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Abstract: Intrusion related (e.g., porphyry) deposits are the most important sources for Cu, Mo, W and Sn, along
with Au, Ag, and PGEs. Porphyry deposits are large, low- to medium-grade deposits in which mineralisation is
hosted within and immediately surrounding distinctive intrusive phases within larger intrusive complexes that
commonly have prolonged emplacement histories. To develop more effective exploration criteria to identify and
evaluate deeply buried and/or hidden fertile intrusive mineralizing systems, studies into Cu-Mo/Au and W-Mo-Sn
systems are aimed at answering the following questions: i) Are there distinctive proximal and distal footprints for
each deposit type that will allow identification of, and vectoring towards hidden economic deposits?; ii) Is there
evidence of fertility within the root system of intrusions, i.e. what are the triggering conditions and indicators of an
hydrothermal-magmatic system of size and duration sufficient to develop a large porphyry deposit? To help answer
these questions studies are being undertaken at sites associated with the Triassic-Jurassic porphyry deposits of the
British Columbia interior and for the array of mineralised Canadian Appalachian Siluro-Devonian intrusions, for
which the fundamental geoscience knowledge is often lacking.

A common problem facing Cordilleran and Appalachian exploration is how to detect intrusion-related
mineralization through the extensive glacial sediment cover. Consequently, research activities are focussing at
identifying key geochemical and mineral indicators in till near known mineralization and their detrital dispersal
down-ice. Indicators are being developed for the detection of mineralization, but also the alteration halos and vein
systems associated with mineralization, which represent much larger exploration targets than the actual economic
orebody itself. Once identified in till, these indicators can be traced to their bedrock source using reconstructed ice
movement vectors.

Structural relationships indicate that Sn-W-Mo mineralised intrusive systems can form due to extension associated
with far removed non-orthogonal accretion. Deposits within these bodies form along fluid pathways such as the
intersection of high-angle syntectonic breaks. Mineral potential can also be resolved through trace element
fingerprinting. Subtle compositional changes in commonly occurring minerals (i.e., biotite) and fluid inclusions
provide evidence of chemical variations related to magma fertility and vectors to mineralisation.

Originally presented Fredericton 2014: Geological Association of Canada - Mineralogical Association of Canada Joint Annual Meeting,
Special Session 3: Discovering the Next Generation of Porphyry Deposits: Advancements in Locating and Understanding Hidden Intrusion-
related Mineralization. May 21, 2014.
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Porphyry-style deposits are the world’s foremost sources for Cu, Mo, W and Sn, plus major
sources of Au, Ag, and PGEs. They are typically large, low- to medium-grade deposits
hosted within and near distinctive intrusive phases. Metal content is diverse and reflects
tectonic settings; Cu and Cu-Mo deposits are relatively abundant in island- and continental-
arc terranes, whereas Mo and W-Mo deposits are associated with extension of continental
crust. This Special Session will investigate their genetic controls and distal footprints that
identify hidden economic porphyry-style deposits by highlighting new ways to predict,
identify, model, and evaluate fertile intrusive mineralizing systems. Themes will

include tectonic settings, structural controls, mineral and fluid inclusion compositions, and
surficial and biogeochemical indicators of covered and deep porphyry deposits.
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Identifying new vectors to hidden porphyry-style mineralisation

TGI 4 Objectives

“Geoscience knowledge to support enhanced
effectiveness of deep exploration”

TS Canada

TGI 4 Objectives

“Geoscience knowledge to support enhanced
effectiveness of deep exploration”

1) Develop more robust
measures of whether a
geological system may
contain deeply buried ore
(system fertility), as well
as indicators that provide
the direction to that ore
(exploration vectors), in
order to reduce exploration
risk
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TGI 4 Objectives

“Geoscience knowledge to support enhanced

effectiveness of deep exploration”

2) Develop new
geoscience knowledge
and innovative
techniques to model
and detect Canada’s
major mineral systems.
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effectiveness of deep exploration”
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Identifying new vectors to hidden porphyry-style mineralisation

Ore system approach to project definition
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TGI 4: Searching for hidden
mineralisation

Hinds Lake
spillway
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Identifying new vectors to hidden porphyry-style mineralisation
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Gibraltar: Integrated bedrock, surficial and
biogeochemical mapping
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altered host rock

Sampling sites in the pits, such as at Gibraltar pit, were
chosen where the sediment succession was in situ and
tree cover had survived.
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Geology from: Ash
et al., 1999

Canada
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Gibraltar: Moly Re-Os dates

| Location I Rock Type | Structure | Alteration | Mineralization |

Re-Os age: 215.0 +/-1.0 Ma

‘Weakly to Weak to
Granite Tonalite moderately moderate n‘z)c:;';:e
foliated QS +/- Chl
Re-Os age: 212.7 +/-0.9 Ma
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Granite Tonalite moderately Moggatc Strong
foliated
' Re-Os age: 210.1 +/-0.9 Ma
Weakly to ‘Weak to
Gibraltar | Tonalite moderately Moderate Weak
foliated QSC

258



Identifying new vectors to hidden porphyry-style mineralisation

Correlating the Granite Mountain and
Gmchon Creek bathollths
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Correlating the Granite Mountain and
Guichon Creek batholiths
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Identifying new vectors to hidden porphyry-style mineralisation

Glacial Processes: Profile of a glacier
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Glacial transport and dispersal train

|
I
I
!
|
\
|
J
|
|
|
|
\
t
|
|

GLACIER

Modified from
Drake (1983),
Miller (1984),
McClenaghan
and Kjarsgaard
(2007)

No scale

Canada

Glacial transport and dispersal train

Modified from
Drake (1983),
Miller (1984),
McClenaghan
and Kjarsgaard
(2007)

No scale

Canada

262



Identifying new vectors to hidden porphyry-style mineralisation

Ice-flow history: Bonaparte Lake area

0 2-5 50
(Plouffe et al., 2011, CJES) kilometres

[ |
Ice-flow Indicators
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Ice-divide Migration and effect on glacial
dispersal

THICK TILL DISPERSAL MODEL
WEST EAST
Based on dispersal
PHASE 3 LATE EAST . SHORT LIVED: MODERATE REWORKING
at Huckleberry
Mine

Ferbey et al. (2012; BCGS Open File 2012-02)

Palaeo-topography and till
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Identifying new vectors to hidden porphyry-style mineralisation

Palaeo-topography and till
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Palaeo-topography and till

SMALL PART OF MINERALIZATION
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e.g. Highland Valley Mine
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Highland Valley Mine: Valley Pit

Bedrock Pre-glacial

sediments

TS Il Canada

Porphyry Indicator Minerals (PIM) -
Woodjam

% Width offield of view: 5 mm

Sample 11PMA-017A-1
(WOODJAM)

- - 80% Epidote (0.25-0.50 mm)

Source: ODM, March 2012; modal
estimates +/-10% precision

Percentage of epidote in HMC of till could provide a key indication of the
presence of propylitic alteration; this could become a regional indicator
mineral for buried porphyry mineralization
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Identifying new vectors to hidden porphyry-style mineralisation

Porphyry Indicator Minerals (PIM) -
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Gibraltar: Ice-flow history

SAMPLES

@ Biogeochemistry

Till matrix geochemistry

Till matrix geochemistry
’ Till mineral separation

Porphyry mineralization

b Generalized ice-flow
Direction (phase 1, 2)
Roads
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Gibraltar: Chalcopyrite in till

| No. of grain chalcopyrite / 10 kg of bulk sediment < 2 mm |
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et al., 1999; Massey et
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Identifying new vectors to hidden porphyry-style mineralisation

Gibraltar: Cu in clay from till
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Mount Polley: Chalcopyrite in till

No. of chalcopyrite grains / 10 kg of bulk sediment <2 mm

MINFILE
Alkalic porphyry Cu-Au
Au-bearing quartz veins
Surficial placers
Buried-channel placers
Sediment-hosted Cu
Volcanic redbed Cu

Unknown

Bedrock geology:
Massey et al.,
2005; Logan et
al., 2010

Cu

(ppm)
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Mount Polley: Cu in clay from till

MINFILE
Alkalic porphyry Cu-Au
Au-bearing quartz veins
Surficial placers
Buried-channel placers
Sediment-hosted Cu
Volcanic redbed Cu

Unknown

Bedrock geology:
Massey et al.,
2005; Logan et
al., 2010
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Identifying new vectors to hidden porphyry-style mineralisation

Mount Polley: Gold grains in till

No. of gold grains / 10 kg of bulk sediment < 2 mm

121°55' 45 30 121°2%'

MINFILE
Alkalic porphyry Cu-Au

Au-bearing quartz veins

Total gold grains Surficial placers

® H B Xoe

8 028 Buried-channel placers
® 7-15
Sediment-hosted Cu
@ 16-31
. 32-55 e Volcanic redbed Cu
. 56 - 105 Unknown
g g Bedrock geology:
5225 ol kNl vy -s225 | Massey et al.,
121°55° 45 30 121°25' 2005; Logan et
0 S 1°Ki| al., 2010
mssmmmmw ————Kilometers

( " Quesnat

Glﬁ‘R ALTARS, MOUNT POLLEY

GEOLOGY |

e Povm Makawy of oL 2005 Lopen ! . 20)

Cenozoic
4 Neopene Chicotin Group

W DEBEIREIER 0 Lower Jursssic Nicoks Group

Mesozoic
W £y Jurassc TaRomAnne Bamosn
PR et

Late Triasssc 1o Early Jurassi: Thuys Bathouth
ot 2T N

i1 derte Gty moriirds
B Traswe Grande Mocntan Ratholth
dorme o =

P oty depo . generalzed ke-flow
Yl pophyry depost N eton
H » 03 f ™
s

271



Rogers et al., 2015

121°36" 30 121°00 o (ppm)

52°18°
* 104 - 168
o 169-193
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© 277 -359
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@ 495 -2509

Plouffe et al. (2010)
GSC OF6440

20 10 0 20 40 60 Kilometers
]

Geology simplified from Schiarizza et al. (2002a, b, ¢; 20063, b; 2008, 20093, b)

121°36' 30° 12100 % 12000

Plouffe et al. (2009)
GSC OF6047

20 10 0 20 40 60 Kilometers.

Geology simplified from Schiarizza et al. (20023, b, ¢; 2006a, b; 2008, 20093, b)
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Identifying new vectors to hidden porphyry-style mineralisation

121°38' 30° 121°00 £ 12000
- 52'18'

Chalcopyrite / 10 kg
(0.25-05mm) £

New data: unpublished
Limited number of samples
:55

121°30° 30 121°00 2 120°00°

20 10 0 20 40 60 Kilometers

Geology simplified from Schiarizza et al. (2002a, b, ¢; 2006a, b; 2008, 20094, b)

W-Mo Indicator Minerals — Sisson Brook

Sisson Brook Zone 3 trench
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8:40 Parkhlll M.A* McCIenaghan M.B., Seaman AA, Pronk A.G. and
Rice, J.M. Glacial stratigraphic, till geochemical, and indicator mineral
studies at the Sisson W-Mo and Mount Pleasant Sn-W-Mo-Bi-In
polymetallic deposits, southwestern New Brunswick
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Identifying new vectors to hidden porphyry-style mineralisation

Post-accretionary Sn - W - Mo - In

”.
Y

F Sn Mo W
% % K K MajorProspect

% % % *  Minor Prospect or Showing

Placentia

Bay
. U L ® Showing or Indication 2
S &
kilometres

St. Lawrence Area 1

i+l o g

o Canadd

Post-accretionary Sn - W - Mo - In

”.
Y

F Sn Mo W
% % K K MajorProspect

% % % *  Minor Prospect or Showing

* e« ShowingorIndication 2
I & Sl CarsnouArea i
[ £ [t c

275



Rogers et al., 2015

Post-accretionary Sn - W - Mo - In
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Identifying new vectors to hidden porphyry-style mineralisation

Post-accretionary Sn — W — Mo — In
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Post-accretionary Sn - W - Mo - In
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Identifying new vectors to hidden porphyry-style mineralisation

Connaigre Peninsula, NL
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Connaigre Peninsula, NL

[55:

Ruberti, G.*, Rogers, N., Kellett, D., van Staal, C. and Hanchar, J.
Structural and tectonic controls on Devonian intrusion related
mineralisation on the Connaigre Peninsula, NL (Poster; SS03)
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Identifying new vectors to hidden porphyry-style mineralisation
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Connaigre Peninsula, NL
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Identifying new vectors to hidden porphyry-style mineralisation

Connaigre Peninsula, NL
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(a) SUBDUGTION () POST-COLLISIONAL THERMAL REBOUND
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Identifying new vectors to hidden porphyry-style mineralisation

Post-accretlonarySn W Mo In

(a) SUBDUGTION () POST-COLLISIONAL THERMAL REBOUND
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Lietal., 2011

Fluid inclusion analysis and mineral
fertility

10:40 Tweedale, F.M.*, Hanley, J.J., Kontak, D.J. and Rogers, N.

[ Petrographic observations and evaporate mound analysis of quartz-
hosted fluid inclusions: Applications to assess metal fertility in

granites -

|
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Ferromagnesium phases within
granites as mineral potential indicators

)) Magmatic Mica and its Potential as an Indicator of Magma Fertility in the Granitoids of New Brunswick TQ&

UN Zeinab Azadbakht', David Lentr' TUniversity of New Brunswick, Department of Earth Sciences, Fredericton
Chwistopher McFariane!, Neil Rogers? "Geological survey of Canade, Ottaws. Zoinab aadbaidu @unh 2

I ] = TR 1

s o e e 1 345 M Thoes e e Ao Sorird 1nhd Mo e ot St oy o4 et~ 10 Lot L T (i o by f o s 124 0

Azadbakht Z Lentz D and McFarIane, C Magmatlc mica and its
B potential as an indicator of magma fertility in the granitoids of New
% Brunswick (Poster; SS05)

Ferromagnesium phases within
granites as mineral potential indicators

4
)) Magmatic Mica and its Potential as an Indicator of Magma Fertility in the Granitoids of New Brunswick TG
UNB

Zeinab Azadbakht', David Lentr' "University of New Brunswick. Department of Earth Sciences, Fredericton
Chwistophar McFariane!, Neil Rogers? "Geological survey of Canad, Ottaws. Zoinab azadbaiht@unb £
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P o m-«n——-mwm Sover sk Moo e o e, oy coeis o B0 b B Bt s 0 o oty of G e o 0

Azadbakht, Z Lentz, D. and McFarIane C., Using biotite composmon
5 of the Devonian Lake George granodiorite, New Brunswick, as a

Proxy for Magma Fertility and Differentiation in W-Mo-Au-Sb

= Mineralized Magmatlc Hydrothermal Systems(TaIk 5524)
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Identifying new vectors to hidden porphyry-style mineralisation

[
Distribution and controls on indium

within Sn-W-base metal mineralization

Gowp—-1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1Period
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Anides %HE U F B l==
= Atomic number: 49 = Firstisolated in 1864
= Relative atomic mass: 114.8 = Named for indigo spectral line
= Melt point: 156.6 °C
= Post-transition or poor metal
= Discovered in Freiburg, Saxony, in
1863 by Relch and Richter s
(T3 o Canada

[
Distribution and controls on indium

within Sn-W-base metal mineralization
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Chris Goeddeke (MSc — University of Winsor):

Controls on Indium content within post-collisional
intrusive systems of the Canadian Appalachians

TS I Canada
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Uses of Indium

= The primary use of indium
is for thin film coatings,
principally indium-tin oxide
(ITO)

= Approximately 85% of global

/ indium consumption

— = |TOis commonly 90% In,O4
F////-' J and 10% SnO

/5—’( == = Transparent, electrically

End Uses of Indium

o & ¥ '8 5 8 B ¥ & ¥ 8

ﬁ:’;’ conductive, low IR
& transmissibility
— - - Second greatest use is for

specialist solders and low
melt-point alloys (= 8%)

T3 e Canada

Indium Supply

Indium 99.99% NA 5 Years - $/KG

= Global primary = 670 t/yr

= Recycling = 8350 t/yr

= 55-60% from China

= Canada 2" |argest producer

= Teck Trail Smelter (BC) produces 24 Oct, 2008 - 18 Oct, 2013
=75 t/yr _ .
= Falconbridge (latterly Xstrata) PO i il
Kidd Met. Site (ON) produced = 8 600
40 tyr \:500
= Adex pilot trials produced Zn S 400
concentrate with 5310 ppm In, é 300
and hydrometallurgical indium 5200
sponge at 96.25% 8100
o
?970 1980 1990 2000 2010 2020
Year
e = Canada
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Identifying new vectors to hidden porphyry-style mineralisation

Indium Mineralogy

Sinclair et al. (2006) 40 gm

= 2(Zn2+,Fe2+) o In3+ + Cu+

shown to contain up to 14 wt.% In

Cook et al. (2011)

= Most In sequestered into sphalerite, coupled substitution:

= Rapidly quenched high-temperature sphalerite has been

= Slow cooling rates allow almost complete exsolution

Indium in Charlotte County
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Indium in the Mount Pleasant Deposits

15500E

FIRE TOWER Broccia Pipe (1095)

Sinc zir et al. (2006)

= Updated 2012 NI 43-101 indium resource estimate:
» Indicated=12.4 Mt @ 64 ppm
* Inferred=2.8 Mt @ 70 ppm

= Total contained In metal = 987,000 kg ($0.6 — 0.7 bn)
L e Canadd

Indium in SW Nova Scotiag

O'Reilly (2012)

1Y e Canada
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Identifying new vectors to hidden porphyry-style mineralisation

Project Outline

= What controls indium distribution within granite-associated
Sn-W-Zn-Cu mineralization?
= Do indium-rich zones simply reflect indium-rich fluid sources?

= |s indium sequestration controlled by abundance of other elements
(e.g.Cu, S, Zn) or a particular PT window?

= Do high In+Cu zones reflect proximity to heat and fluid sources?

= PTX conditions during mineral precipitation determined by fluid
inclusion microthermometry and single inclusion LA-ICP-MS

4% OK
4% SiK
B a2% sk
B 2% inL
3% SnL
1 14% FeK
3% Cuk
B 28% znk

U

Canada

Project Outline

= |n distribution is decoupled from W mineralisation, and
likely from the main phase of Sn mineralisation

= Decoupling suggests that secondary enrichment/metasomatism by
late stage In-rich, Zn-poor fluids are a primary control

= Kesterite is thought to be the mineral giving the best indication of
high-temperature, high-copper fluids most conducive to the high-
indium content
= Kesterite - Cuy(Zn,Fe)SnS,

4% OK
4% SiK
B a2% sk
B 2% inL
3% SnL
1 14% FeK
3% Cuk
B 28% znk

U

Canada
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