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Purpose of our Research

* To characterize the basement geology in the
vicinity of unconformity-type uranium deposits,

* To define the role of basement lithologies and
structure in the genesis of unconformity-type
uranium deposits,

* To provide the lithological and structural
architecture necessary for fully coupled modeling
of the eastern Athabasca unconformity-type
uranium deposits

* To identify key exploration vectoring criteria
using a combination of tools, including GOCAD




Location of uranium deposits in the Athabasca Basin
Rae Province
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Relation of deposits — large scale regional transcrustal structures



(after Annesley et al., 2009a, 2009b)




GEOLOGICAL BACKGROUND

egend

i

Lithostructural domain

Mudjatik Domain
Wollaston-Mudjatik Transition Zone
Western Wollaston Domain

Eastern Wollaston Domain

Peter Lake Domain

Wathaman Batholith

Reindeer Zone

Limit of Athabasca Basin

: LOOW e

Cable Bay Shear Zone

Needle Falls Shear Zone

Parker Lake Shear Zone

Reilly Lake Shear Zone

Martin Lake Corridor

Key Lake Corridor

Highrock Lake Corridor

Sense of major movement

Ds Tabbernor sinistral strike-slip faults
Da sinistral strike-slip shear/fault zones
D3 dextral strike-slip shear zones

Late D: sinistral strike-slip shear zones
Di/D: thrust zones

Interpreted foliation trends

Uranium Deposits
Eagle Point
Rabbit Lake
McClean - Sue
Midwest Lake
Cigar Lake
McArthur River
Key Lake

Eastern Sub-Athabasca
Basement Subdivision

 Eastern Wollaston Domain

i Western Wollaston Domain

* Wollaston-Mudjatik
Transition Zone

* Mudjatik Domain

(after Portella and Annesley, 2000;
Annesley et al., 2005, 2006)




GEOLOGICAL BACKGROUND 2
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Schematic sketch of fluid circulation and possible
implications for the genesis of unconformity-type
uranium deposits (ca. 1550 Ma)
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Fluid Movement in the Basin (~1550 Ma)
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Integration of Geological Data /

Interpretation Sets (1989 - 2006)
Field Mapping (1:50,000 scale)

* Drill Core Logging (~1,600 DDH relogged)
* Basement Petrography (~9,000 thin sections)
* Whole-rock Geochemistry (~2,000 samples)

* U-Pb Geochronology (58 samples — zircon,
monazite, titanite)

* Vertical Gradient & Total Field Aeromagnetics
* 2D & 3D Seismic Profiles/Models
« GOCAD Modelling




What is GOCAD and its software?

GOCAD (Geological Object Computer Aided Design) 1s the name
of a project started in 1989 by Professor Jean-Laurent Mallet at
Nancy Universite. ———

So the GOCAD project is actually three entities:

 The GOCAD Research Group
« The Mathematical Geosciences journal
 The GOCAD Consortium

 The GOCAD software was developed by the GOCAD Research
Group during the 1990's. This software and application
programming interface 1s now commercial and fully owned by
and can be obtained from Paradigm Geophysical. Mira
Geosciences has the commercial selling rights for the mining and
exploration industry worldwide, in cooperation with Paradigm.

* The geologic modeling bible 1s written by Professor Mallet:
Geomodelling (2002)




What is the GOCAD software?

3D Boundary
Representation / GOCAD

Geological

Interpretation
— T
— e, 3D-Model / GOCAD
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for Simulation
TetGen

Visualization of the
Simulation Results
VTK /Paraview

Numerical
Simulation
OpenGeoSys

Visualization in
a Virtual Environment
OpenSG /VRED

From Fallara et al., 2006



What is the GOCAD
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Data Import into GOCAD

* Original data in MaplInfo or Excel format

Topography
Geographic data (vegetation, water, roads, ...)
Geological maps (1:50,000)

Airborne magnetics, VTEM, radiometrics, and Bouguer gravity
data (1:50,000 to 1:250,000 scales)

Geochemical data (bedrock, DDHs, soil, lake and stream
sediments); High-resolution seismic data

Translating with Universal Translator or by creating an Access file

.TAB .shp

Universal Translator

Access Processing

Xls .CSV

 Importing into Gocad After Annesley et al.,

2006a, 2006b




Structural Development during the THO
(1860 — 1720 Ma)
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Data Compilation




Data Compilation




Data Compilation




Data Compilation




Data Compilation
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Data Compilation
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Data Compilation




Data Compilation
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Data Compilation




Data Compilation




Data Compilation
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Data Compilation and Interpretation




Data Compilation and Interpretation




Basement units only
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Different scenarios

Compression 2> Compression 2>
9

T

i il
T i
WAL 1L
DALY N
AL

1l
A Tl
N\ WS R
N WU T R R AN

(after Schaubs et al., 2006; Annesley et al., 2006)




GOCAD View (to NNW) of Total Magnetic
Intensity Draped on Topography

After Annesley et al.,
2006a, 2006b



Voxet Dimensions at Moore Lakes

* Length (ENE-
WSW): 1800
meters (dx = 10m)

o Width (NNW-SSE):
500 meters (dy =
2.5m)

e Depth: 1000
meters (dz = 1.0m)

After Annesley et al.,
2006a, 2006b




Moore Lakes Project Voxet

After Annesley et al.,
2006a, 2006b
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GOCAD View (towards East) of Maverick
Zone “bump on the U/C”

After Annesley et al.,
2006a, 2006b




3D GOCAD Model for Fraser Lakes Zone B

Fraser




Structural
controls

e Two main structural ~
controls at Fraser . _ oo
Lakes Zone B e

— (1) Archean-
Wollaston Group
contact

e Sheared A . Mercadier
| et al.
contact (2013)

* Rheological
contrasts

— (2) Antiformal
fold noses and flry 7 A
other dilational TR, , McKechnie
Zzones = : i et al. (2012)

Fertile protoliths




Summary and Conclusions

The GOCAD common earth environment allows integration of
multiple geological, geophysical, geochemical, and petrophysical
data sets from surface to depth.

We are able to manipulate and visualize the regional to district
scale architecture of the Wollaston fold-and-thrust belt, especially
with the aid of high-resolution seismic profiles.

High-resolution seismic and diamond drilling constrain the 34
dimension.

The GOCAD model can be used in other modelling applications.

Our research is bringing new insight(s) to the role of the
basement in the genesis of unconformity-type U deposits.
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