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Abitibi Greenstone Belt Stratigraphy
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Northern Abitibi: Timing of Seds. & Gold
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Northern Abitibi:

Casa Berardi & Chicobi Deformation zones
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Timmins Au Deposits Occurs Along Two Major Faults

North: Pipestone Deformation Zone: D, thrust with Kidd-Munro volcs
(2720-10 Ma) thrust south over Porcupine turbidites (2690-80 Ma);
Au<2680 Ma.

South: Porcupine Destor Deformation Zone: D, thrust associated with
Timiskaming conglomerates & sandstones (2676-70 Ma); Au<2670 Ma.
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N-S Schematic Cross Section showing D,/D; Deformation

(Bateman et al., 2008. Econ. Geol.)
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» Early Stage Au (D,/D,) (uneconomic):

Pre-Timiskaming (>2676 Ma): Au in ankerite vein clasts in
conglomerates. Possibly related to Pipestone fault

» Main Stage Au (D,/D,) (~75 Moz):

Post-Timiskaming (<2670 Ma)

*Cu-Mo-Au stockwork (eg. Mcintyre Re-Os moly age of 2672
+/- 6 Ma)

*Au veins in hanging wall anticlines (Hollinger-Mcintyre, Dome
— Re-Os moly age at Dome of 2670 +/- 10 Ma).
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250 km D2 thrust - host to 7 mining camps (~100 Moz Au)
Thrust dips south from Matachawan to Kirkland, changes to N dip, east of Larder
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LAHDEH LAKE - CADILLAC BREAK

Z0Em

Poulsen (2017)



Kerr Addison -Deposits formed
11 M oz during D,

| associated with

the Larder Lake-

Cadillac

deformation zone.

-Assoclated with
gz-cb veining,
. disseminated

Timiskaming assemblage (2677-2669 Ma) Tisdale, Kinojevis, Blake River .
- assemblages (2710-2696 Ma) sulfides &

Syenitic intrusions .
Mafic volcanic rocks extensive
Sandstone and conglomerate carbonate
alteration
Lafrance (2015)

Huronian Supergroup

Alkalic pyroclastics and flows
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[ Mainly graywacke

“Main Break” Fault lies 2 km NE of
LLCDZ. It strikes NE & dips steeply
S. Au occurs in narrow gz-cb veins
within brittle fault breccias along
with Au- & Ag-tellurides, Mo, & Pb
(Ispolatov et al., 2008)
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Kirkland / Larder Au geochemistry:

-Main Break Au associated with telluridies and molybdenite;

high Te (Te>Au), Mo & low As
-Main Break Is distinct from Upper Canada & LLDZ deposits

(Ispolatov et al., 2008)

¥ Kirkland Lake
V' Upper Canada
0% X O LLDZ

SXo
Te AS



Larder-Kirkland Timing of Deformation & Gold

Conclusions

Gold mineralization along the Larder Lake
deformation zone was emplaced syn-D2 in a wide
ductile corridor of deformation with strong ankerite
alteration.

Gold at Kirkland Lake is associated with Te & Mo
in brecciated quartz veins emplaced in syn-D4,
sericitized, brittle faults.

Mineralization is coeval with a long-lived alkalic
magmatic system.

(Ispolatov et al., 2008)
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Tonalite
U-Pb
Zircon
age 2741
+ 1 Ma
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Moly with Au in diorite; Re-Os age
= 2741 * 7 Ma (DDH E-09-01)

(Kontak et al., 2013)
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Wawa Subprovince Abitibi Subprovince

Assemblage Ages (Ma) Assemblage Ages (Ma)
Dore Timiskaming 2676-2670
<2680
(Cycle 4) ;_ Porcupine 2690-2685
Upper
. Blake Rive 2701-2697
Catfish 2710-2700
(Cycle 3) Lower 2702-2701

Blake River

______ Tisdale 2710-2703

~ —

~
Wawa ~ Kidd-Munro 2719-2711
(Cycle 2) ~
2750-2735
Stoughton- 2723-2720
\Roquemaure
~
~
~ .
Hawk ~ Delor} ~ 2730-2724
(Cycle 1) 2890+
\ Pacaud 2750-2735
-
? Intermediate / felsic
- . ioan:-):nerate volcanic rocks
I Turbidite

| p Mafic volcanic rocks

ron formation . .

L - Ultramafic volcanic rocks
~—~—~— Unconformable contact

Conformable/
disconformable contact

« Upper stratigraphic units in Abitibi & Wawa have
similar lithlogies & ages (i.e. 2.76-2.68 Ga).

* One difference in the Wawa terrane is the
presence of a ~2.9 Ga lowermost unit
representing a stratigraphic gap (unconformity ?)
of >100 Ma.
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U-Pb age sample site

Hemlo Deposit Setting
Occurs within 2693-2685 Ma
clastic seds. & felsic volcs
(i.e.Porcupine age), underlain
by mafic volcs,
metamorphosed to
amphibolite facies, and
intruded by 2720 Ma tonalite
batholithsto N & S

Deposit occurs at a jog in the
~50 km Lake Superior
deformation zone

Au associated with
disseminated sulfides
in broad replacement zones



Hemlo Deposit Area

Map

and Cross Section (pavis and Lin, 2003)
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Intrusive rocks

Proterozoic diabase dikes

Archean felsic intrusions,
mostly granodiorite

Archean supracrustal rocks
south of the Hemlo shear zone

Amp Metapelite and metagraywacke

Metaconglomerate

Felsic schist (quartz-feldspar schist)

Aaw

Amphibole-rich metawacke

Aag Amphibolitic gneiss, amphibolite (in Fig. 2)

Archean Supracrustal rocks in and north of the Hemlo shear zone
(Arrow indicates stratigraphic order, from unit Ab to unit Acs)

Cummingtonite schist

Heterolithic conglomerate
and graywacke

Uncenfomity

Upper graywacke

Moose Lake porphyry
(quartz +/- feldspar porphyry) ~ /\

Av: Reworked volcaniclastic rocks
Acw: Calc-silicate band-rich wacke

Unit Agwl interlayered with unit Av.

Lower graywacke(Agwl),
locally mafic (Amw).

Basalt (amphibolite)

Rocks closely associated with the ore zones

Surface gold mineralization/
up-dip projection of ore zones

[l

Mafic fragmental unit, altered felsic fragmental
rock of unit Av (exposed east of "A" zone pit)

Lithological contact (approximate). . . . . ——=—-————--
Unconformable contact

Bedding (top unknown, overturned) . . . . . . X
Fold axial plane (F3,F4) . . ... ... ... PR
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Headframe . . .. .................. ]
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Structural History:

-D, early thrusting, fabric only locally
preserved

-D, sinistral kineamatics with tight
folds & shearing parallel to stratigraphy
-D; crenulation folding overprints Au
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Comparison of Hemlo and
Kirkland Lake deposits

Hemlo ~23 M oz Au over 4 km strike
length. The ore zone strikes W &
plunges steeply W, changes to a
WNW strike with a shallow western
plunge Iin the east. Au occurs In
broad shear zones associated with
Mo, As, Sb, Hg, Ba & V (magmatic
affinity?).

Kirkland Lake ~26 M oz Au over 6
km strike length. The ore zone strikes
NE with shallow plunge to SW. Au
occurs as narrow qz-cb veins in
brittle D4 faults. Au Is associated
with Te, Mo, & Pb, (magmatic
affinity?)



| Granitoid:
| ca 2720 Ma

Granitoid:
| ca 2688 - 2664 Ma

Mafic volcanics,
amphibolite

Mafic-intermediate
gneiss

| Falsic volcanics:

| MLVC

Tuffaceous
sandstone,
conglomerate

Epiclastic:
wacke,
mudstone

Faull

-D,: N-S compression & south verging
thrusting resulting in deposition of
2695-2685 Ma clastics & felsic volcs.
-D,: NE-SW transpression & sinistral
deformation resulted in NE-NW jog &
pathway for hydrothermal fluids & Au
@ ~2680 Ma

Similarities of Hemlo Deposit to

Northern Abitibi faults
-South-verging thrusting

- Deposit associated with 2695-2685
Ma clastics & volcanics

-No evidence for Timiskaming
assemblage rocks @2676-2670 Ma
-Age of main stage Au @ 2680 Ma is
older than 2670-2665 Ma in S. Abitibi



Timing of Hemlo Deformation and Gold
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Mineralization/
Alteration

2690 2680
Gold is syn-D, & pre-D; @ 2690-2680 Ma
& peak metamorphism is post-ore @

2678-76 Ma. (Muir, 2002)

SUPRACRUSTAL
ROCKS
(detrital & inherited)

INTRUSIVE
ROCKS

Kusin's porphyry
(metamorphic)

II." Mineralized aplite dike
{magmatic?)

AGE (Ma)
2600 ——

EVENTS

(Hder limit on
(3 deformation

Regional
Metamorphizm

267711 Ma for
unmineralized
2650 ——dike cutting ore

Younger limit
on gold

Older limit
on (32 deformation,
probable older limit
on gold

\ Porphyry dike cutting ore |

" Cedar Lake Pluton
early syn- or pre-(G2

Hanging-wall
sediments e

- i}
Moose Lake porphyry
at Barren Sulphide zone

Mlaximum older limit
on gobd

Lower & upper

greywacke -

g !

Reworked volcaniclastic &
hanging-wall sediments

2690

Mineralized Moose
Lake porphyry,

2700 —— oo /{—
Gold is pre-D, & D; @ 2680-2677 Ma. Maximum
age of Au @ 2677%1 Ma for barren dike cutting

ore. (Davis and Lin, 2003)




The Timing of Abitibi-Wawa Events
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Superior Craton Gold Deposits
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INTRUSIVE ROCKS 2
I-:j Late-teclonic granodiorile-granite WA
:] Pre- %o syntecionic tonalite-grancd|orite 7:‘, 2
- Synvolcanic ultramafic.mafic intrusions

ALTEHRATION

Campbell Gold Mine
Red Lake Gold Mine
Gold occurrences
Uncanformity

‘ 7,’ Least alterad supracrustal rocks
[] Distai caicite aiteration

[T Proximal ferroan-dolomite alteration

A Loood forroan dolomito
A Local calcite
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Hydrothermal alteration
envelopes with spatial
relationship to Au:

1) Distal alteration of
widespread calcite, weak
potassic & chloritization
2) Proximal alteration of
ferroan-dolomite, strong
potassic alteration

95% of the Au deposits
are within 2 km of the
regional Mesoarchean-
Neaoarchean
unconformity, within the
proximal alteration
envelopes
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Summary & Recommendations

Southern Superior, (Abitibi-Wawa)

» Orogenic Au deposited from hydrothermal fluids, localized
within the regional faults (eg. Detour, Kerr, Hemlo) & 2
order splay faults (eg. Dome, Hollinger, Hoyle Pond,
Kirkland)

» Faults in proximity to late, unconformable successor basins
with turbidites, conglomerates, * calc alkaline/alkaline
volcanics & mantle-derived intrusions

» Focus on contacts between brittle, ductile & Fe-rich
lithologies (seds/mafic/ultramafics/felsics, etc.) flextures in
regional faults; (eg. Timmins, Hemlo, Larder Lake), proximal
alteration facies (ankeritic & potassic)



Northern Superior (Red Lake Area)

> Regional faults are less important. Focus on unconformities,
conglomerates, proximal alteration facies (ankeritic & potassic) and
transitions between greenschist & amphibolite metamorphic facies

Porphyry Au-Cu-Mo

» Archean Porphyry Au-Cu-Mo in upper crustal intrusions (e.g. Coté, Triolus,
Chibougamau) represent an underexplored target. Focus on high level
diorite & tonalite intrusive complexes, breccias & sheeted veins.

> SY‘nvoIcanic upper crustal intrusions (e.g. Coté & Triolus ~2740 Ma;
| Chibougamau ~2715 Ma). They represent an underexplored target. Focus
on high level diorite-tonalite complexes, breccias & sheeted veins.
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