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Objectives

Uranium unconformity-related deposits of the Athabasca Basin are
often associated with polyphased basement-hosted fault
system, graphite or pyrite and hydrothermal alteration.

However the footprint between mineralized and barren fault may
be similar.

How to explain why uranium mineralization occurs at some
specific shear zones segments? What makes these segments
different? Are these cases predictable?

Question
What are the key parameters that lead to the formation of
uranium deposit?

Main objective
Provide elements to help in the exploration targeting process
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Cross-sections of the McArthur River deposit
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Methodology

Methodology:

Comparison of geological characteristics or
process (structural, alteration...)

Start with non-mineralized zones and move
to the mineralizations

Understand the structural organization

and his evolution:
e Understand the structural network at the current
state
e Retrace the structural evolution

Understand the fluid circulations in the

structures and lithologies:
e |dentifiy the draining structures at the different stages

Cigar North
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Diagram of the different morphologies of the
Cigar Main, Cigar North and Cigar South
conductors in a sectional view



Geological setting
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o Mudiati | B e 6 il Geological map of the basement geology projected at

the unconformity surface (from Orano database) and
simplified lithological map for the Cigar North zone

Cigar Lake deposit:
«  2nd bigger U unconformity type deposit
e 1,378 Ga (Martz, 2017)

Main graphitic shear zones:

«  Cigar South: Barren, no reactivation

e Cigar Main: Giant deposit resting at the
unconformity on top of a large shear
zone, reactivation marked by semi-
brittle faults, limited offset of the
unconformity

e Cigar North: Local basement- and

Legend : [ cneiss (wollaston serie basin-hosted mineralization, strong
, B [ cranitic gneiss [ Grenite reactivation and large offset of the
e N : _ _ _ unconformity
;1‘ g’,‘ﬁ? Mudiatik k Location of the Ilthqstructural doma_lns around 5
s il L3z 7waanf| the Athabasca Basin (from El Drusi et al., 2020)




WC-504 WC-511 WC-492 WC-493
WC-S18

Host rocks and = W\

g el
\\ E:
Host rocks : o
4 groups: L “x.\\\ »
e Archean dome : ortho-gneiss and amphibolite \ \ \ |\3
» Metasediments serie of Wollaston : gneiss : pelitic, o INRE: \
psammo-pelitic, psamitic, augen) and cals-silicate [ soncoones g g
e Granite intrusion [ PeliticiGnEiss :\
« Sedimentary rocks : sandstone and conglomerate %:j::':“ EEEEE 0 § }(

Major lithological contacts :
2 types:

e Intrusive (2 contacts, to the North and to the South)

reccia Quar /// ///
e Unconformity & thu E //
, 7 crushed zone
W Uranium mineralization

Several offset surfaces shift the
unconformity surface
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al random fabric | foliated
;%_ (»me;.ul;gbtl': r:::;:nems} (@
L] [} n 3 fa_u!tucuge ?
£ (<30% visible fragments)
&3
Structures classification |
= crush breccia (f =5 mm}l B-D |
2 fine crush breccia (fragments 1-5 mm) g
: ‘gg crush microbreccia (fragments <1 mm) &
Structural classification: BE el g , §3
First order structures (Fault cores): B 52 A
e Based on the matrix and clasts proportion § ggé cataclasite mylonite g z
e Cohesive or incohesive %‘%E %
o F0|Iated or not ultracataclasite ultramylonite g
Second order structures (Damage zones): 7
e Two types: veins or dissolution plans e3 ? blastomylonite
& a

Damage zone Lens of damaged
nock

Mineralogical classification: Conceptual models for large gassieation of faulls rocks from
« Minerals infills: Graphite, Clay minerals, Quartz strike slip fault zones compared, 003 (modified from Woodeock and
- brapnite, Liay , ) from Faulkner, 2003 2003 (modified from Woodcock and

Carbonate, hematite... Mort, 2008)

e Mineral assemblages determined on field and in
laboratory on thin sections (Optical microscopy, MEB)

Illite-Quartz
fault breccia

(A) Cataclasite; (B-D) Crush breccias; (C) Fault breccia
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Damage zones location

Field observations:
e Damage zone structures (veins and dissolution plans)
observation
¢ Realization of structural logs

Thickness determination of the damage zones:
e Fractures count along a scanline
e 4 cross-sections
e Background <2 frac/m ; Damage zone >2 frac/m
e Cumulative frequency curves
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Fracture location: Lithological
¢ |lllite and quartz veins = mainly in the granitic intrusion
e Dissolution plans associated to the cataclasites = gneiss Control
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Fracturing
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Structural network

Fractures density

o Cataclasites on both side of the granitic
intrusion

¢ Junction zone between C and D cross-
sections

¢ Increase of the fracture densities near the

junction zone ——=——=— Quartz breccia o lllite-Quartz veing

Cataclasite U Uranium

|:| Gneiss (Wollaston serie) W Damage zone 4 Cross-section

|:| Granite — Brittle fault
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Paragenesis

Relative chronology of the
polyphased Cigar North Fault

Replaced in the geological context

e Cataclasites = pre-Athabasca

e lllite veins associated to uranium veins

orano

Structural
events
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Cigar North fault zone evolution:
alteration and control of U-mineralization

Foliati
A polyphased structural zone: A 0] -\ oretens
. . . . . . — O S r T = | e
e Inherited lithological discontinuities g e 1 n S — I N . 2
e Ductile structures -> Brittle structures S S ) : - /
Structures are surimposed: g2 1500
« Structural reactivations along inherited - m— = 5 5 .

structures Cataclasites

3 tectonic blocs:
e Compression zones — South and North blocs
e Extension zone — Granitic intrusion

Pre-Athabasca
Ductile-brittle

Uranium at the structural interaction
zone at the junction of post-Athabasca

brittle structures:
e Structural interaction zone marked by high vein
densities and alteration (basement) ———
e Uranium at the junction of brittle structures

Illite-Quartz-
Carbonates

Ore Stage
Brittle

Legend:

——————— Quartz breccia lllite-Quartz veind
|:| Granitic gneiss —_— (ataclasite U Uranium
I:l Gneiss (Wollaston serie) Damage zone == Cross-section 12

I:l Granite — Brittle fault



Petro-physical properties

Uranium mineralizations are spatially associated to illite-chlorite veins and their alteration.

This veins are the last structural event before the U-mineralizations.

Question:

Does this structural event has created the drains to channel the mineralizing fluids?

orano
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Petro-physical measures

Vp/Vs

Mineralogy, porosity
Vp/Vs saturated
Pores connectivity
Porosity by water saturation
Porosity

Mercury porosimetry
Threshold radius
Permeability
Thermic conductivity
Mineralogy, porosity

orano

Cigar North
This PHD Orano Tot
Vp 129 46 175
Vs 129 46 175
Vp sat 75 75
Vs sat 75 75
d 99 83 182
¢H20 100 83 183
dHg 36 36
k 78 78
TC 123 123
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Permeability and porosity
relationship: input of porosity origin

Cracking
porosity
10 fl ' g
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Porosity [%]
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Porosity-permeability relationship, from Géraud et al., 2010



East-West porosities variations in granite

e Cross-section D shows the highest porosity
average for the granite with extreme values
greater than 18%. These high porosity values
are correlated with the highest illite-chlorite
fractures densities.

e Cross-section C has the lowest porosities for the
granite and the lowest illite-chlorite fracture
densities indicates few fluid circulation.

This is a East-West correlation
between variations of porosities and
illite-chlorite fractures densities.

Porosity increase with the high veins
densities in the granite.

orano
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North-South porosities / permeabilities
variations
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Fluid circulation model for the Cigar
Nord fault zone (Pre-to syn-U stage)

¢ No possible fluid flow from the
West, North and South

¢ Fluid flow from the East (from the
recharge area to the U-
mineralized zone)

e Channelled fluid circulation by
the impermeable cataclasites
and their low porosities damage
zones

e Fluid flow overpressure in the
structural node

e Upward flow towards the basin

orano

Overpressure
and upward flow

——————— Quartz breccia
Cataclasite

Damage zone

Brittle fault

U
[C] =

llite-Quartz veins

Uranium

Cross-section
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Giving nuclear energy its full value
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Permeability mD

Permeability

' 1
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- Sandstone breccia

Porosity [%]

e Permeability evolution of granite and gneiss
e Low permeability of the regolith

orano e Low permeability of cataclasites
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L’'orogene Trans-Hudson (1,86 —
1,775 Ga)

o

| Rae
Province

Athabasca Group
| Cnaride Farmation
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-muwl-:ulm D o Location of sampies analyzed
*
I oo ot Formation | DY Sehewser ot . (2007)

on EZE Furpomromaten ¢

IR wathaman Bamaith: grandic rocks (1,86 Ga)

- Faisic granioids and migmasts (1.2 101,77 Ga)

y rocks (2.5 1o 1.85 Ga)

iy 2.5G)

Metasscimentary rocks (largely >2.5 Ga)

Falsic graniioids (3.2 16 2.5 Ga) e
ne [ | Ca.192-188Gs |

Coupe (A) et modeéle (B) montrant la
zone de subduction issue de la fermeture
de I'océan Manikewan ainsi que la
configuration des différentes provinces
géologiques (d’aprés Tran et al., 2008)

superior
Craton L.

1 = mlm
|
| Phanerozoic

| cover R
INDEER Zone

Domaine Mudjatik

Domaine Wollaston

Carte géologigue simplifiée de I'orogene Trans-Hudson (trait rouge) montrant les Domaine Rottenstone

orano principales subdivisions litho-tectonigues et les éléments structuraux majeurs de la
Hearn Province et de la Reindeer Zone (modifiée d'aprés Jeanneret, 2016)




Relation between fault rocks
classification and the crustal depth

AN
Incohesive —F i ﬂ SR Brittle fault
Dominant | brittle fault rocks . with cohesive
brittle i } o~ 0“39
\ Cohesive —» |./ _ L\ cataclasite
fracturing | prittle fault rocks
/Q‘F’ 1 Brittle fault with
<MF / 5&7 pseudotachylyte
Mylonite /)’ ~_ > Narrow ductile
\Z f J shear zone with
‘ Z% mylonite
. Z Z
Dch'tr;iaem _ /%3 Wide ductile shear
deformation zone with striped
- Striped gneiss % gneiss

oraho Distribution of the main fault rocks as a fonction of crustal depth (from Passchier et Trouw, 2005)



WC-520A

The fracture counts

53
& a A,0,0, 8,44 d 4 = _apd, a4 & 48,47 2
"—u“ﬁ“fﬁ“n"g“a‘o%"a"adf"nda 54436"4“4‘&“.W
H

Input data

e 1. Drill core pictures : allows to plot every fractures intersected
by the drill hole

» 2. Field observations (summer 2019) : systematic structural
break down (intervals + description) + field based fracture
classification + numerous descriptions

3. 0rano’s logs as complementary source of information

Information collected on fractures
 Depth

* Infills color : inferred mineralogy

* Angle between fracture plane and core axis

» These are not oriented data

“Control points”

* Field work : fracture intervals + numerous fracture descriptions
e Sampling + high resolution sample pictures (higher precision

* Thin sections observations in selected samples

WC-520A drillhole (A) Field structural
orano log (B) Cores boxes photographies.




How to define the damage zone?

Damage zone —p

The fractures counting | _'
Spotting all the fractures observed along | 177m 39.3m P »
a scanline (middle of the drill core) |

— 800

| sov 'l
tl"“.

p
30~ L, L
el

Describe the distribution of the fractures

=400

:I)H)I.m}|1|li’8:|}l| |IH,|- 0

6

-

Cumulative number of fractures diagram

Number of fractures (#/m)

10 "rrr
Enable to defined intersection points "d’ ‘ |.|HII[H‘1|H .“-” l"-:“”"‘
20 40

between slopes of a damage zone and the ’ Distance (m)

slopes of the background
Distribution of fracture frequency based on both interval and cumulative

methods, The results indicate the damage zone extent based on the
intersection point of different slope gradients (from Choi and al., 2016)
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Orano’s Data Phd field Data

g
Orano oriented data £
Data reprocessing: code the mineral filled the £
structure in a new column 5
EX: upr cntct to m-scale cohesive silicif breccia below
(Orano description) — Qz
Field oriented data
Same measurement method than Orano g
&
Same information + column infill ©
Orano and field oriented data fusion |
Control: \
e Same orientations for each infill minerals families ﬁ \ m
* Presence of duplicates in each drill holes Control of the main orientations for graphite
orano and illite infill in the Orano and Phd field data

base (drillholes WC492/511/520A/526/527)



Oriented data

e Coupling structural sequence and
oriented data

Structural evolution

Reuse of previous structural

orientations
e Lithological contacts for quartz-hematite
breccia
e Lithological contacts and breccia for
cataclasites
e A new trend for illite-quartz veins

Structural
events

Exhumation

-------------- Ductile -=--=------ Ductile-Brittle -=--------

S1 - shearing - Mylonite

| Regolithe | Athabasca Basin

Brittle

Faulting | Veining

| Paost Athabasca reactivations
.......................................................... Y

Weining

Faulting

Alteration
stages

Metamorphic
Peak

Metasomatism

KRegolith) Diagenesis

Main Alteration
and Ore Stage

Post - ore
alterations

Basin

Basement

Quartz

Quartz disselution
K-Feldspar
Plagioclase
Bictite

Graphite

Zircon, Monazile
Tourmaline
Pyrite
Chalcopyrite
Bornite

Chlarite
Hematite
Apatite

Ankerite
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Calcite

Dolomite
Uranium

Galene
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(Si-Mg-Al-hn) 2
Coffinite
Bitumen

White clay

Dettial Quartz
Zircon, Monazite
Hermatite

Quartz overgrowth
Quarlz dissolution
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Chlcrite

Illite

Calcite

Dolomite
Uranium

White clay

Basin Basement

I Cataclasite I

S1- Foliation IHematite I
N
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|
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White clay
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Carbonates Quartz Ilite Gaphite Tout remplissages

Hématite

WC-520A/526

WC-527/511/492

Total Cigar Nord

™,

——n=5%

=53

a=10

n=2

Argile Blanche Pyrite
Brun-sombre

Argiles Brun-clair

Uranium
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Thin section
observations

SEM MV 15.0 kV SEM MAG: 316 x |
WD 15.00 mm Det. BSE

View floid; 878 pm  WC-520A_847,3_C5_1 GocRessources - SCMEM

SEM HV: 15.0 kV
WD 15.00 mm

SEM MAG: 741 x
Det: BSE
View fleld: 374 ym  WC-520A_647,3 C4_2

100 psm

GeoRessources - SCMEM

Analyse of the minerals cristallisation
sequence in veins obsserved on
SEM photographies from the thin
section WC-520A 647,3. The
minerals determination is based on
opticals properties coupled with
geochimical BSE analysis

o

SEM HV: 15.0 kV VEGA3 TESCAN|
WD: 15.00 mm

View fleld: 637 pm

SEM MAG: 434 x
Det: BSE 100 pm

WC-520A_B4T 3 47 GenRessources - SCMEM

SEM MV 15.0 kV SEM MAG: 316 x | VEGAI TESCAN|

WD 15.00 mm Det. BSE 200 pm

View floid; 878 pm  WC-520A_847,3_C5_1 GocRessources - SCMEM

MAG: 611 x
et BSE
10A_B47,3_50

VEGA3 TESCAN|

GeoRessources - SCMEM

" Sy
SEM MAG: 511 x A
Det: BSE 100 pm
WC-5204_B47,3_48

SEM HV: 15.0 kV
WD: 15.00 mm
View field: 542 pm

VEGAS TESCAN VEGA3 TESCAN|

GeoRessources - SCMEM
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