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What are intrusion-related sheeted veins?

Definition: They are sets of parallel quartz-sulfide veins spatially associated

with intrusions and largely coeval with their emplacement.

Fracture Orientations at the San Juan Deposit

Concentric and radial fracture patterns
reflect magmatic processes and are
more common above or in the upper

parts of the stocks.

Concentric and radial mineralized fractures and veins
developed at high levels in the San Juan mine area,

Safford Mining District, Arizona.




What are intrusion-related sheeted veins?
Definition: They are sets of parallel quartz-sulfide veins spatially associated
with intrusions and largely coeval with their emplacement.

Cross-sectional views of conduits of subvolcanic plutonic and dike complexes
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What are intrusion-related sheeted veins?
Definition: They are sets of parallel quartz-sulfide veins spatially associated
with intrusions and largely coeval with their emplacement.

What is the problem?
Problem: For intrusions emplaced in large deformation zones, associated
sheeted veins may be later sheared and mistaken for orogenic vein systems.

Examples: Renabie and Co6té Gold deposits

Why are they mistaken for orogenic vein systems?
Answer: Sheeted veins and alteration halo acted as planar anisotropies that
localized the formation of the shear zones and possible channelling of later
pulses of orogenic hydrothermal fluids.

What structural tools can be used to interpret their origin as orogenic or intrusion-
related veins?
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Renabie Gold Mine

Wawa Subprovince

Laminated quartz-gold veins
within shear zones

Interpreted as an Orogenic Gold
Deposit because the veins hosted by
shear zones cut across the regional
foliation in the host tonalite pluton
and metavolcanic rocks
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Laminated quartz vein (LQV) in shear zone (SZ) or quartz- ser|C|te-pyr|te schist
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Laminated quartz vein with saccharoidal texture at Nudulama East

JordanJMtDlvltt

E baurentlan Un |vir5|ty

. . . niversittLaurentienne

Timmins SympOS|Um -
SCHOOL OF EARTH SCIENCES

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES October 2019 HARQUAIL ECOLE DES SCIENCES DE LA TERRE




Renabi¢ Mine Area T
AN
—_— “”‘3%‘
uto e
L udulam L:}éfl_;ma
) East
274048’ ‘ —
' S 7\
A 2720.8+1.4'
R\ \ v L
Baltic D. 1 km
Proterozoic * Renabie Gold Mine N\ /i
I Matachewan Mafic Dikes -0 . Jordan McDiVitt
- MSc 2016
Archg?r:.t Bearing Tonalit @ Mineralized Outcrop (
iotite-Bearing Tonalite N -
T (Missinaibi Lake Batholith) ~ Shaft Fault Laurentian)

P = gy g e

IVEiE=MM .

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES

|:| Intermediate to felsic volcaniclastic rocks

B Massive to pillowed mafic volcanicrocks

Timmins Symposium
October 2019

McDivitt et al. 2017,
2018 Econ Geol

E LaurentianUniversity

UniversittLaurentienne

HARQUAIL Scorevesscmscespe1a teues




Pileggi No. 1

[ ] Matachewan Mafic Dike
[ Quartz Vein
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Laminated
quartz vein
transposed
parallel to S2
at Pileggi
No.1
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Nudulama East | Quartz veins are pre- foliation and
shear zone.

=z

They predate regional deformation of
their host tonalite and metavolcanic
rocks.
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Summary

 Gold is associated with pre-orogenic laminated quartz
veins with quartz-sericite-pyrite alteration halos

 Laminated quartz-gold veins predate the formation of
regional cleavage and stretching lineation in the Wawa
gold camp.

The veins and their weak alteration envelope acted as a
planar anisotropy that localize the nucleation and propagation
of the shear zones hosting them.
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Example 2:
Coté Gold
deposit
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Quartz-sulfide veins at Coté Gold deposit

430000

a. South Breccia e. Outcrop 53 i. West Cote == Auriferous veins
b. North Breccia f. Clam Lake A  j. Candy Cane —~~ Mineralized zones
¢. Chipmunk g. Clam Lake B k. Jack Rabbit A —— Historic veins

d. Skidder h. Baxter . Jack Rabbit B (O Deposit area

#0000 after Ayer and Chartrand, 2011
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Quartz-sulfide veins at Coté Gold deposit
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Quartz-sulfide
veins at North
Breccia outcrop

5266940

429|720

Chester Intrusive Complex

/

"~ Foliation trajectory

/7 .

S|

.
=
[ |
||
[ Tonalite
[ |
-
e
ha NN

072/64

Mafic dike
Lamprophyre dike
Hydrothermal breccia

Hornblende-
plagioclase pegmatite

Diorite

Auriferous
quartz-sulfide vein
Shear zone orientation
S3 cleavage

S4 cleavage

/ ,* Shear zone boundary:
observed. inferred

O  Sample location

hear zone




celyn Smith (MSc 2016
Laurentian) e

E LaurentianUniversity
UniversitétLaurentienne

;| | . v . . .
.'. E n \ 4 Timmins Symposmm HARQUAIL SCHOOL OF EARTH SCIENCES

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES October 2019 ECOLE DES SCIENCES DE LA TERRE




: LaurentianUniversity
UniversittLaurentienne

.'. E nv Timmins Symposmm HARQUAIL SCHOOL OF EARTH SCIENCES

AT THE HARQUAIL SCHOOL OF EARTH SCIENCES October 2019 FCOLE DES SCIENCES DE LA TERRE




B s
- LaurentianUniversity
sl ' me ar E UniversittLaurentienne

.'. E n v Tlmmlns SympOSIum HARQUAIL SCHOOL OF EARTH SCIENCES

AL THE HARQUAIL SCHODL OF EARTH SCIENCES October 2019 ECOLE DES SCIENCES DE LA TERRE




e

E LaurentianUniversity
UniversitétLaurentienne

;| | . v . . .
.'. E n \ 4 Timmins Symposmm HARQUAIL SCHOOL OF EARTH SCIENCES

AL THE HARQUAIL SCHODL OF EARTH SCIENCES October 2019 FCOLE DES SCIENCES DELA TERRE




Quartz-sulfide veins at Coté Gold deposit
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Undeformed square & circle

r

Mylonitic
foliation

Was mineralization and alteration emplaced
during dextral shearing?
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Summary

Regional foliation along the Ridout deformation
zone overprint the sheeted veins in Chester
intrusive complex so the veins predate regional
deformation

Age of the veins is the same as that of the Chester i ~ R ke
" Intrusive Complex hosting the veins. - Mbl'f""““"—’@?f-“-*
_ Sheeted veins are intrusion-related.
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How can structural geology be used to differentiate between intrusion- related
and orogenic gold deposits?

Intrusion-related gold deposits: Typically formed early during the tectonic history of a
greenstone belt. Veins and deposits record most or all the tectonic events that affected
the greenstone belt.

Renabie gold deposit: Laminated quartz-gold veins predate the formation of
regional cleavage and stretching lineation in the Wawa gold camp.

Coteé gold deposit: Sheeted quartz-gold veins predate the formation of the
regional cleavage and Ridout deformation zone.

The veins and their weak alteration envelope acted as a planar anisotropy that
localize the nucleation and propagation of the shear zones hosting them.

Shear zones are younger than the veins.



How can structural geology be used to differentiate between
intrusion- related and orogenic gold deposits?

Intrusion-related gold deposits: Typically formed early during the tectonic
history of a greenstone belt. Veins and deposits record most or all the
tectonic events that affected the greenstone belt.

é i i . . . .. . .Y
Orogenic gold deposits: Veins and mineralization are emplaced in active
shear zones. Veins must be kinematically consistent with the movement

along the shear zones.
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Orogenic gold deposits - Veins must be
kinematically consistent with the movement
along the shear zones.

Evolving fault zone

En echelon sigmoidal veins in
brittle-ductile shear zone,
Cornwall (Paul Karabinos,
Williams College)

Discrete fault




Orogenic gold deposits - Veins
must be kinematically consistent
with the movement along the shear
zones.
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Veins are syn-kinematic with slip along fault zone because:
Intersection lineation between steep & shallow vein is perpendicular to slip lineation along fault.
Principal maximum stress direction as given by orientation of shallow extensional vein is

consistent with slip direction along fault
Drag or rotation of shallow extensional vein consistent with slip direction




Conclusions

Intrusion-related gold-bearing veins: Veins and deposits typically formed early
during the tectonic history of a greenstone belt. Veins and deposits record most
or all the tectonic events that affected the greenstone belt.

The veins and their weak alteration envelope acted as a planar anisotropy that
localize the nucleation and propagation of the shear zones hosting them.

Orogenic gold-bearing veins: Veins and mineralization are emplaced in active
shear zones. Orogenic veins are kinematically consistent with the movement
along the shear zones.

Alteration and emplacement of the veins are syn-shearing.

Using basic structural geometrical relationships, shear zone-hosted veins
associated with intrusion-related gold deposits can be differentiated from

orogenic veins.
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