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Abstract 
 
Data mining and 3D visualization are ideally suited to unravel the hidden details of mature basins; such tools allow many disciplines 
to be used to construct an improved structural and dynamic picture of a basin. Fractures, faults and migration paths of the Western 
Canadian Sedimentary Basin will be examined using a series of techniques and methods involving various types of data from different 
disciplines. The uncertainty related to each parameter used will be addressed and will be overcome by the shear volume of data 
available.  
 
The examples presented are essentially from data that are commonly neglected by the oil industry. Cuttings observations that make 
little sense at first glance can give incredible information on type of tectonic activity, nature of fluid migrations and their relative 
timing - information will include grain angularity and abnormal red colors planes crossing formations. Three-dimensional views of 
large amount of data are incredibly powerful when dealing with information from many formations. The chosen examples include 
drilling problems, abnormal gas compositions as well as unusually high porosity or net-to-gross values, the latter needing 
normalization per formation to be optimally utilized.  
 
Fractures, faults and migration paths have yet to be better understood at a basin and at more local scales. The mature Western 
Canadian Basin has a remaining rosy future under oil and gas prices as high as today’s. Finding new resources will most likely require 
innovative thinking and the use of extremely large data sets in a multidisciplinary and cross-formational approach.  

Copyright © AAPG. Serial rights given by author.  For all other rights contact author directly.
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Data mining and 3D visualization are ideally suited to unravel the hidden 
details of mature basins; such tools allow many disciplines to be used to 
construct an improved structural and dynamic picture of a basin. Fractures, 
faults and migration paths of the Western Canadian Sedimentary Basin will 
be examined using a series of techniques and methods involving various 
types of data from different disciplines. The uncertainty related to each 
parameter used will be addressed and will be overcome by the shear volume 
of data available.

The examples presented are essentially from data that is commonly
neglected by the oil industry. Cuttings observations that make little sense 
at first glance can give incredible information on type of tectonic activity, 
nature of fluid migrations and their relative timing – information will include 
grain angularity and abnormal red colors planes crossing formations. Three-
dimensional views of large amount of data are incredibly powerful when 
dealing with information from many formations. The chosen examples include 
drilling problems, abnormal gas compositions as well as unusually high 
porosity or net-to-gross values, the latter needing normalization per formation 
to be optimally utilized.

Fractures, faults and migration paths have yet to be better understood at a 
basin and at more local scales. The mature Western Canadian Basin has a 
remaining rosy future under oil and gas prices as high as today’s. Finding 
new resources will most likely require innovative thinking and the use of 
extremely large data sets in a multidisciplinary and cross-formational
approaches.
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Large amount of angular grains have 
been identified in 4 wells out of 
112 described by 3 geologists
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Anomaly Approach Using Core and Cutting Data

Cross-formation petrophysics data

Denver AAPG Convention 2009T.S.I.

Diagenetic features

Abnormal geomechanical data

A very large quantity of cuttings 
description is available for Western 

Canada (see map on the left for 
coverage in the Peace River Area). 

Pervasive calcite cementation is 
commonly  associated with fluid flow 

along major fault system. 

The map to the right shows calcite 
cement linear trends affecting the 
sediments from the Cadomin Fm.

13 wells with
Abnormal occurrence

of hydrocarbon
(isolated pockets

away from fairway)

Note the North 9 degree alignments

Calcite cement 
trends in the
Cadomin Fm 



Composite
map

Less than 4 metres of porous Belly River

400m / 45km
0.5 degrees

Low angle fracture plane
=

Sweet spot plane
Maximize drilling location

Belly River
= 300 to 400m

Faults and fracture systems as expressed by production behavior

The North 9 Degree trend is outlined by three different sets of observations:
Pervasive calcite cement
Hydrocarbon trend
Angular grains in Cadomin Fm

Cross-Formation analysis strengthens and validates interpretations

Large scale and multidisciplinary studies deliver new horizons for exploration 
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The Power of Combining Data Sets

Denver AAPG Convention 2009T.S.I.

Extreme water cut
(in most cases suddenly)

Mississippian producers
in unexpected locations

Large porosity enhancement
in every formation (fractures)

Rectilinear river

Alignment of wells with
high water cuts 

Major  deep seated fault

Abnormally high 
Porosity in all 

formations

Synthetic riedel shearThree sets of lineaments
One structural model to explain all three
Major breakthrough in understanding:

- Hydrocarbon distribution
- Production behavior
- Abnormal porosity enhancement
- Linear River patterns

Fracture planes best expressed in tight areas

Antithetic riedel shear

Combining data sets can give interesting patterns

 The porous Belly River Sands are only occasionally tight
 10 wells in the area under study have a maximum of 4m of porous sands (400m gross)
 The porosity steak in 8 of these wells line up perfectly on one plane
 This is a plane characterized by open fractures
 That plane identified in tight zones could be a sweet spot plane in some producing fields

Note: a North 9 degree trend was first recognized in the Banff Fm (Chatellier, 1992 & 2004)
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Projection plane
For 3D view

Repeat due to
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The Devonian and possibly some 
formations of the Triassic have 
been generating H2S, 

The other H2S occurrences may 
result from the migration of gasses 
via fractures and faults
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old
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The same view with values of H2S  
greater than 20%

Note some reefs and some linear 
patterns shown in the H2S map

A map view of the shallow H2S very low 
angle plane

Slope = 100 meters in 35 km

Note that the direction of the plane of 
projection is the direction of today’s stress

Note the very horizontal 
distribution of H2S crossing 
stratigraphy 

From the Swan Hill of Kaybob 
to the Leduc of Pine Creek

Large map of Alberta, from township 35 to 88.

Filter for wells with any H2S>2% occurrence

The color corresponds to the H2S content 

Three different common views generated 
by a 3-D exploratory statistical software.

All of the data is plotted in each display
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Fractures and Faults as seen by Gas Composition 
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Fault planes and fracture networks defined by H2S anomalies 
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the interpretation and to the 
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Some 3-D alignments hypothetically interpreted as faultsLower Mississippian porosity developmentSW NE

The best porosity development is post Triassic and 
is associated with the thrust belt emplacement
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Abnormal pressures and abnormal porosities

Denver AAPG Convention 2009T.S.I.

Perfect North-South ProjectionTWP 1 TWP 126

TWP 74

TVDss

South North

21568   High pressure
359   Blow

3-D Projection view
orientation not revealed

SW NE3-D analysis of high pressures and blow-out 
occurrences reveals the existence of major fault 
planes and fracture networks

The plane outlined on the projection view to the 
left is extremely extensive from British Columbia 
to Saskatchewan; encompasses 101 wells; 
however large areas on that plane do not exhibit 
any high pressure; if there is no gas in the area, 
there is no high pressure problems.

Perfect North-South Projection

A 3-D analysis of high pressures and blow-out 
occurrences reveals the existence of major fault 
planes and fracture networks

Eighteen blowout occurrences are aligned on a 
major plane. It is seen on a north south 
projection (left diagram) and has been mapped 
across a large area in Alberta (right diagram)

Step 1

Normalizing porosity thickness to the 
statistical distribution of each formation

(some formations have natural very high Net-
to-Gross whereas other are essentially non-
porous)

Step 2

3-D visualization of the most porous class 
in each of the formation; all formations at 
the same time
Stepwise introduction of the next classes 
of highly porous units

3-D Projection view
orientation not revealed

All of the red dots correspond to the best porosity 
development in each formation (i.e. top 25%)

SW NE

LDBL
PKSK

LDBL
SHND

GTNG
MNTN

LDBL
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Zoomed view of highly porous intervals

3-D Projection view
orientation not revealed

3-D Projection view
orientation not revealed

Major fault and fracture planes can 
be identified and interpreted.

The large amount of wells and of 
porous units increase the reliability 
of the interpretation.

Pressure problems

Abnormal porosity
All of the data shown corresponds to top 3% most porous

Blowouts

Blowouts
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1
• Anomaly and cross-formational approaches are key to unravel 

fracture and fault patterns

2
• A multidisciplinary approach bringing together rock descriptions, 

petrophysics, fluid types and pressure data is essential

3
• 3-D visualization is vital to understand fractures and faults, 

especially in foreland basins

4
• A 4-D analysis is the way forward as it can give insight into the 

sequence of events – a critical mean to validate an interpretation

5
• Mature basins and the Western Canadian Basin in particular will 

give rewards to those who dare to integrate all of the data at hand
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4-D analysis and timing of migration using cuttings

Denver AAPG Convention 2009T.S.I.

A total of 134 color combinations has been used to described cuttings. 
Filtering and visualizing some specific red shades of colors has revealed 
fracture networks that have been the focus of iron-rich water flows. 

The light red stains are distributed and aligned in two broken planes exhibiting 
parallel geometries. The lower fracture plane crosses various stratigraphic
units including the Precambrian, Cambrian, Wabamun and Banff. Fractures 
cross-cutting stratigraphy are best expressed in the Banff formation where the 
red stain gradually climbs from SW to NE from the lower Banff to the very 
upper Banff. 

Both fracture systems are characterized by a collapse domain interpreted to 
have taken place after the iron-rich fluid flow.

Integrating with the angular grains Cadomin lineament, we can emit the 
hypothesis that the collapse may have occurred after Cadomin lithification.

Iron rich fluid flow along  a fracture network
Pattern and timing , a 4-D view

Collapse Northern
Limb
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500m / 30km
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Conclusions

Modified after Chatellier and Chatellier 20063-D Projection view
orientation perpendicular to contours on map

Faults after Richards et al. 1994

Note: All of the data in this poster is public domain, except for the cuttings 
data that was provided by Canstrat.

A huge amount of data related to hydrocarbon production is readily available 
and incredibly valuable but the results are too sensitive to be released.

Angular grains in Cadomin




