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In the Flin Flon greenstone belt
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VMS deposits
In the Flin Flon greenstone belt
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Introduction
Island arc environments
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Rock / Mantle

Introduction
Spider diagrams
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Using trace element
geochemistry
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Using trace element
geochemistry

1.9 Ga Assemblages INn the Amisk Collage
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Geochemical
differentiation of assemblages

FLIN FLON BELT 1.9 Ga ASSEMBLAGES

~

-~
-~
7T~

HAWAIIAN THOLEINTES

6 7 8 9 10 11 12 13 14 15
MgO (wt %) Stern et al. (1995)

e Major- and trace-element discrimination diagrams demonstrate
that Flin Flon Belt volcanic rocks are compositionally similar to
those in modern island arcs, ocean basins, and oceanic islands
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Arc

1 0l 88 assemblages
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- G
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Arc
assemblages

1 Compositionally diverse

e tholeiitic 1.890, 1.903 Ga
. . ecalc-alkaline 1.888, 1.882 Ga

e boninite

e dominantly basalt
and basaltic
andesite

Piflowed basaltic andesite with pupe//y/'t‘e alteration, FF



www.manitoba.ca/minerals Arc

__;.1 91- 1 88
Ga_

assemblages
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Arc

:;;1 91-1, 88 assemblages
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Arc

:;_1 91-1. 88 assemblages
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2. Dominantly juvenile

-arc ...but elevated Th/Yb, Ba/La, La/Nb and spread in Nd isotopic
: compositions (initial ey 4 = -0.4 to +4.8) suggests recycling of small
component of older Archean or Proterozoic crust via sediment

back-arc subduction and, locally, intracrustal contamination.
Oceanlc 'juvenile’ suites . N ELon
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‘ (0]]=}
. TN
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_ Arc
1.91-1.88 assemblages
abn s . . . '
L 4. Host to volcanogenic massive sulphide
_arc deposits in the Flin Flon Belt

et ~ » associated with tholeiitic and calc-alkaline rocks

- back-arc « environments include intra-arc rifts, fault-bounded
Lo depositional basins, calderas
0ceanic A at lithologic, geochemical and/or isotopic breaks in
plateau volcanic stratigraphy

T = A in depositional basins

.- 0cean 1 underlain by volcaniclastic rocks
island d commonly associated with rhyolitic rocks (flows,

_ breccias) low (La/YDb), and Zr/Y ratios
e products of a regime characterized by high heat flow
& '  eruption of isotopically primitive, high T rhyolites
volcanism  large scale hydrothermal alteration systems;
. and disconformable footwall alteration
plutonism « +/- subvolcanic intrusions
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Arc
assemblages
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and White Lake VMS
deposits

back-arc EEEH

shoshonite turbidites

oceanic

calc-alkaline arc

p|ateau el volcanic rocks
i | rhyolite tuff White Lake sill
| Ocean | Syme et al. (1998) N Hid‘clilen Lﬁke 'MILLROCK HILL' S
¥ pillowe
I ' : lagioclase phyric basalt SOUTH MAIN SHAFT
Island ;

— NW OF SMELTER
_ _ I Y S E—
Schematic section
N [ e T it & TeCCins
i - through the Flin , Z -
e e Flon VMS deposit - g i W
VO I Can IS m p Eillow_ fragment \ ~a
| i and Syme et al. (1998) modified from Agir'ég‘gi;’agmem pillfowsd ffows

volcaniclastics amoeboidjpillowbreccial
BASIN MARGIN?

pl UtOn ISm Syme and Bailes (1993)
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Ocean floor

;;31 91 1 88 ‘ assemblages

Ga

Ha 1 Appear to have been generated at oceanic
arc ridges and back-arc basins
.= N-type and E-type basalts

mainly pillowed, in mappable “formations” that

are each km'’s thick
No rhyolite; no thick volcaniclastic sequences

oceanic
plateau

IR /V-0pe pillowed basalt, Elbow Lake - & V-t pe plllowea’ basa/t Reed Lake o
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11.91-1.88
o ale
back-arc

oceanic
plateau

~_ocean
Island

volcanism
-~ and
plutonism

Ocean floor
assemblages

1. Appear to have been generated at oceanic

ridges and back-arc basins

N-type and E-type basalts

mainly pillowed, in mappable “formations”

No rhyolite; no thick volcaniclastic sequences
Dominate FFB between Flin Flon and Snow Lake

I R G
' R SN Y
L@n
QQ\ #//ZTL“??PN '/‘b%‘\\\‘\
S

\ NKISSEYNEW;DOMAIN( e

\'§8ujl ‘\ .&55 AR
—"* ‘ %}%}
' e

o

PHANEROZOIC
COVER

4 ‘
4 ) & ‘
\ 'r' ' /
[, ake.
1 9 oW
. 4 > hapd USJ‘

I e

é

20 km
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| 1.9(13~1.88_. _ assemblages
cal .

1. Appear to have been generated at oceanic

arc ridges and back-arc basins
e N-type and E-type basalts

:-_back-arc ~« mainly pillowed, in mappable “formations”
"Oce-anic -« No rhyolite; no thick volcaniclastic sequences
i e Dominate FFB between Flin Flon and Snow Lake
plateau
_' - | | AN ‘l \\ﬂ *nf\i
~ ocean .
island
volcanism
- and
plutonism
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Ocean floor

.1 9 é 1 88 assemblages
A
,' 2. Kilometre-scale intrusive complexes

backarc e Ages similar to arc assemblage (1.9 Ga)
e Layered series (peridotite, pyroxenite, gabbro)
" oceanic and younger vari-textured gabbro

i b:fl'atea'u- = Represent mafic pIutonic base of oceanic crust

Claw Lake la Kered gér/dot/te-gKmXn/tezabbro ‘1 901 Ga) Layered gabbros, Claw Lake



WWW. manitoba.ca/minerals

Ocean floor

_1 9 é 1. 88_ assemblages
ica ,
2. Kilometre-scale intrusive complexes

- arc_. |

baCkarC e Ages similar to arc assemblage (1.9 Ga)
e Layered series (peridotite, pyroxenite, gabbro)
Oceanlc and younger vari-textured gabbro

plateau  Represent mafic plutonic base of oceanic crust

Abyssal Sediment

Pillow Basalt

Sheeted Dike
Complex

Leucogabbro

Gabbro

Layered
Ultramafic Rocks

Mantle Rocks

Claw Lake / Keréc;’ gér/daz:/z‘eg Kroxen/tegabbm ‘1 901 Ga)
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1.91-1.88
.

Oceanlic plateau
assemblages

Qi
KISSEYNEWjDOMAIN ¢

RS e I e N
\‘“;ﬂ“j@‘@'
4

EEEEE

backare.

 oceanic.
_plateau o

PHANEROZOIC
COVER

ocean 1. Pillow basalts
Island 2. Juvenile
- (initial g4 = +4.5)

. - 3. Evolved E-types
VO";?}Z'Sm 4. Potentially
plutomsm - plume-related
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Ga

aer.: | :

backarc.

~ oceanic
plateau -

?-volcanlsm
~and-

: plutonlsm-

_19118&,

Oceanic plateau

assemblages

5;::i | o_cean 1 Pillow basalts

island
~ (initial gy = +4.5)

3. Evolved E-types

2. Juvenile

4. Potentially
plume-related

KISSEYNEW, DOMAIN
'South fIank

=
v_;g\
tfm
'IEIbo
FLlN FLON BELTj

Amlsk collage—y
d‘ ‘eé'd

QW A

Don t contam VMS deposnts

ANEROZOIC

20 km
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519118&;

ocean Island basalt (O1B)
assemblages

»r.f

‘
\».L

PHANEROZOIC
COVER

20 km

Ga
i __ar(:”_;_; ) ; i g
;;-back-arc-f-- =l ¢
: : FLIN FL®ON BEL
iy = ¢ Amlsk icollage Z===t——20
oceamc‘ WPy N
2 plateau

1 Coarse-grained,
Ocean _ graded subaqueous
.: 'Sland debris flow deposits

':“532.Juvenne

~(initial yy = +2.2 to

-5‘-':volcan|sm +3.4)
. and 3. Compositionally
'plutonlsm restricted (OIB)

_ Cong/omeraz‘/c debr/s flow composed of OIB gabbro _
peridotite and pyroxenite clasts, Elbow [ake
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519118&,

ocean Island basalt (O1B)
assemblages

Ga

: arC \ @gEYNEWDOIa\AAlN Ly /
back-arc-«- \ St .
i : : FLIN FLON BEL
- oceanlc' , YRGS A
plateau . |(Don’t contain VMS deposnts
. 1. Coarse-grained,

ocean _ graded subaqueous

'5|and debris flow deposits

._“j}’Z.JuvenHe

e - (initial gy = +2.2 t0
lﬁvolcanlsm +3.4)
. and 3. Compositionally
| pluto_nlsm;- restricted (OIB)

ANEROZOIC
COVER

20 km

_ Cong/omeraz‘/c a’ebrls f/0W composed of OIB gabbro _
peridotite and pyroxenite clasts, Elbow [ake
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ectonic Juxtaposition

=187 Ga; . of arc and ocean floor assemblages to
Laan form the “Amisk Collage”
_accretion; E—

defo rm atl O n ' y ' ' Lucas et al. (1996)

| geochronology of < feisic dykes
_and Mela-  assemblage-
- morphism  bounding structures

T — ~N N
\
\ NE Arm sheag#0
L/ /

Bear Lake block

ttict nalkte
eél c bullt o
Archean

crust)

2
Meridian Creek \ € =69
shear zone N\ Nd™ ™
W A\ g —
W, 1850 N ,
\ / P Mystic Lake —>
I ’
y M . J ; . <hear zone
¢ .

p "\

Phanerozoic cover ;
10 km ;
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- ~187Ga: of arc and ocean floor assemblages to
e S form the “Amisk Collage”
_accretion; TR AR

deformatlon ' syn-tectonic (1.87-1. a) Lucas et al. (1996)

| geochronology of < feisic dykes
_and Mela-  assemblage-
- morphism  bounding structures

__—-___—\

b nalke
VMS deposits occur in a
number of tectonically
juxtaposed arc slivers,
separated by major
accretion-related shear

-~ zones, slivers of ocean-floor

basalts, slivers of successor

Meridian Creek
shear zone

r N [M]
\ \
\\ \ 1850 M
Ma 1838
Ma &
) \\

W,

Ma

Phanerozoic cover ;
10 km ;
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. Early post-accretion
- 187-1.86 B r0ducts of renewed arc magmatism and
Ga sedimentation, built on collage of 1.92-1.88

Ga arcs and ocean-floor assemblages
Wy L e _, -ir"""%-
= Early o a,; & Diorite with
5;;’%SUCCESSOI‘ SR e Y | comagmatic mafic
= G 7 enclaves, Neso Lake
arc and y SR | pluton 1.858 Ga
basms BE R

_??jplutonlsm E
_J_rvolcanlsm
sedlment

atlon ,
.S‘ch/sz‘- Wekusko

it ff!:’; assemblage polymictic
.~ volcanic conglomerate,
- Schist Lake 1.858 Ga .
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products of renewed |
sedimentation, built on .
Ga arcs ad oceaky

e 'n*:‘" 1838

e

Early
;successor
~arcand
basms

ff;plutonlsm
volcanlsm
: sedlment

atlon _
Sch/sz‘- Wekusko

- . assemb/age polymictic
 Voleanic conglomerate,
- Schist Lake 1.858 Ga
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186-184

Later post-accretion

Fluvial-alluvial
conglomerate, pebbly
1| sandstone, and
sandstone; local
sonrn | | mafic-felsic calc-

SR e Rt R .| alkaline and tholeiitic
. ke U volcanic rocks.
Depositional age ca.

1.845 Ga

:successor
arcs and
:;_ basms

- .-F—,..__. " —

Pl tonlsm-eéf'?_." ' —

p lIJ BU’:’_?_?WiOd GLotp. - | 8| Greywacke-siltstone-
e Camsm && :1’3:" L ey F mudstone turbidites.
sedlment by 'f.”_’, 7 Derived psammitic to

il auon _f ﬂ;« f o - pelltlc gneisses in the
. . &7 | Kisseynew Belt.
> = - "1—* 7 “|Deposition ca. 1.855-

o F '. G
5 *,L,, . ﬁ? -;;-,;;;“ e 41.84 Ga, coeval with
AR |Missi Group
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This Is Important
because...

High grade equivalents of FFB volcanic rocks
SOUTH FLANK OF
KISSEYNEW DOMAIN Snow Lake Arc

Assemblage

S —

EXPOSED
SHIELD

The Flin Flon Belt doesn’t end at the Phanerozoic boundary

 The arc and ocean-floor assemblages identified on the
exposed Shield continue S of the Phanerozoic boundary

 Many of the exciting new exploration targets in the FFB are
In the Subphanerozoic extension of the FFB
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because...

High grade equivalents of FFB volcanic rocks

SOUTH FLANK OF
ISSEYNEW DOMAIN Snow Lake Arc
Assemblage
Q m l / EXPOSED
=~ A ollage '

f/, SHIELD

-

*‘_ ) _**?* SUBPHANEROZOIC

CORMORANT

BATHOLITH KISSEYNEW
" DOMAIN
iy r) .
PRE-ACCRETION POST-ACCRETION COLLISIONAL TECTONITES
ASSEMBLAGES (>1.88 Ga) ROCKS (<1.88 Ga) & GNEISSES
@® OCEAN FLOOR @ FELSIC-MAFIC PLUTONS @ ARCHEAN BASEMENT
@ OCEAN PLATEAU - SEDIMENTARY & \-.-# majur faults
@» EVOLVED ARC (<1840 Ma)
USRI NG en <> Waest Reed-North Star Shear Zone

(successor basin deposits)
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This Is Important
because...

High grade equivalents of FFB volcanic rocks
SOUTH FLANK OF
Assemblage

tssinw *MAI l / -
‘ X \ m #SHIELD

> = & _**?* SUBPHANEROZOIC

CORMORANT

Snuw Lake Arc

BATHOLITH KISSEYNEW
" DOMAIN
iy r) .
PRE-ACCRETION POST-ACCRETION COLLISIONAL TECTONITES
ASSEMBLAGES (>1.88 Ga) ROCKS (<1.88 Ga) & GNEISSES
@® OCEAN FLOOR @ FELSIC-MAFIC PLUTONS @ ARCHEAN BASEMENT
@ OCEAN PLATEAU - SEDIMENTARY & \-.-# majur faults
@» EVOLVED ARC (<1840 Ma)
USRI NG en <> Waest Reed-North Star Shear Zone

(successor basin deposits)
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Conclusions

Tectonostratigraphy,
1. Greenstone belts are very Flin Flon Belt

complex and include a variety of Missi Group
rocks that were emplaced at 1 851,64 Ga Seie

. . . cnist -
different times and in completely e Wekusko

different tectonic settings turbicites SN SSCrou Vi

2. VMS deposits are usually
Collage
of these assemblages (FFB =
arc)

3. Mapping and geochemistry will
help focus on the productive

Sask Craton
assemblages 3.20-2.40 Ga
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