Geology of the Kisseynew North Flank: a long-lived suture zone?

Manitoba h by H.V. Zwanzig and L.A. Murphy

Introduction: The distribution of the various lithotectonic assemblages

with different mineral potential along the Kisseynew Domain margins provides a

basic guide for the first step in mineral exploration. The Kisseynew North Flank

(KNF) subdomain comprises interleaved metasedimentary rocks of the

Burntwood and Missi groups and narrow packages of the Granville Lake

assemblage, which include older metavolcanic rocks. These units are interpreted to

have formed on a long-lived boundary between the Lynn Lake-Leaf Rapids
Domain (LLD) arc volcanic and plutonic rocks with significant VMS and Au
potential, and the Kisseynew marginal basin, which 1s apparently barren. The

Granville Lake assemblage, features arc-rift and other ocean-floor volcanic units

that have a potential for Au deposits and possibly VMS deposit. Semi-continuous

stratigraphy and persistent geochemistry indicate >250 km strike-length of the

assemblage from Tod Lake toward the east.
The KNF was assembled by southeast-directed folding and thrusting, partly
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during the ca. 1850—1830 Ma sedimentation of the Sickle Group (fluvial-alluvial Lake =

facies) and the Burntwood Group (marine turbidite facies). This marked the end of
the 1890—-1840 Ma arc magmatism in the LLD to the north. The Granville Lake
assemblage 1s interpreted to include early (?1.9 Ga but undated) arc-rift and
MORB-like basalts conformably overlain by hotspot-related picrite and
unconformably overlain by the Sickle Group. The early volcanics may be part of a
supra-subduction-zone ophiolite and forearc sediments. These were thrust over the
Burntwood Group following northwest-dipping subduction.
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Isotopic ages of all the Kisseynew sediments include U-Pb

detrital zircon ages and Nd model ages that peak respectively at
1855 Ma and 2.35 Ga, similar to the successor arc granite bloom in
the hinterland to the northwest. Minor peaks at 2540 Ma 1n the
Sickle Group and 2700 Ma 1n the Grass River Group correspond
respectively to sources at the margins of the Hearne and Superior

cratons. These and local Archean Nd model ages in the

cast

indicate that continental collision had started during the ca. 1850-

1830 Ma sedimentation.

The older Granville Lake assemblage extends into the 1.9 Ga

volcanic rocks in the LLD, this age being equivalent in corre!
basalt in Saskatchewan (D. Corrigan, pers. comm.). About

lated
1874

Ma felsic tuff or reworked tuff in the mainly sedimentary sout!
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group of the Granville Lake assemblage (D. Corrigan, pers.
comm.) suggest that the proposed thrust slices become
progressively older toward the base of the original hanging walls.
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Partly restore tectonostratigraphic sections

Tectonostratigraphy was restored to an early stage of thrusting and

folding using the basal Sickle unconformity as datum. Sediment transport,
determined from conglomerate thinning and fining, was to the southeast,
like the thrusting. Facies changes from intermediate to arkosic compo-
sitions at the base define the subbasin stratigraphies. Southwestern facies
prograded over the upward-coarsening top of the Burntwood Group
turbidite at a fault-basin margin or inner trench slope.

Geochemistry indicates that distinctive units occur widely
throughout the KNF. A correlation between metabasalt at the
southwest end of the Lynn Lake belt (Tod Lake basalt, (4)) and the
metabasalt and layered amphibolite at Granville Lake (8)is supported
by their similar moderate to weak arc signature, suggesting an origin
as arc-rift basalt or backarc-basin basalt. The same volcanic origin of
layered amphibolite that extends east beyond Nelson House i1s
supported by recent chemical analyses at Notigi Lake and Kawa-
weyak Lake. Stratigraphically intercalated Ti-enriched, picritic to
mafic amphibolite (9) has been interpreted to have a hotspot affinity.
As at Granville Lake, the amphibolite in other parts of the KNF
contains massive units derived from gabbro. Gabbro and quartz
diorite(6) chemically similar to Tod Lake basalt apparently intrude
the Burntwood Group. This indicates that similar magmatism
occurred along the KNF possibly from 1.89 to 1.84 Ga, marking the
suture zone of a long-lived plate margin.

Kisseynew metasediments have a distinctive pattern(6)10 when
normalized by Paleoproterozoic continental pelite (Pipe Formation

in the TNB). This 1s identical to Pre-

Sickle plutons, which acted as

the main source of detritus. The older sediments (in the Granville
Lake assemblage)(7) are more depleted in HREE than the Burntwood

Group.

Sediment geochemistry
ok Kisseynew sediments -
o 1oL ¢* Pre- Slckle and undated tonalite/grano- _
% 2 ; d|0r|te average of6
© - . -
¢ [ ’\ - '
> f NS
Sk AN ninia s
x : \ s
o F .
e ] Sickle Group '

A J Bumtwood Group, n=19(6) =
~ @ Granville Lake assem
a-10 . SR :

Q
(o]
o
Qo
>
© 1
=<
o
®)
14 D :
1 : Burntwood Group
Rb Th Nb La Pr P Zr Eu Dy Yb
Ba U K Ce SrNdSmTi Y Lu

Rock/NMORB

Rock/NMORB
j

Amphibolite geochemistry

100E 5 Granville Lake assemblags

B | ayered amphlbollte (Notigi L)

100 g)Granville Lake assemblage
A | ayered amphibolite (Notigi L)

10 \ Tod Lake basalt (arc-rift/
backarc, Granville L, n=7)

"Th La Nd Zr Eu Gd Y Yb
Nb Ce Sm Hf Ti Dy Er Lu

\\

Carbonate-bearing
concretion

1855 Ma 2540 2700 Ma Q?éﬂt:sl
; P 2l
Sicl:: ch;up "o Amphibolite geochemistry
y ’ trt | AT T T T T T T T T T
Grass River Group  2°0.012- 100 @Granwlle Lake assemblage
® Setting Lake '3 0.010- Tod Lake basalt (arc-rift/backarc,
Burntwood Group 8 0.008- Tod Lake n=18)
Granville Lake o~ 210 o
Wheatcroft Lake n_0.0061 o) ranville diorite @
®South of Wabowden  0.004; ; =
. 0.002- < —
: FH\**HHFH*H4i:fﬂEt:“fH 3 é; L e o = — O
> N N R R B @ A M o A Metagabbro (Kawaweyak L)
28 N & 8 8 gAge(Ma)
c o o o o o ° Al e vy
100 |||||||||||||||| =
£(3)Granville Lake assemblage 1
OS|Ck|e & Grass R|Ver groups E10 -_ v Layered amph|b0|lte (Kawa. L) _-
® Basal Sickle? 8: Q¢ Hatchet Lake basalt (N-MORB,
— ® Burntwood Group g : é - n=10) :
w | ®Burntwood Group? 5| Granville Lake assemblage: felsic |3, \’\m '
4. : . e ' E E
1B 3 conglomerate, Granville Lake, along strike of the : =
I 1 felsic bed dated as ca. 1874 Ma, similar to early a T
20 2.2 24 26 Nd model age (Ga) successor arc plutons i the LLD. 100 @ ---------------
Laurie Lake assemblage
E (Arc, n=11)
%10
=
<
=
o
. 1

100E '(.?-'ra'n\lnllle'L:a\k'e'as's'er'nlola'goj

+ Laurie Lake felsite

=
o
TTTT

Structural and tectonic evolution of the Kisseynew North Flank (KNF)
apparently started with backarc rifting and development of normal (Hatchet Lake) to
enriched (Tod Lake) MORB and arc-rift basalt, and picrite (Pickerel Narrows) influenced
by a mantle plume or hotspot. An age of ca. 1.9 Ga 1s suggested by the close relation to
dated arc volcanics southwest of Lynn Lake and by a tonalite dike cutting the correlative
Levesque Bay assemblage in Saskatchewan. Mafic-intermediate intrusions into the 1840-
1850 Ma Burntwood Group suggest a protracted history of Tod Lake-type magmatism in
the KNF. Correlation over 250 km shows 1ts wide extent.

The basalt and related mafic-ultramafic intrusions, siliciclastic rocks and sulphide
iron-formation are interpreted to have been thrust over ca. 1.87 Ga, mainly sedimentary,
successor-arc deposits. Block-bearing high-density turbidite (shore photo, below) may
have formed on the steep inner slope of an active trench above a northwest-dipping slab.
The amalgamated volcano-sedimentary package (Granville Lake assemblage) was
unconformably overlain by the shallow-water sediments of the Sickle Group and thrust
over the marine turbidite facies, the Burntwood Group. Folding and thrusting seem to
have started with the sediment-filling of the Kisseynew basin (lower right photo).

The Sickle Group filled syncollisional basins with high-taper conglomerate wedges,
(see columns) cross-bedded arkose (photo lower left) and thinly layered calcareous silt-
stone. These non-marine sediments prograded southeast over over the Burntwood Group.

The fold-and-thrust belt was back-folded (structure section below) and highly meta-
morphosed after deep burial during terminal collision between the LLD and the Superior
craton to the southeast. A seismic section (below) illustrates the overall northerly dipping
crustal structure and supports the existence of a suture extending into the mantle.

Z
v
o
(o))
™
AN
AN
AN
©

388005.7E

Kawaweyak Lake

6199000N

g%w — : N -

Meftcalf
Ba y

S

Q
Lake Pickerel

Narrow

Wheaftcroft |
Lake

kilometres

51400E

NL'1922¥29 ¢

419157.6E
,,/'/’

Granitoid Rocks / ’

. [ | Granodiorite, granite / \/,3&

Burntwood Group -~ Q&
[ Greyacke-derived gneiss Q§
| [ ] Greywacke-derived migmatite @
and gneiss \‘Z\rl~
Granville Lake assemblage Nt

[ ] Quartz-rich biotite gneiss
> [ ] Calcareous gneiss
I Amphibolite-iron formation

///
oy
YA
7/
a
g .
package S/
7
/ Fault /o
//@/
v /a4
/
/ 4
/ ’
S, P 7 \v
7z / /7 7
7 / /7 v/

/. . ! - o
0 limit of mapping q‘f o
0 km 1 <3
| | 2T

50800E

6192800N

_ _ Sickle Group Early intrusions
Late intrusions

Granville Lake assemblage

o Arkosic meta- Granodiorite Group 2: Feldspathic metagreywacke, - Mafic-ultramafic
Granitoid rocks sandstone quartzose and rhyolitic clastic rocks intrusion
- Quartz diorite (Blacktrout)  Burntwood Group - Group 1: Pillow basalt, layered amphibolite, T Fault
. ultramafic fragmental rocks (black), gabbro, — Anticline, overturned
- Gabbro, quartz diorite Metagreywacke, conglomerate quartzose and sulphidic sedimentary rocks — XJ— Syncline, overturned

Rock/NMORB

A

Sickle Group crossbedded meta-arkose over-  Burntwood Gp metaturbidite with graded, lamin-
lying Tod Lake basalt on Granville Lake. ated and shaly Bouma divisions, Wheatcroft Lake.

Granville Lake assemblage:
Narrows picritic to basaltic fragmental rock with
E ~~ Dickstone rhyolite: arc-rift 3 hotspot-related geochemistry, overlying and

Granville Lake assemblage: pillowed Tod "Th La Nd zr Eu Gd Y Yb interlayered with Tod Lake basalt on Granville
Lake basalt on Granville Lake. Nb Ce Sm Hf Ti Dy Er Luj 7T ,ke
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altered and unaltered domains.

Granville Lake assemblage: deformed Granville Lake assemblage: fault-slice of
recrystallized Tod Lake basalt, probably origmally greywacke, sulphidic pelite (brown) and chert
pillowed, but transposed mto amphibolite with pale (white) between south-facing (arrows) panels of
diopside- and dark homblende-rich layers from pillow-basalt in the south limb of an early

anticline.

Ultra-thick bed of feldspathic grey- °eyond 15 cm scale card;
wacke containing exotic blocks (e.g. apparent thrust displacement of
white arrows) at the base (at boat with the northern limb (originally
assistant) grading through greywacke upright) i1s to the east. North 1s
into siltstone (at author on the right).

Burntwood Group: 9 50 km
turbidite, with an early
1soclinal fold and a thrust; bed-
ding tops as at white arrows;
bedding disruption (bracket) “~_
probably occurred before
complete lithification; shale f
injection (black arrow) occurred
from shale detachment layer (at f
red arrows); truncations are seen

toward the lower left.
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