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GEM-Uranium
GEM Hypothesis & Tests

Northern Uranium p "Young' potential hostrocks . . ... .......
it o ‘Old” patential host rocks . .. .. ... ... . W
For Canada iy @ potential hostr
LR L b Ultimate uranium resource (tonnes) . . .. .6000

Hypothesis:

I cumuiative production

Q [[27] Target areas
[ | Remaining reserve/discovery
| Undiscovered resources

Thelon Basin, western frontier A e s
' 0 R G ol ot

Athabasca and other northern Wemecte, ";L-m.,g"agy_ b T T e SR s
. L AT TVl sources are lost or not publicly available.
basins and basement have 9 ronsyneie Ny

i Boavertodge North A e .
untapped U potential that can be e ke QU5
revealed by test-fitting the “ “'-'“*“’*’“9% it R N

eastern Athabasca Basin [ ey
unconformity U Model

Y I ) <~ Total ultimate Canadian resource:
Thelon J . 1 693 000 tonnes U

Sims

“ lotish-Sakami Y, . _ 2

. 27.000 LE 8

¢ e
/ My

i y
Elllot Lal(e g . Bancroﬂ

Tests:

| Athabasca
' 1352000

Miscellaneous
12000 ©

- Extrapolate U source & key basement
units beneath basins by improved
mapping, geophysics and satellite data. Planned Outputs:

- Track and date basin development; U-
related alteration, sources & pathways.

- Better maps and knowledge to inform decision-
making by governments and industry
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GEM-U Thelon Basin Compilation:

Introduction and Progress to 2009 kmﬁh
Dubawnt

ront
: _ %e

Supergroup

Aberdeen N -
sub‘abagl_p" ah

74 Lookout Pt
Kuungmi 1.54
U: Apatite 1.67

Thelon <1.75
Wharton 1.76

Baker 1.84-1.80

Pre-Dubawnt 'Amer <2.2 & 1.92

Intrusions
e Archean >2.5

Beaverhill Lake
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Thelon Basin Compilation (Davis et al. 2011)

Kuungml to SW 1540+/30 Ma Chamberlaln et aI (2010)

Thelon 3

269m: .
Fig. 3D:

Thelon : Ap+ PSP oobitb...
D Photo @ 338r ;

‘\ Photo-@ 348m

p— ) > Photo @ 370 m
JP06-06 HM— s Fig. 3E: Ap + F4

. Archean
= | gneiss

Fluoraatlte 1667+/5(’? U 08)

St N eltin

R Gneiss fffffffffffffff

Archean greenstone MOnom ] A
m g 2 T= ' G ] IStO ne .




Thelon Basin Compilation: Refined of

EM Intracontinental Context ¥

b e
=

Thelon Basin - Barrenlands up
Maximum thickness Thelon Ef

—Am Bl Using old and
o W Tl new dataon

Theilon P T, ol Wl faults, g rain

amgg;nr,; NE o | size, facies

et A X paleocurrents
and Isopachs

wef vl 7 . e
Boomera _ G Y ; (after Cecile (1973); Davidson
: and Gandhi (1989), Fuchs and

Hilger (1989), Gandhi (1989),

Miller et al. 1985, Miller and

LeCheminant (1985), Overton
Lockout Paint Fm ol % (1979) (SeismiC depthS),
- T Rainbird et al. (2003a); pers.

_ ighon E i ' it IREEE R comm by Paul Ramaekers
- : | Whecltin Grranites - . _" Ta (2006)

crpreted from =Pk Wharlon Balier Lk
topograghic lineanent Girops
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A 4
How important

and what is the
Neoarchean

How important
and what is the

1.75 Ga Nueltin
granite at

/ / | Kiggavik?

From Reilly & Wheatley 2005

Main Zone
T (AREVA)

Legend

- Overburden - Ore Zone

E Granite E Alteration Halo (>100ppm U 30s)

Meta-Arkose Fault Zone
I == ; . o

e——— e

Thelon Basin Compilation:
Adapting the Athabasca model

Intersecting faults coinciding with
granite and sulphidic alteration
(Reilly & Wheatley, 2005 (YK Forum)

Still potential for Athabasca type U
associated with graphitic metapelite.

Kiggavik,
f Thelon Basin



Thelon Basin Consortium:
EM New geophysics for RPM

LOA with 8 companies

| Airborne Geophysics Acqu :
Aberdeen Lake - Amer Lak Including NTI

g 7 T,_-".é (K

e Sharing aeromagnetic &
gamma ray data

« GEM geophysics is
filling data gaps

o . , . | Py AR l « PhD at McMaster is
°°",Zi'fc:t;:,;t~°g’§{é°cis LR ok BRI Nty stitching, modeling
Elm ust 2009 N Ay |k T NN e i o geophysics and

(GEM funding) 2

aps not filled i \— ; S 7 A ‘ n. o |ntegrat|ng geOIOgy

REVA

o B Wange, 1 L VA i RGP - Aims are:
orum ] - .; ]“;,.,_.- VA B Ay -

[ L DA AN, - W - save legacy dala

Bl Viegs - Titan o —b " o RIR Y - improve detailed

[ uranium North ge0|0gy mapS

|:|Westem Uranium y 5 7 . " - S b L
At ALY h, tupg VN ‘ - develop and apply
A r e shrsd ey tbee 007 U\ 8 305 NSV, | : geophysical models

2. Actual areas surveyed differ

in detail based on efficient flight : . ‘ O f 3 — D m p p g
patterns (release date: April 2011). e — or a N
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Geophysical modeling

In progress

' SW-NE X-section: forward model to test ____~ /)
- = e ol | N L O /

VoY % # = &
S . /s
£
45 P -
e .. e
) S

Thelon Formation
S=0

.......

Depth to
basement

| -rocner 45" et s e y I-q
= 1 ! Scale 1:500000
_— v. rschirhart e TER
M e —
i = 2000 | 3 i  metenj

| . PhD student i ol oo

L5, o ]
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Industry + GSC airborne geophysics
merged; + gravity to model



Thelon Consortium: New

GEM Geology for geophysical RPM Mf
/
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Field mapping (3 M.Sc.) focussed on
resolving major basement elements:
vs early Paleoproterozoic

« Early Paleoproterozoic sequences
Psl to Ps4; deformed 4 times

) Thelon Fm. <« NW
(basal Barrensland Gr.)
multiol iti
iple unconformities At K;, i
% > Ketyet Ri

Amer Group, Sand to Amer lakes Whitehills

Dyke swarms: /_\’ W
1.27 Ga MacKenzie diabase

1.75 Ga McRae Lake gabbro k)
1.83 Ga syenite & lamprophyre
(bostonite)

Ps4

SE—>

Itza Lake fm.

E i e Diabase sill

Red supa erial .

ict cgl. unconformity

Showing Lake fm. Yeoyg 4. 20.01:. , |.- .'-. "’

"""" Ooralakefm.

Ps2
fspath.) BIF 1: pyrite / hematite

cgl. + U-Th HMs
Ayagaaq Lake fm. Ps1 o
gtzite >> black+white chert

Cal. w. schistose matrix; clasts = vein gtz >
e e . e e e i P

I phyllite

Mafic sill

Metavolcanic, metasedimentary Neoarchean G
& granitoid gneiss intruded A1-5

by 2.6 Ga granite &?diorite Mesoarchean

Grey schist .

[~

Ketyet Group

o Alkalic magmatism
part of & linked to
Late Paleoproterozoic
Dubawnt Supergroup

PALEOZOIC

unconformity

PROTEROZOIC

-~ Mafic flows:

White & grey quart:
\ _trough X-bedded, is
\ schistose at base _

2 6 Ga grar

Barrensland Group:

B Archean (undivide\)

Legacy

wicawa  KNOWledge
being tested
and updated

Woodburn cane wivup
(WLG, 5 sequencas]
& Archean gneiss (Ag)

uartz-feldspar porphyry intrusions, tuffs & ignimbrites
e ——

2.63-2.58 Ga at Ukalik L., West Farside, Tern
L., Deep Rose L., Dubawnl L., Wharton L.,
NW of Beverly L, ?Kiggavik & elsewhere

Neoarchean Woodburn Lake Group
(sensu smcto} five areally discrete sequences

Mafic & felsic
voicaniclastics

Quartz-eye
feldspathic
wacke
turbidites

Amarulik wacke
< 2680 Ma

[11]
= o
) ‘g 3 unconformable on seq. 37
20 &
8% » B K KuungmiFm. Meadowbank River
< : g g- {1 540+/-10 ME) age unknown
VV 3 Thelm:‘ Fm. ---not in contact
0 unconformfty greywacke turbidite & slate  :  <.- wacke also host to Kiggavik
Nueltin ' Wharton . Pipedream - 3rd Portage
(1.76-1.75) I3 - GTOUP : 2711 +/-3 Ma
m unconformity Felsic - intermediate
0 flows & volcaniclastics
Hudson S TR oo not in contact
(1.84-1.80) =] Felsic flows and
uﬂconform}'[y volcaniclastic rocks
: \rrEsssm romaie . North Meadowbank River
Il Amer and Ketyet River groups 2720 Ma
unconformity
ARCHEAN Y ererrereer e not in contact

exhalite BIF
komatiite

VMS

.-72 Ga tonalite-gnod Half Way Hills greenstone belt
2734 M

2.76 - 2.78 Ga inheritance

Mafic aphyric
pillowed flows

fault
Quartz-eye granodiorite with
chloritic-sericitic alteration

afic
HECRa2r Mesoarchean ?basement

s Layered augen gneiss
*Quartzite documented on NE shore of Pipedream Lake has fuchsitic clasts

including komatiite. Also documented in drilling: quartzite/cobble conglomerate
between komatiite and intermediate volcaniclastics

Canada




( ‘]* Remote predictive sources
EM being trained & applied & . .

Air photographs & LANDSAT (base for Ganfeld)
DEM (Skulski, Tschirhart)
RADARSAT (Shelat, LaRocgue)
Legacy map data (many pioneers)
Airborne Gamma Ray (incomplete)
Aeromagnetic (high resolution, complete)
(Tschirhart-Morris-Keating)

The Challenges: “Seeing through”

e Surficial cover (2% outcrop) & magnetism
 Thelon Formation sandstone (100% cover)
 In five 1:250,000 sheets at 1:100,000 + scale
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Gpm

Neoarchean

Geophysical markers

Strong thin BIF

Powerful BIF

Moderate BIF

Thin BIF

Powerful thick BIF

Ressources naturelles
Canada
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Canada
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Quartz-feldspar porphyry intrusions, tuffs & ignimbrites
L I 2.63-2.58 Ga at Ukalik L., West Farside, Tern
® 0

L., Deep Rose L., Dubawnt L., Wharton L.,
NW of Beverly L, ?Kiggavik & elsewhere

Neoarchean Woodburn Lake Group
(sensu strlcto) five areally discrete sequences

Mafic & felsic
voicaniclastics

Quartz-eye
feldspathic
wacke
turbidites

Amarulik wacke
< 2680 Ma

unconformable on seq. 37

Meadowbank River

age unknown

------------------------------------------ not in contact
: greywacl:e turbidite & slate
i Auin B
Y_ Feal 2711 +/-3 Ma
Es‘ﬁii!l o . . .
cg Felsic - intermediate

M flows & volcaniclastics

<-- wacke also host to Kiggavik

Pipedream - 3rd Portage

------------------------------------------ not in contact
Felsic flows and
volcaniclastic rocks

e | Nortgzl‘:n:adowbank River P b
a
oSsSiple
e ti tact
VMS exhalite BIF rot i contac C O n d u Cto rS ?
komatiite
|72 Ga tonalite-gnod Half Way Hills greenstone belt m ay b e
2734 Ma
afic a ric 2.76 - 2.78 Ga inheritance .
el pes b i Proterozoic
ault
e o structural
SO R Mesoarchean ?basement | n fo | d S
e Layered augen gneiss

"Quartzite documented on NE shore of Pipedream Lake has fuchsitic clasts
including komatiite. Also documented |n drllilng quarlzlte.’cobble conglomerate
between komatiite and inter




Paleoproterozoic

Geophysical markers

Thelon Fm.  <«—NW SE—>
(basal Barrenslant B [an
mmu!ﬁph unconformities _ ~«n ketS aeromag netjs o

%82 m st River Group,
Whitehills Lake belt

Amer Group, Sand to Amer lakes
Dyke swarms: ‘ :
Tella Patterson /\ - » Wharton Group (Pitz rhyolite and/or Amarook
: 1.27 Ga MacKenzie diabase | quartzite) locally present under Thelon
& ! Formation at Kiggavik trend and Aberdeen L.

(1994)  (1986) 1.75 Ga McRae Lake gabbro

ltza Lake fm. 1.83 Ga syenite & lamprophyre
Increases to NW ~t-Lnaa off| (bostonite) ! » Only Ps1 and Ps2 are preserved at Kiggavkik.

Pebble cgl & marble
Sulphidic siltstone & BIF3

unconformity ey o <2Ga|
Ub,, (Zaleskiet| * = * °
‘?u e s s % gaa s

— Showi N “Ous  al. 2001
=S doral S€res mod. magnetic .S

Greywacke-granulestone
molasse

Pebble-cobble cgl.
Polymict boulder cgl

nsul 11d,e.f

Pafsm|[11a,b,c

11d,e,f

.

- Aluminium k. u%. - gﬁetlc Signature DRy seHt
L R | phyllite Mafic flows: plag phenos

R - > _
(¢ Strong graphitic conductors g ~ &chlorite clots
Pyritin nalannianar anl & 1LTh UM . Mafic & quartz grit + cgl.
White & grey quartz arenite:

Ayas Resistive, magnetic low 456ap|

s Cal. w. schistose matrix; clasts = vein gtz > gtzite >> black+white chert
e N i St e gt gt gt

\ _trough X-bedded, isoclinally folded;
_\ schistose at base

2.6 Ga granite + Q-FP volcs
Woodburn Lake Group

(WLG, 5 sequences)
& Archean gneiss (Ag)

Metavolcanic, metasedimentary Neoarchean ;
& granitoid gneiss intruded A1-5 |
by 2.6 Ga granite &7diorite Mesoarchean '




Alkalic magmatism linked to
'V sequences + uranium - REE

3
=
| %
. )
Hudson + o
Martell

. 1.76-1.75 Ga
Nueltin Suite:

: ﬁ‘: . Rapakivi granite
“»’h Pitz rhyolite
' \“- Diabase dykes:
= McRae L. 010°
+ no-name 075°

' 1.84-1.80
~#.. Hudson granite /
'f'ua; Bostonite - minette
/ Martell syenite

@
AN Kiggavik
g1®

| Hudson Weakly
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N » E5 228 |5 B (155t o)
‘a\.l* NS 6 v 2 Thelon Fm.
% Y V— @ —N/— unconformity
' Yathkyed Nueltn __ | €| ] Wharton
@\0 G 4 (1.76-1.75) § Group
<& N/ s unconformity
<,
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igyavin

| I [

NW
E Undivided basement
¢ to Thelon Formation

SE

~200m ||

NW, '

L

_ate Paleoproterozoic & younger & - A\ ' ¢ 4’ J
4 7
[ ] Ordovician dolomitic limestone /P&\& 7 : B ;vﬂ'
Barrensland Group (<1.75 Ga) ; / - g~ X

Thelon Fm. sandstone
Thelon congl., sandst. & mudstone

4 o 4 E oo
1.7/0-1.0 '=d)

[ 1 Pitz rhyolite & Amarook sandstone
[ INueltin granite (~1.76 Ga)
Baker Lake Group (~1.84-1.78 Ga) @
] Conglomerate, arkose, mudstone
Hudson-Martell suites (~1.85-1.79 Ga)

Early Paleoproterozoic & older
Early Paleoproterozoic
Amer and Ketyet R. groups
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Whitehills F2 & F3
EM refolds of D1 nagp De
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If you have conductors as well as
G detailed outcrop geology and ;
EM hlgh resolutlon aeromagnetlc data’? '
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If you have conductors as well as
G detailed outcrop geology and
EM L high-resolution aeromagnetic data’P
1st Key: Interactive Geodatabase =
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Aeromagnetic discontinuities
EM correspond to faults in outcrop
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Seeing structure behind the ore and alteration
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Alternate hypotheses to test for _
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G Drift prospecting forU ...~
EM  proof of concept: context ‘& .-
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Sand
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Sand vs Clay

. <0.063 mm <0.002 mm
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/ Stand-alone solar power system . %
GEM for remote Arctic field camps {5

Most systems these days go
through an inverter which results
in power losses to and from AC

Solar Radiation

L&

Inverter

Our system avoids inverters,
sending DC power directly via

‘\\‘ regulators that adjust the voltage

charge controllrand amperage for each appliance
,_ - being charged — more efficient!
DC loads
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AC Loads ‘
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What can it power?

Charge
Device Volts Amps Hours
HP iPAQ (PDA) 5 1.5 2
Handheld GETAC 5 1.5 2
iIPhone / Blackberry 5 1 2
Iridium Sat. Phone 6 0.85 2
G-SAT GPS 5 1 2
Laptop (any model) 15-23 3-7 3
Mobile phone, 5-9 1-2 2
RS-230 Spectrometer 9 3 3
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GEM-U RPM Plans

M NE Thelon Basin 2011-2013 ‘&
* One more month of field work:
- test hypotheses, models, solve problems

« Complete and write up:
- 6 theses and geology-geophysics synthesis

- Multi-university GEM-NSERC-AREVA CRD on
reactivated faults & U; use this framework as context.

- Transferred interim geodatabase to Consortium; when
complete will publish along with exploration models.
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Participants in
GEM NE-Thelon Consortium
Industry Partners:

AREVA, Bayswater U, Cameco, Forum U, Titan U, Mega-U,
NTI, U- North, Western U

Academic Partner and Contributors:

Bill Morris, Victoria Tschirhart and Peter Tschirhart (McMaster)
Brian Cousens, Jeffrey Scott (Carleton)

Quentin Gall, Allison Enright, Chris Stieber (U of Ottawa)

Dave Lentz, Brigitte Leblon, Joe White, Yask Shelat, Matt Tracey,
Lydia Calhoun, Armand Larocque (UNB)

Judith Patterson (Concordia )

Kathryn Bethune, Brian McEwan, Warren Riemer (Regina)

Scott Robinson, Dan Layton-Matthews (Queen’s)

Other Government Support and Guidance:
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