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Abstract

Recent interest in unconventional gas resources has attracted several oil and gas explorers to sedimentary basins in Southern Quebec.
The main target of this interest is the Middle Ordovician Utica Shale. Current knowledge of the area’s geology led industry to
subdivide the Shale-gas potential into different plays. JUNEX subdivided it into five different plays: 1) medium- to deep-depth
thermogenic Shale gas; 2) shallow- to medium-depth thermogenic Shale gas; 3) overthrusted Shale gas; 4) biogenic Shale gas; 5)
Intra- Appalachians sub-basin Shale gas. To date, most operations have been performed in the medium-depth thermogenic Shale gas
play (1000-2000 meters), located in the central part of the Saint Lawrence Lowlands. With OGIP estimates ranging from 25 to 350
Bcef per section, the play is definitely considered to be promising. However, other plays are also attractive and, over the past few years,
JUNEX has worked intensively on the development of these new areas of exploration. They all have different potentials but also
different economics and issues. Based on the exploration work realized by JUNEX over the past five years in Southern Quebec, the
characteristics of the five plays, from a geological, geochemical, structural, and geophysical perspective, are reviewed. The five plays
are described, based on the data available regarding the basin geology, shale mineralogy, organic-matter type, gas geochemistry,
structural style, and infrastructure access. As a result, a new Shale gas potential map will be available for the Southern Quebec
sedimentary basins.
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* JUNEX inc. is an O&G Exploration company founded in Québec City in March 1999
- Listed on the TSX Venture Exchange since June 2001;

* Diversified portofolio in every sedimentary basin in Quebec;

* Owns and operates two rigs equipped for testing with capacity of 2000 meters;
* Produced light oil in Gaspé, produced natural brine in Bécancour;

* Involved in CO2 sequestration project in Bécancour;

* Cash in hand : $26.6 million, no debt;

* 2008-2009 objective : acquiring more data (from new wells) on the gas potential
of the different shale sequences in Quebec. In other words : extending the area
and the value of the shale gas plays.



Montmorency River Section, Québec-City
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Jtica Shale Gas — Where did it start )
Aguilera (1978) : Villeroy; and, JUNEX (2004) : Becancour

Gas encountered in the Lorraine & Utica Formation
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Shale ¢ =,
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2006 to 2010
*22 wells;
| *4 horizontal;
4| *S60 million (in 2008);
| *Emerging play;
*Results starting to be

Bl reported;

“} «Shale basin : 4500 mi2
*Operators :

* Talisman (7 wells)
JUNEX (6 wells)
Forest Oil (3 wells)
Canbriam (3 wells)
Gastem (2 wells)

\ sLarTyPe Questerre (1 well)

Shallow and medium depth shale gas
Jalix Mar prospecte A0°eipe 11 Tz play 267,373 v

M

W Tested deep shale gas fai
JIE M Mzt prasnect 1

Untested dee
JH Pl pros s Ul | 63,100 Ser i

Strucoured shale gas with deep untested potental
M Sl prospect v norenge Inche ply: S04 Ares

D Junex lands Gas network
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l_earning curve
Recently reported results for various tests

Quebec shale compared to Southwestern Fayetteville shale * Th eresu I ts
indicate

L production
sy | tential

Comparable to
that of other
basins;

0 T . AT ohanty S * Over the next six
months, the
results from five

_ _ : : - ; ; new wells should
Year 1 Year 2 Year 3 Year 4 be made public.

Daily Gas Rate (mmcf/d

’ Quebec . Southwestern
B Trend Line Graph source : Questerre (2009) B Trend Line




What we did

Shale Properties Coring (Porosity, Permeability, Density)
GIP Core analysis (Canister Desorption & Adsorption Isotherms), GeolJar
Gas geochemistry Stable isotopes, Gas composition

Organic matter type TOC/RE, Biomarkers, Kerogen thermal maturity

Rock mechanics Compressive Strength - UCS, Elastic Modulus, Poisson’s Ratio
Shale mineralogy XRD, Thin-section, Shale Gas Log, Frac Fluid Sensitivity, Cap suction
Basin geology Regional-scale sedimentology model*

* Project in progress



General properties...

JUNEX subdivided it into five different plays:

1) medium- to deep-depth thermogenic shale gas;
2) shallow- to medium-depth thermogenic shale gas;
3) overthrusted shale gas;
4) biogenic shale gas;
)

5) intra-Appalachians sub-basin shale gas.

To date, most operations have been performed in the medium- to deep-
depth thermogenic Shale gas play (1000-2000 meters), located in the
central part of the Saint Lawrence Lowlands.
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Five Shale Gas plays of the Quebec Sedimentary Basins

MRN-2003
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Lorraine : Lorraine average mineralogy :
: 600 to 2000 m
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/ | Sandstone interbed Rl

MUMIEELE AN

AsHUILLI&R
AARSDAM oW

fsira
RMRIE s
LEReS \ IWkEsIFIR
ES e
TArHTAN [
TC5THASWLT

RIATE TV

~Utica : Utica average mineralogy :

' 100 to 500 m 25% Clay
Dark brown to black 60% Carb
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Viedium depth to deep Shale

o

Formation : Utica and Lorraine
Depth : 500 to 2500 m
Thickness : 150 to 400 m
= T0C: 0.5 to 2.5%
= || Thermal Maturity : Condensate to
7 Dry Gas
==& = = || Gas type : Thermogenic from
= Type Il Kerogen
1| GIP : 50 to 350 bcf/section *

e -

jo Current activity :

e ) rrf:':ft 10 wells tested;

of the fault Only play with horizontal wells;
Next well to be tested — JUNEX

St-Augustin no.1

Most obvious area to begin evaluation of potential.

Low deformation, interesting depth and OGIP.
13

* Reported by Talisman, Questerre and Forest Oil
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Shallow to medium depth <

Formation : Utica and Lorraine

Depth : 100 to 500 m

Thickness : 100 to 200 m

TOC:0.5t03.0%

Thermal Maturity : Condensate to
Dry Gas

Gas type : Thermogenic from

Type Il Kerogen
GIP : Currently under evaluation

Current activity :
1 wells drilled (Questerre)
No result avalaible

Area with the easiest access to pipeline
and the lower drilling cost.
Little work done to date.
Low deformation, shallow depth, and good TOC. "
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Overthrusted Shale Gas

Formation : Utica and Laurier

Depth : 500 to 3000 m

Thickness : Several thrusted zones of

100 to 400 m

TOC:0.5t05.0%

Thermal Maturity : Condensate to
Dry Gas

Gas type : Thermogenic from

Type Il Kerogen
GIP : No data available

Current activity :
Seismic surveys were acquired
in order to delineate exploration
Possibly the area with the highest OGIP. targets (for 2010).
Higher drilling cost.
Deformed zone, shallow- to deep-depth shales thrust,

and the highest TOC reported in the Lowlands. 15




Discussion

Increase depth = decrease porosity = same free gas deep of shallow

GIP Higher TOC = Higher sorbed gas content

TOC,, is low at 1% but TOC_ ;.. about 3 to 5% = Good TR
Locating TOC rich zone is important for sorbed gas

origina

TOC

Maturity hard to evaluate with vitrinite style measurement
Maturity Stable isotopes indicate condensate to dry gas window
No important variation at basin scale = erosion of 5000m

Core measurement porosity is a concern : pressure release

Porosity Use different tool : Shale gas log or CT-Scan
Play Potential Three Shale plays have significant potential
Basin geology Sedimentology of the shales is not well understood

16
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Present-day 10C vs Original 10C
2
1%T0C a% TOC R
_ . e Well BTSL
Hydrocarbon Generation % Shale Appalache Qc
¢ MachAsty Shale
20 4 . s Shale 400-500m
« Outcrop Cluébec
* . % Painte Bleue Shale
_ Low maturity * * Elo_itheDAuhin Shale
2 Utica Shale . ——
8 151
. A good estimate of TOC_ ..., is an
;g . ‘ important element when using
5 - the mass balance approach for
- the calculation of OGIP
- —
F-"_-‘—-¢
o Condensate to Dry Gas
5 Utica Shale
- —
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»
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Three plays of the Saint Lawrence Lowlands

* Large volume of gas has been

* Structured shale gas has the

25,00 " |
+ Shallow and medium depth
. shale gas
. m  Tested and Untested deep
shale gas fairway
20,00 4 N & structured shale gas with
deep untested potential
* e — —HI
*
. & +  Barnett nil
15,00
= * + Barnett gas
E ©
S . |
1) L J L] —
" * .
*
i
10,00 + i
. - generated;
i
500 “u P - i
0 - . . . greatest potential.
_—
— - -
* *
‘Q lizow':grﬁoo. '0 ¢

0,00
0,00 200 4,00

&,00
TOC (%)

8,00

10,00 12,00
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Shale mineralogy and petrophys csi .

XRD and CT-Scan

Importance of mineralogy for :
*Geological setting ;

*Fracability measurement.

CT-Scan :
*Measure porosity;
*Characterize fracture network;

*Highlight sedimentary pattern.
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Shale gas ft\

Isotopic characterization

-100
=120

In the Ordovician i
St. Lawrence Lowland basin : = 160

2 -180
5 -200 Microbial Gas
4= {Carbon Dioxids Reduction)
-E" =220 |

*Mainly Thermogenic Dry Gas = 240 il L
*Type Il Kerogen s
*Same source rock o

*Increase maturity 340
=360

90 80 70 -60 -50 40 30
813C of Methane (%o)
80 70 60 50 40 30 20

For « pre-vitrinite time » basin : _
. Bacterial \\&_ . \‘\
Isotope is presently the more | o G

Gas

accurate tool for maturity
evaluation in Ordovician basin

Late il Wind ow

(Condansata)

Past Mature Gas

[
[s]
B

{0y Gas brom il Cracking)

-

ainiesadwa] Bujsealdu|

| Supcr Maturs Gases

Maturity of Source Organic Matter

Graph source : Isotech Laboratories website 20
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Viedium depth to © Shale Gas

* Area known for its higher TOC in the Utica;

I

* Lack of data for the other areas;

* Higher TOC is related to depositional
environment.

PLAY TYPE

Shallow and medium depth shale gas
Jalix Mar prospecte A0°eipe 11 Tz play 267,373 v

Tested deep shale gas Tairway
M Mzt praspectie DErergE I the pli B0 fe-es

Untested deep shale gas fairway

Fo 3 Mt prospuing o o e pla: 163,100 Acr s

Strucoured shale gas with deep untested potental
M Sl prospect v norenge Inche ply: S04 Ares

D Junex lands Gas network
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Shallow to medium dep

* Area known for its higher TOC in the shales;
* Higher TOC related to depositional environment

=

PLAY TYPE

Shallow and medium depth shale gas
:l Jalix Mar prospecte A0°eipe 11 Tz play 267,373 v

Tested deep shale gas fairway

FWEy
: pleyes 143,100 A i

Strucoured shale gas with deep untested potental
M Sl prospect v norenge Inche ply: S04 Ares

D Junex lands Gas network
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Ordovician versus Devonian Shales;

—
-

A151 well, North Shore of Montreal

Hur

on Shale, Ohio

0

Lorraine ——

-200

Ll |

b

N Utica

-400

Similar depositional environment ?E““"' 500
recorded on log | (&
lower TOC ; L
lower TOC gray shales
gray shales
& ,
L ==
higher TOC o - 1000
QZ black shales
higher TOC
black shales
higher TOC i _E%
CA black shales '
h—: .F‘E
S :: 15040
Devonian Ls

Ordovician Ls
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o

Dverthrusted Shale

*°TOC=2to 5%
* Only producing gas field in
Quebec (St-FIawen)

PLAY TYPE

Shallow and medium depth shale gas
:l Jalix Mar prospecte A0°eipe 11 Tz play 267,373 v

Tested deep shale gas fairway
M Mzt praspectie DErergE I the pli B0 fe-es

Untested des fairway

Strucoured shale gas with deep untested potental
M Sl prospect v norenge Inche ply: S04 Ares

D Junex lands Gas network

Source : Thériault (2008
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Dverthrusted Shale Gas

* Several gas occurrences in wells drilled in
70’s-80’s (one producing field);

* Thick sequence of overthrusted shales
and carbonates;

* Shale units :

*® Laurier Black Shale >1000 m : 1% TOC
* Utica & Lorraine

Recent seismic
improved delineating
the thrust
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D) -3 aJ) - ~
Biogenic Shale Gas

)

S

* Only one location recognized;

* Based on isotope analyses, gas found in other
water wells or seeps is thermogenic Utica
Shale sourced.

CROSS-SECTION - QUATERNARY DEPOSIT
NORTH SHORE LAC SAINT-PIERRE Shallow thermogenic gas

YAMACHICHE
well

{Sousce: Lamothe, 1993]




*Organic-rich shale
*Dry gas window

*Amorphous kerogen
(Type Il)

*Rapidly subsiding
deep-marine
sedimentation

*Good organic
recovery

*Bitumen particles
are noted (some
liquid hydrocarbon
generation occurred)

*Pre-vitrinite time

P




Intre qu\oo«JJ achians sub-basin Shale gas

JUNEX v omexon

Faille Riviére-Plante

JUNEX

Total Organic Carbon (%whi)

Scale
£
=
§| o L ,* Thick organlc rich shale
g . T e
\ * Dry gas window
300m \\ i 1] . “\ . — Faille Guadeloupe
FAILLE GUADELOUPE % Ny 0 v : o~ i
p——— . ._ - .
&000 m
E
o
GROUPE 0o
_| oenacos
E
4000 m g
2k : o
m = - ﬂllﬂl;
,_UCEVI"e Sh. + Beauceville Shale : ©Qrganic-rich
20080 quartzitic black shale ™,
GROUPE AN 30% Clay
DE ST-DANIEL N T ‘ 0% Carb

GROUPE DE
CALDWELL

CAMBRIEN




Quebec Ordovician Shale Depositional Environment
Based on North America Paleogeography

Ordovicien moyen (470 Ma)| Ordovicien supérieur (450 Ma)

Blakey (2006) Blakey (2006)

29



’
JUNEX  wwvionexca
Sedimentation NVodel
Eastern Canada — Middle to Late Ordovician time

St. Lawrence Lowlands

Taconic Belt Volcanic Arc
Grenville

Closing Sea
Anoxic

Deep Anoxic
~ Sedimentation

Deep-water sedimentation
Open sea

Lorraine Sh.

Uitica Sh.

Beauceville Sh.
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Conclusions

1. The different Shale Gas areas in Province of Québec are promising plays:
. Widespread source of gas — Utica;
0 Proven fracturability;

2. Presenting good potential but remains an emerging play:
. OGIP from 50 to 300 Bcf/section;
. Test rate from 100 mcfd to 1000 mcfd;
. Pilot projects are the next step;

3. Coming year will be an important milestone;

4. JUNEX is present in the heart of the action and and develops new areas:
0 Saint-Augustin Well : frac planned;
- Appalachian Shales : seismic and Strat-Well
. Other area of the Lowlands : data analysis underway to identify new drill targets;
- Proactive about new technologies available;
5. Future results and companies' collaboration will have a positive impact on the learning

curve and make the Québec Shale Gas Plays producing.
31



Foragaz Rig #2 drilling in Bécancour Area, Québec (September 2008)






