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Abstract

In the early eighties, a surge in the number of discoveries of conventional oil in the Rhaetian sandstones of the Paris Basin can be linked to
John Brewster’s Williston Basin analogy. The hydrodynamics were seemingly the same and a “ per descendum” migration process was
invoked in both cases. The hydrocarbon migrates downward because of the sealing capacity of the shales; it then migrates lateraly in the
underlying strata where local traps and sizeable fields have been found.

The similarity between both basins could possibly be extended to unconventional oil deposits. The Bakken Formation isa“hot play” for
horizontal wells targeting arelatively tight sandstone (and carbonate) unit sandwiched between two shales. Those two individual shales are
typical of amajor transgression overloading a platform that responds by isostatic rebound. They are laterally equivalent to the Exshaw and
Besa River Shale in Alberta, where the same dual episode of transgression is recognized. The organic-rich shales are the source rock and the
seal for the Bakken play.

In the Paris Basin, the Toarcian shales are the main source rock and are similar in many respects to the Bakken shales. The “ schistes Carton”
crop out near Besancon in Eastern France and have been recognized as amajor oil deposit in the early seventies after magjor disasters related
to construction works (including motorways and buildings). The rock behaved as a sandstone under pressure but as a slate when the
overburden was removed. The civil engineering nightmares, leading to the understanding of the schistes Carton, is described to illustrate the
nature of this unconventional play.

The central part of the Paris Basin is now the focus of renewed exploration as industry is starting to understand the similarity with the
Bakken Play. Numerous wells targeting the Rhaetian sandstones have provided extensive coverage of the Liassic interval where the
prospective “Banc de Roc” limestone is sandwiched between the Lower Domerian shales and the Toarcian shales of the Schistes Carton.

Anaogy with other transgressive shales and source rocks in intracratonic basins is made.
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Talk outline

Tight reservoirs sandwiched between two shales
Bakken — Exshaw (Williston Basin)
Schiste Carton (Pari




Exshaw — Bakken Sandwich

Devonian-Mississippian
Western Canada
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Bakken Formation
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North Dakota TOC (Total Organic Carbon) Lower Bakken Shale
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North Dakota TOC (Total Organic Carbon) Upper Bakken Shale
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Bakken TOC distribution across WCSB
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Bakken
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Schistes Carton

Toarcian Shales




Schistes Carton in the Paris Basin
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Liassic Stratigraphy
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Schistes Carton, a fossil hunter’s paradise

Locality #1 Bayeux, Normandy

Belemnite with rostrum




The fossiliferous
Toarcian shales
and marls

Outcrop near Bayeux, Normandy
Locality #1
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“Banc de Roc”

A carbonate sandwiched
between two shales
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#2 The Civil Engineering Nightmare

Schistes Carton

Depth in metres

= S - 1500
= 1501 - 3000
3001 - 5000
8001 - 000
— §001 - 11000

125

|
kilométras






&. .
."I.. -
T e
s
'l
N

-

re



Small building =

New road & embankment

Car for

Small building




Now the Civil Engineering Problem

Huge load of the big building
But

No slump
Why?
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The problem?

It is full of oil !
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With no overburden, the oil saturated
rocks break down into a slate--like
pattern (“carton plates”).

With overburden, the rock has similar
strength properties as a sandstone
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Depth of Schistes Carton

(in metres)

Modified after Bessereau et al. (199



Total Organic Content of Liassic Schistes Carton
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Basin Hydrodynamics
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Per Descendum Migration

Proposed by French
Scientists




Per Descendum Migration
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Examples of Bakken oil downward migration:
1) Sanish Sand, ND

Source: RSEG report: Technology Drives Future Growth; June 15", 2010.
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Examples of Bakken oil downward migration:

2) Three Forks/Torquay, Manitoba
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PARIS BASIN
SCHEMATIC CROSS-SECTION SHOWING THE DIFFERENT RESERVOIRS
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In the present diagram, the red arrow indicates a per descendum
migration, via a fault, from the Liassic source rocks to Triassic reservoirs
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The two sandwiches compared
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Comparison in numbers

PaRris BAsIN SHALE OIL

BAKKEN

TOC

O - 12% (ave. 5%)

O - 40% (ave. 10%)

TMAX

445°C

445°C

SourcE Rock

Type Il

Type Il

ORrGcANIC MATTER

MARINE PLANKTON + ANAEROBIC
BACTERIA

MARINE PLANKTON +
ANAEROBIC BACTERIA

QUARTZ CONTENT

26% - 58%

20% - 68%

DEPOSITIONAL
ENVIRONMENT

MARINE AND OXYGEN
RESTRICTED

MARINE AND OXYGEN
RESTRICTED

CoMPETENT LAYER

Banc pE Roc

MippLE BAKKEN

NET THICKNESS

1 — 40 METERS
(4 - 130 FEET)

2 — 20 METERS
(7 — 66 FEET)

PorosiTYy

Up 1O 12%

8 - 12%

PERMEABILITY

Up To 5mD

0.05 - 0.5 mD

OIiL GravITY API

38

42

Source: Toreador 20




Conclusions

The Williston and Paris basins are very similar intracratonic basins.

The per descendum migration mechanism was applied with
irst i il In and then in the Paris Basin.






