Paleozoic sediments of the Williston Bagjn

Can concepts and models be applied to East
Coast Exploration?
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Introduction/Outline

A Locationof the Williston Basin (WB)

A General geology, structural componentsuch less
deformedthan Western Newfoundland)

A HistoricalBackground

A Stratigraphy compare and contrast relative to timing
and facies/rock type.

A Closing Remarks



Source: Energy Information Administration based on data from various published studies.
Updated: March 21, 2011

orth American Shale Plays
(as of March

2011)

A -

777 current Shale Plays

Stacked Plays
— Shallove st / Youngest

Deepest / Oldest
* Mixed Shale & Chalk play
** Mixed Shale & Limestone play

[] Pprospective Shale Plays
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Williston Basin

(DevonianMississippian)
SE SK, SW MB, NE MT, W ND & NW SD

AhAf 3ISYSNIXOGA2Y O60a1AUOKSYET 2N
A Shale source generated approximately 200 BB (8m3)iannery, 2006
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North Dakota

| Source Rock
Maturity Zones

Montana

| Modified from Webster, 1987




Williston Basin Devonian to Mississippian Time

Mississippian time
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LOWER KASKASKIA , UPPER KASKASKIA

| Major uplift and erosion at the end of Devonian time caused
& the seaway tO retreagserhard et al., 1982)
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Structural features
A 2 Ba, the Transludson Orogenic Belt created a weak zone that
later led to sagging and basin developmeiaton, 1995)
A Major strikeslip faults, natural fractures and many minor
strike-slip faults formed due to basin subsidence, uplift and
compressive forces.
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General Geology
Phanerozoic Oil (Eon; 543Ma)

-t FfS21 2A0 09N X dl:8farackefizedbiK S T
passive continental margin deposition of basal clastics, followed
by a thick succession of platform carbonates and evaporites.

- Mesozoic (Era; 250Majlominated by shale, siltstone and
sandstongex. offshore eastern NlleannedQ! NI - Hibkeraid) y

*Hydrocarbon (Oll) Production: mainly in the
Paleozoiaocks of theWilliston Basin.
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2. Carboniferous Jurassic:

(varied subsidence & sed.) with

Carbonatebasinshelf transitions.

ex. Miss.Sedimentation: 2 phases

/ saowwer (comprisingshallowing upwards cyclée
Pre.Lowstand fprograding clinoforms

sizstsn - filling the basin.

. kiseey PostLowstand maggradationdue to

i Lowstand imjted accomodation space* (thin be

NL exampleUpper Cambrian peritidal cycles in th
Port au Port Group, Berry Head Fm

1. Early Paleozoic:

Cambrian to end of Silurian subsiden
Sedimentation kept pace with the
rate of subsidence.

(from James & Darymple, 2010)
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Canadian WB
Historical
Background

#RR wells Can. WB

A

Most of the major oil pools in the Williston Bas
were discovered as a result of intensive
SELX 2N} GA2Yy STF2NIa A
Waterflood recovery (since 1956) and infill
RNAffEAY3d 0aAyOS (0KS ¢
pools, followed in a few cases by CO2 injectior
(since 2000).

25000
o i, N 1) A Horizontal well drilling has increased oil
20000 | | production significantly since first used in 1987
A/ 2YLX SGA2Y - 0SOKYAI dzS 3
A making projects more economic.
10000 #RR wells Can.
6295 WB
5000 5666
31
2 Western Newfoundland: 3
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(Enachescu, 2006)



Horizontal Drilling

ADrilling a horizontal well isite-specificand each well isnique.

AUsually dealing witheterogeneouseservoirs geismicis useful).

AUnderstand the limitations of predictintateral variationsin the reservoir..

AFurther complications araatural fractures, faults and facies changes

AGeosteering tools (ex. Halliburton GABI Sensor gamma & inclination at bit) h
to stay in the target zone(s).

ABothopen hole and cased hole completioase implemented with lengths
from500mmp n Y ofHmEmpmnado ‘
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Compare/Contrast
Williston Basin vs. Western Newfoundland

A Location
A Age and depositional modern day analogues

A Strata: ex. subtidal, shale
A Dolomitization processes & structural influence

A Source rocks: shales
Southeastern SK (0.5 mile above SL) Western NL (at SL)

12-29 (91/2-304-18W2) and 149 (91/832-4-18W?2) Port au Port #1
2010 MSSP Ratcliffe Fm, Charles Group 1994 L. Ord. Aguathuna Fm, St. George Group




CarboniferousMississippian Time
Stromatolites (algal structures)

Shark Bay Australia Lake Tanganika, Africa
Subtidal Lacustrine (with marine
A Hypersaline, high alkalinity InCurSIOnS)

A Freshwater, Iow alkallnlty
A[lSaa GKIYy wmnyY ooo'&h,) ﬁSIEJu e,

A Barrier bars A Stromatolites at margins

A Ex.Rocky Brook Fommudst,
dolost (Deer Lake Groupamblin et
al., 1997

A Ex.Ratcliffe Fm backbarrier dol.
mudst (Madison Group)

R ricted
etasaline)



Carbonate platform/ramp reservoirs

U Sourcerocks form in the coeval basinal facies (James & Stevens, 1986).

U Sealsare provided by tight overlying anhydrite, dolomite, limestone or shale.

U Reservoir quality(1C, MO, VUG porosity & permeability) is enhanced by fracturing an
dolomitization.

WB Mississippian Madison Grp NL L. Ordovician St. George C
A Refluxdolomitization (due to proximity to A Hydrothermaldolomite (due to fluid
evaporitic shorelines). flow along faults, linked to the tectonostratigraphi

A Midale Beds contaithrombolites TUSE)Z

(representing alternating marine and A thrombolitic, peloidal & skeletal

freshwater conditions) and have wackestones/packstones and alga
similartextures and grain sizeas mudstonesoccurring in shallowing
those described in NL. upward subtidalperitidal cycles

(Weissenberger & Cooper, 1999).

Oliver, 1986



