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SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017
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The three sections shown here illustrate deposition of the Carboniferous
succession within Sydney Basin. It includes the entire succession between the
basement (H1) to the Quaternary sea bed. Eight main horizons have been
mapped across the basin, named H1 to H8 (Plate 3.2.1). They correspond to
formation tops or major unconformities.

Transect 1 is an oblique dip transect; Transects 2 and 3 are oblique strike
sections. The main structures observed are:

e A growth fault system in the lower part of the succession controlling
deposition of the Horton and Windsor Groups

* The Westphalian / Namurian Unconformity (H5) strongly eroding the
Mabou and Windsor Groups, especially along the basin edges

» Salt tectonics are not common and only affect deposition in the eastern
part (see Transect 2) and along the Cabot Fault system (edge of the
Maritimes Basin)

Transect 3, which goes through wells P-91 and P-05, illustrates the limited depth
of the wells across the Carboniferous succession. P-05 does not reach the top
Upper Windsor, and P-91, located on a basement high, reaches the Lower
Windsor but misses the Horton Group.

Finally, note the low to average quality of the seismic data. Horizons are in
places challenging to map across the transects.

Seismic Transects

PL. 6.1.1
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These three sections show the typical chronostratigraphic succession of the
Sydney Basin. It includes the entire succession between the basement (brown
color) to the Quaternary succession (yellow). Time lines range from Top
Devonian (H1) to intra Westphalian (H7 equivalent).

The deepest parts of the sections show the Devonian basement, highly faulted.

The Tournaisien succession is only observed in the topographical lows, and can
be very thick in places (see Transect 1). It is highly faulted and therefore shows
significant variations in thickness across short distances.

The Visean and Carboniferous successions were deposited during a period of
tectonic quiescence. On the three transects, evidence of the later regional
transpression phase can be observed, where existing normal faults are inverted
in some places.

The Visean and Serpukhovian successions are present across the entire basin,
and tend to flatten the pre-existing topography. Both of them were later eroded
by the Westphalian-Namurian Unconformity.

The Pennsylvanian succession can be very thick in places. The basal surface is
erosive (Westphalien-Namurian Unconformity)

The Quaternary succession is tabular and flat lying and is present across the
entire basin. It represents an important erosional event that eroded all positive
relief down to the Serpukhovian succession (see Transect 2).

PL. 6.1.2

Seismic Transects
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GROSS DEPOSITIONAL ENVIRONMENT (GDE) WORKFLOW

Gross Depositional Environment maps have been drawn for each interval from Top Basement (H1) to Top Morien / Cumberland Group (H9). The objective of the GDE mapping is to
provide a rapid overview of the stratigraphic framework in support of the petroleum system assessment. GDE maps allow for a more reliable prediction of reservoir distribution than a
correlation between sparsely distributed wells, and a better representation of sediment distribution systems from shelf to deep water.

The methodology used for making the GDE maps is detailed below:
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Figure 1: Stratigraphic column showing the Figure 2: Workflow used for GDE

distribution of the main plays

GROSS DEPOSITIONAL ENVIRONMENTS DURING THE CARBONIFEROUS

The basement is Devonian in age (Famennian) and is in places intrusive (granitic plutons)
and in places sedimentary. The top of the basement is an unconformity and is here mapped
as horizon H1. Above H1, Carboniferous fill is recorded.

The Horton is here divided into Lower, Middle, and Upper Hort on Groups , based on the
work on onshore Newfoundland and Nova Scotia. It uses the three stages commonly defined
within the Horton, with names defined within each basin. It also allows us to highlight the
more sand-rich Lower and Upper Horton and the shalier Middle Horton. For more details
regarding the internal stratigraphy of the Horton Group, pl ease refer to Chapter 3.

GDE 1: Lower Horton Group (Early Tournaisian; PL. 6.2.2)

The Lower Horton Group (PL. 6.2.2) corresponds to initial sediments deposited during rifting
of the Sydney Basin. For this interval, the depositional environment was continental to
lacustrine and was strongly controlled by faulting, with conglomerate fans deposited in the
footwalls of faults and lakes developing in the deepest topographic lows.

GDE 2: Middle Horton Group (Middle Tournaisian; PL. 6.2.3)

The Middle Horton Group (PL. 6.2.3) was also strongly constrained by the basement
topography. Larger lakes developed, allowing the deposition of a thick succession of
lacustrine shale. Fewer conglomeratic fans existed, and were restricted to the margin close
to the main faults.

GDE 3: Upper Horton Group (Late Tournaisian; PL.  6.2.4)

The Upper Horton Group (PL. 6.2.4) saw the end of fan activity. Consequently, this interval
contains very little to no coarse conglomerate deposits compared to the succession below.
Deep lacustrine deposits are constrained to the Magdalen Basin along the northern side of
the Cabot Fault.

GDE 4: Lower Windsor Group (Early Visean; PL.  6.2.6)

The Lower Windsor Group (PL. 6.2.6) is only locally constrained by basement blocks.
However, it can be in places eroded by the Namurian-Westphalian Unconformity. A
significant sea incursion occurred during deposition of the Windsor Group, allowing the
deposition of thick carbonates and evaporites within shallow lakes.

GDE 5: Upper Windsor Group (Late Visean; PL. 6.2.7)

The Upper Windsor Group (PL. 6.2.7) is more strongly affected by the Namurian-
Westphalian Unconformity than the Lower Windsor, and is only preserved in the central part
of the Sydney Basin. The retreat of the Windsor Sea allowed the deposition of continental
clastics.

GDE 6: Mabou Group (Serpukhovian; PL. 6.2.8)

The Mabou Group (PL. 6.2.8) is largely dominated by fine-grained clastic deposits. However,
a strong influence of rapid marine transgression persists, favoring humid environments and
the development of marshes.

GDE 7: Morien / Cumberland Group — South Bar Formation (Westp  halian A-B; PL.
6.2.9)

The South Bar Formation of the Morien / Cumberland Group (PL. 6.2.9) is characterized by
a very homogeneous and constant thickness across the study area. It contains fluvial
deposits and represents a blanket of medium-grained sandstone, with a relatively small
proportion of fine-grained deposits preserved in between channels.

GDET7: Morien / Cumberland Group — Sydney Mines Formation (We  stphalian C-D; PL.
6.2.10)

Finally, the Sydney Mines Formation of the Morien / Cumberland group (PL. 6.2.10) is
dominated by continental deposits rich in coal. This formation is richer in finer-grained
material compared to the underlying South Bar Formation.

Methodology

PL. 6.2.1
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THE VISEAN PALEOGEOGRAPHY

There is a continuous distribution of Carboniferous basins along the Caledonian and
Appalachian mountains, and some have shown a potential connection with the Mid
Euramerican Sea (Figure 1). Indeed, the data show a restricted marine environment,
implying a punctual connection to the ocean.

A sabkha environment is observed within the Windsor deposits, characterised by
deposition in a semi-arid to arid climate. The water is stratified (i.e. meromictic
environment) implying that the salinity is controlled by evaporation and weak marine
incursions.
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Figure 3: Nova Scotia in the context of equatorial Euramerica during the Carboniferous. (source:
Calder, 1998)
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Figure 4: The Sydney Basin paleo-latitude is here shown on the cross-plot of the paleo-

temperature (in°C) trough time versus the latitude (in °). The red box highlights the period

of

interest. Paleo-surface temperature was defined from paleo-climate combined with paleo-latitude
evolution of Sydney Basin (www.paleolatitude.org). Paleo-climate graph (Wygrala, 1989) gives

mean surface temperature function of ages and latitude.

WINDSOR LITHOLOGY AND PALEOGEOGRAPHY

The lower part of the Macumber Formation (Windsor Group) represents a mix of continental
clastic and shallow marine carbonate rocks.

The clastic deposits are dominated by conglomerates and alluvial fan sediments while the
carbonate deposits are dominated by lime mudstone, calcite nodules, stromatolites and
oncolitic limestone (Figures 5 to 7).

Figure 6: Oncolitic limestone of the Windsor
Group. Jonhson, 2009

Figure 5: Laminated algal stromatolite of the
Windsor Group. Jonhson, 2009

In the onshore sections of the Windsor Group, up to 1400 m of evaporites are recorded. We
speculate that this onshore section is similar to what we would find in the deepest part of
Sydney Basin. Depending on the location within the basin, the Windsor Group may start
directly with anhydrite or with sandstone (Figure 7).
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Figure 7: Windsor Group reference section correlations, Shubenacadie Basin (SB-1) and central Cape
Breton Island composite section (CCBI Malagawatch and Mcintyre Lake). Giles and Boehner, 2003

IMPLICATIONS FOR THE DEPOSITIONAL ENVIRONMENT AND
GEOLOGICAL MODEL

The type of evaporites is a function of evaporation versus water volume. This means
that an increase in halite or potash thickness implies high evaporation, the presence of
sea water, and available accommodation (Figure 8)

Sylvinite
(Potash)

Halite

J
!

Carbonates

Gypsum

>

Evaporation increasing through time

Sediment
Source

E—

Figure 8: Schematic concentric distribution in evaporitic basins.
Seranne, 2011

IMPLICATIONS FOR THE DEPOSITIONAL ENVIRONMENTAL AND
GEOLOGICAL MODEL

The presence of stromatolites, fish and certain invertebrates suggests a shallow marine
environment and implies connection with the ocean. The rapid evolution from gypsum to
halite and potash suggests a sudden isolation from the ocean, with evaporation
exceeding seawater inflow. Only seasonal freshwater input allowed salt concentration to
decrease. It is important to note that the sporadic connection with the ocean permitted
an influx of marine water corresponding to high stands resulting in a thickening of
evaporites. In this particular case, sea level was controlled by tectonics or glacio-
eustasy.

REFERENCES

Calder, J.H. 1998. The Carboniferous evolution of Nova Scotia. In: Blundell, D. J. &
Scott, A. C. (eds) Lyell: the past is the key to the present. Geological Society, London,
Special Publications, v. 143, p. 261-302.

Giles, P.S. and Boehner, R.C. 2003. Windsor Group Stratigraphy and Structure, Drill
Core Orientation Field Trip 2001. Open File Report ME 2003-2. 51p.

Lavoie, D. and Sami, T. 1998. Sedimentology of the Lowest Windsor Crarrbonate
Rocks: Base metal hosts in the Maritimes Basin of Eastern Canad. Economic Geology,
v. 93, pp. 719-733.

Wygrala, B.P., 1989, Integrated Study of an Oil Field in the Southern Po Basin, Northern
Italy: Ph.D. dissertation, University of Cologne, 217p.

Windsor Group

PL. 6.2.5




GDE MAPPING

SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017

-~
Se
Time scale (time in Ma i i Seismic Depositional Tectonic
. (afmead?sa(inetal 2012) ) L L Horizon En\%?gnment Events
290 1
Lower Windsor Grou P @ Onshore Ofshore = ,
Newfoundland 7 intra Cratoni
Subsidence
. 295 =
Legend: x .51
o — b
- (] c ] v
B Continental und. / basement = g g2 _
I i 300 E 8 = % 3 E Transpression
="« 7.* Fluvial / deltaic sandstone 2 o s 833
302 g o O 3 LN
. 2 i - c
« Continental shale, alluvial plain 304 - 2 5
: 305 E g
IS | acustrine shale Ll 3
: 307 T
§ e Tyt T Maj f
I Shallow water carbonate, A N . |5 Maprsuneor
i ) ] ; 310 2 E '_g ©| Compression
bioconstruction (stromatolite) 2 5 = =
e st Srm— i c — 0 o
s = B h = c 2 .2
Zerie | imestone undifferenciated 3 2l o ¢ g |5
' - a0 o 2§ ] e
. o i = - (7] ubsidenc
[ Evaporite, gypsum, halite und. 18| S I
: |15|= 3 Local Uplift
~———— Shoreline E =
| 320 H5 = Transpression
s West-Nam unconformity = Pl Sesi
- £ k) Sliding
.~ Eroded deposits EP 8 z 2 5 and Shesting
imi 325 2 ) ggo | |
= = = Limits of basement blocks % g F:s3
— S w =
E E 5 °
@ Wells - S
—=Dominant palaeocurrent L w - Hgt—=
[@]
8 g
= 5 33
- | =
335 i = 258 Complex zone
_5 = -=! D S — T -
® Yoo w evaporite
= 5 o=7T
V1 R385
340 % @ =3I
@ £ 2353
S ® mgg
= 3 £0C
3 g v =
'Q 345 =3 =k Subsidence
346
~J H2 >
& — O
350 ' . g 23,
g 1 g 2 g § Pull-appart basin
= S 32g§¢
SeEise e s 2| |® i
- o @ =50
355 I E g 53
L S =&
o A Transtension
— A H1 == Basalt/Rhyolite
360 :g
5| E =
g ’ o Late
o ;
- L‘E 4 ,l ,, & Acadian Orogen
365
Lithologies i
[ Evaporite, Gypsum, Halite undifferrenciated  EE]| Continental shale, alluvial plain [ ] Lacustrine turbidite R volcanics Time scale from Gradstein et al. (2012).
[ Limestone undiffenciated B8] Marine/Lacustrine shale [ Fluvial/Deltaic sandstone E:;"T: curvteslz T‘;a: sealevel from
[ Shallow water carbonate, Reef B Conglomerate [ Coarse grained Fluvial/Deltaic sandstone ~@- Potentiel source rock i .
g
2 Top seismic marker: Top Lower Windsor ~ 3 N
lﬁ - = } Bottom seismic marker: Top Horton ‘ | ‘_3 A
- g' « Reference wells ¢ 7 1 \ f
va Scot; - . Well Name Yo (M) Yur (m)  Morker depth P " Newfoundland 5 'y )
° X llemprene oo mum S
N &7||North Sydney F-24 744313 5160810 - . N
‘ North Sydney P-05 748608 5173254 - i 5
Saint-Paul P-81 710101 5220208 -2050 ; >
Geological Map Legend
é- = 22“"‘“5"535 Pictou Group
O Ca;ﬁm o ! ::odwt:umbe.sand Group
3 /I Protected Area B Maton) Group
P-91 Tra n Se Ct P-05 § — F iy -:anéir::p
NW A Seismic line 81-865a A SE & || ordonces Pre-it sores
M g_ Color table
2000m ¥
be Dauphine Fm - Wad S Cove Fm . . S
bodbine Road Fm — = Point] Em/West Napa-d i ]
i Ao P - ; s et - 1- Gross Depositional g
' ' - - Environment of the Lower Windsor g . y
- om ks
- s Group s
- . 2- Stratigraphic Chart of the
: Sydney Basin
13 . . E §_ v
= :\k Chronostratigraphy - = ] L
g 5= =5 . /
B I = Quaterary : : & 3-Thickness Map Top Horton - K
2 == Late P;nnsyl\lranlan to Permian - . E ,
- ennsylvanian - &1
e RO .. " & Top Lower Windsor 2
= == Late Bashkirian -
- -~~~ Westphalian-Namurian unconformity - i . g
, SO > . 4 Lower Windsor Interval in S
e —— . llipsoid: Clarke 1
- = Toumisien . Transect 3 Cross-section Dt e W 579
z == Devonian (basement) = g Contour interval: 200m
E -8 H 0 20000 40000m
1: 900000
L 500000 620000 640000 680000 830000 700000 720000 740000 760000 780000 800000 820000 840000 860000 830000 900000 ol it

'PL.6.2.6 Lower Windsor Group GDE Map




GDE MAPPING

SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017

Se
= Time scale (time in Ma) i i Seismic Depositional Tectonic
U pper Windsor Grou P Eng e
290 ]
Nem»’foundfand Onshore Offshore H8 5
| Intra Cratonid
L d | Subsidence
egend: ’ -
-
; 5 5.3 |
mm Continental und. / basement _ 8 £ %28
o S £ g |
- = =2 o ¥&®E .
BN Continental conglomerate 300 - 3 S OETE [ romereson
|3 (@] ¢) Ei Iv]
i I | s o s 8
«*+«*.* Fluvial/ deltaic sandstone e 3 = L =
— . i 304 =8 = 2
## Continental sandstone and siltstone 305 ﬁ | S
x 4 AL | ‘ th
=== Continental shale, alluvial plain 0 E | [r—
_ _ 5 - - H7 G| diapirism
g=ss=w== Alternation of evaporite and und. carbonate 31040 § % | £ 5 § Compression
= = k | > - &
s Halite . I i 5 % 2
S(=] 1o o o g &
T I I - o f O £ £ < | Intra-Cratonic
Shoreline 315 - =St Ho=1 £ S =3 “subsidenct™]
smwmr West-Nam unconformity g 5|2 HR I i
. i) 2 E
" "__.-»' E |Ed d SI[S - H5 — Transpression
X R X I o 320 g ‘g Foreland basin
5
[ ] Wells e % Sliding
323 a =3 = % < £ and thrusting
B . o S &2=
Dominant environment at wells 395 H = S g3 |
z = | % \g‘ £ c .§
! — 3 =
—>=Dominant paleocurrent _§ < s g
255 ol S
331 = H4
8 g
= 5 3323
335 g § ‘g & E Complex zone
= = o 2 2 S el of ductile _|
_— i ——i—
: £ EFSET
v Ss8®c
340 uo: 3 = 3 :\E: &
D £ 385
o & =34
= 8 2eZ
= = Eo
g g v =
345 —i - Subsidence
346
H2 i 3
£ <3
;i
350 B g2 23,
(Z-" E g g 2 | pull-appart basin
S F S3E
x 2 §3%
355 £ g 3%13
4 5 <=
' v 8 Transtension
= r v ) H1 === Basalt/Rhyolite
360 el
5 E ) =
g ’ % ILate
=) u“: . ’1 ’, & Acadian Orogen
365
Lithologies i
[ Evaporite, Gypsum, Halite undiffe iated | shale, alluvial plain [T Lacustrine turbidite [ER volcanics Time sFale from Gradstein etal. (2012).
] Limestone undiffenciated Marine/Lacustrine shale [7] Fluvial/Dettaic sandstone ) E‘E';‘:“‘: ‘”";est‘ ';::8“ sea level from
B shallow water carbonate, Reef BBl Conglomerate B Coarse grained Fluvial/Deltaic sandstone ~o- Potentiel source fock i '
g
3 Top seismic marker: Top Windsor . . P N
l Bottom seismic marker: Top Lower Windsor 4 4 A
f
g' = Reference wells / | t
Well Name Xan (M) Yo (m) Nk e g Newfoundland ) !
Birch Grove-1P-B4 736786 5114736 - 4
g_ CCSNS-1 P-140 731648 5118046 -
&§7||North Sydney F-24 744313 5160810 -
North Sydney P-05 748608 5173254 -
Saint-Paul P-91 710101 5229203 -1257 ’
g Geological Map Legend
g' = 'gwndilies Pictou Group
® oast Morien/Cumberiand Group
[call for bid 2017 hckon G
/i Protected Area 3 w
Transect 3 2 E
NW Seismic line 81-865a A SE & | Moo Pro-i soes
- e I FIi: \,_\’J %_ Color table 5 g
1 _-:1 ape Dauphine Fm = ] audtﬂea"';,%‘,’:e Fm — 4 .
& bodbine Road Fm R I T e %
. - -, 1- Gross Depositional
T -- Environment of the Upper i N
5 - s Windsor Group :
s - 2- Stratigraphic Chart of the e
: i Sydney Basin
. _ = i
- -\\_ Chronostratigraphy - = b
a 5= —5g .
E 3 = Quaternary . : ¢ 3-Thickness Map Top Lower
2 == Late F.’gnnsyl\ﬁma.n to Permian = i . g .-
& ennsylvanian = — H
. ... = 8 Windsor — Top Windsor
= = Late Bashkirian -
- e WestpAr':’glian-Namurian unconformity - g e e
- ississipian - - 1 1 g1 rojection system:
i = Serpukovian = 4- Upper Windsor Interval in : Bt
- isean - i .
- = Tournaisian . Transect 3 Cross-section Datm lane: Mean Sea Leve
z =3 Devonian (basement) ; %"
8= -8 o 20000 40000m
1:900000
300000 220000 43000

Upper Windsor Group GDE Map PL. 6.2.7




GDE MAPPING

SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017

Sex
Time scale (time in Ma) Lithostratigraphy Seismic Depositional Tectonic
(after Gradtsein et al. 2012) Horizon Environment Events
290 I
Mabou Group (1) 5 ,
Newfoundland 7 inra Cratoni
| Subsidence
£
E o
[=%
Legend: ‘ N T 5.7 |
S - = [G) c B SO
« "« ", Fuvial / deltaic sandstone = g S (4 _
- . | '9 = % 3 E Transpression
Continental sandstone and siltstone o S B=g
= -
. -— - - - c
=Z==% Continental shale, alluvial plain 2 5
S8 ]
Swamps £
= £ | Major stage of
RN | acustrine shale ——t= 17 i & “Uepron—
z: i % % O| Compression
#5571 Limestone undifferenciated > = = [©
= « =) i}
- 3, c 2 o
—— Shoreline o g g8
P O £ £ £ Intra-Cratonic
S - =i H6=1= ¢ = -g‘ Subsidencé ™ |
West-Nam unconformity 82 S = Iz
P : 5= 3 Local Uplift
« > Eroded deposits
. R ﬁ Transpression
@ Dominant environment at wells £ Foselnd backh
. :g l.j Sliding
—>= Dominant palaeocurrent & E Zy§ | | e
) O wzo | |
o T £°8
(=] c 853
I E g §°C
&2 2
e
ey
12 v
£ 2 £
= s 99%
= 2w
§§ = § g% g Complex zone
=2 £ _E ] of ductile
H3—— o 5t m Om
E3 T CE&% 1%; evaporite
3 £ go=
ry| X % § % £3
I £ 33%
ME g 2E5
E | = 9 =
E | — Subsidence
H2 >
@ &
e 5
‘= £ 5
5 23
a =1 L 2
o ® e E 5 Pull-appart basin
= = 2Z¢
N Scoti S T 3%
ova oSCcolla T £ £5-
c ==
o <=2
(4 o 8 Transtension
3 = H1 == Basalt/Rhyolite
©
=
= &=
e g ‘; Late
E P ’ ; ’ & Acadian Orogen
365
Lithologies .
[0 Evaporite, Gypsum, Halite iated  [FEE] Conti shale, alluvial plain [ ] Lacustrine turbidite [ERA Volcanics Time SFEIE from Gradstein et al. (2012).
[ Limestone undiffenciated [ Marine/Lacustrine shale [ Fluvial/Deltaic sandstone i E:;;:Eﬁ curv;es': ;‘::: sea level from
B shallow water carbonate, Reef B Conglomerate [E Coarse grained Fluvial/Deltaic sandstone o~ FPotentiel source rock aqetal, .
'-.} " L ;
o g Top seismic marker: Westphalian-Namurian - ; = N
Unconformity { 7 Ve
q [ Bottom seismic marker: Top Windsor , p A
( v
& ?I %“ » Reference wells 3 /. i \ "
e y Well Name Yo (M) Yor () W 0 B Newfoundland 5% y N, X
e Birch Grove-1P-84 736786 5114736  -1062 ’, \@fio &
: g ney F- - y %
iy, L N ameprw e e e || x
d Geological Map Legend
%' ~ -Boundaries Piclou Group
{ Elg:ﬁxumuﬂ mur’entCurr:bedderuup
P 1 Mabou Grou
Transect 3 |
L R B 27| INon dogosi Preri e
NW A Seismic line 81-865a SE Erosion
+ — g_ Color table 2
o . p
. be Dauphine Fm = Waddens Cove Fm — 1 . o !
- odbine Road Fm nf Edv [
- oy o Fo -, 1- Gross Depositional Environment
e & of the Mabou Group
3= il . .
: : 2- Stratigraphic Chart of the Sydney
- - Basin
4= -
E - : £ . .
= . :\L Chronostratigraphy = = 3- Thickness Map TOp Windsor — =in
8 ™Y = . . . A 7 <
E £ = Quaterary : : &  Westphalian Namurian Unconformity ; : r SR
= m=m Late Pennsylvanian to Permian = . s, /.«3 ;
s Pennsylvanian - | b~ N ///f
6= =3 Moscovian -6 . d Y 7 //
- s 4 - y P4 A
_ = Late Bashkirian . : 4- Mabou Group Interval in Transect g il - , "4/
- ~nnn Westp]l&efl;g;?ﬁ;zunan unconformity - : P b Projection system: UTM 20N
- = _ e 4 / Datum: NAD27
7= == Serpukhovian -7 3 Cross-section Elipsoid: Clarke 1886
- Visean - Datum plane: Mean Sea Level
i =3 Tournaisian - Contour interval: 100m
= == Devonian (basement) = 0 2000 40000m
o= -8 1: 900000
600000 620000 840000 860000 680000 700000 720000 TNIOW 760000 19’”” 820000 840000 860000 BB0000 lot':m !R&ﬂ B ’40'@

PL. 6.2.8

Mabou Group GDE Map




GDE MAPPING

SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017

Morien / Cumberland Group
(South Bar Fm.)

Legend:

BN Continental conglomerate
. .. Multi storey fluvial channels (sandstone)
& Continental shale, alluvial plain
s~ Base Mesozoic unconformity
« > % Eroded deposits
® Wels
O Dominant environment at wells
Dominant palaeocurrent

Nova Scoftia

Newfoundland

5280000 5300000

TVD in km

)
\

iy

be Dauphine Fm

dodbine Road Fm

Illuf}

&

Transect 3

Seismic line 81-865a

Chronostratigraphy

— Quaternary
=m Late Pennsylvanian to Permian
Pennsylvanian
=3 Moscovian
== Late Bashkirian
-~ Westphalian-Namurian unconformity
Mississipian
Serpukhovian
Visean
£ Tournaisian
B3 Devonian (basement)

P-05 SE
SYJREy Mines Fm:
L Waddens Cove Fm w -
outh Bar Fm T —
=

{

'
L

2

3

4

-5

-6

-7

TVD in km

1- Gross Depositional
Environment of the South Bar Fm
(Morien Group)

2- Stratigraphic Chart of the
Sydney Basin

3- Thickness Map Westphalian
Namurian Unconformity — Top
South Bar Fm.

4- South Bar Fm Interval in
Transect 3 Cross-section

5220000 5240000 5260000
L

5120000 5140000 5160000 5180000 5200000

5100000

. Sea Level . - i
Time scale (time in Ma)|_ aaand Lithostratigraphy Seismic Depositional Tectonic
(ater Gradtseinetal. 2012) [ 02 Horizon Environment Events
L
290
Onshore Offshore H8 ;
| Intra Cratonid
Subsidence
c
295 =
= |
® E.E
& E 39|,
] SEu L
= 8 = % -'_;" E Transpression
300 8 = E ®3%
[} 5] S oz o
302 N o o 3 3 |
304 = 2
305 ;% S
7]
307 =
5 Major stage of
(= H7 = o) diapirism ==
g '_g O| Compression
8 s |6
o ]
gl A T
— = I L
= (v e
=
% H6 == 8 2 -‘E Subsidencé™ |
S5 o B <
= 3 Local Uplift
<
l-Lﬂ -
b= Foreland basin
[
c ] Sliding
8 ‘é’ g 3 feﬁ and thrusting
T o
3 Y 287 —
@ 2 553
< £ 3E& 3
= E o5 °C
=1
o
5
H4
4119 "
"8 £
= =
= > g ﬁ s Complex zone
=" D d 2c¢8 of ductile
H3 = =2 ER=R el =
?g w® YEST evaporite
H = 3%
..... 5 2 S Bgs ’gu
835 2 2EB°
2| @ £ 323
k) T U2
= 5 SEG
g v] wv =
]
— -4 Subsidence
H2 o -
£ =23
£ =%
o = el i
v T u ® :
o S S ES Pull-appart basin
= = 2g¢
= = $:8f
o = 839
o (7] == 8
£ £ $83
g 38
o <&
v 8 Transtension
= H1 == Basalt/Rhyolite
el
= =
£ o Late
I:I.B g Acadian Orogen
365
Lithologies -
Evaporite, Gypsum, Halite undifferrenciated Continental shale, alluvial plain [ ] Lacustrine turbidite [BRN Volcanics Time s_cale from Gradstein et al. (2012).
mestone undiffenciated [E55 Mearine/Lacustrine shale [ Fluvial/Deltaic sandstone Eustatic curves: mean sea level from
: 2 2 -9~ Potentiel source rock SEPM-Haq et al, 2008.
B Shallow water carbonate, Reef B Conglomerate I Coarse grained Fluvial/Deltaic sandstone
S

« Reference wells

Top seismic marker: Top South Bar

Bottom seismic marker: Westphalian-Namurian
Uncoformity

Well Name Xarm (M) i (m) M dop

TvDss (m)

Birch Grove-1 P-84 736786 5114736 -318
| || CCSNS-1 P-140 731648 5118046 -419
North Sydney F-24 744313 5160810 -1085
North Sydney P-05 748608 5173254 -1046

. -

- 500m

n_»

Saint-Paul P-91 710101 5229203
1 Geological }
== 22‘;:?3"95 Pictou Group
[l for bid 2017 N mherait G
{7 Protected Area ’ B
Windsor Group
== Fauls Horton Group
I Non-deposit Pre-rift series
Erosion
/,
Color table

)
o
e .
£
4
f
)
- “} Projection system: UTM 20N
&) v Datum: NAD27
E‘ Ellipsoid: Clarke 1888
Datum plane: Mean Sea Level
\? Contour interval: 100m
\\ [ 20000 40000m
1: 900000
T T T T T T T T T T T T T T
600000 620000 720000 740000 760000 780000 800000 820000 840000 860000 880000 900000 920000 840000

Morien / Cumberland Group GDE Map (South Bar Formation)

PL. 6.2.9




GDE MAPPING

SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017

-~
Sei
= Time scale (time in Ma) Lithostratigraphy Seismic Depositional Tectonic
Morien / Cumberland Grou o7 ————
1
p Newfoundland Onshore Offshore He -
- | Intra Cratonig
Sydney Mines Fm
’ s |
o
o B 5.3
. o e 259 |
L d = g S ||
egen - lC_) 5 £ 'g = Transpression
e X33
B - 2 8] o 2@
« « .= Multi storey fluvial channels (sandstone) T o 373 |
3
- ; = k]
= Alluvial plain (shale) h s
T
W Swamp 2
| _ - P e
B | acustrine deposits (shale) | P it
. _ 2 e}
— Shoreline g 2 |s
< = al ) g c
s Dase Mesozoic unconformity &1 | S = _|E] mwecutonc
. — ﬂ :
o Nl : I3 () 8 <<
" Eroded deposits 2 3 Local Uit
=z
. WE"S HS-_,—u Transpression
. = c Foreland basin
@ Dominant environment at wells - i
E [=3 ‘E ®_c and thrusting
—= Dominant palaeocurrent = S w23 ||
2 ¥ :t:cf
v
3
8
g H4
8 g
= 5 $23
Ewm e
3_ § 25 s Complex zone
> H3mpm 2 225 | ofduce
3 s 0% S £ evaporite
INER]::
2 g 38%
= S8% a
% g Z2E5
o =
_9 = 3 Subsidence
g NER
£ 23
5 i3
& S 3%i
o & S£& | Pull-appartbasin
= a4 S5E%
<] s 3£
& £ §3%
o [ TR ‘33
= 5 £
s ==
v 8 Transtension
= H1 == Basalt/Rhyolite
5]
. =
c =
2 né Late
E E Acadian Orogen
365
Lithologies
-ogEvaporlle,Gypsum. Halite undifferrenciated n Continental shale, alluvial plain [ Lacustrine turbidite Time SFBIEMGrad“Ei" etal.(2012).
[ Limestone undiffenciated 8 Marine/Lacustrine shale [ Fluvial/Deltaic sandstone g;;;:'_ﬁ Cur‘;eslt r;oe:; sealevel from
[ Shallow water carbonate, Reef B Conglomerate [E Coarse grained Fluvial/Deltaic sandstone -8 Potentiel source rock AR e :
=7 g
& Top seismic marker: Top Sydney Mines N
E Bottom seismic marker: Top South Bar Y ) A
{
I g' « Reference wells ) 1, \ (f
Well Name X (M) Y (M) iR v . 5%
- Birch Grove-1 P-84 736786 5114736 -5 ‘41\:#{0 2
Outcrop (D Hleotne, =¢ mme & | \
Norih Sydney P-05 748608 5173254  -539 z <
Saint-Paul P-91 710101 5228203
g- ;g"um'ﬁ“ Pictou Group
i e
T t3 g Zro T
P-91 ra n Sec P-05 g" -g:;t::meﬂ Presift seﬁe: e
NW A Seismic line 81-865a SE
g_ Color table
— — =
.y - o
- k%_' / - %“ - 1000m
R dows Road Fm -, 1- Gross Depositional -
2- o = ]
o e I B s - Environment of the Sydney g
5 - -3 Mines Fm (Morien Group) .
o = 2- Stratigraphic Chart of the gt
- - . i
: _ Sydney Basin Hoo
s - S N !
= , :‘L Chronostratigraphy ~ 5 E P
[~ R o™ B . 4
E 3 == Quaternary : - ¢ 3-Thickness Map Top South Bar 8
= == Late Psnnsyl\fanlgn to Permian = _ z
: ennsylvanian - -
6= = Moscovian Y .y TOp Sydney Mines
- == Late Bashkirian - s — -
- - Westpﬂl}alia_n-l_\lgmurian unconformity - d Mi = | li £ EXolcclion Syateim: UTM 20N
- ississipian - - Ellipsoid: Clarke 1886
- Serukroven s _|4_ Sy n?g C|nes m.t.nterva in meoryin BN
- = Toumnaisian - ransec ross-secton g erimenal
z == Devonian (b 1t) z - $ 200 ot
8= -8 1: 800000
500000 620000 640000 460000 680000 706000 720000 740000 750000 780000 60000 880000 900000 920000 340000
N

' PL. 6.2.10

Morien / Cumberland Group GDE Map (Sydney Mines Formation)




PLAYS

SYDNEY BASIN PLAY FAIRWAY ANALYSIS - CANADA - July 2017

STRATIGRAPHY

PETROLEUM SYSTEM ELEMENT

AGE

GROUP

Period

PETROLEUM SYSTEM ELEMENTS

Epoch

Stage-ICS Stage-EUR

Formation

Source Rock |Reservoir / Carrier Seal

Pictou

Pictou

Cumberland

Kasimovian

Westphalian

Sydney Mines

Waddens Cove

South Bar

Mabou

Point Edward

Cape Dauphin

Windsor

Woodbine Road

Meadows Road

Sydney River

Macumber

Horton

Upper Horton

Middle Horton

Lower Horton

Basement

The table above summarises the main elements present within the succession, from the Horton Group to the Pictou Group.

The Sydney Basin includes four main potential sources rocks: the lacustrine shale deposited within the Middle Horton Group; the thin organic-rich marine shales deposited in the Lower Windsor Group; the organic-lean shales
deposited in the Mabou Group; and the coaly intervals contained within the Morien / Cumberland Group.

The Sydney Basin includes several units that are potential reservoirs: the fluvial / deltaic sandstone of the Lower and Upper Horton Group; the shallow water carbonate and bioconstruction (stromatolite) of the Lower Windsor

Group; the deltaic sandstones of the Upper Windsor Group, and the fluvial sandstone of the Morien / Cumberland Group.
Finally, several potential seals have been interpreted: the halite and evaporite units of the Lower Windsor; and the fine grained sediment of the Pictou Groups.

The following slides present five potential plays of the Sydney Basin: the Horton clastic play (PL. 6-3-2), the Horton / Windsor carbonate play (PL. 6-3-3); the Windsor clastic play (PL. 6-3-4), the South Bar Formation clastic play

(PL. 6-3-5); and the Sydney Mines Formation clastic play (PL. 6-3-5).

Summary of potential petroleum plays

PL. 6.2.11
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POTENTIAL RESERVOIRS

POTENTIAL SEALS

KEY PLAY RISKS

Morien / Cumberland Group Pictou Group

% (South Bar Fm.)

% Morien / Cumberland Group Pictou Group o

= Formation: South Bar Age: Permian * Poor seismic coverage
£ Age: Westphalian A-B Dominant lithology: alluvial plain and quality _

= Dominant lithology: fluvial shale * Reservoir diagenesis
3 sandstone

B

®)

e

: 3

3 |

? Upper Windsor Group » Poor seismic coverage
% Formation: Sydney River and Mabou Group and qualit J
= Kempt Head Seal Formation: Cape Dauphin . Rescgrvoiry resence

© Age: Visean (Arundian) Age: Westphalian . Reservoir (Fj)ia anesis
° Dominant lithology: fluvial / deltaic Dominant lithology: anhydrite . SR extent thi?:kness and
< sandstone and evaporite . ’

e guality

=

=

>

‘_g_ Lower Windsor Group « Poor seismic coverage
o Age: Visean (Chadian) and quality

© Formation: Macumber » Reservoir presence

9 Dominant lithology: shallow water * Reservoir diagenesis
S carbonate, bioconstruction : * SR extent, thickness and
© (stromatolite) Windsor Group quality

S Seal Formations: Kempthead &

& Meadows Road

= Age: Visean

= Dominant lithology: anhydrite and

evaporite

8

o

2 Horton Group » Poor seismic coverage
9 Age: Tournaisian Legend and quality

© Dominant lithology: fluvial / — SERT * Reservoir presence

S deltaic sandstone Reservoir is very unlikely H Seal is unlikely * Reservoir diagenesis
v Reservoir is unlikely Seal is likely . :

E Reservoir is likely Seal is effective . SR e_Xtent’ thickness and

el b artaiglobrigpdu Pl quality
-] Reservoir or seal not preserved

PL. 6.2.12 Summary of potential petroleum plays
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~
Sydney Basin, Nova Scotia
.. . . . . . . . Newfoundlands
Sydney Basin is the least explored of all eastern Canadian Paleozoic basins. The only offshore wells to date have been in the Scotian part of the basin and none of them reached their A e )
initial targets, i.e. Horton series. Compared to western Newfoundland or New Brunswick Carboniferous basins, the Sydney Basin appears to be structurally less complex with typical half N !
grabens up to 6 km deep (Figure 1). The main inversion phase that occurred during the late Carboniferous/Lower Permian has not significantly impacted the basin much in comparison ok %
with the other Paleozoic basins of eastern Canada (See Chapters 2 to 5). Most of the faults are inactive since the Visean period except in the Cabot Fault complex which is active me=—— N, Figure 9: Map showing the
throughout the stratigraphic record. Sydney Basin shows various types of structural traps, stratigraphic traps and combination traps (Figures 1 to 5). Salt diapirism is less developed than — location of the seismic
in Magdalen Basin but enough so they locally creates significant anticlines (Figure 4). None of those structures have been tested. 4 Figure 2 lines illustrated below.
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