | * Resistive crust (R1, R2 and R3 anomalies)
= Greenstone belts
. Subvertical relatively conductive corridor (C2)
= depth extension of the Qdz?
. Conductive zone to the South (C1)
= Ni-Cu Dobie ultramafic intrusion

 (3: Conductive
“gneissic dome

Middle and lower crust:
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s of fault geometry on gold endowment? —

Matheson Cisar
Dobie ultramafic intrusion Kingsford intrusion = Qdz r_: Felsic volcanism +

(26911 Ma)  (2692+2.1 Ma)—, , t 7212716 Ma) 1 ’
A/ > y O gt elo (4 v -

10

15|,
! “: E
20
).
o
[ )
“Rainy River transect: atheson transect i / |
* Limited depth extension of the Qdz (~12 km) * Deep rooted PDdz (~30km) \
+ Faults are listric at depth  Faults are steep C1 N\
2ce Moderate conductive corridor = moderate alteration and ¢ A deep-crustal conductive corridor connects the lower crust with the
fluid flow surface geolog;
* 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

PDF Y
C Pamour C

36 :1.000x
2 i All models display similar
*~ characteristics:

- v'Largely resistive upper crust

v'Localized low resistivity
zones in upper crust linked
to laterally extensive mid-
lower crust/upper mantle

v'Seismic opaque
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Other Systems

Above the brittle-ductile transition, three narrow low
resistivity zones (~100 Qm) branch to the surface. The least
resistive zone is remarkably aligned with the world-class
IOCG-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 from crust and
mantle sources to emplacement at discrete locations.

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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Why Seismic ??

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 el

drilled over 4km, within an 18km 2 Grfeat Bel?r .

target LP Fault Zone

Seismic cross section after Zeng & Calvert, 2006
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What are the differences between sections of variable endowment

Able to map fertile fault systems

Tend to be late, planar features, separating domains of variable seismic impedance
Upper crust largely resistive.

Broad zones of lower resistivity in lower crust.

Deep seated faults with associated lower resistivity in immediate HW (alteration)
Isotropic to seismic

| Areas with weaker metal endowment why ??

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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Metal Earth Data Chibougamau / Malartic online now

&« C & metalearth.gechub.laurentian.ca/apps/9f8d6d17c2814bebbbd4d 1c01c2525e3/explore G 2 % 80 % \32 o G
T Q RSherlock_LaurentianU = Geology
Chib T D . . ‘ i :
Dol ngg n Ereslielteion Chibougamau Transect - Data Sampling Locations & Geochem|stry
Metal Earth .
— L:u.'aent:an University of Sudbury G ravlty

Details I—-/ > iyfeassini . .
‘ Seismic

oo Application
00 Web Experience

e
i
o

September 14, 2023
Date Updated

©

R Geochron database

Public
Anycne can see this content

(separate)

( Bale-Come
No License Provided

Request permission to use

B &

e ) o Su perior Map

Rouyn-Noranda -

Chibougamau Samples =
All open source
OBJECTID StationID LitholD SamplelD SampleNo SampleType Analysis =
1 MECHO00001 MECHO00001A MECHO0001AGO1 1 representative whole rock;geoc
2 MECH0000& MECHOO006A MECHO0006AGO1 1 representative whole rock;geoc
3 MECHO00007 MECHOD0007A MECHO0007AGO1 f representative whole rock;geoc
4 MECHO00008 MECHO0008A MECHO0008AGD1 1 representative whole rock;geoc
= LY e P LR e Vatats Y MaCrLGHICANNNT A MACCUT OIS ANANTAC N B o R DT m

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

sl METAL EARTH

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

"
\\\‘ .I'J',,

<oy > CANADA

: B 3 FIRST Canadi
RESEARCH
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FUND
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