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Super-basins
Location of 25 Superbasins that meet the following Criteria:

Western Canada Sedimentary Basin meets Criteria

* More than 5 billion Boe cumulative
production

* More than 5 billion Boe remaining
production

* Multiple source rocks - petroleum
systems

* An assemblage of conventional,
shale (continuous) and tight-non-
continuous reservoirs

» Stacked pays

WCSB contains both a Deep Basin and Oil Sands
to markets component, plus an assemblage of conventional,
shale (continuous) and tight reservoirs

e Established infrastructure — access

 Established service sector & supply

chains g"
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Western Canada Sedimentary Basin
Tectonic Evolution
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Oil and Gas in the WCSB

. / Y ARCTIC OCEAN paar SetuarRay Western Canada Resource Plays
J i hélﬁ.jg !rdroducing e
ields EXSHAW
B Major Producing SHHE___.., MAXHAMISH
Gas Fields C ' CORDOVA SHALE
LIARD nn;glyf\ : N '
= /- Rwe
} w;rj \'\v/)I
:\‘% ATLANTIC HALFWAY
—3 DOIs
. ﬁ“‘?\ N
o ¥ Grand . e
o) i and CADOMIN ? .
: 20 wh MONTNEY
\) r,%‘é' l:iivbenﬁa q DaIG—
4 /08 Bl . DUNVEGAN
3 j{ 7 : EAVERHILL LAKE
= ﬁ = _PEKISKO
3 CARDIUM » : BELLY RIVER VIKING
f ocEAN RS
£ 3 k \
SHRT AVER { ) i
Alberta GLAUCONITE i_
TR MANNVILLE GROUP, -
.. TORQUAY
Area: 661,848 km? /)
LOWER
SOUTHERN ALBERTA SHALEEEN
Texas BAKKEN / EXSHAW SE SASKATCHEWAN BAK LOWER
AMARANTH
SPEARFISH

Areq: 696,241 km?2

Source: NGI's Map of North American Shale/Resource Plays

A
A
ZAITLIN

GEO#% CONSULTING LTD.




Key - Major Source Rocks
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Types of Foreland Basin Systems

Collisional RETROARC COLLISIONAL RETREATING °
R T s e e COLLISIONAL Foreland Basins
g 0N Cordilleran Bolivia Himalayan Narth Alpine
oW W BOPW N Litah MNapal Switzerand
Pl ) °
LN Sl SV 00 I s. 1. Refroarc Basins
" N ] * _EIE
) o T : 2% .
N . 3 * N. American
] g | Cordilleran - WCSB,
i a1 [ .
2 i i ! . - S. American -
- Shigid’ E . e
e i ; i, H Andean — Bolivia
AL T t:
Ay a0 L Breinsiatl | 5 E w
w I %E T E ! o _ o °
m|
o || 8 o |28 2. Collisional Basins
o e
LI:J o Zone l
- l % E 5E .
- = (. _ s | g ““m’gg 38 « Himalayan — Nepal
3 08 2 £a
Z - 2w it -
O ) 2 E E 8 w L] [} [}
I ale F s o 3. Retreating Collisional
s I s i cal .
\Q\E [/ m &0 ‘:me;g:rrﬁrpmfaﬁea "‘;:"E':“ qu'"
SN 2 [ Wedge-top angular T
"é 22 unconformity
= F fluvial! H
7 Quen i oo o g o mammasian s « North Alpine -
@I Confinantal bassment g 5 :sdmmﬂnm marl SWiTZe rl O nd
s s . . 33 ool Isnts palscsols i karets paeorelit
Retreating Collisional o iall .
Romess e elreatng Doleen ot facies Four Zones in a Retroarc
Tareh | Magnate an ot el bet vear plata _;’;:E:'}’;;:w Back-bulge or forsbuige R
= e — Foreland Basin
SRR m 8¢ fcies a
il A /:l 282 Back-buige restricted %
mm:/ Mﬂaﬂ"m T'(f/ S g marine shale facies
L ;‘ / f E
A Malc, martederved magmas
’-'-'-‘ca:.n:.lm-vmmnw = ZAITLIN
e GED % CONSULTING LTD.




WCSB Foreland Basin - Forebulge Migration
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Edmonton Group
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WCSB - Multiple Hydrocarbon Systems (5)
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3 Stacked
Deep Basin Systems
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Techniques for Defining the
Deep Basin
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Deep Basin Gas - Schematic Reservoir Model
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Techniques for Defining the Deep Basin
WCSB Deep Basin Edges Cardium -Pressure vs. Elevation
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Deep Basin Concept was an Oil Concept
Cardium Formation - Pressure Elevation Graph
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Burial History Curves

Compartmentalization of the WCSB Shear Zone “Piano Key” Effect
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Controls on the Distribution of the Gas-Saturated Deep
Basin Type Burial History Curve, WCSB
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Slot K - Conceptual Grain Expansion and Contraction
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Thermo-elastic Expansion of

Constituents
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Thermo-elastic stress generated by grain expansion is a
major (~40%) component of burial stress. Quartz is
significantly more sensitive to temperature than other
common constituents of the reservairs.

Billingsley et al., 2005

Grain bounding apertures between 0.2 and 0.4um would be
expected to develop between adjacent 0.17um quartz sand grains.
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Nikanassin - Wapiti (15-27-66-10Wé)

Porosity Styles:
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Western Canada Sedimentary Basin (WCSB)
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Edmonton Group

Depositional Styles
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Source to Sink Concept
Applied to the WCSB Foreland Basin
Incised Valley Systems - Shoreline Orientation
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Depositional Systems
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Continental Scale
Paleodrainage Reorganization

Underfilled
Foreland Basin
Drainage to north
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Foreland Basin
Axial Drainage vs. Transverse Mannille
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Lower Cretaceous — Aptian (120-115 Ma)
(Cadomin, Gething, Basal Quariz)

Ron Blakey, 2013 Blum, 2015 A

‘ Paleodrainage ZAITLIN




Criteria for the recognition of
Incised Valley Systems

" 1- Truncation

"~ 2- Downward Shift Issue - Distinguishing between
Marine Shales and shoreface
3-0On lap deposits of Jurassic age from L.
4- Regional Extent Cretaceous Incised Valley
Deposits

5- Tributary Junction Scours (TJS)

_|
r%\

Photo Courtesy of P. Putnam ZAITLIN
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Criteria for the recognition of Incised Valley Systems: Tributaries and TJS

Milk River

>,

ZAITLIN
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Tributary Junction Scours
Analogue for the 100/16-34-049-13W5/00
Compound Ellerslie IV Facies (IV 2)
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Lower Cretaceous
Aptian (120-115 Ma)

Jurassic to Ostrocod and equivalents Isopach Map - “BAT” Cycle 2

Increasing
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Zaitlin et al, 2002 éﬁ!ﬂ:&ih‘
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Cycle 2
Paleogeography
Ostracod

4 Cycle2
Paleogeography
Ellerslie Sandstone

A\
approximate front of
Sevier-Rocky Mountain
fold-thrust belt

2. EARLY
CRETACEOUS

A

Highy \
| Accommodation §

3. EARLY
CENOMANIAN

conjectural
original western
limit of foredeep

possible
Morrison
foredeep

(Diagram from Miall et al., 2008,
In Sedimentary Basins of North America)

Cycle 2

g : Pa]eogeography Paleogeography
“BAT” Sandstone o Horsefly Sandstone
Czattt;z;k' Mn} P ”
s v. : \ : lfv‘v‘h@d;\sﬁ_hg é‘

Zaitlin et al., 2002




Coastal Classification — along strike variation

NCREASING TIDAL POWER
—giNCREASING WAVE POWER

Tide
Dominated Dominated
Esturary Esturary

Tidal Flat

TRANSGRESSIVE

Shoreface

Linear Coast Embayed Coasts Linear Coasts

Marine Sediment Elongate/Lobate Coasts Marine Sediment
Supply , & Supply

PROGRADING

Alluvial
Plain

Boyd, Dalrymple and Zaitlin, 1992 %"‘
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Shallow Water Depositional Systems

<«—— Increasing relative tidal power
Increasing relative wave power —  »

e/progradingi Transgressive

Vi

Regress

.Land . Marsh E Mud DSand After Heward, 1981 & Boyd et al, 1992

Boyd, Dalrymple and Zaitlin, 1992

- Increased Tidal Power Increased Wave Power >

Wave
Dominated

e s S —

~~ Shoreface

\_ Strand Plain
&,

Tide/Ocean
Current
Dominated
Shelf

//

Subtidal

e
\
0 ), T N A
=N\ p 4
Bt SN N
(: lﬁ: G

A" Tidal Flat

7

River -

|

Boyd 2011

[ ] sand [T ] Mud Marsh CPH-110'97.01

R
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Shoreline Depositional Model of along strike
variation for a wave dominated shoreline,
deltas and associated facies

-

-
== 10 kilometres

-

MAJOR STRATIGRAPHIC BOUNDARIES

— TSE2 ——— RSE — TSE1
MAP FEATURES
> WapitiiRiver: - No Sere recoversd =77 . Cross-section Reference
= - Core recovered b

PALEOGEOGRAPHIC LEGEND
MARGINAL MARINE MARINE

TERRESTRIAL

B0 upper delta plain [ backshore dunes
5 terrestrial deposits |

B 1agoonal deposits

storm washover sands |

lower delta plain 1 foreshore | upper shoreface;

 channel sands channel sands “" . c2 foreshore | lower shoreface

. lacustrine deposits brackish bay C3 foreshor channel sands

(modified after Armitage, Pemberton and
Moslow, 2004 for the Falher C)

] 14 ARMITAGE, SG PEMBERTONand TF. MOSLOW

-
- 10 kilometres

MAJOR STRATIGRAPHIC BOUNDARIES |
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N MAp FEATURES
Wi T O e =" _ Cross.section Reference
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PALEOGEOGRAPHIC LEGEND
TERRESTRIAL MARGINAL MARINE MARINE

B8 wpper delta plain [ backshore duncs
- tarrestrial deposits

| channel sands

B 1acustrine deposits

o

B 1agconal deposits B

storm washover sands |

lowsr delta plai C1 forashore upper shoreface

channel sands lower shoreface

|5 c2 foreshore

[ brackish bey ©3 foreshor channel sands
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Delta Classification
Mississippi

~
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Asymmetric Wave-Influenced Delta

Danube Delta: A Model for Wave-
influenced Asymmetric Deltas

Riyer

T

Sandbody Prediction Made Easy? l&
o=

River dominated delta lobe,
minor wave influence

Inactive lobe, under
destruction

Amalgamated beach ridge

River-dominated bay-head
delta (shoestring sand encased
in delta-plain mud

Figure-4

After Bhattacharya & Giosan 2003

.
A
ZAITLIN

Junaid Sadeque, MCerh, 2016 GEO# CONSULTING LTO.




Asymmetric Wave-Influenced Delta

WAVE - INFLUENCED

Clean reservoir
quality sand

shoreface/
delto front

FLUVIAL - DOMINATED

lower
shorefoce

£ TRANSGRE SSION

prodelta 3 distributory
% 3 mouth bor

—
shaltof § m ¢

proximal
prodalio

More e,
heterolithic, &k ——
muddy sand stishore

After Bhattacharya & Giosan 2003

Figure-7 R
Updrift : wave-dominated v A

>,

R R
Downdrift : river- and/or A A
tide-dominated W T W T ZAITLIN

Junaid SCIdeque, Mquh, 2016 GEO# CONSULTING LTO.
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Infermediate
Shoreline

Profile
Belly River, Dunvegan

Reflective
Shoreline

Profile
Falher, Viking
Conglomeratic
Shoreface

Short, 1996

Shoreface Profiles

m
4 LI T T T 1‘ T 1 T
] 1 \ 1 \
\ "\ \ \ 1‘-..-1"-":" DISSIPATIVE
W i vy 1.-:1. L =8
i P I DL -
LY Ty ILL - 1;::" 5 Firw sand i
1 Yo y! (=2, \ =+ Highar wavas
1," N = Shorler pariods

BREAKER WAVE HEIGHT (Hb)

1—-LDW——-¢—MDDEHA‘I‘E—D-|4—HIGI-I
mn

REFLECTIVE
=1
*Coparger sand
* Lower wavas
= Longer pediods

1L
03 =) 0 1 2 3 2 @
0.3 0.182 0.11 0.066 0.04D5 0.024 0.0145 m sec

GRAIN DIAMETER AND FALL VELOCITY

Fig. 2: A plot of breaker wave height versus sediment size, together with wave
period that can be used to determine approximate W and beach type. To use
the chart determine the breaker height, period and grain size/fall velocity (phi
or cmfsec). Read off the wave height and grain size, then use the period to
determine where the boundary of retlective/intermediate, or intermediate/
dissipative beaches he. £2 =1 along solid T lines, and 6 along dashed T lines.
Below the solid lines £2 < 1 the beach is reflective, above the dashed lines £2 =
6 the beach is dissipatnve, between the solid and dashed lines €2 is between |
and 6 and the beach is intermediate. (Modified from Short 1986).

1

Dissipative
Shoreline

Profile
Milk River, Medicine
Hat and SWS
Shallow Gas

A
A
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Dissipative, Intermediate and Reflective Shoreline Profiles

Reflective
Shoreline

Profile
Falher, Viking
Conglomeratic
Shoreface

Wrack ling

/ Beam and
MEegacusps
' i

Intermediate
Shoreline

Profile - e
Belly River, Dunvegan Rip delta

Cres?;mic bars Plunging
ey breakers

Flat yo concave
baachface

/ Parallel bars
and troughs

Dissipative e B
Shoreline ot

Profile e e
Milk River, Medicine P
Hate and SWS

m‘ﬁ % -',.\'-b_

Shallow Gas \
Figure 1. Schematic diagrams of the three micro-nidal surfzone-beach fpypes, dissipative, intarmediare and »¢flective. Also shown are the
nipical (for temperate environments) foredune stages and vegetation cover (modified from [Hesp, 2000]). ZAITLIN
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Conventional - Unconventional Continuum

8-7-62-6W6 7-4-68-11W6
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Stratigraphy - Fort St. John - Spirit River Groups
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Glauconitic Paleogeography

Shorelines
R0 R Iws . R20 RIO R Iwd
J T80 - GLCC Age Channels
f” A P - . .
[ - — - Post GLCC Incised Valley fill
i e deposits
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Glauconitic Hoadley Type Schematic Cross Section SE-NW

Upper MNVL Regional Hoadley

Channels Deltaic Sands Shoreface Offshore Hoadley
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Example Log — Hoadley Barrier
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Spirit River Members

. 6-7-70-11W06
14:20:39-25W4 8-7-62-6W6 7-4-68-11W6
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Newitt, 2017
University of Calgary
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Foreland Basin
Axial Drainage vs. Transverse Edmonton Group

£ Belly River
H o2 Cardium
Qo
Drainage £2  bunvegan
° >3  Second White Specks
Overfilled FB °%  Viing
Joli fou/Basal Colorado
Zone of Zone of
Max. Subsidence and High Subsidence _
Sedimentation Rate  and Sedimentation Rate Hinge Zone Stable Eastern

Platform Zone

Transverse
Drainage

Cordillera TN NS =R T - :
Fold-Thrust N

Belt PR N =l

Isostatic Rebound
in Hinge Zone

Foreland Basin: Axial Basin: A
Loading Subsidence Subduction-Induced

Subsidence
modified after Kauffman, 1984 gﬁ!&!ﬂl!ﬂ




Forced Regressive Asymmetric Delta

of the Lower Cretaceous Viking Formation, Kaybob-
Fox Creek Fields, Alberta, Canada

Overfilled FB Transverse Drainage

e MRS, s = sem e s o _soe s s s
6th Meridian '23 MFS
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1 L@ lm
| Waskahigan x >4/ Yt ™
Kayogb Rise Fall RSME/ SRR
< >
FSST Shoreface LST Shoreface o LST Fluvial TST Shoreface

;-‘j;:.?: Transgressive Lag D TST Mudstone

. FSST Mudstone |:| LST Mudstone

O Kaybob-Fox Creek Sequence Stratigraphic Context: Erosional Remnants of the FSST

Kaybob - Fox Creek Sequence Stratigraphic
Context: Erosional Remnants of the Falling Stage
Systems Track (FSST)

Clean reservo
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Regional Shoreline Trend
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MacEachern, 2016
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Dunvegan Formation

A. Cenomanian i Dunvegan Paleogeography
80°

*  Tributive valley Y G
systems feed trunk \,l"j
rivers and major
delta lobes.

* Feeder valleys can
be linked to delta
and prodelta.

*« Cross section A-A’ in
next slide.

‘Tnbu‘!ary strearns L

[ Anuvial Plain

Channel Belts
[ pelta Plain/Deita Front
[ offshore

Plint and Wadsworth, 2003

, Dip Cross section Allomember E .

Landward Seaward
s T | " )l\‘L} 3 3 \ i
40
N 1 i = F
: \1_ N % 1> 20
; il ‘i ﬂ S ‘ { i z = _>_ Om
| Cored Total length about 80 kilometers !
Intervals .
Valley Fill

+ Feeder valleys can be linked to age-equivalent delta and prodelta facies. _ﬁ_
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Belly River Formation

Strafigraphy Depositional Model
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Belly River Group

Belly River Group
Stratigraphy and Play Types
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Western Canada Sedimentary Basin (WCSB)
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