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SEISMIC DATABASE

SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - JUNE 2015

Seismic database 1 'y s
The seismic interpretation has been carried out on various § Q\'b Baccaro Bank _ A S %

2D seismic surveys covering the whole study area and Q7 + S, + + F T <%

gathering 6400 km of 2D data. These data acquired, i

processed and reprocessed during the thirty year long /
exploration history (from the 80s to present day) do not have T/

the same quality. | L \

Browns Bank

In total, 5 2D surveys were made available for the project. ] / \\ :
The seismic versions used for the project were the results of | : /

a preliminary data conditioning performed by RPS in 2009 in S
terms of time and phase shifts and in terms of seismic
amplitude balancing.

Bonnet-P-23 + + 1
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On the study area 2 mains survey have been used to do
the interpretation: the TGS one which covers the entire
Shelburne Sub-basin and the JEBCO survey which covers
the Entire Yarmouth Arch.

The large-offset NovaSPAN 2D seismic survey have been
integrated during the seismic interpretation of the Play
Fairway Analysis as regional seismic lines.

4650000

Depending on the length of the structure and the distance to
the seismic, the mapped horizon continuity is more or less
certain. The map of Figure 1 illustrates the distance to the
closest seismic data in order to give an idea on the
uncertainty linked to the mapping.

Well database used for the seismic interpretation

4600000

The well to seismic tie was based primary on the three
reference wells symbolized by a blue frame on the Figure 1.
The two main wells (Mohwak-B-93 and Bonnet-P-23) have / . X : \ 2 v
the complete set of data for the classical well to seismic tie S NI Ny S N\ \ T
(checkshot survey, sonic and density logs) but also the 7 o Wy LD e, . 3
biostratigraphic results insuring the age of the seismic
horizons picked. The Cost G-2 well (located outside the
study area ) has only biostratigraphic data which is helpful
to confirm the interpretation on the Yarmouth Arch.

4550000

The Figure 1 illustrates the distance to the closest well 1 COST G-2
which has been tied to the seismic. It gives us a simple but 1 1
direct idea of the “lateral uncertainty” linked to the seismic to
well tie and depth conversion (far from the well,
uncertainties raise).

; Reprocessed JEBCO seismic lines Referen'ce Well used for well-to-seismic
\ calibration

i ® Well used for seismic interpretation QC
| —— Rerpocessed NovaSPAN seismic lines Projection system: UTM 27N
\ —— Reprocessed TGS 2D seismic lines Datum : NAD 27

: \ Ellipsoid: Clarke 1866

S, 2 W & 3 24 Sk Datum plane = Mean Sea Level
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Figure 1: Seismic data density and well location map

Database for Seismic Interpretation PL. 5.1.1







CHAPTER 5.2.1

W
"
-~
(Q‘.’J‘
’ v ——
“ -
e LN
» l‘ . . N
pe - \ 4
— ot X " - -
- - - -
‘ - L
- - '\ )’l -
R 1 s U
- -







SEISMIC CALIBRATION AND VELOCITY MODEL

%
SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015
4 N
WELL HEADER
Long-term - p——
Geological Global Stratigra hic . ) MD | TWT | oT | RC i 2065-100::normTOw ) | CJ'-'}LS . Well Name Mohawk B-93
Time Scale Sea Level graphic | Lithostratigraphy SE 1:6949 | 160.00 U=/ 40.00 | 020 0.205.749.00 5.759.00 5.00 in 20.00
(Miller, 2005) Seguences = = Rotary Table (R.T.) 31m
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3 B amteatm | = 794 3 8004 3 | SEISMIC LOCATION
802 8 ' . __.E-_ Survey Novaspan
_Em —m—zﬂ 907.4 I 300 — .
E Cenamanian ' I ] =%
o0 34 = o ¥ Trace 6060
iZ Abian 1020 F 10004 T Kas
E E ti2.00 ¥ ] b i"" — Ii Offset (m) /
g §] = |, i E! o
—U e o 1143.1F 11003 -+
14[]—5 \alanginian 140,60 EE E _:‘=:__ SEISMIC MARKERS
: - 3_ ] — Age (Ma) Name ms (TWT) m (TVDSS)
1200 =4
160 I ] = 0 Seabed 134 117
e 200 j r"r‘r‘rr'rr'r'r'! 5 e i"i SRE T29 Mid-Oligocene Unconformity n.d. n.d.
T E b
180 ;;;;;;;;;l I T50 Ypresian Unconformity 635 581
T g l 21 K94 Turonian / Cenomanian Unconformity 1017 1009
200 ool —::—1 LI—: I
¥ 3 I K101 Late Albian Unc. (eq. Top Cree Mb) 1237 1293
220 1322_3_%_1 Em_% I K130 Hauterivian MFS (eq. Near “O” Marker) 1279 1373
116300 + ] ' i 153 K137 Berriasian / Valanginian Unconformity 1392 1604
240 2003.3F 1600 3 _F rigii;;iiili J150 Tithonian MFS (eq. Top Baccaro Mb) absent absent
24050 Lo GRRRLLCELETCEITCCTTECERTEEPPEPPPR EIASEMENT@ I kY i L & By BASEMEMNT
Time scale from Ogg et al. (2004). 0 100 200 - ] J163 Callovian MFS (eq. Top Scatarie Mb) 1557 1895
SEPM-Haq'08 (2235341700}
Eustatic curves: short-term from ]
Miller (2005); intermeditae term, Mean Sea Level R :
mean sea level from PALEOZOIC ~J200 Breack-up Unconformity absent absent
SEPM-Haq'08 synthetic "8 IGNEOUS ROCKS.
_ , — Top Basement 1659 2081
225-109-m0mTOv pc’g:?:mlg’l?\em 265-109-normTOv 276-109-n0MmTOV
LINE 1 1 1 1 1 1 1 1 1
TRACE 4404 4304 5204 5604 6004 6404 6804 7204 7604
| ¥ | | | | T | | 2 S| ¥l
Mohawk B-93
* Main well for the horizons calibration on the shelf (Mohawk Ridge, then
extended to Georges Bank)
* Correlated with Bonnet P-23 & no correlation in deep water.
* Drilled in an particular location for the pre-Jurassic: basement high
* Very good calibration
+ J150 not present on the shelf
* granitic basement at TD
l 1(;00;0m b.l o
l .1:>17;8259
N y

[ Mohawk B-93 PL.5.2.1.1 |
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SOUTH WEST NOVA SCOTIA EXTENSION -

CANADA - June 2015
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WELL HEADER
Geological Giobal Slt_:::? -traerr;]'}c . . MD | wT DT RC RE196-109  |--— -1 CALl Well Name Bonnet P-23
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—8 om0 < 1407.8 11400 : Inline 196-100
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'2”‘23-_"' E Agtan N ! a ora 1653.4 11600 )
0| === 15 IS L — = — |- 7504 - R
1o 3 Vatangnian | o A |wssisavon e ;ﬁr’ﬁ 3 3???5?3“ SEISMIC MARKERS
3 Bemasian -~ juw T E [ — o
Tenanian o coccocd e o K13 My 1972.2 118007 ::i;sssss Age (Ma) Name ms (TWT) m (TVDSS)
- E = Ls I 1 |
160 g E _@ VERRILL T ] ' 0 Seabed 212 133
re <N = TANYON- — M\ I ] _ _ )
@uomcm \ 2411 2000 i T29 Mid-Oligocene Unconformity 1615 1637
180 @ \ T50 Ypresian Unconformity 1687 1728
Tholese > \\ 1 ] 3 K94 Turonian / Cenomanian Unconformity absent absent
200 : : 2831 F2200
e ARGO \ 1 3 A | K101 Late Albian Unc. (eq. Top Cree Mb) absent absent
1 4 |
220 g:- \ ¥ ] ‘g | K130 Hauterivian MFS (eq. Near “O” Marker) 1768 1868
T ] ’ | | - . .
J*IEB\@ S NI — 2 S K137 Berriasian / Valanginian Unconformity 1844 2030
I ] T : .
240 T ] : - J150 ithonian MFS (eq. Top Baccaro Mb) absent absent
249 50 I ] —
251.00 1 1 1 I i
Time scale from Ogg et al. (2004). 0 100200 40049 20004 J163 Callovian MFS (eq. Top Scatarie Mb) 2425 3456
Eustatic curves: short-term from SEPM Haq 08 1 .
Miller (2005); intermeditae term, Mean Sea Level T ] ; :
mean sea level from PALEOZOIC T ] , ~J200 Breack-up Unconformity Not reached Not reached
METASEDIMENTARY T 1 !
SEPM-Haq'08 synthetic. & IGNEOUS ROCKS (4592.1)H2800} i
/ I 1 i
i ; ; : P 377-01-77-Migraea 5 G3101-83 :f;gf Tﬁ'm'w ; ;
TRACE 10?00 10160 10120 10?30 100|40 ‘;o?oo 9960 9920 9“830 98|40 98]00
Seismic 20@3[}:&3’{@‘@
-250
Bonnet P-23 i
* Shallow water well on La Have platform (no correlation in deepwater) xed r‘f
)
» Correlated with Mohawk B-23 - I
W
* Drilled near shelf edge: U. Cretaceous & L. Paleogene eroded i 5
: 3
« Lateral change of facies from Mohawk (growth fault system) - .
« Poor-to-fair calibration kb B
+ J150 not present on the shelf il iade
d)osrAM.cWeﬁ#/G-Z
-2250-
25000 -
I 100000m I
»2750_7 1:1718259
==
30008
N
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SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015
<
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3 . w0 : : 11833313 SEISMIC LOCATION
_ Campanian ] > 3 33 :: > i
Bu:ﬁm ﬂ I 198723 .:r { 1.-.- ;; it 1. Survey US lines
32 e T ] 'PERERPP Inline D-186A
= 8 = " 53.60 ] 1' q' 2rr
100 5960 i ] % 33133
_2 o PELE : = *:ii }. f"::: Trace 973
E = 112.00 ] ] :_:-_-___ ‘l b Offset (m) /
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E[4 12500 . ] 4
30 LTI D452 3 ] b
14n—§ valangnian ' i = SEISMIC MARKERS
3 f— b 9_5' ] Age (Ma) Name ms (TWT) m (TVDSS)
160 1 0 Seabed 226 59
2322_5_;' T29 Mid-Oligocene Unconformity n.d. n.d.
160 T 3 T50 Eocene Unconformity n.d. n.d.
e ] K94 Turonian / Cenomanian Unconformity 802 653
200 - ]
I ] K101 Late Albian Unc. (eq. Top Cree Mb) n.d. n.d.
- L~ 4__ = _ B K130 Hauterivian MFS (eq. Near “O” Marker) 1266 1243
I ] K137 Berriasian / Valanginian Unconformity 1541 1654
240 h323.9% 6000 J150 Near Tithonian MFS (eq. Top Baccaro 1602 1760
201 \ T ] % Mb)
- 1 1 1 I ]
Time scale from Ogg et al. (2004). 0 100200 BREAKUP u/c 1 — | 1163 Near Callovian MFS (eq. Top Scatarie 2283 3080
) ) SEPM-Haq'l]B ACA4 T CRECO O ;l K{{({{{{{{ | ELI | | Mb)
El_.lstat-:: u.lr\-te_s. shc:rt—t_errn from Mean Sea Level
Miller (2005) intermeditae term, PALEOZOIC TS ; ; ; ; ; ; ; Breakup Unconformity 3536 6616
mean sea level from METASEDIMENTARY RACE 1054 1034 1014 994 974 954 934 915
SEPM—HEC]I[]B S‘y"l'lﬂ"letlc & IGNEOUS ROCKS ‘i: — | 1 l_» l\l 1 1 | hd
! -500- 1
750 —— _: -:_,.. = V._‘—:--. -—:ﬁm
——— ) gr——
COST G-2 = :
Shallow water well on Georges Banks platform (isolated well with no correlation with
other ones) v
x‘
Three different issues raised during the calibration: 77
1) No checkshot data: the dynamic Time Depth Relationship (TDR) was created M
through the sonic integration (no sonic drift correction). However the caliper has >
considerable caving zones down the whole well : the absolute sonic values are *LQ
likely to require correction, hence the TDR’s is considerably uncertain. 3
ot
2) The match synthetic/seismic is uncertain: the static part of the TDR was calibrated at s e’
the K130 strong amplitudes. A small stretch (20 ms) was applied at 3s to match a
seismic event at ~ 4000 ft.
3) Some markers may also have uncertainties : the biostratigraphuc study in this well is
not as strong as for the two main wells.
As a conclusion, G-2 cannot be taken as “hard” data for horizon calibration, but only as a T COST G‘-2
secondary control. R
/

COST G-2

PL.5.2.1.3 |
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SEISMIC CALIBRATION AND VELOCITY MODEL

SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015

5 Bible lines 11 :
e
o . 2N 4000 SR . ?000 4000 6000 . 2000 4000 6000 . 2000 4000 6000
e . | T—— L S Velocity modeling
] 3 A 3D velocity model was built within the Survey Area to get a conversion model
i | A I . | I N - e % 7 Eo from TWT to depth (Zss) domain. Only two wells are calibrated with confidence
000 Mol sogg b ] e X ookl and are located in the shallow northern area: the velocity model had to be
3 \ ] mainly based on the seismic velocities field. The Bonnet and Mohawk wells
SRS B S— - vvvvv S O | SO W s were used in a second step to calibrate the model for only shallow TWT.
£ ] E ! £ E
000 P s000 G- i P so00 " s000-
k First step: seismic velocities gridding
L e G i b e S T 6000 Fccsinasmiemnadlraksai GO0 Tissraswissamisiiipeansafiors
- \ (&) The velocity model was built using Interval Velocities estimated from
) e S, WU N U [N I—— T |I—— | o o velocity analyses from 3 vintages of seismic: 5 TGS lines reprocessed in
E ‘ 2009-10, 4 NovaSpan lines reprocessed in 2009-10 and 36 Jebco lines
PO S — - . S | S— B000 ;s i e O, . 8000 - reprocessed in 20009.
(b) Their Interval Velocity values having some differences at the intersections,
e 000 FersisssrmsimssisRiasiasackions P RIS, IR [ T N . e et HER a model with a |arge g“d (2 X 2 km) was therefore built.
1oo00om (c) The Interval Velocities were upscaled in it every 50 ms, then slightly
Seismic interval velocities at vintage smoothed.
intersections i1 to i4 (d) An internal layering was defined from main horizons and two constant time

slices: constant SRD, Sea bottom, T29, K94, K137, J163, Base Post-Rift,
constant 9000 ms.
(e) This layering guided the 3D gridding of the Velocities.
() This intermediary model — “without wells” — keeps good lateral variability,
validating such approach.

—

4

Seis Vint [U]

Interval velocity [m/is]
— 7000.00

— 6500.00

o— 6000.00
5500.00
5000.00
4500.00

— 4000.00

!

— 3500.00

— 3000.00
— 2500.00
~— 2000.00

— 1500.00

Upscaling of seismic velocities

3D gridding
(d)

Seis Vint [U]

Layering

4500 00
— 4000 00

300 B

== 1500.00

Time to Depth Conversion PL.5.2.2.1




SEISMIC CALIBRATION AND VELOCITY MODEL

SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015

Second step: well adjustment for shallow TWT

(g) The calibrated Time-Depth Relationship in Bonnet and Mohawk wells were upscaled
into the same 3D grid.

(h) Adynamic correction was applied to the grid: anisotropy values Vi ieis! Vintseis Were

Bon-Moh Well cal Vint [U] P | estimated from both wells at every cell (red dots). A continuous Anisotropy Factor was
e _ . then defined along the TWT axis (blue curve): mainly defined for the shallow times, it is
o Pt reconnected to '1' for high times. 2500m/s
Ji e (i) The velocity errors at the wells were kriged and applied around them (range = 20 km),
oo’ : *' giving final residuals: null in Mohawk and close to 0 for Bonnet (below grid resolution at 1500m/s
the T50/K94 erosion).

The main average velocity maps are displayed on the right side.

— 1500.00

Upscaling of well velocities
QC with PFA 2011 velocity model

() Uncertainty analysis was not feasible (no control well). Only comparison with 2011
velocity model was possible. At the Jurassic levels, the horizons are ~ 5% deeper in
average than the same surfaces produced for PFA 2011 maps. Such value remains in 2500m/s
an acceptable range of uncertainty with regard to the lack of deep water wells.

h « deep shallow —
( 1500m/s
" ;Mohawk-B-93
=
Bl
il
bn . 2500m/s
i .
-1 ; - ] L
3 -".' CIY o - 1500m/S
‘ e B - ".Il: -'
. e e = e e e o = —— e it = i
. '-rli-.-"-
;_ %
;a-o::tj,;t,jﬂ,‘;tj,-hjt,‘:s,tj, - 1'|?:t'_\_'\;tj‘;jcr_alt0‘t‘—

Tamon | 4000
TWT, [ms]
Symbol legend

= TWTwvs F AnisoVint (Al cells) —=—F AmsoVint vs TWT

ratVavg_J150

Percent 3]
TWT anisotropic factor — w0
— 15.00
. . 10.00 =
(I) 7-value .Resm!ual after. Residual af!:er 5o [ 3500m/s
anistropic correction  well correction . -
{m 55’] 0.00
T29  Bonnet-P-23 1636 63 0 1500m/s
«gq Mohawk-B-93 -1009 25 0
Bonnet-P-23 -1727 226 71 Vavg ratio 2015/2011 at J150
k137 | Mohawk-B-93 -1604 -104 0
Bonnet-P-23 -2029 9 -67
163 Mohawk-B-03 -1895 -155 0 3500m/s
Bonnet-P-23 -3453 -299 0
Velocity model correction from well markers 1500m/s

PL5.2.2.2 Time to Depth Conversion
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SEISMIC INTERPRETATION - STRUCTURAL MAPPING

SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015

Cost G2 Bonnet Mohawk Moheida Glooscap
Seismic Horizons Environment | Notesonslope anddeep |y Seismic
i 000, and related Seismic Horizons COST G-2 Bonnet-P-23 Mohawk-B-93 Moheida-P-15 Glooscap-C-63 summary | water seismic stratigraphy Event Salt Tectonics Hori
Mega Sequences from Wells data (adapted from vents orizons.
T (Deptuck et al., 2014) Deptuck etal, 2014)
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."; Ms-7 2 : A
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i g | !
3’ ] 20 ? ? ? ] - T29
& - [ "
e L T Widespread mass < .
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P T -
-5; 50 50 ? 2 a L) . Ts0
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3 2 A
3 Ms-6 “
g1 Tertiary/Cret.u/c o F
__$ @ = Slow sedimentation
1 Intra-Ci BE alternating with
1 K78 = g periods of bypass
2 —
b! "
% K94 K94 Ko
1% | Unstable outer shelf
RioT K101
= & 2 Shortland eq. A
= e - =2 E Fan Complex
K112 z =~ 8o [ Ry
‘Albian/Aptian boundary mfs oL =
2" 5 7
Intra Aptian mfs a £ 2nd Shelburne ; .
i S delta system g £ :
{ K130 MS-4 ; H S M
Intra Hauterivian mfs i . N € Missisauga eq. $°8 . K130
i K137 — SIS N : Fan Complex g 3 : s
EHE § :
B T I NN e e e ettt e B ey S '.‘
‘] 1150 Tithonian mfs C Sinan e s g Onset of Contourites é e
(‘ Ms-3 0 sy L & ] g £ | First Shleburne delta
ids 1163 Callovian mfs. R - _ _?y_slem_ 63
& S Mix siliciclastic and
175 Base Call. MFS. carbonate turbidite growth faultg
7 o 2 system
NS " g E " g Carbonate Breccia
£ ‘é 1] First pulse of 8
£EE S clastics into z
S e g deepwater §§
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OETR=] [ Agilaceous limestone
kil B ooonmite
! 2N 2038 = [ Oolithic limestone
Regional Chrono Stratigraphic B Redshale Bl Greenuwif
o o S Umestone B Voicanic rocks
| HEE chak - s
Figure 1 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin.
SE
NW
TRACE 7548 7349 7149 6949 6749 6549 6349 6149 5949 5749 5549 5349 5149 4949 4749 4549 4349 4149 3949 3749 3549 3349 3148 2949 2749 2549 2348 2148 1943 1743 1543 1348 1143 948 748 548 348 14
1 ¥ | 1 ARl |7 ¥ 1 7 1 il ¥ | ¥ 1 T | b | ¥l ik | ¥ l T 1 ¥ | k| 7 . | ¥ | ¥ 1 7 1 Wil T I ¥ 1 1 ¥l | 1
DT

/14

Figure 3 : Seismic cross-section in the Shelburne sub-basin. It shows the distribution of the different seismic
zone), and the occurrence of autochthonous and allochtonous salt.

events

5km

Line 160-100

along the shelf breakdown (Mohawk fault

o

Figure 2 : TWT maps of the nine interpreted horizons (See TWT maps in attachment in full size resolution)

The results of the biostratigraphy study in parallel with the well-to-seismic tie and the seismic
interpretation of isochronous surfaces constrained the identification of several key surfaces. In total 9
horizons were regionally mapped over the Georges Bank and Shelburne sub-basin in TWT (Two-
Way-Time) domain. They are from top to bottom:

. T29 (Mid Oligocene Unconformity)

. T50 (Ypresian Unconformity)

. K94 (Cenomanian Turonian Unconformity)

. K101 (Late Albian Unconformity)

. K130 (Hauterivian MFS)

. K137 (Berriasian / Valanginian Unconformity)

. J150 (Near Tithonian MFS)

. J163 (Near Callovian MFS)

. J200 Break-up Unconformity

O©oO~NOOULS,WNPE

Additional seismic horizons were regionally or locally picked to better understand the salt
deformation (tops of autochthonous and allochthonous salt), to better constrain the time-to-depth
conversion (Seabed).

The faults were interpreted on seismic cross-sections and laterally correlated to define the fault
network of the different stratigraphic units. The same process has been applied to the salt diapirs
and erosion areas.

N.B.: Each map (in time and depth) has its own color scale.

Definition of the Seismic Horizons Interpreted

PL.5.3.1.1
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p
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Figure 4 : Location map of the 2D seismic lines illustrating the geological e s
provinces of the studied area: Georges Bank and Shelburne Basin areas. AN
The studied area can be divided into several areas: “kes
» The Shelburne sub-basin, corresponding to an Atlantic-type volcanic passive margin with salt; A AN
+ The Georges Bank, corresponding mainly to a structural high (Yarmouth Arch), with some salt on each side (West N Sk
Georges Bank and Shelburne sub-basin) and Early Jurassic volcanic seamounts (posterior to the Central Atlantic N
opening). R
The eastern part of the Georges Bank corresponds to the Yarmouth sub-platform (Figure 4 and Figure 5). o R \ 56 . f X SN F 5 = G DS ‘T{: \ :.“»'?f;‘\?“"
Autochthonous salt deposited during the Early Jurassic moved to the deepest part of the margin, (in the Shelburne sub- RO 7 & —~— G A - 7O liff"fg.".‘:h}m??uéf?.'
basin), allowing the sliding of the sediments toward the basin. Listric faults developed above this salt and are rooted e PRONA SN R I L e el N R il N SN2 L R S N
directly inside (the largest ones are above the eastern side of the Yarmouth sub-platform). This salt is interpreted to be AN SR A S A R o g : AN ; :
allochthonous in the basin and its motion may create some rafts of Jurassic sediments. ol
Two levels of salt are identified in the Shelburne sub-basin (Figure 5 and Figure 6): an autochthonous salt layer above 2
the faulted “basement” which may have fed a shallower allochthonous salt layer. The autochthonous salt may have been
evacuated through regional listric faults and counter-regional faults, on which the horizons K130, K137, J150 and J163 — - ‘ ’ ) ) B o T T _
. . . . 5km Line 196-109
are folded and salt welds are expected. The allochthonous salt is mainly located in the deepest part of the basin close to
the COB, above the SDR (Figure 6). Figure 6 : Seismic section in the Shelburne basin (Green line). The autochthonous salt is creeping and forms some diapirs or is evacuated
Listric faults developed on the autochthonous salt sheet and allowed the motion of Cenozoic and Cretaceous sediments by counter-regional faults and forms a salt-sheet close to the boundary with the SDR area.
(T29, T50 and K94) down the basin. Secondary diapirs seem to have been squeezed by shallow counter-regional listric
faults, and it may be the result of the motion of all the sediments southward to the basin.
-
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Figure 7: Structural map of the Georges Bank and the Shelburne sub-basin. The Georges Bank is
dominated by a structural high created during the rifting of the Central Atlantic (Triassic horst) separating
two basins: the West Georges Bank Basin on the West and the Shelburne sub-basin on the East 5
Tertiary =
The Shelburne sub-basin extends from the shelf to the south for almost 200 km. The basin is covered by a thick layer of salt = Postrift B2
which highlights different features: the transform fault trending NW-SE, the shelf edge and the boundary with the Georges Bank A
area (Figure 7). This salt is dated from the Early Jurassic and seems to seal the synrift event in the Shelburne sub-basin (Figure Mesozoic = = S
7 &8). 7_1 K : y e — : ——
TWT Illllllllll-lllllIllllllllllllllllllllllllll | zok'" I
On the Georges Bank area, different units can be also delimited: Clastics o . c
R 7 Late Triassic
- The Yarmouth sub-platform is bounded to the East by the Shelburne sub-basin, and to the West by the Yarmouth Arch Synrift Figure 8: Seismic line (JGM224 — blue line) through the Georges Bank area showing the different units and the
(Figures 7 & 8). . salt Early Triassic or older tectonic style: thick-skinned deformation during the rifting over the whole area and thin-skinned deformation in the
- The Yarmouth Arch is located between the Yarmouth sub-platform and the West Georges Bank basin. It is affected by a - salt areas.
number of extensional faults (Figures 7 & 8).
- The West Georges Bank basin is at the extreme West of the study area (Figures 7 & 8). It seems to have opened during the
rifting of the Central Atlantic. It is also characterized by a thick layer of salt at the at the base in contrast to the Shelburne sub-
basin (Figures 9 & 10) where only a single salt layer is observed. The age of the salt on the West Georges Bank Basin is not
clear. The biostratigraphic data review has dated from the Early Jurassic (possibly Hettangian) the oldest core in the well Nw , ) , _ , ) , , , , , , , , ‘ , , ) ) _ , , ~ SE
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4k e JGM-110 Figure 10: Seismic section through the Yarmouth Arch (JGM224 — blue line) and the Yarmouth Basin showing the
Figure 9: Seismic section (red line on Figure 1) through the Yarmouth Basin, showing the geometry of the salt and tectonic style. The Yarmouth Arch is bounded by a steep fault to the Yarmouth Basin. The Salt is located at the bottom of
the tectonic style associated (thin-skinned faulting). the basin instead of the top as in the Shelburne Basin.
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line 180-109

Figure 11 : Seismic line in the Shelburne Sub-Basin showing the different salt-related trap styles

Two types of traps are highlighted in the studied area:

» those related to salt tectonics (Figure 11 and Figure 12) which occur in the Shelburne
sub-basin mainly

» those related to stratigraphic traps (Plate 5.3.1.5) they are mainly located against the
Yarmouth sub-platform and the Scotian shelf in the Shelburne sub-basin.

The salt-related traps are located mostly above the autochthonous salt in the Shelburne
sub-basin, (Figure 11 and Figure 12). Potential traps may develop above and around
diapirs as hydrocarbon sealed against the diapir flank, as a domal trap faulted or
unfaulted trap above diapirs, turtle-back feature, and subsalt trap with reservoir beds
pierced by diapirs and upturned to form a series of small stacked traps. Roll-over
anticlines associated to listric faults close to the slope of the basin and faulted block
(four-way dip closure) may also be of interest.

Figure 12: Seismic line in the Shelburne Sub-Basin showing the different salt-related trap styles

line 160-109
"
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Stratigraphic traps may occur in the Shelburne sub-basin but especially at the boundary with the Georges Bank margin. Indeed, this
part of the margin shows complex depositional patterns such as turbidites, slope fans, basin floor fan, channels complex. Slope fans
have been defined within the basin and above the carbonate platform on the shelf (Figure 13). Carbonate mounds are expected
above basement high in the Shelburne Basin.

The Avalon Unconformity (associated to the horizon K137) is well extended on the shelf and on the slope where dipping Jurassic
sediments were truncated and later buried by Early Cretaceous sediments and provides potential for stratigraphic trapping. The T29
and T50 horizons correspond also to unconformities which eroded Cenozoic and Late Cretaceous sandstones and shales, but they
are mainly developed on the shelf edge where sediment layers are thin due to bypass or erosion above the Base Post Rift Sediment
(Figure 1), and hence are less likely to lead to significant stratigraphic traps.

The most promising stratigraphic play is located in the southwestern side of the Shelburne sub-basin along the Yarmouth sub-platform
and consists of pinch out traps in the Cretaceous turbidites (Figure 13).

III/[,”

IS

L1

Figure 13 : Seismic line the Shelburne sub-basin showing stratigraphic trap styles line JGM239

Trap Styles PL. 5.3.1.5
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Several potential seismic direct indicators of hydrocarbon have been spotted on the Shelburne Sub-

Theses indicators are mainly observed in Cretaceous and Tertiary intervals.
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Figure 18 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin.
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Horizon definition
The horizon named “Mid-Oligocene unconformity” (or T29) is the amalgamation of successive erosional surfaces corresponding to
glacial episodes occurring from Rupelian to Priabonian times which removed a large amount of sediments from Tertiary to Late
Cretaceous in age (incision can affect Cenomanian units along the slope of the basin). The attributed age of this surface has been
estimated at 29 million years (Figure 18).
§§§§§ v
Well-to-seismic tying ; , §§;§;: )
No well marker is available in Bonnet or Mohawk wells; nevertheless it had been calibrated with Nova Scotia Play Fairway Analysis e D : %5;}..'
2011 wells, and the picking was extended on the new lines. T29 does not have a typical acoustic signature but is reliably tedtothe | SRR e T e
seismic through the seismic features (erosional truncations, Figures 19 & 20). —_
NB: concerning COST G-2 calibration, three uncertainties (no checkshot data, very bad synthetic/seismic match, uncertain well
markers) prevents taking it as a reference well for any horizon adjustment. Its calibration was used only as a secondary control.
Seismic picking and uncertainty
The seismic correlation of such a timeline over the western extension of Georges Bank is uncertain (condensed layering).
Nevertheless, the truncations are clear on the basin area and consistent at the study scale (Figure 19). T29 erosional surface is
characteristic of the Oligocene glacial event and is buried by the Oligocene Neogene last phase of basin infilling.
Structural description
T29 horizon is structurally close to the present day margin. No major structural fault has been observed (Figure 19).
On the slope, some erosion resulting from canyon incisions or gliding area is seen in the western part of it (against the Yarmouth
sub-platform). An extended erosion is also present in the central part of the offshore area.
In the basin, several salt diapirs pierce T29, but folding of T29 is less pronounced than the deeper horizons (Figure 19).
Westwards, on Georges Bank platform, no salt dome affects T29, except an isolated high — interpreted as salt piercement — _ o _ _ .
located close to the slope direction change; this high will affect all the underlying horizons. Figure 20 : Seismic line (JGM227E) in the slope of the Georges Bank Area showing truncation below T29
In the deep offshore where salt dome and seamount are absent, maximum depths are located in the Southeast of the study area.
\
4
PL. 5.3.2.2 T29 (Mid-Oligocene Unconformity) Depth Structural Map
-




SEISMIC INTERPRETATION - STRUCTURAL MAPPING

SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015

4550000 4600000 4650000 4700000 4750000
\

4500000

A
! /
Q\'b Baccaro Bank &Qf@"’
+ e + + + + o + + ?g’?ﬁ A
G\ %o %‘b 1% AFE /Y
v . > 36
7 % 4%
\ Browns Bank B
\ oA 5
\ Water — [0
Depth

-

Legend
Autochtonous salt diapir

Allochtonous salt diapir

Georges Bank exclusion

)

Water Depth

/3000m

e

Color table

(m)

--1000.00

'|--2000.00

+-3000.00

Fault
+
Erosion
No data area
+ +
COST G-2
@
\ 3 reference wells: T29 seismic marker 8 3 Refersiicaiwells
) - \ Well Name Xum(m) Yum(m) TVDSS (m)
% 4 ]\-/ s (( 0 & Bonnet-P-23  331186.97 4693810.97 -1672 Projection system: UTM 27N 5
o . Ao LY Mohawk-B-93 No data Datum : NAD 27
i ~ /J"\ o~ ‘\,f ‘\ COST G-2 No data Ellipsoid: Clarke 1866
o o ol 1.0(9‘“ \QQQ\ >
- o 3 Datum plane = Mean Sea Level
peot™ s m*“-‘oe " >\g° st ] Contour interval: 500m
et \{‘? ‘{‘ 1:1200000
T I T T T | L T T L] I T T T T I T T T T I T L} T T I T T T T I L] T T L] I T T ) T I \l T T T I T L] T T | T T T T I T T ] T ' J 1 ' T L] T I T T T T I L T T T I T T L) T ' T T T
100000 150000 200000 250000 300000 350000 400000 450000 500000

T29 (Mid-Oligocene Unconformity) Depth Structural Map

PL. 5.3.2.3




SEISMIC INTERPRETATION - STRUCTURAL MAPPING

SOUTH WEST NOVA SCOTIA EXTENSION - CANADA - June 2015

p
Tectono-stratigraphical chart
~ Global Long—tel'"l Shelf Slope and Rise Main . _ R Regiona' Tectonic WNW ESE
Geological : i it iti . B . Sel Major
Time Scale f‘hﬁgr }_;ng Sslzhl?er:ﬁ;c Desg;ot::];:al De;;ogﬂ];:al NW Lithostratigraphy SE | Events Salt Tectonics HO;?::; Anoxic svents Geolog?(;:: cvonte . . . . . . . . . ) ) )
0 Period Stages -150 50 650 150 " e
B Glaciation ‘
43" =
04> |
E Outer to Widespread mass -4 - oAl e e et R e e e —citrr | N e
Inner Shelf \wasting, contourites on — ¥ 7. [  OligoceneSealevelFall | e ————— e ——— | A\ |
E ' . and turbidites % n saﬁr::lt::f?)fnmaj!:)rn P T Al
T - Y :xtemal shelf Szws_ed:nen-tai;n - w - A I R BN T T I N i ~=$.
v alternating with > : f Yool §§$§
iods of by 73 ' x SSSa
RN \\\'... =y AN ., A!)‘,//’, SN
v g . I Wit S S SSSEgk :
32 A: Viiiigislsss. el N —
2 : — IR
55§ |neteblecutershelf] ¢ Ly K101 - "%7/1%’7///{%7//[/’ A"
f;!1 vs Shelburne CANYON o Shartiand évﬂm' . rshet T ’J// ’//”j/'r/!f///ﬁ[ SN\ L =
Y Fan Complex Shale ] “ " .| extension . v : . —
FA= & \
NN z\\\\ mﬂ S = i E 2 . K130 WA
= Glastic Shelf 5 .
SR e e == Aég . i Late umassic| 5 S—
me| . s s . L VERRILL B | lan
Carbonate banks | ;. rhidlites . CANEOH . growth faults e
== | s . Y
Carbonate banks demter volcanics 1200
LEGEND
A Deep sea stratigraphic markers
{} Gas @ Oil Time scale from Ogg et al. (2004).
~= Deepwater turbidite Eustatic curves: short-term from Miller (2005): intermedi-
Lo Mainly sandstone [] Shale tae term, mean sea level from SEPM-Haq'08 synthetic.
0 100200 5 |§al'li‘ltf.‘3t0ﬂt’.r’0h3|k E g(a)!.::lrtme Stratigraphy adapted from Weston et al. (2012)
&T‘,ﬂm & Source Rock Intervals -
aioNEoys RooKs Figure 22 : Seismic line (JGM227E) in the Yarmouth sub-platform showing the faults sealed to T50
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Horizon definition
The horizon named Ypresian Unconformity (or T50) affects the chalks deposited during early Tertiary times (Paleocene-Ecocene).
Itis confined to Ypresian in age and represents a major erosion recognized over most of the basin (Figures 21 & 22).
Well-to-seismic tying
The well-to-seismic tie is done on Bonnet well where the erosion has truncated a thick sequence of sediments until Aptian (no
stratigraphic marker in the two other wells). T50 does not have a typical acoustic signature but is reliably tied to the seismic through
the seismic features (erosional truncations) and, calibrated with 2011 Nova Scotia Play Fairway Analysis wells, its picking was
extended on the new lines.
Seismic picking and uncertainty
The seismic correlation of such a timeline over the western extension of Georges Bank is uncertain (condensed layering).
Nevertheless, the truncations are clear on the basin area and consistent at the study scale (Figures 22 & 23).
Structural description
T50 horizon is dipping as T29. The faults are sealed on the Yarmouth sub-platform. T50 is eroded by several Oligocene to Miocene
in age incisions: T50 is bounded to the north by T29, as well as in the south-western corner.
The T50 erosion happens during the final stage of salt tectonics. Hence, it is generally pierced and is lying close to the top of the
latest salt diapirs. The shelf is not directly affected by the salt tectonics except locally as in the Georges Bank area or along the
Scotian shelf.
Figure 23 : Seismic line (JGM234B) in Shelf of the Yarmouth sub-platform showing erosion of T50 by T29
-
4
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Figure 24 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin.
Horizon definition WNW ESE
The horizon named “Turonian Cenomanian unconformity” (or K94) mainly corresponds to an erosional surface equivalent to the
base of the Petrel Member on the shelf. The Petrel Member is a regional seismic marker corresponding to a chalk unit deposited o s s et sers s e s ams wrs st sero zme ases ses 1ese
within the transgressive shale sequence of the Dawson Canyon Formation. It is the onset of the chalk production through the Late "
Cretaceous and is recognized over most of the Scotian Shelf. Basinwards, the Petrel Member thins and evolves into a more shaly
facies (Figure 24).
Well-to-seismic tying
The well-to-seismic tying of the K94 horizon is done on Mohawk well. The signature of K94 is a sharp decrease of the sonic log
and corresponds to a strong amplitude trough on the seismic. The result presents a good correlation.
Seismic picking and uncertainty
The K94 horizon corresponds to the base of the limestone Petrel Member, thickness of which is large on the shelf where it
corresponds to a continuous reflector well-calibrated on the 2011 Nova Scotia Play Fairway Analysis wells. Basinwards, where the
Petrel Member is thinning and starts to be more shaly or affected by salt tectonics or even eroded, the picking is more uncertain
(Figure 25).
Structural description
In the shelf area, the Montagnais (Deptuck & Campbell, 2012) meteor impact lead to an erosional surface located at the west of the
Mohawk well. On Georges Bank affected by growth faults with small throws that are hardly perceptible in the interpretation. Erosion
exists also in the south-western corner, but the lack of lines and poor quality prevents knowing the exact layout (Figures 25 & 26).
On the shelf, K94 horizon is unaffected by salt tectonics. In the basin, numerous diapirs pierce K94. It is usually lying at the
average depth of the allochthonous salt bodies in Shelburne Sub-Basin.
Figure 26 : Seismic line (JGM215) in the shelf of the Yarmouth sub-platform showing K94 affected by growth
faulting
Deptuck, M.E. and Campbell, D.C. (2012) Widespread erosion and mass failure from the ~51 Ma Montagnais marine
bolide impact off southwestern Nova Scotia, Canada, Canadian Journal of Earth Sciences, v. 49, p. 1567-1594
-
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Figure 27 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin.
Horizon definition e
The horizon named “Late Albian unconformity” (or K101) is defined as a sequence boundary within the Logan Canyon Formation
separating the Cree Member from the overlying Sable Member (Figure 27).
5
Well-to-seismic tying Ry
The well-to-seismic tying of the K101 horizon is performed on Mohawk well. The well-to-seismic tie result presents a good e
correlation, improved by the integration of the Nova Scotia Play Fairway Analysis 2011 interpretation in the offshore part.
Seismic picking and uncertainty
On the shelf, the picking is based on the seismic facies and on the well-to-seismic calibration. Indeed, K101 corresponds to a . :
strong energy package which is related to the transition between the shaly Sable Member and the fluvial sandstones of the Cree R e
Member. On the slope, K101 can be eroded by K94, and an extended K94 canyon cuts the formation in the central part of the ' \ -
basin. There, the surface is difficult to pick (poor seismic character and salt dome occurrences), and the interpretation has been
driven by the seismic recognition (Figure 28). Its picking is there more uncertain.
Structural description
The growth fault throws are still negligible in the Yarmouth sub-platform (Figure 29).
In the basin, numerous diapirs pierce it. K101 is deposited during the motion of the allochthonous salt, and is seated close to the
salt diapirs.
All along the slope, K101 horizon has been removed by the regional gliding as a narrow strip (Figure 3, PI. 5.3.2.2), mainly due to
K94 erosion, which also creates large canyons in the basin.
Figure 29 : Seismic line (JGM218) in the Yarmouth Subplatform showing K101 affected by growth faults
-
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‘ Figure 31 : Seismic line (TGS172-109) in the Shelburne sub-basin showing K130 eroded along the northern slope and
Figure 30 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin. affected by salt doming
Horizon definition
The horizon named “Hauterivian MFS” (or K130) corresponds to a regional maximum flooding surface (MFS) which occurred 130
Ma ago (Figure 30). It is approximately equivalent on the shelf to the so called “O” marker.
Well-to-seismic tying
The Hauterivian MFS was calibrated on the 3 wells. It is displayed as a fairly strong amplitude event at the onset of a mixed
carbonate-terrigeneous platform in relation to a major drop in sediment supplies on the margin (Figure 31). More precisely, the
seismic marker corresponds to the top of a relatively continuous carbonate layer with an increase of acoustic impedance due to
high density and velocity carbonates. The well-to-seismic tie results present a good correlation only in Mohawk.
Seismic picking and uncertainty
K130 is picked confidently on the shelf of the Shelburne sub-basin, and was propagated to Georges Bank with confidence (Figures
31 & 32).
On the northern slope, K130 is locally eroded; otherwise the picking there is uncertain due to normal faulting. Within the basin, the
picking is partly constrained by the more obvious and deeper position of the K137 unconformity where sub-salt imaging difficulties
make the picking of the Hauterivian MFS more uncertain away from the far well ties done in 2011 Nova Scotia Play Fairway
Analysis; both horizons are in this case often difficult to differentiate from each other.
Structural description
Erosion affects the horizon along the northern slope, and in the south-western corner.
Due to salt creeping we can observe a strong shelf edge fault activities along the western slope, whereas on the north-eastern
corner we have a decrease of activity.
Basinwards, K130 is pierced by still numerous salt domes. It is the last horizon that is not affected by overlying salt detached
sheets.
Figure 32: Seismic line (JGM220) in Yarmouth sub-platform showing K130 affected by growth faults
-
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northern shelf
Horizon definition o e?
The seismic horizon named “Berriasian / Valanginian Unconformity” (or K137) corresponds to a regional unconformity which ranges WNW ESE !
from 147 Ma to 137 Ma in relation to a regional uplift coincident to the Avalon Uplift and Monteregian hotspot. On the shelf, it is Benc,
interpreted as a sub-aerial unconformity (Figure 33). TRACE 155 s ¢
Well-to-seismic tying 5:5'..'
The well-to-seismic tie of the horizon K137 is possible in both the main shelf wells. It corresponds to the Berriasian / Valanginian
unconformity. The well-to-seismic tie results present a very good correlation in Mohawk, poor in the Cost-G2.
Seismic picking and uncertainty
On the shelf, the picking of the Berriasian / Valanginian unconformity is relatively confident.
On the slope, the normal fault system and the average quality of the seismic make the picking uncertain (Figure 34). In the deep
offshore area, the Berriasian / Valanginian unconformity is mainly based on the 2011’ interpretation results, and extended to the base of
the slope.
Structural description
The Berriasian / Valanginian unconformity is an erosional surface which is relatively conformable in the deep basin (correlative
conformity).
Some erosion affects K137 on the slope in the northern area and a more limited extent in the south-western corner. The growth fault
system is shifted from the inner shelf (Yarmouth sub-platform) to the outer shelf (Shelburne sub-basin). The shelf edge faults are more
active with the erosional area (Figure 35).
Although K137 horizon is located frequently above the allochthonous salt sheets, salt welds, salt feeder (regional and counter-regional
fault) and salt pillows affect this horizon in the basin.
Figure 35: Seismic line (JGM 224) in the slope of the Yarmouth sub-platform showing the shift of the growth faults from inner to
outer shelf at the K137.
-
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Figure 36 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin.

Horizon definition

The J150 horizon corresponds to the Tithonian MFS defined by the biostratigraphic study. It corresponds to the Top Baccaro
Member of the Abenaki Formation which ends the shallow marine carbonate platform in the western Nova Scotia Margin. To the
eastern Laurentian Sub Basin and the South Whale Basin, where the carbonate system evolves into a deltaic system, the J150

horizon corresponds to the Top of the deltaic sandstones of the Mic-Mac formation. (Figure 36)

Well-to-seismic tying
The well-to-seismic tie of the horizon J150 is not possible on the reference wells except on Cost-G2 well, due to the impact of K137
erosion. Its assignment was done through a visual identification: strong MFS marker at the top of the Jurassic deltaic features as
seen on JGM224 line. On the Northern side of the study area (LaHave platform) the J150 has been eroded by the K137 and is
absent on the northern passage between the Shelburne sub-basin and the Georges Bank area whereas it is well observed more to
the south-west (Georges Bank area).

In the offshore basin, it was extended and edited after 2011’ interpretation.

Seismic picking and uncertainty

The poor seismic picking confidence is largely to the absence of the J150 marker in 2
assignation in the Yarmouth sub-platform is in coherency with J163 and its proximity with K137, which erodes it towards the
LaHave platform.

In the basin, the picking remains uncertain close to the salt bodies especially in the allochthonous salt province where highly
complex structures are added to the subsalt image. In the deep offshore area in which salt is absent, the seismic quality is better

and the interpretation becomes more confident despite the lack of well-to-seismic tie (Figures 37 & 38).

Structural description

From this horizon and afterwards, the growth faulting near the western slope are very active (inner shelf of Yarmouth sub-platform;

Figure 38).

Along the northern slope, a shorter erosional strip is present, as well as in the south-western corner. To the North, there is no J150
due to K137.

In the basin, J150 horizon may be located below allochthonous salt sheets. The salt diapirs now fill more surface, making small
sub-basins that should be connected by very narrow sediment “valleys” surrounded by high salt bodies.

reference wells. Nevertheless, its
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Figure 37: Seismic line (TGS 200-100) in the Shelburne Sub-Basin showing K150 eroded on the North shelf and deformed by the salt
doming

3346 3020

il
/III

J

Mg

III[,'

i)
[

[
4

iy,
i

iy,

A

7]
II'
Illf,”

7
/‘f
i
o,

it
7
i

L]
i

/)

AN

T

Figure 38: Seismic line (JGM228) in the Yarmouth SubPlatform showing the main activity of growth faults in the inner shelf
at the J150.
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Figure 39 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin. Figure 40: Seismic line (JGM 244-109) in the Shelburne sub-basin showing J163 geometry above the autochthonous salt
(purple).
Horizon definition
The J163 seismic horizon correspond to the Callovian MFS identified in the biostratigraphic study. It corresponds to the Top of the WNW ESE
Scatarie Member of the Abenaki Formation. It forms the shallow marine carbonate platform deposition (Figure 39). - s o
Well-to-seismic tying
The well-to-seismic tie of the horizon J163 is possible on the 3 wells. Its extension towards the USA area is coherent with COST G-
2 calibration. The horizon J163 is the transition between the shale of the Misaine Member and the carbonates of the Scatarie
Member. Seismically, it corresponds to a positive peak as an increase of acoustic impedance creates a positive amplitude on zero-
phase seismic in normal polarity according the SEG convention. The well-to-seismic tie results present a fair correlation.
Seismic picking and uncertainty
The seismic picking of the J163 horizon is good on the shelf area as it could also be defined using seismic geometries (below
deltaic progradation on the Yarmouth sub-platform). The seismic imaging quality decreases on the slope and in the offshore area
mainly due to salt tectonics (Figures 40 & 41). Indeed, the picking is very uncertain close to the salt bodies especially in the
allochthonous zones where highly complex structures are added to the subsalt images. In the deep offshore area in which salt is
absent, the seismic quality is better and the interpretation becomes more confident despite the lack of well-to-seismic tie. Note that
in comparison to the 2011’ study, J163 is deepened in this zone after seismic geometry considerations (within turbidite extensions).
Structural description
The growth fault system in the inner Yarmouth shelf is the most extended for this last Jurassic horizon (Figure 41). On either part of
the slope, sedimentary draping allows it to be followed without difficulties (when salt is absent).
Erosion only remains in the south-western corner.
In the basin, J163 horizon may be located below allochthonous salt sheets. The salt diapirs have the most extensive surface,
making small sub-basins that should be connected by very narrow sediment “valleys” surrounded by high salt bodies. ) L ) ) ) L ) )
Figure 41: Seismic line (JGM228) in the Yarmouth sub-platform showing the main activity of growth faults in the inner shelf
at the J163.
-
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Figure 42 : Tectono-stratigraphical chart for the Georges Bank — Shelburne sub-basin. Figure 43: Seismic line (TGS176-100) in the Shelburne Sub-Basin showing the interaction between the Triassic faults and the
overlying position of the salt diapirs
Horizon definition
The horizon named Break up Unconformity is the deepest horizon picked on seismic. On the continental shelf, it corresponds to the top of the
Basement (undifferentiated Carboniferous or Triassic series) and the base of the Argo Salt when present in the sub-basins (Figure 42). On the slope, WNW ESE
the horizon is also identified as the base of the Argo Salt in the Shelburne Sub-Basin. Seawards, in the deep offshore area, the horizon has been
picked at the top of seaward d|pp|ng reflectors (SDRs) when Occurring, and equivalent top of Oceanic Crust. TRACE , 6942 6742 6541 6341 6142 5942 5543 5342 5142 4941 4540 4341 4142 3 3745 3546 3346 3142 2039 2736 2532 23R 213 1934 1735
Well-to-seismic tying
In the studied area, The Break-up Unconformity is penetrated only in the Cost-G2 well. But due to poor quality of the seismic lines (USA line) it's
difficult to propagate it correctly over the whole of the Georges Bank area. Thus, over the Shelburne sub-basin, the interpretation is speculative, and
based on seismic facies, on the correlation with Nova Scotia Play Fairway Analysis 2011 (Figures 43 & 44).
Seismic picking and uncertainty
The structural complexity (normal faulting with large throw) and the poorly imaged seismic interval (e.g. below the salt diapirs) makes the picking
uncertain. The uncertainty is increased by the absence of any well penetrating the Break up Unconformity on the Shelburne sub-basin (Figure 43).
The seismic event is characterized by an average to poor seismic reflection with poor lateral seismic continuity. From the continental shelf into the
slope, the seismic interpretation of this horizon is speculative, and is only constrained locally by the base of the Argo Salt on the shelf and, in the
basin, by also the base of the Argo Salt or some stronger reflections or even by SDRs interpreted as the top of the Oceanic Crust (Figure 43). On the
Georges Bank area, the seismic interpretation is based on a strong reflectors corresponding to the CAMP volcanic event (Figure 44).
Structural description
The Break-up Unconformity is dipping gently Southeast in the Shelburne sub-basin and Georges Bank area. At the boundary of these two zones, it
dipping abruptly to the Northeast.
On the Georges Bank area it dips to the North and is bounded by a transform fault on the north side of the Yarmouth sub-platform. Thus, between
the Yarmouth Arch and the Yarmouth sub-platform the fault becomes steeper to the North.
Between the Yarmouth sub-platform and the Shelburne sub-basin, the fault dips abruptly (Figure 44).
Extensive faults oriented Northeast / Southwest affect the slope of the Shelburne sub-basin and delimit clearly the shelf from the basin. On the _ o _ _ _
Georges Bank, two directions are registered: a NNE-SSW corresponding to inherited structures and a NE-SW corresponding to the Atlantic rifting. Figure 44: Seismic line (JGM228) from the Yarmouth Arch to the Shelburne sub-basin showing the evolution of the Break-up
In the deepest part of the Shelburne Sub-Basin, the J200 sediments is broken by a basement high (horst) corresponding to the boundary with the Unconformity
SDRs.
-
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