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As I sit down to write 
this article it is early 
June.
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EXECUTIVE COMMENT
A Message from Simon Haynes, 2012 Outreach Director

The 2012 Joint Annual Conference has 
just finished, the final round of the Stanley 
Cup playoffs is in full swing, students are 
working away at their summer jobs, the 
weather almost promises there will be no 
more snow (or at least anything significant 
that will accumulate in my driveway) and 
for Outreach, it is an opportunity to take 
a breather before the back-to-school fall 
rush begins.

Outreach is an important pillar for the 
CSPG. I compare it to a research division 
of a large company, or a long-term financial 
investment. There is no guarantee of a 
payout – actually Outreach is the one area 
of the CSPG that consistently in the red – 
financially. Every year we spend a significant 
amount in terms of volunteer hours and 
dollar amounts to ensure that our programs 
are successful. By this I refer to the attraction 
of students to petroleum geoscience, and 
communicating what the CSPG is and does. 
In terms of metrics, it is difficult to provide 
exact figures as to how much influence we 
are having on recruitment, or how effective 
we are at reaching people outside of our 
current membership. But there are a few 
examples we can cite.

In 2010, we examined our current portfolio, 
and ranked individual programs in terms of 
impact on various target audiences. In order 
of importance we had university students, 
other students (public through high school), 
teachers, and members of the general public. 
University students were deemed the most 
valuable as they are already focussed on 
earth science and we are confident that 
we can attract a significant portion of 
the top students specifically to petroleum 
geosciences. To this end, we rely on the 
Student Industry Field Trip (SIFT) program, 
which has been running continuously since 
1978. For those unfamiliar with SIFT, the 
CSPG selects a student from each Canadian 
University that offers an undergraduate 
degree in Earth Science to attend a two-
week intensive course in Calgary in early 

May. In the last 34 years, there have been 
over 1,100 students participate. I went on 
SIFT in 1997, and 12 out of our original 
group of 34 are still actively working as 
petroleum geologists. 

Over the last decade, the University 
Outreach Committee has developed and 
strengthened relationships with universities, 
students, and professors, outside of the SIFT 
program. There are many more students 
who are interested in petroleum geology 
than have the opportunity to participate 
in SIFT, so the UO Committee focuses on 
bringing the CSPG brand and an overview of 
our industry to them. UO has consistently 
provided financial support and sent 
volunteers to each of the major Canadian 
Geoscience student conferences in Canada – 
the AUGC (Atlantic Universities Geoscience 
Conference), the Western Inter-University 
Geoscience Conference (WIUGC), and 
AESRC (Applied Earth Science Research 
Conference). The volunteers set up a booth 
to promote our society, talk to students 
about career options, and act as judges for 
the student presentations. Our presence 
is well received, and feedback from the 
conference organizers tells us that students 
are excited to have CSPG attend their 
conventions, as it is clear evidence we 
are interested in their work. UO also 
coordinates the Fall and Spring Lecture 
Tour series, where a CSPG volunteer will 
visit two to five Canadian earth science 
departments to give a technical talk aimed 
at a 3rd- to 4th-year undergraduate level. 
A number of universities have taken the 
initiative to contact us every year to ask to 
be included on these tours, so clearly our 
reputation is preceding us! 

Admittedly, most of our current Outreach 
portfolio tends towards promotion and 
recruitment for both our industry and 
the CSPG. This is partly to help provide 
a unified approach to the promotion of 
petroleum geoscience as a viable career 

(Continued on page 7...)
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option, but also we have found that some 
of the CSPG’s most active volunteers’ first 
experiences were through programs like 
SIFT. Currently, our main public program 
is the Honorary Address, which brings in 
one or two speakers involved in the earth 
sciences to speak with a general audience. 
This event is held at SAIT in the late fall, 
and consists of a daytime program to bus in 
junior high students, and an evening program 
that is more focussed on adults. This year’s 
Honorary Address is a joint session by Dr. 
Trent Rehill (2011 CSPG Tracks Award 
winner), who will be speaking about oil 
exploration in Africa, and Dr. Ian Tattersall, 
an anthropologist from the American 
Museum of Natural History, whose work 
has focussed on human evolution. The title 
of the joint talk is “From Evolution to 
Exploration: Our African Journey”. It will be 
an interesting evening and we hope to see 
many of you there.

Recently I had a conversation with our 
Outreach counterparts at the CSEG. They 
have followed a different path, made a 
stronger effort with the general public 
and elementary through junior high school 
children, and place far more emphasis on 

general science education. Their volunteers 
spend a great deal of time at high school 
career fairs across the country. We are 
looking to expand our efforts in this area, 
but are constrained not as much by funding, 
but by a lack of a core group of volunteers. 
We are currently looking for a group of 
folks within the CSPG who are interested 
in working with children. If you do have an 
interest in this particular field (or for that 
matter, any other aspect of Outreach), 
please call into the CSPG office and provide 
us with your name and contact information. 
We know we can do a lot more to develop 
public programs, but it has to come from 
within the general membership – this will 
not be a top-down initiative.

Our Outreach portfolio relies on a 
dedicated group volunteers to ensure that 
the programs are well-run and organized. I 
do not have the space to recognize them all 
individually, but those involved in the SIFT, 
University Outreach, Honorary Address, 
and the ESFS committees are especially 
thanked on behalf of the CSPG for their 
contributions to, and the promotion of, 
Canadian petroleum geoscience. 

(...Continued from page 5)
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Horizontal well technology combined 
with multi-stage fracturing (HWMF) has 
revolutionized the oil industry over the 
last decade (although high oil prices have 
not hurt). This has led to revitalization of 
a number of Viking light oil reservoirs in 
west-central Saskatchewan. In addition, 
new conceptual tools have been forged and 
old tools refined that allow reassessment 
of shallow shelf, tight sand reservoirs. 
Application of these new and refined 
conceptual tools to the Viking Dodsland 
reservoir trend allows reinterpretation 

of the depositional /erosional events 
that shaped these reservoirs. This in 
turn facilitates precise, high-resolution 
reservoir mapping. High-resolution 
mapping enhances HWMF application 
by optimizing both well placement and 
trajectory. 

The Viking Formation, forming the 
Dodsland trend of Saskatchewan, is an 
amalgamation of three severely top- 
truncated deltaic units (Viking 3 to 1 in 
descending order). The lower two units, 
Viking 1 and 2, are the most productive 
reservoir zones. Distal delta front to distal 
prodelta sediments bearing a stressed 
proximal to distal Cruziana ichnofacies 
are the only sediments preserved of 
the constructive phases of delta growth 
for these sedimentary packages. More 
proximal facies (i.e., proximal delta 
front, distributary channels, stream 
mouth bars, delta plain, etc.) were 
stripped off during destructive phases 
of deltaic cycles. Sediments above the 
wave ravinement surface formed during 
delta destruction comprise two distinct 
facies representing dif ferent marine 
processes. Regionally extensive chert- 
rich layers (pebbles to coarse sands with 
interlaminated mudstones) record delta 
abandonment and shoreface retreat with 
coarse (proximal delta front to delta top) 
sediments, being re-deposited on the 
distal delta front and prodelta. During 
the early stages of delta destruction of 
deltaic cycles 1 and 2, proximal deltaic 
sediments were reworked by trangressive 
submergence, into elongate submarine 
bars (inner shelf shoals). These fine- to 
medium-grained shoal sands, bearing a 
stressed Skolithos-Cruziana ichnofacies 
characterized by abundant robust 
Teichichnus and Palaeophycus, were 
ultimately deposited in a lower shoreface 

setting. A regional erosion surface, the 
VE 4 surface of Boreen and Walker 
(1991), progressively truncates the entire 
reservoir assemblage from south to north, 
ultimately intersecting the underlying 
Viking B deltaic assemblage along the 
northern margin of the Dodsland trend.

Within the context of the Viking Formation 
of west-central Saskatchewan the lower 
two Viking units of the Dodsland trend 
(Viking 1 and 2) are distinct depositional 
events despite being coextensive with 
Viking reservoir units to the south that 
form the Verendrye, Forgan, Elrose, 
Plato, North Plato, and Fiske pools. These 
relationships imply delta-lobe switching 
within successive trangressive-regressive 
episodes. Viking unit 3 is a single deltaic 
succession that blankets the entire 
area. The Viking 1 deltaic lobe, south of 
Dodsland, was reworked by transgressive 
submergence to form an inner shelf shoal 
that comprises the main reservoir of the 
Plato pool. Distal and proximal delta front 
sediments and chert pebble “lags” are the 
most prolific portions of the southern 
Viking 2 delta lobe and Viking 3 delta. 
These successions are coarser grained 
than in the Dodsland trend and reflect 
both higher energy conditions and more 
proximal settings during deposition.

Within a sequence stratigraphic 
framework, the Viking deltaic cycles 
of west-central Saskatchewan record 
high-frequency lowstand events that 
punctuate highstand progradation. 
These sedimentary packages can also be 
explained by a loss of accommodation 
space resulting from a clastic wedge 
building into a foreland basin. Viking 
sediments of west-central Saskatchewan 
are southwesterly derived and represent 
the most basinward extension of the 
Bow Island sediment source. They are 
also stratigraphically higher and therefore 
younger than westerly derived Viking 
clastics to the north that comprise the 
Kerrobert Viking pool reservoir.

The Viking pools of west-central 
Saskatchewan are conventionally trapped 
tight-sand reservoirs that were deformed 
by later salt dissolution into their present 
configuration. In addition, small-scale 
faulting has affected the reservoirs locally. 
Weak groundwater recharge into these 
low-permeability rocks has resulted in 
disequilibrium amongst reservoir fluids. 
High-permeability oil zones and gas-
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charged portions of reservoirs that 
have been dropped by post hydrocarbon 
migration salt dissolution into the water 
column are flushed of hydrocarbons 
whereas low-permeability oil zones 
are incompletely swept and retain high 
residual oil saturations. 

Understanding the primary depositional 
architecture of the Viking deltaic packages 
and associated facies distribution is 
critical to planning and implementing 
HWMF programs in the west-central 
Saskatchewan. Optimum well placement, 
in turn, is essential to a successful HWMF 
projects. Understanding the post oil-
migration history of the reservoirs is 
necessary to understanding present-day 
fluid distribution and the resultant impact 
on hydrocarbon production.

REFERENCES 
Boreen, T. and Walker, R.G. 1991. Definition 
of allomembers and their facies assemblages 
in the Viking Formation, Willesden Green 
area, Alberta. Bulletin of Canadian Petroleum 
Geology, v. 39, p. 123-144.

BIOGRAPHY
“A good traveler has no fixed plans and is not 
intent on arriving.”                           Lao Tsu

I began my journey into geology via a 
correspondence course in high school driven 
by the need for a third science in order to 
attend university. The main appeal was 
that I didn’t want to work in an office. After 
a brief flirtation with Anthropology (I was 
brought to my senses by a course in the 
systematics of cultural anthropology), I found 
my true calling. A few field seasons searching 
for lead/zinc in Ordovician carbonates in 
the High Arctic confirmed my choice and 
led to the realization that carbonates and 
their contained fossils were my true passion 
(sandstones were so blasé). Spurred by a 
desire to follow my true calling and a lack of 
jobs, I decided to pursue a Master’s degree 
in micropalaeontology at the University of 
Saskatchewan, an eminently practical choice 
for a would-be petroleum geologist. A few 
years of staring down a microscope and a 
lack of jobs in micropalaeontology convinced 
me that this was not my destiny so I logically 
accepted a job searching for uranium in 
Precambrian sandstones. After three years 

in the mineral industry, a combined total 
of seven summers in the “bush,” and two 
long winters coupled with the arrival of our 
daughter, field geology lost its sheen and I 
accepted an office job in an oil company.

Through my 30+ years in the oil industry 
I have worked on both domestic and 
international projects in a variety of basins: 
rift, trans-tensional, and foreland, dealing in 
clastics from Cambrian to Tertiary in age. I 
have worked in large multinational to small 
domestic oil companies and consulted both 
independently and in large consulting firms. 
I have given numerous talks, principally on 
clastic sequence stratigraphy, sedimentology, 
and hydrocarbon trapping. I have authored 
and co-authored several papers on Devonian 
m i c r o p a l a e o n t o l o g y / b i o s t r a t i g r a p h y , 
and various aspects of Mannville Group 
sequence stratigraphy, sedimentology,  
bio-geochemistry, and reservoir geology. I 
still believe that geology is fundamentally a 
field science, but can also be explored on 
a computer screen from a desk, although 
sometimes a rock hammer would be handy!
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Using high 
resolution chemo-
stratigraphy to 
determine wellbore 
pathways in 
multilateral drilling 
campaigns: an 
example from the 
Horn River 
Formation, British 
Columbia, Canada
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Gemma Hildred
Chemostrat
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Shale resource plays have risen to the forefront 
of hydrocarbon exploration over the last 
decade. However, the fine-grained, macro-
scale homogeneity of most shale plays negates 
some of the more traditional approaches to 
reservoir characterization and stratigraphic 
correlation. A common problem is that shale 
accumulation in restricted basins limits the use 
of biostratigraphy, and palynomorphs are often 
thermally degraded. Electric-log correlations 
are also hampered by the variable controls on 
U, K, and Th and the recognition of sedimentary 
facies is made especially difficult when only 
cuttings samples are available.

Furthermore, shale resource plays are often 
exploited using horizontal drilling, a technique 
that requires drilling to, and staying within, 
a targeted zone. A recent study conducted 
by Halliburton revealed “approximately 50% 
of wells geosteered using the conventional 
gamma-ray geosteering methods within 
an area of the Haynesville were misplaced 
for more than 50% of their lateral length.” 
(http://www.epmag.com/Production-Drilling/
Geosteering-Unconventional-Shale-Reservoirs-
Potential_80771). The challenge, then, is to 
define a stratigraphic framework that will 
repeatedly allow accurate placement of the 
wellbore within the “sweet spot” in a multi-
lateral drilling campaign. Inorganic whole rock 
geochemical data can be used to meet this 
challenge.

Using examples from the Horn River Formation, 
this talk will demonstrate how a high-resolution 
stratigraphic framework can be used to precisely 
locate lateral wellbores relative to a pilot hole. 
A robust chemostratigraphic zonation has been 
established for the Evie, Otter Park, and Muskwa 
members of the Horn River Formation in 

northeastern British Columbia using variations 
in inorganic whole rock geochemical data. In 
this example, chemostratigraphy is used on 
two vertical wells to subdivide the Horn River 
Formation into five geochemical packages and 
nine higher resolution geochemical units based 
on variations in key elements (U and CaO), 
element ratios (Si/Zr, Th/U), the enrichment 
factor of vanadium (EFV), and terrigenous 
input. 

Chemostratigraphy can provide regional 
correlations of shale reservoirs to help in 
understanding broad, basinal stratigraphies 
and events. Additionally, changes in inorganic 
geochemical data can be used to determine 
wellbore pathways in multilateral drilling 
campaigns. Because these data can be acquired 
rapidly and at wellsite, this application has large 
potential in the Horn River Basin and beyond. 
Furthermore, the same dataset can be used to 
model mineralogy and rock properties, identify 
anoxic conditions, differentiate biogenic and 
detrital silica, and in some cases, can be used 
to understand how shale stratigraphy may be 
interpreted in a sequence stratigraphic context.

BIOGRAPHY
Gemma Hildred graduated from the University 
of Birmingham with an M.Sc. Honours degree 
in geology in 2006. Gemma began her career 
at Chemostrat Intl. Ltd. in 2006 and is now a 
senior geologist at Chemostrat Inc. in Houston, 
overseeing proprietary work throughout North 
America. Gemma also continues to research and 
publish work on the applications of inorganic whole 
rock geochemical data to geosciences and to the oil 
industry, specifically studying low accommodation 
fluvial sequences in Western Canada and the 
chemostratigraphic characteristics of the Eagle Ford 
Formation, West Texas. 
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The Tagish Lake 
meteorite: clues 
to ‘maturation’ of 
organic matter in 
the early solar  
system
SPEAKER
Dr. Chris Herd
Smithsonian Institution’s National Museum 
of Natural History

11:30 am 
Tuesday, October 9, 2012 
TELUS Convention Centre 
Calgary, Alberta

Please note: The cut-off date for ticket 
sales is 1:00 pm, Monday, October 1, 2012. 
CSPG Member Ticket Price: $42.00 + GST. 
Non-Member Ticket Price: $45.00 + GST.

Each CSPG Technical Luncheon is 1 APEGA 
PDH credit. Tickets may be purchased online 
at www.cspg.org. 

The complex suite of organic materials 
in carbonaceous chondrite meteorites 
probably originally formed in interstellar 
space and/or the solar protoplanetary 
disk, but was subsequently modified in the 
meteorites’ asteroidal parent bodies. The 
mechanisms of formation and modification 
are still very poorly understood. We carried 
out a systematic study of variations in 
the mineralogy, petrology, and soluble 
and insoluble organic matter in distinct 
fragments of the Tagish Lake meteorite. 
The circumstances of this meteorite’s fall 
and recovery enable new insights into 
pre-terrestrial organic matter variability. 
The variations correlate with indicators of 
parent body aqueous alteration, and at least 
some molecules of importance for life on 
Earth formed during the alteration.

BIOGRAPHY
Dr. Chris Herd is a geologist whose interests 
are many and varied, and best described under 
the heading of comparative planetology. He 

has a fascination with the origin and geologic 
evolution of planets in the solar system. Dr. 
Herd completed his undergraduate degree in 
Geological Sciences at Queen’s University in 
1997. His interest in working on meteorites from 
Mars took him to the University of New Mexico 
in Albuquerque for his Ph.D., which was fully 
funded by a NASA graduate fellowship. In 2001 
he moved to the Lunar and Planetary Institute 
in Houston, where he worked as a postdoctoral 
fellow with access to the facilities at the Johnson 
Space Center. He was hired in July of 2003 at 
the University of Alberta as assistant professor 
in the Department of Earth and Atmospheric 
Sciences, and was awarded tenure in July 2008.  
He teaches Mineralogy and Planetary Geology 
for the Geology program, and is the curator 
responsible for the Alberta Meteorite Collection, 
the largest University-based meteorite collection 
in Canada. In 2006, he led the consortium 
purchase of the pristine specimens of the 
organic-rich Tagish Lake meteorite. He recently 
returned from a year-long sabbatical at the 
Smithsonian Institution’s National Museum of 
Natural History in Washington, D.C., and is now 
supervising the construction of a unique facility 
for the curation of pristine meteorites.
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An Arctic 
Perspective on 
20th Century 
Warming
SPEAKER
Gifford Miller
University of Colorado, Boulder, CO

11:30 am 
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TELUS Convention Centre 
Calgary, Alberta

Please note: The cut-off date for ticket sales 
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Non-Member Ticket Price: $45.00 + GST.

Each CSPG Technical Luncheon is 1 APEGA 
PDH credit. Tickets may be purchased online 
at www.cspg.org. 

Over the past century our planet has 
warmed about 1.5°F. We know this 
from thermometers that have recorded 
temperatures around the planet. It is a fact. 
The more interesting questions are “Why?” 
and “Is the warming part of a natural cycle, 
or related to something we humans are 
doing?” The planet has been hotter and 
colder in the past, can this be just part of a 
longer climate cycle? Despite being remote 
and inhabited by few people, the Arctic is 
an ideal region to try to answer these key 
questions because temperature changes are 
always larger in the Arctic than elsewhere in 
the Northern Hemisphere. This is because 
of the strong positive feedbacks from 
snow, plants, and sea ice. So the signal is 
much larger and clearer in the Arctic than 
elsewhere. A little-noticed Arctic study 
by a Canadian geographer in the 1960s 
demonstrated that some ice caps preserve 
rooted tundra plants that are revealed as 
the ice margin recedes. We have capitalized 
on this observation to derive an extensive 
database of vegetation “kill dates” from 
which we can place the current warming 
in a millennial perspective and help to 
explain the occurrence of severe climate 
perturbations such as the Little Ice Age 
(1300-1850 AD). I will review how studies in 
the Arctic help to place the warmth of the 
past century in a longer-term perspective 
to try to get a better understanding of what 
this warming means.

BIOGRAPHY
Gifford Miller, Ph.D.
Professor of Geological Sciences and Fellow, 
Institute of Arctic and pine Research (INSTAAR), 
University of Colorado at Boulder. Director, 
Center for Geochemical Analysis of the Global 
Environment (GAGE).

As a Quaternary Geologist, Gifford focuses his 
research on reconstructing the behavior of the 
climate system in the recent past as a means 
of improving our understanding of natural 
climate variability. He has conducted extensive 
f ield campaigns in the Eastern Canadian 

Arctic, Iceland, and Svalbard that focus in 
reconstructing past environmental change 
and deriving inferences about the associated 
climates that lead to those changes. He has 
also had an active field program in Australia for 
more than 20 years, where he is studying the 
impacts of human colonization on a continent 
that never had humans, or even placental 
mammals. Gifford was elected a Fellow of the 
American Geophysical Union and the Geological 
Society of America, where he was recipient of 
the Easterbrook Distinguished Scientist Award. 
He is also a Foreign Member of the Norwegian 
Academy of Science and Letters.
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Introduction
This article is the fifth in a series on 
microseismic monitoring of hydraulic 
fractures and focuses on geomechanical 
deformations associated with the 
microseismicity. Previous articles have 
described the use of microseismic to image 
hydraulic fracture growth and geometry, 
based primarily on the timing and location of 
the microseismicity. However, with careful 
geophysical analysis, the microseismic 
deformation can also be determined in 
terms of the fracture strain that results in 
the source of the observed microseismic 
signals. The microseismic strain or 
deformation is potentially of interest, 
since the deformation associated with the 
hydraulic fracture controls the fracture 
dilation and complexity and ultimately 
the effectiveness of the stimulation. 
Here a comparison is made between the 
microseismic deformation and the total 
deformation occurring with the hydraulic 
fracturing in order to understand the rock 
physics of what exactly the microseismicity 
tells us about the hydraulic fracturing. Part 6 
of the series will follow on with a description 
of how the microseismic deformation can be 
used to validate a geomechanical simulation 
of the hydraulic fracture, and ultimately 
to create a reservoir simulation of the 
well performance and reservoir drainage 
associated with the production from the 
hydraulically stimulated reservoir.

Microseismic activity is generated by 
instantaneous geomechanical strain or slip, 
which can be characterized using analysis 
methods developed for tectonic earthquake 
studies (see Gibowicz and Kijko, 1994 for a 
comprehensive review). The most common 
microseismic source characteristic is the 
magnitude or strength of the microseismic 
sources that has been previously described 
in terms of potential recording biases and 
identifying possible fault interaction. Stress 
release, area and displacement of the seismic 
slip can also be estimated. Another form of 
analysis involves seismic source mechanism 
studies, which examine the seismic radiation 
characteristics in different directions to 
define the fracture plane orientation and if 
the deformation is shearing and/or opening 
or closing. These earthquake techniques 
have slowly begun to be applied to hydraulic 

fracture monitoring, in attempts to gain 
insight into the fractures beyond simply 
mapping geometry – sometimes referred 
to as “beyond dots in the box”. It is 
naturally attractive to use all aspects of the 
microseismic data to help understand the 
hydraulic fracturing process and potential 
effectiveness. Fracture engineering has been 
challenged for several years to simulate the 
fracture mechanics of complex hydraulic 
fractures, as illuminated by microseismic 
monitoring of reservoirs such as the Barnett 
Shale. This suggests that the geomechanics 
is also a complex issue (Cipolla et al., 2010). 
Microseismic provides an important and 
unique piece of this complex geomechanical 
puzzle.

Hydraulic Fracture 
Geomechanical Deformation
In the following discussion, various aspects 
of the deformation associated with 
microseismic events and the underlying 
hydraulic fracture are presented and 
contrasted. The relationship between these 
two aspects is relevant to the rock physics 
and geomechanics of the deformations 
associated with the microseismic and 
total fracturing of the rockmass. In the 
following discussion, the mechanics, rate, 
and energy of the hydraulic fracture 
and microseismic will be compared. For 
context, the reader may find it useful to 
contrast these discussions with a traditional 
geophysical seismic source such as a 
vibrator, which is specifically engineered 
to provide consistent characteristics with 
the desired seismic waves. Vibrator sweeps 
are designed to maximize power within 
the seismic bandwidth, and the mechanical 
vibrations are designed to maximize 
coupling to efficiently create seismic waves 
in the subsurface. In the case of hydraulic 
fracturing, however, the microseismic waves 
are indirectly generated by the high pressure 
injection to stimulate flow into the well. 
Nevertheless, it is informative to consider 
the microseismic in relation to these same 
characteristics of mechanics, bandwidth, 
coupling, and efficiency.

Hydraulic Fracture 
Deformation Mechanisms
The conventional view of a hydraulic 
fracture treatment is that as the injection 

pressure is raised to the breakdown 
pressure, the rock breaks or parts in 
tension resulting in increased injectability 
(e.g., Smith and Shylaporbersky, 2000). As 
volume continues to be injected into the 
fracture, the fracture grows outwards and 
opens at a rate dependent on the net 
pressure and fluid leakoff. Alternative views 
include the rock breaking under shear or a 
hybrid shear-tensile fracture, although such 
models seem to be an attempt to reconcile 
perceived microseismic mechanisms. Shear 
slip can result in enhanced permeability, 
as slip tends to result in fracture dilation 
resulting from topography differences in the 
contacting fracture surfaces (e.g., Barton, 
2008). Nevertheless, the large volumes and 
long injection times of typical stimulations 
likely result in significant fracture dilation 
or opening in order to accommodate these 
large injection volumes (Daniel and White, 
1980). Fracture width is also needed to 
accommodate proppant into the fracture. 
Therefore, even if shearing is a relevant 
mechanism for fracture creation, eventually 
opening modes must occur. If the shearing 
fractures evolve to opening modes during 
the treatment, the normal clamping force 
must relax which would reduce fracture 
strength and result in lower intensity of 
shear slip. In addition to such global views of 
the hydraulic fracturing, localized interaction 
or growth near or through pre-existing 
fractures could result in similar shearing and 
opening mechanisms. Nevertheless, tensile 
fracture opening is considered here to be 
the predominant mechanism of hydraulic 
fracture propagation. Similarly, pressure 
relaxation after the end of the injection will 
result in predominant fracture closing of the 
hydraulic fracture.

Microseismic Deformation 
Mechanisms
Early papers on hydraulic-fracture-induced 
microseismicity argued for a shearing 
type mechanism based on observations 
of relatively strong s-wave amplitudes 
(Warpinski et al., 2004). Indeed, strong 
s-wave amplitudes are diagnostic of a 
shear mechanism source. Moment tensor 
inversion studies model the seismic source 
strain tensor that results in observed seismic 
amplitudes by examining the source type 
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and subsequent transmission to the seismic 
receiver, and enable analysis of the type 
of source: be it shear, tensile opening or 
closing, or explosion. While many examples 
show shearing, some recent studies report 
variable microseismic source mechanisms 
during hydraulic fracturing ranging from 
shear to tensile failures (Baig and Urbancic, 
2010). The primary hydraulic fracture tensile 
opening mode could result in a microseismic 
source with a tensile mechanism, if the 
tensile parting results in sufficient slip in the 
characteristic time period of microseismic 
data (discussed below). If the rock is able 
to deform and strain under tension prior 
to failure, an instantaneous microseismic 
tensile source could occur. However, 
most reservoir rocks are unlikely to be 
sufficiently strong in tension/cohesion, 
to produce sufficient seismic energy to 
result in detectable microseismicity in a 
tensile failure mode. After the initial tensile 
failure occurs, further tensile microseismic 
deformation would not be expected as 
the rock would slowly deform due to the 
increase of net pressure in the fracture. 
Since the rock has already failed under 
tension, it is also relatively weak and unable 
to store sufficient strain for continued 
generation of microseismic events in the 
failed region. Microseismic events associated 

with fracture closure are also possible 
from a seismologic point of view, although 
mechanically the phenomena is hard to 
rationalize, especially during a hydraulic 
fracture injection since the pressurized 
fluid that mechanically dilates fractures 
will also tend to resist instantaneous (i.e., 
microseismic source time periods) closure. 
A physical analogy would be trying to clap 
your hands together underwater.

Mechanisms may be expected to vary 
between monitoring projects, depending 
on the local pre-existing fractures and 
stress state along with other factors in the 
mechanics of the microseismic deformation. 
Furthermore, there are many geophysical 
parameters that control observed seismic 
amplitudes/radiation patterns, and result in 
uncertainties in the derived moment tensor 
(e.g., Šílený, 2009). Local borehole anomalies 
near the sensors, seismic attenuation, energy 
partitioning with reflection of seismic waves, 
multiple phases and background noise 
can all impact the observed amplitudes 
and potential confidence in the moment 
tensor inversion. Uncertainties in any 
these factors can lead to uncertainty in 
modeling the wave transmission part of the 
analysis, and thereby impact the estimated 
moment tensor. Furthermore, uncertainties 
in seismic velocity or impedance models 

result in uncertainty in the transmission 
as well as potential accuracy of estimated 
source location, again leading to uncertainty 
in source type (e.g., Kim, 2011). Finally, 
limitations in the angular coverage of seismic 
amplitude measurements due to limited 
number of observation wells leads to lack 
of uniqueness or ambiguity and an under-
constrained moment tensor inversion. 
Nevertheless, if accurately determined, 
microseismic moment tensor is the most 
complete description of the source strain 
and provides key information about how the 
rock breaks to form microseismicity.

Rutledge et al., 2004, analyzed mechanisms 
of microseismicity recorded during hydraulic 
fracturing of the Cotton Valley sands (Figure 
1), and in addition to composite beach-
ball shear-type mechanisms, modeled sh/p 
amplitude ratios with a strike-slip, shear 
model. The composite solutions assumed 
a single source for all events, and sampled 
the radiation pattern through variations 
in the source-receivers angles. The strike-
slip shear mechanism seems plausible since 
the model provided a reasonable fit to the 
observations. Note that these methods 
suffer an ambiguity between two possible 
slip planes orthogonal to each other, since 
the radiation pattern is consistent with slip 
on a conjugate plane. Utilizing amplitude 

Figure 1. Example microseismic locations and mechanisms (from Rutledge et al., 2004).

(...Continued from page 15)
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ratios is a relatively robust measurement and tends to 
mitigate limitations in modeling since several potential 
sensitivity factors tend to become normalized when 
common to both wave types. Figure 2 shows a similar 
composite mechanism plot created using data compiled 
from numerous events recorded in several projects, 
from both shale and tight gas sand fracs in different 
North American reservoirs. In the plot, the azimuths 
of the microseismic data have been normalized to the 
predominant azimuth of the microseismic locations 
to allow comparison of data from different sites. The 
observed amplitude ratios are well modeled by a 
strike-slip, shear mechanism. When there are multiple 
mechanisms or dip-slip failures, this same analysis does 
not always match as well. Also shown in the figure 
are the radiation pattern of a pure tensile opening 
mechanism along with a hybrid source of 50% strike-
slip shear and 50% tensile opening. Tensile opening 
favours generation of compressional waves and hence 
results in low sh/p amplitude ratios at all angles, as does 
an explosional type source (pure compression, which 
is not shown). Only a shear mechanism is consistent 
with the high sh/p amplitude ratios observed at some 
angles, as argued in early papers (e.g., Warpinski et 
al., 2004). 

While mechanisms can be expected to be variable, 
it would appear that shear is a viable and dominant 
mechanism for many projects. This leads to a 
fundamental paradox in mechanism between the 
potentially shear microseismic sources and the 
underlying tensile hydraulic fracture, which will be 
further discussed later.

Hydraulic Fracture Deformation 
Frequencies
Hydraulic fracture stimulations utilize variable injection 
rates and associated pressures; however, Figure 3 
shows an example of what could be considered 
an average pressure record that is approximately 
uniform through the injection, and Figure 4 shows the 
corresponding frequency spectral content. Note that 
the pressure is what pushes the fractures open and so 
is directly linked with the fracture dilation. The plot 
shows that most of the power is at low frequencies 
corresponding to time periods of more than one 
hour. At increasing frequency, the associated power 
decreases. At seismic frequencies above 1 Hz (or time 
periods less than one second) there is a relative power 
decrease of over eight orders of magnitude, relative to 
the lowest frequencies. Clearly the injection pressure 
is predominantly a slow process with most of the 
power that ultimately goes to fracture and eventually 
dilate the fractures occurring at frequencies much 
less than one Hz – in other words, at much lower 
frequency than normal seismic monitoring.

Microseismic Deformation 
Frequencies
As indicated above, the normal frequency bandwidth 
of borehole microseismic monitoring is above 1 Hz, 
such that low injection frequencies are outside of 
the recording bandwidth. Low frequencies or time 

Figure 2. Composite amplitude ratios from several projects in different reservoirs.

Figure 3. Hydraulic fracture pressure injection record.

Figure 4. Frequency spectra from Figure 3.
(Continued on page 18...)
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scales longer than one second 
can be recorded using broadband 
earthquake seismometers. 
Tiltmeters are also able to 
respond to very low frequencies 
and are occasionally used for 
hydraulic fracture monitoring, 
although respond to the overall 
fracture deformation compared 
to relative localized microseismic 
sources. Microseismic signal 
frequencies are typically relatively 
high frequencies in the range of 
100’s of Hz (e.g., Figure 5). The 
microseismic source frequency 
is related to the slip time or 
area of seismic slip. The range 
of frequencies of recorded 
microseismic signals is also controlled by 
the frequency bandwidth over which the 
seismic sensors detect signals, generally 
in the 1 Hz to 1,000 Hz range (or source 
deformations with time scales of a few 
milliseconds to a second) for most borehole 
microseismic recording arrays. Therefore, 
the normal microseismic recording is in a 
higher frequency band and outside of the 
average low frequency bandwidth of the 
pressure that drives the hydraulic fracture 
dilation.

Hydraulic Fracture 
Deformation Energy
The energy or work associated with 
injection can be computed as the product of 
the injection pressure and volumes. Maxwell 
et al. (2008) describe several projects where 
the injection energy is calculated. Figure 
6 shows the hydraulic energy computed 
for a specific case. In this example, the 
hydraulic energy was 50 gigajoules, or to 
give some physical context is approximately 
equivalent to the potential energy 

associated with dropping approximately 
1,000 railroad locomotives a height of 1 m. 
For this example, the microseismic locations 
suggested a simple, planar hydraulic fracture 
geometry that was calibrated with a fracture 
model (Maxwell et al., 2008). Based on 
the modeled fracture dimensions, the 
work done creating this fracture geometry 
is approximately equivalent to the total 
hydraulic energy of the injection, with the 
remainder of the injected energy attributed 
to fluid leak off and frictional losses. 

Microseismic Deformation 
Energy
The radiated seismic energy (total energy 
associated with microseismic events) can be 
computed by adding together the estimated 
seismic energy of individual microseismic 
events, or alternatively can be estimated 
from the cumulative seismic moment 
(Kanamori, 1978). Maxwell et al. (2008) 
describe a number of projects where the 
microseismic energy is compared with the 
hydraulic energy. In contrast to the hydraulic 

energy, the microseismic energy 
tends to be a relatively small 
proportion. In the example 
described above, the total seismic 
energy was 100 J and roughly 
equivalent to the potential energy 
associated with dropping a mass 
of 10 kg (22 lb) the height of 1 
m. Obviously in comparison with 
the pumped hydraulic energy, it is 
a relatively small portion of the 
total hydraulic energy. Maxwell et 
al. (2008) introduce a parameter 
termed the ‘seismic injection 
efficiency’ (SIE), defined as the 
ratio of microseismic to hydraulic 
energy. Note that this is different 
from seismic efficiency defined 
as the ratio of seismic energy 

to the local energy dissipation around the 
seismic source. For several projects, the SIE 
ranges between about one part in a million 
to one part in a billion (e.g., Figure 6), 
what can only be described as a very small 
part of the energy balance of the hydraulic 
fracture. Similarly small ratios are found 
when comparing the slip area represented 
by the microseismic compared to estimates 
of the total hydraulic fracture area and 
microseismic fracture volumes with total 
injected volumes.

Rationalization of Hydraulic 
Fracture and Microseismic 
Deformation
To summarize the various aspects discussed 
above:
1  �The hydraulic fracture is predominantly 

tensile opening; microseismic is often a 
shear-dominated mechanism. 

2.  �The hydraulic fracture is predominantly 
a relatively slow process (hours), where 
microseismic is a relatively fast process 
(milliseconds).
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Figure 5. Frequency spectra of a microseismic event.

(...Continued from page 17)
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3.  �The hydraulic fracture is a predominantly 
high-energy process, where microseismic 
is relatively low energy.

Therefore, there are a number of paradoxes 
between the modes of the hydraulic 
fracture and microseismic deformations, 
and additional deformation is occurring 
beyond what is manifested through the 
microseismicity.

An important and relevant issue is 
‘aseismic’ deformation, which can be 
broadly defined as deformation that occurs 
without recording seismicity. One form of 
aseismic movement is microseismic signals 
with similar characteristics to the recorded 
seismicity, but with amplitudes too small 
to be detected. However, these smaller 
events would account for diminishingly 
small contributions to the total radiated 
seismic energy. More importantly, slow-
opening modes would also be classified 
as aseismic, and could have different 
mechanisms and source characteristics 
to the microseismicity. Other authors 
(Warpinski et al., 2004) have argued for 
microseismicity being localized near to, but 
offset from, the hydraulic fracture where 
the paradox described above could be 
explained by the microseismic representing 
indirect deformation triggered by a slowly 
dilating hydraulic fracture and associated 
pore pressure changes. One likely form 
of this is induced stress activation (e.g., 
Maxwell et al., 2009) where stress changes 
associated with hydraulic fracture strains 
could activate or trigger deformation of 
a near-by fault or fracture. In the case of 
critically stressed faults, even a relatively 
slight stress change could induce fault slip. 
Regardless if the microseismicity is directly 
or indirectly associated with the hydraulic 
fracture there is clearly a significant amount 

of aseismic deformation in addition to the 
microseismic deformation.

When attempting to extract more 
information from the microseismic 
deformation is it important to remember 
that there is more undetected deformation 
occurring, and that the microseismic DOES 
NOT represent all the fracturing. Other 
modes of deformation occur that may 
be more directly related to the fracture 
effectiveness, particularly slow, aseismic 
tensile fracture opening and subsequent 
proppant placement. Nevertheless, the 
relative deformation depicted by the 
microseismic between, for example, 
different regions of the reservoir can be 
used to verify the relative deformation 
estimated in a geomechanical simulation of 
the injection. This will be further described 
in the next part of this series of articles, 
along with a potential geology-based model 
of the microseismic deformation.
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The CSPG-CSEG University Outreach 
booth at Vision 2012 in May had a steady 
stream of students from coast to coast stop 
by, due in part to the foosball table, prizes, 
and candy. At the booth, students could 
sign up for CSPG and CSEG memberships 
and learn about the outreach initiatives 
that both societies offer. Of particular 
interest to CSPG student members were 
the funding opportunities available to them 
(Undergraduate Awards and Student Event 
grants) and the annual summer student 
field trip (to Dinosaur Provincial Park in 
June of this year). 

Students who visited the booth had the 
opportunity to win several awesome 
prizes, including luncheon tickets, t-shirts, 
an iPod, a camera, and portable speakers

We couldn’t have had such a fun booth 
without the generous support of MacDonald 
Cole, who donated the furniture for the 

booth, and ConocoPhillips Canada, who 
donated the foosball table. 

A Student Networking Luncheon was held 
on the third day of the convention. The 
main message from Satinder Chopra, of 
Arcis Corporation, was that building a 
successful career requires attention to the 
basics: working hard to do a good job and 
taking pride in your work. This message 
was reiterated by Adam West, of Devon, 
and Chris Podetz, of EnCana, who spoke 
about their own experiences in industry. 
The luncheon closed with a question and 
answer period for students. 

The final student-focused activity during 
Vision 2012 was the Student Mixer, held 
at the Below Deck Tavern on Stephen Ave 
immediately following the Challenge Bowl. 
Over 100 students registered to attend 
this year’s mixer. The crowd was nicely 
rounded out with a good showing from 

professional members of the CSPG and 
the CSEG. Food and refreshments were 
on hand while the attendees mixed and 
mingled.

If you’re a student looking for an 
opportunity to learn about the fascinating 
advances taking place in industry, to hone 
your networking skills, and to form new 
friendships, then don’t miss GeoConvention 
next year!

The student-focused activities at Vision 
2012 would not have been possible without 
the volunteers. Thank you to the CSPG 
and CSEG members who volunteered 
to greet students at the booth, and for 
providing such a strong industry presence 
at the Challenge Bowl and Student Mixer. 
The opportunity to interact with more 
experienced professionals that these 
activities afford, and that volunteers make 
possible, are invaluable to students. 

The CSPG-CSEG University Outreach 
at Vision 2012

CALL FOR PHOTOS  
2013 CSPG Calendar
$ 200 for Best Photo
$ 200 for Best Sedimentary Structure Photo

Deadline: July 20, 2012
 
Any landscape-oriented photo of geological interest,  
Canadian or international content.
Please include a brief description and location.

Maximum of 3 entries per person.

Digital photos only 
(TIFF or high quality JPEG with minimum resolution of 3MP)

To submit photos, please send to markus.ebner@bonavistaenergy.com,  

caitlin.young@cspg.org
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Photo of the month

Waterfall in southeast Iceland. Photo by Nicole Williamson.
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We have all done it. In fact, it is a critical 
strategic planning function. “It” is the 
collection, collation and interpretation of 
industrial intelligence information, a.k.a. 
Field Scouting. Geoscientists are in the 
forefront of the wealth-creation process. 
We advise business leaders (many of whom 
are also geoscience professionals) on where 
the valuable resources are and how to 
extract them. This is what business plans in 
the resource industries are all about.

Before we can build a sound business plan, 
we must have a sound strategy. It is a 
tautology that unless we know where we 
are going, how do we know when we have 
arrived? The strategy must define what 
we hope to achieve and provide an outline 
of the intermediate goals required to get 
there. It must also possess the moral and 
ethical values that will inspire all those 
affected by it to embrace it. The strategy 

must not only show the way, it must be the 
right way.

People who are cynical about the ability 
of corporations to behave morally and 
ethically certainly have a lot of bad examples 
from recent history to point to. Much of 
our current financial turmoil, it could be 
argued, came about because of suspect 
leadership in the front office of some 
multinational corporations, a number of 
which crashed like Shelly’s mythical statue 
of Ozmandias. “Look upon my works, ye 
mighty, and despair!” said the inscription. 
Not. Corporate strategies that are hijacked 
for personal enrichment are obviously a 
bad idea. Even the mythical Gordon Gekko, 
as played by Michael Douglas in the “Wall 
Street” movies, has recanted the “I believe 
in greed” speech (http://www.marketwatch.
com/story/gekko-recants-now-greed-is-no-
good-2012-02-28).

A sound strategy needs a deep well of 
information on the shape of the marketplace, 
and in particular, about whom else occupies 
the target market space. Thanks to the 
internet and securities law disclosure rules, 
data on public and quasi-public corporations 
are readily available, although by the time 
it becomes public information it tends to 
be somewhat stale news. Privately held 
companies that do not access capital 
markets may disclose nothing publicly at 
all. The temptation is great to find out 
clandestinely what the opposition is up to.

Nation states are the experts in covert 
data collection. In The Art of War, 
Sun Tzu devoted an entire chapter to 
“Employment of Secret Agents”. In the 
oil and gas business, the manifestation of 
industrial intelligence is the Field Scout. 
Field Scouting methods are anything but 

On the Use and Abuse of  
Industrial Intelligence – 
A Cautionary Tale
| By Tom Sneddon, Manager of Geoscience Affairs, APEGA

(Continued on page 24...)
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clandestine, despite the colourful history 
of industrial espionage engaged in by early 
practitioners. The days of hunkering down 
just outside of a tight-hole lease with night 
glasses and a notebook counting drillpipe 
stands and truckloads of mud have gone 
the way of Ol’ Paint and have been replaced 
by satellite and aerial imagery. Still, rumour 
has it that there are some freelancers out 
there who simply traded Ol’ Paint for 
computers and communications hacking 
to get otherwise unavailable information. 
Dangerous ground indeed. 

Not knowing much about the current state 
of play, your humble scribe got in contact 
with the doyenne of oilfield scouting, Terry 
Strang of Canadian Oil Scouts Association 
fame. I am assured by the cognoscenti in 
the oil and gas business that Terry knows 
more about this aspect of exploration and 
development than anyone else. Asked to 
share her understanding of the current 
state-of-play she said, “Ethics and Scouting, 
at one time in our industry, were two words 
not used in the same sentence.”

Terry goes on to explain that especially 

for majors and public companies, it is 
critical to have ethical guidelines for your 
scouting representatives, as a company’s 
reputation could be severely damaged by 
using a scouting contractor that uses illegal 
means. Although there is that fine line in the 
courts, much of the scouting activities are 
still considered in the grey zone. With the 
daily advances in technology, it is tougher 
and tougher for espionage to occur as it 
did in the past, and easier for competitors 
to maintain tight-hole status at the wellsite. 

Due to the difficulty of getting information 
over the airwaves as was done in the 
past, some scouts may resort to unethical 
measures like trespassing onto the lease, 
B&E, and so on. Part of her company’s 
procedures was to tell the field scouts that 
they were not to use their scanners to 
obtain information, and everything had to be 
visual to ensure that no laws were broken. 

Early in her 34-year career, she established 
a separate version of ethical guidelines, 
in addition to the corporation’s, for her 
field consultants to protect her company 
against any activities that may be considered 
illegal. Some of those grey clouds never 
leave and linger on. Even though most new 
professionals are unaware of the scouting 
profession, it seems like every one knows of 
past transgressions.

It is important to gain knowledge for 
strategic planning in many aspects of drilling, 
completions, production, environmental 
concerns, land strategies, positioning, and 
competitor analysis. In addition to E&P 
companies using scouts, many financial firms 
and marketing companies also use field 
scouting firms to help analyze a new play and 
keep their clients up-to-date with the most 
current information.

The Canadian Oil Scouts Association used to 
be the best source for current and accurate 
data. Unfortunately the professional 
scout in Canada has gone the way of the 
dinosaur, thus, increasing the activities of 
Field Scouting. The association is still in 
existence but unfortunately is not providing 
the competitive advantage it did in the past 
due to the lack of professional scouts that 
have either retired, or moved on to new 
careers. Data acquired from Field Scouting 
services has to be used carefully to ensure 
confidentiality. The information may not be 
100% correct, but it gives the company the 
competitive advantage in evaluation of a 
prospect and helps to determine if the play 
is commercially viable. 

This data should not be used in data rooms 

Learn more at www.tgs.com/welldata

Spending a lot of time on well data clean up?  TGS is.

Some clients say they spend up to 80% of their time cleaning up data. TGS 
has spent over 20 years cleaning up data, so you can spend more time on 
interpretation and evaluation.

Email WellData@tgs.com to learn more about TGS’ library of digital well 
logs, mud logs, directional surveys, production data, interpretive products 
and more.
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and should not be exchanged as part of a 
well trade. It is the operator’s choice to 
share this information with their partners 
or to keep it confidential if their partners 
were not involved in the payment for this 
program.  Internally, this data should always 
be recognized in presentations as containing 
field scouting data along with internal 
professional analysis.

Currently around the world, scouting is 
considered a very valuable activity for several 
companies, and organized meetings are 
held in almost every country. In Calgary, a 
group called the Calgary Global Exploration 
Forum started up over a year ago. There 
are about 30 international companies that 
meet to discuss their activities on a regular 
basis and many of the representatives are 
top management that gently refer to this 
as an international scout group.  To see 
web links to some of the organized groups 
around the world visit www.oilscouts.com 
the international oil scouts website. There 
are numerous groups not listed yet, but 
we are aware of them holding formal scout 
meetings in, for example: Trinidad, Spain, 
Italy, Colombia and Nigeria.

Canada is currently the only country I know 
of that has the Field Scouting profession in 
their industry. I am aware of other countries 
that allow their internal scouts to go to the 
field and gauge the activity in the interested 
areas as well as try to determine the status 
of wells that are currently active. 

Like many aspects of professional geoscience 
work, quality control of data is an absolutely 
essential duty. One aspect of quality control 
is chain of custody and of ownership of data 
and information, including field scouting 
information, as Terry suggests above. Just 
because a report or map or seismic section 
is in company files doesn’t mean it can 
be used. It may be there following some 
clandestine act and never was properly 
disposed of, or it may be something less 
dramatic like a farm-in agreement for a 
single use at a single location and may not be 
used for any other purpose, including yours. 

Industrial intelligence, including field 
scouting, is an essential activity. It must be 
performed in a manner consistent with the 
APEGA Code of Ethics and all sources must 
be identified in your files. Do you know 
where your scouts are tonight?
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every  
 well  
counts. 

WELLBORE SOFTWARE PLATFORM

Techlog

Global Expertise 
Innovative Technology 
Measurable Impact

The Techlog* wellbore software  
platform enables you to capitalize  
on your data investment—improving 
planning and formation evaluation— 
in every well. The new acoustics and 
geomechanics, and enhanced mineral  
solver capabilities provide powerful 
additional science, while the redesigned  
and highly customizable interface  
promotes knowledge sharing and  
increases productivity. 

Techlog software delivers optimal data 
integration for better decisions—from 
exploration to production.

For details call (403) 294 4300 

www.slb.com/techlogpetrophysics 



The Reservoir Committee welcomes contributions from our readership to 
this series. If you wish to offer a submission to Go Take a Hike on your 
favourite hike of geological interest, email the Reservoir at caitlin.young@
cspg.org for more information.
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GO TAKE A HIKE 
Moose Creek, near Golden, BC
| By Philip Benham, Thomas Mumford, and Yingchun Guan

The Ice River Alkaline Complex (IRAC) takes on almost mythical proportions for its complexity, unusual 
minerals, remoteness and surroundings of glacier-clad and sculpted peaks. The 18 km-long IRAC is the 
largest intrusive igneous package in the Rockies. The host rocks of this alkaline ultramafic intrusive 
include the mid-Cambrian to lower Ordovician strata of the Chancellor and Ottertail formations and 
Mackay Group. The metamorphosed contact between the igneous and sedimentary strata consists of 
skarns (recrystallized limestones forming sacharroidal marble with pyroxenes and epidote) and hornfels 
(pyroxene, quartz, feldspar). The age and genesis of the complex are only now being understood, long 
after G.M. Dawson first described it in 1886. As recently as 1977, Gussow proposed the IRAC was a 
remnant of Precambrian basement because he felt the skarn was actually a conglomerate marking the 
base of the Cambrian strata.  

The IRAC consists of multiple phases all emplaced around 360 Ma (the Devonian-Carboniferous boundary). 
The oldest phase is a rhythmically layered mafic complex comprising of nepheline- and pyroxene-rich 
rocks (with unpronounceable names such as jacupirangite, ijolite, and urtite) plugged with carbonatite 
(an unusual igneous rock that is rich in carbonate instead of silica). The next event in the complex 
is the emplacement of a cross-cutting nepheline syenite body followed by sodalite syenite dikes, and 
the entire complex is cross-cut by lamprophyre dikes (Currie, 1975). A final phase of carbonatite dikes 
occurred around 165 Ma (mid-Jurassic) (Mumford, 2009). The mantle nature of the complex and the 
periodic emplacement of intrusions suggests some structural weakness in the crust in an otherwise 
tectonicly quiescent location. The story is further complicated in the late Cretaceous to Paleocene when 
the entire package was thrust up to 200 km east, deformed, and mildly metamorphosed during the 
Laramide Orogeny. 

The lands are under mineral claim by Eagle Plains Resources who are interested in the lead, zinc, iron, 
gold mineral deposits, rare-earth elements and metals (Niobium, Zirconium, and Hafnium), as well as 
ceramic-grade feldspar and nepheline in the syenites, semi-precious gemstones (such as sodalite), and 
ornamental stone. Steep slopes that you cross on horseback have abundant avalanche tracks. Note the 
deformed trees, jagged stumps, and jumble stacks of fresh logs – all a testament of the force of the 
avalanches.

Trailhead: Few have visited this remote location, which should only be attempted with an 
experienced guide (best done on horseback). Therefore specific instructions for location are not 
provided. Beaverfoot Lodge (which is 26 km west of Field, BC on Hwy 1 and 14 km south on 
Beaverfoot Road)  is the logical base as it is close to the trailhead – accessed via logging roads.  
To arrange or join in a horse ride to the site contact Burgess Shale Geoscience Foundation  
(1-250-343-6006) or Beaverfoot Lodge (www.beaverfootlodge.com).

Distance: The entire trail (marked in blue) is about 25 km return. Even on horse it is 
a challenge. Be prepared for nine hours on horseback, numerous stream crossings, and some 
narrow and steep trails through forest, beautiful meadow, avalanche tracks, and bare rock. From 
the end of the horse trail you can spend an hour or so scrambling about the cirque looking at 
the rubble. A more serious effort of a few hours would be required to examine outcrops. Dress 
for mountain weather conditions.

References: Currie, K.L. 1975. GSC Bull 245.
Gussow, W.C. 1977. BCPG, v. 25, no. 3, p. 505-517.
Price, R. A., Mountjoy, E. W., Cook, D. G. 1978. Mount Goodsir, West Half.  
   GSC Map 1477A. 
Mumford, T. R. 2009. Dykes of the Moose Creek Valley, Ice River Alkaline Complex,     
   southeastern BC. UNB M.Sc. thesis. 

For most of the trail the dolomites and limestones of the cliff-forming  
Ottertail Formation are underfoot. Near the end of the trail at Zinc Mountain, 
(Z on map)  the western slopes contain a thick sheet of sulphides at the base 
of a lamprophyre sill within the Ottertail. Pyrrhotite, pyrite, sphalerite, and 
galena are common in the sulphide zone and the Ottertail is altered to a skarn 
with coarsely crystalline white calcite. 

Dark green amphibole lathes  
up to 5 cm long.

Mildly deformed carbonates of the Ottertail  Formation (OT)  and thinly bedded shales and 
carbonates of the 2 km-thick Mackay Group (MA) along Moose Creek. The strata are respectively 
the distal equivalents of the platformal Lyell Formation and the Bison Creek-Mistaya-Survey Peak 
formations to the east.
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View of valley towards end of  the horse trail looking north. To the right are rocks of the layered 
mafic units of the Ice River Alkaline Complex. The Mackay Group is cross-cut by numerous small 
faults. To the centre (circled) and right are the talus-covered slopes containing mixed  talus from the 
host sediments, urtite-dominated intrusives and the contact skarn. The dashed yellow line marks the 
approximate edge of the intrusive complex.

Sphalerite, pyrrhotite, and biotite in hornfelsed clasts of the host sediments 
f loating within the intrusive complex. The white veins are cancrinite.

Rich blue sodalite is one of the more spectacular minerals of the Ice River Complex. It is 
primarily found in veins but is also hosted within the sedimentary and igneous rocks.

Coarse-grained Nepheline Syenite

Sentry Peak, composed of Ottertail and McKay fms, seen from the end 
of the horse trail.

Unusual lathes of aegirine over 10cm long with 
patches of sodalite (blue) and nepheline (grey).

Dark grey radial acicular clusters of amphibole.
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From Evolution 

to Exploration 
Our African Journey

  2012 HONORARY ADDRESS

Monday Nov. 26 2012
Southern Alberta Jubilee Auditorium, Calgary AB

Doors 6:00 pm | Talks 7:00 pm

SPEAKERS
Ian Tattersall – Curator Emeritus, 

Biological Anthropology American 
Museum of Natural History, New York

Dr. Trent Rehill – VP Geosciences, 
Kulczyk Oil Ventures

All ages welcome
Adults: $20 ($25 at door)
students: $10 ($15 at door)
Children (12 & under): free

For groups of 10 or more please 
contact the CSPG office at 
(403) 264-5610 | www.cspg.org
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The Canadian Society of Petroleum 
Geologists annually recognizes members for 
their dedicated volunteerism and technical 
contribution to advances in Petroleum 
Geology.  

The 2012 Awards Ceremony was held 
during GeoConvention: Vision 2012. The 
2011 CSPG Award recipients, Award 
Committee Chairs, various members of the 
CSPG Executive Committee, and guests 
met at the Calgary Telus Convention Centre 
to celebrate these achievements.  

Master of Ceremonies was CSPG President 
Robin Mann and to help him hand out 
the awards were Service Directors Michelle 
Hawke and Mike Seifert as well as Volunteer 
Management committee Chair Martin Teitz.  
Award committee Chairs Kirk Osadetz 
(President’s Award), Ian Kirkland (Medal of 
Merit), Lloyd Freeman (Link Award), Margot 
McMechan (R.J.W. Douglas Medal), Mike 
Rogers (H.M. Hunter Award), and Clint 
Tippett (Stanley Slipper Gold Medal) were 
on hand to present their respective awards.  

A variety of volunteer and technical awards 
were presented throughout the evening 
including the following: 

Stanley Slipper Gold Medal for Out-
standing Career Contributions to Oil and 
Gas Exploration in Canada – Ned Gilbert.

R.J.W. Douglas Medal for Outstanding 
Contributions to the Understanding of 
Sedimentary Geology in Canada  
– Darrel Long.

Honorary Membership – Gerry Reinson 
and Roger Walker were acknowledged and 
presented with their awards the following 
evening at the 12th Annual Long-time 
Members Reception.

Link Award for Best Presentation – 
Technical Luncheon Series – Stephen Grasby.

Medal of Merit for Best Paper Related to 
Canadian Petroleum Geology  
– Tim McCullagh and Bruce Hart.

President’s Award for Outstanding 
Service by a CSPG Member – Paul MacKay.

H.M. Hunter Award for Distinguished 
Service to the Society – Timothy Bird and 
Graeme Bloy.

Tracks Awards for Members Who Have 
Set New Standards of Excellence  
– David Garner, Greg Lynch, Dennis Meloche, 
Trent Rehill, and Bob Potter.

Partnership Tracks Award for Non-
CSPG members or Non-Geologists who 
Have Made Outstanding Contributions to 
CSPG – Rob McGrory.

Service Awards – 103 recipients (a list of 
recipients can be seen at www.cspg.org).

Volunteer Awards – 80 recipients (a list 
of recipients can be seen at www.cspg.org).

Congratulations to all of the 2011 award 
winners and a big THANK YOU goes out to 
all of CSPG’s volunteers and contributors 
– the Society exists because of your 
volunteerism.

2012 CSPG Awards Ceremony 

Clint Tippett (L) presenting Ned Gilbert (R) with the Stanley Slipper Gold Medal.  

Service Award recipients.
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The CSPG H.M. Hunter Award was created 
to recognize individuals who have served 
the Society in a variety of capacities over 
many years. It is named in honour of Harry 
M. Hunter, the Society’s 12th President, 
who served in 1939. The 2011 recipients of 
the H.M Hunter Award are Tim Bird and 
Graeme Bloy. The award was presented 
at the 2012 CSPG Awards Reception on 
Tuesday, May 15th at the Calgary Telus 
Convention Centre.

Timothy Bird
Tim has been a member of the CSPG since 
1979 and has contributed significantly to its 
welfare through numerous assignments over 
the years.

The most significant contributions have 
been as a member of the Honorary Address 
committee for ten years (1996 to 2005), 
as Director of the Educational Trust Fund 
for five years and as Chairman or co-
chairman of the Advertising Committee 
for eight years. Along with these duties he 
contributed to the Reservoir committee 
raising funds for publishing and helped invent 
the colour, large-format, print Reservoir, 
helping to bring digital products to our 
members.
 
In addition to these challenging roles 
Tim volunteered on several Convention 
committees (including Core conferences) 
as well as the CSPG/APEGGA University 
of Calgary Student Liaison committee, 
encouraging many new members to join the 
CSPG. He has taken on numerous other 
assignments that are not fully recorded in 
the Society’s register of volunteers.

Graeme Bloy
Graeme has been a member of the Society 
since 1977 and has contributed in numerous 
ways over this long period. Most recently 
he spent a three-year term on the Executive 
committee as Vice President, President, and 
Past President. During his tenure, the Society 
flourished with numerous educational 
activities, several conventions, and a full 
range of member services. During his year 
as Past President he was a member of the 
Compensation and Benefits Committee.

Prior to his term on the Executive, Graeme’s 
most notable service was as Chairman 
of the Educational Trust Fund (ETF) for 
four years. This involved bringing the ETF 
into financial accountability, streamlining 
the investment portfolio, and managing the 
financial funding of most outreach functions 

in the Society such as SIFT, the Honorary 
Address, initiation of student chapters, etc. 
This highly important role is one of the most 
onerous because of the legal requirements 
of an independent Trust – a separate entity 
from the Society proper.

Through the years Graeme has stepped up 
in a number of educational roles and was 
also responsible for the Manpower Survey 
for six years in the mid 1980s. In the ‘80s 

through to 2005 he organized and chaired 
several themed short courses concerning 
carbonate deposition and diagenesis. He 
also ran numerous field seminars with 
co-leaders on carbonate deposition and 
reservoir characterization and fractured 
carbonate reservoirs. 

Today, Graeme continues to serve the 
Society as a member of the Membership 
Committee.

2011 H.M. Hunter Award 

H.M. Hunter award Chair Mike Rogers (L) presenting Tim Bird (R) with his award.

H.M. Hunter award Chair Mike Rogers (L) presenting Graeme Bloy (R) with his award.
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Honorary Memberships are awarded for 
distinguished service to the Canadian 
Society of Petroleum Geologists. This year 
two worthy recipients were presented 
with their awards at the 12th Annual 
CSPG Long-time Members Reception on 
Wednesday, May 16, 2012 at the Calgary 
Telus Convention Centre.

Gerald E. Reinson
Gerry Reinson has over forty years 
experience in the related disciplines of 
petroleum geology, marine geology, and 
environmental geology, having worked in 
both the public and private sectors as a 
research scientist, manager, and petroleum 
explorationist. Through all of these 
experiences he has dedicated significant 
time and effort to the activities of CSPG.  

Influenced by his mentors Norm Fischbuch 
and Norm Wardlaw, Gerry joined CSPG as 
a student member in 1967. His volunteer 
service to the Society started in the 
early 1970s and continues today. Gerry’s 
earliest contributions focussed on core 
conference committees and field trips.  
Subsequent committee service included 
various award committees, the Education 
Advisory Committee, the National Liaison 
Committee, and CSPG representative to 
the Canadian Geoscience Council. He has 
also been a member of several annual 
conference organizing committees, most 
recently chairing the 75th Diamond Jubilee 
Conference (2002) and co-chairing the 

Gussow Conference in 2007. Most notably, 
Gerry has provided strong leadership to 
the Society through his tenure as Vice-
President, President, and Past President 
from 1995 to 1997.

Gerry has contributed substantially to 
furthering the technical knowledge of our 
members though his service as Associate 
Editor of the Bulletin of Canadian Petroleum 
Geology and his chairing and editing of 
two core conference publications. Gerry 
has published extensively. He regularly 
conducts field and laboratory courses as 
well as technical seminars to industry and 
has presented numerous oral, poster, and 
core presentations at CSPG-sponsored 
events.  Gerry has also been a major 
contributor to CSPG Bulletins and Memoirs 
and to the Geological Atlas of the Western 
Canada Sedimentary Basin. Gerry’s work 
on the Cretaceous of the WCSB has been a 
guiding light for many explorationists.

Roger G. Walker
The CSPG is pleased to bestow 
Honorary Membership on Roger Walker, 
recognizing his work in teaching and 
research, particularly in the Western 
Canada Sedimentary Basin. He has had 
an outstanding career as a researcher and 
teacher with enormous contributions to 
sedimentary geology. 

His research in the early years was 
concerned with turbidites, particularly in 

Quebec. In 1975 he discovered the wide-
open possibilities of working in the Western 
Interior Seaway, initially in outcrop and 
then increasingly in the subsurface. 

Roger and his many students became 
fixtures in the Core Research Centre, 
contributing particularly to the Cardium, 
Viking, and Dunvegan, among many other 
units. During his teaching career Roger 
supervised 48 M.Sc. and Ph.D. students, and 
five Postdoctoral Fellows. This work led to 

approximately 150 publications as well as 
many sets of short course notes and field 
guides. At the invitation of the Geological 
Association of Canada, Roger (along 
with Noel James) edited three editions 
of “Facies Models,” which has become 
GAC’s best-selling publication. He has 
given or contributed to 89 short courses 
in seven different countries and has been 
invited to give lecture tours in Canada, the 
USA, Australia, New Zealand, Poland, and 
Hungary.  He was also the “Judd A. and 
Cynthia S. Oualline Centennial Lecturer” 
at the University of Texas, Austin and is 
particularly pleased to have received a 
Faculty Finalist’s Certificate and Certificate 
of Excellence from the McMaster Student’s 
Union for his undergraduate teaching.

2011 Honorary Membership Award 

Past President Kirk Osadetz (L) presenting Gerry Reinson (R) with the Honorary Membership award.

Roger Walker
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The R.J.W. Douglas Medal is presented 
annually for outstanding contributions to 
the understanding of sedimentary geology 
in Canada and includes the related fields 
of regional tectonics, petroleum systems, 
and structural geology. The award is open 
to all geologists who follow the example 
of R.J.W. (Bob) Douglas in contributing to 
the development of Canadian sedimentary, 
petroleum, and structural geology.  

The R.J.W. Douglas Medal Award 
Committee is pleased to present Darrel 
Long as the recipient of the 2011 award. 
Darrel received his award at the 2012 CSPG 
Awards Ceremony on Tuesday, May 15 at 
the Calgary Telus Convention Centre.

Over his career Darrel Long has made an 
outstanding contribution to understanding 
a wide variety of sedimentary deposits 
across a huge roster of sedimentary basins 
in Canada and beyond. Until now he has 
produced 84 peer-reviewed journal articles, 
44 peer-reviewed articles in government 
publications, 136 conference abstracts, as 
well as several field trip guidebooks and a 
CD on sedimentary structures. This is a 
very strong, multi-disciplinary publication 
record, especially for someone who is a 
fulltime teaching professor at a relatively 
small university. Among these achievements, 
Darrel is an acknowledged international 
leader in Precambrian fluvial systems. His 
regional approach is especially in keeping 
with the spirit of the Douglas Medal.

Darrel is currently engaged in both the 
small- and large-scale architectural analysis 

of fluvial strata and hopes to link this to a 
better understanding of paleoclimates and 
paleohydraulics as an essential component 
of basin analysis. He was a major participant 
in the Geological Survey of Canada’s recent 
EXTECH program on fluvial deposits of 
the Athabasca Basin which has stimulated a 

great deal of uranium exploration activity.

The full citation for the 2011 R.J.W. Douglas 
Medal can be seen in the March 2012 
issue of the Bulletin of Canadian Petroleum 
Geology.

2011 R.J.W. Douglas Medal Award 

R.J.W. Douglas Medal award Chair Margot McMechan (R) presenting Darrel Long (L) with his award.

www.csurconference.ca

14th Annual Unconventional Resources Conference | October 3 & 4, 2012 | Calgary TELUS Convention Center

Join us for two days of technical 
presentations by industry experts.
You do not want to miss this event!

CSUR Member Discount
Employees of Member Companies 
save $200

Bundle Discount
Register 6 people from your company & 
each person saves $150

There are two ways to save up to $350 on your registration fee:
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Strip LogStrip Log  

Horizontal LogHorizontal Log  

Mud LogMud Log  

Log ViewerLog Viewer  

Log ManagerLog Manager  

Log AnalysisLog Analysis  

Suite 102, 7370 Sierra Morena Blvd SW, Calgary, AB  T3H 4H9
info@WellSight.com    1-800-447-1534    (403) 237-9189

ROCK SHOP

*Domestic & International Supervision
906, 505 6 St. SW Calgary, AB T2P-1X5

Jocelyn Lampron, P. Geol.

President & CEO

Wellsite Geological Supervision
*Conventional Wells-Heavy Oil/SAGD
*Coal Bed Methane Wells www.hopewellpetroleum.com
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*On & Offshore Geological Supervision

CRAIN’S LOG ANALYSIS COURSES 
For Engineers, Geologists, Geophysicists, and Technicians  

   
   

Narrated Multi-Media Audio-Visual Slide Shows for Self Study 
AV-01  Practical Quantitative Log Analysis 

AV-02  Advanced Quantitative Log Analysis 
AV-03  Analysis of Unconventional Reservoirs 

 

Details at: www.spec2000.net/00-courseware.htm 
 

Individual, Corporate, and Academic Licenses Available 
=== 

E. R. (Ross) Crain. P.Eng.  
1-403-845-2527    ross@spec2000.net  

=== 
– 50 Years Worldwide Experience – Analysis, Training, Mentoring, Forensic Reviews – 

 ===   

 
  

 Excellence in Geological Services for Over 20 Years
 Integrated Reservoir Studies for All Resource Types
 4D Geomodelling & Geosteering
 Horizontal Well Path Planning
 Infill Well Placement Studies
 SMART4D Modelling ® Software

www.uogc.com 403.265.0111
910, 396 11th Ave SW  Calgary, AB  Canada

Conventional Wells
 • Horizontal Wells
     - Spearfish
     - Viking
     - Bakken
     - Cardium
     - Horn River Shale Gas Email: afran@telusplanet.net

www.serpaconsulting.com

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

油田投资项目咨询 · 油田收购评估 · 油气田勘探开发技术支持 
 

         Reservoir Geomodeling ·  Reservoir Simulation  ·  Integrated Study           
      Julee Lee  (403) 554-3957,      Helen Cao  (403) 968-6268,  Gary Selby  (403) 818-1594 

           jlee@petrosteer.com,       hcao@petrosteer.com,       gselby@petrosteer.com    

         
 

www.petrosteer.com 
 贝 特 斯 亚 海 外 石 油 研 究 中 心 

	 •  Domestic and International wellsite supervision
	 •  Conventional and Unconventional wells
 •  Extensive Hz experience
	 •  Customized corporate solutions available 

(403) 250-3982 sales@clconsultants.ca www.clconsultants.ca
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(Continued on page 37...)

Best Project to attend the 
Canada-Wide Science Fair
Kelcie Miller-Anderson, a grade 12 student 
at Bishop Carroll High School in Calgary, was 
awarded the CSPG Educational Trust Fund’s 
Canada-wide Science Fair Registration 
Scholarship at the Calgary Youth Science 
Fair on April 21, 2012.

Her project titled, “Mycoremediation of the 
Oil Sands,” was also awarded the $2,500 
Chancellor’s Bursary from the University of 
Calgary, as the best project in the Calgary 
Youth Science Fair. Kelcie had previously 
worked on a project using fungi and plants 
to remove hydrocarbons from tailings and 
wondered if the fungi without the plants 
would effectively remove hydrocarbons 
from tailings water and mature fine tailings.  
Through extensive testing she found that 
introducing and growing mycelium effectively 
removed hydrocarbons and naphthenic 
acids, and reduced the pH and salinity of the 
tailings water. Additionally, the treatment 
consolidated the mature fine tailings and 
helped introduce bacterial communities in 
the form of biofilms. Mycoremediation has 
the potential to remediate hydrocarbon spill 
sites as well as treat tailings.

Kelcie plans to pursue a career in the 
petroleum industry in Reclamation Earth 
Sciences.

The Canada-wide Science Fair was held in 
Charlottetown, Prince Edward Island from 
May 12 to 19, 2012. Twelve top science fair 
award winners at the Calgary Youth Science 
Fair met with approximately 500 other 
Finalists from over 100 regions of Canada 
for educational experiences, social events, 
and to compete for 350 awards, prizes, and 
scholarships valued at nearly $1 million.  
Kelcie won a Gold Medal, was named one of 
four Manning Young Canadian Innovators, 
and earned a total of $29,000 in awards and 
bursaries. 

The 50th annual Calgary Youth Science 
Fair was held in the Olympic Oval at the 
University of Calgary, April 18 to 21, 2012.  
Thank you to the many CSPG members 
who volunteer as judges every year. The 
Calgary Youth Science Fair Society thanks 
all of its sponsors, including Platinum Level 
Sponsors Devon Canada, BP Canada, and 
the University of Calgary.

CSPG Educational Trust fund’s  
SCHOLARSHIP
for Calgary Youth Science Fair

Kelcie Miller-Anderson receives award from Chuck Buckley.

Kelcie Miller-Anderson at the Calgary Youth Science Fair.
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Road Race and Fun Run

2012 CSPG/CSEG/CAPL 

Register now at www.cspg.org



CSPG PROFESSIONAL DEVELOPMENT

SHORT COURSES & FIELD SEMINARS

 

The Stratigraphic Setting of Lower and 
Middle Triassic Strata 
Instructor: Jim Dixon 
Dates: October 25th, 2012 (Morning Only) 
Price: $400.00 CDN Member 
           $525.00 CDN Non-Member 

The Architecture of Fluvial Reservoirs 
Instructor: Andrew Miall 
Dates: October 25 & 26, 2012 
Price: $870.00 CDN Member 
           $995.00 CDN Non-Member 

Writing for Earth Scientists: A One-Day 
Clinic 
Instructor: Matt Hall 
Dates: October 22, 2012 
Price: $570.00 CDN Member 
           $695.00 CDN Non-Member 

Sequence Stratigraphy: Principles and   
Applications 
Instructor: Octavian Catuneanu 
Dates: October 22 & 23, 2012 
Price: $1,045.00 CDN Member 
           $1,170.00 CDN Non-Member 

Fluvial Stratigraphy 
Instructor: John Holbrook 
Dates: October 24 & 25, 2012 
Price: $915.00 CDN Member 
           $1,040.00 CDN Non-Member 
 
 
 
 

REGISTER ONLINE AT www.cspg.org/CSPG/Education 

SHORT COURSES & FIELD SEMINARS 

CSPG PROFESSIONAL DEVELOPMENT 

SHORT COURSES FIELD SEMINARS 

Stratigraphy and Hydrocarbon Systems of 
the Sappington (Bakken/Exshaw) and 
Three Forks Formations in Western      
Montana 
Instructor: Ted Doughty & George Grader 
Dates: July 18th - 20th, 2012 
Price: $1,375.00 CDN Member 
           $1,500.00 CDN Non-Member 

Structure and Hydrocarbons: A Field Trip 
from Calgary through Kananaskis Country 
and Crowsnest Pass to the Rocky Moun-
tain Trench 
Instructor: Peter Jones & Peter Hews 
Dates: September 6th & 7th, 2012 
Price: $1,225.00 CDN Member 
           $1,350.00 CDN Non-Member 

Geology of the Athabasca Oil Sands 
Instructor: Murray Gingras & Mike Ranger 
Dates: September 6th - 8th, 2012 
Price: $3,900.00 CDN Member 
           $4,025.00 CDN Non-Member 

Geology of Horizontal Wells in Liquid-Rich 
Reservoirs 
Instructor: Deborah Sanderson & Andrew 
Newson 
Dates: September 7th, 2012 
Price: $675.00 CDN Member 
           $800.00 CDN Non-Member 

Wabamum, Bakken-Equivalent Exshaw, 
and Banff Formations in Core, Cuttings, and 
Outcrop from Southern Alberta 
Instructor: Tim Hartel, Willem Langenberg, 
& Barry Richards 
Dates: September 14th & 15th, 2012 
Price: $750.00 CDN Member 
           $875.00 CDN Non-Member 

Anastomosing Channel Belt Architecture 
and Reservoir Considerations of the     
Modern Columbia River, BC as it Applies to 
the Mannville in West-Central Alberta 
Instructor: Peter Putnam & Derald Smith 
Dates: September 5th & 6th, 2012 
Price: $1,300.00 CDN Member 
           $1,425.00 CDN Non-Member 
Anastomosing Fluvial Architecture of the 
Lower Tertiary Porcupine Hills Formations 
(Paskapoo Equivalent), Southwest Alberta 
Instructor: Peter Putnam & Derald Smith 
Dates:  September 7th, 2012 
Price: $800.00 CDN Member 
           $925.00 CDN Non-Member 

Meander-Belt Fluvial Architecture and 
Reservoir Considerations (Upper            
Cretaceous Dinosaur Park Formation), 
Southern Alberta 
Instructor: Peter Putnam & Derald Smith 
Dates:  September 10th & 11th, 2012 
Price: $985.00 CDN Member 
           $1,110.00 CDN Non-Member 

FIELD SEMINARS 
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FROM THE REGULATOR'S DESK
| By Brent Fairgrieve, Alex Bolton, and George Eynon

Notes on regulatory issues for industry geologists 
from regulatory colleagues at the Energy Resources 
Conservation Board (ERCB)

Getting Your Application 
Approved
CSPG members are often required by their 
companies to make the applications to the 
ERCB for well or facility approvals. Some 
confusion can arise when nomenclature or 
requirements are not explained. This article 
is intended to explain the role of geoscientists 
in that process and clarify some of the 
potential confusion. The Energy Resources 
Conservation Board’s (ERCB) Directive 
056: Energy Development Applications and 
Schedules sets out the requirements and 
expectations for filing well, pipeline, and 
related facilities and infrastructure license 
applications. Collectively, the ERCB refers 
to these as “facility applications.” 

Routine vs. Non-routine 
applications
“Facility applications” may be submitted as 
routine or non-routine. An application is 
considered routine when all ERCB technical 
and consultation/notification requirements 
have been met and no outstanding objections 
or concerns exist from landowners, other 
industry participants, or members of 
the public. Most facility applications are 
submitted and processed as routine. In 
2011, the ERCB processed over 33,000 well, 
facility, and pipeline applications as routine, 
compared to approximately 2,700 facility 
applications processed as non-routine. The 
routine facility application process is timely 
and efficient; the majority of applications 
are approved by the ERCB within three 
business days. 

However, “facility applications” may need to be 
submitted and processed as non-routine for a 
variety of reasons. First, if the application fails 
to meet all technical requirements outlined in 
Directive 056. Second, if it requests a variance 
from regulatory requirements or proposes 
the use of a novel or unspecified method, 
material, or process. Similarly, if the application 
fails to meet all consultation and notification 
requirements outlined in Directive 056, or 
there are unresolved objections or concerns. 
Fourth, the ERCB has designated certain 
categories, such as high H2S wells and facilities, 
which must be submitted as non-routine. 
Finally, the ERCB may also direct a company 
to submit any application as non-routine if it 
contains inconsistent technical information, 
involves sensitive geographic or environmental 
areas, is the first industry activity in an area, or 
the applicant is on “focused or global” REFER1 
status. In all these cases the application must 
be submitted as non-routine.

Routine and non-routine applications are 
processed differently; the biggest difference 
is that non-routine applications require longer 
review times. Routine applications require 
a specific, limited list of materials used to 
support the application. In contrast, non-
routine applications require more information 
to be submitted; the details depend on why 
the application is classified as non-routine. 

For routine applications, a risk-based audit 
process is used to ensure compliance of 
routine applications. If selected for audit, 
the applicant submits a full audit package for 
review. This happens after approval is granted 
to avoid affecting turnaround time. 

However, all submitted materials for non-

routine applications are reviewed before 
approval, which allows ERCB staff to ask 
questions or request more information. This 
review results in longer timelines for non-
routine applications. Companies can expedite 
application turnaround times by submitting 
accurate and technically complete applications 
with supporting materials, and providing 
timely and comprehensive responses to all 
ERCB supplemental information requests.

Consultation expectations
The ERCB expects companies to identify all 
potentially affected and interested parties 
who will, or may be, impacted by a proposed 
development. Prior to filing an application, 
the applicant is expected to consult with 
these parties and fully disclose the planned 
development to interested individuals. If 
concerns remain unresolved following the 
public consultation, the application must be 
filed as non-routine. After the application 
has been filed, companies are expected to 
continue efforts to resolve the issues with 
the affected parties. Common issues of 
concern to affected and interested parties are 
discussed below. 

Presence of sour gas
It is imperative that companies accurately 
identify the sour gas zones they expect to 
encounter in a well. Applicants are expected 
to use similar geological analogues to estimate 
the H2S content and gas-flow rate expected in 
the proposed well. These values are used in 
the calculation of the emergency planning zone 
(EPZ). Historically, the ERCB has considered 
residents within the EPZ to be persons who 
may be directly and adversely affected by the 
application.  
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Impact on agriculture opera-
tions and other surface uses
Companies are encouraged to minimize the 
surface footprint and select locations that 
lessen the disruption to landowner activities. 
Directional drilling and the use of multi-well 
pads are encouraged, where appropriate and 
technically feasible, to minimize the impact to 
agricultural operations and other land uses. If 
this is impractical, an explanation is required 
to support the well’s surface location. Should 
parties object to a proposed surface location, 
the well license could be denied if the applicant 
has failed to fully evaluate alternative locations.

Setback implications
All facilities have setback distances associated 
with the development that can affect some 
landowners by limiting activities or property 
development within the setback. Similar to the 
impact on agriculture operations, Directional 
drilling to access the target zone might easily 
resolve this issue. 

Impact on groundwater 
(water wells) and hydraulic 
fracturing
The public is often concerned about the 
impact that drilling and completion operations 
might have on groundwater. Applicants should 
disclose their mud programs, casing, drilling, 
and completion operations to demonstrate 
how aquifers will be protected. Given public 
concern over hydraulic fracturing operations, 
companies should explain to area residents 
the relationship between the oil or gas target 
depth and groundwater aquifers. This includes 
supplying local water users with the vertical 
distance between the base of groundwater and 
the target depth, the role of intervening caprock 
layers, as well as the ERCB casing and cementing 
requirements, that prevent transmission of 
hydraulic fracturing fluids to the aquifer, 

Future development
In many cases, affected and interested 
parties want to understand what the total 
development footprint will look like when 
the resource is fully exploited. While the 
ERCB acknowledges this can be a challenging 
question to answer in the early stages of 
an exploration play – and competitiveness 
issues must be taken into account – providing 
a “best estimate” of the total development 
potential when the first well is licensed can be 
useful. It helps both the company and those 
potentially affected by the project to identify 
all reasonable potential impacts. The ERCB 
also strongly encourages full disclosure as 
early as possible in the development program.

Non-routine applications and 
public hearings
In addition to a longer review time, a non-
routine application could result in a public 

hearing before a Board panel. While the 
majority of non-routine facility applications 
are processed in less than 60 days, a Board 
hearing could last several months. Once the 
hearing commences, the company could lose 
the opportunity to reach a mutually agreeable 
resolution with the objecting party as the panel 
will determine whether to approve or deny 
the development under defined conditions. 
There might also be a subsequent review of a 
hearing decision through the ERCB itself or in 
the Court of Appeal of Alberta.

The role of geoscientists in the 
application process
Geoscientists can and should play an 
important role in ensuring a timely and 
efficient approval process. Significant delays 
in the approval process can be avoided by 
ensuring applications are technically complete 
and stakeholder concerns are understood and 
addressed to the greatest extent possible. 
Geoscientists can assist with the preparation 
of technically complete applications by being 
familiar with ERCB regulatory requirements 
and ensuring required geoscience and other 
information is complete and accurate. Where 
novel drilling or completion methods are 
being employed, or variances to regulatory 
requirements are sought, geoscientists can 
help ensure the rationale for these requests 
is clearly articulated and the appropriate 
supporting materials are provided as part of 
the application. 

Finally, geoscientists can help indentify 
alternative locations and development 
scenarios to address landowner concerns 
or help landowners and other stakeholders 
understand how the regulatory requirements 
and project design will minimize the potential 
for adverse effects.

It is all too easy for us as geoscientists, 
in the excitement of developing a prospect 
and advancing the application, to forget the 
people who might be affected by the wells, 
pipelines, and facilities. However, both industry 
and regulators have a professional obligation 
to explain the impacts to local residents, 
regardless of how harmless we think they 
might be. This is especially true with respect 
to the precautions the regulator requires and 
that industry implements. As geoscientists, 
we need to be more proactive in helping allay 
public concerns; sometimes this needs to be 
done face-to-face at local community meetings. 

Putting a public face on the oil and gas sector 
can prove extremely effective for everyone 
involved. 

Brent Fairgrieve, P. Geol is a Senior Advisor in 
the ERCB’s Applications Branch. Alex Bolton, P. 
Geo. and George Eynon, P. Geo. are both Board 
Members with the ERCB.

1The ERCB uses REFER status to identify companies with outstanding compliance issues with respect to one or more compliance 
categories or ERCB groups. Companies on Global REFER status have all of their applications processed as Non-Routine. Companies 
on Focused REFER status have applications for certain types of activities or operations processed as Non-Routine.
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