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" MEST = Metal Earth Sturgeon transect
GeOIOg IC baCkg rou nd WS1a & WS1f = Lithoprobe transects
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5 Geologic background

Western Wabigoon terrane (WWT)
« 4 volcanic assemblages (~2775-2720 Ma)

« Syn-volcanic & post-tectonic intrusions
« VMS deposits (Zn-Cu-Pb-Au-Ag)

» Folded at the map scale (syncline)

« Two major fault zones

Winnipeg River terrane (WRT)

« Basement rocks intruded by syn- to post-

tectonic granitoids with a variety of textures
and compositions.

Major deformation between WWT and WRT:
~2700-2695 Ma (Sanborn-Barrie and Skulski, 2006)

Map modified after Sanborn-Barrie and
Skulski (2005) and Stone et al. (2002)
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Geologic background

Winnipeg River terrane

Rafts of basement rocks in
syn-tectonic granitoid

Western Wabigoon terrane

Map-scale syncline with
core in Central Sturgeon &
E-W axial plane
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Reflection seismic survey
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Reflection
seismic survey

« 7 zones of distinctive
reflectivity

« 2 faultzones
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Winnipeg River terrane |

’ Reflection

South Sturgeon

| . Central Sturgeon | Handy La

[e o

e

fi 1 i

i

ke

Lake

] Bl .
o LRR R

| Fourbay | Lewis Lake

batholith

. . South Sturgeon fault zone Sturgeon Lake fault zone Distance (Km)
Selsmic survey S <5 walons
ZonesB,C, D, E, F:

Prominent reflections - = = L —
gneissic fabrics and/or . = e = =
mafic layers S L P R e .
= = D = ==0 " —
Em';;g}?n?i _ : . :;J‘E;*’“;c 1—, e ar?-'-:"_,;:éa‘ q::t.— - ’f-’_ f
Poorly reflective zones - E s oS ies | g ZoNeC__ _ e %;fq’f;__; 2 S
granitoid layers and bodies S*}=""=". | = o o == —f~-="_ZoneD =
B i Rt B S e e
. . . 30-23‘-_—:'— =E_J_:—_——.-:§‘: _-%':_E‘ el o =-—:1-:==-E-_ = -_.:—-—-""" = :_.* ;_ﬁ_*‘i::{:_:—‘:;‘-__z': _:--:= ir:"; .:_;::’j
= WinnipegRiver terrane = -, | .. == "J;:i —=
(gneisses and granitoids B S e e = ST
. P_—m—m - —=\— = — B - ' - —

intruded by younger e -~ =, T —
itoid e - :
granitoids) “01-- _Reflection-Moho - _\-\-ﬁ-_ ) =
= T = ,__‘; = ._'=' \1.;"' -_, __-_;:-.‘1‘_:-_‘:_' ;__'_____'- “"!_._ _..=-l -_-T_', ;j‘_ F.. c;"_‘_--_-c
. . 45 _J?;E;-.“_' -— - ‘-_‘5‘" - - & _ o ) - = - = = = = _::--—‘l=:b
The south-dipping s e S=£0nes T S

reflectorsin Zone C:
mafic-ultramafic dikes
imaged by out-of-plane
seismic ray (exclusively
above the apparent
crustal root)

An apparent crustal root - the middle part of Moho with deeper
depths; possibly caused by partial melting of mantle rocks that

would result in interlayered felsic and mafic rocks, similar in
reflectivity to that of the lower crust

Zone G:

Minimum thickness of
Sturgeon Lake
greenstone belt

Greenstone basal
boundary:

« Beneath Zone G &
above the Zone F
reflectors

A thrust fault zone



10

Magnetotelluric
survey

Horizontal slices of resistivity
structures from surface to mantle
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" Magnetotelluric
survey
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Mid- to lower-crustal conductor:

« Interconnected grain-boundary graphite films

« Diffusion of hydrogen in nominally anhydrous
silicates due to extensive crustal partial melting
involved mantle components
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Lithoprobe
seismic
transects
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14 . .
CompOS|te crustal section (south-North) (Sturgeon transect + partial WS1a)
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« A collision zone in the mid- to lower-crust

« Atrans-crustal fault zone, F1, accommodated the collision of basement and the emplacement of greenstone belt

» Subcreted crust in the mantle

« Thickened crust beneath the greenstone belt



3D crustal
structure
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New stratigraphic, geochronologic, and isotopic

data from the Sturgeon Lake greenstone belt
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" Stratigraphy of Upper Handy Lake assemblage
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' Stratigraphy of Upper Handy Lake assemblage
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’ Stratigraphy of Upper Handy Lake assemblage
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Stratigraphy of Upper Handy Lake assemblage
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Stratlgraphy of Upper Handy Lake assemblage
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Quartz- & feldspar-phyric
felsic porphyritic dike
Breccia of silicified felsic tuff
] in tuffacecus sandstone
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Stratigraphy of
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(Lapilli) tuff

Qtz- . fsp-phyric felsic crystal tuff | Interbedded felsic tuff & felsic lapilli tuff
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Stratigraphy of Upper Handy Lake assemblage

Pyroclastic breccia

Felsic & mafic blocks supported Felsic blocks supported by qgtz-
by intermediate lapilli tuff phyric felsic crystal tuff




25

New geochronological and isotopic results (TIMS)

Felsic flow of Upper Handy Lake assemblage

data-point error ellipses are 20
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Published zircon ages from the
VMS-bearing South Sturgeon
assemblage:

Mattabi rhyolite
NBU rhyolite
NBU rhyolite 2735.5 +3/-1.9
NBU rhyolite  2736.3 +9.3/-3.9

Lyon Lake rhyolite 2735.2 +6.9/-3.2
Lyon Lake rhyolite 2734.8 +2.8/-2.5
Lyon Lake rhyolite 2736 + 1.8

>2734.7 + 1.6
2735 + 1.7

Davis et al. (1985)




" New geochronological and isotopic results (LA-ICPMS)
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" New geochronological and isotopic results (LA-ICPMS)

Synvolcanic granitoid — in contact and coeval with the lowermost South Sturgeon assemblage

Pb207/Pb206 age (Ma)
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" New geochronological and isotopic results (LA-ICPMS)

Synvolcanic granitoid: Shanty Lake pluton & lower Handy Lake granite

Inherited zircon:
~2810 Ma
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"~ New geochronological and isotopic results (LA-ICPMS)

Zircon depleted mantle Hf model ages of synvolcanic granitoids

Zircon age: 2738.6 £ 1.3 Ma

Zircon age: 2720 + 2 Ma
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PART Ill (conclusions)

Tectonic evolution of the western Wabigoon

terrane in the Sturgeon Lake region:

Implications for understanding structural controls on the

greenstone belt and its VMS deposits
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« A collision beltbetween the main WRT to the north and a continental margin promontory of the
WRT to the south.

WRT.

Prior to the collision, the WWT was partially accreted onto and partially subductedunder the
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2738 - 2735 Ma 2720 Ma mafic volcanism
mafic/felsic volcanism Ament Bay sediment
| I ewis Lake batholith

Central Sturgeon a.
South Sturgeon a.

Handy Lake a.
Fourbay Lake a.
/12820 Ma zm
& 2810 Ma zm
Newly discovered 2738 Ma
felsic plutonic rock in ’
lower South Sturgeon a. J 2720 Ma felsic plutonism

2738 - 2735 Ma Telsic piutonism

Prior to the accretion, various volcanic and plutonicrocks of WWT were developed in an oceanic crust
setting from ~2775to ~2720 Ma.

The felsic intrusive rocks with inherited zircons of 2880, 2820, & 2810 Ma are juvenileand were melted
from older juvenile sources that were episodicallyextracted from the mantle likely in the Mesoarchean.
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South Sturgeon VMS deposits
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| Central Sturgeon
(27202718 Ma)
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Felsic/Intermediate

Conglomerate/
volcanics (2735 Ma) graywacke (< 2716M )
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In this model, the South Sturgeon VMS deposits
were tectonically emplaced to the current
position, implying that thrusting and folding of
the greenstone belt did not liberate the VMS
deposits.

The newly identified 2734+1 Ma felsic flow in the
Upper Handy Lake assemblage demonstrates
occurrence of age-equivalent rocks to the VMS-
bearing South Sturgeon assemblage in the north
limb of the regional syncline.

The stratigraphy of the upper part of the UHLA is
consistent with that of the South Sturgeon felsic
volcanic rocks.

Prospective for VMS in this new ~2734 Ma unit (?)
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Fig. " I '
SquawLake |

The Beidelman Bay pluton is . '7 A /ﬂ, e
considered to have initiated and | e G v/,
sustained the sub-seafloor convective
system responsible for the formation
of the South Sturgeon VMS deposits
(Galley et al., 2000).

The newly discovered2738.6 + 1.3 Ma
felsic intrusion at the base of the South
Sturgeon assemblage may have jointly
facilitated the formation of the VMS
deposits.

 Metionga Lake tonalite
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Neoarchean trans-crustal fault zone
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The Neoarchean trans-crustal fault zone F1 extends from surface into the mantle, which may have implications for
gold prospecting, as crustal-scale fault zones are commonly related to orogenic gold (e.g., Frieman and Kuiper, 2019).



Project Research & Funding Partners

Academic

LaurentianUniversity
UniversitétLaurentienne

HARQUAIL e s ene

k) Earth Sciences
3 UNIVERSITY OF TORONTO

University of Wisconsin

Eau Claire

ME IALEARTH

Industry Government

ey
GLENCORE Zf” Ontario

e g | ek IVIEE M .

t I' II‘;RL}LHISP‘ I Stierce5

Canada



References Cited

Davis, D.W., Krogh, T.E., Hinzer, J., & Nakamura, E. (1985). Zircon dating of polycyclic volcanism at Sturgeon Lake and implications for base metal
mineralization. Economic Geology, 80, 1942-1952.

Frieman, B. M., & Kuiper, Y. D. (2019). Evolution of gold-bearing splays of crustal-scale fault zones of the south-central Archean Abitibi
subprovince: Constraints from the Kirana deformation zone, Kirkland Lake, Ontario, Canada. Journal of Structural Geology, 127, 103867.

Galley, A., Breemen, O. V., & Franklin, J. (2000). The relationship between intrusion-hosted Cu-Mo mineralization and the VMS deposits of the
Archean Sturgeon Lake mining camp, northwestern Ontario. Economic Geology, 95(7), 1543-1550.

Montsion, R. M., Thurston, P. C, & Ayer, J. (2018). Geological Compilation of the Superior Craton - Version 1 (scale 1:2 000 000, document number
MERC-ME-2018-017). Sudbury, Ontario: Mineral Exploration Research Centre, Harquail School of Earth Sciences, Laurentian University.

Percival, J. A., Skulski, T., Sanborn-Barrie, M., Stott, G. M., Leclair, A. D., Corkery, M. T., & Boily, M. (2012). Geology and tectonic evolution of the
Superior Province, Canada. In J. A. Percival, F. A. Cook, & R. M. Clowes (Eds.), Tectonic Styles in Canada: The LITHOPROBE Perspective (pp. 321-
378). Geological Association of Canada, Special Paper 49.

Sanborn-Barrie, M., & Skulski, T. (2005). Geology, Sturgeon Lake greenstone belt, western Superior Province, Ontario (scale 1:100 000). Geological
Survey of Canada, Open File 1763.

Sanborn-Barrie, M., & Skulski, T. (2006). Sedimentary and structural evidence for 2.7 Ga continental arc-oceanic-arc collision in the Savant-
Sturgeon greenstone belt, western Superior Province, Canada. Canadian Journal of Earth Sciences, 43(7), 995-1030.

Stone, D., Tomlinson, K. Y., Davis, D. W., Fralick, P, Hallé, J., Percival, J. A., & Pufahl, P. (2002). Geology and tectonostratigraphic assemblages, south-
central Wabigoon Subprovince, Ontario (scale 1:250 000). Geological Survey of Canada, Open File 4284.

Van der Velden, A. J. (2007). Seismic reflection profiling of Neoarchean cratons (Doctoral dissertation). Calgary, Alberta: University of Calgary.



' Thank you!

Contat Dr. Chong Ma by cma@laurentian.ca

Stay upij-to date via the MERC 'Newsletter:
Subscribe online by vi§T‘ ‘*
i | E?Sgtﬂp

merc.laurentian.ca

_——T
o

Contact us with questions at
merc@laurentian.ca

oLl METAL EARTH

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

LA
x »,
“wllg - CANADA ”
=5 FIRST Canada
RESEARCH
EXCELLENCE
FUND
Vol > Y a ﬁ baurer_![ti-anUniveér_sity
rsittLaurentienne
1VE k= Ml e

Mineral Exploration Research Centre

HAR UAI School of Earth Sciences
Ecole des sciences de la Terre




	Tectonic evolution of the western Wabigoon terrane in the Sturgeon Lake region: �Implications for understanding structural controls on the greenstone belt and its VMS deposits
	Outline
	Slide Number 3
	Geologic background
	Geologic background
	Geologic background
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Magnetotelluric �survey
	Magnetotelluric �survey
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	New geochronological and isotopic results (TIMS)
	New geochronological and isotopic results (LA-ICPMS)
	New geochronological and isotopic results (LA-ICPMS)
	Slide Number 28
	New geochronological and isotopic results (LA-ICPMS)
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Project Research & Funding Partners
	Slide Number 37
	Slide Number 38

