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Craton scale project

Superior
Craton

* Aims to perform multi-isotopic
mapping of the Superior Craton

e Collection of large U-Pb-Hf-O-
TE dataset on both new and
archived zircons to:

Constrain time-space
evolution of the craton

Build an advanced knowledge
of crustal architecture across
the craton

Relate the crustal architecture
to localisation of mineral
systems
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e Sample acquisition:
Craton divided into quadrants

Sub-samples collected from
existing zircon material

Field work in under-sampled
areas

 Data Collection:

 U-Pb-Hf-TE isotopic data collected
in-situ from zircons at Laurentian
University and Curtin University

Imaging and O-isotope data
collected at University of Alberta
w/ Richard Stern

* Processing and map data:

 Reduce the data and produce
contour maps and time-slices
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Background

e Sm-Nd/Lu-Hf system:
Radiogenic isotope system

Sm-Nd system is on whole-rock
powders

Lu-Hf is on zircons

Young, mantle-derived crust
typically has eHf>0

Old crust typically has e¢Hf<O

Two-stage model age (Tpy?) is the
age a particular source separated
from the mantle

Crustal residence age is the time
since the crust was extracted
from the mantle/residence time
of the source:

® U‘Pb age - TDM2
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Background 9

Low-temperature hydrothermal/

L e O—isotope system: supracrustal component

180/160 stable isotope system 8 1
Collected on zircon
Mantle values 5.9-4.7%o

“Heavier” values suggest a
supracrustal component, i.e.
seafloor sediments

“Lighter” values suggest a high-

temperature hydrothermal
component Mantle zircon field

(@)

Temperature-related information
Source information

w

High-temperature hydrothermal/
meteoric component
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The potential of isotopic mapping in mineral exploration:

Mineral provinces and their ore deposits are heterogeneously distributed within the Earth’s
crust, in both space and time

In mineral exploration, the aim is to find these ore deposits amongst the poorly-endowed crust

To be able to do that, it requires exploration techniques that progressively select areas and
down-scale, from planetary-scale, through continent-, terrane- and belt-scales

Lithospheric and crustal architecture has been shown to have a first-order control on
localisation of major ore systems

Related to this, isotopic systems (Nd, Hf, Sr and O) have been vital in uncovering the evolution
of the continental crust through time- but rarely applied spatially
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The history of
Isotopic mapping:

* The first maps

 DePaulo and Farmer sampled
granitoids in the northern
California and northwestern
Nevada in 1984

« Sm-Nd isotopes used to draw
crustal boundaries

DePaulo and Farmer (1984)
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The history of

Isotopic mapping:

* The first maps

 DePaulo and Farmer sampled
granitoids in the northern
California and northwestern
Nevada in 1984

Sm-Nd isotopes used to draw
crustal boundaries

Dickin and McNutt did a similar
study in 1989

Sm-Nd isotopes from plutons
were used to identify a suture
zone
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Mole et al. (2013) Geol. Soc. London Spec. Pub.

Sm-Nd mapping:
Yilgarn, Australia

* Isotopic mapping;:

* Yilgarn granites show similar age
ranges and geochemistry across
the craton

How can we effectively
understand spatial variations in
crustal evolution?

I TN TN
130 260 390 520

Kilometres

* Radiogenic isotopes:

* The spatial application of the
Sm-Nd unveiled the cryptic

architecture of the Yilgarn Sm-Nd (eNd):
Craton %l 9.3--6.2
o -6.2--3.9
Apparent controls on multiple — PO
mineral systems B 22--10
o - [ ]-10--02
Result: ] 02-05
* Crustal architecture has a first- [ Jos-009
order control on the location of [ Jos-16
major mineral systems [ 16-24
« ..and we have a way to image it B 2a-o0
[ Gold deposit
@ Iron deposit
@ Ni-Cu deposit
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Part 1:
Isotopic mapping of the southeastern Superior Craton,
crustal architecture and geodynamic setting
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Superior Craton

, : @ Sample location
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Kilometres
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U-Pb ages:
Spatial data

>2695 Ma U-Pb age time-slice: Syn-volcanic

U-Pb zircon ages (Ma): magmatic rocks

. 2735-2750 - Pacaud Assemblage

* NE and W edge show >2750 O 2750-2850 - “Opatica’ ages
Ma a ges @ >2850 - Older Mesoarchean ages

* Distribution of U-Pb ages:

Central Abitibi dominated by
younger ages

>2750 Ma xenocrysts have
been found within the Abitibi

U-Pb age
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older material : w4y
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Kilometres o “Opatica” ages | | 2750 — 2850
0 35 70 140 210 280 ' “Western Superior” Mesoarchean| | 2850 — 3056

Mole et al. (2021) Precambrian Research
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Mole et al. (2021) Precambrian Research

SE Superior dataset:

: 8
Hf isotopes
7/
Three major Hf reservoirs: 6
1. SW Superior = 3200 Ma
2. Opatica = 3100 Ma 5 =
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Spatial data:
Hf isotopes

d <2695 Ma gHf time-slice: Post-volcanic

Sample location: U-Pb age group (Ma):
® <2670

* Central region of more juvenile, @ 2670-2685 - Timiskaming
younger crust . 2685-2695 - Porcupine/Krist

Lu-Hf isotopic mapping:

Surrounded by slightly older crust

0180 data are more “light” in the
most juvenile regions

rrrrrr

Time-slices: Lu_p-.i @ Lu-Hf: eHf
« Syn-volcanic /-*”5 222
. e 222-323
* Juvenile central Abitibi 3.93_ 365
i chondritic/
* Post-volcanic older crust | ] 365—3.83
: [ ]383-391
e Overall, more evolved signatures
N [ ]391-394
Depleted mantle/ I:l 3,94 —4,02
A young crust I:|4.02—4.20
Kilormatres I:l 4.20-4.62
Q 35 70 140 210 280 "IF- 462—-563

Mole et al. (2021) Precambrian Research
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S E S u pe ri O r d ataset: 8 Mole et al. (2021) Precambrian Research
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Spatial data:
O-isotopes

* O-isotopic mapping:
e Central area of light to mantle-like

0180
_ Sample location:
Regions to east and west have U-Pb age (Ma):

relatively heavy 6180 As in (d)

f <2695 Ma 620 time-slice: Post-volcanic

No Data

Central area = greater high-
temperature hydrothermal

rrrrr

interactions?
5180 may map out areas with high

.Pf.mlF e 'rupr‘.'r‘.\r 7 6180 (%o0)

heat-flow ,.L. '}." A 3.20- 417
- Time slices: e /| ] 417481
HighT [ Jas81-523
* Syn-volcanic [ ]523-551
e “Light” mantle signatures in Mantle | [__] 551569
central Abitibi, “heavy N [ ]s69-581
signatures toward edges t [ ]581-599
. 5.99-6.27

e Post-volcanic ‘Heavy’ / Low-T [
Kilometres i.e. sediments I:l 6.27-6.69
e Overall, “heavy” signatures o 35 70 140 210 280 v[__]es9-733

Mole et al. (2021) Precambrian Research
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E Superior dataset:

Mole et al. (2021) Precambrian Research
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Spatial data:

>2695 Ma AFMQ time-slice: Syn-volcanic
AFMQ

 AFMQ distribution:

* Pattern broadly similar to that
observed in eHf and 3180

Reduced central region, more
oxidised flanks

However, there is a noticeable YT A\ ” |/ - -+ ol o -
higher and potentially important
complexity AFMQ
Al ]-162--084
[ ]-084--034
[ -034--003
[ -003-0.17
[ Jo17-029
Moderately I:I 0.29 — 0.49
N oxidised ' '
[ J]o49-080
A [ Joso-130
- e — ) : Mc-’:ﬁ d |:| 1.30-2.08
0 3 70 140 210 280 oxidised | I 2.08-3.33
Mole et al. (2021) Precambrian Research
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Geodynamic model: Pre-2750 Ma

A young Mesoarchean continent edge?

3050-2970 Ma Tashota Ass.
2930-2920 Ma Toronto Ass. /
2780-2770 Ma Onaman Ass.

LA GRANDE?

2880 Ma Hawk Terrane
2770-2750 Ma Hemlo/Ju-
bilee )

“ ca. 2800-2755 Ma
J OPATICA Storm Fm

Frotet-Evans belt

A A A A A
North-dipping arc? Mole et al. (2021) Precambrian Research
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Geodynamic model: ca. 27/50-2695 Ma

2740-2725 Ma 2735 Ma Growth
OTB and BGB Partridge faults?  ~2800 Ma

River belt OPATICA / \ Chrissie Fm
W @ \\. :
\ CHB

Currently
covered by
Quetico

2750-2690 Ma
Michipicoten +

<
e
(%)
NEE =
~
&

VDR

~2800 Ma
OPATICA? Urban-
// O O O * @) Barry belt
Increased older ! Matagami River 2767 Ma Temagami belt
crust component Fault precursor?

Mole et al. (2021) Precambrian Research
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Geodynamic model: <2695 Ma

Late extensional collapse Normal faults reactivated as thrust/
forms metased’ basins reverse faults during shortening?

===\, @ OPAfICA~
I . "\
QUETICO o

— —

N Dextral transpression
inthe NVZ Deformation Reworking of

of dome-keel ‘KRIST’ existing TTGs
VOLCANIC-ARC? sy7

-
‘“

) WAWA <Yz Drip

D / remnant
/ - PONTIAC? Continued flux 1
7 . .
4 v 7 OPATICA? e andhigh’ "0 compone :glrj\:ilgtmd

<2695-2685 Ma ”Krist”SI nics (Adakites?)

— A A A A A A A
North-dipping arc initiates at ca. 2695 Ma

Mole et al. (2021) Precambrian Research
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Summary

* The changing nature of the Hf-isotope, AFMQ and 6180 data record the changing geodynamic setting in
the south-east Superior Craton

* The spatial extent of these variables records the crustal architecture

1
2
3.
4

A young (Mesoarchean) continent edge at >2750 Ma;
Hyper-extension at 2750-2695 Ma in a prolonged rifting event that formed the Abitibi;
Initiation of subduction at ca. 2695 Ma; and

Continental collision (with MRVT) at ca. 2685-2680 Ma

e If correct, these new data suggest that Neoarchean continental growth occurred via at least two distinct
mechanisms
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Part 2:
Isotopic mapping of the southeastern Superior Craton,
crustal architecture and mineral systems



Lu-Hf isotopes:
eHf

Abitibi:
Magmatic event starts at 2750
Ma
Juvenile signatures

Reaches eHf>+7 at ca. 2695
before it starts to decrease

Non-Abitibi:
Two sources?

Both juvenile and evolved
signatures

Overall, rocks are more
unradiogenic
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O-isotopes:
0180

* Abitibi:
e« 2850-2750 Ma: mantle-zircon Abitibi: Non-Abitibi:
signatures 81670 (9%0) 8 :I:Median d

:|:Median C
2750-2695 Ma: small «<heavy» 2
component, increasing «light» Low T fractionation | 7

i.e. supracrustals

component

<2695 Ma: heavy component - s 6 ; i
increases, same time as we see - Mantle sivcon L5

transition in Hf-isotopes = 5. “ o

* Non-Abitibi:

High-T fractionation
i.e. Hydrothermal systems

w| 41 ®

° 2800_2750 Ma mantle Moving-average lines: §_, Winston Moving-average lines: | &

; ; All data pr Lake ™~ = All data 1

signatures , | ABITIBI ONLY e Abiitibi 2 , INON-ABITIBI B Allnon-Abitibi | 2
2750-2700 Ma: increasingly 2600 2700 2800 2900 2600 2700 2800 2900

“heavy” component

<2700 Ma: mostly “heavy”
values, range is larger than for
the Abitibi

Mole et al. (2022) Ore Geology Review
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Zircon TE:
Eu/Eu*/Y*10000

Hydration

Abitibi: Non-Abitibi:

PEIIEH (Eu/Eu*)/¥Y*¥10000 100 7, Reference (Eu/Eu*)/Y*¥10000 w0, 7 Reference
* Abitibi: 100 L aluses [1004 2 T data
g 2 10.- . - O{Cizr(ﬁ[:selal_ L IOE%W
e 2750-2695 range 20-0.2 = 2 "'/1 "i" P s,ef?‘;:i; . \ re o3
s WX A Al LLE : f S-S - N S
hydrous magmas .o 300 25 ] : colour code - |
>2695 Ma IeSS hydrous 10 . 2670 2690 - 2710 2730 275 ! % -|D_ - l 70 2650 2710 2730 2750 g
. =
component ceases $ 3 : . A A
agap = i L] i i
* Non-Abitibi: : ¥ A
1 P fMorstodrows | OQR e Morehydrous: . _.2.588
« 2750-2695 Ma similar to Abitibi e g, & ° Less hydrous A
i Median of grou a ' - A
 After 2670 Ma all >10 = wet or mln:;ng-amage :Yilgarn data & :1;‘::"9 average ;Ein:g?ﬁlr:?o:nonaﬂca ny
— All data iLu etal. 2015) — All data CWawa M Kapuskasing
deep sources 01 a — Abitibi B Abitibi ) 01 b — Non-Abitibi || ®Pontiac B Winnipeg River A
- KSZ values are high and source 2600 2700 2800 2900 3000 Age (Ma) 2600 2700 2800 2900 3000 Age (Ma)
likely deep and dry = suggests a Mole et al. (2022) Ore Geology Review
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Zircon TE
AFMQ

Oxygen fugacity

Abitibi:
 Major increase at ca. 2695 Ma
to more oxidised magmas

 This correlates with data from
eHf and 6180

Non-Abitibi:

 Similar pattern, but not as
wide of a range as Abitibi data
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Zircon TE Abitibi Non-Abitibi
U b d U Nb Ui.'"l’b Reference Ulf‘{b Reference
H a n = 10 data 104 & . data
‘ [ ] =1
Crustal/continental ‘ A ° | A
Tectonic setting TR ' g 04l
_I ! “, s '| 4 = ¢ ‘5.{‘. :
o oI — | R -
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Mineral systems:

Isotope- and geochemistry
summary map

Abitibi:

« Very juvenile eHf and low 5180,
high AFMQ

e Juvenile magmas and mantle-like
crust

Non-Abitibi:

* Less juvenile eHf and higher 3180

* Less juvenile magmas and more
evolved crust
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>2695 Ma geochemical summary map
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Mineral SYStem: ca. 2750-2695 Ma: Rift-dominated tectonism

VMS Cu-Au-Pb-Zn and komatiite-hosted Ni-Cu-PGE systems dominate
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Mineral SYStem: ca. 2750-2695 Ma: Rift-dominated tectonism

VMS Cu-Au-Pb-Zn and komatiite-hosted Ni-Cu-PGE systems dominate

. C G E
Dundonald/
= u = P
I Shaw-Bartlett- LEGEND 5
OPATICA A
Cryptic N-S Kidd Halliday Dome * Komatiite-hosted }-}-. Fluid/melt fluxed E.WABIGOON '/ - o)
B crustal margin  Creek Nl-Cu_—PGE B I Ni-Cu-PGE - g - from drip or slab Kidd Creek
VMS - ﬁ VMS depasits " Metasomatised
7 5 O 6 9 5 IVI a Crust 0, Metasomatised lithosphere - PHASE2 s
= \ s ) i
2 2 4 lithosphere - PHASET 22750 Ma Opatica L
Lithosphere Shallow, IS prospec- o <2750 Manew' | “==== *"*-.ﬁ ' ."'"'-H*-y
Ve magmas Abitibi crust i - — . /
- High heatflow — J o .

(‘A iJ Hydrothermal circulation [ Rift volcanic loci and magma % : Dy Wide rift

ongn.g g g ; i Cryptic N-S* — | = hottest
Edge-driven . @ Sanukitold focus at narrow ) AC -~ j ="' :

« Abitibi is relatively poorly-endowed seinven | & et LN | et i oo AS et s
Plume convectio 1 system/ inferred black smoker heatflow
Thinner crust and greater High-flux komatiites focused into rift Less thin crust and lower
SVZ zZone - mare prospective for Ni-Cu-PGE N VZ

 Komatiite associated As heatflow - Cu-Au YMS heatflow - Zn-Pb VMs A’
cean

Number of deposits increase with High-T—_
i altered crust ; "--‘
tl me =sub-mantle Felsic crust
A N YL orasans-
Loca I |Zat|0 n tled tO C rUSta | to metal-rich sources? :yp:nu-cu oW hea_tﬂow, more
hitecture contaminated
arcni
Lower crust
Very high eHf
Lithosphere
Plume events at
Plume 2750-2704 Ma increase
. Hn heatflow and magma flux
Ambient mantle Vo ( ]
I Delaminating :l Dgtalch edr
‘drips’ ! drip ‘root
NOTTO SCALE

Mole et al. (2022) Ore Geology Review
”. CGANADA | APOGEE

METAL EARTH Canads % o | & IV~

UNC =N RE ,‘,: E Mineral Exploration Research Centre

at the HARQUAIL School of Earth Sciences



Mineral system:
Gold (hon-VMS)

<2695 Ma

* Follow regionally extensive east-
trending fault zones

e Gold systems

« Elevated 6180, high
Eu/Eu*/Y*10000 and
AFMQ= hydrous and oxidised
magmas
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ca. 2695-2640 Ma: Subduction and orogenesis

Orogenic gold systems dominate
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A rift-dominated tectonic setting

VMS and Ni-Cu-PGE systems are showing variable Hf- and O-isotopes, but eHf signatures are
relatively high and 5180 are low

Syn-volcanic mineral systems, VMS and Ni-Cu-PGE deposits are localised within a complex and
evolving rift architecture

Major shift observed in multiple geochemical and isotopic parameters

Orogenesis and subduction-dominated tectonic setting

Gold systems may be driven by the more hydrous, oxidised source zones present at this time
However, localisation appears strongly influenced by syn-volcanic architecture
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Thank you.
Questions?

Contact: knymoen@laurentian.ca
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