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Labrador

- Devonian/Carboniferous sediments

Silurian sediments

- Silurian intrusions

Authocthon

Ordovician sediments

|
50°0'0"N- — - Cambrian sediments

- Rift related sediments

Allocthon

Undivided shelf sediments

Ophiolites and associated volcanics

Precambrian basement rocks
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o Zn and Pb occurrences (from MODS)
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Carbonate hosted Zn-Pb Newﬁ)ljﬁdland

deposits (MVT) Labrador

Epigenetic, stratabound, carbonate-hosted sulphide bodies
— Sphalerite, galena, iron oxides and carbonates

* Open-space fillings of breccias and fractures and/or replacement of
host dolostone

* Found in carbonate platforms adjacent to orogenic belts
* Individual deposits rarely exceed 2 million tons @ < 10% Zn+ Pb

* QOccur in clusters termed “districts” containing multiple ore bodies,
scattered over hundreds to thousands of square kilometres.
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Carbonate hosted Zn-Pb Newﬁ)ljﬁdland

deposits (MVT) Labrador

forebulge overfilled degraded B. Post-deformation MVT

foreland basin mountain front

1. Deposition of host rocks
< <

N v

2. Thrust deformation

S e
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from Bradley & Leach (2003) 3. MVT mineralization

* Product of regional scale movement of warm saline aqueous solutions,
commonly during compressional tectonics

* |n most cases fundamental structural control, on location of ore bodies
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Carbonate hosted Zn-Pb Newﬁ)ljﬁdland

deposits (MVT) Labrador

Exploration challenges

 Small deposits, irregular shaped ore bodies

* Poor geophysical signature (magnetics, gravity, IP), but

potential for discoveries based on subtle signatures

* Weak alteration footprint

— Extensive dolomitization and disseminated sulphides may indicate

proximity to ore bodies

— From ore to barren host rock over < 1m
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Carbonate hosted Zn-Pb Newﬁ)ljﬁdland

deposits (MVT) Labrador

Why explore for MVT deposits?

* Global demand for zinc rising, production declining
* Relatively high grade deposits

e Simple processing (mineralogy dominantly sphalerite and

dolomite)

Small mine footprint and environmentally friendly

— Outflow from Daniels Harbour Mine used in fish hatchery
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Zn mineralization on the
Great Northern Peninsula
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Daniels Harbour Deposit Newfoundland

Labrador

* Deposit discovered in 1963
* Mine operational from 1975 to 1990
e Total production of 7.2 Mt at 8.9% Zn
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Daniels Harbour Deposit Lgbrador

e >15 individual ore bodies mined

— From 100 m to 4.6 km in length
— Underground (~80%) and open pit
(~20%) mining

— Majority of ore mined from L zone

e 4.2 Mtat8.4% Zn

* Highly irregular sinuous ore bodies,

sub-parallel to faults

- Ore body D Pseudobreccia

* Some ore bodies spatially associated [0 Matx Brocoia (karst) " Faul

2 1 0
)

with karst breccias km
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Daniels Harbour Deposit Newfoundland
Labrador

* Mineralization hosted in
pseudobreccia beds (secondary
dolomite replacing host rocks) and
in fractures connecting mineralized
beds

* Sphalerite occurs at top of beds

* Multiple generations of sphalerite
precipitation, other sulphides rare
(minor pyrite)

* Geology and mineralization
described in detail by Lane (1990)
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Newfoundland
Labrador

Daniels Harbour Deposit

EMERGING UNDERFILLED THRUST
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Adapted from Bradley & Leach (2003)
* QOre generation epigenetic during deep burial
* Influx of metal-bearing hydrothermal fluids during fracturing and faulting

* Timing of mineralization enigmatic, but likely associated with thrusting during

the Acadian Orogeny (reactivation of Taconic faults)
— Postdates burial and emplacement of allochthon by ~ 60 Ma (Bradley and Leach, 2003)
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Daniels Harbour Deposit Lgbrador

Lessons leamed from exploration

* QOre bodies are generally small and discontinuous

Abrupt contact between high-grade ore and barren pseudobreccia over
< 2 m common

* Deposits discovered by till geochemical studies and bedrock
exposures, no “blind” orebodies discovered

* Geophysics has not proved useful in discovering ore bodies

— Detailed gravity studies may aid in discovery of ore bodies (e.g. Polaris Deposit)

— Seismic study can identify structures suitable for crustal scale fluid flow

* New discoveries require detailed knowledge of geology, closely spaced
drilling programs and some degree of luck!



S

Zn mineralization on the Newﬁ)jﬁdland

Great Northern Peninsula Labrador

56°1 (I)'O"W 56°0|'0"W

* Numerous Zn (£Pb) occurrences =
in Hare Bay/Pistolet Bay areas

North Boat Harbour,

* Mineralization hosted in similar
setting to Daniels Harbour Deposit ...

* Exploration in 1970’s and 1980’s -
focused on geochemical L V0 e ThustFaun

0 100km

[ Sample Locations

——  Fault

~~~~~~~~~~~ Stratigraphic contacts

anomalies

Authothon

51°200°N—
[ ] Goose Tickle Group

— Round Pond Deposit
¢ (~ 0.4 Mt @ 2% Zn)

[ ] Table Head Group

[ st George Group

[ ] PortauPort Group

[ ] Labrador Group

— Salmon River Prospect

Allocthon

51°10'0"N | SAUBOMRI
Hare Bay Allothon

— Twin Ponds Prospect =

White Arm Window
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Newfoundland

Round Pond Deposit fAlTaar

* Discovered in 1970, drilling in

1971, 1975 and 1983 e
* Based on soil geochemistry
) 51 16'0"N = ‘ ‘ -
anomalies A S ey

e TwO main mineralized zones

.I. - e ‘
S Phillips'Zone SEEHCN
. - .
r . 3
O "

— Main Zone (400,000t @ 2% Zn)
- Ph|”|pS Zone (98,000t @ 15% Zn) o Sample Locations Historical drillhole

(unmineralized)
---- Fault, assumed

* Numerous sphalerite showing in ,  Historical rilhole —

(trace sphalerite to mineralized)

Boat Harbour Formation

Watts Bight Formation

surrounding area
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Newfoundland

Round Pond Deposit tabrador

Mineralized boulders
and sub-crop for 100m
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A6uc-025-B01..

16JC-027-A02
(12.21% Zn)

(4.08% Zn) %
1ch-025-¢':0@§ """" ...

* Crackle breccia, and dolomite fragments
cemented by sphalerite and dolomite

O 16JC-272A01 :.
g —  “Snow-on-the-roof” textures

Grey dolomite with crackle breccia H

[
Tan siliceous dolomite
[]  Massive to laminated grey dolomite _ Mlnor galena and pyrlte
N -
T * Grab samples up to 24.46% Zn (at Phillips
/@ Prospect)
o * Drilling shows presence of mineralized
pseudobreccia at depth

Q Sample Location

L Q
------ Limit of stripped ground . @
@
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Salmon River Prospect Newfoundland
Labrador

e Located ~15 km south of Round
Pond DepOSit 56°14'0"W 56°12'0"W

e Discovered based on soll
geochemistry anomalies

* Numerous sphalerite showings

* Main occurrence at Salmon River
#6 (Frying Pan Pond)

[ ] Sample Locations

* Drilling in the 1970’s unable to

(trace sphalerite to mineralized)

Catoche Formation

Boat Harbour Formation

Historical drillhole

intercept mineralization at depth © (nminarsized)

[ ] Table Head Group

Watts Bight Formation

EENE

Petit Jardin Formation
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Salmon River #6 Newfoundland
Labrador

[] Poorto moderately developed pseudobreccia
16JC-043-A01
[[ITl  Pseudobreccia with > 5% sphalerite 2 (18.52% Zn)
Iz Tan siliceous dolomite with minor sphalerite-dolomite veins / :
[[T]  Grey, massive to laminated, burrow mottled limestone
------ Limit of stripped ground AT 16JC-042-A01
Y ... (1.75% Zn)
Limit of pseudobreccia 16JC-044-A017" | ‘ -
(1.73% Zn) ? g \ X Y
o Sample Location
........ N
Mineralized boulders
0 10 20m
[ E— S—] \ !
16JC-045-A01 H
(8.47% Zn), ‘-.7 76JC-045—A02.
16JC-045-A03 X5 (20.04% Zn)
(10.49% Zn). > () 16JC-045-A04 (&
_____________________ (16.27% Zn)
o ngssive &Q —
4 S e N R s
croP® ~ gton® e
out! eyl esto™ T T

* Mineralized pseudobreccia exposed in series of trenches
* Extensive pseudobreccia developed

* Zinc mineralization sporadic, but grab samples of sphalerite rich
pseudobreccia have 10.49 to 20.04 wt. % Zn
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Newfoundland

Salmon River #6 Labrador

* Multiple generations of

sphalerite mineralization

— Early red sphalerite, with
dolomite and calcite

cement

— Late yellow sphalerite in
quartz-orthoclase-

dolomite cement
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Twin Ponds Prospect Newfoundland
Labrador

e |ocated ~12 km north of Round

Pond Deposit close to Highway T T e
430 ‘ | -
« Discovered in 1970’s based on Ty o’ /
soil geochemistry anomalies S 4 / g sz
e Mineralization occurs in trench - T
south of highway (Wade Showing) A . | ——
and in outcrops along highway ® ot T

——- Fault, imat
aull, approximate St George Group

* Grab samples with 5.65 wt % Zn [ Aguaura Fomaton

Stratigraphic contact :l Catoche Formation

(Wa de Showin g) and 6.73 to o Historical drilhole Bl Boat Harbour Formation

(trace sphalerite to mineralized) Watts Bight Formation

0 . . Tﬁﬁ{;ﬁ;ﬂﬁg'&me Port au Port Group
1 1 . 9 6 Wt A) Zn ( H Igh Way o :'\’oute 430 ) :| Petit Jardin Formation
Showings)
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Newfoundland
Labrador

Twin Ponds Prospect

0 T 2 @NATW_6 LT

* Mineralization similar to Round Pond Deposit
— Sphalerite lining dolomite clasts in crackle breccia

— Mineralized pseudobreccia stratigraphically below crackle breccia
along highway
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Zn mineralization on the Newfoundland
Great Northern Peninsula Labrador
Other occurrences .

* A number of other sphalerite o N

occurrences located along strike from

30'0"N y-
e /] /

"Fgure] ) , ‘/ _‘

-

known deposits and prospects
— North Boat Harbour
— Watts River

— Hidden Pond

Port au Port Group

(I
]
I st George Group
]
]

Labrador Group

* Moderate to well developed = y -

pseudobreccias recorded in a linear

belt with > 60 km strike length
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New[oundland
Current Research Lgbrador

* Geochemical and isotopic studies underway (BSc thesis by
Robert King)
— Bulk geochemistry
— Electron microprobe analysis
— Sulphur isotopes

— Lead isotopes

— SEM-MLA analysis

Develop genetic model for these occurrences, and

compare with Daniels Harbour Deposit



Bulk Geochemistry
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Sphalerite Geochemistry Ne‘fgf,ﬂggé?“d
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* Significant variations between occurrences

* Fe and Cd related to temperature and fluid source: implications for
genetic model



Sulphur Isotopes
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Newfoundland
Labrador
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-20.0 -10.0 0.0 10.0 20.0 30.0

40.0

Round Pond® = m (]
m Salmon River#6 = m
= North Boat Harbour

Daniels Harbour s m mam m

Sphalerite

Round Pond e ®@e ee e ® e

° ® Daniels Harbour

Galena

Salmon River#6 # * %
* % %k Twin Ponds

o Salmon River #3

Pyrite

e Data from Round Pond and Salmon River similar to Daniels Harbour

e Lower &3S in sphalerite due to alteration
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New[oundland
Sulphur Isotopes Lgbrador

-40
~—— Upper limit
~<——90th percentile
~<— Median
-30 ‘
—+— 25th percentile
~+—— Lower limit
Age of mineralization*
20 ] —— Age of host rocks
/ Marine sulphate composition
-10 -
5
Q / Mean sedimentary pyrite composition
:g_ 0 (as produced by BSR)
@
2
10 Likely range of sulfide compositions produced
by TSR of seawater-derived sulfate at 150°C
(Kiyosu and Krouse, 1990).
20 9 Newfoundiand
Zinc
30
Adapted from Wilkinson (2014)
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* Positive values related to thermochemical sulphate reduction (TSR) of
seawater sulphate?



Lead Isotopes
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Genetic model Newfoundland
Labrador

EMERGING UNDERFILLED THORUST
SHELE FOREBULGE ., _ . FOREDEEP | LOAD
) — |~ — | ~ T — 1 1

___sealevel

UNS IRULGHON

PRE-OROGENI ORELAND-BASIN
EPOSITS

Carbonate and mino
E passive margin platfor 0 0 50 190 Km
I:l Precambrian
basement 9
Km

Adapted from & Leach (2003)



Zn mineralization on the
Great Northern Peninsula

WALTIUS
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~=== Faults
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GSC MAPPING (CIRCA

5

Newfoundland
Labrador

Polymetallic (Cu-Ag-Pb-Zn) mineralization in brecciated St. George
Group dolomites in White Arm Window (metamorphosed)

Deeper equivalent of MVT mineralization?
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Zn mineralization on the Newﬁ)jﬁdland

Great Northern Peninsula Labrador

* Known occurrences on in Hare Bay and Pistolet Bay areas

have many similarities to Daniels Harbour Deposit

* Exploration for “blind” orebodies difficult but potential
exists for future discoveries

— 60 km of moderate to well developed pseudobreccias

* Research continuing on developing genetic model to aid

exploration and development of new exploration targets
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