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Abstract

In three decades of exploration in the Beaufort-Mackenzie Basin (Arctic Canada), 48 oil and gas discoveries have not resulted in
significant production, but the USGS (2006) estimates mean undiscovered resources in the basin in shallow water at 14.5 BB of
liquids (2.3 BCM) and 86.6 TCF of gas (2.32 TCM).

To address major questions regarding the basin architecture and petroleum systems, especially in deep water, ION Geophysical (GX
Technology) acquired 3,534 km of 2-D long-offset seismic data in late 2006. The program was designed to image down to the base of
the crust with a 9-km long cable, 18-second recording, and final depth processing (PSDM) to 40 km. We have interpreted the new data
to regionally map the ocean-continent boundary and the top of MOHO discontinuity, as well as to identify the major stratigraphic
sequences formed since the opening of the Canada Basin. Building on this success, in 2007 a second phase of 5,561 kms of data
extended the survey north along Banks Island with the same parameters.

Highlights of interpretation include 1) offshore Mackenzie Delta system is underlain by almost 15 km of sediments, 2) complex
structure includes compressive folding, wrenching, extension, inversion and gravity-induced loading, essentially all operating
approximately at the same time within various segments of this region, 3) the ocean/continent boundary is mapped in the area; and 4)
besides “normal” oceanic and continental crusts, an area underlain by “anomalous” crust is mapped beneath the thickest sedimentary
section in the basin.

Copyright © AAPG. Serial rights given by author. For all other rights contact author directly.
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Conjugate Margins




Canada Basin Conjugate Margin Focus
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Beaufort-Mackenzie Basin

“World — Class” Petroleum Province

2nd Largest deltaic system in North America
More than 40 discoveries in multiple reservoirs
More than 1 billion barrels discovered

Mean undiscovered resource:

Geol. Surv. Canada US Geol. Survey
(2007) (2006)
Oil (BBO) 16.8 (to 2,500 m 14.5 (to 1,000 m water
water depth) depth)
Gas (TCF) 86.6

Area >100m water depth essentially untested; recent bids of $585
m (2007) and $1.1b (2008) indicate industry cognizant of potential
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Technical Specifications: ArcticSPANs

Acquisition Parameters: Processing Parameters:
50 meter SP interval 12.5 meter bin size

25 meter Rec interval 90 Full fold

9,000 meter cable length Sampling Interval 4 ms

Record Length: 18.0 sec
Sampling Interval 2 ms
Tape O/P — 3590 - SEGD

Displays and Results:

Raw Navigation Merged Shot Gathers
Kirchoff PSDM stack to 40 km

Final PSDM Depth-Interval Velocity Model
Structural and Stratigraphic Interpretation




BeaufortSPAN East
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Canada Basin “Post-Rift”

Stratigraphy
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Seismic Horizons ldentified on the SPAN data
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Seismic Horizons Identified and Mapped in the BeaufortSPAN East Data
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Canada Basin Reconstruction

Arctic Reconstruction
150 my ago
Canada Basin Closed

C- ChukchiSPAN
B- BeaufortSPAN

Madified from
Lawver, Gahagan, and Grantz, 2004




Crustal Framework for BeaufortSPAN™ Program
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Locations of Selected Lines

.On Tectonic Setting of Beaufort-Mackenzie Basin
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STRIKE LINE 5600 ACROSS THE BASIN (450 km)

I
(et 'Eﬂ.'.l.“.i] BIIII :ﬂll] IIHIII 'I[ﬂ].'.lilllm 1":I:I.'.I]'IE'H[EI I!lIl]1:ﬁII] 'IH[IEI 'IEII.'.IZ“ I‘ﬂlII 1:-."CI3]'IEHI:I:IIM]II 1E:III.'.I] 'IWIEI 'IBHIII.'.“IM "".-I'-I.'.I]] mmzlmmmmwmmm:mmmmmml S oo ST 000 RE0D G000 IGO0 SEN GENO0] R0 TR0 A0 JE00 G000 GSE0D MDD 4000 1600 400 40 L0000 £3E000 e JS0000 GEN0 LESO0D BSA0 ATEN dBIO0) EE000 EEN00 GO0 5000 SO0 SIED0D SENOD SZEO00 S

. = G X ey’ ﬂ
Sy o -.-" .-

= .. G ! v = a rhk.. - 2 .
= ' = - R . - T o [l = _'-.- ' .-I:. .. . II =i . i ._.- .. s .'ﬁ‘ g T -rf".mf-u" .-rrﬂr whﬁ.
‘-‘;:ﬁﬂ:., =T = {T"{"' = oy 3 s ML gl : =2 T i .. : _- s o T e Thia fix .F'
it e L TR e, p— E:-_:g N i g ki L - ¢ K “

-&’%m% bt u‘-z—"-l"

'.-.-l"""'T-.

33 me

T meptmi?ﬂpf;i." "ﬁ" b ”""‘:-'
| 4] WErFL i ﬂl.-h‘ ‘-‘i*l,lld--nﬂ_llﬂ A-I erHh-F\:‘ ﬁ . :

| ..; 1 |T I-!"r-u' hl-\.-* -'i:-"' ‘h‘wgﬁhﬁih "*-Iil;"e:.
g i "-.E""ﬁm J’ﬂ“; T n, i) :J..:'E“ ;
10 o m...ﬁf f.;!;’ T TF! T ‘Elwff-" ' f i
gl ?ww fa sl
; E ot -3 l..:. Lu'-e:_:u{i'll “I ‘ = 1. fuhb H' ' d.“r \ r*ﬂ:' l I 'llill A1
1S 3 il 1" ] "1"' T il "" i [ IL I"L ='I$| IS 17k
[ 'I 3 .'_'l" ."“.1 ,b'i A o el PP :':ﬁ _,‘-:'----. sy i . { it k] ! i ' ;. -.t ] , (e ,I' i _. . ] i\t b L |1-1 q_l!&}-ll -
& f -i:-‘-“"’!{i-;-.';i-. P NGRS 2 byl AL ra - R ORI 1 Ol oAb | - "'” j i )
; 'f"'"'f i T AR AL S AT iz i *-’." | "j;
"1 |:'=F“|Il| ts

sl . : .. -:.'I.I- w. ki ? # : .I | A
1tk i r='.' AT QLR T o .m -rHiH (Y R
H | | . 1 : i I.!|. | & i i 4 l j h | .|| 1Il.| ' I. h il;: B4
"' - 'I ﬂ | i | I I' ! N 1| Ml I | ! : I I| |:|ri| |I |'I | L1 I i I||]| ||I } I | | L
Je ' 1": L il 1y ) th i I 1:“ | IHI!F:' | R |I!I I[- i I| ) |'I. y l II"?"II .'1‘6_{4";?/ I i:'" II:I "Iﬂ- 5 1!"1 ..:L!r F‘ A ) l "l 1 l. Illlll! . _
. : 0 | : i § ik i L r.li At i |' . 4 } | |_| i I||! “ '| . ii
lll‘i !j“ _lll lr’ ; '.I'!Il: '|I il [1 ﬁi .l:{ J__I!| ﬂ'h"ﬂ 1 .;.JI'.; '.1.:1’ fri k" It Irtilm E

r Y R I B R !"_ L I:"!:';r.!"".l-! 0 u"{ i 'ﬁ’i!a‘ﬁwﬂ.;:'f.i.ﬂ‘ P -“r" ! Contme_ _talCrust

—

—_a|

—a
i

—

m =
Ol

! ' [t | I|| ' ' I ' ! | | L) .Ill' I ' . !I! '|'I'='.'1I I.' "'!I' H \ : :'““
| Pl — _I — ! = T I I |_-I I_.. Ir'l I + '] ' iyl | Irl L | 1 . ' ‘ it i !- by MO !.‘l :
LT | i I | o e | ; o i t|:’I “‘a' ﬂb | II ! '|| ,l I ~'1’ "4l|I "!" || | "lﬂil 1'1‘| { '11 I'“"I ﬁ'.iljﬁ '1'| ?'..if'.!" j
I g O e AR SRR

~ 1 L e . ' " ' ] thil :

1|.||JL]'F 5 ilﬁ'll-nFH'llllf h A |J.f!h.1'_: .. i §
MOHO from

\ Gravity Model




Caras, Fegmi (Rl i S ] e

it

LINE 5300 ACROSS THE BASIN (450 km)

+

O TE Qs CH DY

ol
Feoygeed [lesct =P Cani iPeass N
dgrctic Canssdo
L 00, i\-i-l-d-'- e e ]
fa, X e 1
==ErotalrSediment 1sopach _—
N
LR o
eL e
o I N
o
e atararlleed
[ o e
] ey O
e e
| ————r——————
rw s’ dal

(VE~3)

T

Paossible re

refl

e e

D .l-.a - —'-.-- v,

HHEL AN ST, FTRC

e - o 8 )

T E . =,

- Modéled MOHO Fran

[Tt

T

'

a
-
e
0

rn
Sk
T

»

- e

e

o

»

i

—

-
-
a2
-
L]
=
o
=
-y
o
4
s
"]

=
-l

i

TR

TEEEEEREEIES

1

L




Dip Line 3700: Fold and Thrust Belt
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Miocene Depocenters & Structural Elements
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Beaufort-MackenzieSPAN Line Locations and Numbers
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STRIKE LINE 4900 ACROSS BANKS ISLAND SLOPE FACIES (210 km)
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Summary and Conclusions

*Active Petroleum System proven by discoveries in the Beaufort-Mackenzie
Basin.

Complex tectonic/sedimentary history of extensional, compressional, strike-
slip and gravity-induced deformation.

*Growth sedimentation during both compression and extension, and related
unconformities, control sequence stratigraphy.

“Diapir-like” features include mud volcanoes, but most are cores of steep
detachment folds as revealed by SPAN imaging of steep dips.

*Significant exploration opportunities in outer shelf, upper slope and deep
basin in the delta area and along the passive margin. The latter is in the
earliest stages of investigation.

*Regional deep crustal seismic profiles using advanced imaging technology
yield improvement in the knowledge of basin evolution and thus, in petroleum-

system assessment.
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