Damaged Goods - Deformation fabrics in a gold-bearing damage zone
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Why are we here? 3 Alteration and spaced cleavage foliation
Permeability of fault zones varies based on localized, distributed and sealed conduits defined by the fault I B —
core and related damage zones (Caine et al. 1996). Archean gold deposits are common in fault zones N Pl altered tonalite and localizing cleavage foliation .
(Vearncombe 1998), but often associated with late sub-static damage not related to the major slip events Ay S " w F"L*\‘“ f‘“ BN "- o
of the nearby fault. Here we explore the structural and micro-structural controls on permeability related . ‘ﬁ‘i e
to the Archean Hammond Reef gold deposit in the southwestern Superior Province in order to under- /
stand the timing and location of gold mineralization in a previously under-explored tonalite setting. -Wf,i"* j
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Anastomosing Fracture Network
brittle deformation of unaltered tonalites (1)

® sericitisation of feldspars (Fsp) along fractures and grain
boundaries (2)

@ progressive alteration of feldspars (3,6)
@® sericite dominant zones promote flattening and cleavage (4)

® spaced cleavages promote further localisation of alteration
and deformation (5)

@ flattening and minor shearing of sericite spaced cleavage
defines the foliation fabric (5)
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| opening quartz vein parallel to

@ foliation trends NE, subparallel to Marmion Shear Zone

® intensely foliated units show aggregates of quartz ribbons
with long axes parallel to foliation (5)
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localized cleavage foliation zones (0.1-5 m)

2 Brittle fracture pattern in the tonalites
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Fractures in the tonalites i
® fracture density varies significantly from HHH'|

10s to 100s of fractures per meter

® many fractures are vein-filled (epidote, chlorite,
sericite, quartz, carbonate, quartz-carbonate)

® mutual cross cutting relations

® pattern of high density “short” fractures
perpendicular to lower density "long” fractures

® short fractures terminate at long fracture intersect

® all the fracture data plots two dominant NNE and
ESE orientations

@ very variable fracture orientations locally
and regionally

® overall pattern matches the “long-short” pattern

References:

Backeberg et al. (2014). Structural and metamorphic evidence for Mesoarchaean subduction of the Finlayson Lake greenstone belt, Superior Province, Ontario.
Precambrian Research, 249, 100 - 114

Caine et al. (1996). Fault zone architecture and permeability structure. Geology, 24 (11), 1025 - 1028

Faulkner et al. (2003). On the internal structure and mechanics of largestrike-slip fault zobes: field observations of the Carboneras fault in southeastern Spain.
Tectonophysics, 367, 235 - 251

Percival et al. (2006). Strike-slip juxtaposition of ca. 2.72 Ga juvenile arc and > 2.98 Ga continent margin sequences and its implications for Archean terrane accre-
tion, western Superior Province, Canada. Canadian Journal of Earth Sciences, 43, 895 - 927

Stone (2010). Precambrian geology of the central Wabigoon subprovince area, northwest Ontario. Technical Report, Ontario Geological Survey
Vearncombe (1998). Shear zones, fault networks, and Archean gold. Geology, 26 (9), 855 - 858

TR
a3
LY

A

-4 e L
AR R et T
Bl - e B "
- WLE F
Pk :

)

McGall

47 shallow thrust fault with slicks SR

Mesoarchean Tonalite to Granodiorite _ L : Sawhill Bay / féf ;ifi 4 (5 30 m) ol . Cleavage foliation.
Mafic intrusives 3 | /\ / O 7 inspired from Faulkner 2003 #sse - opening-closing strain? ® unfoliated lenses are protected from flatening/shearing, but
o 4 - / TR ) / ‘ show pervasive sericitisation of feldspars (pseudomorphs) (6)
. Mafic to ultramafic metavolcanics - P & / % T /
- o i
; i 3 o GD / /)
Intermediate to felsic metavolcanics 4 . _;é}s“ % , 7 E‘
| Metasediments K : & \ -g
y N - e
— @ - ; C
/7! Fracture network / damage zone T A / A / <>/7 >
LAY £ J i = (@) o
97 M 8 Large quartz veins and gold
S o s (A ' o
) I‘“' o : /'J-’_.- 7 7 .!"
>y £ y ?ﬁf{gyﬂ/ -?’f’% :
) &+ Al : | Wer . . (D) , . .
5 /4 " armion Gneiss = j dextral vein and gold mine ,
3 / / 7L c | / 10m
Exy ; : ©
. r ol 14 py \ ]
C C A
// g/ o ik 1
| A A7 £L i N N i ik
W, & AT Y = i I 4— Late shallow thrust faults o
YRR ~ & 47 =1 i Il historic
| ' ﬁ .«’ » ¥ %7, N - A o foliation ' gold mine
. - Marmion 1ake Q A\t decreasing <
- ™ = ] | | / 9 m . . .
Hammond Reef <~ > \ " S e foliation intesity N dilational jog
® disseminated within pervasive altered tonalite § Bl N1/t et % ¥
: . ; . . : . L, AN AN e older
® located across intrusive contact of Marmion gneiss with younger Diversion Stock granitoid | g f[//;'\ : P \ |‘E \ SEETERISESS ,
g — A (- / '//l///)e(i\ : . / \\\ ’: y h ~ h \\ \\ :\\\\\\\\\\\\\ th vein
® hosted within an anastomosing fracture network o 1 ){/l//% \\\\\\ % \/ il / / I I\/)(i X( OV IOITR ONaljte
= A\ i VAN oAU IR
® disseminated mineralization not found along the entire length of the fracture network C WY //7 i A&P / /ﬁ/i/////// >\\”ﬂ A N ANt ~ o
. . . . . . . . . . © /s AR : SOOI TR =
@ sericite with pyrite, ankerite, calcite, quartz, hematite, fuchsite and chlorite alteration S "/’/"”"//” d/\“\‘ LN \/If’/' /’/,'c; [} "\lt' 5[’ (2km) AU T TN NN .
I overall decreasing alteration intensity (2km NURIONNNN Gfed horse tail
PN NS A R TN RRED ~ veins

Quartz veins

multiple events

emplaced along pre-existing structures
locally quartz-cemented brecciated wall-rock
cross cuts anastomosing fracture network

visible gold associated with large quartz veins

dextral and sinistral offset associated with quartz
veins, consistent with NW-SE shortening

latest structural activity in the Marmion tonalite

Implications and open questions

brittle damage zone related to shallow reactivation of Marmion Shear Zone (see Backeberg et al. 2014)

Lynx Head Fault

® shallow southeast dipping thrust fault

@ eastern limit of regional chlorite retrogression
after amphibole

@ cross cuts anastomosing fracture network

® 2 zones of quartz veins are emplaced along
Lynx Head Fault with brecciated hangingwalls

® Lynx Head Fault consistent with regional late
shortening event across the Marmion Shear Zone
(Backeberg et al. 2014)

@ Is it tectonically related to the dextral transpression
across the Quetico fault during 2.7 Ga Superior
Province amalgamation?

Diversion Stock intrusive acts as rigid block along shear zone - fluid barrier?

anastamosing fracture network accommodates flattening along sericite altered feldspars

s feldspar alteration promoted by the early perpendicular fracture pattern? Unloading/exhumation
late shallow faults cut altered tonalites; Does Lynx Head Fault act as fluid barrier to upward fluid flow?

damage zone and thrusts consistent with late shallow NW-SE shortening around Marmion Shear Zone

Quartz veins carry gold and are last event. Is the disseminated alteration and Au-mineralization due to the
Lynx Head Fault fluid barrier at Hammond Reef? Why is disseminated gold not along entire damage zone?

does static alteration and localized flattening of Feldspars promote pervasive permeability in the tonalites?

Hammond Reef gold is not a porphyry style deopsit - possibly related to 2.7 Ga Superior Province tectonism.
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A FRESH OUTLOOK ON MINING
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