INFO-0604-2

CA9800077

AECB Workshop on
Seismic Hazard Assessment
in Southern Ontario —
Recorded Proceedings
m.

• •:>

Ottawa, Ontario
June 19-21. 1995

NEXT PAOE(S)
!ef t PLANK
Atomic Energy
Control Boara

Commission de controle
de I'energie atomique

Canada

AECB WORKSHOP ON SEISMIC HAZARD
ASSESSMENT IN SOUTHERN ONTARIO —
RECORDED PROCEEDINGS
PREFACE
A workshop on seismic hazard assessment in southern Ontario was conducted on
June 19-21, 1995. The purpose of the workshop was to review available geological and
seismological data which could affect earthquake occurrence hi southern Ontario and to
develop a consensus on approaches that should be adopted for characterization of seismic
hazard. The workshop was structured in technical sessions to focus presentations and
discussions on four technical issues relevant to seismic hazard in southern Ontario, as
follows:
(1)
(2)

(3)
(4)

The importance of geological and geophysical observations for the
determination of seismic sources.
Methods and approaches which may be adopted for determining seismic
sources based on integrated interpretations of geological and seismological
information.
Methods and data which should be used for characterizing the seismicity
parameters of seismic sources.
Methods for assessment of vibratory ground motion hazard.

This document presents transcripts from recordings made of the presentations and discussion
from the workshop. It will be noted, in some sections of the document, that the record is
incomplete. This is due in part to recording equipment malfunction and in part due to the
poor quality of recording obtained for certain periods.

PREFACE
Un atelier sur revaluation des dangers sismiques en Ontario meridional a 6te tenu du
19 au 21 juin 1995. L'atelier avait comme but l'examen des donne"es ge"ologiques et
sismologiques disponibles concernant la possibility* de seismes en Ontario meridional et
l'6tablissement d'un consensus concernant les m6thodes a retenir pour la caracterisation de
ces dangers. L'atelier 6tait structure" en stances techniques visant k centrer les presentations
et les discussions sur les quatre themes techniques pertinents quant aux dangers de s&sme en
Ontario meridional :
1)
2)

1'importance des observations geologiques et g6ophysiques sur la determination
des sources sismiques,
les m6thodes et les approches qui pourraient permettre de determiner les
sources sismiques d'apres des interpretations integrees de 1'information
geologique et sismologique,

•••
in

3)
4)

les mSthodes et les donne'es qui pourraient servir a la caractlrisation des
parametres de l'activite" sismique des sources sismiques,
les m£thodes devaluation du danger de mouvement vibratoire du sol.

Le present document contient une transcription de l'enregistrement des presentations et des
d£bats lors de l'atelier. Comme il est indique' par endroits, certains segments sont incomplete
en raison du mauvais fonctionnement de l'enregistreuse et de la pietre quality de
Tenregistrement a certains moments.

DISCLAIMER
The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or the opinions expressed in this publication and neither the Board nor the authors assume
liability with respect to any damage or loss incurred as a result of the use made of the
information contained in this publication.
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SESSION A
Chairman: Carl Stepp
INTRODUCTION
Carl Stepp
Carl Stepp:

I want to give an overview of the workshop and I'll be doing that in just a
few moments, but first I would like to introduce Mr. John Waddington who
will overview the purpose of the workshop on behalf of the AECB. John.

Purpose of the workshop And AECB objectives
John Waddington
J. Waddington: Thank you Carl. Good morning ladies and gentlemen. Welcome to Ottawa,
for those who've come from our colleagues down south. I'd like to just
outline to you why we're here, for the next 2 and 54 days. Now, to ensure
that Canadian nuclear reactors do not pose an undue risk to the Canadian
public, the AECB needs to be assured that the probability of an event which
could cause significant damage to the stations, and hence to the potential
release of radioactive material to the environment, is very low indeed.
Typically, we wish to satisfy ourselves, that the probability of significant
core damage is less than about 10'5 per station in any one year. Now one of
the significant contributors to overall risk, and you can see this from the
PRAs that are done, is the potential effect of an earthquake on the station.
Now one of the reasons, in my view, for the significance of this contribution,
is in fact, lack of knowledge. Direct observations of earthquakes, that is the
historical record available to us here in eastern Ontario, is very limited. We
only have 2 to 300 years worth of direct observations at most. So using
direct observations on their own, would only enable us to predict the
earthquakes of about 10" return probability, which could be stretched with
good bits of science from GSC, perhaps, to 10"3 if we're lucky, 5 times 10"3,
somewhere in that range.
Now, as I mentioned, we at the AECB are seeking to ensure that severe core
damage is less than 10"5 per year. Obviously, there's a gap here. Now our
licensees have dealt with this difficulty by designing the stations with a very
large margin of safety, much larger than you might get in an ordinary office
block, for example. If an earthquake occurred, which was equivalent to the
design basis, we would expect the stations to, essentially, ride through
unscathed and, in essence, be able to operate the next day. This implies that

much larger earthquakes would be needed before damage appeared and
became serious. This is, however, a gap in our knowledge, what level of
earthquake could damage the station and how likely is it? Now, knowledge
of seismic, the seismicity of eastern Ontario, as elsewhere in the world, has
developed substantially in the last 20 years. Many new seismological,
geophysical and geological observations have been made since Pickering and
Darlington nuclear power stations first received their construction license
from the AECB. Now the AECB needs to know whether or not this
development of knowledge and understanding, could affect the licensing basis
of these stations. Is the margin of safety, that's been built into the station,
still sufficient? It is clear that geological faults exist in many places, and may
exist near the stations. If they do, does it matter? How likely are they to give
rise to seismic activity? What sort of movement might be expected from
them? And what sort of likelihood? Would the seismic capability required of
the station, be affected and, if so, to what extent?
J. Waddington: These are the issues that face the AECB today. It's also clear that over the
last few years, differences of scientific opinion have developed in the world
of the geologist and seismologist on how this new data should be interpreted.
The new data is, by no means, complete and our understanding of it is not
complete either. Good science clearly demands questioning minds and open
and vigorous debate, and differences of opinion are, in this debate, are
healthy and we encourage them.
Now the purpose of this conference is to provide a forum for that open and
vigorous debate. But for the AECB and its licensees, that debate has to lead
to real decisions. The debate is clearly just not an academic one. Is the
current capability of the stations to survive earthquakes adequate or isn't it?
Do we need to make further efforts to improve that capability? Are they
warranted, those further efforts? Given the very low level of risk to the
public, that we and the nuclear industry are seeking to achieve. Or is further
research needed before such decisions can be made and, if so, of what
nature?
We have requested Ontario Hydro to carry out a seismic margin study, to
better characterize the safety margins in the design of Pickering. Ontario
Hydro will be analyzing the response of the station to hypothetical ground
motions which are significantly in excess of those which form the design
basis, i.e., we are going to be looking at the station's response to much less
likely events. What level of motion should we agree on with Ontario Hydro?

This is a question to which we are seeking a solution right now, that study
is underway. The seminar will, I am certain, give us much needed advice and
direction for this study.
J. Waddington: Now we believe that we have assembled, in this forum, a highly talented and
experienced body of respected scientists in the field to help us make these
decisions. And we can all be sure, therefore, that the debate will indeed be
vigorous and open and represent the best that science can provide.
There are some pitfalls in vigorous debate, particularly of strongly held
opinions, and those pitfalls, I think, are obvious to us all. And I'd like to just
comment on some, or make some comments on how to avoid those pitfalls.
These really are borrowed from Ontario Hydro, and if the Ontario Hydro rep
is here, I thank Ontario Hydro on his behalf for these comments. First of all
be prepared to listen to the other view. The second, be prepared that there
might be a point in the other view. Third, concentrate on the facts that are
being presented and fourth, respect the scientific integrity of your colleagues
in the room. Ontario Hydro expresses these little homilies, (indecipherable)
a simple statement: 'be hard on the issues and soft on the people'. That's not
a bad dictum.
With your chairman, Dr. Carl Stepp, these sessions have been designed to
examine the issues and to encourage debate on them. .I'm personally looking
forward, very much indeed, to a very stimulating 2 and a Vz days which, I
think, is going to teach us all a great deal. Thank you.

Overview of the workshop
Carl Stepp
Carl Stepp:

I want to use the overheads, so let me work my way down there.
Well, good morning, again, ladies and gentlemen, and welcome to this
workshop on 'Seismic Hazard Assessment in Southern Ontario'. As you
gleaned from the remarks of Mr. Waddington, this is a very important
workshop and the focus of the workshop is on emphasis of decision making.
How do we use information that we have about various geological and
seismological, geophysical features to make reasonable decisions about
seismic hazard. And mat's the key, I think that we need to focus on in this
workshop.

Carl Stepp:

The conference is being recorded, so that there will be a recorded summary
for your awareness. I want to preface my summary of the overview of the
workshop with just a few remarks about the state of our knowledge as I see
it in making seismic hazard assessments.
First of all, I believe we have a generally reasonable understanding, though
not in detail, of the sources of tectonic stresses that affect the continental
interiors, which is where we're working here, and how those stresses get
distributed throughout the seismogenic region of the crust. I say, we have
good general knowledge. I think that we can rely reasonably well on the
general knowledge. Specific application of that knowledge to a fault or
seismic source is a more difficult issue that we have to deal with.
Secondly, I think we can map potential seismic sources,—Tape Damaged,
10 Seconds of Information Lost!—uncertainty about, perhaps the
boundaries of those sources, exactly how they should be configured. But the
geophysical data, the geological data, allow us to map, at least, alternative
sources for earthquake activity. We have more problems making evaluations
of the occurrence of earthquake activities, associated with sources, and
particularly maximum earthquakes associated with sources. These are
uncertain parameters, quite uncertain parameters, in the case of seismicity,
largely because of the sparsity and the short record of information that we
have as compared to the recurrence times of very large earthquakes that
we're concerned about at hazard levels of 10 to 10" per year. So these are
very key considerations that we need to focus some attention on, and
particularly I would call out, again, the issue of maximum earthquakes, how
we assess maximum earthquakes appropriately for continental interiors using
the combinations of data that we have available to us.
I think, while we have pretty good information about how to map seismic
sources, at least in terms of their alternative candidate sources, what we are
lacking is knowledge of how strain gets released. We have very poor
knowledge, I think, of how strain is released in the earth's crust, in time, and
this makes it difficult for us to identify which candidate seismic sources
ought to be considered active. Other issues of clustering of earthquakes in
time, the issue of characteristic earthquakes without a Poisson ongoing
occurrence of seismicity. These are issues that really have a significant
impact on how we assess seismic sources, particularly with regard to their
rates of activity. In the discussions that we hold today, I want to emphasize
the critical importance of focusing on how the data get used in decision

making. Every session should focus on, on how the data are used in decision
making. This is not a scientific exchange of information in that context. We
want to evaluate how the data and information, that we have available to us
in southern Ontario, relate to, and can be used in making decisions about
seismic hazard. And so we want to keep this in mind. At the same time, we
should also identify, in each of the discussions that takes place, how the
various research activities, and what emphasis should be given on research,
to improve the state of our knowledge and to help us, again, to make
decisions.
Carl Stepp:

With those remarks, I want to just, now, give us a short overview of the
workshop and first of all reviewing the purpose as we have worked out in
our development of the workshop, and I want to recognize Joe Wallach and
Peter Basham's assistance in putting together this workshop plan.
Our purpose is to review the available geological, geophysical and
seismological data that could affect earthquake occurrences in southern
Ontario and particularly we want to focus on some sense of, consensus may
be too strong, but some sense of the importance of these various data sets in
observations and evaluating seismic sources. Seismic source evaluation
appears to be the very, a key issue here. And also we want to look at the
way in which the methods and approaches that we have available to us, that
we have experience with, gained experience with over the past 10 or 15
years, in using these various data, together with our scientific understanding
of processes, earthquake processes, to evaluate seismic sources. This is very
key, these data, we need to focus on integrated interpretation of data, a
particular set of information, stand alone oftentime is not as powerful to us
as an integrated use of that information with other information.
We also want to focus on methods and available data to characterize
recurrence rates of earthquakes and maximum earthquakes and seismic
sources. Here are these, as I pointed out in my earlier remarks about the state
of our knowledge, I think are a couple of key issues, and we need to make
use of analogies around the world for similar tectonic environments and,
perhaps, other methods to arrive at these evaluations.
Vibratory ground motion has, associated with it, a great deal of irreducible
variability, and the manner in which we capture this variability, in our
seismic hazard assessments, has an important impact on the ground motion
values that we eventually recommend. And, finally, we are going to be

focusing, and our purpose of the workshop, is to focus on research that is
needed to improve our state of our knowledge and that will come out of each
session.
Carl Stepp:

For each session of the workshop, we have invited presentations. These are
the papers that you have identified and have abstracts, I believe, for those
papers now, handed out this morning. We also have left room in each of the
sessions for open presentations. And for the open presentations, we will
expect, I think, two kinds of presentations. We'll expect those that will be
identified to the session chairs ahead of time. People who have something
that they want to contribute, that is related to the subject of the session, and
then there will be also presentations that will simply be spontaneous and
stimulated, perhaps, by the presentations and discussions in the session. These
will be kept to 3 to 5 minutes in order to cover all the ground that we
needed, we need to cover associated with the sessions, and then the general
discussion should carefully focus on getting better insight into the state of our
understanding of the various data sets that are being discussed, the processes
that are being discussed, the methodology that is being discussed. And finally
the summary and recommendations should be well drawn, good
recommendations. These are the particularly, the manner in which we use
these data, their importance, and the manner in which the methods that we
discussed appropriately capture the uncertainties and processes as we
understand and finally recommendations for research to improve our state of
knowledge. So that's the process that we're going to be going through today.
I can stop here a moment in case you have some question that you would
like to raise at this point in time.

SESSION B
Chairman: Carl Stepp

BACKGROUND
National Building Code requirements
Peter Basham
Carl Stepp:

—Tape Damaged, 50 Seconds of Information Lost!—the presentation in
that section will be by Peter Basham. In fact, Peter will make both
presentations, and the first of his two presentations will be on the National
Building Code requirements of Canada. Peter.

Peter Basham: Thank you very much Carl. I may, in fact, if it's agreeable to you, run these
two presentations together and then you would have the full context for
Carl Stepp:
Peter Basham:
Carl Stepp:

That'd be great.
discussions later on.
That'd be great.

Peter Basham: It's hot and hazy in Ottawa this morning. Don't worry, my overheads are
going to get a little bit better as I go along.
Peter Basham: The most commonly available, and most often referenced, seismic hazard
estimates of Canada, are those that appear in the seismic zoning maps of the
National Building Code. Seismic qualification of a nuclear power station may
require more rigorous standards than those available in the building code. So
what I've been asked to do, sort of as an opening presentation to this
workshop, is to give you a very brief discussion of how the philosophies in
these two applications may differ.
In terms of the organization within Canada, the Canadian Commission on
Building and Fire Codes has the responsibility for developing and
administrating the National Building Code. There is a committee called the
Canadian National Committee on Earthquake Engineering that is responsible

for the seismic provisions of the NBCC, National Building Code of Canada.
And the Geological Survey of Canada leads the effort to determine
appropriate seismic hazard assessments of Canada and, from these, CANCEE
develops seismic zoning maps for the code. National Building,
The National Building Code of Canada is a model code that provides
minimum standards for buildings in Canada. Provinces have the jurisdiction
for buildings in Canada, and most provinces adopt the NBCC essentially
unchanged. The general philosophy in the National Building Code of Canada
is to construct buildings to prevent collapse and loss of life. Although,
following the Northridge, and other recent earthquakes, I think all national
building codes committees are putting more emphasis on the protection of the
contents of buildings and on the serviceability of buildings following an
earthquake. So that is also happening within the Canadian National Building
Code Committee. One of the recent developments that's of interest here, is
that the GSC, with help from other people in the seismic hazards industry in
Canada, have recently completed new seismic hazard estimates of Canada
that have been endorsed by CANCEE and they will be issued for trial use
early next year. A lot of the presentations that you are going to hear from the
GSC people here, and from Gail Atkinson, for example, will give you some
of the background that has lead to these recent developments.
Peter Basham: The seismic provisions in the National Building Code of Canada essentially
have to protect Canadians against earthquakes anywhere in the country. Now
it's clear that we, in our research efforts within the Geological Survey, at
least, tend to focus our attention more in the southwestern and the
southeastern portions of the country, where we have the highest population
density and the highest industrial development. Nevertheless, the seismic
zoning maps that we produce, are used as a general reference for seismic
hazard throughout the country and, therefore, we try to do a reasonable effort
of estimating seismic hazards over the entire Canadian land mass. For
example, in northern Canada, although there may not be a lot of population
at risk, seismic hazard maps that are developed for the National Building
Code, are used as a reference for seismic hazards for things like oil and gas
production, gas pipelines and other facilities. So we set out to determine
seismic hazard in a reasonably rigorous way throughout the country.
The current zoning maps in the National Building Code, those are the ones
here on the right hand side, are the third generation of seismic zoning maps
of Canada. Earthquake provisions appeared in an appendix to the first
8

National Building Code of Canada in 1941, and those provisions were based
on experience in the uniform building code in the United States that was
developed a few years earlier. In 1953, the first seismic zoning map appeared
in the National Building Code. This is a zoning map based on a generation
of seismic hazard assessment that we now call historical determinism.
Basically, you had some understanding of the location and the effects of the
larger historical earthquakes and you assumed that similar things were going
to happen in future against which you must build your buildings.
As earthquake catalogues improved, and we got a better understanding of the
rates of both historical earthquakes and smaller earthquakes determined by
seismograph networks, one was able to determine a probabilistic seismic
hazard map, and the first one in the National Building Code of Canada
appeared in 1970. This map was based on a Gumbel extreme value
calculation applied to the earthquake catalogue from 1899 to 1963. It
produced a map of peak horizontal ground acceleration with a probability of
exceedence of 1% per year. As our understanding of earthquakes, generally
around the globe, improved significantly in the years of the late 1960s and
early 1970s, particularly the developments in the understanding of global
plate tectonics, that led to our understanding of earthquake sources in the
dominant earthquake zones of the globe, we were able, then, to start applying
a general knowledge of the tectonic and geologic controls on earthquake
sources and put that information into our seismic hazard estimates. The first
general procedure for doing this was described by Allin Cornell in the late
1960s, and the first code to actually apply it, generally, was developed by
Robin McGuire in the mid-1970s. So we've to come to call this method,
which is basically seismotectonic probabilism, the Cornell-McGuire method.
Peter Basham: Now you're going to be hearing a lot about various aspects of this
methodology over the next 2 and Vz days, so I'm not going to spend any time
on it now, but just for those that are not generally familiar with seismic
hazard assessment, we define what we call earthquake source zones, either
as fault sources or areal sources within which you are going to assume the
earthquakes occur at random. For each of the earthquake sources, one needs
to establish the rates at which earthquakes are going to occur as a function
of their magnitude, and to assign upper-bound magnitudes to each of those
source zones. We need to establish ground motion relations which give the,
a parametric measure of earthquake shaking as a function of the earthquake
magnitude and the distance that you are away from the earthquake source,
and then one can do a numerical integration over all of this information and

compute a probabilistic hazard curve which gives you ground motion as a
function of probability. So we are going to be seeing a lot of the various
components of this over the next 2 days. But we use that methodology for
the seismic zoning maps that currently appear in the National Building Code.
These are the ones on the right hand side of that former figure.
For the 1985 code, we produced 2 seismic zoning maps, peak horizontal
acceleration and peak horizontal velocity with a probability of exceedence of
10% in 50 years. That was the probability, that was the change in probability
from the 1970 maps and sort of came in line with the probability that was
being used around the world for seismic zoning maps for building code
applications.
Just for reference on this map, you can see that the north shore of Lake
Ontario is in zone 1 for peak acceleration, and zone 1 for peak velocity,
although the contour for peak velocity comes in right about there. Just for
those that are not familiar with these different measures of ground motion,
you can think of the peak acceleration as being relevant to small rigid
structures and the peak velocity being relevant to high, flexible structures
such as high rise buildings. Actually on these maps, Toronto is velocity zone
1, sorry, acceleration zone 1 and velocity zone 0, and that contour actually
goes between Toronto and Pickering so that Pickering is velocity zone 1.1
wouldn't attach a great deal of significance to the difference between Toronto
and Pickering on this map, because those contours have to go somewhere
and, in development of the zoning maps, they're actually established so that
the contours does not go through a large urban area. So that's basically
where we are in the building code and you're going to hear, as I said, from
speakers in the next 2 and a xh days, some of the developments that has led
us to new seismic hazard assessments that are going into future additions of
the code. So I'll go right on to the other aspect of my opening remarks and
then leave it open for questions near the end.

Site and regional investigations according to CSA-N289.2
Peter Basham
Peter Basham: And here we're talking about seismic qualification of CANDU nuclear power
stations. Most hazardous facilities, should they fail due to earthquake loading,
can be designed and constructed to more rigid standards than one would have
in the National Building Code. And there're a number of examples of this in
10

effect in Canada. The Canadian Standards Association have developed three
special standards. CSA-S471 is a standard for offshore oil and gas
production, CSA-Z276 is the special standard for liquefied natural gas storage
facilities and the one that we're concerned with here, CSA-N289, was
developed for seismic qualification of CANDU nuclear power stations. Now
there are other standards that apply to more critical facilities that are in effect
in Canada. The Canadian Electrical Association has developed special seismic
provisions for large dams. There're also special seismic provisions for large
dams in the international standards developed by the International
Commission on Large Dams. And you can imagine other kinds of potentially
hazardous facilities that do require special consideration, such as virus
laboratory. Now the seismic hazard assessment for these critical facilities
differ, I think, in three significant ways from that that we find in the National
Building Code. First the assessments will generally be more conservative and
produce estimates at lower probabilities of exceedence. The assessments will
focus on the ground shaking, the information that's directly relevant to that
particular facility and its components, and the assessment can be much more
robust because it is focused on one geographical location, the site of the
structure or the facility. I think these are very important distinctions between
a seismic zoning map that we've produced, covering all of Canada, for the
national building code and the seismic hazard assessment that will be done
for a special facility at one site.
Peter Basham: CSA-N289 was developed by a technical committee on seismic design of the
Canadian Standards Association who began its work in 1975, and this seismic
design committee was composed of about 15 people with representatives
from CANDU owners, such as Ontario Hydro and Hydro Quebec, CANDU
builders such as AECL and Canatom, suppliers of equipment for CANDU
nuclear power stations such as Babcock and Wilcox, government agencies
such as the Geological Survey of Canada and our National Research Council,
the National Research Council who's also responsible for building code
application, and of course membership in this committee was also filled by
the regulator, AECB.
CSA-N289.2, CSA-N289 is made up of five separate parts. . 1 , which gives
general requirements, for instance, scope and applicability of the standard,
N289.2, the ground motion determination. These numbers, these dates, by the
way, are the dates at which each of these standards was issued by CSA,
N289.3 on design procedures, .4 on testing procedures, and .5 on seismic
instrumentation requirements.
11

Now we'll focus now on CSA-N289.2 which is the standard for ground
motion determination. And it's the one that describes the seismic hazard
investigations, the results of which will provide input to the testing and
design in parts 3 and 4. N289.2 is not a cookbook because it does not
proscribe how the seismic hazard investigation should be carried out. Rather,
it provides guidelines for a state-of-the-art seismic hazard investigation. CSAN289.2 does not specify the probability at which a seismic hazard estimate
should be made. This is actually decided as part of the licensing negotiations
between the proponent and AECB.
CSA-N289 standard is generally intended to apply to a CANDU sited
anywhere on the globe. In fact, one of the impetus' for the development of
the standard in the early years was when officials from Canada were starting
to sell CANDU abroad and they were, of course, asked if they had a seismic
qualification standard for their particular nuclear power station. And they
didn't in the early years, and that was one of the incentives to develop one.
The committee, during those years, mid-1975 through to the early 80s, were
very conscious of the problems that were being encountered by the
application of 10 CFR Part 100, Appendix A in the eastern United States. I
know that there are a large number of people in this room who are intimately
familiar with this standard, which is commonly known as Appendix A. This
is the USNRC rules and regulations, Title 10, Chapter 1, of the Code of
Federal Regulations Part 100, Appendix A, Seismic And Geologic Siting
Criteria For Nuclear Power Plants. In the 70s, there was an awful lot of
difficulty applying this standard to nuclear power stations in the eastern
United States, primarily because the geological criteria for the faulting and
the age of most recent faulting criteria in this standard, were developed in the
western United States and they were having great difficulty applying them
in the east. I would be interested to hear some comments from our American
colleagues how easy or difficult it would be to apply this standard now in
California with all of our blind thrusts that are causing most of the
earthquakes. In any case, we were aware of these difficulties and we were
trying to avoid them in the preparation of N289.2.
Peter Basham: So, just briefly, then, to finish, I'll give you an outline of what is in that
standard. It has it's usual sections on scope and definition. It has site and
regional investigations required, both seismological and geological. It requires
investigations of seismically-induced phenomena. If you find yourself on a
seacoast, are you exposed to a tsunami? If you find yourself in high
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topographic relief, are you exposed to a seismically-induced landslide? Those
kinds of induced phenomena. And there is a non-mandatory appendix in this
standard that describes the way in which the seismological and the geological
information is brought together to some kind of a seismotectonic model for
your hazard assessment purposes. And from that, one develops Design Basis
Seismic Ground Motion. This is, in the United States would be called a Safe
Shutdown Earthquake, that's the low probability event for the critical parts
of the plant, and the Site Design Seismic Ground Motion, this is the
Operating Basis Earthquake and other standards. So that's general outline of
the contents of N289.2. The part of N289 that is most relevant to this
workshop.
Now when that standard was written, we were not very confident of
probabilistic seismic hazard computations, below about 10" per annum. In
the last decade or so, decade and 14 since that standard was developed,
seismic hazard assessment techniques have improved significantly, and I
think it's fair to say that we are now much more comfortable about lower
probability sei
, probabilistic seismic hazard assessments because we can
capture the inherent uncertainty in those calculations and account for it in
whatever way that is necessary. We're going to be hearing more about
uncertainty in seismic hazard calculations later in this workshop.
Peter Basham: So Mr. Chairman, I would leave it there, as a general outline of National
Building Code procedures and the intent of seismic hazard standards for
CANDU nuclear power stations. Thank you very much.
Carl Stepp:

Thank you, Peter. We have about 5 minutes that we can devote to discussion,
if there are questions, points of discussion that people

Carl Stepp:

Kevin.

K. Coppersmith:
Peter, these standards, they apply for new designs only, or for
evaluation of existing facilities?
Peter Basham: Are you talking about N28, the CSA standards? I think the Control Board is
probably the best person to answer that. The Control Board has adopted
N289 of one, one of the standards that it accepts that the stations must
comply with, and I think you would apply it, well, John help me on this
Kurt Asmis:

(indecipherable) Do these standards would apply to (indecipherable)
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K. Coppersmith

_existing facilities, or for new design only?

Kurt Asmis:

It would be on a trial standard (indecipherable)

Carl Stepp:

Excuse me, could I ask you to use the microphone?

Kurt Asmis:

In terms of practice, the committee started its work in the mid-70s. The ideas
in N289.2 were put into Gentilly 2, Point Lepreau and Darlington, with
probably Darlington following, most closely, to the N289.2 intent. The actual
standard was published in '81 after the construction license was issued for
Darlington. The rest of the series of standards would apply to, basically,
Point Lepreau, Gentilly 2, Bruce B, but not to Bruce A, and certainly not to
Pickering A and, to some extent, but not fully, to Pickering B. Anybody
understand (indecipherable)

Peter Basham: I think it's fair to say that the Board would also apply the intent of this
standard to other nuclear facilities, for which you have jurisdiction.
Kurt Asmis:

Yes, it was for the, some new designs at, for research reactors at Chalk
River; certainly the intent of the standard was to be met. But, those are not
yet committed to a construction license.

Carl Stepp:

Thank you Kurt. I'm going to ask, allow, one more question. Klaus Jacobs,
would you please use the microphone because we are recording the
conference, and I would ask you to identify yourself and use the microphone.

Klaus Jacob:

Klaus Jacob. Peter pointed out that there's no firm probability associated, that
it is due to individual negotiations between the Board and the operator. How
have those negotiations, in the past, been going in terms of, what are the
probabilities that are being considered? We heard earlier today a number like
10"5, yet, is that really the number that's seriously considered?

Peter Basham: I don't remember being privy to a full negotiating process between the
proponent and the AECB that actually led to a specific number. I don't think
it's happened that way. But if you look at the designs that have been—Tape
Damaged, 20 Seconds of Information Lost!—
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Tape 1 - Side 2:
Carl Stepp:

The importance of var—Tape Damaged, 8 Seconds of Information Lost!—
this session chair will be Ray Price, so I'd like to ask him to join me here
at the podium and chair this session. While he's coming up, I'll just mention,
again, the focus of this workshop, what to emphasize is on use of
information and decision making,—Tape Damaged, 19 Seconds of
Information Lost!—
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SESSION C
Chairman: Ray Price
IMPORTANCE OF VARIOUS GEOLOGICAL AND GEOPHYSICAL
OBSERVATIONS FOR DETERMINING SEISMIC SOURCES IN
SOUTHERN ONTARIO
Ray Price:

just going to reiterate that we're seeking to establish a consensus
concerning data and interpretations and then to establish a clear indication of
priorities for further research. And I think the comment that was made at the
beginning, should be kept in mind, 'lets be hard on the science and easy on
the scientists'.
The first presentation in this session is by Joe Wallach, who's going to talk
about 'Characteristics of the Niagara-Pickering and Georgian Bay Linear
Zones and their Implications for Large Magnitude Earthquake in the Vicinity
of Darlington and Pickering Nuclear Power Plants, near Toronto'. Joe
Wallach. I will let you know when you have about 2 minutes left by raising
my arm and signalling you.

Characteristics of the Niagara-Pickering and Georgian Bay linear zones
and their implications for a large magnitude earthquake in the vicinity
of the Darlington and Pickering nuclear power plants, near Toronto
Joe Wallach
Joe Wallach:

OK. I guess that works. Thanks George. OK, Just getting used to all kinds
of equipment here. Alright, I am going to be talking about 2 regionally
extensive linear elements which I do believe bear on the likelihood of a large
magnitude earthquake occurring perhaps uncomfortably close to both the
Darlington and the Pickering Nuclear Generating Stations. Now this map is
what I think led off to everything, its controversy and I think it's also
ultimately led to this workshop. This is a total field aeromagnetic map, it was
published by the Geological Survey of Canada in 1987 and among the
elements that you can see here is this lineament which goes right across Lake
Ontario from the Niagara Peninsula to Pickering, and so we named it the
Niagara-Pickering Magnetic Lineament.
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It is perhaps seen even better on this map which was published by the
Ontario Geological Survey, perhaps 3 or 4 years later, and this is also a totalfield map, but it shows you the relief. It's a relief map that they have
produced and you can see quite clearly that linear element, and there's
Pickering. This thing goes on up to the north, past Lake Simcoe, and I
reference Simcoe because I'll be coming back to it further on, and then it
continues on to the north.
Superimposed upon that north 15-20 east degree lineament,—I'm going to
stand over here, I know George is trying to see and see if we can get away
with this. We're having some difficulty,—superimposed upon,—I cover, I
take, I'm doing my best, once we get, George, I apologize—alright,
superimposed upon that magnetic lineament, is a gravimetric one too, and I
want to call your attention to this olive-green band here, with that northnortheast trend, because I'll be coming back to that. That's right over here.
The eastern limit of that gravimetrically-expressed, and this is a map also
from the Geological Survey of Canada, this would be the gravimetric
expression of that Niagara-Pickering Magnetic Lineament which, the yellow
stops here just short of Pickering but the grain continues on up onto this area
here. I do not see the evidence, at least, of that grain in this open area east
of Simcoe, but then further to the north, it does continue on.
Joe Wallach:

I show you this, because this is that Niagara-Pickering, by the way we
changed the name now from magnetic lineament to linear zone because it has
both the gravimetric and the magnetic attributes to it, or signatures. So this
is that Niagara-Pickering linear zone; it comes on up here, and I want to
point this out because this serves as the western boundary of this tectonic or
geological subprovince within the Grenville province named by WynneEdwards in 1972. He named this the Central Metasedimentary Belt. This is
the boundary zone or Central Metasedimentary Belt Boundary Zone, or
abbreviated CMBBZ. So we've got that thing coming right on up here.
Topographic map, because here is Simcoe and this is why I was referencing
it before. Toronto's just about due south of Lake Simcoe, the NiagaraPickering continues on about like this as described, sensu stricto, and, to the
east of it, there is a series of linear lakes with north-northeast and northeast
trends and some north-south. Most of them, you see, would be to the east of,
or at least coincident with, the Niagara-Pickering linear zone though there are
some to the west. Because of all of these signatures, the magnetic, the gravity
and the topography, we were very strongly suspicious that we were looking
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at a large scale, or regional, fault passing under Pickering, which had not
been known before. So what we did then, was we assigned ourselves the
mandate to go out in the field and look for outcrop-scale evidence of faulting
parallel to, and within, the Niagara-Pickering linear zone or CMBBZ, and
ultimately we wound up going to the east, the reason being is that rocks
deform at all scales, and so if you get a good indicator from the outcrop
scale, then this gives you good characterization for the large scale or regional
structure as well.
Now this is a phenomenon, scale, which is not restricted just to the
geologist's knowledge but also the seismologist as well. This is a direct quote
made by John Ebel, because there was an earthquake in western
Massachusetts, or west-central Mass, on October 2nd, and he was interviewed
on WBZ Boston by Kasey Kaufmann, and among the things that he said, and
this is a direct quote, is mat: 'In my opinion, any place that has a 3.6 could,
at some point in the future, have a 5.6 or perhaps even stronger'. Of course,
we have the Charlevoix seismic zone and the New Madrid seismic zone, in
which large magnitude earthquakes are known as well as small ones. So the
scale factor certainly applies, both in seismology and in structural geology.
Joe Wallach:

We had to go well over a hundred kilometers to the north of Lake Ontario,
even though the nuclear plants are located on Lake Ontario, because there is
no bedrock exposed. It's all covered by glacial drift and we wanted to do our
ground truthing in the bedrock. So we went up as far north as Minden, which
is, well I dunno, maybe 160, 170 kilometers or perhaps even a little more
than that, north of Lake Ontario.
Before actually starting to look at the structure, though, I just want to give
you an idea of the marble. This is not what I would call a marble from a
fault zone. It's a nice massive typically Grenvillian marble, coarsely
crystalline. There are some fractures here, but I wouldn't concern myself
with those, perhaps part of a regional, orthogonal fracture system. The same
would apply here, this is more fault, and Mike Easton has done a lot of work
in this area. We got a marble here, some granite down here, and again, I
wouldn't suspect that this is really strongly indicative of major faulting, in
contrast to this.
This is also marble; we're at Minden, or just north of Minden, and there is
a high frequency of fractures in here, which are parallel to the stratiform
foliation in the marble and you can contrast that even with this more massive
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marble up here which, even though it's there, wasn't affected by the faulting.
To the east or, I'm sorry, on the right side of this, is this dike which is
syenitic in composition. It's oriented north 15 degrees east, and as we come
inside, we see the second order fractures which I assume are second order
extension fractures which would form if this block moved up relative to this
one. Just minor amounts because you can get some very intense cataclasis
with essentially negligible movement. You need just enough to grind up the
rock.
(Dropped the microphone, again!)
This thing is oriented about north 15 or north 20 degrees east, so that's about
parallel to the CMBBZ. Heading further to the south, we have this garnetbiotite-quartz-plagioclase gneiss, foliation is dipping like this, but I want to
call your attention to these fractures here, which are oriented anywhere from
about north 25 to around north 35 degrees east because they have these
things on them, slickensides, and they're very well developed. Now these
fractures, here, which go across the slicks, I term step-downs, just for want
of a better term, meaning you go from here to here, you step down and so
on, so I'll use that term, step-down, and from this we see that you're looking
at predominantly right-lateral strike-slip, although there is a dip-slip
component of movement.
Joe Wallach:

Right-lateral strike-slip on north-northeast trending fractures is a very
important point and I'll be coming back to that. Another breccia zone within
the fault zone, accompanied by more slickensides and, again, they show
right-lateral strike-slip. This surface is oriented north 5 west, this is about
north 5 degrees east, but that right-lateral strike-slip comes back. Now on the
same scale, i.e. the outcrop scale, and on surfaces like this, which are parallel
to the ones we've seen before, generally, this one's oriented about north 20
degrees east and we have dip-slip slickensides so, given the conditions that
are there, it would not appear to me that this would be second order
movement as a consequence of any of the strike-slip movements. So I would
say this would argue for at least evidence of two periods of brittle faulting
within the CMBBZ, in addition to the well known ductile deformation which
produced the CMBBZ.
To the south, we have a massive marble, here, but we have this breccia zone.
No question about it, that rock is intensely broken up, the orientation being
controlled by the foliation in the marble there, it's north 35 degrees east. We
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see the same thing here. Again a massive marble and a very well developed
breccia zone, again oriented north 35 east. There's no question, then, so far,
about evidence of, at least, outcrop-scale brittle tectonics. What we've done,
so far, is, we started this little tour at Minden. Right there is the northeast
corner of Lake Simcoe, just to kind of orient you. We worked our way down
here to Norland, and are now made a turn here on this road. The last two
outcrops I showed you are in this blue marble belt. We're going to go here,
to where that 36 is, I'm going to show you some tilted strata and talk about
that, gonna look at a fold over here and then finish up the tour part, before
we get into analyses, right over here which is the Precambrian-Paleozoic
unconformity.
Tilted strata! Now we have a paradigm problem, I would suggest in southern
and eastern Ontario, adjacent Quebec and certainly in western New York
State, because we see something like this just outside of Buffalo as well. This
is the Gull River limestone, upper Middle Ordovician in age, and it is tilted.
The common rapid interpretation of such a phenomenon is drape. But I want
to point out to you that there is no change, whatsoever, in the thickness of
the strata, any interval that you would like to look at. This surface is striking
about north 15 to 20 degrees east, we keep coming up with that term,
dipping about 8 to 10 degrees to the east-southeast; there is this lineament
here oriented between north-south and north 5 degrees east, and there is a
Precambrian knob over here, off of the edge of the screen, which is quite a
bit higher than this rock here. And I'm going to argue that we see this rigid
body rotation as a consequence of differential vertical movement, with the
Precambrian rock having come up relative to this tilted Paleozoic strata, the
boundary being right here. This is the east end of that thing and you can see
that this does continue on, no changes in thickness of strata, whatsoever, and
this projects well out into the field, to the north of the road.
Joe Wallach:

Now here's a case of drape. This is an exposure from New York State,
Trenton Limestone, where we see an asymmetrical fold here, an
asymmetrical anticline, and it is overlain by the Utica Shale. Now what is
common in the case of a drape fold or a supratenuous fold, is that the strata
are thinnest right at the hinge or the crest in this case of the anticline and it
would thicken away from it as we see here, or even more as we see here,
because this is an asymmetrical fold. We do not see that sort of phenomenon
here or here. And this is that Precambrian knob, the top of which is about
here. Now this photo was taken on a different day from the time when I took
that of the tilted Gull River, but it's from about the same place. Just to give
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you an idea, this is quite a bit higher than that Gull River strata and on that
Precambrian rock we see, again, strike-slip slickensides, dip-slip component,
but the step-downs indicate right lateral. This is oriented north 35 degrees
east.
And there's folding as well, north 35 degrees east in this anticline. There is
no change, again, in the thickness of the strata as you go from limb to the
hinge and to the other limb of the anticline, and this structure continues for
quite some distance both that way, which is to the northeast, as well as this
way, towards us, which is to the southwest. And this brings us to the
unconformity. This is the Shadow Lake Formation, which is the oldest of the
upper Middle Ordovician strata in that part of the world, resting
unconformably upon a very highly sheared, intensive sheared Precambrian
basement. This rock, over here, is granite; I have no idea what this is, it's
just rotten rock and what I want to point out is that this massive rock here,
the Shadow Lake, slid across this unconformity, in that direction to the left,
which is, in general, towards the east-southeast and I will ask you to focus
on this area here, because the underlying fracture cleavage is bent, which is
why that interpretation was made, and here you can see the bending
indicating that this has been transported, probably not a great distance. I
don't think that it has at all. And I would also suggest that this deformation
would be cogenetic, coeval with that responsible for the anticlinal folding,
for example that we saw a couple slides back.
Joe Wallach:

Now on this same exposure, in addition to this period of tectonism, we have
this. We see, this is the other side of the road, we see the dragging of the
cleavage in the very rotten Precambrian rock, and the drag is accentuated
right here. So we have this thing called a normal fault which goes right
across that, and that normal fault, oriented north 30 east, postdates the slip
on that surface, and this normal fault
,outcrop-scale is very important in
terms of seismic hazard assessments because there are two models actually,
perhaps one is a subset of the other. There is the rift hypothesis, and when
we're talking normal faulting, that's what we are talking about. I recognize
this is outcrop-scale; we're gonna show you larger scale as well. There is
also Rus Wheeler's model that he's published in a recent edition of Geology,
certainly one that came out this year, 1995, in which he's talking about
Iapetan normal faults. And his criteria for recognizing Iapetan normal faults
are all satisfied by this, northeast or north-northeast oriented trend, it is
normal faulting, it cuts Precambrian and lower Paleozoic rocks, this is upper
Middle Ordovician in age; I'd say that's lower Paleozoic, and it is to the
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west of, or beneath, the Appalachian thrust sheets. In this case, of course,
we're to the west. So all criteria that Rus Wheeler has used to identify
Iapetan faulting are satisfied by this, and so this says to me that his model,
which I think is reasonable in terms of trying to explain the location of large
magnitude earthquakes, the Iapetan western boundary, which he has put along
the Clarendon-Linden fault, must be extended to the west to at least include
the Central Metasedimentary Belt boundary zone.
Quick, to a stratigraphic call, and then we'll come back. The Shadow Lake
is the oldest, overlain by Gull River, overlain by Bobcaygeon. The reason for
showing you that is because of this topographic map on which the B over G
stands for the Bobcaygeon-Gull River contact, the numbers represents
elevations of the contact above sea level, and the UB stands for Upper
Bobcaygeon. Now the strata, the Paleozoic strata, strike about east-west in
here. So these elevations should be pretty close to the same thing, but as you
can see, there's a 35 meter difference. The FZ stands for fault zone, and this
is, there's a marble and quartzite up here, both of which are intensely
brecciated; there's a quartzite right over here also, very intensely brecciated.
We have this linear element here which is parallel to the Niagara-Pickering
linear zone, which I would called the western limit of the CMBBZ now. We
have this other lineament, down here, and the Niagara-Pickering, the one that
goes right under the nuclear plant, just drawing it as a straight line would
come up right about here sensu stricto, so these things are to the east. And
the only way that I can explain these elevations differences, about 35 meters
here and perhaps 20 or 25 meters here, would be as a result of differential
vertical movement, with this block having come up relative to that one.
Joe Wallach:

The next slide shows a diagram made by Bruce Sanford, published in a
special volume of Neotectonics of the Great Lakes Area. What Bruce had
done, under contract to the Control Board, was to make very detailed
stratigraphic measurements on a whole series of these Paleozoic blocks across
the entire, well I shouldn't say entire, but at least across the CMBBZ from
west of the Niagara-Pickering, at least to where we saw the unconformity.
Bruce has reverted to an older stratigraphic term, Coboconk, which we'll use
as equivalent to the Bobcaygeon Formation, which we've talked about
already, and here he shows the contact between the two, here at this elevation
just about 300 meters above sea level and down here, something under 270
meters above sea level, so a differential vertical movement across a normal
fault, again that term, of about 30 or 35 meters.
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So, again, I bring up the rift hypothesis which is used to perhaps identify
large, the location of future large magnitude intraplate earthquakes in eastern
North America, or what might be considered a submodel, is Rus Wheeler's
Iapetan rift hypothesis, but I think all of that is satisfied by at least what we
see here. And just to carry that on a little bit more, Bruce started his
measurements here, this is the Bobcaygeon-Gull River, at 290 above sea
level, the Gull River-Shadow Lake is here, stratigraphically it is 20 meters
below this one but, as you can see, it's 15 meters above today. The NiagaraPickering linear zone comes right through here, and so there has been, again,
differential vertical movement, with this block having come up quite a bit
relative to the block on the west, and this is what it looks like. This picture
was taken next to an outcrop of Bobcaygeon. This is looking towards the
east; this is called Dongola, there's just a couple of houses there, which is
underlain by the Gull River Limestone. Just coming off the crest of that
ridge, you're in the Shadow Lake so, effectively, by looking at this area here,
we're looking at the Gull River-Shadow Lake contact some 35 or maybe
even 40 meters above Bobcaygeon here. So not only do we see it as numbers
on a map, but there is certainly a visible field expression as well.
Turning to the Ontario Geological Survey map, now, you see the contact
between the Precambrian rocks, which are these multi-colored rocks, that's
Canadian Shield rock and the younger Paleozoic rocks, represented by the
gray here. That contact goes from Georgian Bay, just about due east-west,
or east, to this area which is the CMBBZ, and then there is a right lateral
strike-separation of that contact. How real this is, I don't know, but this is
what it appears to be on, not only on the OGS map, but I guess on any maps
that we've seen of the area. That is about 15 kilometers that are represented
here, and then that easterly trend continues as we head over towards the
Frontenac Arch. So we've got this right lateral strike-separation right here,
and we did see some indication that maybe that's true, because there are right
lateral strike-slip slickensides that we saw just about in this area, very close.
But I think a lotta work needs to be done here in order to verify that that
right lateral separation is true, or is not.
Joe Wallach:

Continuing in that vein, we see the same thing here. This is a bedrock
contour map that was prepared by Nick Eyles and Arsalan Mohajer and you
can see the contours here. The Pontypool Ridge, going across this line, which
is really where the Niagara-Pickering is, the Pontypool Ridge is displaced,
at least topographically, in a right lateral sense. So all this says is that there
is, and this is the Precambrian, the Canadian Shield up here, and you can see
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that right lateral displacement, here is the boundary between the two and
that's occurring right in the CMBBZ and that's the line that goes right under
the Pickering Nuclear Generating Station. So this does create, in my opinion,
some reasonable doubt. The purpose of mentioning—Tape Damaged, 54
Seconds of Information Lost!—this one here because we follow it along
and it also picks up these three x's, as well, on the other side of Lake
Simcoe. That's a north-northeast trend.

Joe Wallach:

Now we're gonna hear from Anne Stevens, at least based upon the extended
abstract that she submitted, that none of these epicentral locations, determined
by the Geological Survey of Canada, none of them is really reliable, and that
might be true. If it is, well, then I think what we need to do is resurrect the
Atomic Energy Control Board seismic network, which consisted of 5 stations,
and expand it to cover off this area, as well as the area in which Dr. Mohajer
has been working, in order to see if future small events either show that
trend, or don't show that trend. But I find it pretty difficult to ignore it
because these are the same data, these are just Geological Survey of Canada
epicentral locations superimposed on the gravity map, and this area, here, is
that olive-green one, to which I alluded before, the eastern limit of which is
the Niagara-Pickering linear zone. And we see that this trend is just about
parallel to the grain of the basement rock as expressed by the gravity, so
superimposing the two, I suggest it lends it a little bit more credence to the
seismicity pattern that we see in this area.
Now not only did we recognize that, this is from Rich Thomas' work, Rich
recognized this, superimposing the earthquakes on the gravity, but Arsalan
Mohajer, working independently, even though we all are a team, he did the
same thing and called this the Toronto-Hamilton seismic zone, recognizing
some sort of a gravimetric boundary here, and this boundary, which is the
CMBBZ. And coincident with this, is a fault detected by subsurface work by
Bruce Sanford. So there does seem to be some reason for taking this trend
seriously, and I would say, at the very least, we shouldn't ignore it and say,
well, the locations are imprecise so let's not worry about it. I think we have
to be concerned about it and if we want, if we are suspicious that these
locations are really not good, or are quite inaccurate, then again this calls for
the need, I think, to expand and tighten the formerly existing Atomic Energy
Control Board seismic network. Now, in addition to Mohajer's work, Nano
Seeber and John Armbruster also recognized this and they called it the
western Lake Ontario seismic zone. So an awful lot of people have seen it.
It does suggest that that trend does have some merit to it.
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Joe Wallach:

How much time do I have, Ray?

Ray Price:

About 7 minutes

Joe Wallach:

OK, I'm going to skip this 7 minutes then.
This is a map that Dave Forsyth drew; western Lake Ontario here and this
is the CMBBZ or Niagara-Pickering linear zone, the western limit of the
CMBBZ, going across Lake Ontario and there's a curve in here. Now I put
the arrows on, that's not Dave's doing there, shows this thing coming down
like this and it looks as if it takes aim on the Akron magnetic boundary in
Ohio. This is a total field aeromagnetic map, again from the Geological
Survey of Canada. This is Metro Toronto, this is the Niagara-Pickering, it
comes down like this, is interrupted by this green field as we get into Lake
Ontario, then it swings more to the southwest and just about here, at the
Pennsylvania-Ohio state line, it seems to curve back into Ohio, or reassuming
it's south-southwest direction as opposed to southwest. And if you want,
perhaps to see it a little easier, I take you inside the magnetic signature of
Mohajer's Toronto-Hamilton seismic zone, which is this, bring that down and
I think you can see the curvature quite nicely over here, so let's have a look
at the Akron magnetic.

Joe Wallach:

This is from a map by Seeber and Armbruster, also published in that special
volume on Neotectonics of the Great Lakes Area, which shows you the
Akron magnetic boundary and that curvature just seems to show up very
well, this being the Ohio-Pennsylvania state line. Spatially related to this, are
a number of earthquakes, the largest of which, as far as I know, is this one
which occurred in 1986 and it was a magnitude 5. And Weston Geophysical
did a lot of work on that and, in a MAGNEC meeting held in Chicoutimi,
Gabe Leblanc made it quite clear that this earthquake, the Leroy, was
certainly related to the Akron magnetic boundary. In addition to the spatial
relationship, which I think is quite good here, between seismicity and that
boundary, I wanna call to your attention the characteristics across it. The
magnetic signatures here are more broadly spaced, the contours are more
broadly spaced on the east and the values are low, whereas on the west,
they're much more tightly spaced and the values are high. So say magnetic
relief high on the west, low on the east.

Joe Wallach:

We look at the Niagara-Pickering and you see the same thing, high on the
west, low on the east, the magnetic terrain having more rugged topography
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on the west than on the east, so given those attributes and that curvature that
we see, I would suggest that the Akron magnetic boundary and the NiagaraPickering linear zone are the same structural element, and given that we have
the seismicity spatially related to the Akron, at least in Ohio, and a pretty
good suggestion of this being the eastern boundary of the Toronto-Hamilton
seismic zone pattern here, that makes it look pretty certain that this is a
seismically active structure. But I don't, I think that the uncertainty is still
there, given of course, Anne Stevens' concerns about the, if the accuracy of
the locations of events, so I think that this would raise, again, a reasonable
doubt about that feature which goes right under Pickering, doesn't miss it at
all, and that further work, then, would be warranted to determine that that
trend is valid or isn't and that there is a spatial relationship of even
microseismic events to that.
I'm gonna go a lot faster, now, through the Georgian Bay linear zone. We
see it gravimetrically expressed as a series of discontinuous linear segments,
going across Lake Ontario, through Simcoe and on into Georgian Bay. I
think it is more convincingly expressed on the total-field magnetic map,
again, produced by the Geological Survey of Canada; the western boundary
here and extending east to this straight line coast of Georgian Bay, which is
just about dead parallel with that magnetic lineament, which does continue
at least to Toronto. On the magnetic map, I do not see evidence, total-field
anyway, that it goes across, into western New York, but the gravity map sure
says that is does, or suggests it.
Joe Wallach:

Coincident with that, is a thing called the Laurentian Trench right here,
another one, and what that is, is a linear depression in the bedrock. We don't
have stratigraphic control, all I can say is that the bedrock here and here is
higher than on this linear depression here which makes that a very suspicious
structure. In western New York, right along the projection, Mark Pearce,
from subsurface data, has identified this thing, which is perfectly parallel to,
and along the extension of it. He calls it the Indian Falls structure which goes
right about to Attica and what he sees in there, is that the sediments from the
Medina, upward, thicken right along that linear trough as opposed to on
either side, suggesting to him, that this was, at least at that time, a fault zone.
That's right on the line with the, uh, Georgian Bay.
This map was donated to me by Steve Blasco, for the purpose of this
presentation. Again the sharp, straight, east coast of Georgian Bay, the
bathymetry here, and they identified
, Steve Blasco, John Bowlby and
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Rich Thomas were out on Georgian Bay last summer, and they identified this
linear feature which is parallel to the Georgian Bay linear zone, and within
it, and they interpreted it to be a linear pock mark due to the expulsion of
either gaseous or liquid, or both, fluids up along that. The linearity suggests,
to Rich, structural control and a tectonically active fracture or fault within the
zone. And this is their interpretation.
Bruce Sanford, in a landmark paper published in 1985 with Frank Thompson
and Gail McFall, showed this linear boundary,—Tape Damaged, 11 Seconds
of Information Lost!—to Simcoe as a solid line, and then Bruce continues
it across the Lake Ontario into western New York as a dashed line,
suggesting that maybe he thought it went in but he wasn't sure, but it is
along this line that Mark Pearce has his Indian Falls structure. I've talked
about seismicity trends. This is a map by Peter Basham and Mary Cjaka, and
it does show the east coast of Georgian Bay and an alignment of earthquake
epicenters that goes right along the east coast. Again, maybe these locations
are imprecise, but I think it's something that we just couldn't ignore. I don't
think we just stop now and say they're imprecise and don't do anything
about it. I think there's a need to find out. Is that real or is it not? This is
that same, or this map by the OG, uh, the GSC, this is the trend I showed
you earlier and this is the one along the east coast of Georgian Bay and it
includes 2 earthquakes of about mag 5. Now the straight line defined by the
Attica earthquake and the Lockport earthquake is within, and parallel to, this
linear array of seismicity along the east coast of Georgian Bay which at least
suggests that the Georgian Bay linear zone is seismically active and if it isn't,
good! I wouldn't wanna say it is inactive today, at least based on this array.
I think we have to show that it is inactive.
Joe Wallach:

Urn, I'll just skip that too, then, and come to a wrap up. There is this
intersection model, proposed by Pradeep Talwani, and I want to point out
that is seems to hold well. The Attica earthquake is down here at the
intersection of the Georgian Bay linear zone and the Clarendon-Linden fault.
We have about 4 others, there's Timiskaming, at the intersection of the
Ottawa and the Grenville Front tectonic zone, the Ottawa-Bonnechere graben.
Now I know John Adams has relocated that thing up along the Grenville
Front tectonic zone, but aero , along another lineament which crosses here,
so the intersection model still holds, whether his location is correct or that
one. This is the Cornwall earthquake, a magnitude 6, just about Montreal,
estimated magnitude 5.6 by Gabe Leblanc, and down here, at this triple
junction, is the magnitude 7.2 earthquake, the Grand Banks event. So in this
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last slide, then, the point that I want to make is that, it appears that the
Niagara-Pickering and the Georgian Bay do intersect right in this area, so
that suggests to me, given all of the attributes including Iapetan margin and
rifting and the possible relationship of the current stress field and right lateral
strike-slip, that this thing may be tectonically active. It does appear as if
there may be spatially related seismicity to it, the same would apply to the
Georgian Bay linear zone, suggesting, then, that a large magnitude
earthquake with an annual return probability of 10"5, could occur in this area
and a likely location, based at least on the intersection model, might be right
here which is quite close. Thank you very much.
Ray Price:

Thank you, Joe. There will be time for discussion later in the day. It is now
approximately 10:00 and time for a break and we resume in 20 minutes time.
Please be prompt.

Tape 2 - Side 1:

Interpretation of aeromagnetic and gravity anomalies in the
Precambrian shield of southern Ontario
Walter Roest
Ray Price:

in Ontario.
—Tape Damaged, 15 Seconds of Information Lost!—

Walter Roest:

I'm gonna approach this as a geophysicist. I'm not a geologist and there's
many more people in this room who are much more qualified than myself to
comment on that. What I will try to present here is an analysis, basically,
what we see in the magnetic and gravity data and what type of sources are
basically the causative bodies for the magnetic and gravity anomalies.
This first slide is a regional map of the magnetics, and this is derived from
a 2 kilometer grid of Ontario, Lake Ontario being here, Georgian Bay over
there. Generally we're seeing, basically, the north-northwest, north-northeastsouthwest trend of the magnetic lineations in this area. This is a very regional
map at a 2 kilometer grid; later on I'll show you some more details of the
200 meter grid area. Magnetic anomalies are caused, basically, by varying,
variations in rock properties and there's very many different effects which
go into that. It can be completely different rock units, but it can also be
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several variations in metamorphic grade reflecting basically tectonic history
or thermal history of the rocks involved. Also we have to be very careful
with the interpretation of magnetic anomalies in the fact that they're not
always located directly above the sources. They can be displaced because
magnetic field is a vector field, which is not necessarily vertical. So those
factors have to be taken into account when we interpret those anomalies.
Bouguer gravity map of the same area, also a regional grid, basically the
average gravity coverage is about 5 to 8 kilometer distance between the
stations, I'll show you a little coverage map a little bit later, generally again
reflecting the similar trends in the major features. Gravity provides some
means of looking at the stability of the crust because large gravity anomaly,
because basically the crust is in isostatic equilibrium which means that mass
deficiencies or mass excess, near the surface has to be compensated,
somehow, by the opposite effect deeper down in the earth. So generally, we
can say that in areas where we have high, steep gravity gradients, those are
areas where, maybe, we have a risk for tectonic activity.
I'll start to talk a little bit about the aeromagnetic data coverage. This is not
the complete area I'm covering in this talk today, but this gives you, more
or less, an impression of the type of line distribution, flight line distribution
and orientation. The average line spacing is about 800 meters, between the
flight lines, and there's some more detailed recent, high-resolution surveys
where the flight line spacing is about 200 meters. Some of those surveys
were flown digitally, there was more recent one and produced very high
quality data; the older ones were digitized from analogue charts, recorders,
or, basically from, regenerated actually, from hand contoured maps.
Walter Roest: This is a shaded-relief image of the 200 meter grid, which was earlier shown
by Joe Wallach as a map produced by OGS. It was shaded from the
northwest and basically enhances trends in this generally north-northeast
direction. Basically what we see here is this general north-northeast direction
of the Central Metasedimentary Belt, as discussed before, and we see in the
Central Gneiss Belt, we seem to see directions which are more trending
towards the northwest. As I discussed before, as I said before, one of the
problems with interpreting those magnetic anomalies is that the sources can
be displaced with respect to the magnetic anomalies. One of the techniques
we developed some years ago, to actually correct for that effect is the
analytic signal and a map of that is shown here. The analytic signal basically
places a feature right on the spot where it's located, it places it right on top
without any knowledge necessary about the direction of the magnetic field
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or the direction of source rock magnetization.
A similar method was developed by Blakely and Simpson a couple of years
earlier, and it's shown here, and at this point in this talk, I'd like to stick to
this map because, in general, that method is much more stable and less
sensitive to noise and at the high resolution, 200 meter grid, there's a lot of
short wave length noise which creeps into the maps and I think this map's,
basically, presents a lot more realistically, structural features which extend
on a regional scale in this area.
So again, I point out to you that we see, this is the general characteristics of
the CMB with the boundary zone between the Elzevir and Frontenac terranes
outlined around here as described by Dave Forsyth in a paper in CJES. And
basically here we have the Niagara-Pickering linear zone and as you can see
from this map, it appears to be that this zone doesn't continue in the same
straight northeasterly trend, but actually appears to collect a series of parallel
features which bend towards the east on this side and slowly bend towards
the west on the southern end. The sources of those magnetic anomalies are
located not too deep in the crust and what I show here is, basically, a
mathematical derivation of source depths indicated here by the sizes of
different circles, the larger the circle, the deeper the source of the magnetic
anomaly and this was derived from that pseudo-gravity map I showed you
just before, according to the method of Blakely and Simpson. In general, we
see that, in the exposed area of the Canadian Shield, the sources are very
shallow, near to the surface, and we see a gradual deepening when we move
towards the southwest. If we look here at the particular Pickering-Niagara
lineament, we see that it produces very consistent, gradually deeping source
positions, going from about 2 to about 4 kilometer depth along this line.
Walter Roest: I will come back, a little bit more in detail, a little bit later in the talk when
I blow up this area; we can talk a little bit more about the lineaments we see.
The way of presenting this map a little bit more easy, maybe to grasp for
people who haven't seen that type of data before, is basically, contouring(?)
it all and it's represented in here as a color shaded-relief map going from two
hundred and fifty meter depth, which is essentially at the surface, because the
flight height is 300 meters in this area, basically surface signatures going
deeper, to about 4 kilometers in this corner, the dark blue colors. Again, I
would stress that the main trends we see in this whole area are more or less
parallel to this direction and also there seems to be a suggestion of a kind of,
two parallel features, rather than one continuous feature between the
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boundary zone of the metasedimentary belt which is more or less expressed
here and the Niagara-Pickering lineament, which is down there.
We will go now to the gravity data. This is the gravity station distribution in
the area and, as you can see here, it varies quite a bit depending on where
you are and depending on specific requirements where, why certain areas
were looked at in more detail. In generally, generally spoken over the lakes,
the coverage is about 8 mile separation, quite regional, and on land it's more
like 5 to 8 kilometers.
From this, we can produce a Bouguer gravity anomaly map, which is similar
to the one shown by Wallach in the previous talk. And again, the main
features in this map seem to reflect the general north-northeast trend in the
CMB terranes. One way of looking at gravity is looking, actually, at the
gravity gradients because those are the locations where things change, in the
physical properties of the rocks which are causing these anomalies and the
next slide will show you horizontal gravity gradient in a color-shaded
representation, from very high gradients, in the red and purplish-type colors
to low gradients in blue and green. And I'd like to point out that, for
example, the region of the Clarendon-Linden fault here in the U.S. is
characterized by reasonably high gravity gradients, whereas if we look at the
area of western Lake Ontario, in general, I'd say the gradients are much
lower; it's a very subdued field. So one of the problems with detecting
lineaments in maps based on color, contour maps of the field values, is that
the position of lineaments really depends a lot on what color scheme you use
and how you present the map. If you do horizontal gradient analysis, you
basically, really, look at where the field changes a lot and where the
important features are. This particular map was shaded from the northwest,
again, enhancing those trends, and just to make sure that they're not biased,
I present here the shading from the other direction, from the northeast,
shaded like this with artificial illumination and this, potentially, would
enhance any trends which are perpendicular to that. And there's not very
many trends which I can see to indicate that direction. We could use this
horizontal gradient also to look at the depth of gravity sources and gravity
is much more sensitive to, basically, a wider area that integrates much more
in the horizontal and vertical sense. So, as a result, what we see in source
depth for gravity anomalies, they're deeper, generally they're more between
5 and 10 kilometer depth, as opposed to the 2 to 4 kilometer depth we saw
for magnetic anomalies. It also becomes more of a can of worms because it
integrates more over a larger area. It's very hard to pinpoint particular
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features.
Walter Roest:

I'd like now to concentrate a little bit more on the area of western Lake
Ontario and the Niagara-Pickering linear zone and also the Georgian Bay
linear zone which is directed like this. Again, just to start off, I show you
this shaded-relief map, shaded from the northwest, enhancing trends in this
direction, but also shaded from the northeast, like that, to enhance trends, any
trends possible existing in this area in this direction. And this pointed,
actually, out that there is a problem in the data set because there's a lot of
trends in this area here, particularly trending from northwest to southeast and
that's the flight line orientation. So I did a little bit more analysis on that to
see what structural trends are really there, in this area between Georgian Bay
and the Pickering nuclear plant. This is a little bit blown up, again of that
area with a little bit more shading so it enhances these effect a little bit,
enhances this trend. And just, I will superimpose on this the flight line
orientation in this area. There is basically this block, this survey block, with
the flight lines going like that and then there's this survey block with closer
spaced flight lines in the same direction. One of the, we have particular
techniques to actually remove those flight-line induced effects and that's what
I've done here in this viewgraph and as you can see, basically, we're now
left with trends which are more in this direction which are a lot more reliable
and we've basically removed the trends which were parallel to the flight lines
which are, basically, a problem of levelling of different, adjacent flight lines.
There's one other little glitch in this data set I should point out and there is
ones we superimposed again here. There's this boundary, linear line between
this higher density, more recent survey and the lower density tracks to the
south, and also this feature, here, is the boundary between 3 different surveys
and I would be very careful in interpreting that. So, in general, I would say
that, thank you, that the linear trends which are definitely valid and visible
in Georgian Bay seem to bend and go down south when you move towards
the Darlington and Pickering area. Of this same area now, I'm shown a
blow-up of the pseudo-gravity solutions to emphasize the fact that we do see
those trends in this area, but generally you don't see very much characteristic
in the area going south, to the southeast of Georgian Bay which means that
essentially the magnetic properties of the rocks vary only very slowly and
there seem to be no indication of a continuation of this trend, definitely not
beyond this linear zone here, going into the northern United States. Again we
see that, basically, everything indicates trends like this. And, again, a similar
blow-up of the depth solutions which we found for this area indicating that
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the major structural trends are very much parallel to this north-northeasterly
trend here.
Walter Roest: So in conclusion, I would say that magnetic and gravity anomalies generally
reflect the same north-northwest-south-southeast trend in the Central
Metasedimentary Belt, the Niagara-Pickering lineament shows consistent
depths of magnetic sources, varying along strike from being relatively
shallow in the northern end, about 2 kilometers to 3 kilometers, going down
south. In general, maybe I should go to this conclusion. I would say that
those shallow sources indicate that it's very hard to relate the cause of those
magnetic anomalies to seismic hazard because, as you will see later on in the
talk by Dave Forsyth, the major features in the seismic line indicate very
shallow-dipping features and it would mean that, if something is at the
surface of the, basically, top of the Precambrian basement, it would project
down about 8 kilometers further to the west, to the east, along those linear
features in the seismic lines. I would say that I don't see any evidence for the
Georgian Bay linear zone to continue any further than Georgian Bay. It's not
present in the horizontal gravity gradient maps and it's very questionable in
the interpreted direction in the magnetic data due to the flight line
orientation. I think we can do a lot more, in terms of qualitative, quantitative
analysis of the potential field data if we start doing modelling in conjunction
with seismic reflection lines and I think that modelling is essential to further
our understanding of structural implications of the magnetic and gravity
anomalies. Thank you.
Ray Price:

The next talk is by Joe Wallach and the title is: Extension of the St.
Lawrence fault zone southwest of Cornwall into Lake Ontario.

Extension of the St. Lawrence fault zone southwest of Cornwall into
Lake Ontario
Joe Wallach
Joe Wallach:

I'll just fumble around a little bit using 2 hands, I guess, for 3 items.

Joe Wallach:

This is where the last talk ended. What I want to talk about in this particular
presentation is what I think might be the third regionally extensive linear
zone which could contribute, possibly, to an elevated seismic hazard in the
vicinity of the Darlington and Pickering Nuclear Generating Stations, and
that would be the St. Lawrence fault zone or St. Lawrence rift or rift zone.
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Now, this is a map that was published by John Adams and Peter Basham, a
map that they made and published in at least four separate papers in the
period from about 1989 to 1991, which says to me mat they were quite
serious about the message that they wanted to present. And what they've
shown is the St. Lawrence fault going up river, past Cornwall, Ontario and
Massena, New York, through Lake Ontario, Lake Erie and on towards the
New Madrid seismic zone. The importance of that extension, that they
postulated, is that it passes within 25 kilometers of both Darlington and
Pickering, and because of the magnitude 7 earthquakes associated with it in
the Charlevoix seismic zone, then it seems to me that we have to consider
that anywhere along that extension, an earthquake of magnitude 7 could
reasonably be expected to occur at some time. The only way that I could see
that there would not be a magnitude 7 along that segment would be either if
we can prove that it's dead, extinct, or that it doesn't exist and, because it is
too close to Darlington and Pickering. In 1991, at a MAGNEC meeting held
here in Ottawa, John Adams made it quite clear, in fact, that the fault zone
does stop at Cornwall, and I would suggest from this map, which is in a
paper contained by John Adams, Peter Basham and Steven Halchuk, that they
probably adhere to that position today. This was published in Current
Research, which is a GSC publication, and this is the 1995 version of it.
What it is is a, it's a trial seismic hazard map which they indicate is, and the
quotations are theirs, "robust" approach where they're relating seismicity to
major faults and they have dealt with three, the one that goes up the
Saguenay graben here, this along the St. Lawrence and then here in the
western Quebec seismic zone. And what it shows is that the ground motions
associated with this, the elevated, I guess, ground motions, would effectively
stop at Cornwall here.
So what we did, was we wanted to see which of the Adams-Basham
hypotheses is correct, does that zone come through, as they as stated in many
different papers in that period or does it in fact stop here. So what we did
was, back out in the field again to look for evidence of outcrop-scale faulting
within, and parallel to, the extension that they showed us. And we started out
here in Prince Edward County, which is about 240 kilometers to the
southwest of Cornwall. Ontario Geological Survey map, again, Prince
Edward County here, but I want to call your attention, for the first time, this
thing which is called the Hamilton-Presqu'ile fault and on the OGS map that
symbol means fault traceable in the subsurface. You can see that it's oriented
about north 65 or so east meaning that along it's entire length it would be
coincident with the northern boundary of the St. Lawrence fault zone that
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Adams and Basham had originally postulated.
Joe Wallach:

So let's just look, then, at some of the features that we saw. In this case, we
have a Precambrian inlier on the county with some slickensided surfaces, and
we'll get closer to that, which are parallel to that north 65 degree east trend.
And you can see that here. Now I can't identify the kinematics other than to
say that that's oblique-slip faulting. But it is on a surface, outcrop-scale,
parallel to the trend of that St. Lawrence fault zone. Jumping to Abbey Dawn
Road, east of Kingston, we see Precambrian quartzite which is very highly
fractured, quite a high fracture frequency here, and there're about 2 sets.
Now I did not do a detailed fracture analysis, but made some measurements
to just get an idea. We have fractures oriented this way into the rock at about
north 70 east and some like this, oriented about north 20 east, many of those,
not all, but many do show slickensided surfaces and there are some breccia
zones that we see in here and in here. There's no question in my mind that
we are seeing outcrop-scale evidence of faulting within the St. Lawrence
fault zone, and parallel to it. Now in addition to the Precambrian quartzite,
there is this dike which snakes its way up, it's dark purple-black in color,
and it's looks like this inside, you can see the well-developed second-order
shears in it and that rock, because of the faulting, is so intensely deformed
it's rotten, again, so much so that it's very easy to make knife scratches in
it, as I did here. I don't know the composition of the rock. I don't know if
I could get it at least at this exposure. In the Kingston area, there're a lotta
diabases so if this is a diabase, then that would mean the age would be
something on the order of about 730 million years, something like that is the
age of the diabases, maybe a little more or a little less in the Kingston area.
Hendrik Veldhuyzen suggested to me, it might be an ultrabasic dike. If that's
correct then, based upon the ultrabasic dikes that we have around Varty
Lakes to the north, or in the Picton quarry to the west, then that would give
us a maximum age of faulting of about 165 million years, or Jurassic,
because that would be the age of those dikes. I don't know what it is. That's
beyond the scope of this presentation. Suffice it to say that we have this
evidence of brittle faulting along the zone.

Joe Wallach:

High degree of fracture frequency, and all of those fractures are oriented
between north 50, north 60 east, and they're parallel to the extension of the
St. Lawrence fault zone. Several of these show slickensides as well. And this
is located southwest of Brockville, again, well to the southwest of Cornwall.
Same phenomenon, also quartzite. That last exposure, by the way, was in
quartzite as well. This is quartzite with some granite, and you can see the
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vertical fractures, the high fracture frequency, again parallel to the fault zone.
We now see, again, that same thing, relat, almost no fracturing here, little bit
of it here. We have a zone of increased fracture frequency but we got
somethin' else. Right here is a normal fault and we're back to the normal
faulting, the rifting hypothesis, the Iapetan margin hypothesis and so on that
I brought up earlier this morning and there are other normal faults on this
exposure that're oriented, that one is oriented about north 40 degrees east as
is the other one at least on that outcrop.
We're gonna go into New York State. This is at Black Lake, New York,
which is roughly 10 or 15 kilometers southeast of the St. Lawrence River and
I call to your attention this surface which is very polished, well developed
slickensides on it. Generally dips to our left, as seen here, and in the next
slide, I'm going to go and look head on at that surface, on which you can see
very well developed dip-slip slickensides or slickenlines, I guess is the term
used today. The step-downs here indicate that the block closer to the
audience moved down relative to this block, facing the audience. It shows its
steep dip, generally towards us, here it's about vertical but then it brings the
dip back towards us again. There's no question, then, that we're looking at
normal fault movement at Black Lake. The trend of this is north 40 degrees
east. This is a very generalized geological map. We were looking at about in
this area here. These patterned areas are the Precambrian rocks which
generally rise quite a bit above the adjacent undifferentiated flat-lying upper
Cambrian and lower Ordovician, or lower Paleozoic sedimentary rocks. In
this area is where we saw the very high fracture frequency in the quartz with,
or the quartzite, with the slickensided surfaces, at least I mentioned them, and
I also want to talk to you about this ridge here. This segment is oriented
about north 20 degrees east and is granite and some quartzite, as you move
to the west. But up in here, around Lyn, Ontario, it's pretty much quartzite,
with some minor granite, and these Paleozoic sedimentary rock units do dip
away from that to the west-northwest here and to the east-southeast here and
I am going to show you an example where about the U is.
Joe Wallach:

This is on the 401, which is one of Canada's equivalent, if you will, to the
interstate highway system in New York State, or in the United States. This
is Precambrian gneissic granite here and this is the March Formation that we
see here. From about this point, where there's a bend in the March, the
March shows what I would call a "homoclinal dip". It maintains a uniform
dip to the edge of the slide and perhaps another 100 meters beyond that. This
flexure that we see here, across which there is no change in thickness, again,
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of strata, so I would argue that this is a tectonic phenomenon and not a drape
phenomenon. We see this, both on the south side of the road as well as on
the north side. Taking a bearing shows that that thing is oriented north 20
degrees east which is precisely parallel to the Precambrian high. So the
argument that I would make here is, again, as I've made before, that this
massive Precambrian rock has come up relative to the adjacent middle
Ordovician March Formation, producing the bending here which would
suggest that there was some elevated confining pressure so it's not a
neotectonic structure, and also producing this rigid body rotation that we see
here, that is sub-parallel to the St. Lawrence fault zone.
Again intense fracturing, this is in the Rockport granite on Hill Island just
north of Canadian Customs, and besides this intense fracturing which, again,
says to me we're in a fault zone, we have surfaces like this which are very
nicely polished, and there're quite a few of them there, some of which show
slickensides as we see here above the hammer. Then the slicks here are
pitching about 10 or 15 degrees towards the northeast. You get a hint, it's
not stronger than that from this picture, but you get a hint, here, of left
lateral strike-slip, again from those step-downs. On this surface I think you
can see it, perhaps, more clearly. This is oriented north 65 degrees east. You
do see the slickenlines here, the lineations that remain from it, the step-downs
do show left lateral kinematics and this is an important point, I'll come back
to it in a moment, but left lateral strike-slip on about east-northeast.
This is the Picton quarry. Gail McFall and I were in here together. Gail did
a lotta work here, as well as elsewhere in Prince Edward County, and she,
too, published a paper on that, in that special volume "Neotectonics in the
Great Lakes Area". And I call to your attention this dike, which is one of
those Jurassic ultrabasic dikes cutting through. It's oriented about east-west
and it does show slickensides, as you can see quite clearly here. Now, in
addition to this in that quarry, we did identify at least one other fracture
surface oriented about north 55 degrees east, which, again, showed left lateral
strike-slip slickensides, and out on the 401, just northwest a Napanee, an
east-west oriented surface which cuts across a fold, fold oriented northwest,
slickensides go right across the fold from one limb across the hinge 'n the
other limb. They're not disrupted at all, so the faulting post dates that
northwest trending anticlinal fold; slickensides show left lateral step-downs.
So what we have is a suite of, so far, and I don't think we have nearly
enough data, so it's very difficult, I think it's even unfair to draw firm
conclusions with such an inadequate database, but I think it points in a
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particular direction. We have a suite of east-northeast and east-west oriented
surfaces, within that St. Lawrence fault zone, which indicate left lateral
strike-slip, and the point of that is such, like the north-northeast right lateral,
left lateral east-northeast is also kinematically consistent with the current
stress field which suggests, and I don't want to make it stronger than that, it
does suggest that both this fault, that is the St. Lawrence fault zone, and the
Niagara-Pickering, or the CMBBZ, have moved in response to the current
stress field.
Joe Wallach:

Going quickly to Lake Ontario, now Rich Thomas will be talking about this
a lot more later so I won't spend much time on it. This is the deepest part
of the lake, known as the Rochester Basin which Rich recognized and named,
in what I would consider a landmark paper on Lake Ontario, in 1972 that he
published it. This is the deepest part of the lake and you can see that it is an
elongate trough, oriented about east-northeast. It is parallel to, and just about
coincident with, the southern extension of that St. Lawrence rift that John
Adams and Peter Basham brought through in 1989-1991 period. One of the
features seen in there, something like this. Now these are, according to Rich,
Holocene and glaciolacustrine seds, so they're quite young, glacial and postglacial, showing 15 meters, in this particular case, of dip-separation, and Rich
will talk about this more so I'll leave it alone and move to western Lake
Ontario where some work was done by Mike Lewis, and partially funded by
the Atomic Energy Control Board.
This high-resolution profile was obtained at the intersection of the NiagaraPickering linear zone with the extension of the St. Lawrence fault zone. What
you see is a monoclinal warp, no thickening, no thickening of strata, and we
even have reflectors up here. This reflector here is the same as this reflector
here, so that side up, relative to this side, is consistent throughout at least the
whole section where we can make any kind of a statement. I would interpret
this monoclinal warp as being fault-controlled. I don't know whether it
would be along the St. Lawrence or whether it would be along the NiagaraPickering, so I would suggest that further work is needed, much more
seismic profile work would be needed out in western Lake Ontario to
determine along which one of those, or maybe both, we get this kind of a
feature. Now Mike has interpreted that as drape on a diamicton, the diamict,
and he has verified the existence of that diamicton. Right about in here he
took a piston core and he found out that, in fact, that's what he has. To me
it doesn't look like drape, this looks like drape. This is an outcrop right near
Kingston. This is the Gull River limy muds and, again, we see the thickening
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of strata here and here, away from this topographic high and very thin up in
here. I don't see that in the profile that I showed you in the last slide.
Joe Wallach:

What I showed you in the last slide looks like this, and this is a profile
across the Crittenden County fault zone which is within the New Madrid
seismic zone and this is in a paper published by Williams, Luzietti and
Carver, I guess, in the latest issue of SRL. And what they have stated is that
there is separation down here, faulting, but up in here, they're showing, in
the Cretaceous area, that there doesn't seem to be any evidence for loss of
cohesion but that you see the monoclinal warp and they recognize that this
is distortion, deformation across that Crittenden County fault zone, so they're
interpreting that as tectonic and I just want to back up, quickly, because I
think that what we see across the Crittenden County fault zone looks exactly
like this. But we do need to do further work, first of all, I think, to determine
whether you see this across the St. Lawrence fault zone or the NiagaraPickering because it's the Niagara-Pickering that goes right under the
reactors, and if this's along the Niagara-Pickering, we may have a problem—
Tape Damaged, 34 Seconds of Information Lost!—
that that is drape or is not, I hope he's right and I think we have to
address that issue, so—Tape Damaged, 26 Seconds of Information Lost!—
with this. Applying the intersection model that might be a reasonable
place to expect such an earthquake. Thank you.

Tape 2 - Side 2:

Deep seismic crustal results in Southern Ontario
Dave Forsyth
Dave Forsyth: This is a pitch or a recommendation for research that should be done, I
guess. Basically you have the option of doing it or not doing it and if you
don't do it then probably, in a decade, or perhaps less, we'll be back asking
the same sorts of questions that we're asking today. This is a compilation of
the deep seismic data that is available to place the only direct constraints on
what's happening, or what has happened, to the earth's crust in the depth
range, at which the earthquakes are occurring under southern Ontario, and the
map, as you can hopefully see, goes all the way from the Adirondacks, the
Great Lakes here and up to the Grenville Front, which runs something
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through like that. The data is of two types. It has the dark lines here and the
Great Lakes are reflection data. There are lithoprobe lines which are
indicated by these dark, the black shot point numbers here and there's wide
angle, or refraction, data which gives you the velocity structure of the crust.
The reflection data gives you the highest resolution on the types of
geometries, whether you have planar, antiformal, whether you have
truncations, and at what depth do these extend to, and basically we're talking
about a depth range here of from the surface to the upper mantle. It's
reasonably clear, I think you can see here that there are possibly 3, 4
complete transects of the Grenville orogen which are possible across this
piece of real estate here, and we're, we're going all the way from the
COCORP lines, in Ohio, all the way up to the Quebec, northern part of the
Central Metasedimentary Belt.
Dave Forsyth: These data, many of which have been published and, in terms of line
kilometers, most of this data has not been worked up. The studies that have
been done have been concentrating on the individual surveys. The individual
surveys are expensive; they take a lot of work to reduce, to model, and so
on. There's very little work which has been done in actually relating the
structure that you see, on one line, to another line and coming up with a
tectonic synthesis as to how the basement has formed. What are the
mechanisms for actually producing these basement structures? The other
point is that the exposed portion of the Grenville here, and can you turn on
that first slide there? And you've seen this slide before, this morning, so,
basically, in the exposed portion of the Grenville orogen that we're looking
at is a mid-crustal level, this is the OGS map again, we're looking at a level,
an erosional level here, above which we've had 10 to 15 kilometers of
material removed, it's been exhumed to the present level. As's been
mentioned before, we have the, we go from the New York lowlands across
the Central Metasedimentary Belt, we've got two major tectonic boundaries
that the seismic data illustrate go right through the crust to lower crustal,
perhaps upper mantle, depths. The Central Gneiss Belt, bounded to the
northwest, by the Grenville Front, Grenville Front tectonic zone which has
been described, or is arguably continuous to the vicinity of GLIMPCE Line
J in Lake Huron. That part of the synthesis needs to be done, in addition to
document how these changes occur along strike. This data has to be used
with the sorts of data that Walter Roest was talking about this morning to
actually invert model with potential field information to provide the
constraints as to how these things continue or don't continue along strike. So,
I would just say that, basically, you have the option of doing that for this
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piece of real estate, or not doing it and if you don't do it, we'll be back,
hand waving, an awful lot a decade from now. Well, I won't be back a
decade from now doing it but maybe somebody else will. Alternatively, one
will have to recreate the wheel.
Dave Forsyth: This data set in Lake Huron is a data set that we licensed about a year ago
and we're still looking for funds to reprocess and interpret, but basically it's
a no lose data set. You can see the lines run north-south and east-west and
at various angles in between. Obviously what you're going to get outta here
is a 3-dimensional picture of the crustal structure to lower crustal depths.
This will place constraints on a whole variety of tectonic problems here; how
far and what is the nature of the extension of the Huronian rocks to the
south? What is the nature of the eastern side of the Michigan Basin and what
is the nature of the basement underneath the Michigan Basin as we come into
Lake Huron? What has happened to the Central Gneiss Belt as we come
across from the Grenville orogen? What has happened to the Grenville Front,
Grenville Front tectonic zone as it passes beneath Lake Huron to the south?
It's a no lose situation.
Well, that's the end of the pitch, now we'll get our hands dirty with a little
bit a data closer to home, that we've all seen. This is called the greening of
the Grenville. It's what happens when you let other seismologists loose with
the OGS data set on the weekend.
This is the Central Metasedimentary Belt here and we're gonna be looking
at the crustal structure from essentially near the surface to lower crustal
depths along with few selected portions of reflection lines here. If you want
to get a worm's view of the things; there's a poster on the side wall that you
can visit and I can try and answer any questions you might have.
The, can I have the second slide? What we know from this part of the
exposed Grenville, the Central Metasedimentary Belt Boundary, and this goes
back, this is some work, on the far slide there, that was done in the mid 80s
by Simon Hanmer, and what he came up with, is his best guess as to what
the structural nature that he sees at the surface is, and maybe you can perhaps
see that the RLPS and the DPS are very similar to these bodies here. So what
he's got here in the geometry that he sees at the surface, easterly dips, he's
got arcuate antiformal and linear dipping elements. He's got some suggested
truncations and he's also got the suggestion that, well as you can see from
the scale on that far slide there , the true thickness of the body, of some of
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those bodies, some of those units is upward to about 4 kilometers, a
kilometer to 4 kilometers. The exposure at the surface is much wider because
of the low dips, so you've got a true thickness of about 4 kilometers which
is dipping at anywhere from 10 to 40 degrees and your surface exposure of
this unit is a zone which could be 40 or 45 kilometers wide.
Dave Forsyth: OK, can I have the next slide please? This slide shows the result from Line
32 which crosses most of the Central Metasedimentary Belt Boundary Zone
and gets down into Elzevir terrane here and you can see that, the basic
elements that Simon had suggested, I'm usually giving a lot of credit to
Simon on this one, I guess, eh? He should be here, he owes me a beer on
this one, but the essential elements are in the larger scale crustal structure.
That's a one-to-one scale picture of the crustal structure beneath the Central
Metasedimentary Belt Boundary Zone and the adjacent terrane to the east; it
goes down to Moho depths of 12-13 seconds—Tape Damaged, 38 Seconds
of Information Lost!—
This is the industry data that we're looking at, industry data here, we're
gonna be looking at the end of—Tape Damaged, 34 Seconds of
Information Lost!—
basically you've got a very common sort of geometry. The similarity in
geometry, the similarity in both arcuate and linear features, the similarity in
the way in which the various features truncate each other, the similarity in
dips argue very strongly that we're looking at a similarly deformed Grenville
package. OK, the piece of information that we have beneath the end of, the
western end of Lake Ontario and the eastern end of Lake Erie, is some
Paleozoics, that we have some record in the stratigraphic section of what
might've happened after the .Grenville was formed. And we can see, here,
that we have units that are dipping unconformably, both with respect to the
overlying Paleozoic and the underlying Grenville basement. We have, in
effect, a little bit a growth faulting here and, I can show you a blow-up of
that, of that box right there in this slide, and we're gradually coming up to
the surface.
One of the problems with documenting sort of evidence for tectonics that has
affected the basement and the overlying sediments, is that the unconformity,
itself, which is sort of the crucial interval that you want to get a hold on,
seismically, is not a very good target, for a whole bunch of reasons which
fall out of this, these sorts of studies. There are, there is, there was
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topography on the Grenville basement before the Paleozoic was deposited,
so you have a lot a scattering effect. A lot of this topography appears to be,
is, in effect, associated with these major ductile thrust zones that pass right
through the crust. At the top, they are ragged, not terribly geologically
exciting. In the hollows of this topography, there was probably re-worked
Precambrian material. The question is what record of activity does that really
document? Do we have a lot of late Proterozoic activity, a lot of prePaleozoic activity before the Paleozoic was actually laid down? In this unit,
here, which we don't really have a good handle on, there are, we're looking
at 2 kilometers here, so it's beyond the depth of drilling here. We have
indications that this unit is, in fact, faulted. A lot a these faults appear to be
connected with structures that come up from the Grenville basement.
However, the following activity which you can see in here, and I'll show you
another example in a minute, the offsets here are of the order of about a
hundred milliseconds and, therefore, that equates to a couple of hundred
meters, 2 to 300 meters.
Dave Forsyth: As you pass up through the Paleozoic, you see that that becomes, basically,
smoothed out. A lot of this activity that's documented, this was the active
period, this was when everything exciting was going on here. As you pass
up through the Paleozoic, things became quite quiet. I'm gonna show you
this, you can see over here, by the way this is a small synthetic section from
a borehole and since Bob Mereu is here, I have to mention that, that he
computed for us, from a log of a borehole just north of the line and it
suggests that, in fact, this event that we see here is the Trenton so that most
of the dramatic activity was going on pre-Trenton time here.
Section from the same area. We're looking at near offset data now for
reasons that we can go into later. But basically what you see here is this
dipping layer, sub-Paleozoic overlying the Precambrian basement, and offsets
here, again of the order of a hundred milliseconds, indicating perhaps faults
of 2 to 3 hundred meter offsets. As you go up through the section, you notice
that, going up through this part of the section, it's completely docile by the
time you get to the lake bottom.
There's a small anticlinal, antiformal feature here which, then, if you blow
up, you can see that we're talking about some tens of milliseconds of
topography here. One can't distinguish, on the basis of the resolution of this
data, the frequencies that are involved, whether this is, in fact, would be a
brittle sort of thing, but it looks very much like the homoclinal sorts of
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things that we've seen in some of the talks previously. So, we're looking at
changes in elevation here of the order of tens of meters.
Dave Forsyth: They say the Precambrian unconformity is difficult to get a handle on,
seismically. There are some data that will, that tie in very well with the
seismic information that we see in Lake Erie. Now we're looking here at a
series of borehole, a lot of these are chip-sample, chip-sample evidence, but
we're looking at a section here as it goes from this borehole to this borehole
to this borehole, for example, across here and we're coming south from Lake
Ontario to Lake Erie. The point here is that, as we come south, from a few
tens of meters of prembriam sediments underlain by an uncertain age of
material, variously called, in the well logs, weathered zone, arkose, granite
wash, sometimes which doesn't reach the Precambrian. We go from a few
tens of meters to eastern Lake Erie to a hundred meters of Cambrian plus
this uncertain material at the base and we're also changing elevation on the
Precambrian. So we've got this topography, and the nature of the relief on
this thing is of the order of a hundred meters. Again this goes quite well with
what we see in the seismic data.
Well now, I'd like to quickly go to some images from the central part of the
71 line and just to show you how the crustal structure varies across the major
feature which divides the Central Metasedimentary Belt into Elzevir and
Frontenac terranes, and here you can see a couple of things. One is the great
similarity between the truncated arcuate features that we see on Line 33,
we're in Elzevir terrane here, southeast of the Central Metasedimentary Belt
Boundary. We're looking at a section here from southwestern Lake Ontario,
south-central, eastern Lake Ontario, and this is what this boundary looks like,
that projects to the depths in the marine vib
, marine airgun data line just
to the north of it, on this section over there. You can see that this goes down
to 9 or 10 seconds so we're looking at depths of about 30 kilometers. We
know, from the wide angle data along the line to the north, that the true
crustal thickness is closer to about 43 kilometers.
The other element that you can see here is the Paleozoic which I've actually
exaggerated over the top of this boundary zone in the basement, and we've
called this high, the Iroquoian High, in keeping with the indigenous people's
names for the arches that project to the northeast between the Algonquin
arches in southwestern Ontario. The Paleozoic section represents about 1%
of the total crustal section, 1%, so that's all you've got to document
everything that's supposedly happening in the basement. For the most part,
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the Paleozoic section has not been breached. You don't find a feature like the
Ottawa Valley graben underneath Lake Ontario. We're talking about apparent
offsets, if they are in fact structurally controlled, of a few tens of meters, not
really hundreds of meters in the near-surface. We see here, in southern,
central Lake Ontario, that there is a gradual thickening to the east and to the
west of, over this central high and there are characteristics within the
Paleozoic section that the data would suggest, and I'd like to look at a couple
of those now.
Dave Forsyth: Gonna go back and we'll just look at, position ourselves here again. I'd like
to look, quickly, at features from the 1985 line here and over the top of this
basement high in central Lake Ontario, the '86 line just to the north of it and
one feature over here on the eastern end of the line. In the, this is the line to
the north, the '86 line, the short line to the north, and you can see in the
Paleozoic, we've got multiples here that actually are quite useful because
since they exaggerate at the top, the structures in the primaries, you can see
where the changes really do occur. But, basically, what you see is, again, an
apparent offset, or a change in elevation here of some tens of milliseconds.
We're looking at features which are of the order of 10 meters in amplitude
and they are underlain by structures in the basement dipping to the southeast,
and this particular feature here is about 4 to 5 kilometers wide. The feature
to the south of that, on the '85 data, the same feature. Both of these features,
in general the features in eastern Lake Ontario step up to the east. That has
to be factored into what's happened to the area and again the nature of the
offsets is of the order of a hundred meters.
And finally an example from the eastern end of the central line in Lake
Ontario, again we've got apparent offset. This should be, this is a hundred
milliseconds here, so we've got of the order of tens of meters, again,
underlain by structures in the basement suggesting that these blocks have
been, perhaps were originally at different elevations before the Paleozoic was
deposited. That's it. Thank you.
Ray Price:

The next talk is on Geophysical Signatures in the Bed of Lake Ontario by
Richard Thomas. I missed one, I'm sorry! Oh, terrible! My distinguished
colleague, Dr. Easton (laughter), and his colleague, Phil Thurston, are going
to talk to us first on Implications for Seismic Risk in Southern Ontario Based
on a Review of the Region's Geology. Is that Bob that's, you're doing it?
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Implications for seismic risk in Southern Ontario based on a review of
the region's geology
Mike Easton, Derek Armstrong, and Phil Thurston
Mike Easton:

OK, I'll just give you a little bit background of the involvement in here. I've
been involved mainly for mapping the Precambrian basement, both in the
exposed part of the shield in southern Ontario and in trying to look at the
subsurface data that's available for southwestern Ontario. Derek Armstrong,
of the OGS, is our Paleozoic geologist has'n been interested, primarily, in
looking at the Paleozoic section and looking at all sorts of aspects of the
section there and Phil Thurston's involvement arose from the geology of
Ontario compilation effort of many years ago which put together all the
geological and geophysical data on this part of the world. And so we're sort
of approaching this from different backgrounds and we're gonna try and
provide an overview of the sort of geological understanding we have of
southern Ontario at the moment. What I'd like to do in this talk is sort of go
through a little bit of history about why things have changed in the last 10
or 15 years, particularly with our understanding of the geology and why it's
led to sorta more awareness of the whole problem of seismic risk. A review,
in part, of some of the new observations both large and small in
Precambrian, Paleozoic and Quaternary geology which sort of factor into this
whole discussion. This isn't going to be a complete review, there's more
details in the abstracts but I just wanna highlight a few points. In addition
recently a few geological models have come up which've helped place some
of this diverse evidence into a broader geological framework and we'd like
to conclude with sorta pointing out a few areas of research that may get to
the heart of the problem that we're all talking about here today. Much as
Dave was saying in the last talk, we don't want necessarily to have to go
through this all over again in ten years.
Geology of Ontario, we've talked a lot about it this morning, but just to
refresh people's memories, we have an area of Paleozoic rocks down here
mainly deposited in the Ordovician through to the Devonian. We have
Precambrian rocks in here which stretch in age from being Archean rocks,
reworked during the Grenville orogeny up near the Grenville Front, to rocks
of roughly one billion years old down in the Central Metasedimentary Belt
in here and we have 2 major divisions within the Precambrian in this part of
the world, the Central Gneiss Belt which consists of rocks of Archean to
about 1.4 billion years in age and the Central Metasedimentary Belt which
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consists of slightly younger rocks between 1.3 and 1 billion years in age. On
top of all this, we have Quaternary cover, which varies in thickness
depending on where you are in the province. We want to view this in a
cross-sectional sense. We have Precambrian basement, Paleozoic cover and
then, locally, we have these Quaternary rocks upon which most of our cities
and structures are built. The important thing in all of the discussion today is,
and which Dave alluded to in his talk, is what is the linkage between
structures in the Precambrian, structures in the Paleozoic and structures in the
Quaternary. And a lot of the discussion that relates to seismic risk is in
whether or not structures that we see in the Precambrian, particularly faults,
continue up through the Paleozoic and up into the Quaternary, or whether
these sections are not related to each other, and so that faults that we see in
the Paleozoic are not necessarily directly related to structures in the
Precambrian and so on.
Mike Easton:

Another summary of the geology of the province in here, some of the major
zones that we've been talking about all morning are shown in here, the
Niagara-Pickering zone, the Central Metasedimentary Belt boundary,
Frontenac boundary which links up with the Clarendon-Linden zone,
something called the Robertson Lake mylonite zone, which continues on into
the Clarendon-Linden structure and possible extension of the CMBZ down
in here, and we'll continue on. I'll get this right, yet, urn backwards.
Now things have changed, sort of, historically. As late as the 1980s, most of
the Grenville structures that we knew about, were thought to be northeasttrending under the Paleozoic. It was only after we started doing more
mapping, and getting good aeromagnetic maps, that we realized there were
lot of north-trending structures in the Grenville underneath the Paleozoic. The
other thing that's changed is the re-thinking of the stability of the Paleozoic
platform, should we be seeing recent faulting in there? And then previously
we didn't have very good aeromagnetic coverage, particularly over the lakes,
and so we weren't able to continue some of the structures that we were
seeing on the surface beneath the lakes and Joe alluded to this a little bit in
his first talk this morning about the 1987 aeromagnetic map.
This just illustrates how our mapping has changed in that time. We did a
cross section that includes the Grenville beneath the Paleozoic in the early
80s, we would've come up with a view like this where we would have had
the boundary between the metasedimentary belt and the gneiss belt
continuing through southwestern Ontario, parallel to the trends of the lakes
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and not trending down like this at all. In addition the Grenville Front was
also thought to be more or less trending off in this direction. We looked at,
sort of, the Georgian Bay area as well. We've looked at, sort of, geological
map at that time, very little detail on it, no indication of major Precambrian
structures in the basement at that time. Many of these faults that're shown on
here are faults that are linears along river valleys, some of which are filled
with diabase dikes and particularly in the north, are related to the OttawaBonnechere graben system.
Mike Easton:

Now the reason these views change, for a number of reasons, 1-mapping in
the Grenville, particularly in the Central Gneiss Belt by Tony Davidson of
the GSC and others has led to a better understanding of the Precambrian
basement and how it can be traced to the south. We have better geophysical
maps than we did before, which drew attention to the fact that we had some
geophysical features that could be trace, related to exposed Precambrian
structures. We had renewed mapping of the sub-surface data in southwestern
Ontario, and we also had the seismic reflection data that Dave has talked
about. Here's a geological map of that same part of the area we just showed,
showing much more detail than we had previously known, much more
subdivisions, recognition of ductile shear zones within in the Precambrian
that bound some of these areas of major Precambrian geology in here and
identification of things like the Central Metasedimentary Belt boundary zone
which were poorly known previously and as the tracing some of this stuff to
the south through both study of drill core data and geophysical data that has
led to, sort of, the interest in some of these structures.
One of the things that became particularly important is the recognition that
there're a lot of ductile zones within the Precambrian. Previously these
would've been mapped as metamorphosed metasediments, now it's
recognized that these are, sort of, annealed mylonites that developed in
Precambrian deep crustal shear zones. These are the types of rocks that you
see a lot along the Central Metasedimentary Belt boundary where it's
exposed on surface. We see these same types of rocks in drill core within the
section and so we've been able to trace some of these Precambrian structures
far to the south on geological grounds as well as on geophysical grounds.
The important thing is that there's no indication in these sorts of rocks, over
here, of younger movement other than their activity in the Precambrian. And
we'll get back to this again, because we'll be looking at, we'll be looking at
different types of deformation that we see within the Precambrian rocks. The
other thing was the geophysical maps that we've talked about all morning,
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their introduction, the recognition that some of these rocks that we could see
in here could be traced far to the south. This is total-field, this is vertical
gradient where some of the patterns show up as well and this just gives a
hint of some of the domains that've been recognized to the south by looking
at the drill hole data. So that there is a lot of evidence that we didn't have
before that has changed our views on this part of the world. And this's led
to, sort of, the recognition, both on the geological maps and in the
geophysical maps, that we have a number of zones which we'll be discussing
all throughout the day here, which have been given various names by
different people. The important thing to just point out here is the, the heavy
lines are based on geological controls, the dotted lines are based more on
looking at the geophysical patterns. In some places, they don't coincide
exactly, such as in here, but this is, in part, a fact that the geophysical
signature does not necessarily relate directly to the surface geological
signature.
Mike Easton:

In addition to these, sort of, ductile zones within the Precambrian, we also
recognize that there're also more brittle zones that are present locally. This
is from the Robertson Lake mylonite zone which is an on exposed shield part
of extension of the Clarendon-Linden structure. We're getting grain size
reduction in here, however, all we know about the age of this structure is that
sometime after peak Grenville metamorphism at one billion and may go
down as young as four hundred and twenty, but we don't have any good age
control on this. But we can recognize different types of structures in the
Precambrian, different from the ductile structures.
Another thing that we see are fault gouge zones such as this one here in a
granite where we have ground down rock, very difference in appearance than
the, sort of, rock that I just showed which is more of a mylonite. These are
just really weathered gouge now, but these are, and they cut all sorts of strata
in the area and locally offset Paleozoic rocks. They also have topographic
relief along them. This is Plevna fault in eastern Ontario. The green show
topographic highs, above two hundred 'n ninety meters. We can see the trace
of the fault on the surface here and topographically across it. This'd be very
similar in its appearance to this fault. The only age control we have on these,
in addition to the fact that locally they offset the Paleozoic, is we have
hydrothermal rutile in here which uranium-lead dating shows as being
roughly five hundred 'n ninety million years in age, which is similar to the
Iapean ages that we find throughout parts of Ontario.
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Probably the important thing that's come out of some of this is that when we
look at some areas in the Precambrian in detail, this is an area near Mazinaw
Lake, we see that there's actually a fair density of maps that, faults that we
can find that are offsetting Precambrian strata. We can see at 5 kilometers
here, we have fairly close density. This is based on measured offsets of
geological contacts and in addition there's changes in metamorphic grade
across some of these faults indicating that there's probably a vertical
component of movement along these as well as the lateral movement. So we
have a density that we didn't really realize was here before when we get
down to mapping some areas in detail. We're probably about in this area,
about 30 kilometers south of the main Ottawa graben area, so it's not as if
we're also in an area that we know has a lot of faulting on it. And the
density that we see here is similar to the sort of fracture framework pattern
that Sanford developed for southwestern Ontario.
Mike Easton:

The main point I just want to leave you with, is the fact that there's certainly
a lot of evidence of post-Precambrian faulting throughout large parts of
southwestern Ontario. The question is, is how young it is? But this is
probably very important, at least in terms of looking at things like
sedimentation during the Paleozoic and so on. I guess we've got one upside
down, but it's not gonna hurt. We just want to show that locally there are
faults within the Paleozoic. Here's one in Longford quarry. The big question
is is what's the age of these faults and how significant they are? Whether
they're really parts of major structures or whether they're just local in
distribution, in part related to original deposition, re-adjustment along Iapean
faults or other sorts of activities.
The other thing that's interesting that comes out of the Paleozoic mapping is
the distribution of things like barite veining and so on which relates to fluid
movement along some of these structures. This is a slide from Derek looking
at the detailed geology of the, sort of, Bobcaygeon to Orillia-Lake Simcoe
area. We see possible control along faults for the distribution of the Paleozoic
in here that Joe alluded to earlier in the work of Bruce Sanford. But we also
have areas where we have barite mineralization as well as localized normal
faulting and these are found in a number of areas in here where we've started
to look. The thing that we don't know at the moment is the distribution,
whether or not these features are, sort of, more concentrated along the extent
of the Central Metasedimentary Belt boundary zone or whether they continue,
so whether these are, sort of, localized in their distribution or they're more
randomized.
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Next slide we can go over very quickly because we're gonna talk, it's gonna
be talked about a lot this afternoon, is mainly faulting within the Quaternary
section. The important part of the discussion is is whether faults that we see
like this within some of the Quaternary sediments, this is near the Clyde
River near here, is whether or not these are ice-contact features or they're
reflecting neotectonic activity. And that's all I'll say about that since we'll
have lots a discussion this afternoon.
Mike Easton:

In terms of, sort of, summarizing, what we can say is is that we have
certainly a fracture pattern that seemed to develop during an Iapean rifting.
We know we have reactivation during the Ordovician, both on offset of the
Paleozoic section and isotopic resetting throughout the region, we know we
have local reactivation in the Mesozoic, things like the Varty dike which Joe
already talked about. The important thing is whether we have more recent
activity. And, as Joe also mentioned earlier and has been taken into account
in the new GSC seismic models, is we also have a framework now for why
we might reactivate these faults. This is Rus Wheeler's work in looking at
the effects of reactivation of these earlier Iapean faults in parts during the
Appalachian orogeny, and more recently. The interesting thing in his
analysis, is whether the Clarendon-Linden is more likely to be reactivated
than Niagara-Pickering, but that may just be a feature based on the scale of
his diagram.
So we'll skip over the summary very quickly. Before we do that, I just want
to make one point. One thing that we haven't done in this analysis, and has
been alluded to earlier, is we have to incorporate more of the U.S. data into
the extent of some of these features. We've had great difficulty in tracing
some of the features in southwestern Ontario into Ohio, for instance. The
rock is very different when you look at the sub-surface data, a can of worms
as to exactly whether or not the Akron magnetic boundary links up with the
CMBBZ. Maybe they do, maybe they don't. We need more data, integrated
from here, with our data to be able to really carry out that, sort of, regional
analysis. The summary is all listed in the abstract, so we'll just conclude on
areas that we think we could do some more research to address these things.
One would be shallow seismic in the Rouge River valley to resolve whether
some of the structures there continue from the Paleozoic into the Quaternary.
One is to find some faults that we think may have had some very young
movement on them and try and date them and the other is to really look at
doing some combined ground and remote sensing studies to really look and
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see whether the density of some of these structures increases towards some
of these linear features that we see, or whatever. We don't have a good
regional map showing where we have structures. Pop-ups are a prime
example. Are they concentrated along some of these major linear zones or
are they random throughout the province? We don't know that. And a lot of
the discussion that's taking place, is just simply hampered by the lack of
good geological control. Thank you.
Tape 3 - Side 1:

Geophysical signatures in the bed of Lake Ontario
Rich Thomas
Ray Price:

Geophysical Signatures in the Bed of Lake Ontario by Richard Thomas.

Rich Thomas: Thank you very much. First of all, you gave me a pump of adrenalin some
20 minutes ago but you notice how quickly I reacted. I was on my way out
here, regardless. There's an old saying that says that 'fools go where angels
fear to tread', and I think very often, I waken in the morning and wish to
God I'd never seen a side scan sonar in my life. However, I think I have
been there before and I bring to mind the mercury crisis of the very early
70s, the late 70s, mirex, and, I'm afraid, I was involved with a number of
controversies in those days and I feel exactly the same today as I did then.
In those two I proved to be right, in this case I would rather prove, be
proved to be wrong in the interpretation that we've put on some of these
surface features that we've observed in the bed of Lake Ontario. And, I hope
this works, Joe.
First of all, I hope that's the right part, Joe, because I've got two sets of
slides there. Is that number 1? First of all, I'm not going to talk about the
pop-ups which are found just to the south of Toronto Islands. There is a very
nice side scan sonar copy which is pasted up, which will be out after lunch
as well as some of the other side scan sonar records including some original
ones where you can go and examine some of these features at your own
leisure. However, these were the first side scan records of the, of the popups, and I think everybody is quite satisfied that these are pop-ups and John
Bowlby will be talking about them later this afternoon. As a matter of scale,
that's about 15 meters between those spacings, so these things, and I'll go to
feet, are about in the order of 7, 8 feet high and about 25, 26 feet in width
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and you can see the beautiful axial break in them particularly, for example,
on that where you can see some nice shadowing down the axis of those popups.
I'm sorry about that, I forgot that I'd put these slides in. I know that John'll
be talking about them this afternoon so I'll go over them quickly and come
to this particularly important slide which shows two major features. The one
you can see very easily, which is this long linear area of strong return on the
side scan sonar and next to it, you can see a feature which is going along
here, which has this very feather-like feature. This is what we called a
plumose structure. The debate that exists at the moment is what are the
origins of these two features, and I, we should just discuss them in some
detail and spend most of my talk, indeed, on both of them, the plumose
structure first and followed by these other features which Mike Lewis called
acoustic backscattering features, linear acoustic backscattering anomalies or
LABAs
Rich Thomas: Samples were taken off the Welland Canal on features, such as these LABAs,
which indicated, there, that there was a strong density of cinders, and it was
assumed, and has been stated in a number of abstracts and presentations, that
all of these LABAs and features are indeed due to the passage of steamships
and the deposition of cinders which were dumped out of a chute at the rear
of the vessel. It was also stated, again from work looked at in the area of the
Welland Canal within the anchorage zone, that all of these plumose structures
are due to the anchor marks of ships, and hence all of these features are
anthropogenic in origin and have nothing to do with natural occurrence
whatsoever. Now here we start to have a problem. If we start, initially, by
looking at the LABAs, this LABA in particular. Now I don't know if you
can still see it, that's the same thing. There you can see the plumose structure
going along here, can you see that?, going across from one side scan record
to another. There you can see it again, and here, for some reason, we have
the same thing in very high intensity. Now, looking at this particular feature,
you can see there's a strong part going down the middle with feathering
going off on each side. This is close to probably a hundred meters in width
and the feature is on a modern mud overlie, thin modern mud overlying
glaciolacustrine clay and this is side scan. This represents a feather-like
depression etched into the surface of the mud. If you went down and looked
at it with your eyes, you probably wouldn't see a thing. So this is a very
delicate feature. However, if one assumes that this is the product of an
anchor scour, what you have to say is that you have a ship which has
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dragged its anchor down in this direction and has then swung from left to
right, lifted up its chain, deposit it, eroded a bit of sediment, lifted it and
gone right to the other side and done exactly the same thing, then lifted,
dragged its anchor, done it again and again and again.
I've only been around ships for about 40 years of my life, and I've been at
anchor many, many times and watched how they perform and I cannot
conceive that how a vessel could create such elegant bilateral symmetry as
it drags its anchor over one and a half kilometers. Indeed, to do so, would
mean that you must be on such a short cable that I doubt that you could raise
the cable in sufficient amount to create that kind of appearance. Now when
you go out at lunch time, there will be a genuine side scan sonar record of
Hamilton Harbor showing you what anchoring looks like and, indeed, you'll
see some feathering taking place, but you will see nothing that is akin to this.
Very often it looks more like the feathers at the tip of an arrowhead because
you have a single line where the cable lay in the mud and then you have the
little feather marks coming off the top where the ship has played at its
anchor. Now recognize that, in order for this to happen, the ship, a large
ship, is relatively unaffected by way of motion in this part of the lake, and
probably wouldn't anchor if the weather were so severe, yet I would have to
be responding to being totally in ballast, right out of the water and exerting
enormous drag on that anchor. There's another example of the same thing
curving. There it is again, and here you can see a rapid sketch of the
extension of this particular feathered mark, down in this region here. The
ship would obviously be anchored, the wind'd be coming down from the
east-northeast and the ship would be dragging in that direction. I doubt,
knowing that part of the world, that sea stake would get particularly larger,
that those were the weather conditions you'd need, in fact, a full easterly gale
which are quite rare in Lake Ontario to start off with.
Rich Thomas: Let me go back a bit. Within this area, we also saw these LABAs, these long
linear features. Now the linear features within the sediment, when you get the
return on the echo sound, on the side scan sonar, are indicating significant
change in the acoustic properties of the material, which is conforming to the
dimensions and shapes of this material. And initially when we saw them, we
said they could be of two origins, one might be change in water content or
change in particle size and that these, in fact, could be possibly resulting
from sand dike emplacement or sand, small sand volcanoes looking like
chattermarks going along the surface, and so on and so forth.
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We never published that and, in fact, came back later with a notion that
these, indeed, were more likely to be gas seeps. And under that area, here's
a high resolution seismic showing this rather elegant gas masking as you
move away into the region of the Dundas Valley.
Now I'm going to move on. This is on the Niagara-Pickering lineament and
shows a very nice example of a, of a LAB A. This one is also on the NiagaraPickering lineament and is a totally different characteristics, though is a
related structure to the LAB As. There is a LABA right there, here's a sort
of volcano and look at these light venting features and the general mottled
appearance of that whole system. This is an intensely disturbed surface,
intensely disturbed surface and the only rationale that I can come forward
with that kind of appearance would be one of two upwelling sources, either
of ground water or of, of gas. There, again, is another example. This is on
an area called the, the Wilson-Port Hope, which is a structure that I'm
particularly interested in. The reason that I got into this work in the first
place is that, in looking at the changes in organic pollutants in the sediments
of this lake, it is going opposite to that which should be, which is predicted.
In other words, the controls introduced in the 70s should have resulted in
reductions. That is not the case. The levels are rising and have been rising
for over 20 years. This is anomalous, this is almost ridiculous, yet
measurements in the Niagara River, which are the prime source, show that
they should be declining. By looking at the distributions throughout the lake,
it is clear that these are emanating from the south shore of the lake
somewhere from Wilson to some miles to the east of Wilson on the U.S.
side. So I'm particularly interested in this structure, called the Wilson-Port
Hope, because I feel it may be serving as a conduit for pollutants into the
bed of this lake.
Rich Thomas: Now, we move to the Rochester Basin, the deepest part of the lake, and here,
if you look down at the bottom, is a 3.5 kilohertz acoustic system and you
can see there's a very nice break, discontinuity. This is modern mud,
glaciolacustrine clay and this could be either a till or a bedrock surface. You
can see there's a clear break and approximately equal sedimentation on either
side of it. Notice, please, that along this break you have major, major
backscattering taking place which you can also see in other areas, such as
along here. This would indicate that there may be de-gassing taking along
that break.
Now, at a more extensive area, I have taken piston cores at the top, tops, the
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top and the bottom of this feature and, in both cases interestingly enough, the
piston cores started to expand, due to expansion of natural gas which has
resulted in some self extrusion taking place, of that core, as you put it on the
deck. That is very similar to what you'd find in a core in Lake Erie and,
hence, these piston cores are loaded with gas. Carbon isotope ratios suggest
that in the near surface, the very near surface, I'm talking in the top 30
centimeters, this gas is a mixture of both biogenic and natural gas in origin.
More work needs to be done quite desperately on the composition of these
gases which will verify what is happening along some of these structures.
Here, again, is another beautiful example, as you can see, all of these marks
on the, on the bed of the SOSZ and here's an even better one. You can see
these along the actual break, here's the actual break in our material and look
at this rather elegant one here.
Rich Thomas: Let me start off by saying I don't dispute that, that some of these LABAs
may well, indeed, be cinders. I have no problems with that because cinders
would represent a change in the texture of the surface sediment. However,
I don't want to be facetious, but when I look at a mark like this, I can see
two steamers going in parallel, and at the dip of a flag, or the blowing of the
whistle, they dump materiel out of the chute at the rear of the vessel. Those
cinders, which are low in density and have got very awkward shapes, would
not settle according to Stoke's Law, but would settle through a water column
of some seven hundred and fifty feet, yet would create these beautiful,
elegant marks along this particular orientation. I find it very difficult to
conceive that, in this particular case, that those could originate from, from,
from these, these cinders of vessels passing. There's another example, again,
on the southern Ontario structural zone and another example here, again,
showing the really dramatic break that is taking place along these systems.
I mentioned upwelling ground water. If I go back, very rapidly, there is
ground water upwelling along the line of the Wilson-Port Hope structure. We
know that because we've cored along it very very extensively over quite a
broad range. And what we know is that from the isotopic signature of that
water we are looking at upwelling ground water, we are looking water of
high salinity as well. Not only that, the metals are enriched, deep down in the
core, which'd indicate that higher metal concentrations are upwelling with the
ground water and being absorbed in the deeper parts of the sediment column.
Some samples I had to send ultimately to the high-resolution mass spec in
Ottawa for cleanup and analysis because, at five meters down, in
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glaciolacustrine clay, glaciolacustrine clay, we found traces of organochlorine pesticides and compounds which needed verification. However, the
hydrocarbon concentration in those sediments was such, that they were
exceedingly dirty samples and required extensive cleanup before they could
be analyzed. Lindane, chlordane, endosulfan and some indication of PCB
were found in that core, as I say, at 5 meters down in glaciolacustrine clay.
This would indicate movement of organic components, coming up through
the system, however you cannot solve that problem with just one sample.
Many samples would have to be analyzed for verification before that material
would become publicized. So, indeed, along these structural lines we can
believe there is de-gassing, we believe that there's upwelling ground water
occurring, both of them. Interestingly enough, in all of my work, having
looked at some of the basics of the structure and talking to a wide array of
people, but when we take a ship out into the lake, deploy a side scan, we
will locate these kinds of features immediately on the structures, and it is no
accident that Sanford's work has been used excessively by the oil and gas
industry in southern Ontario for the location of oil and gas deposits, and I
think it is no different in the lake at all. I have seen many features in Lake
Erie, but I really didn't tie them to structure at that time. I wish I had
because I might've had my eyes opened somewhat significantly.
Rich Thomas: Now let me go briefly. If I draw a map, and you can't see this very well, this
is crossing the southern margin of the SOSZ showing the orientation of the
LABAs and other features that you've seen. They are really quite extensive
in nature. Now, I'm going into the south Ontario structural zone, which is an
area coming just to the north of Rochester and presumably moving up into
the Mexico Bay region, which is an area that is put on the extension of the
southern margin of the possible extension of the St. Lawrence rift fault
system. Did extensive echo sounding in this region because we had seen
some rather strange results on echo sounding and defined most of work, and
which defined the SOSZ within this context.
Dave Forsyth showed his line came through, probably through this part of
this area here, and from my work, subsequently, I have focused right on the
southern margin of this; I believe Mike Lewis has worked further to the
north on the structure. But I focus purely on this southern margin because
that has been the area where the most significant features have been seen.
And here I draw your attention to an airgun survey that we did over the
SOSZ, some 2 years ago, showing the break, by the way this flexing of all
of these materials, this is very very strongly amplified, however that does
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give you more accentuation to the structure and therefore it's more easily
seen. So here you can see major displacement going from here down to here
which is reflected down in the bedrock. There is, in here, a little lens of
glacial till. However, that doesn't dispute that the bedrock, which you see
here, has been displaced downwards and here you see the glacial till which,
I believe, has also been ruptured and these materials, which are showing a
similar thickness on each side of the fault zone. We've interpreted these
features as faults, obviously; there may be some other rationale for them but
I think it would be hard for anything other than looking at a major break to
account for these kinds of features.
This is on a line to the west. You can see the major break and I'm going to
go through these very quickly. They're all very much the same thing, they're
at half a mile spacing, one to the other. This is line, doesn't have a line
number on it, it's probably nine, this is eight, line eight, which actually
shows no disruption, though there could be a fault in this area there. This is
line ten, you see major breaks appearing at two locations. Line eleven, very
similar, draw your attention to this major break and line twelve. Now I have
moved well to the east of this, with echo sounding, and this feature goes
from just to the northeast of Rochester and certainly to the north of Oswego.I
have seen maximum displacement of this material of up to 40 meters, though
in this particular survey 37 and a half meters was the maximum displacement
observed, which I think is in the kind of order that Dave was talking about
in his talk. Now putting this together, we draw the correlation diagram
between them and come to, probably, the most important diagram is
connecting them into a fault zone along the southern margin and you can see
there's 24 meters of displacement there, there's 37 and a half the maximum
observed (indecipherable). The trending is about north 60 degrees east. It's
variable as you move from different parts of the (indecipherable), but please
notice that there is quite significant differences along these from 4 to 22
meters of displacement along those fault zones. I'm all finished and open for
questions.
Rich Thomas: I should, maybe, just say concluding remark. I feel it's absolutely imperative,
in unravelling the structure of this lake, that these areas, such as the SOSZ,
the Wilson-Port-Hope, the Niagara-Pickering and the Clarendon-Linden be
analyzed geophysically, geologically, in intense detail. I believe it is
imperative that one looks at upwelling ground waters and I think that it's
also imperative in characterizing the natural gas and hydrocarbons, which are
related in structural areas. I'd go further to say that if we verified the
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significance of side scan features to structure in gas emanation, we've also
created a very powerful tool, not only for defining structural zones, but also
as an exploration tool for natural gas and of mineral deposits. Thank you.
Ray Price:

Thank you. Thank you everybody for being prompt and on time. I think
we've managed to stay very close to our schedule. We now have a lunch
break and we reconvene at 1:30. Please try to be in your places at 1:30.
Thank you.
LUNCH BREAK

Ray Price:

The next presentation is by Mike Lewis. The topic is Neotectonic Features
in the Quaternary Sediments of Lake Ontario: Interpretation of Geophysical
Survey Data in the Vicinity of Darlington Nuclear Generating Station,
Seismic Hazard Implications. Mike.

Neotectonic features in the Quaternary sediments of Lake Ontario:
Interpretation of geophysical survey data in the vicinity at Darlington
Nuclear Generating Station; seismic hazard implications
Mike Lewis
Mike Lewis:

Thank you very much, Ray. Well I, with colleagues, have had the pleasure
of working from 1992 to 1994 in Lake Ontario and, beginning in 1992 with
a grid survey of western Lake Ontario initiated by the Atomic Energy
Control Board and supported by Ontario Hydro, Coast Guard and the
Geological Survey of Canada n' others. What I'd like to do today is take you
through some of the new data and new findings. On this trackline you can
see the 1992 grid line survey, 5 kilometer by 10 kilometer line spacing. The
shaded areas are work done in 1993 by a swath bathymetry mapping vessel.
This is a new technology that's revolutionizing our concepts of lakebeds and
oceanbeds and we'll share with you the first such images obtained from the
Great Lakes.
So what I'll do, I think I'll begin with the swath imagery for this area in
eastern Lake Ontario, the Rochester Basin, the contours there are a hundred
meters and two hundred meters and this little swath, test swath area, spans
the 200 meter isobaths of the Rochester Basin. This is the ridged area that
Rich Thomas spoke about and illustrated, last talk.
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Now swath bathymetry is a multi-beam sounding technique. In this case, 60
beams, athwart ship, are passed over a survey area, at quite a high rate of
speed, 15 knots, and the developed a image which can be portrayed by colorshaded relief, and this is the image of that region. That show up alright?
(Request from members of the audience to project the vue-graph higher) This
is, dimension-wise we're about 11 kilometers by 22 kilometers and we're
running from something above a hundred and eighty meters of water depth
down through the deeper part of the basin, over 200 meters of water depth
up, just up on to the southern side of that Rochester Basin, just beginning to
get into it. And I think the dominant feature on this image are the lakebed
ridges and the orientation confirms, beautifully, the deduction that Rich had
made earlier from widely spaced echo sounding lines.
Now the nature of the ridges is a matter of interest. So let me proceed now
and I'll show you a seismic profile in this region and a core from this region.
Unfortunately we don't have the two together just yet, but we'll come back
to this one. The northern seismic profile, across two of the ridges, this is the
north, these two ridges are in the northern part of that sector, this is an area
where the ridges are thin and our seismic profiler is a high-resolution wideband Seistec system ranging, using frequencies from about 2 to 8 kilohertz,
and we're looking at about, the scales are 9 meters between scale lines here.
So this is the lakebed, which I've dashed in blue and that's the surface that
the swath bathymetry is imaging. So the ridges, for instance, that it sees is
this ridge and that ridge. What lies below is a series of parallel reflections
ranging down through the modern Lake Ontario passed into the glacial lakes
and then on to a pre-glacial lake surface. I think you can see this surface here
with incoherent reflections, sitting, a body of incoherent reflections sitting on
a sub-bottom surface which is interpreted to be the bedrock, Paleozoic
bedrock surface. This suggests that the ridges in the, at least in this area, are
mainly composed of this sort a material lying on bedrock. Now what is that
material? These sediments are very thick, thicker than our cores and
consequently we have to hunt for areas where that sediment is thin and we
found one over in this area, on that ridge, which we could actually core and
we intersected the contact with the incoherent material at the bottom of this
core, at about five and a half meters and we're looking at the material from
that ridge, at least the upper, the upper meter, the bottom (indecipherable)
meter of the core is the material from the ridge and we were just looking at
it last week and this is a very coarse diamicton, a till, Dave Sharpe was
down, resembles the till from the north shore of Lake Ontario, one of the
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older tills. So the, it does seems then, that these were, just at least on the
north side of this area, are composed of a till.
Mike Lewis:

Now I'll just show you another aspect of the swath bathymetry that is
obtained. The imagery also images acoustic backscatter and this is the same
area in which we're now looking at backscatter, somewhat like a side scan.
This is a 90 kilohertz system. The blue areas are low backscatter, typically,
typical from the mud areas, and the gray to red are high backscatter. Now,
as you can see, some of the ridges, indeed, are quite high backscatter and the
origin of that phenomena is a matter of some interest as well. So, if I go
back to the earlier image, I'll show you a profile from this region, and this
is, happens to be the ridge of high, high backscatter and we will examine the
reasons for that.
The profile, with the high resolution seismic profiler, is this. The same
features can be seen, except that we cannot trace any reflectors through the
bottom. This is because we have a tremendous thickness of this presumed
diamicton in the area. We did have, in that same area, a airgun, a lower
frequency, more powerful tool.

Mike Lewis:

These are three sections of the same profile across the same ridge, at lower
vertical exaggeration. The only point I wish to make here is that, in this case,
we can trace the bedrock surface through the bottom of that ridge. So we
seem to have the same structure in those two sections.
Now if I go back to the high-resolution ridge, high-resolution image of this
particular ridge, this is the one with high backscatter. The surface of the
ridge is this, ignore this reflector. This one we transited with a submersible,
last summer. We actually went up and visually examined this surface. The
surface was all mud until we hit this area right here and we found
outcropping beds of glaciolacustrine clay, gray la
, glaciolacustrine clay.
It's the same material as we would find in a core if we were to core, down
in here. The implication is that the ridge tops are being eroded and, in places,
they're exposing the, the underlying clay cover.
So, at least in those areas, the ultimate idea for the ridge formation is that
these are ridges of till resting on bedrock, and we're going to the origins of
that, but there are processes related to turbulent melt water outflow beneath
the glacial cover, which had produced similar features in the Peterborough,
the Peterborough drumlin field would be the analogue for these particular
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features. So that's not terribly neotectonic, so let's move on to another aspect
that comes out of this particular study.
I want to go back to the swath image and point out secondary features on
this record. You can see a little dimple up there, there, there and in fact if
you look carefully here, you will find more down here and etc. When I
looked at these more carefully, they appear to be small depressions on the
lakebed, 100 to 500 kilometers in diameter, (laughter), kilometers, probably
not; let's say meters and they resemble large pockmarks that are known from
seabed and other lakebeds and if that interpretation is correct, that means that
they are sights of fluid venting on the lakebed, fluids coming up from below.
Now, just so we can see this a little better, this is the same image with the
pockmarks outlined in white, can you all see that? Yeah, and in the northern
part of the image, they're numerous, but rather randomly oriented, but in the
southeast, on the south where Rich was showing us some pretty exciting
profiles earlier, they're aligned and we have two alignments of pockmarks
in this image and that does suggest that there could be fractures or faults
which are guiding upward flow of fluids that are subsequently venting at the
lakebed, if that interpretation is correct.
Mike Lewis:

The only thing I want to add to that, is that just down the trend of one of
those pockmark trends, remember we have an alignment that ran south,
south-southwest, we have this profile, found this profile, seismic profile,
airgun profile and it does show bedrock offsets in this area. So it's
tantalizing.
Now that's all the new information that I have from the south Ontario
structural zone and I'd like to, then, move on to some of the observations
from the 1992 grid survey, just remember that's this area in the western end
of the lake which spans the two major lineaments that underlie Pickering and
Darlington. Should say that, for the work in the south Ontario structural
zone, if the alignment of pockmarks is verified as a structural tectonic
feature, then it would have some bearing on the idea of the St. Lawrence rift
extension into this zone, whose significance has been talked about earlier.
Rich talked a great deal about, quite rightly, about dark return areas on side
scan and we did see them on this survey. This is an example of one, I won't
go into this. What we did was map them, in their approximate orientation.
This was the generalized map that we found and we sampled two of them,
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one in the south, one just up in here. This pattern, we were looking for a
pattern that would relate to the Niagara-Pickering linear zone or the Georgian
Bay linear zone and this struck us as something a little different and, in fact,
what we began to see was a radiating pattern from the Welland Canal and
possibly patterns going to various points across the shore. That's just, that
was just an observation. We did sample, as I've said, a pockmark or, sorry,
a LABA in the southern part of the region. This is the one from the south
and it recovered (indecipherable) coal fragments from that small dark feature,
fragments of this size, and you see the scale at the bottom, are quite capable
of returning acoustic energy at a hundred kilohertz. The other sample from
the north, I don't have a picture of it, was crushed gravel, or crushed
limestone. Now this does not rule out that these features also have a tectonic
origin, as Rich was describing. So I would not ever, I don't want to say that
these preclude, we've only looked at two. What happens to the other ninety,
or so, I don't know.
We don't have too much to add to plumose structures, I'll mention that in a
moment. Let me move on and I'll show you some of the features we saw
deeper in the sediment section. Now the sediment section in offshore Lake
Ontario is quite thick, up to 50 meters in the Dundas Valley, and if one
interprets the regional geology correctly, it implies that all of this sediment
was deposited since the last glacial ice cover, about 13,000 years ago. So
there is an opportunity for high resolution of deformation events or disruption
events that we can find within that sediment section.
Mike Lewis:

I'll just make a comment about the sediments on the south shore. This is the
seismic profile, scale on the left in meters, from the New York shore. This
is quite common, it's a steep shore, up to about a degree in slope. There are
interesting wave forms on this sediment, or in the sediment section. The Yreflector is a, is a regional reflector; it's age is about 6 to 8 thousand years,
so this is an area of fairly rapid deposition and what has struck me is that if
this area was experiencing large magnitude earthquakes in that time period,
then these sediments might have failed, and we might expect to see turbidity
currents, etc, out into the basin. Now that's one thing that I haven't seen, in
all the cores we've not seen turbidity current deposition offshore. And so, we
haven't done this but I'm suggesting that these sediments, if more is known
about their stability and strength, etc, and their resistance to earthquake
shaking, we might be able to determine what level of earthquake could not
have happened in this region over that time period.
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Further down in the section, right on the yellow reflector, 6 to 8 thousand
years ago, large area of the western Lake Ontario characterized by these
notches. They're small cut and fill structures, in this case a couple of meters
below this lake bottom which is marked in blue. I don't know what causes
them, but one poss
, and we don't know what their shape is in plan view.
That's what's holding us back. They might be circular or they might be
linear channels. If they're circular, elliptical features they might be, again,
pockmarks, a former regime of pockmarking which could've been formed,
possibly, by a episode of earthquake shaking. So this could be, potentially,
evidence of an earthquake shaking event 6 to 8 thousand years ago. They
might be other things, but we know very little about them, other then their
existence.
Very small normal faults were found in a few places. As you can see there're
slight offsets in this, it's in this high-amplitude, parallel-reflection band of
sediment; its age is around 11,000 years. They occur just on the NiagaraPickering linear zone and, hence, they're of some, some interest in that
regard, but they, very very small throw, maybe 50 centimeters, or so. They're
very close to the limit of resolution of our seismic system. Their significance,
I'm unsure of. They could be due to settling of the underlying sediment
which, again, was again was rapidly deposited and rapidly de-watered.
Mike Lewis:

Deeper in the section, I'm going deeper, this high-amplitude parallel band,
here, is our orange unit is about 11,000 years old. All of the sediment below
it, OK, thank you, is possibly deposited in the last 2 to 3 thousand years
prior to that, and what we find are, are, in a lower band of parallel sediment,
here, missing zones. There's an eradication of reflection. That might be
related to a turbulent meltwater flow or it might be, again, related to big
earthquake-shaking event, and if that were the case, we might've had a big
event in 12 to 13 thousand years ago.
Now I have only one other feature that I wanted to comment on. In the
sediment section, we find a great many depressions like this. Once again
we're looking, not at the modern sediment, but 11,000 year old sediment, and
we find that it's infilling depressions in the underlying incoherent sediment
which is characteristically a glacial deposit. Here it is in a different vertical
exaggeration, but what's important, I mink, is that we can trace the bedrock
surface through, without disturbance, beneath it. So it looks like whatever
formed this depression is something that (indecipherable) came from above,
and I'm seeing this possibly as a meltwater flow erosion event. It is, that
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there's a whole class of them. We mapped over a hundred and fifty of these
features, of different forms. Some have very steep sides, such as this one.
The bedrock surface has been traced on here from our airgun profile and, I
think you've seen this one before, this could be the edge of one a these
sediment depressions, one of this whole family of a hundred and fifty
features that we have or, as Joe Wallach was describing this morning, I don't
have the underlying bedrock surface in here, so we can't tell, but it might be,
this might be a monoclinal warp over a bedrock disturbance at depth. It
definitely needs to be examined. Its location is shown here, in red, just at the
intersection of the Niagara-Pickering and the Hamilton-Presqu'ile.
So those are the major features we saw in the sediment section and the
sediment surface in the south Ontario structural zone on those surveys. I
think I should leave it there.
Tape 3 - Side 2;

Geophysical signatures under Lake Ontario
Joe Wallach and John Bowlby
Joe Wallach:

OK, I'm not going to spend a lot a time here. We're goin' to divide this
presentation up into a little bit that I will present to you then John Bowlby
will take over and, I think, do the lion's share of the presentation.
What I want to show you is some stuff that's contained in an Ontario Hydro
report. I believe it was done for Ontario Hydro by Earth and Oceans. This
is right next to the Darlington Nuclear Generation Station which would be
just about up here. And what I want to point out to you, this is a side scan
image or sonar mosaic showing this linear band, (I'm not moving, that might
go), but right here, and what it does is it separates the pattern here, which is
distinctively different from the pattern on the other side, which makes me
suspicious that it might be a fault. I don't know if it is. I have no idea what
we're looking at here, but I think that, in the nuclear industry, or anybody
who's involved in seismic hazard assessment, if you find something like that,
I think you should check out what it is and hopefully it's not a fault. Maybe
it isn't a fault. Now, overlying that, but not perfectly coincident with it, is
this bedrock contour map and it shows a prominent lineament oriented about
north 60 or 65 degrees east. Now also this company, Earth and Oceans, in
addition to just contouring the bedrock off of Darlington, they contoured the
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bathymetry, meaning that they, then, got the sediment, as well, on top of the
bedrock, and it still shows this linear feature, but it is subdued. So whatever
that ridge is, whatever it's origin, it had to be there, at least that's what I
would think. It had to there at least prior to the sedimentation that they
imaged.
Now I go back to the OGS map. This is that Hamilton-Presqu'ile fault,
which is about 25 me
, uh, kilometers, rather, offshore from the
Darlington area and I do want to remind you that this feature, I guess, or at
least structures within this zone, which John Adams, I said, and Peter
Basham had talked about before, some of those are normal faults which does
tie in, again, to this Iapetan rifting hypothesis or the rift zone hypothesis or
things like that. I don't know what the character is, of this fault, but it's all,
perhaps, part of the same thing. The point is that there seems to be a family
of linear features, including this Hamilton-Presqu'ile fault, 25 kilometers
offshore. This is one of them, this is by, this is a, the highlights, if you will,
of a magnetic map interpreted by Paterson, Grant & Watson, a geophysical
company in Toronto. The Darlington Nuclear Generating Station is right
there and what they show is this interpreted fault. They don't know if it's a
fault either, but this is how they've interpreted it, perhaps because this does
seem to show a separation. I'm assuming that's why; I don't know why.
Joe Wallach:

Now the linear features that I showed you before are not superimposed on
this. Those linear features are about out here. I also want to point out that
McQuest Marine had done work in this area for Ontario Hydro before the,
I guess, Earth & Oceans went in or whenever, and McQuest Marine had also
suggested that these linear features, to which I alluded at the start, might also
be faults. So we have, then, a family of linear elements, this interpreted fault
by Paterson, Grant & Watson from magnetic data, the features offshore to
which I alluded, which might be faults, and we have the Hamilton-Presqu'ile,
25 kilometers offshore, which is a fault. So what's the importance of all this?
Now I don't mean to insult Kevin Coppersmith here, but I did this some time
ago so I apologize, but I'll come back to your curves too.
This is a suite of curves, that were compiled by Burt Slemmons, which show
the length of surface rupture versus earthquake magnitude. Now I forgot to
mention that those linear features, that I pointed out, are about 3 kilometers
long, and if we take these curves, here, then it says if you have a 3 kilometer
long rupture you could get an earthquake as large as a magnitude six and a
half. Now if I recall, from the Wells and Coppersmith paper, which came out
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last year in SSA, I think that the average or maybe the maximum earthquake
for a 3 kilometer long lineament would be about a 5. Now I don't have any
capability of telling you whether a 5 or a 6 or anything else like that could
do damage or not. I leave that to other people, but this is the kind of thing
we could be talking about if this is a fault and if it's an active fault. And I
repeat, I don't know, but I think there's a need to at least find out whether
or not it is, because there seems to be a lot of information which suggests
that it could be.

Joe Wallach:

Now the last thing I want to say to you before turning this over to John
Bowlby, is that there was a series of dives made last summer off of both
Canadian and American vessels and they even got me into one of those
things too, and I didn't wanna go, but they said I had to go. We didn't see
a whole hell of a lot and in the video that John'11 show you, plus I guess
some of the slides, you'll see whatever it is we saw. Now he's gonna be
showing us stuff from just offshore Darlington because one of the reasons for
the dives was to try to find out what those linear features were.
One of the things that we do know is that the bedrock surface, in that area,
does show a dip to the south. We don't even know by how much. I'm gonna
guess, maybe 2,3 degrees. Now there is a regional homocline, which extends
from the Precambrian-Paleozoic contact, well to the north, right on into New
York State, western, central n' eastern New York; might be related to that.
If those features are faults, maybe that inclination is related to that or, as
people have suggested, might be a drape phenomenon again. I don't know
the answers to any of these questions but I think we have to try to address
this issue. And now I want to turn this over to John who will carry us the
rest of the way.
(While adjusting the microphone) Just a little friendliness, here (laughing).
Stop it! (general laughter).

John Bowlby: Just a quick look here at the side scan sonar technique in case any of you
haven't seen the elements of it, a towfish in the water, acoustic energy which
is radiated out and is brought back to the transducers and we do a mapping
of the bottom as we've seen. And I just show this as an example of fractured
rock, what we would interpret as fractured rock from side scan sonar and we
often have a pretty good reason for interpreting what we see as an image.
This is on land, of course, and we're seeing the fractured rock, somewhat
enhanced, and you can imagine that the acoustic energy on a lake bottom is
bouncing into these cracks and being reflected back, giving us the pattern
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that we see. Rich Thomas showed this earlier. This was the record obtained
off Toronto Island in 1987, a Canadian Aviation Safety Board Investigation
into an air crash. Locate the aircraft. The company also found these
signatures. They called together 5 or 6 of us, asked us what do we think
these marking could be. We interpreted these as pop-ups. We'd been looking
at pop-ups around southern Ontario, indications of bedrock stress relief. This
particular area was very interesting and this was the first field we'd seen
underwater and, as Rich said, we're looking at features that are 2 to 3 meters
high in places, about 10 meters in width, perhaps. This scale here is 15
meters. A quick sketch map interpreting them. This area is about 2 square
kilometers.
The plumose markings, that Rich talked about this morning, were the result
of another aviation crash investigation, locate the aircraft. In the process of
locating the aircraft, we found the plumose markings. Again a search area of
about 2 square kilometers. So really we've only looked, in any detail, at 4,
maybe 5, square kilometers of 7,000 square kilometers in Lake Ontario.
From 2 postage stamps, we have found quite significant new geological
information.
John Bowlby: The Toronto area has been extended, now, to about 50 square kilometers,
running from the west end of Toronto Island over towards the NiagaraPickering area here. Quite interesting! Only when the colored maps came out
did we notice there's a very prominent lineament in the magnetics and the
dive site off Toronto is right on there, the other dive site, over here at
Darlington, that we'll get to. The other map, just showing the same, same
kind of lineament pattern. I hope I can get over here, into this area here, and
with that, what I'd like to do is just play a sample of the tape. We have over
a, over a hundred and fifty hours of tape, and so
(in response to an
unrecorded question or comment) No, we have distilled this down to a very
modest amount.
There we are. Maybe it will start. Here we are. (Beginning of videotape)
This is off Darlington, the observers here, Arsalan Mohajer and Bob Jacobi.
Can everybody hear at the back, cause their comments are what you should
really hear, here.
TAPE PLAYING. THE VOLUME WAS EXTREMELY LOUD AND
UNCONTROLLABLE THROUGHOUT THE DURATION OF THE TAPE PLAYBACK
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Sorry. Doing this in the dark (Tape continues to play).
A lot of sand infill, but they are coming up onto

.

Don't understand why the sound's breaking up. It was better this morning,
even when we played it at noon.
The, at this point they're sitting on the bottom using the submersible as a
geological tool and reading the inclination of the bedding. The bedding in
this site .
(Referencing bedding) It's 5 degrees inclination to the south, change tapes,
we're onto some ledging rock here.
Fresh fracturing showing up on the lake bottom.
Now when you're looking out, you're looking out through a very small view
port, so your field of view is somewhat restricted and it's almost serendipity
when the camera catches something, such as the fracture on the right side of
the screen.
John Bowlby: Hydraulics are wonderful under water, you hear everything. The, we're about
to leave the Darlington site and we'll move over to the west, to Toronto.
I'm just gonna stop this and see if we can . I'll just restart and see if we
get a better tracking on the sound. Not a lot better, is it?
Now we're shifting to Toronto. This is the actual submersible. June 4th, so
it's just about a year ago. We're just offshore from Toronto, about 8
kilometers out on the lake. Some of the electronics, a gyro compass, and
when you're on the bottom you can't see very far ahead, so we use an
acoustic sonar tool and you can see, here, the white line, that's a ridge.
Here we are with the first pop-up. I'm going to have to shoot ahead a bit,
here, because I do want you to see one of the other ones. You can see how
the rock was standing up, vertically, through the lake bottom. As we swing
back here, you see how it's vertical. It shouldn't be that way, it's definitely
out of position. We'll move along here to some of the other ones. We
just . There we are. Using the edge of the sub, the skid as a bit of a
sampling tool.
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What's, what's interesting is that this work was done in June. Then, in
November, there was a press release came out entitled "Cracks in Lake"..
(Reading from that article) "A few months ago, the press was getting all riled
up about seismic faults on the floor of Lake Ontario, adjacent to Darlington.
Further investigation has revealed conclusively that the marks observed are
caused by one of three things: ship's anchors dragging over the bottom, ash
thrown overboard from the coal-burning steamers of yesteryear, or old
'shorelines' from a Lake Ontario which has changed dramatically in size
over the millennia, but seismic faults, they are not." This quote came from
Onsite, published at the Darlington Nuclear Generating Station on November
4th, 5 months after we had done this dive work. And all I would say is that
the dive work confirmed the interpretation of the 1987 side scan sonar work
and what we clearly have are geologic structures that are of natural origin,
not anthropogenic origin. Not saying that there aren't anthropogenic features
in other areas in the lake bottom, but we shouldn't be confusing
anthropogenic features with natural features. In the interest of the chairman
keeping on time, what I would like to do is stop the tape here and at the end
of the day, perhaps, we can review this tape or any of the other ones if
anybody would like to look in more detail. Thank you.
Ray Price:

Thank you.

Faults in the Metropolitan Toronto area; active vs dormant faults
Arsalan Mohajer
A.A. Mohajer: An honor to be here today to present the results of some of our recent work
in Greater Toronto area. As eye witnesses, this is a personal account, the way
that I saw the problem, not a scientific view, scientific presentation, as Mr.
Chairman recommended that we don't take too much of the pure science, but
also touch up on the implication of some of our findings in this, these big
decisions in front of us. So, therefore, I'll just give you a personal brief
account that, how I came across this problem,
I'm relatively short, a newcomer here, because it's been only 10 years that
I was exposed to this. When I was, first arrived as a visiting scientist,
University of Toronto during my sabbatical, then I learned soon that there is
a nuclear power plant east of Toronto, eight reactors, and at this short
distance (indecipherable) community, which is home to almost 20% of the
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total population of Canada.
It was intriguing to me also to learn that the design base for ground motion
of these power plants are something in the order of 3% and 5% g
acceleration. It was puzzling to me because in the previous experience of my
life was all concentrated on site selection for nuclear power plants, in
different parts of the world. I was involved at least with 20 nuclear power
plant sites, in both seismic and non-seismic areas of the world, and nowhere
I have seen anything to be designed for less than 10%. As a matter of fact,
it is the minimum recommendation of International Atomic Energy Agency,
not to design any power plant for less than 10% g, purely because we don't
know enough about seismotectonic relationships anywhere in the world, let
alone eastern Canada. So by having this brief introduction, I would like to
start my presentation today by showing to, first to slides.
I first put up this question to, in a conference I attended in 86 in Ottawa
where I met John Bowlby, Joe Wallach, John Adams and Peter Basham and
I asked about this question and they kindly explained to me that, at the time
of site selection for nuclear power plants in east Toronto, there was not
sufficient information at the time, therefore it was some sort of historical
background information which was used and there are, collectively, utilizing
all their resources to make a decision in regard to this, through a multiagency group for neotectonic of eastern Canada. I was very impressed by
learning that how Canadian scientists are getting together and collaborating
in a very scientific, non-selfish scientific manner, to find the answer to this
question. So I became interested to be somehow involved and I proposed to
do some kind of a study of the recomputation of the location of earthquakes,
hopefully to reduce the uncertainty involved with the data compilation and
analysis. So then I'm going to be reporting tomorrow on the result of that
studies which I carried out in 87, but, and also the monitoring of
microearthquakes, but today I'm going to be concentrating on the question
of the faults in the, in southern Ontario and in Metropolitan Toronto area,
and how it relates to site safety evaluation of nuclear power plants.
A.A. Mohajer: This is a kind of model that we would like all to see and I hope that we
could find enough evidence to prove this scenario, because the undisputable
fact is that, as a result of all these presentations that we heard this morning,
that there is a potential discontinuity in the crust, in the basement rocks,
which are Precambrian in age and, Dave Forsyth shows us, based on the
seismic reflection work, that there are, indeed, some planes, whether they are
71

ductile or brittle, and also Joe Wallach and others showed the aeromagnetic
lineaments suggesting this line. Now the question is that whether these faults
have projected their way through the sedimentary cover in Paleozoic, here,
and also in Quaternary deposits right under the city of Toronto. We have
seen some evidence, whether you would like to (indecipherable) fragmental
on the interface, between Paleozoic and Precambrian, as observed in the field
by Joe Wallach, and as suggested by Dave Forsyth, that there are indication
of projection of these faults here, at these places. Now I will be concentrating
on the interface between Paleozoic and Quaternary in the upper part, here,
to see whether there is any indication of the recent crustal movement or fault
movement in that area.
Now the best start is actually to see where the earthquakes happen, right?
Now the big question is that whether there is seismic gap or lack of
seismicity in this part of Ontario, whether it is real or artifact of
instrumentation coverage or the short history of mankind settlement in here
or very long return period for big earthquakes. So the question is that
whether all this seismicity stops here and again picks up here, in the western
Lake Ontario, and we have a safe place here, a rigid body which would not
move at all in the future or this is not a real picture. So if this is the
questions, as I tried to define for myself, now we have to see what evidence
we have to, to address this issue in hand.
A.A. Mohajer: One of the most intriguing information that we have is just aeromagnetic
lineaments, as my colleagues just explained this morning. This is a total-field
aeromag, it's a high-resolution one which was done by Paterson, Grant &
Watson Company and I like it because it shows, very clearly, the details of
any changes across this lineaments. I call it crustal discontinuity. I don't even
want to call them faults, yet, because there is some, of course, debate and
dispute. But all these lineaments here, which is indication of crustal
discontinuity, different rock types sitting next to each other, may mean
something in relation to distribution of earthquakes as we have it here, about
55, 67 of them right in the western Lake Ontario. Now there is a debate, an
argument, that this is a sort of random distribution because of the inaccuracy
in the location determination. We may not be able to tie them, for sure, any
of these structure, or there are relationship between structures and this fault
that we haven't discovered yet. My own, I would like to maintain both
position, because either assuming that the earthquake activities are random
in here, or related to the fault, we can incorporate this information, somehow,
into the risk assessment and hazard evaluation, unless we decide to trash the
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data and argue that, because it's not accurate location, so we don't need them
and we can just get rid of them. Otherwise we have to somehow incorporate
this information. If you agree with me, then we have to go to the next step
to see what other information's available to us.
We did a compilation of 7,000 water wells, information available in southern
Ontario through Ministry of Environment. So, by plotting the depth to the
bedrock, the first encounter to the bedrock, on a map, I'm doing the contour
line like this, we can say that this image here shows the bedrock surface
topography which is covered under thick sediments, Quaternary sediments.
What it shows is, there are definitely certain preferred orientation of the
buried channels or valleys on the bedrock which is not exposed at the
surface. So we'll try to see whether there is any potential relationship
between that information, which is the Paleozoic cover, and the underlying
basement structures as inferred, based on aeromagnetic anomalies, here for
example. There are some suggestions, they may not be convincing to some
of the eyes here, but some people may be intrigued by saying that yes, there
appears to be certain correlation between the basement structures and the
Paleozoic cover, the channels, or erosional channels. OK, if this is intriguing
enough, so we think we have some indication, or incentive, to be careful and
study the interface between Quaternary and these Paleozoic cover strata as
a possible projection of the deep seated fault right through the Paleozoic
cover but, again, there is a big question mark with regard to this
interpretation.
A.A. Mohajer: OK. What we know in terms of the—. What do we have on the ground
surface? Nothing, actually, it's a satellite image of Toronto area, Lake
Ontario, Lake Simcoe. So if you look from above, we don't see any fault on
the ground surface, so this is really a peaceful observation, but notice that the
Niagara-Pickering is supposed to be, lineament's supposed to be passing here
and going off, based on geology. But on the ground surface, as a result of
erosion or extensive development, there is not much fault to be observed. So
unless there are only some indication of the structures which are controlling
these configuration of the lakes in here, which Sanford and others suggested
that they may be fault-controlled and also the other trends that we see here,
but actually when you go out in the field, on the ground surface, you don't
make any observation on the surface.
Now the only thing that we found by going out into the field, because this
is the cheapest, the most cost-effective way of doing the field geology by
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taking students from the university, as a project, just going over the weekend,
intrigue their interest to go around and try to do some fault finding if they,
they can easily get excited about finding fault. This is an example of the
fracture pattern, the systematic fracture pattern that we have found in
Paleozoic rock, limestone and shale, systematically in most places that we
visited in the river valleys, cuts, and if you plot the pattern of these
systematic fracture, you see that, this is the Rouge River area, this are two
identical orientation here, this one is older, this one is newer, or younger, but
this pattern is slightly different from the other river valleys that we have
examined. So there is, apparently, a sort of anomaly or some sort of different
behavior in the fracture pattern situation as we see in the Rouge River
compared to the rest of metropolitan area.
OK, this is another interesting place that I spent one weekend just walking
down the Rouge River, actually flooring on the bedrock here, at the base of
the river is bedrock. But you don't see any indication of bedrock in the
section, but when you, I paid attention a little bit carefully, because I used
to see faults in many other parts of the world. I notice some step in here, up
and down, along this wet clay and sand deposits here. This is a glacial and
interglacial deposit, by the way, and if you look very carefully, you see some
indication of ups and downs along this bed, right? And you can correlate it
up the section, actually comes up and stops somewhere under the Halton Till
here. So this was interpreted, in this section, that we have indication of some
sort of faulting in the order of 1.2 meter displacement in fairly young glacial
sediments here, which they don't know whether it penetrates into the bedrock
and it doesn't even cut the Halton Till, the last glacial deposits here. So the
age of this faulting must be bound between 10 to 12 thousand year, which
is age of this layer and also we don't know what happens in the basement.
A.A. Mohajer: I presented this in Toronto in a conference, verbally, and my colleagues
criticized me that we said that you cannot draw any conclusions until and
unless you find indication of the bedrock involvement with this kind of
faulting. So I was very intrigued to get some advice. I went back to the field
and continue investigation because it's in our, close by to the campus. So we
went out and we found, a few hundred meters down from that section,
another fault, set of faults here, again normal faulting. This time the fault
clearly involves the bedrock. So this satisfies one of the requirements of the
bedrock faulting in addition to Quaternary. So I've found a fault at the
interface between Quaternary and Paleozoic bedrock, and the interpretation
went, and was, in this kind of section that my colleagues told us, advised us,
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that we are not going to comment on this until and unless you can publish
this information because it has to receive the peer review. That's why we just
sent it a few places in Canada, finally American's journal, GEOLOGY, which
is a publication of American geological association, accepted this paper
which was extensively reviewed, and's one of the most prestigious
publication (indecipherable) come out of it because we received some news
release on that. We didn't expect that kind of, sort of news release on that,
but it really provoked a lot of discussion and debate, this section. And one
of the comments that we have received, a criticisism, which is quite valid in
this section, it appears that the displacement dies out toward depth, so one
could argue that it may be produced by some sort of load from top, or some
sort of ice push, as suggested by John Adams, could create some features
because, you see the displacement may be dying, going to the depth, so the
source of the force is from top. So we were, well, we were puzzled. We had
some debate and discussions and we couldn't quite answer the question, but
we were of the opinion that there must be a combination of at least two
mechanisms. Tectonic forces, we cannot reject, has played a role, neither
glacial dynamics or dynamic actions by the ice, we cannot rule out that
possibility, but we thought, and suggested, that a combination of both may
be the most reasonable way of explaining this section.
OK, we did some further study and we found, OK, some ice deformation. So
we clearly know that this is not the ice deformation, because ice deformation
creates something like that, in the area, so our section is quite different from
that. Therefore, we continued our investigation, and we find, well, this is the
Joe Wallach's interpretation of this section, independently, and he came to
the conclusion that the ice cannot produce any faulting like this. And also,
we thought this is important observation because it's sitting only 7 kilometers
from the nuclear power plant. We were, again, criticized that Rouge River
faulting has nothing to do with the Pickering nuclear power plant. We want
to call your attention that if this is a sort of wrench faulting or major
structure which, near the surface, could create some sort of a splaying, so 7
kilometers is not a long distance to see some sort of branching off or
splaying of the fault which is originated from the fault, the main fault zone.
So that is the reason we thought it's reasonable to be careful and cautious
about Rouge River faulting.
A.A. Mohajer: This is a new section that is not published. It is new, to refer to John Adams
and other colleagues. We have found 4 meters, or more, displacement near
the surface, near the metropolitan zoo here. I'm not going to explain it here
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much. This is the interpretation. We have more than one fault here and at
least three or four phases of faulting, so it's not one single episode of
faulting but it is more than two or three episodes of faulting. It has
cumulative displacement of more than 4 meters near the surface here, so it's
the most prominent feature that we have recently found, and it's in
publication now.
And it didn't stop there. We just borrowed some seismograph and went and
did some seismic reflection survey around this section, which I showed you,
to verify the nature of the bedrock involvement with this faulting. This is one
section, which is here, around the Finch Road, which is this one. It clearly
shows the reflector here, but doesn't show any faulting. So we tested our
equipment and it's working fine because it doesn't show any faulting in the
basement here. Now we did another section just along the exposure of the
newly found fault. We came up with this kind of displacement, on this
reflector, which is sitting at nearly 40, 45, between 30 to 40 meters. Now it
clearly involves the bedrock displacement here, as well as Quaternary, and
not only that, there appears to be some disturbance on the deeper part of the
Paleozoic. So this 15 meter of offset, to us, is very, very important and it's
the first time that somebody report this order of magnitude near the surface,
this kind of displacement.
I would like to compare this to the information which was recently published
in the New Madrid seismic zone, along the Reelfoot rift zone. Actually the
displacement that was depicted, based on seismic reflection near the surface,
is in order of 1 meter to 3 to 5 meter, and something in that order. So what
we have found in the Rouge River is quite comparable in size, at least, with
what is known in other seismically active areas. So this is the location of that
comparable area in the New Madrid area that, as you see, the reflector has
been disturbed even less impressively when we compare it to the Rouge
River faulting here.
A.A. Mohajer: OK, I'm just want to conclude that whether we know that the faults are
active, I could not prove the fault is active, no! I'm sorry, at this stage, we
cannot, based on this definition which is used in UK for nuclear power plant
operation, at least. We cannot prove that this fault is active. Can you prove
that the fault is dormant? No! Based on this information, I hope somebody
could get up this afternoon and prove the faults are dormant, now, because
we have to demonstrate that the source of the faulting, which is from the
opening of Atlantic Ocean, has ceased to exist, so this mechanism, this motor
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has to stop. And in the absence of that information, we have to accept the
faults are unproven or uncertain and there are lot, need for data generation
to prove one way or another. OK, I'll stop here.
Tape 4 - Side 1;

Interpretation of the Rouge River faulting, Metropolitan Toronto.
What would an active fault with an unknown return period contribute
to seismic hazard assessment?
John Adams
Ray Price:

(In introducing John Adams)
on Toronto. What would an active, what
would an active fault with a known return period contribute to seismic hazard
assessment.

John Adams:

Thank you. I'd like to provide you with some answers because I hope we
come out of this process with some answers. However, I can't do it without
asking some questions. Now the question I have to ask is come out of this
interchange which came from the Northridge earthquake. Now you might
ask, you might wonder if the reporter was either incredibly stupid or
incredibly smart. I think that's a very interesting question to ask. Now my
formal talk was titled that, but perhaps the more interesting question is how
many unknown active faults are there under Toronto? I guess I'm proposing
to give you the hints of an answer to that.
Well, the first thing we need to know, we can't find active faults at the
surface unless they rupture the surface so this is an assessment that gives
some idea on how likely it is that big earthquakes will rupture the surface.
The first thing is, I wanna be talking mostly about magnitude-larger-than-six
earthquakes. These're the ones which'11 probably dominate hazard to the
reactor sites. They're fortunately in stable cratons, they're about the range
where you might expect to get good surface faulting and you'll find that I'm
using dimensions of about 10 kilometers long by 5 kilometers deep for this
magnitude-greater-than-six earthquake. Well, the stable craton experience,
Australia's had 5 earthquakes of this size, and all 5 ruptured the surface. In
Canada, we've had one, the Ungava earthquake, and I was searching my
memory to think if I'd forgotten of any other older ones which hadn't
ruptured the surface and I concluded that within the stable craton, as opposed
to, for example, the St. Lawrence Valley or the Atlantic margin, I don't think
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I have. So the experience is that just about everyone of them will rupture the
surface, if it's like a typical stable craton. One could also ask the question,
if they're distribut
, if you've got 40 kilometer thick crust, 30 kilometers
which, of which is seismogenic, which is our experience, then how, roughly
what's the probability if they're randomly distributed. I come out with the
conclusion that an earthquake in this size, has got between a hundred per cent
and twenty five per cent chance of rupturing the surface.
John Adams:

Now the next question is how many are out there to be found. Now I'm
gonna use some numbers which are based on an interpretation of Arch
Johnston's EPRI work, which suggests that there is about point 0, point
double 00 4 per annum of magnitude-larger-than-six per million square
kilometers of stable craton crust. The areas we use, this is, if you like a
world-wide analogy, the areas we used were the ones in black which, we
took the earthquake catalogues from those regions and did a magnituderecurrence calculation. This is intended to be areas which are similar in
geology and history to southern Ontario. And so our compilation of world
shield seismicity, gives us a fairly stable estimate of the rate of magnitudesix-and-larger earthquakes. The other thing which Arch is gonna talk about,
and I'm sorry, Arch, for stealing your thunder but I happen to be up here
right now, is that there's probably an upper-bound magnitude to those
earthquakes.
So if we take that rate of activity and we look in Ontario, we have between
20 and 40 earthquakes in the time since deglaciation. Now somewhere
between 40, and 5 of those may have broken the surface, based on the last
overhead, and one should remember that 40 larger-than-magnitude-six is
actually a dominantly smaller earthquakes. So they don't have to be much
larger than magnitude 6 and, as an issue, just how large they might be. If we
look at Toronto, and I've taken greater Toronto, God knows Toronto doesn't
need to be any larger than it is, but taking as a semi-circle, 35 kilometers in
radius, then the rate is about point five naughts eight per annum, of
magnitude-larger-than-six, happening under greater Toronto. That's 8 parts
in a million, or 1 every 125 thousand years. So we've gone from this world
wide rate of activity saying that, based on those rates, you might expect eight
earthquakes per million years, under Toronto, of this size. Now, in fact the
history for Toronto goes back about a hundred and twenty five thousand
years, so we might expect one earthquake of magnitude-greater-than-six
during the time period and of course it's not guaranteed it would break
surface.
78

John Adams:

John Adams:

The other way we can look at the rates of activity, we've looked at the stable
craton rate, we can look at magnitude-recurrence rates for the seismic source
zones that we are using for the fourth generation hazard maps. Now the two
source zones are called NAT and SGL, I'll just show you them on a map, the
NAT which is short for Niagara-Attica trend, is a box that is drawn around
a cluster of earthquakes near the Niagara Peninsula. SGL is an alternative
source zone, which is deliberately drawn very large. It extends and includes
both of the Great Lakes and Anna, Ohio. So we have these two possible
models for that. If we take the small earthquakes within those boxes and do
the magnitude-recurrence rates . Firstly I'd like to draw your attention to
the three curves, the middle one is our best estimate and we've tried to put
on some idea of the error range and you'll find that for a small zone like
Niagara-Attica, with low rates, then the uncertainty is quite large, still quite
large even if we take the whole of the southern Great Lakes. The dot on the
magnitude 6 line is the stable craton rate of activity, so you can see that the
models we're using for th' fourth generation maps have something like 15
times the rate of magnitude-six earthquakes in this zone, and 4 times in this.
In other words, we're coping with the rates of magnitude sixes found in
stable cratons. That's these numbers here. Basically, our fourth generation
maps have 15 times the rate of stable craton earthquakes and 4 times for the
two alternative models. So my first conclusion is that the seismicity
parameters we're using in probabilistic hazard cope with the expected rate of
surface-rupturing earthquakes in the Toronto area, presuming we've made the
right assumptions about what Ontario is like.
In the Toronto area, the above rates, the rates are higher, so we would
estimate then there could be between 1 and 15 surface ruptures in the last
hundred and twenty five thousand years. Now, a surface rupture means that
it ruptures to the surface at the time it happened, which means it could easily
be buried now by Quaternary sediments.
Let's look at the probability of finding one of those ruptures. Now we need
to make some assumptions for this and I'd be quite happy to redo this after
getting feedback from you. We assume atypical Toronto outcrop size of Don
Valley Formation, 30 meters long, 5 meters wide, so that's our section, for
example like the ones along the Rouge River. We assume that they're
randomly distributed across Toronto and have random orientation. The
typical magnitude six is a 10-kilometre-long rupture. You need to be within
about 20 meters of the rupture in order to see it. Certainly in the Ungava
fault zone, which is the one I've studied, if you were more that about 5
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meters away in most places, you didn't see it. So we have a target area of
about half a square kilometer to actually find this rupture. Well our model
looks like something like this, here's our greater Toronto area, this is the
region within which you have to be, to have a reasonable chance that your
outcrop crossing the fault. It turns out that there're about 5000 of these
possible target areas. So, if we've got a thousand outcrops, you've got one
chance in five of actually crossing a rupture. We assume all these are
random. Now, if you've got one hit, you find one earthquake, but you've got
nine hundred and ninety nine duds, in other words, this is the only one, then
the chances are there are five of those ruptures out there and you just don't
have enough sampling to find them. Now five ruptures in a hundred and
twenty five thousand years, we're assuming Don Valley age formation, that's
five times the stable craton rate. Now things get worse if there are only a
hundred outcrops, because now you've only got one chance in fifty of
crossing a rupture and the implied seismicity rate has to be fifty times the
stable craton rate. Now I just done the final calculation for ten outcrops, and
there your at five hundred times the stable craton rate. I would guess, and
I'm willing to be corrected by the Toronto geologists, that the actual number
of available outcrops is somewhere in this range.
Let's move to the CODA of this. This is in the abstracts, but I doubt if
you've had a chance to read it. I'd just like to walk you through the
conclusions from this. I would say it's impossible to map all the faults in the
top 25 to 30 kilometers of crust and you need to know that because that's
where your seismic sources are coming from. It may be that the ones that
offset the Paleozoic may be seismically active, but we don't have proof of
that, either for or against. Now detailed mapping of the surface faults is
possible but of limited value. Firstly, it doesn't take a very large fault to
generate an earthquake, which means you've got to find a small fault. Even
where they've been mapped at the surface, I don't think we've got one fault
in the Precambrian of Ontario that has been described as active. Now
whether that's because we haven't looked hard enough, because we can't
look at a fault in the right sense and say it's active or because we just
haven't been thinking in the right ways to find those active faults. I'm pretty
sure they're out there, it's just we don't have one. Now even if all the active
faults were identified, there's no guarantee that an hitherto inactive one
wouldn't become active again. That's because the return periods for these
faults seem to be quite long, it's not easy to predict which ones are going to
be active. So, the troubling question, to me, is even if we found a few active
faults, how do we take into account the unknown active faults and the
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potentially active ones. And I would claim, that just knowing about, unless
you know the majority of the future active faults, really concentrating on
ones you know about, takes the eye away from the things that you should be
looking at. You can't concentrate on the few things you know and ignore all
of the ones you don't know.
John Adams:

Now even once we've found an active fault, there's a problem, because we
have to estimate the size of the past earthquakes and we know, that it's
simply because we haven't found it, we know that the outcrop exposures are
gonna be, almost certainly be very limited. So if we've got one outcrop with
a fault across it, 'n the Rouge River will be an example, we really don't
know how to estimate the magnitude of that very robustly. There are
relationships between the amount of throw and the magnitude of the fault. It
implies that you've got a really, kind of a random sample of the process. We
don't know that's going to be the case. And then, the further problem, how
do we estimate the likelihood the fault will move again in the future. I don't
know. The return period is very long for some of these faults that have been
studied. So my guess of the picture of what southern Ontario looks like in
term of geological knowledge is this (laughter) if we step from the old areas
to the new ones. In the Precambrian, we certainly have mapped surface
faults, but we can't extend them down into the crust for any great depth. We
may have some larger features which we can project down and, apologies to
Dave Forsyth, I mean seismic reflection will put some features into this.
Remember, we're looking for a source which is not very large, the vertical
exaggeration's one here, the source is not very large. In terms of the faults
that break the Paleozoic, we really don't know how they extend down into
the crust and the Rouge River fault is that one there which is the QuaternaryPaleozoic interface. We don't know that that goes down and becomes a
Precambrian fault.
Just to come back to the return period issue, let's make, as an example, if the
displacement of the Quaternary beds in the Rouge River represents a single
slip episode and occurred co-seismically, and I think, my feeling is we could
have a couple of days discussion on those statements, then the best estimate
of the return period is a hundred and twenty five thousand years. What's
more interesting, perhaps, is the limits, 60,000 years. If an event occurred
just before the older strata were laid down, or is goin' to happen tomorrow,
that means two events in a hundred and twenty five thousand years. So
already you got a factor of two uncertainty in that. What's more worrying,
though, is that the upper limit is basically infinity. This is the only movement
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that will occur on this fault. How do we feed that into a seismic hazard
analysis?
John Adams:

So my concluding slide, if I'm doing reasonably for time. So this the, is my
current view. Instead of relying on incomplete or chance discoveries, like an
active fault in Toronto, we can do robust estimates of earthquake occurrence
on seismological and seismological-geological grounds. Firstly, you can go
through the earthquake history, and that's where paleoseismic evidence can
come in. You need to assess the completeness catalogue and then you need
to choose a region which is large enough to give statistically meaningful
rates, otherwise the magnitude-recurrence curves end up with extremely large
errors on them. And geologically uniform. Now the geologists, I think, can
help us to choose areas of the rest of the world, which are like southern
Ontario. And we're essentially substituting the space, the world-wide
sampling of stable craton areas, for the time, because we can't wait for
hundreds of thousands of years in southern Ontario. That leaves probabilistic
seismic hazard levels which is basic the route we're doing for the fourth
generation maps. The other way is, you could just pretty much neglect the
local history and then just talk in terms of southern Ontario as part of the rest
of the world. And of course, you have to make the assumptions the rates of
activity in this bit of southern Ontario, is actually comparable to the other
bits you're looking at. But I think that those give very robust estimates and
particularly that magnitude-recurrence curve fr the stable cratons is very well
determined. So I believe a sensible approach, you make several estimates
under different hypotheses, and weight them using professional judgment.
Now you also use the uncertainty in those estimates into the seismic hazard
analysis, so that you can actually say this is my best guess and the range of
shaking levels, is this. We'll be coming back to the uncertainty.
Now the final kicker is this. If such a probabilistic seismic hazard estimate
is soundly based, it's conclusions would not automatically require adjustment,
if evidence of a co-seismic surface rupture is found near by. To phrase it
differently, I fully expect that there are co-seismic surface ruptures in
southern Ontario. Finding one, after it's predicted by the probabilistic
analysis, because the probabilistic analysis includes quite a few of those
magnitude-greater-than-six earthquakes, would not necessarily invalidate the
hazard estimate. Thank you.
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Character and reactivation history of the Clarendon-Linden fault
system: Evidence from southwestern New York State
Bob Jacobi
Bob Jacobi:

Can someone turn that on? The other one?
Being last on this program has advantages I can say about anything and I bet
most of you will not be able to wake up. It'll be great, (laughter)
South of the Canadian border, the Clarendon-Linden fault map pattern was
thought to look something like this in 1978. Those three faults that you see
there were identified or defined by Van Tyne on the basis of well-log
information. He believed there was about a hundred and fifty feet offset on
the surfaces that he contoured, cumulative offset, not very much. Fakundiny
ran seismic, on these lines here across the fault system, and found that the
fault system was slightly more complicated. Each line showed that there were
at least two faults for every fault that's shown here. So that there're six faults
here, eight faults here and so on. Fakundiny believed that, because the
density remained constant in the number of faults from north to south, that
these faults were continuous across the entire northern part of New York
State. One disquieting aspect, however, was that each of these lines,
including many proprietary lines in between, showed that the stratigraphic
offset varied immensely from track, line to line in a non-systematic manner.
My report to you today is goin' to concern this area, northern Allegany
County, at the southern extent of the mapped portion of the ClarendonLinden. The objectives of our research program were three: first, to
determine whether the Clarendon-Linden did extend to the south. There were
some who suggested it might not. Second was to determine precisely, if
that's at all possible, where the exact locations of these faults might be at the
surface, and the third was to determine the fault characteristics including
their, the fault history from Paleozoic through now and the seismicity.
We devised a research plan that included eleven independent, but integrated,
tasks in order to meet those objectives. Those different tasks included
stratigraphy, structure, soil gas analyses, VLF analyses, remote sensing,
reflection profiling, seismicity, paleoseismicity, gravity and magnetics and I
don't know if that's eleven yet, but there's, anyway, eleven of them.
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Bob Jacobi:

Each one of those tasks were QA/QC'd under NRC regulations because this
is a very political ambitious project at that time when we started. There were
two sides, that both wanted us to fail and the only way that you could make
sure that you remain neutral is to do lots of QA/QC. So let's start with
stratigraphy. We measured the sections on over a thousand outcrops at the
centimeter and half-centimeter scale for a total of about 3 kilometers of
section. To construct our cross-sections, we used several marker beds
including black shales, these thin sands, thick sands which are storm deposits,
some really neat deformed sand and shale layers, and constructed a crosssection, such as this. It's about 5 kilometers across and about 70 meters
vertical. What you see, of course, is that there's a structural discontinuity in
our correlation lines, but from this data, you can't tell whether it's a
monocline, whether it's a mistake in our correlations or whether it's a fault.
Even if it were a fault, you still wouldn't know the orientation and so we
have to move on to the next which is of course, structure.
We had assumed we would find no outcrop that had structure of faulting
nature exposed. None had ever been reported in a hundred and fifty years of
geology of western New York. But here they are. Here's a northeast trending
thrust fault, not too much offset, but it does have recumbent layering, it's got
a fault gouge running right down the middle. These kinds of northeast
Alleganian faults are associated with pencil cleavage which is locally
developed, with flattened crinoid stems which trend the same direction,
locally developed, and with folds. We also found northwest trending step
faults which are more or less fairly upright, again with very small amount of
offset. There's a series here of about eight faults in a row. Here is the
amount of offset, less than 15 centimeters on any one of them. We then
found north-south faults which we assume are related to Clarendon-Linden,
originally assumed they are related because of the north-south trend. Later
I'll show you that at, this particular one really is Clarendon-Linden; extends
down quite deep. Again is a series of step faults, one here, one here, one here
and one over here, an amount of offset on any one of them is extremely
small, again 10 centimeters or less. We had assumed that we wouldn't find
any faults, however, and so we had devised a plan to map the joint patterns,
for two reasons. One, the density of the fractures should tell you something
about how close you might be to hidden faults and the second was that
fracture patterns can tell you the history of the tectonics in the region. We
start out by mapping at half-centimeter
, I'll start over. We were mapping
on these awful plastic grids; I made my students do it, but you can see that
it didn't last long, (laughter) So we graduated to first digital cameras but
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they're very gross right now in terms of their image resolution, and so we
went to normal cameras which we then digitized the images and end up with
these patterns of fractures that are digitally played with on our Arclnfo
system.
Bob Jacobi:

Normally, what one would have been led to suspect that you would find, is
this kind of outcrop pattern, with a master set here which trends northwest
which is abutted by a northeast set, that's a systematic set, but abuts the
northwest set. So this is oldest, this is next oldest, both of these are thought
to be Alleganian. Then we found that there was a non-systematic curvilinear
fairly north-south set of fractures.
This next slide shows the typical kind of scan grid compilations we made.
Here's the scale, 2 meters, 2 meters and you can see that, yes, here's the
northwest fractures; these are the northeast fractures. This is our digitized
versions of looking down onto the outcrop. So it looks quite boring so far.
I just had to put this one in because of all these really neat fractures, but also
you see that they're no longer going northwest, they're going west-northwest.
It turns out that we found eight different master sets that are spatially
distinct. For example, right here you see no northwest fractures any more,
they're all west-northwest. It turns out that, in that particular case, the westnorthwest ones came after the northwest ones, but who cares. Why we care
is over in here. Here you see again no northwest fractures but now we have,
the master set is northeast, and hardly any northwest at all. It turns out that
this is typical of what you see near a northeast trending thrust fault and also
northeast trending listric faults. So the idea that the density of the fractures
can tell you something about where the faults are seems to be right that, at
least here, where you find this high proportion of northeast trending fractures,
that's where the northeast fault is, but secondly, it looks as if you can use the
characteristics of the fractures.
You see here the northeast set is the master set and that's where the northeast
faults occur, right down this valley here. So using that example, of course,
now we're trying to talk about Clarendon-Linden and so here you see
Clarendon-Linden fault now going die straight, not being a wobbly
curvilinear fracture like I showed you before. Not only that, it's the master,
the northeast set abuts the north-south set. We found several examples where
that kind of fracture pattern exists. Here you can see a gradation, over here
are north-south fractures but they are systematic, but they're still abutting the
northwest, the oldest, normally oldest set. Over here, however, you see the
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north-south set is the master set with the northwest ones abutting it.
Bob Jacobi:

If you contour the density of the north-south fracture sets, you find little
pinnacles of north-south and when you first look't that, you say 'Oh my God,
this is hopeless'. But as you look at it longer, you can see that each of these
is elongate in a north-south direction. And this particular seamount-looking
thing, right there, is the spot where we have those north-south faults that we
showed you earlier in the slides. So it would look as if, as if you would
extrapolate from this example, that you can say that there're probably northsouth faults along these trends. But how do you join those trends? They're
not very long. Are they isolated little segments or is it just that there's no
outcrop in here? We found, you remember, over a thousand outcrops but the
outcrops weren't always so good. So one way to join them is to use remote
sensing and so we did, SLAR, LANDSAT, air photos and topographic map
lineaments and we're not done with SLAR and LANDSAT so I'm only
showing you the air photos. For example here you can see that there's a
slight north-south trend, but in general, on this map, my goodness, we're in
trouble for Clarendon-Linden. On this one is an example of topographic
lineaments, from topographic maps, and you see that there's a longer northsouth trend here, another one here. What's neat is that right here you see it's
a, it abuts a northwest trend, exactly like what we saw on the outcrop scale,
but now we're looking at a seven and a half minute quadrangle scale.
There's been a terrible reputation for people doing lineaments, and I guess
it comes from a long time ago, and so normally people sit in the audience
and say 'well he probably made these up when he was drinking Sunday
night'. So how can you test whether this has any relevance to the structures
that I was showing you in outcrop? In other words, how can you be sure that
these lineaments you can use to correlate or continue from one outcrop to the
other any structures you find. So one way is to use fractal analysis and
perform fractal analysis on each of the maps and compare it to the fractal
analysis of the scan grids in the same area. So, for example, on the air
photos, the fractal dimension was 1.28 and over here for the scan grids, it
was 1.22. Those values suggest, because of their similarity, that the source
for both the air photos is the same, for the air photos as for the scan grids.
Now I want to show you why that's true in the next one. Here's an early
attempt we made at topographic lineaments before we were drinking the beer
and gettin' really enthused and so you see a lot of black area here. But, I
don't care about that. What I want you to see is this northeast-trending
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lineament which is this creek and here's why that creek is running northeast.
You see it's following these fractures. I mean there's no question that that
creek is running die straight right down the fracture set. And so, of course,
those lineaments, then, are telling you something about the fracture sets
which then means that you should be able to use the lineaments to go from
outcrop to outcrop and map between outcrops the structures that you suspect
exist.
Bob Jacobi:

But we found a lot of lineaments that had no outcrop anywhere, so what to
do about them? Well we ran soil-gas analyses across all the lineaments in
order to determine which ones were leaking gas and so here's a map of the
soil gas analyses. These are a thousand parts per million, these tiny little
spikes. In all cases, those spikes fall on north-south lineaments, except in this
region here where they run along a northeast thrust and so it would look as
if most of our north-south lineaments, even the ones with outcrop, with
outcrop missing, all of them are coming from fractured rock that trends, in
this case north-south, parallel to Clarendon-Linden.
Four years ago, when we started this project, the first piece of evidence that
suggested that faults were in existence in Allegany County was well-log
analysis, especially these five wells here. There was a structural discontinuity
implied in the gamma-ray logs such that you could either say there was a
monocline or again step faults like we've seen in the outcrop. Combining that
with topographic lineament analysis, here are those five wells. This is the
cross section you just saw. The main fault is here and here, you notice that
right here is a series of north-south lineaments crossing right where we want
to have a fault. But it's not a straight lineament, you see it's offset by each
one of these northwest trending lineaments which is exactly what we've seen
in most of the outcrop which was, remember that first outcrop I showed you,
the north-south lineaments where fractures were very curvilinear compared
to the northwest ones. So that it looks as if, in this view, the northwest
fractures are controlling the north-south Clarendon-Linden. Now, if you
follow this set of lineaments to the north, along dry valleys such as this, no
creek in there, you come to this seismic line, we ran three seismic lines for
about, well four seismic lines, about 20 miles worth, we've got another 15
miles of proprietary data and I've got some up over here on the index map
there. Oh, I forgot to tell you, and over on this map shows you the thousand
outcrops we looked at. In any case, this is what that north-south lineament
looks like, another 10 kilometers to the north. Up here is Tully, down here
is Theresa, which is the Cambrian, and so Precambrian-Cambrian contact's
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in here somewhere. You can see that there's a sag in here for the Trenton
and older units, then there is a good thrust with the west side high on the
upper section above the salt. Van Tyne has observed and looked at this
section and he believes that if you have a magnifying glass and beer you can
make this fault come up to the surface where the lineament is that I showed
you earlier.
Bob Jacobi:

The last part of the story is what is the fault motion history on these things
and these are isopach maps. We use growth fault geometries to determine
when the faults were active. For example, in Sonyea time, here's the central
fault and you see that the contours suggest that, for here and here, that it is
slightly thicker on the east side, especially here, compared to the west side.
Totally the opposite from Java time, when the east side is thin. In other
words, the fault motion would appear to have reversed sense of motion
between those two upper Devonian time periods. If you compile the
stratigraphic section and add to it your growth fault geometries, with yellow
being down on the east and red being down on the west, you see that the
sense of motion reverses at least twice from yellow to red and then back to
yellow to red up in the Devonian. Also you notice that every time the plate
was under stress, the Clarendon-Linden apparently was active and that at
least it was producing growth fault geometry.
I want to discuss this reversal right here. This is the upper Devonian section
and the Appalachian Basin has always been assumed to be marked by the
black shales which are these yellow units. That would be the basin axis
marching to the west through time, Clarendon-Linden fault is here. At the
times when the unit was, when the fault was moving down to the east, the
basin axis was to the east of the fault. When we only had well-log analyses,
we could only say that by Wiscoid? time the Clarendon-Linden was now
moving down to the west as the basin axis moves to the west. And so the
conclusion was that probably the Clarendon-Linden fault was passively
following the basin axis motion. When the motion of the basin axis was
down over here, the Clarendon-Linden was moving down to the east. When
the basin axis was over here, the Clarendon-Linden was moving down the
opposite way. We now have those good seismic lines that show that the
reversal in motion occurs right here between Rhinestreet and Nunda which
is just about what you see in terms of the thickness. If you say that the axis
moves from here over to here, past Clarendon-Linden, about Rhinestreet
time, and that's what we see in the seismic. But that's for Devonian through
Taconic times. Tish Turtle did a paleoseismic study, after we had located

where we thought the main faults existed, and so she looked for liquefaction
features and found no definitive liquefaction features on any fault that we
could find. So her conclusion was that, at least in Allegany County, since
Pleistocene time there has been no earthquake on this fault system of greater
than magnitude six. However, we know that the fractures have been
reactivated because the Saguenay earthquake was the one that caused this gas
seep to blow mud into those trees, the gas seep that hadn't been there before
the Saguenay earthquake event, and so it would look as if fracturing does
open to allow the gas to be vented but that's on the low end of the scale and
on the high end of the scale, we know that there's no magnitude six or
greater earthquake in this area.
Bob Jacobi:

So for conclusions, we're not finished but we've found clear evidence that
there're at least eleven Clarendon-Linden faults in the Allegany County.
We've found that all of them extend to the surface. None of them appear to
offset, or at least don't cleanly offset, any Pleistocene sediments and we've
found that there is no evidence for greater than magnitude six earthquakes.
Thank you.

Ray Price:

We'll now take a 20 minute coffee break and after the coffee break we'll
have general presentation, general discussion.

Tape 4 - Side 2;

General discussion
Ray Price:

—Lost due to tape damage—questions of clarifications. Most of the
presentations ran close to the limit and so I arbitrarily decided at the
beginning not to try it. But it may be important to address some questions of
that type. There's also the need to arrive at a summary, a consensus, what is
the consensus of the group and recommendations concerning future research?
Before doing any of this, I think it's important to go back to the objectives
of this workshop and to re-iterate those objectives. We're here to review all
geological and seismological data available to date which would affect
earthquake occurrence in the area in which Pickering and Darlington nuclear
power stations are situated and to develop a consensus on the importance of
various geological and geophysical observations for determining seismic
sources that may exist near these stations. So I think it's essential that we
focus on the task before us and I would like first to ask if there are specific
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questions of clarification that people want to raise and then move on to try
to identify the areas of consensus and the requirements for future research.
Clarification!
Ray Price:

Yes. Please identify yourself and please use the microphone because this is
being recorded.

Klaus Jacob:

Klaus Jacob. I have a question for those who showed seismic profiles, in
particular when they discussed whether or not, through different strata, a fault
was continuous. Most of those profiles, the source showed actually time
profiles and you get of course, when you do not correct for velocity pullups
and all sort of features where the surface features make apparent offsets in
the lower layers. To what degrees has that been considered and worked out
in the interpretations? It's a general question. It showed up in virtually every
profile.

Ray Price:

One of the last people to show profiles in the most details, detail, perhaps
were Mike Lewis. Can you address that question?

Mike Lewis:

From here or

Ray Price:

As long as it can get into the recording. There's a microphone right here.

Mike Lewis:

The question is a good one. Was, were the seismic profiles, that I or others
showed, corrected for effects of velocity variation, etc. In my case, no. Those
were raw profiles. In some cases they were modified for scale change but
basically they are time sections and they haven't been converted to geological
sections or corrected for slope migration of reflections or variations in
velocity. That's partly because we don't know all the velocity data, yet, for
those sediments and partly because we're still, this is very much a study in
progress, and we haven't yet done that.

Ray Price:

I guess behind the question is what bearing does that have on the conclusion
regarding offsets of features like the bedrock surface.

Klaus Jacob:

(indecipherable, Too far from microphone)

Ray Price:

Anything to say to that, Mike? You showed the bedrock surface offset. Is this
in question because you haven't considered changing velocity into depth?
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Mike Lewis:

It does come up in some discussions, I'm not so sure that I pointed out any
features that, where that was, had a bearing. There are some beautiful
velocity pullups in the profiles that I showed for the ridges in the SOSZ and
every ridge had a rise in the bedrock beneath it which I suspect is a velocity
pullup and once we correct for that, the bedrock surface likely will be fairly
smooth. And in fact if we apply what we know about till velocities in the
area, then that does take those pull
, rises into an account.

Ray Price:

Yes!

Rich Thomas: (not at microphone) I was going to comment the same as Mike. Where till
is present, we will see a velocity pullup. However, the one that I showed
indicated that the till, itself, had, in fact, (indecipherable) has an amount
equivalent to the bedrock surface. I don't think in many of those, velocity
pullup at the point of the fault is relevant.
Bob Jacobi:

(not at microphone) In our seismic reflection profiles, those are interval
velocity corrected, and one thing I forgot the maximum offset's about 300
feet, a hundred meters on those (indecipherable) stuck on the wall over there.

A.A. Mohajer: In our case, in the Rouge River area, we did apply velocity corrections by
two independent team, one in Scarborough campus, University of Toronto,
one in geophysics division downtown with Professor Gordon West group and
we came to the same conclusion that these are real features because 300
meters away from that profile, in a different direction, you get absolutely
horizontal bedrock surface with no disturbance but in another orientation you
get as much as 15 meter offset, so it's a real feature.
Ray Price:

Are there other questions of clarification? John?

John Adams:

The issue of vertical exaggeration in some of these figures distorts their
effects sometimes and I have a question for, I guess Joe, regarding Bruce
Sanford's work where you showed strata which were offset by about 30
meters and sections about 4 kilometers apart and the question is, is it possible
that, in fact, there is no offset, that, in fact, the strata are just gently,
smoothly changing.

Joe Wallach:

Strata are not gently, smoothly changing, those are absolute and unequivocal
vertical displacements as a result of very detailed stratigraphic section
measurements made by Bruce Sanford. In doing even my own work, where
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there's no vertical exaggeration to be dealt with whatsoever and also having
become quite familiar with the Paleozoic stratigraphy where I could
recognize contacts such as the Bobcaygeon-Gull River, I picked those
contacts, got, um, a survey in to identify the elevations, so vertical
exaggeration plays no role, whatsoever, in those displacements. We are
looking at, on the order of 30 meters of displacements across those linear
elements.
John Adams:

(not at microphone) OK. Can I ask a question? What you're saying is strata
are precisely flat, except where broken by faults.

Joe Wallach:

No, I never said that at all! The, if we're looking at displacement, you can
be looking at flat strata separated by faults without any drag.

John Adams:

(not at microphone) Or, could you be looking at strata which are very gently
changing, changing in dip?

Joe Wallach:

Absolutely not! You see these abrupt displacements across lineaments. John,
there's no question, we're looking at faults. There isn't any obvious drape
that I can see in any of the Paleozoic sections that I looked at, and I looked
at a lot of them. I was with Bruce in some cases, I was alone in other cases,
except for one and that's at the Precambrian-Paleozoic unconformity and
there, there is some evidence of drape, right there, and that's the section
where the Shadow Lake has been shoved or pushed, or whatever rather, in
the nominally easterly direction. It wasn't moved a lot, that the amount of
tectonic transport might have been millimeters, but you can actually see
where you get thickening and thinning in the overlying strata conforming to
the basement topography. But for the most part, those limestone units are flat
unless we see rigid body rotation which I pointed out to you. There is no
question. You also saw, on the outcrop-scale, normal faulting and you didn't
see any drag there either. There is no way to interpret those as anything other
than outcrop-scale faults and larger-scale faults across major regional
lineament, uh, linear elements, along which, we identified things such as
brecciation.

John Adams:

(not at microphone) Just go back to this again. You showed 30 meters of
offset over a distance of the order of 3 kilometers. That's less than one tenth
of half a degree of slope. So are you absolutely sure the strata are really so
flat?
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Joe Wallach:

If you try to put a compass on, you can't make a measurement, they're flat!
And I don't want to play numbers games because that doesn't enter, that
doesn't help anybody. What you do is you look at the data, you look at the
evidence in the field and if we look, just make it nice and simple, at that
outcrop where there is the unconformity, you saw the Shadow Lake cut by
an outcrop-scale normal fault, that's a visual. No drag, no nothing, I don't
care about, in a case like this, vertical exaggeration. If you're on one outcrop
and you go just a few meters away across a lineament, 'n you see that the
elevation changes remarkably across that lineament, that's a fault. And never
mind this trying to tie a few meters of vertical exaggeration, or I should say
30 meters, let's say, of vertical separation across a section, several 10s of
kilometers long. Any more?

Ray Price:

Other questions of clarification?

A.A. Mohajer: John Adams suggested an approach estimating the probability of finding
faults in Metro Toronto area and also he estimated the probability of
recurrence of such events by assuming that there is one event of about one
meter, one and a half or less, in 125,000 years. I was wondering if he's
prepared to revise this estimates on the basis of new information which was
found recently, that we have as much as 15 meter of displacement in a matter
of 40 to 45 thousand years now. It puts us, the probability of 10" to 4 rather
than, more or less, 10"5. So aren't we now prepared to revise some of our
estimates based on the actual data rather than assumptions?
John Adams:

John Adams replying to that. I don't regard an interpreted seismic profile
showing 15 meters of offset as evidence for multiple faulting on an active
fault. I'm sorry. OK. It would certainly help if you had some sections across
it, cored. If you're going to have, if you're really going to say you've got an
active fault, I'm not sure if I'm talking to you, Alex, or the microphone, if
you're really going to say that you have an active fault with multiple phases
of movement on it, you would need to pin that down (indecipherable) and at
the moment you have a, perhaps, 15 meter fault scarp which arguably, if that
is due to tectonic faulting, probably didn't happen in one episode. It's kind
of large for a single episode. But I don't think, I don't think you can go from
a very, possible vertical offset to saying that a fault that has been recurrently
active.

A.A. Mohajer: By no means, I'm not recommending this approach to estimate the risk of the
future. This is your approach of getting the offset and dividing it by the age
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of the sediments which were disturbed. I'm taking
John Adams:

(not at microphone, indecipherable) observation that there is one fault
(indecipherable).

A.A. Mohajer: Ok, one assumption. Now my assumption is based on the observations of
Wells and Coppersmith that they are suggesting the average displacement,
with one event, could be in the order of 2 to 3 meters per event of magnitude
about 7 based on the latest published paper. If that assumption is correct, if
you divide 15 meters of offset by 2 to 3 meters of displacement per event,
then we come up with something like 6 to 7 events per 500, 40 to 50 years
of age. Therefore the resultant probability would be in the order of 10 'or
more, based on that approach which is similar to what you are assuming,
although I'm not gonna recommend this approach.
Ray Price:

I think we should try to focus on consensus now. We don't need to focus on
disagreement at this point. The idea is to identify the consensus.

John Gibbons: I'm sorry, I have one more disagreement. May I?
Ray Price:

Sure.

John Gibbons: John Adams' paper
Ray Price:

Could you identify yourself please?

John Gibbons: Yes. I'm John Gibbons, I'm a consultant geologist, seismotectonics, from
Albuquerque, New Mexico. It seems to me that the principal assumptions of
your exposition can be contra indicated from the literature and from people
who are widely recognized, for instance Amos Nur and Ken Magher have a
very nice model for surface rupture which relates the properties of the rock
column to the probability of surface rupture and its results are pretty much
the opposite of what you said. It's also true that in regions as, using the
model of Rogers and Groshong, in regions where the seismic, the recurrence
interval gets longer and longer, sources are deeper and deeper and there is a
limit which is imposed by the creep rate of the whole rock body on
recurrence interval, and the recurrence intervals that you cited are pretty
much outside that. Would you care to comment on those?
John Adams:

Actually I thought I was being pretty friendly in allowing up to 100% of the
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magnitude sixes to rupture the surface. I think that's the most optimistic case
in terms of trying to find something. With regard to the surface materials, I
guess I'm not aware of the Amos Nur and other report. But the surfacerupturing earthquakes that have happened, happened in fairly varied
materials, both dry playa-type sediments and Pleistocene glacial sediments
and they've ruptured through to the surface. My issue with the fraction that
did or did not, was putting some of the sources deeper, deeper in the crust.
There's an argument that says that earthquakes in stable cratons may happen
preferentially in the top 5 kilometers and that's, again, based mostly on
Australian experience. I don't believe that's the full answer because I think
there are some deep stable craton ones. But you could, if you wish, put all
of the earthquakes in the top because that gives you the most conservative
estimates for your hazard estimate. Other resolved issue?
John Gibbons: (not at microphone,
(indecipherable)?

indecipherable)

recurrence

interval

outside

John Adams:

The Australian earthquake ruptures which have been studied have return
periods of 20,000 years and longer. I think it's unreasonable for a relatively
young active fault in a plate margin area to go with extremely long term
return periods. It's not impossible, but extremely long. I don't believe that
you can generalize that to an area of stable craton with very low strength(?)
and I think that's my answer. The Ungava rupture, I worked on, I'm
convinced that there was no rupture in the last 10,000 years and there is a
certain amount of rather circumstantial evidence that it may not have
ruptured for millions of years before that. So I think that these faults can
happen anyway. There're a lot of faults out there, it doesn't take very many
of them to rupture once to give you the actual rates of seismicity that you
observe.

Klaus Jacob:

Just wanted to have a clarification from those who presented the Rochester
Basin patterns. Do they have any comments why they're all so wonderfully
parallel, aligned in a northeast direction. What , any thoughts on origin?

Joe Wallach:

Joe Wallach. I'd like to deal with that. The work of the Rochester Basin is
Rich Thomas' work, but as Adams and Basham had shown in their work of
1989 to 1991, they had drawn the St-Lawrence rift through that thing
parallel, Klaus, to that trend. That's part 1. Part 2 is that it, there are some
very prominent fault-controlled lineaments in northern New York State which
appear, we don't have the link yet, which appear to aim for the Rochester
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Basin in about that trend. And also Rich Thomas found, in the Rochester
Basin, and I would say Mike Lewis did too, based on at least on one of the
profiles that he showed us, that there is evidence of faulting in there, so it
appears that the elongate, east-northeast trending Rochester Basin, the deepest
part of Lake Ontario, is a fault-controlled structure and that faulting might,
we haven't proved this yet, might continue on land in New York State
where, in fact, there have been some faults identified back in about 1910.1
went out in the area, but all you see, you see very prominent scarps but we
don't see anything else that says, for sure, that those faults, identified in
1910, are in fact faults. So, I would suggest that, you are looking at a faultcontrolled basin.
Ray Price:

Yes.

Mike Lewis:

I think the work that

Ray Price:

Mike Lewis.

Mike Lewis:

Mike Lewis, Geological Survey,
the work that I was showing you dealt
with the northern part of the ridged area in the Rochester Basin, and what,
there, it suggested to be that the ridges were made of diamicton or till. (In
response to an indecipherable question, Mike explained what is a diamicton.)
That is a deposit under a glacier, it's a glacial deposit. And the ridges and
their form resemble very very closely the Peterborough drumlin field to the
north. Now we're using that as an, this is an hypothesis for these ridges on
the north side. If that's true, a possible origin would be that this was once a
continuous sheet of coarse till on the bottom of the Rochester Basin which
was subsequently eroded by a turbulent outburst of meltwater beneath the
glacier. The separated flows of meltwater have eroded the low areas between
the ridges. The ridges are an erosional remnant.

Klaus Jacob:

(not at microphone) In such current, though? Perfectly parallel to the
northeast current?

Mike Lewis:

Yes.

Ray Price:

I think the basic concept there is that there is, on shore in the Peterborough
area, a series of linear ridges made of till that have been interpreted by this
way, in this way. The fact remains that there are linear ridges of till in the
Peterborough area.
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Rich Thomas: Rich Thomas. I can speak, I think for the first time, as a limnologist, which
I basically am. It's rather intriguing, I don't think nature works by accident.
There's the question of which came first, the chicken or the egg. If you go
to the limnological literature, the Great Lakes are given as the finest example
on the planet of lakes which have originated by glacial scour. Other large
lakes, such as Baikal, occupy rifts as indeed do the African lakes, and the
other very large lakes of the world are due to tectonic modification of the
planetary surface which has allowed impoundment to take place. This is
rather ridiculous when you think that these lakes are, combined, the largest
body of fresh water in the world, and there's no reason why they should be
solely glacial origin. It is becoming clear, I think to myself, that these are of
tectonic origin, originally, and that they've been ice modified as you get in
alpine lake kinds of situations, much the same as Geneva is occupying an old
rift system, and has been modified by glaciers. I think it's exactly the same,
therefore the lineation will be following the pre-established patterns which
were established by the tectonics of the region.
Ray Price:

I'd like to turn now to trying to identify areas of consensus. We're asked to
identify specific conclusions about implications of all of this for seismic
hazard assessment and for mapping seismic source zones. This is our goal.
I think this boils down to the question, are there faults in southern Ontario
in the vicinity of Pickering and Darlington which can be expected to produce
an earthquake of greater than, say, magnitude 5 in the near future. Have there
been significant displacements in the recent geologic past on major faults,
through-going faults, in this region? These are the kinds of questions we're
trying to address. And I think we have one group of people who are citing
evidence to support the contention that there are major, through-going faults
on which there have been significant displacements in relatively recent time
and on which significant displacements can be expected in the near future.
And another group of people who are not convinced of that conclusion.
That's basically the pattern that I see in this group and to try and find a
consensus in this I will need some guidance from you and I think somebody
is about to offer some.

Gail Atkinson: I'm Gail Atkinson. I'll float a trial balloon here for consensus. Most people
would probably usually put me in the latter group, but I think that, perhaps,
there may be some common ground here between the two groups. And I
propose that what most people could probably agree on is that there is
faulting throughout Ontario and that it's difficult to rule out the possibility
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of a significant earthquake, say of magnitude greater than 6, on just about
any of the many thousands of structures, some of which we may have
mapped, many others which we haven't mapped and what we really need, by
way of geological guidance, is some way of determining which of all of
these features are the ones which have an enhanced potential of generating
a large magnitude event in the future. If a certain structure has been
identified as possibly being as, one such feature, what constraints can we
place on the recurrence rates of large magnitude earthquakes along those
features. Those are the things we really need to know to help us in a hazard
analysis and I'd like some feedback on that.
Ray Price:

We have one back here.

Jim Misener:

Jim Misener from Paterson, Grant & Watson. We were mentioned a couple
of times today as helping out the Atomic Energy Control Board with the
interpretation of the potential-field data and more recently we've been
working with Walter and his group in trying to improve both regional and
detailed methods of processing and interpreting the data. And one thing that
came through to me from Walter's speech and to the people that have used
the potential-field data, is the need for, actually, better data in, in this area.
A lot has been said about interpreting this basement faults. When Walter
talked about the gravity data, it was mentioned with the coverage that we
have a 5 to 8 kilometer, basically, grid of the gravity data in southwestern
Ontario. For the last 10 years we've been working with oil companies and
I know that there is available, and could possibly be released, a grid, that's
a 400 meter grid, which would go a lot further towards helping to identify,
using the gravity data, the features in the basement. The second point that
came up from a number of the Canadian people and certainly from Professor
Jacobi, was trying to link the Canadian and American things and this has also
been done from, basically, Georgian Bay down to Kentucky, again in
hydrocarbon exploration and many of these features that have been talked
about today have been identified and continued across the border. And so I
would, as a suggestion, suggest trying to get this more detailed grid and also
to do a larger regional survey using the data that's available to get better
regional controls and maybe in that way you can determine which are the
more important faults.

Phil Thurston: I'm Phil Thurston with the OGS. The reaction I have to what has gone on
here and the precursor event two to three years ago, the precursor comparable
event, is, again, this polarized thing, but in large part, I think it's being
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brought about by a piecemeal approach. No one is able to slap a map on the
wall and say 'this is the regional array of pop-ups versus known faults'.
Nobody has, or there's a lack of a mapping approach with respect to here is
the association between the plumose structures and putative faults. And it all
speaks to the fact that whether we're talking of Quaternary geology,
Paleozoic geology or Precambrian geology, we're not sitting down and recompiling, at a reasonable scale, the geology in these various realms in order
to actually look at the problem. The potential-field people are coming closest,
in the sense that they are re-examining their data, but as Walter said this
morning, you can explain, say, his magnetic data in several fashions and,
rightly so, he spoke as a geophysicist and said: 'I'm only speaking as a
geophysicist' but, for example, one would look at the linear elements in that
mag data and compare that with foliation trends, compare that with rock
types which is obviously a geologist's job. The need in this stuff is to get
down from the, and we started a large part of this by compiling stuff at 1
million scale and putting out a mag map and a geological map on which we
showed other people's observations and got most of the people in this room
churning away and in order to actually bring this stuff to closure, one has to
move down, probably 2 scales, in order to actually map out what the heck
is going on and, with that mapping, then come around to the more exotic
techniques such as electron spin resonance, and so on, to actually decide what
the age of last action on some of these structures is. But we can't even
decide where the heck they are at the moment. I had lunch with Hydro
people and great disagreement in terms of whether some of these things even
exist. So it seems to me, first principles, get it mapped and then move
forward to the higher tech stuff. Thanks.
John Gibbons: Yes, John Gibbons again. One of the reasons that I came to this meeting is
I that I am in the low-level nuclear waste area presently dealing with the
USNRC, the EPA, all of the agencies down in the U.S. that are dealing with
some of these same questions. And I wondered if you might not find it
interesting to hear what's going on there. I must say that I am not endorsing
these positions, nor do I fully agree with them but I just thought it might be
worthwhile for you to know that the NRC has taken the position that if you
cannot demonstrate that there is not a potential seismic source, this goes to
the blind fault question that was raised by Northridge, that if you cannot
demonstrate that there is not a potential source within 8 kilometers of your
site, that you have to consider a mid-six's earthquake and that the recurrence
interval of that earthquake shall be the life of your facility. So that's, that's
the state of affairs there. That's the approach they've taken to the
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Uncertainties that we're talking about here and I for one, and I would hope
all of you would hope that we could do better than that. Thank you.
Ray Price:

Other comments somewhere?

Unknown:

Six at what distance?

Harold Asmis: Underneath, of course.
John Adams:

(not at the microphone) That's an issue. I mean, you may be able to map
eight kilometer radius around the plant, but can you really map eight
kilometers straight down?

John Gibbons: No! They say to seismic source depths which, in some of our cases, means
to thirty kilometers.
Joe Wallach:

I have a question. It's Joe Wallach. (To John Adams) John what difference
does it make how far down? If you see surface rupture how do you ignore
that and obviously Arsalan Mohajer has identified surface rupture. I presented
quite a bit of information this morning which suggest that we're looking at
faults which are kinematically congruent with the current stress field. One of
them goes right underneath Pickering. I don't see how we can argue with it
anymore. If it is demonstrably inactive, then we should show that now and
if we can show that it's demonstrably inactive without question, then we
don't worry about it. The same would apply to the St. Lawrence fault zone.
I've indicated again that this satisfies, as does the CMBBZ, the rift fault
hypothesis and the Iapetan rift margin hypothesis and I will also say, John,
that I was surprised to hear you comment that there's no point in looking at
areas where you see surface rupture, go and look for the faults that you don't
know about when, in fact, you did what you said we shouldn't do, in that
Current Research article. And one of the slides that I showed today was
based on what you guys are calling your quote robust unquote approach, the
quotes being your own in which your tying earthquakes to known faults and
you're focusing on known faults. So what I'm finding is a) a contradiction,
John, on your approach in the advice that you are presenting to this group
today, b) we do have, as I said, the indications or the inclinations of
kinematic congruence between the faults that we do see, major faults, at least
two of them, the St. Lawrence and the CMBBZ, and if people wanna argue
with the cross-sectional data that we have in Lake Ontario, where it does
look like we've got faulting, then what do we do? Do we just simply ignore
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that and go away? So if you see the surface rupture, it's common practice to
focus on that, particularly if it suggests or even tells you that that movement
occurred in geological very recent times as Arsalan Mohajer has very
unequivocally and clearly demonstrated in the Rouge River and I will point
out in the Rouge River there're at least three periods of faulting, not just one.
Ray Price:

Peter.

Peter Basham: Peter Basham, Geological Survey. We're not going to resolve this difference
of opinion if we stay here for the next 24 hours. And I think we should, we
should put this in abeyance until you've heard some presentations tomorrow,
from some very experienced people, who have tried to use all of these kinds,
all of this kind of information and actually put it into a real seismic hazard
assessment. It doesn't
, In the end, it won't matter if we can't treat any of
this information in a useful way in our seismic hazard assessments.
Ray Price:

Phil?

Phil Thurston: Phil Thurston again. Peter's remark is critically dependent, though, on
whether we actually know the geology of the region we're trying to deal
with, and I would maintain that our gaps in our geological knowledge, with
respect to southern Ontario, are rather fundamental and need to be cleared up
because we can adopt any theoretical approach we want toward
understanding seismic hazard, but if we've got the geology wrong, we're not
gonna make any progress.
Ray Price:

I hope you're not suggesting that the OGS has got the geology of southern
Ontario wrong.

Phil Thurston: I'd like to think we have it right, but (indecipherable)
Ray Price:

That was a facetious comment. I'm going to try and make some summary
comments myself. Clearly there are large faults in the Grenville basement
under this region, there is no doubt about that. They have been mapped at the
surface, they have been studied in detail in terms of details of their fabric and
kinematics, the rheological conditions under which they were active. Some
of these faults have been reactivated. We see clear evidence that, at the time
that the earliest Paleozoic sediments were deposited, there was topography
at the depositional interface, there was erosion, there are little growth fault
basins. Some of these can be tied back to reactivation of Grenville faults.

101

There is no question about that. These large faults tend to be relatively well
expressed in the potential-field data as well. Many of the lineaments can be
correlated with demonstrable faults in the Grenville basement. On the other
hand, there are many lineaments which are not related to faults but related
to other kinds of change in density or magnetic properties. Before one can
extrapolate from the identification of a potential-field lineament to a fault, I
think we all agree you need some other additional information, preferably
trace it up to where it's exposed at the surface, document it and then
extrapolate down. There also seems to be reasonably clear evidence for the
conclusion that the number of faults which disrupt the pre-Paleozoic surface
and affect the lowermost Paleozoic rocks is greater than the number of faults
which go through the Ordovician.
We saw quite a few sections where there was faulting in the bottom of the
section and continuity at the top. There also, clearly, are some cases where
faults do extend through the Paleozoic rocks. In general, these appear, where
identified, to have much smaller throw on them, tens of meters. There are
even fewer faults which can be documented, unequivocally, to cut Pleistocene
and Holocene sediments. That's partly because the documentation is much
more difficult to achieve, the deposits are much more sparse. Having said all
of that, I think we all are prepared to agree that there are faults in southern
Ontario which propagated from the basement through the Paleozoic cover
into the Quaternary and Holocene sediments. The question is whether these
faults are associated with large structures and whether these faults are
potentially the source of rather large earthquakes. And I think the controversy
probably focuses mainly on that area. We're going to hear a number of
different perspectives on this whole issue, different disciplinary perspectives
over the next day, and on Wednesday there will be a chance, three of us at
least have discussed this and suggested there should be a chance to revisit
this question of the implications of the geological and geophysical data after
having heard a little more about the analysis of the seismic risk from people
who are specifically involved with that. I would like you to tell me if I'm off
the mark in the summary that I have tried just now and if I am, I will make
the necessary adjustments.
Ray Price:

Don't be shy Joe. (laughter)

Joe Wallach:

Alright, (laughter) I would say largely, Ray, that your synthesis is pretty
good, that there certainly are large-scale faults which do seem to correlate
with potential-field lineaments and we do see them on the surface, in fact
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that's how we found some of these features such as the one that runs under
Pickering, that's exactly what we did. And looking at the outcrop-scale
evidence, we found unequivocal evidence of brittle tectonism. Now, in those
cases, at least the stuff I looked at, I cannot say from what I observed
directly, that these faults are post-Quaternary, that they've been reactivated
at that point. All I can say is they are younger than the youngest rocks they
cut. And the youngest rocks that we see, that they cut, would be about upper
Middle Ordovician in age in that particular area. That's as far as I care to go.
We do see these features also, though, along these major faults, either as
really extended or as projected to be extended, as in the Rochester Basin or
SOSZ of Rich Thomas, as well as in western Lake Ontario, right at the
intersection of two of these prominent zones. So what I would suggest, Ray,
is in light of the rift fault hypothesis which is something that the Geological
Survey of Canada relies heavily upon, and in which John Adams has stated
in one of these papers, that this quote robust approach, what it means is that
if you have a fault with which earthquakes have been associated, then you
will assume that earthquakes can occur anywhere along that fault. So if we
take that extension, then that gets us some large magnitude earthquakes, west
of Cornwall, along the extension of the St. Lawrence fault zone or rift. Now
in terms of the Iapetan rift hypothesis or which, I guess, would be a subset
of just the overall rift hypothesis where Rus Wheeler is saying, it is Iapetan
normal faults which have been reactived in response to the current stress
field, both the CMBBZ and the St. Lawrence satisfy the criteria for either
just the large-scale rift hypothesis, or that Iapetan hypothesis of Wheeler, so
I would say, Ray, on the basis of all of that information, we have to consider
the possibility, without any guarantees, I can't guarantee, that major
seismicity could occur along either or both of those two prominent
lineaments or faults.
Peter Basham: Just a comment, Ray, that there will be at least two or three presentations
tomorrow that will address this rift hypothesis that Joe is talking about.
AA. Mohajer: Just a reminder
, Mohajer, University of Toronto. -There are two issues to
be addressed. One is the ground motion and the acceleration and the severity
of the ground motion. One is whether there is any fault right under the
nuclear power plant or not, the fault hazard itself. I think some of the
presentation here may just be related to both issues. Now, probably, I would
like to wait, myself, for tomorrow and the third day to conclude with regard
to the ground motion parameters. But do you think we have to make a
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recommendation now with regard to further investigation to verify whether
there is a fault right under the Pickering or not, on the basis of these aeromag
and other fragmental information which was presented here and as an
example, should we justify or recommend seismic profiling, shallow seismic,
high-resolution shallow seismic across CMBBZ just to the north of
Pickering?
Ray Price:

I guess further research is an open ended proposition. It's infinite in scope
and if there are to be recommendations on further research, I hope that we
can more closely define the specific question and the kinds of data that are
needed to answer that question and give some assurance that there is a
reasonable probability of obtaining those data. So I would think that, before
you can proceed with a recommendation for further research, you have to
arrive at some sort of consensus about what the questions are. And if that
isn't a carrot, I don't know what is. If you can agree where the critical
problems are, then you have a fair basis for requesting that research be done
to address those specific problems.

Joe Wallach:

Still not shy Ray. It's Joe Wallach again. And I would suggest some of the
following research, as I, as I did this morning. We have the potential-field
lineament going underneath Pickering, the CMBBZ or the Niagara-Pickering
linear zone, and I would suggest that we would want to verify that there is
or is not evidence of displacement across that by means of some highresolution seismic profiles, both on land as well as along the extension of
that feature into Lake Ontario, because that one seems to me to be the most
sensitive of all of them, with respect to the Darlington and Pickering nuclear
power plants. By the same token, and given the association of magnitude 7
earthquakes with the St. Lawrence, I would suggest exactly the same sort of
a phenomenon along the St. Lawrence extension, that would be some, at least
some good high-resolution seismic profile work there as well. And also,
excuse me, one more thing, the issue of seismic monitoring I think is another
very important one because I maintain that there are some seismicity trends
which I tried to show you this morning. Anne Stevens maintains that the
epicentral locations determined by the Geological Survey of Canada are not
reliable, so you cannot identify trends, so I would suggest that we just
reactivate, for example, the AECB existing network, because the equipment
is there, and possibly even expand it some to include some of those zones
which look
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(indecipherable) the seismic profiling, in the lake where there should be
a stratigraphic section that is maximum completeness, the post-glacial sitting
on the Paleozoic for evidence of significant faulting along the magnetic
lineament which is the en-echelon lineament that Walter Roest talked about
this morning and the same thing on land and something similar across the St.
Lawrence zone in the south side of Lake Ontario with the same objective in
mind. There's a comment here.

Jim Harvie:

I'm Jim Harvie. I'm not an expert, in any way, in either geology or
seismicity. I am, however, the Director-General of Research and Safeguards
at the Atomic Energy Control Board and, therefore, any of this, further
research of potentially infinite scope will probably be paid for by my budget
so I thought I would get up and make a few comments (laughter).
We are in the business of doing research for the purpose of helping the
Atomic Energy Control Board to make hard decisions. I would, we would
certainly be prepared to support any research which has a serious prospect of
resolving all the differences of view which we hear around this room today,
but we're not in the business of doing research for research sake, so I would
be looking for the advice of all the learned people in this room as to what
further research can and should be done that will have a serious prospect of
producing hard information that will help the Atomic Energy Control Board
to make hard licensing decisions with respect to what to do about these
nuclear power plants which some people allege are in a seismically hazardous
area. Thank you.

Ray Price:

Yes

Harold Asmis: (laughing) It's Harold Asmis, Ontario Hydro. Jim Harvie says, it's funny,
he's going to be paying for the research. I think Ontario Hydro eventually
pays for everything or the rate payer goes right through to pay for
everything.
First of all I agree with Joe, and we'll present, tomorrow, that we do have
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a seismic array around Lake Ontario that can pick off magnitude ones to,
within 1 kilometer, been running it since 91 and we'll deal with that
tomorrow.
Second, Ontario Hydro point of view being mainly engineering, I think this
is a very serious problem and we have to take it from an Ontario point of
view and there's all sorts of other things going on. First of all, y' know,
people are building in Toronto n' the building code n' any big earthquakes
(indecipherable) a lot of lives at stake here, n' not just our power stations.
And second of all, there's a lot of things going on for other sighting,
eventually low- level waste, and other things and, y' know, if I took all of
the arguments just because there's a nucular power station there, we'd focus
on that, y' know, what about Bruce, or what about other sites, and, uh,
y'know, we really have tuh, I've always been pushing that we've, take a
broad regional view of these things for consensus without regarding that there
is a nucular plant there. Now that's the other way, I think Joe would say,
because there is a nucular plant there, you should focus down on that area.
Because we have so many other things going on, on all of Ontario, we would
tend to want to say, y' know, focus on a broad regional basis n' that's sort
of all, saying, in general, without going into any specifics which we'll
probably deal with in the next day or two. Thanks.
Ray Price:
Yes.
Agnes Bishop: I should really not make any comment, as President of AECB, but I do have
to make one. I don't know whether I'm relieved or more concerned to find
out that geologists, seismologists and the scientists here are no more precise
than modern medicine, which is the background I come from (laughter). I do
want to also say, and reinforce what Jim Harvie has said, that the research
that we would be participating in, would be that, that is directly related to the
safety issues at the nuclear plants. That does not mean that Ontario shouldn't
be interested in a regional basis, but that is the area that we have to deal in.
And one of the things, and I discussed this with someone else earlier today,
I hope we don't end up saying that we are not going to be any more precise
than we are coming in here today and that our best dollar will be spent in
determining how, what the individual nuclear plants can withstand now, in
terms of an earthquake, and simply upgrade them to a level of 6.5 or 7 and
forget about knowing anything any further. And if there isn't some good
direction being given, they me
, that may be the area that we will have to
end up discussing with our licencees. Thank you.
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Ray Price:

Yes.

Bruce Broster: I just wanted to say that one observation that I've made, whether you believe
a lineament is a seismic-generating fault,
Ray Price:

Would you identify yourself?

Bruce Broster: Oh, Bruce Broster, New Brunswick,
whether you believe a lineament is
a seismic-generating fault or a gravity phenomenon in the bedrock, one
fundamental principle remains and that is that for siting of serious
engineering facilities, they should not be sited on, or near, a lineament.
Because the problem becomes, when you discover that the lineament is
underneath your structure and then you're forced to explain what is this
lineament and how serious is the lineament to propose a threat. It may be the
lineament doesn't propose a threat, but it generates a lot of research and a lot
of discussion trying to explain it. Now, supposing the lineament is not a
fault, it's simply the boundary between two densities of rock, does that mean,
that because it's not a fault, it does not pose a threat? No it doesn't. Because
there's such a thing as seismic focusing and you can increase the amplitude
of the seismic wave, depending on the density difference between rocks.
Robin McGuire:
Robin McGuire with Risk Engineering. Let me try to focus the
discussion on research by pointing out that, to make decisions about seismic
hazard levels, and potential retrofit levels, we need to have four things, with
respect to features. First, we need to identify, is this a feature. Second, we
need to identify if it's a true feature in the crust, is it active. Third, we need
to identify, if it's a feature and if it's active, but what measure of activity do
we give it, in terms of slip rate or rates of magnitude Os, or rates of
magnitude 5s, or something like that, and fourth, if it's all of those things,
how big can the earthquakes be that it will generate in the current stress
regime?
Now probably that fourth one we can't answer in a specific way with respect
to that feature. We'd rely on generic relationships^ such as published by
Wells and Coppersmith. But the first three, presumably we would look at
specific data or specific relationships and I would suggest that, if we're
proposing research, that we ought to focus on those first three items, because
unless we answer all three of them, we can't really make informed decisions
about what to do, and just focusing on one of them, for instance is there a
feature here, doesn't answer all the questions we need to answer and I would
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suggest that the research proposed there would be frustrating if we answer
that, that question, and we still have two more to answer.
Ray Price:

One of the things that was proposed was seismic profiling in Lake Ontario
where you have a reasonable assurance of some Quaternary, some Pleistocene
and Holocene sediments, Paleozoic bedrock and a feature in the Precambrian
basement which produces a conspicuous magnetic lineament and a more
subtle Bouguer gravity lineament, and which could be a major fault. If the
profiling shows that the Paleozoic rocks go across that feature, through the
zone, with no disruption, and the Quaternary and Pleistocene sediments go
through with no disruption, you have a reasonably firm basis for concluding
that, whatever that structure was, fault or something else, it hasn't moved
since the Ordovician. If the Ordovician rocks are disrupted and the
Pleistocene and Quaternary are not, then you have another piece of evidence.
So there, there're a number of possibilities that can come out of an
experiment like this that bears specifically on the seismic hazard associated
with a feature which is close to Pickering. Something like that could be a
viable research project provided the cost of a project, like this, doesn't
become comparable with retro-fitting to meet a higher risk. And in the final
analysis, it's going to be that kind of economic decision. John?

John Adams:

Just remember for everyone that you find, there could be two or three that
you haven't found.

Ray Price:

Yes?

J.. Waddington:

John Waddington, Atomic Energy Control Board. I'm the guy who has
to try and pry the money out of Jim Harvie (laughter).

J.. Waddington:

I think John's last remark, John Adams' last remark, illustrates the
dilemma and I would refer you also to Professor Jacobi's work which I
thought was a brilliant piece of work, but it illustrated, very clearly to me,
again not being either a geologist or a seismologist, that, in fact, faults can
exist over a very wide area. Or putting it another way, faults are everywhere
and, indeed, the statistical analysis by Adams really takes that as a given, I
guess, and assumes that, if you've got an area which is, which can be treated,
from a statistical point of view, as homogeneous and that implies, I guess,
and perhaps John can correct me if I'm wrong, that an earthquake can
happen at any point in that area, from essentially a general range of
earthquake-producing sources, more or less at random, since you're unlikely
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to find all of 'em, you can assume they can happen anywhere.
Now the question, I think, that's facing us, that Professor Jacobi was trying
to look at, is, if, in an area that you've got which you've assumed is, from
seismic point of view, homogeneous, that is, sources can exist anywhere of
more or less the same size, and you then find one, some rotten so-and-so has
looked and found one, does your assumption of homogeneity, on which your
statistical analysis is then based, still hold? Obviously if, as you've suggested
Mr. Chairman, you can illustrate through geological examination that the
youngest rocks, or the rocks of a hundred and twenty five thousand years
old, or so, have not been broken, then presumably you can go back to your
homogeneous theory. If you can't show that and you now have a potential
source which, if you like, now breaks the homogeneity, as opposed to the
surface, then must you do something different in terms of the provisions that
you built in to your power plant or indeed any other part of Ontario to ensure
that you've dealt with it satisfactorily. That, it seems to me, is the dilemma
that we're at and I thought Gail Atkinson's suggestion, at the beginning, was
a way of going about that.
I don't see any difficulty with the homogeneous theory that Adams proposed,
provided that you can, in fact, make the assumption of homogeneity. If that
assumption doesn't hold in the region that you're looking at, presumably you
will then have to do something different. You either have to do a study, such
as Professor Jacobi has done, to show and illustrate just how big and
extensive the non-homogeneity is and then you have to do something like
apply some rules on such as you had put in your paper of probability versus
some number for that particular area now and you, presumably, then have to
focus down your area to particularly take into account that source.
J. Waddington: So it seems to me that it's essential that we do, in fact, find out whether this
area, of the stations, can be considered homogeneous and part of the bigger
zone, or whether it cannot. The question of, and somebody else might come
along and find another fault, I think, is always going to be with us. We can't
avoid that one. We really have to deal with the ones that we can find and,
from a regulator's point of view, we certainly expect the licensee, as they do
in the states, for example, to go look in the immediate vicinity of what they
might find that would affect their station and if they can't find anything,
that's good. If they do find something, they better deal with it.
Ray Price:

Yes.
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A. Ghobarah:

The name is Ahmed Ghobarah from McMaster University. I'm not a
geologist. I'm not a seismologist. I am the end user of everything that comes
out of it, and all the information basically comes back to an engineer to
design the facility, or to check the facility and nothing, there's too much
uncertainty that doesn't give me much comfort when you finally say if this
building is going to stand up or not. We even now have a lot of more
information that anybody is prepared to give even with an awful lot of
research. Like duration of events, magnitude of events, time history of
earthquakes, frequency of the ground motion. An awful lot to, specific
information needed for the design that I don't see it coming with any
certainty. So I think, given this state of knowledge, we're just playing with
the probabilities at the end and it seems a different approach is needed in a
situation like that where there's not much informations available, or even if
you define faults, if either, you're still far away from coming after the basic
information that's needed in the design.

Peter Basham: (not at the microphone) There's about four people in the room that would
like to disagree
Ray Price:

Well, who will be first?

Unknown:

(not at the microphone) You need another session (laughter).

Ray Price:

John, do you have anything to say about the homogeneity business that was
just raised?

John Adams:

John Adams. Two comments. Yeah, I like your comments about homogeneity
or not. They're right on the mark. But the current state of knowledge is that,
to my mind, the homogeneous model is as good as we've got. Now we hope
to work towards better than that, but I don't think we can promise it. On the
issue from Dr. Ghobarah, Professor Ghobarah, I think there's actually
reasonable control on, over the seismological aspects, and I think Gail will
jump up and talk about the one issue she raised. What we're really talking
about here is the input, you can't really calculate the seismic ground motions
unless you know whether you're dealing with an earthquake or not.

J. Waddington: Could I just ask one other question on homogeneity, if I may. Let's just, for
the sake of argument, for the moment, assume that indeed a fault does exist.
Joe and many other people have said here's all sorts of evidence which
would suggest that there could be a fault. They don't know, they're just
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providing evidence. Let us assume, for the moment, that such a fault may
indeed exist, and it's right there where the, where the magnetic anomaly
would suggest it would be. How, and this, I guess, is where I would then
turn to John Adams and his colleagues, how would such a decision then
affect the assumption of homogeneity on which the current zones are based?
Would it (indecipherable) affect, or even if it would affect that, would it
affect significantly, and I guess, perhaps, this is for part later in the
conference, would it, then, affect, in fact, what the seismic capability of the
station, or what is required of the seismic capability of the station, because
that is yet another step ahead. You may well affect the assumption a
homogeneity, that you may have to redefine what the geological map looks
like, particularly when you're looking at 10" earthquakes, or something like
that. The next stage of, then, does it affect the stations' capabilities is perhaps
one for later in the conference, but I would just ask, would the assumption
of a fault in that region, even if we were able to map it such as Professor
Jacobi has illustrated one could do, significantly affect the assumption of
homogeneity in the seismic maps?
John Adams:

John Adams here. You would have to know something about the fault, you'd
have to know how big an earthquake it was going to generate and you'd have
to know how often. Now if the 'how often' meant that, for the probability
you're worried about, 10 or 10", that this active fault is actually at that
probability (indecipherable) return period. Then I think you should handle it
deterministically. But the issue of, in the absence of that knowledge, without
knowing what the return period is, I think you're foolish to handle it
deterministically because it may effectively be the 10" event.

Peter Basham: (not at the microphone) These issues are gonna be dealt with in considerable
detail (indecipherable) tomorrow, Ray.
Ray Price:
OK.
Unknown:

(Not Ray Price, the session chairman. Also not at the microphone) Well Gail,
go ahead.

Gail Atkinson: (not at the microphone) I'm just gonna make a two-second comment and
that's, I think it would affect homogeneity if you had reason to believe that
that particular fault is more active than the other faults around it.
Robin McGuire:
Let me make a similar comment, with respect to homogeneity, and
draw a conclusion with the medical field, if I may. If we're looking at a
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specific population or a specific group and we're drawing data from that
group and making conclusions, it also behooves us to use a control group,
and draw data from that control group, draw those conclusions and compare
it with the general population. So, similarly, if we're looking in this field, a
specific feature, and trying to determine whether or not it's active and what
it's rate of activity, etc, is, and whether we should go from a homogeneity
interpretation, of John Adams, to putting all that seismic activity on that
feature. We also need to look at other features in the region and do the same,
apply the same test, draw the same conclusions and then look at the total rate
of activity from that interpretation and compare it to more broader data that
we have from the general population, quote unquote, like the entire stable
cratons of the world and see whether or not the rates of activity we get from
those fault-specific or feature-specific interpretations is consistent with what
we see around the world and if it's not, then we have some, some problem
with the experiment that we've made. And I would caution us not to just
look at one specific feature. If, on the other hand, that feature is unique, as
Joe Wallach has stated and it's, in fact, maybe a juncture of several features,
then maybe it is very specific and all that activity in the homogeneous region
should be identified and put on that feature. So I think that's an important
interpretation that we've got to keep in mind. We can't look just at one
feature, not apply the same principle to other features as well.
Ray Price:

Klaus?

Klaus Jacob:

Klaus Jacob. So far we have essentially talked about homogeneity in space.
I think there may be some papers tomorrow. I assume, at least, that Leonardo
Seeber is talking about homogeneity or non-homogeneity in time. So the
question, then, is, what can we say about that and how would it enter into the
seismic hazards assessment, in other words you can look how many old(?)
people on a particular disease occur in hundred years but you might be really
interested in an outbreak of epidemic.

Ray Price:

Yes?

Nano Seeber:

Nano Seeber here. My name was mentioned so I guess I should say
something. I think that we were dealing with is trying to combine now the
data that we talked about, so far, which is mostly geologic data and the
earthquake data. Earthquake data, as historic catalogues and network results,
but also is paleoseismic data. I think the evidence suggests, or evidence
available so far, which is very meager, but the evidence suggests that
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seismicity tends to cluster in time as well as in space, so that when we're
trying to deduce hazard from this multitude of data, we have to consider the
possibility that we're looking at a cluster on a historic data map and this
cluster may be something which is permanent, it's a stable feature of the
seismicity, it's forever gonna be higher seismicity there, or whether this is a
temporal feature that, with our very small time window that we have,
whether future, future is also gonna (indecipherable). So that's a very
important difference and I think that the hazard mapping has to look at those
two aspects and balance them properly. In order to balance them properly,
you need data, and I don't know whether we have enough, but at least we
have to establish the methodology. I think that you, we still don't have.
Ray Price:

I don't want to move into tomorrow's topic so I hope you're on today's
topic.

John Gibbons: Yes. This is with response to homogeneity and, in the terms that we've been
speaking, we've been talking about the homogeneity over large areas, and
that's adequately represented by the models that Coppersmith and McGuire,
and others, have developed. There is one other question, with respect to
homogeneity, and that is with respect to near-field effects and there is a
region around the earthquake mechanism which is generally thought of, as
a rule of thumb, as an elliptical or circular area above the source which is
about equal in it's maximum diameter to the depth to the, to the source. And
within the near-field there are permanent deformations, there are some very
non-harmonic, very large strains that take place and the diminution of
earthquake energy with distance from the source is different than it is outside
the source and this is one reason that our concept of the focal depth of
earthquakes in the region, about which we're talking, is an important one,
because if the focal depth is 5 kilometers or at the surface, then the near-field
is very small. If the focal mechanisms are at 30 kilometers, as they are in the
New Madrid region, then the near-field distance is very, the near-field region
is very large, and a large area is illuminated and we get much larger effects
than we do from shallow earthquakes, the kind that we see, for instance, in
California.
Ray Price:

I'm going to try and summarize right now by saying this. On the basis of the
current data available from regional geology and crustal geophysics, that's
excluding seismological studies, crustal imaging, the potential-field data,
seismic imaging, so on, on the basis of that data are there faults in southern
Ontario which can be expected to produce a significant earthquake in a
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reasonably short time and my response to that question is, as I gave it before,
there are faults in the basement. They have been reactivated, intermittently.
Some of them have been reactivated as recently as the Holocene and I don't
see that we have a great deal of consensus beyond that because when we
move beyond that we get down to specific faults and, in the case of most
specific faults, the data are inadequate to demonstrate that they are
unequivocally a fault or, if they are, to demonstrate when the last
displacement took place on the fault unequivocally. There are differences of
agreement on those points and we'll revisit this topic on Wednesday
morning. Thank you.
Tape 5 - Side 2:
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Carl Stepp
Carl Stepp:

ations that arose quickly during the discussion. On the one hand, we had
(sound interference, 14 seconds lost) of essentially large, homogeneous
seismic sources and on the other hand we saw an interpretation which would
lead to localization of earthquake activity along major apparent structural
boundaries indicated by geophysical linears and so on. Well, I'd like to just
emphasize that this is the kind of typical competing interpretations that we
encounter in seismic hazard evaluations and the real task of a seismic hazard
eval (sound interference, 2 seconds lost) competing interpretations in their
proper perspective, as they are supported by the data and include those in the
uncertainty in seismic hazard evaluation. Now, today, I think we'll see
ourselves moving toward that a little more. We're going to be talking about
some of the seismicity data which were absent in yesterday's discussion, and
their significance, but a considerable amount of the time, today, will be
devoted to the actual efforts to focus in on how these various data sets get
used and interpretations that lead to really competing interpretations of
seismic sources. It's unlikely that we will ever reach consensus on what
would constitute a single interpretation of seismic sources, but we can
certainly reach agreement on what are the competing seismic sources and
how those get incorporated into the seismic hazard evaluation. So that's our
mission today and I think, we'll, I will just leave it with the comment that
I left yesterday, that our overall goal here is not to challenge various data
sets and people's interpretations but to focus on how those can be used
effectively in a seismic hazard evaluation. With that, I'll turn it over to Kevin
Coppersmith.
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Chairman: Kevin Coppersmith

METHODS AND APPROACHES FOR DETERMINING
SEISMIC SOURCES BASED ON GEOLOGICAL AND
SEISMOLOGICAL INFORMATION
Methods and procedures for determining seismic sources based on
geological and seismological information
Kevin Coppersmith
K. Coppersmith:
Thank you Carl. I'm going to ask for those in my session to try to use
the lectern unless you're giving, using overheads of course you can use the
(indecipherable) mike. For one a those who is in the front row, it's very
difficult to see as people move back and forth here. I'm also going to be
fairly ruthless in keeping to the time, except of course, for my own talk.
I am not Canadian, I say abowt and not aboawt, never worked in Canada
before, so I assume that my presence here has more to do with methodology
than with site-specific experience. I have worked in a large number of
seismic hazard studies for nuclear facilities throughout the U.S. and Europe
and other places.
I'm going to focus, in fact I'd like this entire session, ultimately, to focus on
procedures, on methods that can be used to effectively incorporate the
scientific information, that we talked about yesterday and that we'll talk
about this morning, into a seismic hazard analysis. That's the challenge not,
as Carl said, to arrive at a single conclusion, a single set of sources but,
instead, to capture, quantitatively and realistically, the uncertainties that we
have in scientific interpretations. That's what I've spent my career doing.
There's a lot of methods, there's a lot of tools, and I think, if nothing else,
we need to examine those tools today and see which ones we can actually
apply and which ones will capture this information that we have.
K. Coppersmith:
Arch, you're late but no one noticed, (laughter) (To Arch Johnston)
You want to turn that slide tray on since you're walking by, Arch? (laughter)
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I'm serious, can you turn that on? I want to try this. I can only say that to
a senior co-author.
This is the focus slide. If you're here for the proctologist convention, it's
down the hall, (laughter)
What I'm going to talk about, as I've mentioned before, is methods, and I
think it's important here that people understand that, in fact, many of the
issues that we're dealing with in this particular part of the world, this
particular site, is very common to other problems that've been dealt with
over the last decade or so, and I think many of the tools may be applicable
in their application here. Not to say that any particular one of those tools is
the way to go, but I'd like to, to at least lay out, perhaps, the tool box and
give you an idea of some of the ways that, some of the approaches that've
been used in the past. The purpose of the talk is to talk about seismic
sources, what they mean in the context of probabilistic seismic hazard
analysis. I will concentrate on probabilistic analyses. Tomorrow, I will talk
a bit more about deterministic analyses. Examine the interpretations that are
necessary, these are scientific and technical interpretations, many of which
we heard yesterday, that must go into a seismic source characterization and
to review some of the methods that've been used that incorporate geologic
and seismicity data, the types a data that we've been talking about are critical
to actually make it in, make their way into the final seismic hazard results.
Seismic sources, their definition as we've used them in probabilistic analyses,
their location within, locations within the earth's crust having relatively
uniform seismicity characteristics. That, those characteristics are generally
maximum magnitude and earthquake recurrence. We also will talk about this
concept of the probability of activity, they're depicted in map form, but they
represent volumes of the earth's crust, typically for a fault source, for
example, describe the three-dimensional geometry of that fault throughout the
seismogenic crust. In other cases, we don't know much about the down-dip
geometry and we make assumptions about their depth extent within the crust.
The characteristics of the seismic source are such that we can say that it's
distinct from the surrounding region, otherwise we wouldn't identify it, we
wouldn't draw a line that bounds one seismic source from the other.
K. Coppersmith:
It's important to remember that seismic sources, as we use it here, were
basically invented for seismic hazard analysis. We all know that earthquakes
are related to differential slip along faults. And unless, but unless we can
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identify the fault that gives rise to earthquakes, we have to use other means
of identifying where earthquakes may occur. So the invention that we have,
that basically captures that uncertainty in where the faults are located, we call
a seismic source, and those seismic sources can be aerial source zones we'll
talk about, as well as fault sources.
The seismic sources we talk about in probabilistic analyses go all the way
from faults, three-dimensional faults through zones that wrap around
concentrated zones of observed seismicity, through seismotectonic provinces,
large regional source areas all the way to regional background source zones.
They can entail large, very large dimensions.
Essentially, everywhere in the world, at least within continental crust, we
would say, is a seismic source zone of one type or another. We believe, now,
that earthquakes of various sizes can occur virtually anywhere in the earth's
crust. The question is how big and how often. So the lines that divide
seismic sources essentially making differen', a distinction between the rates
and maximum size of earthquakes.
As examples of some of these seismic sources, the first type of fault source,
very common in more active areas, but we have found, in some cases in
eastern North America, we were able to identify individual faults sources or
at least postulate where they would exist or those faults, that we do identify,
that they might, in fact, be active or capable of generating moderate to large
earthquakes.
Second type, I've just shown, schematically, as in closing a zone of observed
seismicity. This might, for example, be the New Madrid seismic zone,
Charleston zone, other zones of persistent observed seismicity within the
historical period. These types of sources are usually relatively rare. I will talk
a little bit about those.
Third type, which is the most common in eastern North America, is a
regional source zone of various dimensions. These dimensions can range
from, maybe 5 or 10 kilometers in dimension, to hundreds of kilometers in
dimension.
K. Coppersmith:
And the fourth type, which is really a subset of a regional source zone,
is a background zone and these are basically zones that would, that are none
of the above. The areas where we feel that there is no significant localization
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of seismicity but accounts for the fact that earthquakes, at least of moderate
magnitude, can occur virtually anywhere.
Let's talk a little bit, go through these types of sources. I won't spent too
much time on fault sources, other than to say that I've spent a large part of
my career working on these types of sources, and understanding their
behavior, usually within active tectonic environments, we're able to identify
faults and deal with their behavior. Many of the aspects that, dealing with
recency of slip, kinematics, their association with observed seismicity and
now a large area of research in dealing with slip rates, recurrence intervals
of faults, their behavior in terms of recurrence, temporal clustering and so on.
I won't spent a lot of time on fault sources, obviously they're important, but
in order to characterize them for hazard, we'd need this type of information.
We need to understand their three-dimensional geometry through the crust,
the types of behavior, segmentation, and so on, are very important.
Obviously these types of faults, we have dozens of slides, of course. This is,
and I'll only show one. This is the Metagua(?) fault in Guatemala, after the
1976 earthquake, Lloyd Cluff, in earlier years, measuring the 1 meter of leftlateral slip along this. These, obviously active faults, and active fault
investigations of this type, are very common now and this type of behavioral
information, from observed historical ruptures, is important part of their
characterization now.
Occasionally we find, in stable continental regions, some active faults. This
is the Meers fault in Oklahoma, slicing through the country side, like a hot
knife through butter, as some've said, a fault that is related to the Oklahoma
aulacogen, has been studied now in some detail and it looks like there is
multiple displacements in the late Pleistocene time and then a large gap
before that, looks like an example of very severe temporal clustering of
activity. But that's another talk at another time. But we do occasionally find
these types of structures within stable continental areas.
Zones of concentrated seismicity, these are areas where, again, a type of
aerial zone, but a place where we usually have concentrated zones of
observed seismicity, both historical and instrumental. Increasingly within
these zones, like New Madrid and Charleston, and Charlevoix, we're finding
evidence for paleoseismicity, earthquakes that occurred in the prehistorical
record that help us to, in fact, extend the observed record back, at least a few
thousand years. These zones of seismicity are, which persist, we're constantly
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trying to figure out the geologic structure that they might be related to. In
some cases we're successful, in other cases, for example the Central Virginia
seismic zone, been very difficult to correlate that zone of persistent seismicity
with geologic structure. The rates of seismicity, the rates that will be used in
seismic hazard analysis, usually come from seismicity data and, in some
cases, paleoseismicity can extend that record back and we can use the
prehistorical record as well.
K. Coppersmith:
Examples, of course, are New Madrid, a slide stolen from Arch after
he was late at a meeting, (laughter) Again, very concentrated zones of
seismicity, in this case, the instrumental record that can be used directly and
outline the source for seismic hazard analysis. One a the, one a the
advantages of many of these sources, and one of the reasons that we rely
pretty heavily on the seismicity record, is they seem to be fairly persistent.
This is the seismicity record before 1900 in the New Madrid zone and we
look at the zone of seismicity outlined from instrumental after 1900, we see,
again, a persistence of the seismicity in this area and the fact that, it's that
persistence through time, at least the short observed record, that might be a
couple of hundred years long, or so, in the eastern United States, that gives
us some confidence that we can use these zones of concentrated seismicity.
Of course, the issue is, what about outside of the zones, what about other
areas, how do we capture the earthquake potential within those and, of
course, that's the bulk of the region in the eastern United States and in
eastern Canada, and that's, of course, the more difficult question. And that's
where area sources come into play. There, the regions within which we feel
that there is one or more unknown seismogenic faults, we would postulate
they exist within these areas. The configuration, the actual boundaries are
based on the spatial distribution of seismicity, regional tectonics and geologic
features. That combination is a very difficult one to make and is one that
usually differs from one person to the other. And as we talked about
yesterday, we had a lot of discussion about tectonics and geologic features,
we'll talk today more about seismicity. That, it's a combination of those data
sets, it's the integration that goes into the actual identification of seismic
sources, particularly of this type.
K. Coppersmith:
The question that should be asked, by the source characterizer, is what
will localize seismicity above the general background level? A map of the
region, say in the entire eastern Canada, is a seismic source map. We then
begin to identify and interpret where we'd feel earthquakes would be
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localized within that region and we begin to, whenever we draw another
source, we need to characterize that source by recurrence and maximum
magnitudes. So we're (indecipherable) with a burden, the closer we come
down, the more localization we call for, the more information we need to be
able to characterize those sources.
The interpretation of source boundaries, if asked, how do you do this? Well,
a lot of it is highly interpretative, I think we should be straightforward about
that. The configurations and the physical basis for the seismic sources differ
from one source characterizer to the next. And that has to do with the way
data are integrated for that particular source characterizer. There, one, an
important thing that should be, should be pointed out, the differences in
source geometries, and I'll show a couple of examples for the eastern United
States, don't always make that much difference to seismic hazard analysis.
People coming in new to this often look at two, the two interpretations of
seismic sources in the same region that may look very different, and feel,
wow, this is an unconstrained problem. In fact, often the calculations of
hazard are very similar because often the information that was used to
characterize the sources, say regional seismicity rates in catalogues, are
common across those source characterizers. The differences in the observed
seismicity, seismic source maps are usually reflect, reflect the relative weight
that the source characterizers gave to the different data sets in saying where
they feel future earthquakes will occur.
In the eastern United States, the smoothing of seismicity is being proposed,
just observe seismicity as an alternative (indecipherable) seismic source maps.
I won't talk much about that. That is one way of avoiding the whole issue
of this, gnarly issue of geology and tectonics. Some of us, who are
geologists, don't particular like this, this way of doing seismic source
characterization, but it is an alternative that's being proposed. The important
thing is uncertainties and these uncertainties need to be incorporated into
seismic hazard analysis. If we have differences in the configuration of
seismic sources, those should be incorporated into the analysis.
A couple of examples, from the Lawrence Livermore study, which was done
under contract with the Nuclear Regulatory Commission some time ago, over
a decade ago, shows one source characterizer's interpretations. This is an
expert in eastern United States of seismic sources based on a variety, as we
said, integrations of geology and seismicity, and another characterizer's
interpretation in the same region. Now we see that the difference basically
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between circular and rectangular bent in these characterizers, and I'm not
sure if that's scientifically valid, but, in fact, the results from, at many sites,
the way this was done, this was a large regional study and then calculations
were done at 69 sites, nuclear power plant sites, and in many cases the mean
results, mean hazard results were, in fact, very similar among these two, and
other experts in the study.
K. Coppersmith:
The ways that we incorporate that uncertainty in source interpretations,
there are two that've been very commonly used. One is to develop alternative
seismic source maps and to weight those alternative maps, so we might ask
you, as an expert, to make your best interpretation of seismic sources in a
particular region and then to have alternative interpretation, or two alternative
interpretations and to give your relative preference for those, your relative
weight that you'd give to those alternatives. Another way that was used, and
I'll talk a bit more about, is to deal with the probability of activity, the
probability the alternative source interpretations are correct, and that has
much more of a tectonic basis, as I'll talk about. This was the method that
the Electric Power Research Institute used in their study of the eastern United
States. Both of these essentially lead to equivalent results when applied the
same way and there's no difference in mean seismic hazard estimates.
Let me talk a bit about the EPRI, the Electric Power Research Institute's
methodology for assessing seismic sources because it very much dealt with
the issue of tectonic features, the potential for them being seismogenic, or
active, and I think that may, it may be an appropriate start on a methodology
that'd be appropriate for this particular location. The scale of this study was
very different. This was a study done for the entire eastern United States for
potential application at all of the nuclear power plants in the area and, in
fact, was very different. It also had a number of expert teams working on
this, but I think maybe the concepts of the use of tectonic information and
development of seismic sources might be appropriate.
The way that the procedure worked, was to identify the criteria that would
be used for making this assessment of activity, again activity here meaning
seismogenic and capable of generating significant earthquakes. Those criteria
for assessing activity were identified first by the individual expert teams, then
the assessments were made of the relative importance of those criteria, then
the individual tectonic features, many of the type that we talked about
yesterday: fault zones, suture zones, Mesozoic rift basins and so on, were
each individually evaluated relative to those criteria and then an assessment
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was made of their probability of being active and the seismic sources that
would ensue from those tectonics features.
K. Coppersmith:
N ' let me step through it a bit just to show how this was done. The
first part was to develop a tectonic framework which is, I think, you have a
start on and have discussed yesterday, we have more discussion today, that's
basically the features in the region, the way that tectonics and stresses are
operating, the evaluation of the activity of those features and then to develop
seismic source interpretations that find their way into seismic hazard analysis.

The types of criteria that are used for assessing seismogenic potential of
tectonic features. This is a partial list of a comprehensive list that could be
gleaned from all of the experts in this study. The most common way that we
say whether or not a tectonic feature is active is to look at a spatial
association with earthquakes, either large or small magnitude earthquakes.
Obviously that is viewed by many of the experts, particular in eastern North
America, as the most diagnostic tool in making that evaluation. Then we
begin to look at things like geologically recent displacement. This is
particularly appropriate for individual faults, n' has been used very often.
Does the feature exist throughout the depth of the crust, or is it a shallowseated feature up in the upper few kilometers? That's very important. What
about its orientation relative to the stress regime? Is it, appear to be
favorable? There's evidence of brittle slip in the present tectonic
environment?
I think you will recognize, in here, many of the types of topics that were
discussed yesterday in making evaluations of the potential activity of some
of the features that we looked at. These types of criteria were used in the
evaluation. Let me show how that was actually done. First of all, let's look
at some of these criteria in terms of their actual application. That's one thing
to talk about criteria, but it's a more difficult thing and took these teams over
a year to do, to go around the entire eastern U.S. and to evaluate all the
tectonic features that might, in fact, localize moderate to large magnitude
earthquakes. Definitions, such as the spatial association with seismicity,
needed to be developed. This is the view, graphic view of how one team
defined a feature. Let's say this is a aeromag anomaly or some type of
tectonic feature, this is what they would say has a high probability of being
spatially associated with seismicity. The circles are instrumental seismicity
and the triangles are historical. And this is a feature that would, is not, has
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a zero probability of being associated spatially with seismicity. Even though
a small magnitude highly well-located instrumental earthquake may have
fallen on that, that tectonic feature, we see, in fact, the pattern of seismicity
is such that it's more of a random occurrence. These types of definitions
needed to be established so that it was clear, when this team said it's
associated with seismicity or has this probability of being associated with
seismicity, exactly what they meant.
K. Coppersmith:
But when we get to the real world and we start to deal with
associations with seismicity, we see that it's very difficult and, in fact, it lies
somewhere between a probability of zero and a probability of one in being
spatially associated. An example is the Newark Basin which is bordered on
the eastern side by the Ramapo fault and, of course, through time a lot of
work has been done on this fault, including during the time of the EPRI
studies in the mid 80s. And there're, different characterizers would say
whether or not that they felt that, in fact, the Ramapo fault was spatially
associated with seismicity. You can see the pattern of seismicity in this area
and this leads to uncertainty in that association. That uncertainty, expressed
as a probability of an association, is incorporated into the analysis. And that's
done for all the tectonic features that were considered significant by the
experts.
Another issue is whether or not the feature exists throughout the entire crust.
Many of the teams felt that that was an important characteristic for
generating moderate to large earthquakes. It needed to have a deep crustal
expression. Of course, there are examples, like the Reelfoot rift beneath New
Madrid, that would be examples of, yes, in fact, the deep through crustal
feature, related to previous rifting, and would satisfy that criterion. Other
examples might be the Mesozoic rift basins, related to continental separation
during the Mesozoic, in eastern, eastern United States and, in fact, many of
these features might be interpreted, or were interpreted at that time, as being
deep-seated, crustal features.
Other types of features, like the Mid-Continent gravity anomaly, might
potentially fall within the category of being, in fact, a deep crustal feature.
It's by far the most, most pronounced anomaly on the Bouguer gravity maps.
This feature that was given usually a relatively low probability of being
active, based on the fact that it is not associated with seismicity, but it is a
very profound feature on the gravity maps.
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In terms of orientation, relative to stress, this was a criterion that was not
usually given very much weight because there are so many features in the
eastern United States that can be found to be favorable, relative to the present
stress regime. Again the dominant east-northeast orientation of maximum
horizontal compression in the eastern United States can lead to favorably
oriented northwest reverse faults or more northerly trending strike-slip faults
and so on. One of the problems, of course, of true favorability, relative to
stress, is its three-dimensional orientation of the feature and that type of
information's usually not available for most tectonic features.
K. Coppersmith:
I should say that, as we go through these criteria, that, in fact, the
relative weight, the relative value of each criterion was very different for any
given team, and I'll show how that was evaluated. And finally we can't
forget paleoseismicity data which is emerging as being found more and more
in the eastern United States. This's an example of a prehistoric sandblow
related to prehistoric earthquakes in the Charleston area, but similar types of
features now've been documented in the Wabash Valley as well as other
places in the eastern U.S. and, of course, they represent strong shaking that
occurred in these areas and may help in assessments of the probability of
activity of nearby tectonic features.
Well the way, that the relative value of these criteria were evaluated by the
teams, is shown schematically here by one assessment made by a particular
team. This is a matrix that attempts to show three particular dimensions, the
spatial association with seismicity as a feature associated with seismicity or
not, either a yes or a no. Its orientation in the stress field, is it favorable or
unfavorable, and does it have a deep crustal expression. In this case, the team
was interested in deep crustal expression relative to proximity with structural
intersections, and other features without intersection or no deep crustal
expression. And what're shown on here is the probability that a feature, that
had these characteristics, would be active, given those characteristics. And we
can see, for example, all of these are in the case for a spatial association with
seismicity, but a feature that had a spatial association with seismicity has a
relatively high probability of being active, .99 to .60, again with the
differences being whether or not there's a deep crustal expression here.
In general much higher probabilities than features that have no association
with seismicity. Even a feature that is favorably oriented, relative to the
stress field, and has a deep crustal expression with structural intersections,
has a probability of no more than .15 of being active if it is not associated
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with seismicity. This vehicle, for developing the probability or for actually
weighing the relative criteria for evaluating capability or activity, was
developed by each one of the teams, and it then becomes a template for
evaluating all the tectonic features. What it expresses, in this particular case,
is a very high weight given to this particular criterion of spatial association
with seismicity and lesser weight given to favorability relative to stress, for
example a difference here of .99 to .90, not much difference in that
partic
, using that particular criterion. This was done systematically by all
the learns across the study. Other teams used other criteria.
K. Coppersmith:
This is just one other example where a different criterion, whether or
not the brittle slip on a feature was present and what the age of that brittle
slip was. And that's, again, potentially an important characteristic. We talked
yesterday, in fact, about some of the same types of uncertainties in this area
and whether or not the Pleistocene is cut, whether or not the Paleozoic is cut,
and whether or not the Precambrian is cut. Very similar types of issues dealt
with in this study.
Well we have no problem identifying tectonic features in the eastern United
States and you'll have, as we've seen yesterday, no problem in identifying
tectonic features in this part of eastern Canada. This is one of the maps from
one of the teams identifying the tectonic features they felt had some potential
for generating, or localizing, moderate to large earthquakes. Examples, of
course, are New Madrid area, Reelfoot rift, the zone of Iapetan normal faults
which is enclosed in the yellow area, the Mesozoic basins, shown in brown,
and so on. These, then, become, they're all individually evaluated using the
criteria that were identified by the teams, as I've shown some examples of,
and the probability of activity evaluated for each one of those and then
seismic sources interpreted from that.
This is an example of one tectonic feature, the Adirondack Dome or uplift,
that was evaluated by this particular team. Whether or not it's associated with
seismicity, or not, it's orientation favorability relative to the stress field,
whether or not has deep crustal expression, and so on. And the probability
of activity for this particular feature, in this particular case, was about 33%,
(indecipherable) 1 in 3 chance that it was seismogenic. This evaluation then
proceeded on with other tectonic features. Then we developed seismic source
interpretations and to do that, of course, seismicity data themselves, in map
view, also helped to determine the spatial configuration of many of the
source zones. So that there's an integration of the tectonic features with the
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actual seismicity map. As I mentioned before, there are zones of seismicity,
like Central Virginia and Charleston, and so on, that go into developin' the
configuration of the seismic sources.
K. Coppersmith:
And a couple of examples of seismic source maps, that come out of
that, are shown here, and these incorporate each one of these, you can see are
numbered and incorporate tectonic interpretations. You can see clearly some
tectonic features, as well as seis , zones of seismicity, that were identified.
And, again, the uncertainty that is represented, say for a particular region, the
Chesapeake Bay area, zones of seismicity or seismic source zones, all
individually evaluated and their probability of activity assessed. So that we
have basically an opportunity to incorporate uncertainty in the, in the process.
Uncertainty in the tectonic interpretation as well as our understanding of what
localizes earthquakes.
And finally just this slide that shows the basic process, and it's something to
think about, as you go through the evaluation here, of maybe, perhaps,
identifying tectonic features, first as we talked about, then go through an
evaluation of the probability of them bein' active or seismogenic in the sense
they can localize moderate to large earthquakes. Then to develop seismic
source interpretations and then to move on from there into further
characterization in terms of recurrence and so on. And I'll stop there.
:

Ok, our first, our first real talk is by Anne Stevens on the Seismicity of Lake
Ontario region.

Seismicity of Lake Ontario region
Anne Stevens
Anne Stevens: This morning, I'm going to review, briefly, the seismicity of the Lake
Ontario region to 1994 and I'm going to, perhaps, start at the end of my talk
to give you the conclusions and then, through the talk, show how I've come
to these conclusions.
For the Lake Ontario region, we can be fairly certain that there have been no
large earthquakes, magnitude six or greater, within the last 200 years. We
know that the location accuracy has improved with time, but that's not
surprising, that's true in many areas. The epicenters are biased, to some
extent, by variable station distribution. The depth range of most of the
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earthquakes is unknown, and there's no obvious linear zones or other patterns
in these earthquakes. These are my conclusions, now let's see how I arrived
at them.
To look at the activity in the Lake Ontario region, relative to eastern, the
eastern United States in general, I've drawn up this map. The box, indicated
in green, is the area that's going to be plotted on the remaining maps. If we
displace this box to other parts of eastern Canada, or the eastern United
States, we can see that that box would contain many more earthquakes. So
we say, on the basis of a map of this sort, that the general level of activity
in the Lake Ontario region is much less than in many other parts of eastern
Canada and the eastern U.S. Also in the epicenter symbols, shown the larger
earthquakes four and greater in red, and we can see that, again, in this area,
in the Lake Ontario region, there're virtually no earthquakes of of magnitude
four, or greater. I neglected to say this is a recent time period from 1983 to
1991. So f^th, on the basis of the number of earthquakes and the size of
earthquakes, the area that we're interested in, the Lake Ontario region, is
much less active than the, many other parts of eastern Canada, for example
in the Ottawa or St. Lawrence Valleys, or even in New Brunswick. The
magnitudes are magnitude two, and greater, and the largest one on this map
will be the Saguenay earthquake in 1988.
Anne Stevens: Now, then, I'm going to look at the events in the Lake Ontario region, itself.
The earthquakes, here, are plotted with different symbols according to their
magnitude, but they're all plotted in the same color, they're all in green. This
is the earthquakes from the database, from the earliest that we know
(indecipherable) 1840 to 1994. Now it's possible, on a map of this sort, to
find various alignments of epicenters. The main point of my talk is that,
before you try to define these alignments, it's important to look at the
accuracy of the individual epicenters and sometimes where you have a lot of
earthquakes, it may not be practical to look at each and every earthquake, but
you can, at least, group them into different time periods. So that in order,
before seeing what patterns there may or may not be in the data, it's
important to look at the accuracy of the epicenters. And the reason we do it
is, is indicated here.
Some of the earthquake information comes back in times before there were
instruments to locate earthquakes. So they depend on how people felt
earthquakes, various effects people had. So we need to look at the
earthquakes in pre-instrumental times, the earthquakes in early instrumental
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times and the earthquakes in more recent times when we have much better
data. Now keeping those divisions in mind, how do we actually decide where
to draw boundaries in, in these time periods? Well if we look at the general
development of seismograph monitoring, the first instruments to locate, to
record earthquakes, were developed in the late 1890s, and these instruments
were good at recording large earthquakes at large distances. The
characteristic of the instruments were such, they couldn't record the smaller
earthquakes that might have been occurring near the seismograph stations. In
fact, suitable instruments weren't developed until the late 1930s.
Anne Stevens: There were, although the instrumentation improved around this time, there
still were not very many seismograph stations in Canada and the eastern U.S.
The situation improved in the mid 1960s with the development of national
network of short period stations and then in the 1970s, regional networks
were developed and, following that, mid 1970s and later on, digital stations,
much, stations that recorded, much more faithfully, the ground motion. So,
keeping these times in mind, I then have divided the earthquakes, in the Lake
Ontario region, into a period prior to 1930, a period from 1930 to 1969 and
then from 1970 to 1994.
This, then, is the earth, these are the earthquakes prior to 1930, and I plotted
them with two different symbols. The earthquakes for which, from 1900 to
1930 are plotted in green, the earthquakes prior to 1900 are plotted with the
question marks. Although there were some instrumental data available before
1930, generally, most of these earthquakes in this period were recorded from
felt reports and you can assign an average uncertainty in location of about 50
kilometers to these earthquakes. I've not plotted error bars on the question
marks. If I had, they would also be of the order of 50, 50 kilometers or
greater. So with uncertainties of this size, then it's very difficult to support
any alignment of epicenters for these older earthquakes.
If we take an example of these two epicenters here, you can, of course, draw
a line between these two epicenters and say, perhaps, these define an
alignment. The problem is that if you look at the uncertainties associated
with those two earthquakes, this earthquake here, for example, might have
happened near the bottom of that error bar, this earthquake might well have
occurred somewhere up here, so then if you join the epicenters, you get an
alignment over here. So it really means that when the uncertainties are large,
you just can't define any alignments. On the other hand, this is not all
negative, there's something positive at least comes out of this. We know that,
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from the population distribution in the Lake Ontario region, that there were
no large earthquakes, at least since the beginning of 1800, and perhaps back
into the 1700s, on the simple fact that large earthquakes are wi
, very
widely felt. Magnitude 6 earthquake is felt to at least 500 kilometers, often
much farther from the epicenter. Such large earthquakes, then, are felt in a
number of communities and there's no evidence, from the historical records,
newspapers and what not that there were any earthquakes of this size
anywhere in this area in the last 200 years.
Anne Stevens: If we then move on to the next period, from 1930 to 1969, these epicenters
are now located with, for the most part, from instrumental records. The
seismograph stations monitoring this region were fairly, fairly widely spaced.
For this period, I've estimated the average uncertainty in location is about 30
kilometers, which is the size of these error bars. So, again, we can see that
while you might be tempted to draw certain alignments, if you take into
account the uncertainty in the location, it's hard to support any particular
alignment. The thing to keep in mind is that the data for individual
earthquakes, the data for one earthquake is not really correlated with the data
for the next, next earthquake. So you can't say that, well, perhaps the whole
pattern shifts a certain amount. So, again, from these events, I feel the
uncertainty is too large to support any particular alignments. You'll also
remember, in the previous map and in this map, that the epicenters, by and
large, are located on land. There's nothing located in the lake itself.
Now before I look at the most recent period, I'd just like to mention some
of the factors that we need to consider in assessing the accuracy of individual
epicenters. Obviously the number of observations, number of seismograph
stations that have recorded a particular event, that number is very important
in determining accuracy. The distance range is also important—END OF
TAPE!
Tape 6 - Side 1;
Anne Stevens:

that earthquake has been located with stations all around the epicenter.
There's some influence in the accuracy on the crustal model you've used,
what seismic velocities you've assumed in the crust and what is the thickness
of the crust. As I alluded to, a few moments ago, the earthquakes, by n'
large, are located from different groups of stations. So one group of
recording stations may bias the calculation in a certain direction, another
group of recording stations may bias another earthquake in another direction.
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So that you can't, as I indicated earlier, necessarily assume that you just, that
the earthquakes are uncertain, and if you just shifted them all in the same
direction, you could closer to the truth. That doesn't necessarily follow.
Something else to keep in mind when you're looking at alignments, or
possible alignments, over a distance of 10 or 20 kilometers in calculated
epicenters. If it turns out that, for example, the earthquakes have been located
from stations that are largely east and west of the epicenter, then your
earthquake will be fairly well determined in longitude, but if you don't have
many stations north or south, then the latitude will have some, some
uncertainty and if you've located one earthquake, with a particular group of
stations, it ("it" refers to earthquake location) happens to be here, another
earthquake with a slightly different group of stations, it ("it" refers to
earthquake location) may end up down here. Your longitude may be well
determined, if your stations are east and west, the latitude may vary with
your data sets if you don't have much control north or south, and this is the
case of some of the earthquakes, the more recent earthquakes in the Lake
Ontario region. So you have to look at a number of factors that go into the
accuracy of the epicenters.
Anne Stevens: This, then, is the map of earthquakes in the most recent period, 1970 to
1994. These are the, this is where the seismograph networks have greatly
improved. You'll notice the error bars, here, are considerably smaller. On the
average, these earthquakes would be uncertain by plus or minus 10
kilometers. You'll also notice, for the first time, that there're a number of
earthquakes in Lake Ontario, or under Lake Ontario itself. This did not, this
was not seen from the older data. With the improvement in the seismograph
monitoring capability, we now see there're a number of earthquakes located
in the lake itself. Also notice, here, that there are no earthquakes on the
Niagara Peninsula, roughly from Hamilton over to Niagara Falls. This area
has been well monitored by seismograph stations, there's a station at
Effingham and one at, near St. Catharines in this area. So this, in this time
period, uh, 25 years, this is a real effect. It's not a question of inadequate
monitoring in that area. So there's two things, then, we learn from the more
recent data, that there're a number of earthquakes in Lake Ontario and in this
particular area, on the Niagara Peninsula, have been no, no earthquakes.
These earthquakes, by the way, are all quite small, they're all, look at the
epicenter symbols, they're all magnitude 3 and less, mostly magnitude 2s.
Now, from these, from dividing the earthquakes into these time periods, we
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see that we can come up with some rather different results about alignments
of epicenters than if we look at all the earthquakes at once and, from this,
you can draw up some guidelines for the use of earthquake catalogues.
First one is to assess the accuracy of the location by time period, as I've just
illustrated. Second is to show this location accuracy on epicenter maps. Now
whether you use error bars or different symbols or different colors, this is
really, depends a bit on the taste of the individual analyst and also depends
on the scale of the map. But it's important to show this uncertainty, in some
fashion, on your epicenter maps and then to apply this location accuracy in
the analysis. If the old earthquakes, for example, are very uncertain in
location, if they happen to show an alignment of 2 or 3 epicenters,—
Recording Interrupted—that alignment may simply be coincidence. So you
can't, you can't, on the one hand, say, well, the old epicenters are, are not
very accurate but they do happen to show an alignment, therefore, I'll treat
the alignment as significant.
Anne Stevens: And in conclusion I wanted to say a few words about the possibility of
locating, determining depth for the earthquakes in the Lake Ontario region.
This overhead shows the seismograph stations that have monitored the Lake
Ontario region from 1991 to 1994. Not all of these stations would have been
in operation simultaneously. The stations operated by the University of
Western Ontario, under contract from Ontario Hydro, shown in green, the
ones in black, here, were the stations funded by AECB, and the blue ones are
part of the GSC network. I've drawn 50-kilometer-radius-circles about these
epicenter stations because, generally speaking, you can't hope to calculate
focal depth for these smaller earthquakes unless you have stations within 50
kilometers of the earthquake itself. You can see here, then, for much of Lake
Ontario itself, there's no hope of calculating focal depth for these small
earthquakes. There's just not, not enough stations. If you want to show that
the stations, that the earthquakes have occurred, say in the upper part of the
crust, rather than the lower then, in fact, you need to have stations within
about 20 kilometers of, of the source.
And this last slide, then, will, will show that. I've taken the same stations
and drawn, simply, 20-kilometer-radius circles about them, so you can see
from that, that there's virtually no possibility of calculating accurate focal
depths for any of the earthquakes in the lake. This is very unfortunate
because if we had depth we could, perhaps, see better whether there was
some relation between the seismicity patterns and some of the other features
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that were talked about yesterday. So I mention this simply to keep in mind
that it's, it will be very difficult to determine depth for any of the
earthquakes in the Lake Ontario region.
So, to go back to my conclusions, then, there's no known earthquakes in the
Lake Ontario region, large earthquakes in the Lake Ontario region in the past
200 years. The depth range of the recent, small earthquakes we've been able
to detect in the lake is quite unknown. There's no, in my opinion, no obvious
linear zones or other patterns in the epicenters, 'cause the old earthquakes,
the locations were too uncertain. The recent earthquakes seem to scatter quite
widely. Thank you.
K. Coppersmith:
Thanks a lot. Next we'll have Leonardo Seeber talkin' about seismicity
in the Lake Ontario region.

Seismogenesis and structure in the Lake Erie and Lake Ontario region
of the U.S. from a global perspective
Nano Seeber
Nano Seeber:

What I would like to do this morning is discuss, a bit, the seismicity in the
area of particular interest in this workshop, the Lake Erie-Lake Ontario area,
particularly from the point of view of the south of the lakes in the United
States. Before getting into the seismicity and relationship to structure, which
is, of course, the core issue here, I would like to spend a few minutes talking
about the data, how we have actually been trying to improve on the catalogue
and, thirdly, I would like to spend some time, at the end of the talk, looking
at the issue of seismicity and structure from, a sort of, world point of view.
So what you're looking at here, is the data from what we call the NCEER
catalogue, the catalogue which we put together from, based of course on the
EPRI catalogue, but trying to do a couple of things, improve the magnitude,
in particular, by eliminating, as much as possible, magnitude that are based
on maximum intensity, that's notoriously a bad measure of magnitude. I
won't get into why, but we thought it was important to eliminate those
magnitudes from the important part of the catalogue which is, are the part of
the catalogue that goes into the calculations for the rates of seismicity for the
various zones. And then, also, we, particularly for the area of the study of the
Ontario, Lake Ontario-Lake Erie, to do some relocations. So, in color, here,
are the three centuries, 1700s in green, 1800s in blue and 1900s in red. As
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we heard in the previous talk, of course, as you go back, not only location,
but completeness goes, is very poor. Nevertheless, there're some interesting
features that we can notice.
There was some discussion yesterday and also this morning about clustering
in time, and I think there's some, right away, you can see evidence of that.
The 1700s is, there's a prominent cluster in, 'f course, around the 1755 Cape
Ann earthquake and the seismicity later on in the 1800s and 1900s was
certainly not as prominent as it was back in the 1700s, in this particular spot.
Also in the Charleston area, we looked at the seismicity prior to the
earthquake, most of the blue earthquakes here're from aftershocks of the
1886 earthquake, so they're late in the century. Prior to 1886, this whole
blob here disappeared(?), so that's another area, I think, we can say that
there's a change in time. I don't think we have enough seismicity here to
make great statements about time change, but I think that, given that two of
the most prominent areas along the eastern seaboard have shown changes, we
have to, at least, be ready to expect such changes.
Nano Seeber:

So a little bit about the data. This is, again, the NCEER catalogue. This is
the area that we did most of the work, the sort of eastern half of the
intraplate part of the United States, and the symbols here reflect the changes
in magnitude from the EPRI catalogue to the new catalogue. So you can see
that, in some cases, we decreased the magnitude and, in some cases, we
increased it, increased magnitude at the cl
(indecipherable), of course, of
tiie decrease of the circles. Now these changes were based on new data. We
went back to the, our catalogue material for important earthquakes. Well,
first of all, we did a blanket search of a lot of newspapers in the eastern
U.S., simply to get a continuity in the seismicity, but also we did specific
searches for particular important earthquakes to try to find more data so we
could define a felt-area and get felt-area magnitudes rather than maximum
intensity magnitude.
So, again, we did a lot a work here, so you can see that we found new
earthquakes and we found more data for earthquakes that had been
underestimated. In the area of the study, the data is, it flips both ways.
There're some earthquakes which were increased in magnitude quite a bit as
well as some that were thrown out, because too small even to fit on this
catalogue, which we confined to magnitude 3, and greater.
This is a kind of a dense plot, I apologize for it, but maybe it would be, it's
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gonna be helpful. What we're doing, here, is the basic steps to get the rate
of seismicity at each magnitude step. And there's several ways that we did
that. You can do a cumulative count, you know, count in every magnitude
from the largest through that magnitude range that you're looking at, or you
can do it incremental, you can take various size steps, in magnitude, and so
forth. But in each case, what we're doing, let's concentrate on one particular
one. We're looking, for example here, at magnitude 4.2 uh
, these steps
here are .2 of a magnitude so it would be from .2, 4.2 to 4.4 and
(indecipherable), this is a logarithmic scale on the rate, time is backward that
way, so this is a hundred years prior to the present, present will be here, and
the stars, here, represent earthquakes, not each one, but basically from each
point, you measure the rate backward to that time. So basically what you
expect to see is a flat distribution when you have completeness, at that
magnitude range, and then when you start losing earthquakes because your
data is not complete, (indecipherable) a gradual drop, which is basically what
all these plots look like, except for this data, where you're looking at the
very largest magnitude, and your statistics' very poor. Also here, we are,
there is a linear plot that basically tells you the same thing except it's not
cumulative but it's, for each magnitude range here and the various symbols
give you how many magnitudes there are in each type. So, the wide will be
instrumental magnitude, the vertical bars, I don't know if you can see 'em,
but these are vertical bars, are the felt-area magnitudes and the horizontal
bars are maximum intensity. So here, the arrows represent where we feel the
seismicity is complete, backward 'til(?)5 so in this case would be magnitude
3.2 and larger. We felt that the range of completeness is somewhere back
only 10 years. If you go before 10 years in the, this would be the eastern part
of that area that I showed you before. We feel that, prior to about 10 years
from this time, which is about 1990, you can't really trust that all your
magnitude 3.2 are there. So, at that point, we only have a very few
maximum intensity left, maximum intensity magnitude.
Nano Seeber:

So basically, what we accomplished in this effort is to eliminate maximum
intensity magnitude from your statistical calculation that go into the, basically
to obtain the repeat time for the, for the hazardous earthquakes.
Now, just as a comparison. This is the same plot obtained with the EPRI
catalogue with a maximum intensity magnitude algorithm that was foun, was
devised by, forgot the name, I'm sorry, anyway, Verziano(???), right. So,
what this shows, is that, for a, systematically, particularly for the smaller
magnitude range, as you go back in time, there is a tendency for the number
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of earthquakes to increase which, you know, it's, I guess there is a possibility
of that being real, but we felt that it was very unlikely that, systematically,
as you went back in time and you entered the period where most of your
magnitude are maximum intensity magnitude, that your frequency of
earthquakes would increase for all these different magnitude ranges. And so,
I think that this, this is symptomatic of a, of a bias in your maximum
intensity magnitude giving, essentially, overestimates of the magnitudes.
Just for the sake of completeness, let me show you the final result of this
effort. Here the b-value calculations, the repeat time of magnitude 6s, in this
case for the western part of that area which includes the area of the study,
and so these b-values from the maximum (indecipherable) method show no
really significant change as you step down from magnitude 3 to a larger
magnitude, as the lower limit of the magnitude range that you're using to
calculate the b-value. So, we're calculating b-value, here, for a set of lower
limit (indecipherable) variations, the biggest plots are for various nuances in
the catalogue.
Nano Seeber:

OK now, that's essentially for the magnitude. In terms of locations, we are
not yet systematically, we have not done systematic relocation for all the
earthquakes in the eastern U.S., but in the area of the study, in the area of
the Lake Ontario-Lake Erie, Lake Ontario-Lake Erie, we did do a rather
systematic effort to relocate the earthquakes. I'll just show you a couple of
examples. Here's an earthquake in 1873 and, in the EPRI catalogue, is
located there. We found quite a number of data, new data for this earthquake,
and we found the location there. This is located by an algorithm that we put
together. It's called MACRO, that automatically gives you location just like,
from arrival times for that, from intensities. So those are the error bars, for
that location.
Now, 15 years later, about 16 years later, there was another earthquake in the
magnitude 4 range, about the same as the previous one, and that earthquake
was located in the EPRI catalogue over there. We also found quite a few
more data for that one and this 15-year-later earthquake is located very close
to the previous one. So I think that, that suggests that we have identified a
little spot there that produced a couple of magnitude 4 back in the 1800s
from this relocation.
Three minutes, geez—, forget that! (laughter) Ok this is basically the result
of the effort and, in terms of the area a the study and what we, in terms of
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location, we found that the seismic zones are rather concentrated and a lot of
the fluff, that filled up the rest of the area, disappeared and, so we basically
found, in the U.S., two main zones, one is the Akron, one should be the
Akron lineament here, which we'll look in a minute, and the ClarendonLinden fault up in this area.
So here's a view of the Akron lineament, you saw this slide yesterday. This
magnetic lineament, or boundary, is quite prominent. Seismicity
(indecipherable) seems to be spatially quite a, closely associated with it, and
this is historic data, essentially magnitude (indecipherable), and larger, and
these are small earthquakes from the network that Father Ott operated in
Cleveland. And prominent, there, is this zone here, which is at Ashtabula,
which we showed as probably induced. Not probably, it is induced.
Nano Seeber:

Here's a view of the Clarendon-Linden fault zone; we saw a lot of data,
geologic data from these faults yesterday. Seismicity, here, goes back to
1884, 1844, sorry, clearly not an induced earthquake, there's nothing, at that
time, that we know that could have induced an earthquake. For the other
seismicity, 1929 and later, there is a possibility, including the 5.2, 1929
earthquake, (indecipherable) that one, that in fact not only is located near the
fault, but it might be associated with the salt mining operation, as it was
shown to be some of the smaller seismicity.
Now I just wanted to make a general comment regarding this association
between major structures, such as the Akron magnetic boundary or the
Niagara-Pickering, which is possibly a continuation to the north of this zone,
and seismicity. What does it mean to say that seismicity is associated with
these boundaries or that these features, these lineaments, are active? I just
want to bring an example of the area around New York that was shown
previously this morning. We have a number of earthquakes here for which
we have resolved the fault, OK? Now if you look at this fault from the, from
a, in a larger scale, there's a belt of seismicity clearly associated with the
Newark Basin, it wraps around it. When you look at this scale, it looks more
scattered but, I mean, there is an association in space between seismicity and
two features, one being the suture at the Martic line, the (indecipherable)
line, and the other one being the Ramapo fault. When you look at the actual
earthquake faults, they all are on transverse features, perpendicular or almost
so with these major Appalachian structures. So when you look at seismicity,
as epicenters, you can say, OK, here's the major structural features which are
active. When you look at the actual faulting, you find that there are minor
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faults transverse to these features. This we found in other areas as well.
K. Coppersmith:

Thirty seconds!

Nano Seeber: OK. OK, let me get to the world in thirty seconds. OK. We've considered
all magnitude 6s, in these areas, and we picked these areas because, in these
areas, there're good paleoseismic or, better paleoseismic, work than around
the world on active faults and I'll tell you in a minute what I mean by active
faults, (unrecorded comment, then laughter) OK, so remember Australia,
India and eastern North America. Now here's the data for the last 30 years
from PDE, magnitude 6, and larger, which are those dots, and, of course,
most of the earthquakes have been in Australia, a few important ones,
interesting one in India and a couple in North America.
Now, I think it's very interesting to notice, first of all, that most of these
earthquakes have surface ruptures, SR stands for surface rupture. These are
all the magnitude 6, and larger, earthquakes in those boxes. There is one
earthquake here in (indecipherable) which I think we can cross put as being
not, probably not a stable continental region. All these ones that has surface
ruptures have well determined depth which are extremely shallow, the upper
5 kilometers, most of them, so these are the depths.
Nano Seeber: Now the interesting data that's coming out, just the last few years from these
earthquakes, is the paleoseismic data. These are cases where the faults have
ruptured to the surface so we know these faults produced magnitude 6
earthquakes. That's the, probably the only case you're really going to know
a fault produces this kind of earthquake when it ruptures to the surface. Now,
all these paleoseismic (laughter, as Coppersmith moved towards Seeber),
another thirty seconds, at least, so all these earthquakes, all these faults have
been looked at paleoseismically, and in Australia Tony Crone summarizes the
results as saying that repeat times are a hundred thousand years or larger, so
you're at 10" . In India, there's the Koyna earthquake, which is induced, but
I don't have time to show you, but the fault that produced the earthquake
ruptured to the surface and has no displacement on the, can be measured
within a few meters. So we don't know how early it ruptured, but certainly
it's not a fast moving fault. The Kilarri earthquake, I had a chance to look,
to do a paleoseismic work on it; there's no evidence of prior rupture on that
fault, so it could be another Ungava where the prior rupture is tens of
millions of years ago. And so we got hundred thousand as an estimate, as a
minimum repeat time estimate for the earthquakes in Australia. So what I
want to point out is if you take those numbers, and you take this seismicity
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rate of magnitude 6 production, within those boxes, to be representative and,
of course, that's the big assumptions, because your data is not very large. But
if you take those numbers, you then can calculate how many faults you need
to produce this seismicity observed(?), and the numbers are in the abstract if
you're interested in the calculations, but the point I want to make is, that
these numbers require, if you take them for granted, that you have a huge
number of faults. In fact the number of faults that you come out with is in
the tens of thousands, and if you require that these faults have a sudden(?),
y'know, reasonable distance between them, say from mechanical
(indecipherable) then you would fill out these areas completely with faults.
So this is sort of in line with what you heard yesterday from Adams, for
example. Thank you.
K. Coppersmith:
(not at microphone) Thank you. Now we hear from Harold Asmis on
the southern Ontario seismic network results.

The southern Ontario seismic network - applications to seismic hazard
and earthquake engineering
Harold Asmis
Harold Asmis: Now we come to what's known officially as Ontario Hydro's 10 minutes.
K. Coppersmith:

Take 12.

Harold Asmis: Alright. We have the Ontario, southern Ontario seismic network, SOSN;
details are actually, Bob Mereu was nice enough to put that behind me on the
wall. I'd like to open up by saying I agree a hundred percent with Joe
Wallach, (indecipherable) saying is what we need is a good seismic network
around Lake Ontario, and what we got is a good seismic network around
Lake Ontario; we've had it since 1991. And, so, our main, back in the late
80s, we had the, we're, GSC recommended that what we need is a good
seismic network around Lake Ontario and so we went about designing it and
Gail Atkinson was instrumental in writing a design "report and Bob Mereu,
of the University Of Western Ontario, helped with installation.
And I wanted to start out, I'm an engineer. We needed some main principles
of design for Ontario Hydro and number one main principle was scientific
credibility and in, and that is in, to detect and locate all significant regional
events and it's, has to be together. What we discovered is detect and locate.
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We can detect, we don't have rock sites, we're on soil sites, and we can
detect anything and single seismometers will detect absolutely everything. We
have thousands of examples where, y'know, thunder, storms, lightening, farm
trucks rumbling by. Y'know, you look at the record, absolutely th-, an
earthquake, but we know, just by our other experience and stuff, that these're
not earthquakes, they're just local events because they only occur at the local
seismometer.
On rock, I think you can usually always tell there was an earthquake, but on
these till sites you cannot and Bob's more of an expert on that. And locate,
that pretty well controlled the design, because we, to locate, you need 3 sites
or more and for the entire lake, we needed 4, so we picked 4. All significant
regional events and scientific credibility, as running a seismic array, that
means full logging, storing of all the data and releasing, and, very important,
releasing the data quickly on the Internet to GSC who's acting as the regional
coordinator and to allow all this data to be available to the scientific
community. And then, what I added, or wanted to add there, was engineering
significance.
Harold Asmis: It's never been done, I don't think, for seis-, regional seismic network,
wanted to capture the free-field motions and produce, actually capture for,
if we did have a large regional event, to actually stay on scale and be of
engineering significance and to produce accurate response spectra. And what
we think we've done is have very wide dynamic range instrumentation, so
that if we do have a large event, not extremely large but, moderately large
event in that area, we'll actually have captured that in full detail on all-.
So quickly, technical layout, we've been, all digital system, three-component,
S-13 seismometers, 100 samples per second, and sent directly to the
University of Western Ontario on digital phone lines. Show a map in a
second. Four locations around Lake Ontario, dug in 10-foot-deep vaults on
firm till, that's very important, go into that in a second. We are going to be
adding two new sites in the near future, hopefully get the signatures, at
Pickering and at Bruce and we are funding, and I'm involved with the
overlap of SADO and Effingham, as Anne pointed out. That was very
important to us too. Here's the locations, behind me too. This is what we put
in, was Wesleyville, Acton, Tyneside 'n St. Catharines. Included, also, are
the University of London seismometers and we'll be installing another one
at Pickering-Darlington and at Bruce up there.
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Now from an engineering point of view, s' was wonderful installation job.
We don't have rock sites we've got till, and they're very noisy sites. What
we decided early on, since we are interested in free-field motions, is that we
would just get then as deep as reasonably we could get them and we dug, we
just generally said, 10-foot-vaults, we dug them down with a backhoe onto
hard till. This is an earlier design, we went after because a water problems,
to a double vault steel liner. We put it down onto the hand-finished bottom
and backfill and then we injected grout in between the annulus to make it
extremely heavy and sit down on the rock. This had tremendous advantages
for wind noise and stuff, and also we would locate in farmers fields, away
from wind, so we hardly have any wind noise problems. But, you can see
when you are digging this, tremendous difference in this area between,
y'know, over 10 feet. Like the first 3 feet are just frost reworked and very
soft. I think this is the only way to put in seismometers in this area, cause if
you're right on that upper 3-foot section, you're really on soft ground, so,
and we know what that means.
Harold Asmis: This is a shot, just S-13s actually installed in the bottom of the vaults. We
put heater, in our other vaults, we actually have an electric heater in there,
and thermostat, 'n it's a, call it a real New York apartment, I think. It's very
comfortable, you could live there, I think, but waterproof—.
Now this's more interesting, getting down to the results. So far this's runnin'
since 91. Large local events recorded on scale and that's very important, I
(indecipherable) later, accurate locations, within 1 kilometer of the smaller
events—Tape Damaged, 20 Seconds of Information Lost!—(The following
italicized words were transcribed by the original contractor before the tape
was damaged; and detection differential, I think of all events of M> 1,
M> 1.5 or so within the regions of the array and we have lots of evidences
to that. We are recording hundreds of
all the time, plus they are all
over and we keep records of all that.) Again, from the engineering point of
view, and since I wanted to keep this as a dual-purpose array, we have the
sites now calibrated by Atkinson, now, which means (indecipherable) an
example of that. Every site that you dig in the ground there is going to have
a different response, no matter what you do, you dig down 10-foot deep
vaults, whatever, we found different ground conditions, so some sites would
amplify certain frequencies (indecipherable) and how're you ever going to
know that except by running a seismic array on that over couple years and
to find out if there's a systematic frequency problem on that site. There's no
other way to do it, you just, if you put in a strong motion thing right on the
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site and you'd wait for a lifetime for an earthquake and you get that one
recording, Chicoutimi, how the heck would you ever know what that site did,
I mean its, we found tremendous site differences, so that's very important for
us.
The next large event will produce accurate free-field engineering records. It
would be such a shame if we didn't, for this area and, again, considerable
advantage over existing methods. Now the most important slide, someone
said, 'where's the map, where's the map?' OK. From, these are our
earthquakes from 1991, actually located to within the dot, I think about a 1
kilometer. Ah-hah! An alignment to Wesleyville. Look at that! Perfect! This
is the Buffalo, Buffalo, the new Buffalo earthquake, just filled that in, so you
c'n see, I think it, it's filling in some of the historical seismicity. You can see
already probably, y'know, another 10 years or so, fill in some more, I don't
know. New lines. So, again, we've got these, details are available.
Harold Asmis: This is from 1991 and I've got a table just showing the, this is the detailed
table of our , we don't have many earthquakes so we can have a table.
Just to show the size, my favorite one's a Tyneside earthquakes, now,
because it was our very first and we had another one right on top of it, a bit
later in 94 and so I like to call that, y'know, foreshock sequence or someth-,
but we won', but we included a even, a large blast—Tape Damaged, 12
Seconds of Information Lost!—made some nice records and you can see
that, y'know, we're recording and locating some pretty small earthquakes—
Tape Damaged, 35 Seconds of Information Lost!—
Every time I show any results, note the amplification, this is at 10,000
nanometers per second per centimeter on this scale, and it was felt in St.
Catharines and Fort Erie, and you can see the fairly strong motion in St.
Catharines and, going to Wesleyville, is quite a bit reduced.
Now typical results from the regional earthquakes, classic Burlington
earthquake, magnitude 1.8 right in the Burlington series. You can see that
this is a, catching it very well in Tyneside and Acton and less than the other
ones. Again, we get this type of event on a single station, all the time, it
looks something like that, it could be anything, much lower amplitudes or
maybe, but we're just calling only an earthquake when, of course, we're
catching with the other array, and Bob has lots of examples of, especially
Tyneside work. We have a farmer that goes in once or twice a day with his
car and it looks just like, like an earthquake on that so, but we know that. He
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can plot his coining and going every day, we don't tell him that though.
That's the earthquake near Burlington. This is Bob's innovation
(indecipherable), I don't know if I quite understand this, maybe you other
people know, but it's (indecipherable) contour plot. What I understand, once
you get an approximate location, the programs can just systematically do a
grid and then calculate the residual errors from the arrays and what,
essentially, we've got, is that this, this inner flat part, here, is an indication
of the accuracy of our location. So, for Burlington, being right in the middle
of our grid, we got, y'know, a very accurate location of plus or minus a half
a kilometer.
Again the, this is the Tyneside earthquake, see the very sharp, impulsive
event there. Whip through those, faster, again, Tyneside, an accurate location
of under a kilometer.
And finally for, on the data, the engineering, northern Bolivia earthquake,
depth three, six hundred and thirty seven, 8.2.1 just wanted to show is our
largest ever, is 100,000 nanometer per second per centimeter and our other
regionals were about 2000, or whatever, so it's something like 50 times the
scale reduction and we're still recording this well, and you can see that this
earthquake, the seismic waves came up from underneath and theoretically
everything should be equal but you can see that, y'know, Wesleyville was
much lower than the rest, because Wesleyville is on a much harder till and
this is what I'm talking about, site calibration.
Harold Asmis: And finally, future work. We're putting the two new sites in and, and more
important, in the abstract, another thing, is that it's going to be an integral
part of our new in-plant instrumentation, in other words, the network, we're
having everything networked from the inside of the plant to the outside and
using the network as our earthquake detector and the inside being more of
a buffer data logger, rather than a traditional in-plant triggered system. So,
thank you.
Unknown:

(indecipherable, person not at microphone)

Harold Asmis: No hope! As Anne said, Buffalo, though, we had a hope, John Adams did
some work and because it was actual seismometer right on top of Buffalo
that they found, they could pin that to be less than 5 kilometers, but that's
the best that they could do and I believe Tyneside, when we did have an
actual earthquake right under our seismometers we could, again, have an idea
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that it was less than 5 kilometers, but they all seem to be pretty shallow—
Tape Damaged at the End of Side 1, at least 15 Seconds of Information
Lost!—
Tape 6 - Side 2:

Local seismic monitoring east of Toronto
Arsalan Mohajer
A.A. Mohajer: OK, I'm going to be talking about some seismic monitoring east of Toronto
today. OK, to start with, that why we are doing seismic monitoring, I have
to call your attention to the fact that where the earthquakes happen, because
the basic assumption is that the earthquakes are occurring like a family, there
are a lot of little ones and a few big ones—Tape Damaged, 12 Seconds of
Information Lost!—just north of Pickering, so it's—Tape Damaged, 3
Seconds of Information Lost!—to monitor this fault line to make sure that
there is nothing happening in this area. I'm not going to be discussing about
the accuracy of the location because Anne Stevens extensively covered that,
but I also attempted to re-compute, or re-locate some of the old ones and I
came to the conclusion that only 20 out of 55 earthquakes of the past could
be re-located accurately enough to give us some clue why using GHT and G,
GED technique which I'm not gonna discuss, but anyway we have only
limited choices, either assume that the earthquakes have shown some
clustering, in this area and along this zone between Hamilton to Toronto, or
we have to assume that they are randomly occurring anyway. The thing we
cannot do is just forgetting them, and trashing them.
A.A. Mohajer: Anyway, so let's talk about this fault line here, or possibly this crustal
discontinuity, and see what we can do about doing a little bit more study in
this area. One of the other justification for this study is the relationship
between magnitude and number of earthquakes, which is a basis for
determination of the design of the nuclear power plants or the few, prediction
of the future earthquakes. This is a graph, suggested by Peter Basham many
years ago, for discussion of the Pickering, Darlington nuclear power plant
calculations and, as you see the lim, the data span is limited between
magnitude 3s to almost 5, less than 5, and they decided to just bending down
here and just suggest a limited maximum magnitude of about 5, based on this
data, Alternatively, it's a putting a straight line through this same data,
limited data, and then projecting it into the larger magnitude in the future. So
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whether this is justified, or not, probably we have to study a little bit of the
low magnitude end of this curve to see whether we can justify this kind of
extrapolation.
OK, this is the guidelines both by the National Standards of Canada which
suggest, from the areas of unusual geological complexity and the lack of
historical data, and also by recommendation of IAEA, it's good to do some
earthquake monitoring. So these are my justification to go there.
I started with the background noise survey, this is sampling the background
noise of different sites, at different times of the day and night, versus
frequency and this shows the noisy period during the day and very calm and
quiet period at night, so really the detection threshold values during the day
and night. So this was the basis to decide where to deploy the permanent
instrumentation. So these are the objectives when I started back in the early,
well late 90s, early 91. At that time nobody else was doing this kind of work.
Then become fashionable after that try.
Anyway, this is, we were only, we were interested to detect the feasibility of
this monitoring (indecipherable) area, because the argument was that we
cannot do it. Secondly we were interested to see whether there is any, any
existence of any activity at all, or not. So this was only verification of the
existence of any activity. And then establish, if we could do, a rate of
activity in the region. These are the final location that we decided to deploy
our instrument. This is Pickering, this is Darlington, there is active quarry in
here which we used for calibration of the accuracy of some of our
determination or detection threshold, based on these blasts here.
A.A. Mohajer: This is kind of very preliminary instrument, it's like a bicycle if you want
to compare to the elaborate, fancy Cadillac that Ontario Hydro like to use.
It's a develop, it's a digital four-channel instrument, developed by GSC, to
do some quick survey of the aftershock areas. It's basically a digital recorder,
here, with a master clock WWVB that we used, plus a laptop computer. We
were travelling to the field every week to upload the data and just bring
home because we couldn't—Tape Damaged, 34 Seconds of Information
Lost!—in the local farm houses that we have used for this deployment, and
also the sensor was buried 6 feet under, on a slab—Tape Damaged, 12
Seconds of Information Lost!—both on the drum recorder and also on a
triggered, let's say, record of the PRS-4, the kind of data that we received
also from distance. So it's a case of Cleveland, Ohio, 300 kilometers away,
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which trigged our machines, so this is a sample. So it is no surprise to locate
the distant earthquakes if you want to use other networks information.
Now, in addition to the distant one, we had (indecipherable) systematically
recording this kind of small magnitude within our network, in the order of
1.1 and 1, which I don't think it's a kick of the horse or a truck passing by
or, it doesn't look in the wave form, anything like that, that was suggested
that we may be recording. Yet, these are false trigger, we call it. These may
be some kicks and unknown sources which could trigger machines, but we
can systematically discard this kind of signal, based on the signature that they
produce on the response spectrum. So I think, it appears that we know what
we are doing. And also in the case of the small, small magnitude
earthquakes, again, typical of what we are recording there. Again, if there is
a debate on the validity of this kind of interpretation, this data, samples are
on Internet FTP, one can access, and the whole data file would be on
Internet, accessible to everyone who is interested, on Friday.
OK, the results now is, we have recorded in a sort of triggered fashion, in
every individual station, good number of local ones, that we do not know
what is the nature of them. They are not definitely blast, they are not train
track or cars or lorries and they, we could not really give you exact location.
We could give you exact location of other distant events here, here, that we
located, also by just helping one or two station getting from American side,
or GSC station, that we could locate these distant one in the regional scale.
But, on the local ones, we could only guestimate a few of them, not all of
these population of the data that we have recorded.
A. A. Mohajer: This is sort of temporal variation of the number of earthquakes just recorded
through time since 91 to 95. It may, well, appear to have—Tape Damaged,
21 Seconds of Information Lost!—of the earthquake, source of earthquakes
to the recording station versus number of earthquake, cumulatively, so we see
that there are some fiat platforms here, flat areas, which shows that there's
a clustering of earthquakes, because the numbers just suddenly increased at
certain fixed distances. So if these flat parts, which are showing the
clustering of, effect, in space, then it's true, so we are facing with a situation,
that the earthquakes may tend to show, OK, so we get different signature for
different clusters also, so this is another idea that we may group them, or
classify them, under different things. So by, by trying a sort of rough
estimation of the location of these clustering of the earthquakes, we may
suggest a few points for the next step of very detailed investigation.
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There are other uncertain area that we suspect that there are location of the
earthquake occurrences, in the small magnitude ranges, but we cannot do
anything better than this, unless we put more stations around here and verify
the exact location and depths of these events. Anyway, most of them, or all
of them, actually, tend to be in the east side of this line, none of them
exactly on the line but they tend to be in the east, where its, we can call it
related to the east-dipping fault plane or they're occurring anywhere in the
footwall of this potential fault in the area.
Again, plotting them on a sort of recurrence relationship, these are where
they are sitting, more or less completing the picture of the lower magnitude
range which follows the same historical earthquakes plot, in here, which
gives us a sort of justification, possibly, to extrapolate this line a little bit
into the future, and into the larger magnitude earthquake. Although there is
uncertainty here, whether we have to just limit our maximum magnitude
here, bending down, or we have justification to extrapolate it, it is remain to
be discussed later on today.
OK, the results shows that we have something between 25 to 30 event per
year. About magnitude 1 and a Vi, or less, and the, some show clustering in
space, if not time, and also most of them are too small to be triggering more
than one or two of existing system, but fortunately, now, the technology has
advanced and they are PC-based, a cheap way of monitoring earthquakes,
that we are hoping to be able to utilize this system to continuously monitor
these earthquakes and transmit data directly online to a server in University
of Toronto that everyone else can access directly. So this is shown the
feasibility of the work so the suggestion is that, if we want to verify the
nature of these CMBBZ, this major boundary here, so we have to do two
things. One is to have seismic network density concentrated in this area to
do feature-specific and faul
, site-specific monitoring and also have some
seismic reflection profile across this zone to make sure that what we are
dealing with.
A.A. Mohajer: OK, the next step I already said, site-spe, site-specific monitoring with a
denser network and online access to the recording which should be available
to everyone who's interested. That's all, Mr. Chairman.
K. Coppersmith:

(not at microphone) Thank you very much.
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Seismic source zone modelling in eastern Canada for National Building
Code applications
Peter Basham
Peter Basham:

zoning maps and that's the ones that're shown here. In a, is there a laser
pointer that I could probably use to more greater effect?
So we were very much aware, in 1982, when we finished this compilation
for the 1985 zoning maps that, that in eastern Canada, we were doing
nothing more, really, than, than putting boxes around clusters of historical
seismicity. That's the only information we had at the time and we could not
find any geological or geophysical evidence that would convincingly, to us,
de-limit any of these, any of these source zones. So the idea is to try to
improve on that in any way that we can.
Now we have taken advantage of the data set that came out of the EPRI
study that you've heard a fair amount about already, in this workshop, and
you're going to hear more about in future talks. I could, perhaps, just turn
it over this way for a minute, and say if, Arch you prefer it that way?
(laughter) I think I have to, have to tell them about it. I have a collector's
item in my office, and it's from the early editions of the EPRI study, of
which this is the cover, (laughter) I think they prefer to look at,
(indecipherable comments and laughter) you want to buy it back? (laughter)

Peter Basham: This, these are in orange and yellow from the EPRI study, are the stable
continental regions of the globe that were studied in great depth to try to, to
try to substitute, if you will, geographical space for historical time to help us
understand the seismicity of eastern North America. In orange is what I think
are called extended continental crust, and in yellow are regions of stable
continental cores.
Now this data set, they showed that 71%, let me just get this right, they
showed that 71% of the seismicity of the stable continental regions is
associated with extinct intra-continental rifts or continental passive margins,
the passive margins being the current margins of the continents. And all 15
of the earthquakes of magnitude 7, or greater, were associated with these rift
features, and these, greater-than-magnitude 7-earthquakes are the ones that're
shown by open symbols on here. So what we've done is to take this concept
of the controls, of the locations of the larger earthquakes and try to apply it
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to eastern Canada.
Just let me use this, then, to point out that when we are talking about how
these rift features control the seismicity of, of eastern North America, we are
really dealing with the opening and the closing of the North Atlantic in the
last couple of episodes of plate tectonics. For those non-geoscientists in the
room, the Atlantic Ocean is currently opening along this mid-Atlantic ridge
with Europe and Africa moving away from North America.
So if we look, in detail, at eastern Canada, from that perspective, what we
see is the current passive margin, the rift features that extend along this red
zone and the last time that the Atlantic Ocean opened, to produce the protoAtlantic, the Iapetan Ocean, the proto-continent broke along this purple line
and that's the Iapetan rifted margin. Now just to show you how this
assemblage came about, let me show you a cross-section right through here.
I'll go back to this map in a minute.
If my geological colleagues will forgive me, I'll make a very simple
explanation of how this happened, for the benefit of the non-geoscientists.
About 600 million years ago, the proto-Precambrian continent broke apart,
here, and Europe and Africa moved away as the Atlantic opened. About 400
million years ago, the Atlantic closed, Europe and Africa came back and they
pushed the Appalachian rocks up onto the, then, Canadian Shield. About one
hundred and forty million years ago, the Atlantic opened ,again, and Europe
drifted away and it broke at the current continental margin, here.
Peter Basham: So we use this framework, then, to try characterize the locations of the
significant earthquakes in eastern Canada and on this map we plot some of
the representative earthquakes. This is the Grand Banks earthquake of 1929,
which is, which is characteristic of the rift faults on the, on the passive
margin. This is the Charlevoix earthquake of 1925, which is characterized
by the rift, the Iapatan rift zone. In the overlying Appalachian rocks, we have
shallow earthquakes, characterized by the New Brunswick event, and in the
stable continental core we have this Ungava event that people have been
talking about, and I'm going to be talking about a little bit more this
afternoon. We have, not on this rift feature but on a failed rift feature which
is the Saguenay graben, the deep Saguenay earthquake of 1988. So that is the
way we've characterized the tectonics of the, of eastern Canada in order to
derive our source zones.
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Now you'll notice that, what's called the Mesozoic rifted basins, and that was
referred to earlier, I think, by Kevin. If you can imagine when the continent
was pulled apart, and it looked like it almost failed here, but not quite, but
it ended up failing over here. So you have this region of extended continental
crust. And that's what we call on this, on this geologic source zones, the
Mesozoic rifted basins. John Adams has recently speculated that the
Charleston earthquake may be on a fault that's associated with these
Mesozoic-rifted basins. Now inboard of the Iapetan rifted margin, there
should be something similar to the Mesozoic rifted basins but, geologically,
they're much older and they're probably very much more difficult to find,
but nevertheless, we draw, in lighter purple, the equivalent of this, inboard
of the Iapetan margin, both here and here, and this, I think the furthest
inboard that we know of, and there may be other evidence for this feature,
is the Paleozoic normal faults that one finds near Picton and near Attica. So
we have a geologic framework for the earthquakes in eastern Canada, and
plotted on this map is a representative sample of the seismicity.
You can see that, when we just talk for a minute, mainly about the Iapetan
rifted margin, you can see that the region of the St. Lawrence Valley is
seismically the most active. As you get toward the ends of this feature, up
here in Labrador and down here in New York and Pennsylvania, there's
much less activity. So if we wanted to use this description of the Iapetan
margin as a geologic source zone in our hazard estimation, we feel we'd be
distributing the earthquakes a little bit too much and diluting the hazard all
along that zone, and achieving very little. So what we have decided to do,
is to not let geology completely dominate historical experience and we've cut
this feature off at it's ends. And that's what I'm going to show you in terms
of the source zones that actually go into the hazard calculations.
Peter Basham: We are using multiple models for our hazard calculations, at the moment, but
in eastern Canada that multiple is, at the moment, only two. We are using
one set of source zone models that we call, basically, historically biased and
here you see, in red, the clusters of the most active zones that become
historic seismicity clusters for the purpose of hazard calculations. And here
is the Iapetan rifted—gone. Whoop, there it is, very faint, you probably can't
see it at the back,— here's the Iapetan rifted margin restricted, and to which
we've added the failed rifts along the Saguenay, and the Ottawa and the
Champlain Valleys and this becomes, then, the source zone with this
seismicity uniformly distributed along it's extent. So this is our current
interpretation of the rift models that people were talking about yesterday and,
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in fact, what we have suggested to the Canadian National Committee on
Earthquake Engineering, is that we might use these models in a way, that
we've coined, a robust estimate of seismic hazard and that is to compute the
seismic hazard map, based on this model, and compute the seismic hazard,
based on this model and at any particular location, just choose the largest
value. And Joe had a copy of one of the preliminary seismic hazard maps
that came out of this process and he showed it yesterday.
What that does, and it's not as conservative as you might think, John, correct
me if I'm wrong, but I think you've shown, recently, that if you do that, on
average you're only adding about 15% to a hazard value at the average
location. So what it does for us, it protects us in locations of abundant
historical seismicity against the repeat of that activity, or continuation of that
activity, but it also protects us, in regions of geological similarity where there
have been no large historical earthquakes. So that is the modelling that we've
done now for eastern Canada in the, in the, what we're calling, the fourth
generation seismic hazard estimate.
Let me, now, just go on to Lake Ontario and, in the historical map, you'll
see Niagara-Attica trend, in this zone, and I have that in more detail on the,
on the next figure. Again, historically, we have boxes around clusters of
historical events in this area, the Niagara-Attica trend, the, what we call the
southern Lake Erie, Nano showed some more detail of this zone, this
morning, and the Anna, Ohio zone.
Peter Basham: Now when we go from the historically dominated to the geologically
dominated, I have to say that we find no evidence of geological features that
are sufficiently convincing to allow us to use them to constrain the seismicity
in the region of Lake Ontario. And, in particular, for the potential-field
anomalies that were discussed in great detail yesterday, we see no evidence,
on a global basis, for a generic or a causative relationship between those kind
of features and significant earthquakes and, therefore, we do not use those
features for our geological source zone modelling. So in the end, we have
very little to work with. And what we've done is simply draw another box
around the entire region of Lake Ontario and Lake Erie because it's
seismicity, on average, is higher than the adjacent regions.
That pretty well completes what I wanted to say about the source zones and,
when I have a chance this afternoon, I'll talk more about the seismicity rates
and the upper-bound magnitudes that we're associating with these zones.
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Thank you very much.
K. Coppersmith:
(not at microphone when introducing Mohajer) Mohajer we have
further discussion of seismic source zone interpretation in southern Ontario.

Seismic source zone interpretation in southern Ontario
Arsalan Mohajer
A. A. Mohajer: I have, thank you very much for another chance to discussing about some of
these source zones, the way that we look at it.
OK, what are the key issues that I would like to address here, today, is the
potential fault hazard evaluation at Pickering site because that was the focus
of our workshop, I guess. We haven't, well, we discussed about the
possibility of the faults near Pickering. We didn't concluded whether we have
a fault right under the site which may pose a fault hazard, not, but another
concern I would like to address now is the near-source ground motion
assessment.
OK, some sort of the introduction, that what is the real seismic risk we are
after, if it's a multiplication of earthquake hazard, which is probably fixed
in time, times consequences, or value then we can claim that the TorontoPickering is facing a growing pain, because of the concentration of
population and wealth. If that is giving us enough incentive to do further
work, then we come back to the distribution of earthquake and try to
understand, or explain, what dictates this distribution of earthquakes, whether
they are controlled by faults or not. OK, I'll call it vision statement. You
may not like it but we have to agree upon certain principle, to start our
debate, to reach a conclusion. I would like to, well, reiterate this general
understanding, or statement, that I think most of the seismologists, geologists
accept that earthquake occurrences are signifying what, the presence of a
fault plane or zone with a preferred orientation on which strain energy is
repeatedly released under ambient crustal stress. If some of us do not believe
on this, I would like to, well, discuss it later, but if this is a principle that we
accept, then we have to find and argue that wherever there is an earthquake,
there must be some fault, whether we haven't found it yet, or we'll have to
find it in the future, but we cannot ignore the relationship between potential
earthquakes, in the future, and some sort of structural geology.
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A.A. Mohajer: Again, I come back to the very interesting discussion on the speculation of
the projection of the St. Lawrence, or termination of it here, across Lake
Ontario, which gives us a very strong incentive to go to the next step and
argue that what we can do to resolve this issue, or issue of whether it has to
stop in here or utilization of Iapetan rifted margin; which is, of course, a
newer model which has developed in the last few years. Now, what are the
available options? Again, extension of St. Lawrence, across Lake Ontario, or
we have to stop St. Lawrence at Cornwall and utilize this new model of
Iapetan rifting and also I would like to propose a new one, a new approach,
or not a new, it's a different approach than what have been proposed this
morning, or up to now, and that is, let's go in a methodology which is called
fault segmentation. If you accept that argument, or vision statement, that the
earthquakes must be related to some faults, so let's, let's find those faults and
try to segment them in different fashion to, to quantify their potential
earthquake-generation, generating capacity in the future, in both deterministic
fashion and probabilistic fashion, and compare the results.
OK, the objectives is, again, AECB, as stated at the opening statement of this
workshop, that you are looking to 10 per annum risk, and this poses a
problem. The problem associated with this target is that the ground motion
estimates that you are having up to now, now past practice, are very much
influenced by distance, more active sources. Is it true? Because if you have
St. Lawrence just stops at Cornwall, whether we like it or not, because we
assign a larger M^, maximum magnitude, and our cutoff threshold is, for the
minimum magnitude, is usually five or four and a half, sometimes, depending
on different authors which have published in the past, so we are practically
ignoring the near-source ground motion somehow. So I'll show you how.
And also, I think, are statistically, we don't have viable database really to,
to manipulate too much on the existing data.
A.A. Mohajer: This is one example I took from the book, written by Leon Reiter, on
comparing different effect of the minimum magnitude, which are assigned to
each seismic source on the output of the peak acceleration estiemates versus
probability of exceedence per year. So if our cutoff threshold is magnitude
5, here, so we have, naturally, a lower risk estimate, that if your cutoff
threshold is four and a half or three point seven five. So this is just one
example on the acceleration and also on the velocity. So it really makes a
difference where we are putting our cutoff threshold in the low magnitude.
At the same time it's very, low probabilities are very much sensitive to the
cutoff threshold for the maximum magnitude as well.
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This is one of the example of surprise earthquakes. We didn't write, within
the most stable continental region that we know for example, as an example
only, India, which is supposed to be a rigid plate just pushing against
Himalayan here. What we, 1993, we have this magnitude 6.4 which was not
expected, or predicted, at all. So these surprises, also, give us some incentive
to be more careful about estimation of maximum expected magnitude in the
regions that we really do not know much about.
OK, the goal of reducing the current uncertainties, has been followed,
pursued, by many institutions and different groups. Examples are 95 or 96,
probably, no 95. Lawrence Livermore National Lab in California, did a study
on behalf of USNRC, and they utilized individual expert opinion to define
their seismic sources. Now in 96, EPRI did similar thing, but this time they
utilized the group expert opinion, rather than individual people, to arrive to
a sort of consensus on the seismic source definition. GSC did, more or less,
the similar work, back in 91, some of you have been in that meeting in GSC
that they utilized, also, individual and group opinion expressions. I call it a
hearing of the opinions, but the implementation was, of course, the mandate
of GSC to decide what to implement.
Now I think I would like, well, the way that I see that AECB has gone
probably a little bit further by arguing that, to improve the things, or to
reduce the uncertainties, another alternative approach could be generation of
new data, or discussion of new approaches and methodology, to improve our
database and they handle the question of uncertainties.
A.A. Mohajer: By the way, there is another study which was, well, 94 EPRI report, which
I, when I was preparing this, I hadn't read that report and that is the latest
conclusion of replacing space for time. The 1994 report by EPRI, which is
very ingenious, very interesting idea, but I don't know, the applicability of
the, in the case of our lake, western Lake Ontario region. But the, the
approach which I was taking here, as an alternative practice, was to assume
that the one fault cannot, even if they are active, if we could prove, it's not
proven active, but if we could prove them active, so one approach,
deterministic approach, would be to assume that the faults could generate, or
be associated with, future earthquakes, but not full length of them, of course.
Based on our understanding, is that the fault only crack into linear part of it
before they bend, right? Or when they cross another structure, the crack
propagation could stop. So if we use this kind of criteria, based on
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geomorphology and also fault segmentations, bending and crossing other
structure, so we can take little segments like that, from here to here, from
here to here, here to here, and also this way and this way and then this is a
sort of academic practice I thought may be useful to demonstrate what is the
range of uncertainties or deterministic estimate of the future risk, based on
this fault segmentation approach.
I summarize my (indecipherable) into this fault zone, CMBBZ, NPLZ or
other Toronto-Hamilton seismic zone, and I just divide them into different
segments and these are the name of the location of the bend or crossing other
structure. This is the orientation, this is the full length and, utilizing the
relationship which was proposed by Wells and Coppersmith, 94 paper, I
estimated the maximum potential magnitude, or maximum credible magnitude
associated with each fault segment. So, as you see, no matter how small we
can divide these faults into smaller segments, we are talking about a
magnitude about 7 or little bit larger and, in some cases, 6.8 and 6.8 here,
too and, then, again, 7.5 in some cases. So I thought the average shows this
table that we are dealing with something like a magnitude 7ish, around
Pickering. And also, I just produced this graph by Slemmons, and deploy
here, to show you that, no matter whether we are in a high seismic zone or
moderate seismicity or low seismicity, there's always a relationship between
earthquake magnitudes, rate of deformation and also recurrence interval, so
even getting the lowest rate of deformation, which would be .01 millimeter
per year, if you wait long enough, you get a magnitude 7. As an example,
here, you have to only be around 10 to the minus, well, 100 thousand years
which is 10" risk level, that is, we are targeting, which would give us a
magnitude 7 and in the lowest rate of deformation anywhere in the world or
at least in the moderately seismic active area of the world. This is my only,
well, not anyway so if, I'm gonna make correction that it's, must have some
other seismicity that I assume that is valid for western Lake Ontario region.
A.A. Mohajer: Now what I did, I, I also devised a box around Toronto, becau-, I did this
estimate for Metropolitan Toronto, and I argued that, if you do not accept the
correlation between earthquakes and faults, and you assume that earthquakes
are the random process, a Poisson distribution, just occurring anywhere
within that zone around Toronto, let's say between CMBBZ and TorontoHamilton line or, I call it here radius of 50, 60 kilometer around Toronto,
including every event which could randomly happening anywhere, so this
simple probabilistic distribution could give us some clue and idea that what
we should expect in the future, so the annual risk of various level of
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magnitude would be, well, likely, it's a magnitude 5, it's something like 10"2;
magnitude 6, 10"; and magnitude 7 would be in the order of 10"4 annual
risk. So this is really, so if you're targetting 10"5, it's not surprising that
expect a magnitude 7, or so, in this part of the world.
OK, this is, giving you example of the previous practices, this is done by
Gabriel Leblanc and Klimkiewicz, a couple of years ago, for the Attorney
General in a court case hearing, which they estimated probabilistic hazards
for Pickering B and based on the probability of exceedence of only 10", and
as you see there are two suggestion, using two different attenuation
relationship, that the existing design spectra matches this level of risk quite
closely and with some frequencies, even exceeds that, based on Nuttli and
Newmark model, and the McGuire model, of, of, of course lower, but if you
increase it to a probability of 10" , so this would go way up and exceeds the
design base.
This is a little bit of comparison, I tried to do, between the Pickering B
response spectra (indecipherable) with Darlington, with a minimum
requirement of IAEA (indecipherable) Gail Atkinson estimate of 1987. This
was prior to Saguenay earthquake, of course she has modified the
relationship now, and based on the 95 publication of Atkinson and Boore. If
we consider a magnitude 6, let's say, at a 20 kilometers, let's say, distance
or depth, on a, based on the uniform hazard spectra, so this is the kind of
thing we can get, or going to a little bit higher, maximum magnitude of 7
with the probabilities of 10 , you may get even something like this. So it,
depending that how we just model seismic sources and what relationship we
use, we may _ Tape Damaged, 7 Seconds of Information Lost!
(From here to the end of the tape, the voice can be heard, but is muffled)
This is the sort of cut and paste slide by the work of Forsyth and Milkereit,
as they are explaining a 1992 GEOLOGY paper, that what is the potential
modelling of the CMBBZ. In one stage of the development of CMBBZ it's
suggested there is extension in the crust, so extending the crust and they call
it, —could you move this because it's important to read this part, OK,— they
suggest that this extension and formation by normal faulting of the symmetric
basin, which is a (indecipherable) collapse of Grenville origin or initiation of
Pre-Appalachian Iapetan continental margin. So if they are suggesting that,
back in 92, that Iapetan margin extensional features could affect as far as
west as CMBBZ, right along —Tape Damaged, 3 Seconds of Information
Lost! (The following italicized words were transcribed by the original
contractor before the tape was damaged; this Niagara-Pickering line, so it's
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no surprise that we elevate concern) to investigate this matter further.
A.A. Mohajer: OK, so that is, that is compared to the existing suggestion for the seismic
source modelling to stop the Iapetan western boundary along this structure.
Their suggested proposition is that why, and this is a question it's not even
proposition, that why we cannot move this boundary further west to here,
because if you are having suggestion, by Forsyth and Milkereit, that this may
also resemble something like Iapetan extensional, or extended, continental
crust, why the limit should stay here and not come here? So I would like to
see some argument for, or against, this kind of proposition.
That's it. Concluding remark is that the existing database is not sufficient to
prove, or disprove, the seismogenic capability of local faults and near-source
ground motion here, of course. But the regional and distant-source ground
motion, and so what we, really you have to do is just further characterization
of the local sources, better than relying totally on the distant sources. And we
cannot do it, except by further high-resolution seismic reflection profiling
across CMBBZ and seismicity, local microearthquake monitoring and
possibly utilizing the gas-emission surveys similar to what Professor Jacobi
did in the case of Clarendon-Linden fault. Thank you.
Tape 7 - Side It

The tectonic stress field in eastern Canada:-its use in seismic source
interpretation
John Adams
John Adams:

I want to talk about the stress field in eastern Canada. It'll concentrate, if you
like, on southern Ontario but a lot of what I say is actually applicable to
areas from the Atlantic right into the craton. First thing I'd like to talk about
is stress variation in space, and my conclusion is that the first order field in
southeastern Canada, those data come from various types such as pop-ups,
direct measurements in, in boreholes, oil-well breakouts, or earthquake focal
mechanisms. There's a fair consistency of this data and, no doubt, there's
going to be more to be learned as gaps are filled in where we don't have
data, but we certainly see the first order picture coming through quite clearly.
So for an area which lies, if you like, to the east of the Rockies and goes out
into the Atlantic, we see a stress field which is more or less in this direction;
there's a few exceptions.
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J. Waddington: (not at microphone) You might just move that up a bit, would you?
John Adams:

Sorry! To me, here, it looks great, (laughter) Yeah, right. I'll push it up as
high as I can.
The, the general direction is like this. There're a few, few anomalies, for
example, on Baffin Island, we have normal faulting at the moment which
suggests local extension. In the area of Baffin-Ungava we seem to have
north-south compression which is, seems to be a stronger field than the, the
regional field. But in southeastern Canada the general direction is like that.
The other thing I've put on here just for, just to move into the, the idea, is
that this is nearly all a thrust faulting regime. Reverse faulting for the
geologist, thrust faulting for the seismologist. There seems to be a difference,
with strike-slip faulting to the south of this line 'n we also see strike-slip
faulting up in the Arctic.
So that's the first order field. Now, the next question is second order features
within that. Now, my feeling, at the moment is, that they couldn't, what we
see at the moment could well be noise on a regional signal. We haven't quite
resolved whether we're actually looking at data or just noise. For example,
the solid evidence, to my mind, comes from the larger, deeper earthquakes.
And of those, Timiskaming, Cornwall, Miramichi, Goodnow, Saguenay,
Mont-Laurier, these are all magnitude 5 to 6 earthquakes. They show stress
orientations which are consistent with the regional field. The 1925 Charlevoix
event is not. So this i
, this i
, in the area of southeastern Ontario, we
have a compression direction which I've described as being the east-northeast
octant, in other words, from this direction to this direction. Charlevoix is the,
is the 1925, is the anomaly, it's actually, more or less, at right angles to that.

John Adams:

However, spatial anomalies are possible and I'll show you some examples.
Just to go, to make that concluding statement again. At the moment we don't
have much good evidence for spatial anomalies, they could well be noise. As
the data accumulates, we may see it. If we look at the stress field variation,
in depth, we've looked in general at the regional field, and my conclusion is
it's pretty much a single, uni-directional field. We've got earthquakes as deep
as 27 kilometers for the Saguenay earthquake, 33 kilometers in the
Charlevoix zone, and, therefore, we have to conclude that stress is capable
of, earthquakes exist at these depths, in other words the crust is brittle and
is willing to fail.
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There's some var
, some evidence for regional variability in depth below
10 kilometers. I'll just show you, this is a histogram showing the distribution
of depth for, for the Charlevoix region. Not only are most of the earthquakes
around 10 to 15 kilometers, but the larger ones seem to have nucleated there,
however Saguenay earthquake occurred at this depth.
This is an old slide, I've not updated, but the, the general feeling is that
above, about 10 kilometers, most of the P-axis orientations are in the eastnortheast direction. When you go below 10 kilometers, the earthquake focal
mechanisms seem to be much more variable, in other words, they could
represent almost any direction. That may mean that the difference in stress,
the anisotropy, is not as strong below 10 kilometers.
I just want to show you some tantalizing evidence that suggests that we may
be on the track of finding active faults, well certainly unsealed. The idea is
that, if we have, if we have faults that are sealed, in other words they've
healed completely, then they're just behaving like rigid continental crust. But
if, if those faults represent fluid(?) voids, maybe not connec
, completely
connected, they actually induce stress rotations as you go down the hole. So
it's possible that we may be able to map faults which are not completely
sealed. Whether these are gonna be seismogenic, or not, is uncertain. But
certainly, if you're unfortunate enough to be sampling in this region, and
don't realize you have an unsealed fault, you're going to get, if you like,
noise on a regional field.
John Adams:

Let's look at stress variations in time. The first thing is, I believe that nearsurface stresses were different during the ice retreat. However, that doesn't
necessarily translate to knowing what the stresses were deep in the crust.
Some of the arguments for stress differences at the time of deglaciation, this
is about the time, as the ice is melting back and allowing the record to be
accumulated, are these small, post-glacial faults. They indicate fairly
consistent stress orientations, principal horizontal stress orientations, which
are orthogonal to the regional field, and I think what we're seeing is a
superposition of flexural stresses from deglaciation on the regional field.
The other, the other possible change which, I don't consider we've studied
enough, are spatial anomalies that might represent ghosts of large
earthquakes. One might argue, if you've had a large enough earthquake, then
the stress field will change around it. I speculated, back in 1989, that the rule
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of, spatial cluster north of Ottawa might represent one of these ghosts. And
that's just real speculation, that is not science. But it's an interesting idea and
I hope, at some point, we might know enough about the regional stress field
to say whether that's likely or not.
Now if we get down to the nitty gritty of the stress field variation with
magnitude, I'll show you some plots which show magnitude versus depth and
at, near the surface in southeastern Canada, we can measure stresses of a few
MPa to a few 10s of MPa, virtually at the surface and as we^ go down,
measurements in mines, you get up into the hundreds of MPa. Well, why is
this different? Why is this important? We see stress differences, then, which,
although they're much less than the absolute stresses, they're quite enough
to account for the earthquakes. Now some people have talked about high
stress-drop earthquakes, of the order of 1000 bars, because the seismologists
tend to think in bars, still, or a hundred MPa for the Saguenay. However, it
turns out that is not essential to have such high stresses, in fact you can
model these earthquakes with 10 MPa drop. Now, when we look at the plots
I'll show you, we have deviatoric stresses larger than 10 MPa almost
everywhere in the Canadian Shield. And so one conclusion is that just about
anywhere in the Canadian Shield is ready to release that stress if it were
triggered. For example, the Paleozoic rocks of the St. Lawrence platform,
we're only looking at the top 300 meters. These are measurements, the most
important ones are the hydraulic fracturing measurements, at which
Darlington exist some.
John Adams:

This is the stress that is due to the weight of the rock. I've drawn it in a red
line which is 10 MPa larger than that and you can see that, if that's the
failure criterion, we're virtually at it, near the surface. Again, this is, now,
the Canadian Shield, the hard rock of the Canadian Shield. There's the
weight of the overburden and then the 10 MPa difference. There's a lot of
data which suggest that the stresses are large enough. In fact, the stress
difference, this is comparing it to the vertical, but the stress difference even
between the greater, the larger and the smaller horizontal, is actually large
enough to account for the earthquakes.
Well, what are the implications of this? There's an overhead, here, which,
we're talking about the implications of the stress field for the seismic
sources. This is the earthquakes themselves. We can expect thrust faulting on
northwest planes, that seems to be the most common mode of failure, but we
certainly can't exclude thrust faulting on northeast planes, because the
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smaller of the horizontal stresses, the difference between the smaller of the
horizontal stresses and the vertical could actually drive the earthquake failure.
Finally, it's possible that the stress regime changes south of the, of Lake Erie
and Ontario, Lakes Erie and Ontario, and certainly we begin to see strike-slip
faulting, which is more common in the central United States, in that region.
The conclusions, which are in the abstract:
The Canadian craton is being compressed from the east-northeast quad,
octant, at least the first degree.
Stress differences exceed those necessary to generate earthquakes throughout
the shield.
Nothing currently known about the stress field suggests that any regions are
especially highly-stressed and so pose a threat on this basis.
Now what, what I'm saying is, that the stresses exist, I'm not, you obviously
need something else, such as high pore pressure or, or some other thing to
trigger an earthquake. And then, finally, it's clear, if we are doing models of
what sort of ground motion we, we should expect, that we should probably
emphasize thrust faulting on northwest planes, but then look at the sensitivity
of the ground motion estimates to other orientations. Sorry about that, that's
the end.
K. Coppersmith:
(not at microphone) Thank you, John. I use my chairman's prerogative
and make a comment, the observation (audio feedback), in the central part
of the U.S. and parts of the southeast, as well.
Next talk is by Joe Wallach. He'll talk about pop-ups and offset boreholes
and geologic implications (indecipherable).
Joe Wallach:

It's just a little bit more difficult to see from here, which is probably why
people did go down there.

K. Coppersmith:
Joe Wallach:

Everyone else can see, but you.

This is it, I have these difficulties. Well, I wasn't late to the meeting.
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Pop-ups and offset boreholes as geological indicators of earthquakeprone areas in intraplate eastern North America
Joe Wallach
Joe Wallach:

OK, we, as you all know, we have had large magnitude earthquakes in
intraplate eastern North America, but the documented seismic record, or
seismological record, is very short and, as a consequence, there have been
surprises in terms of locations in the past, such as the Saguenay earthquake
which occurred in 1988 in an area which was not considered to be likely to
have such an event. And I would assume that, most likely, we'll have the
same problem in the future. So it would certainly be to our advantage to try
to be able to use whatever techniques we have available to us, and perhaps
we can develop new ones, to trying to identify regions which would be
susceptible to large magnitude earthquakes, particularly those, those areas
which have not experienced them in the past. And what I want to discuss
with you this morning is in no way intended to replace the rift hypothesis
which I think has an awful lot going for it. In fact, I would view what I want
to say to you as enhancing that approach, and that would be to look for
evidence, on the surface of the earth, of neotectonic structures. Certainly
we'd be looking for surface rupture. We do that all the time. I, that's
standard and, so far, we haven't met with a great deal of success on that, but
we keep doing it and we have the case of the Rouge River where we have
evidence of very recent geological faulting.

Joe Wallach:

I propose to talk about two other compressional structures, which are easy to
recognize and which are quite easily, or readily accessible to people, those
being offset boreholes, either on horizontal bedding plane surfaces, or
surfaces which are inclined, such that the movement is reverse, consistent, of
course, with compression, the other structures, then, being pop-ups.
This is, I'll start with the offset boreholes, and this is the bedding plane on
which these boreholes have been displaced. It's located at Kingsford, Ontario,
perhaps 10 to 15 kilometers to the north of Lake Ontario and, believe it or
not, that surface does actually rise slightly. I know it doesn't show in this
slide, but it does rise slightly from this side to this side and when you're in
the field, looking along the profile of the exposure, you can see that, in fact,
this is a very low angle reverse fault. The direction of transport, here, is
towards the northwest and this is in line with what John Adams was saying,
is this background noise or not? Certainly it's not what we would expect in
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terms of the orientation of the current stress field, nor is this.
Now this is in Pare de la Verendrye, in Quebec, and there's no question
about the sense of displacement. It is reverse and it is, again, in a generally
northwest direction, and John Adams had found this exposure and told me
very precisely where it was. His directions were precise and I had no
difficulty finding it whatsoever.
Now this is more like what we would expect to see. Here, this is a small
displacement, a couple centimeters, or so, on a reverse fault in the transitway
which is exposed right here in Ottawa, the direction of displacement
somewhere around north 50 or north 60 degrees east, more like what we
would expect to see given the current stress field.
This is in a quarry in Odgensburg, New York, General Crushed Stone, right
in the St. Lawrence fault zone, well west of, of Cornwall. Slip has taken
place on this horizontal surface here. The boreholes, here's one of them,
comes down and does this and I believe the other one is, is about here,
comes down like so. The direction of displacement is north 35 degrees east,
and that, too, then, would be consistent with what we would expect in the
current stress field. And also I point out that the direction of transport,
indicated by this, is parallel to the St. Lawrence River at that spot.
Joe Wallach:

This is the most impressive of the ones that I've seen. It's just across the
river from here and if people do have a chance and want to see it tomo
,
Thursday or what, I'd be very happy to take you over there and show you
this. You can see there's quite a massive rock, it's about, I guess, 4 to 5
meters thick. Slip has occurred upon, on, along this shaly unit within this,
otherwise rather thickly bedded or relatively massive limestone. No question
about this being up-dip, or reverse sense of displacement and, given this
massive rock, you can imagine there must have been quite a bit of force
pushing it. The direction of displacement is north 70 degrees east, and you
can see that here and here as well as by that opening. Now, in terms of
neotectonics, I don't think anyone would argue that offset boreholes are
clearly a recent phenomenon because, of course, of the boreholes themselves.
Now another structure that we do see, are features like this, which are
pop-ups. They occur in open fields, such as this one, or they also occur in
areas of excavation, such as quarries and so on. This structure, at Wellman,
Ontario is north-northwest of Belleville and it trends north 35 degrees east.
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We presume, by the way before I go any further, that any of these pop-ups
are post-glacial in age. It's not that pop-ups didn't form earlier than that, but
the ones that we see, we presume are post-glacial in age because we assume
that, if they were there before the ice advanced, that the ice would've come
right along them and just stripped them off. This is at Kingston, in the Gull
River limestone; this one is oriented northwest. Now this one, and it's very
hard to date these things, and it's very difficult to say they formed soon after
glaciation, or five years ago, unless, of course, you were there five years ago.
This one, at least, we do know is a post-glacial structure; there's no question
about it. This is in, what in New York State is called the Potsdam Sandstone,
what I think Bruce would call the Covey Hill Sam, uh, Sandstone. It's
oriented 345 degrees and both of these surfaces do show glacial striations, so
a glacially striated surface has been disrupted, and so we can say that this is
a post-glacial structure, which is good enough, at least, to identify
neotectonics, southwest of Alexandria Bay, in the 1000 Island region of New
York.
This is in the CMBBZ, which we talked about yesterday and which Arsalan
Mohajer mentioned, again, today. This is a pop-up which is several hundred
meters long and oriented northwest. There are others, also in this field, which
are sub-parallel to this trend.
Prince Edward County, this one's oriented west-northwest. Gail McFall, over
there, is the person who did the work on, not only the pop-ups in Prince
Edward County but on other geological structures as well, reverse faults,
strike-slip faults and that sort a thing. And that, that pop-up, by the way, is
also quite a few hundred kilometers long. I think it's on the order of at least
1 to 2 kilometers in length.
Joe Wallach:

Since pop-ups are compressional structures we would expect them to form,
and be spatially associated, at least locally, with reverse faults. And this is
an example that we have here. We're in the Letchworth Gorge or what I
think is still called the Grand Canyon of the East. This is the Genesee River
valley, in western New York State. This pop-up is also oriented westnorthwest, as is this reverse fault. Now, in this slide, we can't tell that that's
a reverse fault because you can't see any obvious kinematic indicator, but if
we get closer, we do see the drag on the hanging wall and, for the nongeologist, that means that this block of rock moved this way relative to this
block, and there was drag induced by that movement, and the orientation of
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the fold axis, here, is absolutely parallel, it's incredible, but it's absolutely
parallel to the trend of the pop-up that we saw in the Genesee River valley.
Pop-ups also occur on the bottom of water bodies. We saw examples of that
yesterday, both from side scan sonar interpretations, made by Rich Thomas,
off of Toronto Island as well as direct, finally, direct video and visual
observations from submersible dives made off of Toronto Island.
This is a slide that was loaned to me by Steve Blasco, in which he identified
some pop-ups in Georgian Bay, within the Georgian Bay linear zone and
they're just about parallel to it, the north arrow here. That indicates th't this
is oriented about north-northwest. Cross-section of that pop-up, again, the
slide from Steve. Now this, I've pointed out a few examples of pop-ups in
open areas, or buckles, and I would not, by the way, distinguish between
pop-ups in open fields and quarry-floor buckles. We're talking scale and, in
some cases, the buckles on quarry floors are quite large as well, so I say it's
the same process; I will call them the same, all pop-ups.
This is in the Miramichi area of New Brunswick where, in 1982, there was
a 5.7 earthquake and what happened was Atomic Energy Control Board,
Geological Survey of Canada and Ontario Hydro combined some, put some
money together to pay to get this material stripped off, the reason being,
quickly, John Adams and I were out there and John had spotted what looked
like some pretty recent surface rupture, and I think it was, and the thought
was, gee, maybe this is the first case of surface rupture seen in eastern North
America associated with an earthquake. That's why we did this.
Unfortunately, that wasn't the case, but it still looked like a pretty young
feature anyway. This formed shortly thereafter and over time, it started to
grow. It's oriented north-south.
Joe Wallach:

This pop-up is in a quarry in Niagara Falls, New York. It's oriented about,
between north 7 and 10 degrees east, and I do want to point out that these
pop-ups are forming today, and I mention, want to mention these northeast
trends because they are not restricted to some period within the last few
hundred, or within a few hundred years of glacial retreat, but they are
forming at the present time. Pop-up will not form on the quarry floor until
the superincumbent load is removed. This is in Gasport, New York, to the
east of Niagara Falls, this one's oriented northwest.
In Beauport, Quebec which is really in the area of Quebec City, and this is
quite a large structure. Jean-Yves Chagnon here, for scale, and this structure
164

is oriented northwest as well. Same quarry, but I want to point out that this
thing is composed of segments, and the reason that I want to do that is
because, in treating the data on a histogram and plotting up the orientations
a the pop-ups versus the frequency of the orientations, we wanted to make
sure that we got them all. So we didn't want to hide any of the segments or
try to average anything out, for whatever that might be worth.
This is another one. This one's comprised of two segments, located in, in a
quarry just to the northwest of Burlington, Ontario and Burlington is at the
western edge of Lake Ontario.And this segment is oriented north 55 east, and
the one on which Rich Thomas and Arsalan Mohajer standing is north 20
east. So, again, we've got these northeast-oriented pop-ups that had to be
formed, that formed very, very recently, and they do co-exist with northwesttrending pop-ups, which we saw elsewhere in that same quarry.
John Adams wrote a paper on this. This is a quarry at Bells Corners which
is southwest of Ottawa, not too far from downtown here. There's a pop-up
here, another one that goes across the quarry floor, it's discontinuous, stops
there, and then it's resumes again and heads off towards the wall, but it
doesn't make it quite to the wall. This one, and that, are oriented northwest,
this is oriented northeast and John published this in Canadian Journal of
Earth Sciences back in about 1982 and perhaps, just in reference to this
intersection model of seismicity, the greatest relief that we see is right here
at the intersection of the northeast- and northwest-trending pop-ups.
This'11 be the last example of pop-ups that I show you. This is from the
Roblindale Quarry, which is about 10 kilometers or so north of Lake Ontario.
John Bowlby suggested that we use this quarry. It was an abandoned quarry,
I guess it may still be, but it has been considered to be a waste disposal site.
John knew about the pop-ups and suggested that stress measurements also be
made here. And they were by Duncan McKay, and I would really love to
encourage Duncan McKay to publis this, publish this information because
what I'm going to show you in the next two slides is his information,
certainly not mine.
Joe Wallach:

The pop-up data, they show these orientations, which are all northwest or
west-northwest, ranging from 280 to 322. You may not see it, but the
average orientation of these seven is 305 degrees or north 55 west, and we
tend to think, because these are compressional structures, that the P-stress
responsible for them should be oriented at about right angles to this and this
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is what we get. We have a histogram, here, where the orientations are plotted
along the x-axis and the frequency of occurrence along y. Each of those bars
represents a 19-degree interval. So we start at this end, mis is between northsouth and north 19 east, north 20 and north 39 east, and so on, becoming
progressively more easterly until we get into this area where we are at about
east-west, and then these are or
, northwest-oriented P-stresses. Duncan
measured 37, of which 33 are located nominally northeast and, again, this is
consistent "with what John said, in the last talk, about the orientation of
stresses. This happens to be on the outcrop scale. The greatest number, the
greatest population, would occur right in here between north 20 and north 39
east, so just taking it right up the middle, say about north 30 degrees east, is
the greatest concentration of stress orientations, which compares, I think,
quite favorably with the north 55 west orientation of the pop-ups. So we get
a, a very excellent relationship between what we expect to find and what we
actually get. So the P-stresses, I guess we could say, are at right angles to the
pop-ups.
Now let's look at a regional scale, New England, and there is a spread in the
orientation of the stress measurements. This is from a paper published by
Plumb and Cox, I think, in the late 70s, in JGR. The greatest concentration
is here at north 50 east so, again, this consistency comes up that northeast
seems to predominate, and I would argue that it does. I also would point out
that Duncan McKay was up in the Miramichi area, also made stress
measurements and he, too, came up with a predominant orientation of north
50 east, but there are variations in the orientations of the P-stress, even in
boreholes themselves.
Joe Wallach:

This is similar to the map that John Adams showed, which it should because
John made this, and this is a compilation of P-stress orientations from surface
and sub-surface data and, there is a preponderance of northeast, nominally
northeast orientations. But there are some others as well. There is north-south
and over here there is northwest. So what we would expect to find, I think,
based on what's been presented to this point, is that, given the preponderance
of northeast-oriented P-stresses, that the pop-ups should, for the most part,
be oriented northwest, and they are. Two-thirds of the 270 pop-ups and popup segments that we have either recognized, ourselves, or have grabbed from
the literature, show that two-thirds of them are oriented northwest and I'd
also like to support a point that Phil Thurston made too. It's, we would love
to have a much more complete data set on these things, 'cause we think that
these are gonna be helpful in identifying seismic source zones, and though
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we think we know something about them, we don't know nearly enough. The
record is definitely incomplete.
Let's, now, look at depth a little bit. We've seen some northwest-oriented
fault plane solutions and this, these ten come from Yang and Aggarwal. It
was published in 1981. These are all shallow earthquakes with the exception
of, I believe, this one, They're all less then 10 kilometers below the surface;
this is at about 13, so we do get down below that magic 10-kilometer line.
We're looking at northern New York State and southern Quebec, Maniwaki
here and Lachute, and of the ten, nine of them show reverse fault
mechanisms with the nodal planes oriented northwest, and over here we have
predominantly a strike-slip mechanism which is, of course, is still consistent
with the current stress field, east-northeast- or northeast-oriented P-stresses.
This is a data, a piece of data that I think we just must not ignore. This is
from the Saguenay earthquake, which was at a 29-kilometer depth and, from
the people who actually did the fault plane solution, you obviously have the
two nodal planes. This is the preferred nodal plane, expressed by those
people, seismologists at the GSC, as well as seismologists and geologists
from the University of Quebec in Chicoutimi, and what it shows is
predominantly a reverse focal mechanism with a strike-slip component. And
so, this is at a depth of 29 kilometers, we certainly see the aftershock with
that. Up here I'm not quite sure what we're looking at. This is a north-south
nodal plane, and so I'm not quite sure what this is intended to signify, maybe
that is a good, urn, good control, a well-constrained fault plane solution for
the foreshock. So there is some variation.
Now, as in the case of the pop-ups, fault plane solutions show variations, as
well. This is from the work of Maurice Lamontagne who did these in the
Charlevoix seismic zone, and I don't know whether these're deep or shallow.
I think they're shallow, but I don't recall. In any case, he's showing reverse
fault mechanisms, as well, such as here, also some strike-slip components,
here and here, and this one's almost, almost perfectly a strike-slip
mechanism. But the orientation is north-northeast or northeast, as opposed to
northwest. And perhaps that's controlled by the very prominent grain of the
St. Lawrence fault zone, there, or maybe some other reason. The point is,
though, that we have northwest- 'n, or, northeast-oriented compressional
structures on the surface, and we have them at depth as well. Now, given that
all of these things seem to relate, we should not be surprised to find that, in
areas where earthquakes of about magnitude 5 to 6 have occurred, that pop-
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ups would be identified as well. I don't wanna give you the impression that
it's everywhere, it's not. But these are eight examples, here, where we're
looking at earthquakes between about magnitude 6, estimated magnitude 6,
based on the 1732 earthquake which Gabriel Leblanc worked on here, and
down to about magnitude 5 in Leroy, but in all those areas, pop-ups have
been identified as well.
Joe Wallach:

So, to start to bring this thing to a close and then aim to focus on Darlington
and Pickering, the fault plane solutions indicate, obvious, well, earthquakes
are stress-relief phenomena, as are pop-ups, as are, are faults. They're all
stress-relief phenomena, and there is a kinematic consistency between those
occurring at depth and those occurring on the surface and so, and in some
cases, they do co-exist. They're all responding to high horizontal compressive
stress or, as John has suggested, tectonic compressive stress, however high
we wanna say, but we do have this consistency. I don't think that should
come as a surprise.
If you have evidence that the stress has been high on the surface or, at least,
high enough to cause some kind of failure, release of stored strain energy,
expressed in terms of the offset boreholes or the pop-ups, we should certainly
be expr
, expecting stored strain, or strain energy to be accumulating at
depth, as well, in response to the application of the tectonic stress field and
so where you get this sort of thing, as the strain energy is accumulating at
some point in time, I certainly don't know how much in the future, that will
be released. And, as we saw from John Adams, stresses tend to increase with
depth. The greater the stored strain energy, the greater the likelihood of
releasing a large amount, meaning that a large magnitude earthquake, then,
should be reasonably expected in such an area, though we can't say when.
So I'm suggesting, then, that finding pop-ups and offset boreholes, on the
surface, may well indicate areas subject to major earthquakes in the future.

Joe Wallach:

This is what the distribution looks like at the present time 'n I think we c'n
make some generalized statements. The earthquake locations are, for
earthquakes of mag 5, or greater, are represented by the open circles, the
pop-up locations by the triangles. And we see that, in several instances, the
two co-exist, such as in this area, in this area, and so on and down here into
northeastern Ohio. But there're other areas and these are the ones that I want
to focus on, of course, such as between Quebec and Montreal, where we have
the pop-ups but, as far as I know, there are no documented large magnitude
earthquakes there, but I would suggest that this would be an area susceptible
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to it. I said, early on, that I think that this would enhance the rift hypothesis,
and I think this might make a case for it because we are talking about rifting
along the St. Lawrence, and we see this kind of phenomenon. The other one
would be right in this area extending from the 1000 Island, re, uh, 1000
Islands region, of both Canada and the United States, across to Georgian
Bay. We just have the pop-ups here, no documented large magnitude
earthquakes although, in this area of Georgian Bay, there was a felt report,
anyway, of a large magnitude earthquake. But it's one report, or it might've
been by, I don't know how many people, but it still is only one report, which
doesn't allow anybody to identify the epicenter, anyway, of that earthquake.
But there was a fairly strong magnitude one felt in that area. Nonetheless,
then, I would think that this is an area, then, that would be susceptible to a
large mag earthquake in the future and then we bring it to home, the
Darlington-Pickering area.
In the excavation at Darlington, there are offs
, well not 'ny more, but
there were offset boreholes that we did identify, the direction of displacement
precisely parallel to the direction of the P-stresses measured at borehole UN1, at the Darlington site, and we heard, yesterday, about the pop-ups off of
Toronto Island which're very impressive structures indeed.
So I would suggest that we do have evidence of the, well, certainly of
pop-ups occurring along the St. Lawrence fault zone, well, again, to the west
of Cornwall, and on through Lake Ontario. We have this orientation as well,
whatever it may mean, and that we have a concentration right in the
immediate vicinity of the Darlington and Pickering Nuclear Generation
Stations. So this, combined with what was presented yesterday, still leads me
to suggest the unfortunate possibility that a large magnitude earthquake could
be expected, in this region, in the future. Thank you.
Tape 7 - Side 2:

Hazards associated with seismically active linear zones
Christine Powell
Chris Powell:

over these last two days about potential linear seismic zones in
southeastern Canada. So I thought it would be interesting to go ahead 'n look
at another linear seismic zone, in the United States, that has some analogies
to what we've seen presented over these last two days.
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The zone I'll be concentrating on is in eastern Tennessee and you can see
that this zone, right here, is very prominent. This is the DNAG data set going
from 1965 to 1985. There's another slide here in color. This is all the
seismicity that we've got up to about 1990, and so here is this zone again,
very concentrated seismic activity. This zone has been studied in detail,
recently, and the reason we've been able to do this is that we've had network
coverage since about the mid 1970s, which's really given us a good handle
on the seismic activity in the region.
Here's our network. It's composed of stations operated by numerous
universities, University of Memphis, UNC, Chapel Hill's a recent member,
Virginia Tech and TVA, the Tennessee Valley Authority. Unfortunately, right
now the coverage is zero because TVA has shut down it's network. I'll get
into that later.
OK, here's a little closer look at this zone. This is 10 year's of network data
bank contributing to our knowledge. You c'n see the zone is quite
concentrated and, before I show anything else, I'll ask you to see if you think
there's kind of a line that you can draw right here, (laughter) before I go
(indecipherable). No? Oh, dear! (laughter) Then I'll stop my talk right here.
But, anyway, it does seem to be quite concentrated when your and, perhaps
worthy of further study. Here is the recurrence curve for this zone. It's, here,
the second line. See that? This was computed by Arch Johnston, and the way
he did this was to normalize these various source regions by unit crustal
volume, and the reason that was done was to give the eastern Tennessee
Zone it's it's fair showing here, because there are many more earthquakes,
for example, in New England then in eastern Tennessee, but they're very
spread out whereas, in eastern Tennessee, they're very concentrated. So if
you normalize by unit volume, crustal volume, then you can see that eastern
Tennessee zone is putting out the second highest amount of seismic strain
energy east of the Rockies, in the United States. It's a very active zone.
Chris Powell:

The problem with it, in terms of source studies and seismic hazard analysis,
is that the zone has not produced a damaging earthquake in historical time.
Most of these earthquakes are very small. I think the largest instrumentally
recorded earthquake is only a 4.6, so people tend to ignore it, they don't
want to know about it. It doesn't exist or something like that. But we, we
think it's definitely worthy of further consideration.
There are many unusual features associated with the zone, and I'll hit on
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these really briefly. Most of the hypocenters are very deep, the mean depth
is 15 kilometers, some go down to close to 30 kilometers. They're located
below the de'collement that covers this whole area of eastern Tennessee and
western North Carolina. That maximum depth on the de'collement is about
5 kilometers. So these are deep earthquakes, down below any surface features
that we can see.
As we'll see, there's a very strong correlation with—Tape Damaged, 2
Seconds of Information Lost! (The following italicized words were
transcribed by the original contractor before the tape was damaged; magnetic
anomaly) and also with an anomaly in the gravitational field just as we've
seen here in this conference with Canadian zones.
The zone is strange, it's aligned almost parallel to the orientation of
maximum horizontal compressive stress, that's strange. But within the zone,
the earthquakes, themselves, occur on either north-south or east-west, almost
vertical faults, and so, you have strike-slip motion, right-lateral in a northsouth sense or left-lateral in east-west sense, which is compatible with the
compressive stress field. And, so the strange thing is you have these
earthquakes going off, that are compatible with the, the regional stress field,
but they're at a 45 degree angle to the trend of the zone itself. I'll discuss
that a little bit more. And then this last point. The zone appears to have
narrowed, recently, which, of course, sets up red flags to seismologists, but
this is a little bit hard to document. So I'll show you why we think that's
true, but it might not be.
OK, now I've drawn in the lines, so you can kinda take this with a grain of
salt, I suppose. What I've outlined here in this dark area, is the Valley &
Ridge and Blue Ridge physiographic provinces. These are the big thrust belts
'n everything above that de'collement. And, again, these earthquakes are
located down below all of these surfaces features. This dashed line, here, is
the location of the New York-Alabama magnetic lineament, which I'll show
you next, and it's called that because, supposedly, it goes from New York to
Alabama, I'm not going to argue that point, but at least in eastern Tennessee,
it's very prominent.
Chris Powell:

This is another magnetic feature, here, the Clingman linear zone that is not
very prominent in the magnetic maps. You have to kind a, really, squint to
see that one. But between these two magnetic lineaments, you have a zone
that is apparently more seismogenic than the zones around it, and that block,
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down there between those two lineaments, has been called the Ocoee block
by Arch Johnston, so I won't refer to that, the Ocoee block.
OK, here's the magnetic data. This is from the NOAA data set and you can
see that there is a definite boundary running along here. If you look at other
maps, you can see, possibly more clearly, although you can see here too,
that, on this side of the boundary, the magnetic field has shorter wave lengths
and higher amplitudes than the magnetic field on this side of the boundary.
And so that's part of the New York-Alabama magnetic lineament. And those
earthquakes appear to, to bound up right on that, along that lineament. They
don't go further to the northwest, or not many of them anyway.
Now you can play with colors, just like we saw yesterday, and if you do that,
a slightly different scheme of coloring, you can see that this magnetic
lineament actually bends down here, follows this trend, and you can see that
here, I think, a little bit better. But, again, that means just play with this
stuff, so I'm, right now, at the point where I'm investigating this potentialfield data, so I'm not going to say that's really true yet.
Here's the gravity data. This is the Bouguer gravity, again, taken from the
DNAG data, 'scuse me, the NOAA data set. And here you have a gravity
low, which is associated, again, with what appears to be a, this boundary in
the seismicity and does coincide with that magnetic feature. We haven't done
the gradients yet, or anything like that, but I think you can see that's pretty
obvious. And we have the same feature showing up in the isostatic gravity.
See that? So, again, we have the earthquakes associated with potential-field
anomalies, both magnetic and gravity.
Here are the focal mechanisms. I'm so glad someone else showed these
before I did. This is great. So everyone knows what they are. (laughter)
What, what these focal mechanisms are showing you is that, again, in this
zone, you have strike-slip faulting with right-lateral motion on north-south
vertical faults or left-lateral motion on east-west faults. The data set is very
consistent near Knoxville, which is this area right here. It becomes less
consistent to the northeast and to the southwest, where our latest results are
showing you might have some strikes of faulting on northeast-oriented fault
planes which brings the seismic hazard up a little bit in our minds, but for
this region anyway, it's north-south striking faults or east-west and, again,
this is in perfect agreement with the regional stress field. As you can see
here, taken from one of, a, billions of Zoback documents, that it's primarily
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northeast-southwest in this part of the country.
Chris Powell:

OK, did the zone get narrower recently? Who knows! Well, anyway, the
reason we think it might have is, if you look at the historical seismicity, this
is 1698 to 1977, there appears to be an equal distribution of seismicity in
western North Carolina and eastern Tennessee. And, then, 1977 up to about
1985 is here 'n you can see that there's a definite concentration of seismicity
in eastern Tennessee. Now the problem there is that that's when the networks
went in 'n so you could argue that,well, this's always been this way but,
because she didn't have network data, you didn't know this. But if you look
back at earthquakes, around magnitude 3, or so, going way back in time, and
plot those, you can still see this shift in concentration of activity, say, from
western North Carolina into eastern Tennessee. But, again, that's pretty hard
to document.
OK, so what's going on here? Well, Arch drew this cartoon a long time ago,
and it's still kind of our state of knowledge. We have these earthquakes
occurring in a very definite linear zone, down below the decollement, and
they coincide with this magnetic feature and with the gravity feature also,
and the focal mechanisms suggest the strikes of faulting compatible with the
regional stress field. What we think is going on, then, is mat you have a
block of material, to the northwest of this magnetic and gravity feature, that
is relatively aseismic and this block, here, that's relatively seismic. And the
boundary of that block runs approximately northeast-southwest. So it's
running up like this. That block is seismogenic. Within it we have
earthquakes that occur in the proper way that you would expect, given the
regional stress field. So that's why the fault planes are not parallel to the
trend of the seismicity. The block geometry, at depth, is controlling the
pattern of seismicity. Within that block you have earthquakes that are
occurring as you would anticipate from the stress field.
Well, to get at this a little bit more, a student at Virginia Tech has done a
thesis, recently, where she attained some seismic lines from industry. This is
Deb Hawkins of Virginia Tech. And we'll look at a composite line from one,
two and three, up here, and this is going right through the heart of that
seismicity near Knoxville. This is very interesting results and I don't have a
good picture, unfortunately, of what she got, but basically, you can see the
de"collement here, and then there's this wedge of homogeneous, relatively,
homogeneous material here and the New York-Alabama lineament is right
here in this gap in data, so corresponds to the tip of this wedge, then in this
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region here, this is where your earthquakes are, some of them are plotted
with error bars. In this zone, here, you see primarily westward-dipping
reflectors. These things could be intrusions, but we don't know. Now Rus
Wheeler has his westward limit of Iaptean faulting going right through this
zone, this is it right here, but there's certainly no evidence, in this data
anyway, for fault planes dipping this way, as you might expect from Iaptean
rifts. So this is very intriguing. We're modelling it and we're trying to figure
out how this wedge, here, fits the gravity and the magnetic data, but we
don't know yet why those earthquakes are occurring in this seismogenic
block, or what makes that block more seismogenic than anything else.
Chris Powell:

We've also done 1 and 3-d inversions for velocity structure, now that we
have the complete data set from the networks, and, boy, this is gonna be
good, although I can't display this very well, yet, we'll look along the zone,
like this, and then I'll write against it, like that, and we'll see that the
earthquakes are still pretty much scattered. The 1 and 3-d inversions did not
really improve those earthquake locations or sharpen them up into distinct
faults or anything like that. They're still pretty scattered. So I'll show you
that very briefly. OK, here we're looking right along it, like to the northeast
and you can see that there's still a lot a scattering in the data. Then looking
to the northwest, just directly into the source zone, the data's pretty scattered.
The problem here is our station separation is too large to allow us to resolve
any of those structures that might be producing th'se earthquakes. We might
be able to do a better job of closer station spacing, but as I mentioned to
you, instead of having that we had just the opposite situation there, where
you don't have any stations at all. So this is not good.
OK, why is this important to continue studying? Well, here we've plotted the
larger earthquakes, this is magnitudes 2 to 5, so it's going to be 2 and 3, and
then down here, are 3 s and 4s basically. And you can see that these larger,
relatively speaking, earthquakes, still concentrate along this New YorkAlabama magnetic boundary and that a lot of the strain energy release is
along this boundary.

Chris Powell:

Well, in some analogy to your situation here, this is TVA, of course. This is
the Tennessee River valley and, of course, then, located in the valley, are the
nuclear power plants and these are, these triangles are nuclear power plants,
the boxes are cities, Knoxville, Chattanooga, and so it really is a problem
that must be addressed. We can't just ignore this seismic zone 'n throw it
away, and not consider it at all, because a these nuclear facilities, and what
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has me troubled even more, are the dams, here are the dams running along
the Tennessee Valley and, so, if there was a damaging earthquake there, then
there would be a very big problem. So what we've done, here, with this
seismic zone, recently in workshops involving seismic hazard analysis, is to
argue to consider to be a separate zone, y'know, and give it more weight
than it would have if it was just, really, essentially ignored, because it hasn't
produced a damaging earthquake in historical time.
The way that people tend to treat this zone is to smear it out along the whole
southern Appalachians, so the hazard associated with it is spread out
throughout this whole region and we've argued that, because it's so
concentrated, that it should be considered as a separate source region and I
think that will be done now. I'm not certain but I think it will be done. So,
the problem, here, of the zone is that it's potentially very dangerous, but it
hasn't produced that big earthquake yet that would really wake people up and
recognize it, but hopefully we've gotten to the point now, as scientists, that
we can look at data like this and say, OK, let's make an exception here and
let's do the right thing, and so perhaps that's just something we should
consider in this workshop, too, about evidence you've heard for linear zones
in Canada. Thank you.

General discussion
K. Coppersmith:
(not at microphone) There's an opportunity in the schedule, now, for
what's called open presentations by participants, which is a chance for
anyone who might have a view graph or two to show that you'd like to, to
see that and a chance to
So, here's Nano Seeber. Sorry, you don't
have a couple you might want to show (indecipherable)
We, we'll go directly into general discussion afterwards.
chance
Nano & Klaus (not at microphone)
Nano Seeber:

later, I have one later

Let's talk!

K. Coppersmith:

Sure. Two minutes, (laughter)

(people talking, but not at microphone; indecipherable)
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this is a

Nano Seeber

(not at microphone) This is the, the overhead I showed you before. In my
rush I didn't point out that made the point that you have a seismic zone,
here, that relates to major Appalachian structures, the Ramapo fault, you
people heard about that, I'm sure, and the suture, here. There's a line, if you
will, or clustering along those features, and I want, and I pointed out that
wherever we resolve(?) faults, such as the Dutch Bay(??) fault zone, here; the
fault is actually perpendicular to the structures. This is a stress inversion,
based only on the faults that we know (indecipherable) faults, and that's the
solution which is parallel to the (indecipherable) as it was found, for
example, here by (indecipherable) by Zoback and others to be, again, pretty
close to the direction (indecipherable) so this may be a pattern that we see
in other areas (indecipherable). Now let me just add one more overhead

J. Waddington: (not at the microphone) Mr. Seeber (indecipherable) using the microphone
(indecipherable)
Nano Seeber:

Sorry.

Nano Seeber:

OK, so now I would like to show you the detailed data for one of these
cases, so you can believe me that we know where these faults are, and I will
show you the data for the 1994 Reading earthquake, an earthquake that was
hidden from the news because it occurred just a day and a half before the
Northridge earthquake. But we went out there and put portable instruments
in one of the most terrible snow storms and we got some interesting data, I
think. So, very quickly, it's a map view, and these are the aftershocks that
form a nice ring, this's in a, in a map view, this is in the section
perpendicular to the structure, so the plane is very clearly defined here. This
is an upper hemisphere, so the dip's to the southwest and strikes, so these
earthquakes are close to the surface and this, notice this scale, this's 1
kilometer, so you're looking at fairly high-resolution data here. These are the
arrow ellipses. Also noticeable is this patch here. This is a quarry, which is
a bullseye position with respect to the rupture which we think is defined by
the aftershocks here, about 2 kilometers across, reaching very close to the
surface. Now the same, same data with the, with the structure. This is a fairly
well studied area of the Appalachians. You're looking, here, at a series of
thrusts and the rupture is almost completely oblivious of this previous thing,
structure. It cuts right across of it, in fact it, it, it straddles the axis of a
major fold and I can sh , the next video graph shows you a section like
that perpendicular to the structure. So here it is. This is the essentially faceon view of the rupture, which is inside the aftershock ring, if you will, and
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here are the mapped faults in a section by geologists of the Pensylvania
survey and the rupture was independent of the previous structures. So things
are complicated.
K. Coppersmith:
(not at microphone) That may be the message, in many cases
(approaching the microphone) things are complicated. Any other?
Janet Drysdale: Since we're talking about networks (approaching the microphone).
Janet Drysdale: I do much of the analysis at the GSC for southern Ontario. This is the
network as it stood in 1983 in this area. There was only two stations. We had
one at Effingham, in the Niagara Peninsula and WEO near Welcome,
Ontario, near, near, just east of Toronto. And these are theoretical and, I
think, pretty ace
, reasonably accurate detection thresholds at that time in
1983. And Bob Mereu and Harold gave a paper talking about the southern
Ontario network. And this is as it existed in 1993, with the edition of their
four stations. We moved the station from WEO to Sadowa, to the north, and
you can see that the detection thresholds in the end of Lake Ontario are
similar to what Harold has concluded when he showed you his earthquakes.
It's somewhere in the area of the magnitude one and a halves. We're pretty
sure we can locate all those at the southern end of Lake Ontario. His new
stations in Bruce, which will be up here, and another one in here, you can
see will incr
, will supplement it, and bring the detection thresholds even
down more. So just to let you know where the networks stand at this time
and what data I have to go on.
(Lots of indecipherable discussion underway, because no one was using a microphone.)
Klaus Jacob:

Klaus Jacob.
Kevin pointed out that there's one way of doing seismic source zoning that
is not being liked by geologists. When you have a data set like that, he
pointed out that there're various ways of drawing seismic source zones.
There is one methodology that we used in that area(?) by combining the
NCEER 91, which is the modified EPRI catalogue, with the regional seismic
networks for that area. Unfortunately they don't extend too far into Lake
Ontario except on the southern side because of coverage, in this case, and the
methodology that was used simply was gridding of seismicity. This shows
you the intercept of that slope that you fit when you plot the magnitude,
frequency versus magnitude, and we call that, in this case, the a-value, but
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it's a-, not at, as it is to be drawn at magnitude zero, but the intercept at
magnitude 2s, which is the lower level of the regional magnitude catalogue
that entered into it. And so this is what you get as a pattern, then. There're
some details, these are roughly 55 kilometer or half-degree latitude boxes and
there is also a smoothing parameter involved which, a cosine function that
you can adjust to variable distances. It is a constant distance throughout the
area. It gives you an effective filter out to about 56, 65 kilometers, the cosine
(indecipherable) actually becomes zero out at hundred and forty kilometers.
So you can try various optimal distances, but it's objective, in the sense that
once you have it adjusted to an area, you get a uniform pattern. I simply
wanted to point that out as one of the ways to use that. It would be based
solely on instrumental and historic seismicity, with no argument about
geology, as one of the input parameters, or one of the input models, for
hazard evaluation in a probabilistic sense. I'm not saying this is the only one,
one should use. That would become one of those many models that a
probabilistic seismic hazard assessment, anyone can consider. I can show one
last result, how that's being used. Even so that may be part of, perhaps, a
later discussion but then a probabilistic seismic hazard map has been made.
This one is actually using the 95, Atkinson-Boore in this particular one which
(indecipherable) 10% 250 years, but maybe we get to that later in the day.
Thank you.
K. Coppersmith:

Thanks, Klaus.

K. Coppersmith:
(approacing microphone) I think Klaus and I are in (indecipherable)
agreement that the, an alternative should be considered, it's the direct use of
observed seismicity data in a spatial sense. I have some examples I might
show later on this afternoon, same thing. This plot, as you saw, was a plot
of a-value, which is essentially the activity rate, or the, the "a" in the log, log
a-bM relationship, the Gutenberg-Richter relationship. It can also be other
things that you smooth, the number of events, the b-value, that relationship
and so on, but it is, it does get away from all the nastiness of the tectonic
aspects but it, of course, some of us like that nastiness so you can combine
the two.
K. Coppersmith:
I wanna ask now of question of clarification of the talks that we had
this morning. Are there questions that people would like to ask, and if so,
please use a microphone, so it can be recorded. Carl.
Carl Stepp:

My question is directed to anyone among those who operate the networks.
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What coordination is there in the location of earthquakes from the various
networks. Ultimately, do all those data get into one computer base and are
they used to do the final locations for all the earthquakes?
Bob. Wetmiller:
Bob Wetmiller from GSC. The GSC database, during the analysis of
daily events, we look for all the data that we can collect from all the
neighboring networks, including New York and southern Ontario data set and
our final location, we try to include all the data that we can get on any
events that we've recorded on our network. So we make a real effort to be
as complete as possible and we do try to add in any other data that comes to
light to revise these epicenters, so they're as best as we can make them.
Klaus Jacob:

Vice-versa, that's true, too, on the other side.

Bob Wetmiller:

We do tend to talk to each other quite a bit and check various readings
and we do compare our catalogues after they finally come out and look for
any differences that are apparent.

K. Coppersmith:

So you do integrate various networks, local and regional?

Klaus Jacob:

(not at microphone) Only thing that

Bob Wetmiller:

Our policy is try to get all the data we can on any of the earthquakes
we record and to include that in the final analysis. That does take some time,
in.some cases, but we, on current events, we do try to cooperate as much as
we can and talk to people who we know are running regional networks in
our area and get what data they have for them.

Klaus Jacob:

(not at microphone) Nevertheless, final locations (indecipherable, but
approaching the microphone) south and north of the fence and you look at
the catalogues, you will find still some ultimate differences, so they are
unresolved issues simply because, maybe sometimes crustal models may be
different, different rates being given to the input and so on. So, while the
input is mutually exchanged, there may be some differences.

K. Coppersmith:

, sorry.

(not at microphone) N'other comment?

Nano Seeber: Nano Seeber. I just wanted to point out that there are often experiments such
as PASCAL or other experiments where instruments are used temporarily and
there's enough of those around in the North American continent that
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sometime these data are very useful and those are a little bit more difficult
to get hold of just because you don't know that you spend(?), is going on or
the data is going to be available somewhat later, but I would encourage
everybody here who does those experiments or who does analysis on network
data, keep in mind that there are other instruments temporarily around that
might be useful.
K. Coppersmith:

Other questions?

Harold Asmis: OK. I think the most important question of clarification from this morning,
is the question of clarification between Arsalan Mohajer's hundred
earthquakes around Pickering and our network and the GSC SADO showing
almost nothing. Perhaps, can we come to an agreement or clarification of
what exactly is an earthquake and show Janet's detection threshold at around
1.4 in that area, so, and our principle was three or more locations, or
detections by, and a very precise location. Perhaps we're being over
conservative on that, since we've detected thousands of others that we would,
y'know, (indecipherable) looking at them, we wouldn't call earthquakes. We
can track thunderstorms across the whole place and y'know, look like
earthquakes, but if that is possible, on a principle of what is, or is not, an
earthquake, I think that's the most important point of clarification from this
morning, at least.
K. Coppersmith:
What are, what other criteria are used besides the three-station
minimum?.
Harold Asmis: I don't, well the other question is, were any of Arsalan Mojoher's detections,
within that area, meet the two-or three-station, or three-station criteria?
A.A. Mohajer: The objective of our monitoring was clearly much different from what
Ontario Hydro had in mind. They were having a regional coverage. As we
mentioned, we are having a very site-specific and local coverage of a specific
feature which is a fault right under nuclear power plants. So, therefore, our
approach are different and our interest is different. What we are zooming at,
or aiming at, is to see whether there is any local beating of the heart of the
ground, I should like to say, because we were not sure whether it is do-able
when we started. That's the reason we had the minimum resources available
to us just to buy a few very inexpensive equipment to establish the fact of
the feasibility of this kind of monitoring and also just to give an idea about
the rate. I mean it's not comparable to the multi million dollar operation that
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we have just later on in a, covering in a regional sense. But we still, we are
very proud and convinced that there are small earthquakes triggered,
sometimes two, a few occasions three stations, if this is an only criteria, but
the wave form which was created, but those multi-trigger recorded was
identical and very similar from the other triggered event which was only
recorded in one or two stations. So we have a catalogue of them. Whoever
is interested to do further investigation of this, we have a few samples
already in Internet. We are going to put all our data in Internet by the end
of this week and everyone can have access to it, or can send me an E-Mail
just even tomorrow. I just send them all the wave form, not only the
catalogue, but the wave form so they can examine it for themselves.
Janet Drysdale: (not at microphone, indecipherable)
A.A. Mohajer: Our, as I said, our intention by deploying those equipments, were not exactly,
we are not sure whether we can make any location. We have located a few
samples, which I show and that's around the clustering, because we identified
several clusters. We don't know exact location, but we guestimated several
possible location based on s-p practice and putting circles around the stations,
but if you wanna, well, compare it to the, I don't know, elaborate GSC
operation with thousands of stations and multi-million dollar operation, no!
We're not competing, it's not a fair competition if you want to put it that
way.
Janet Drysdale: (not at microphone, indecipherable)
microseismicity

little network designed to locate

A.A. Mohajer: No, we are not, we have not being trying to locate microseismicity at this
stage. In the future, we would be very glad to do that if this mandate is given
to us. We are going to be doing it. But we wanted to establish whether there
is any, any event detectable in that environment or not, I think we have
fulfilled this requirement.
K. Coppersmith:
OK, I think it just has a very different purpose. One thing to remember
for seismic hazard analysis, the driver, the use of seismicity is used for
spatial correlations, of course, and we've seen some of that, but it's also used
for evaluations of earthquake recurrence. And earthquake recurrence requires
very much catalogue treatment. You have to have magnitudes that you
actually trust, you have to know where the earthquakes occurred so you can
say it occurred in association with a particular source or not. Often there's
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a lot of analysis that goes on to remove dependent events, foreshocks and
aftershocks, and so on. So the hazard application
, maybe Gail wants to
talk a little bit about it. Either that or just wants to get up and stretch.
Gail Atkinson: That's right, I have to get up and stretch. Not so much on the hazard
application, Gail Atkinson here. I just want to make a suggestion and that is
if there is an interest in monitoring the area around the Niagara-Pickering
linear zone more carefully to determine activities, I think that we need to be
able to locate the events and I think the most sensible use of resources would
be to simply add on additional stations to the southern Ontario network in,
perhaps in collaboration with AECB to choose the location of the stations to
help meet their objectives of getting improved location capabilities around
this zone.
K. Coppersmith:

Another comment?

John Bowlby: John Bowlby. At the risk of changing things a little bit, I'd like to just go
back and re-visit the stress information that John Adams presented this
morning and Joe alluded to it in the UN-1 borehole. We've looked at that
information in a horizontal sense, but if we look in that borehole in detail,
there's quite a very interesting vertical picture. There are two stress fields in
that hole. The Paleozoic stress field is oriented about north 70 degrees east.
When you get to the Precambrian, the stress is oriented north 23 degrees east.
Those fields are un-coupled on about a 1-inch thick mud seam. I think if
we're going to look at stress and it's relationship to surface features and
deeper-seated earthquakes, we have to also look at the third dimension. We
can't just be looking at the spatial array as mapped, we must also consider
the depth. The earthquake focal mechanisms do give us a look at stress, at
depth, but we also have to consider the overcoring and the hydrofracking
work that has been done in the area. Thank you.
Tape 8 - Side 1:
Y. Isachsen:

(not at microphone) magnitude of differences in epicenter locations based on,
based on different people using different crustal models, and so on. I'll be
talking about the, these locations being kilometers off, tens of kilometers,
less than a kilometer. I just want to get some feel for that.

Klaus Jacob:

Well, it depends very much on the magnitude of the earthquake with how
many stations is located, but it's in the order of kilometers.
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Nano Seeber:

I like to add that it depends a lot on what you do with your stations. If you
had a station's very near the source, you can do much better than a few
kilometers. I just showed data from Pensylvania where the error bars were
in the order of hundred meters or so.

K. Coppersmith:
Yeah, Joe?
Joe Wallach: Yeah. Joe-Wallach. It's a question, perhaps, to George and the reason I'd ask
you this, George, is because there was a MAGNEC meeting held in
Chicoutimi in about 1989, and Gabe Leblanc was up at the time and what he
was talking about, I think in response to Yngvar Isachsen's question, was that
there might've been about 3 different seismic arrays, I think, in the area of
the Akron magnetic boundary, the Leroy earthquake. If so, do you have, or
can you recall, what the differences in location were for any of the events
because's, as I recall, I think Gabe was talking that the different networks,
the different arrays, did give somewhat different locations.
G. Klimkiewicz:
George Klimkiewicz. We worked in northeastern Ohio for 10 years, or
so, and I suppose I should answer in about 1 minute. But there were 3, 3
separate networks. First we installed a portable network, MEQ-800s. Those
were spaced roughly 10 or 15 kilometers apart. Next, there was an
installation of a telemetered auto-triggering network, that included 6 stations.
Likewise, they were spaced about 10 kilometers apart. And Cleveland
Electric, the utility company that owned the Perry Nuclear Power Station, did
fund John Carroll University to deploy a regional seismographic network
with a much larger station spacing. We recorded numerous earthquakes and,
again, because of the station spacing, we achieved locations with errors on
the order of half a kilometer. AH of the earthquakes we recorded were top
of the Paleozoic. In that area, the Paleozoic cover was about 2 kilometers
thick, so that focal depths, basically, were from the top of Paleozoic to
maybe 2 or 3 kilometers below the Paleozoic-basement interface.
The Leroy earthquake occurred at a slightly deeper focal depth, maybe 5 or
6 kilometers, and we recorded aftershocks for that seque
, for that
earthquake that defined an intersectiing feature. There were two planes that
we discovered with the aftershock data and these were oriented northeast and
west-northwest. Bob Hermann conducted some research on that earthquake
and he concluded that the focal plane for the main shock was probably the
west-northwest oriented plane. So there is some uncertainty, even about the
orientation of the fault plane for the 1986 earthquake.
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I don't know if I responded completely to your question, but let me just
summarize the conclusion that we reached, and it was supported by the
USNRC, was that the tectonics of the Akron magnetic boundary, or what that
represents, probably is a thin overthrust, a change in magnetic properties of
adjacent rock bodies. The joint inversion of aeromagnetic data that were
collected, as well as additional gravity stations, indicated, along with the
distribution of earthquakes, that we were dealing with a blocky
microstructure rather than a through-going feature associated with the Akron
magnetic boundary.
K. Coppersmith:

Some quick comments before lunch.

Unknown:

(not at microphone, indecipherable)

K. Coppersmith

I think, no I think we better not. We will have a long discussion period
at the end of the day, I understand there'll be a chance to, maybe show some
of that. Joe, did you have a quick comment?

Joe Wallach:

Well, it was just a question, Kevin. I thin
, in part, George, yuh answered
my question. It was my recollection of what Gabe Leblanc had said that the
different networks, 'n I think maybe Lamont had one there, too,

Seeber or Jacob:
Joe Wallach:

Yeah.

'n John Carroll and Weston ,or maybe it was one 'n the same. I thought
that the epicentral locations, just those, might've differed by something, and
I don't re
, I just simply don't remember by how much and that, that may
or may not be important. That was really the question.

K. Coppersmith:

x kilometers, fill in x!

G. Kilimkie wicz:
Once all the networks were operating, well first of all, there were never
three operating networks at any given time. The portable network was
substituted with the telemetered network and then the additional network was
supplied to John Carroll University. Once those two networks, which were
telemetered networks, were operational, all of the data, for any given
earthquake, were analyzed together. There were, there were no competing
locations being made of the seismic events. And at the, during that time we
did record the earthquakes occurring, not just within the network, but in, let's
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say, the Ashtabula induced-earthquake sequence, we did not attempt to locate
earthquakes at Ashtabula We detected them, but there was a separate network
that was operated by Lamont and they certainly did a good job in
understanding what was happening at Ashtabula. It wasn't part of what we
were charged to do.
K. Coppersmith:

OK, thanks.

K. Coppersmith:
I'm going to break this off for the morning. I think I'll use a plan of,
I think worked yesterday, which was to create, maybe a strawman, sort of my
perceptions of what I've heard and may be a draft, a set of recommendations
and present that to you after lunch to get your chance to modify it, as
appropriate, to add to it so we can start in. We'll take an, 1 hour break.
Please be back promptly at 1:30. Thank you.

Summary and recommendations for research
Kevin Coppersmith
K. Coppersmith:
pointer was a father's day gift, about a year ago, and I should've
asked for batteries at the same time. I have drafted a few statements. We
have a very short period of time here, about 7 minutes to pull together a
couple of draft consensus statements about the session we had this morning.
I've taken the liberty to go ahead and do that. We do have a session
tomorrow that's designed, specifically, to deal with draft recommendations
and summary for the workshop. So there is another chance to get into this
in more detail. But there're some things that I would pull together as draft
statements at this point.
Someone have a blank piece of paper? I need to use a John Adams approach
to viewgraph presentation. I need to maintain a certain level of suspense.
Allin Cornell once told me never believe a professor who covers up part of
his viewgraph and fortunately, I'm not a professor, so . (laughter)
These're, these're statements that come from my listening to what went on,
they don't necessarily come from anybody in particular, but they're
conclusions that I think could be, reasonably be drawn. They may be
unreasonable. If you have changes to these and other suggestions, I'll ask
maybe that Carl write those down and we'll try to work those into the
summary later on this afternoon as well as our discussions tomorrow,
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tomorrow morning.
The first is that seismic sources are defined by a combination of seismicity,
geology, tectonic data and interpretations. That combination creates what we
might call a seismic source soup, the ingredients of which vary regionally,
they vary with the cook, but th
, and indeed, is a combination. If we have
high quality data, for example, highly seismogenic area like New Madrid or,
perhaps, even eastern Tennessee, a lot of data, high quality, we might tend
to, to believe or to use one type more than the other. But in any, any case,
it's that combination that is important. And of course, data themselves don't
tell us a lot, we have to interpret virtually every type of data to draw
conclusions on seismic sources.
K. Coppersmith:
Interpretations will vary. I don't know this part of the world, but I'll
guarantee you that the interpretations will vary, just from what I've heard so
far and I'll bet, after another two decades of work, interpretations will vary.
I don't know anywhere, including the San Andreas, some people think, for
example, that seismic hazard analysis, or source characterization, is well
defined in the plate boundary areas. It isn't. I have spent 4 years on a study
related to the Diablo Canyon Power Plant in studying a particular fault and
the interpretations, there, dealt with its dip. We've gathered a thousand
kilometers of seismic reflection line and its dip still varies somewhere
between 30 and 75 degrees. Its slip rate, and that slip rate now is somewhere
between 1 and 3 millimeters per year, and so on. So interpretations will vary.
The process for defining seismic sources should accommodate these
differences in interpretation. Again, we're talking process, so any future
hazard assessment should attempt, should have a procedure that will
incorporate different interpretations.
The differences interpretations are legitimate. They need to be aired and
contested and challenged and discussed, and that's the natural scientific
process. I know those that, I'm one who has abdicated (advocated???), for
example, a particular earthquake recurrence model for the way faults behave
in terms of their generation of earthquake magnitudes and the process, over
the last decade, has been one of challenge and defense at every American
Geophysical Union meeting I go to 'n every Seismological Society of
America meeting. That challenge and defense is a normal part of the process,
but what's important to hazard is that explanation must occur and it must be
documented, the technical basis for particular interpretations.
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The rate at, of observed seismicity in, in, in the region we're talking about,
is low. And, in fact, that's probably the biggest problem that it, that presents
itself. This is the hazard paradox, we always have in cases of, of low-activity
areas, whether or not it's low volcanic activity or low, high wind frequency.
When we have very few, it's a very low level of activity, we have a low end
and therefore there are uncertainties in the probabilistic treatment of this and
uncertainties in deterministic, and because of that low rate of activity, which
I think everyone would agree with, we have differences in interpretation and
many of those differences arise from how we treat geologic data, tectonic
data and so on.
K. Coppersmith:
I think I would like to, and the last bullet, here, is a little bit more of
a leap, it's some of the, what I would conclude, in some of the discussions,
is that, and we heard this from several speakers, the geology-tectonic-stress
type of information, maybe the location of post-glacial features, maybe the
location of pop-ups and other, and other features, may define the regional
locations, trends and potentially, even potentially active faults. The seismicity
defines local active zones, maybe hot zones as I would, might call those, and
the rates. Up to now, it looks like there's very little information on geologic
recurrence rates, fault slip rates, recurrence intervals from paleoseismicity
data, and so on, are not well developed in this area and, therefore, much of
the rate information will have to come from the seismicity. But I think what
we saw, and it was pointed out by Pete Basham, it was also pointed out by
a couple of the other talks, is that often we have a geologic trend, a geologic
structure, another example is, we saw in the eastern Tennessee. This is part
of a much longer geologic structure and we want a hazard analysis that
doesn't necessarily treat only that longer geologic structure, but allows for
the fact that observations, from the historical record, might say that parts of
that have been more active during the observed period and those parts, those
sort of hot spots, as I term it here, need to be evaluated separately and their
rates need to be considered separately. So we have the geologic trends that
might define the larger structure, and the Observations of seismicity could be
integrated with that in defining more local zones. So these are some of the
things that I heard in this discussion. Are there any comments on these at this
point?
K. Coppersmith:
A. Mohajer:

Yes.

(not at microphone) Where is established notion (indecipherable) that one
particular structure, if you have (indecipherable) active. You have to assume
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the full length of the structure is active for the seismic hazard investigation
(indecipherable)
K. Coppersmith:
That goes back to the old, I'll talk about deterministic (indecipherable),
that goes back to the old Appendix A approach of talking about a structural
association between one fault and another fault. What we've seen in areas of
reactivation, which this presumably would be, is that, in fact, often, large
regional structures are only locally reactivated, and I have some good
examples of that. The western Sierra foot hills, a Mesozoic system that's
reactivated in late Cenozoic time. Long, three hundred 'n fifty kilometer-long
structure, local zones, maybe 30 kilometers long, were reactivated. I think the
process of reactivation is very different from the way Appendix A was
designed to address interacting active faults. That was the idea.
K. Coppersmith:
John Bowlby:

Yeah.

One comment, Kevin, on your first one, if we could be maybe lower that to
see the combination of seismicity, geology, tectonics, etc, etc. I think one of
the things that we've, maybe come to, in the last day or so, is that there are
some large uncertainties and those large uncertainties relate to the fact that
our fundamental data gathering, in these particular focus questions, is in its
infancy and we may not be able to come to a combination of these effects
at this point. We may only be seeing a single indicator in one data set. I
wonder whether we would want to broaden it out that it's combinations, at
this point, given that our data collection is in it's infancy. We are making
some spatial correlations, seismicity with lineaments. There's a lot of work,
yet, do to, to confirm whether that spatial correlation is valid. And we could
then have a combination, so I would maybe temper that a little bit.

K. Coppersmith:
I would agree with that. OK, I think, that's so noted. I think the, a
comment that was make by Allin Cornell, about 20 years ago, is that, and I
still agree with, is that the seismic hazard analysis could be done at any point
in time. We could've done this 20 years ago, we could do it 20 years from
now, and the differences, presumably and hopefully if science does go on,
would be in the amount of uncertainty that we would have about the
problem. And so I think, I think you're right, the combination may be, or the
soup may not be, may not be boiled yet, but in fact, we are trying to
incorporate, or it sounds like you are trying to incorporate, as much of the
various types of data as possible into the mix now, and I think, ultimately,
this doesn't say anything about our state of knowledge two years from now,
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or five or ten years from now. One point I will make, and we'll talk more
about this when we talk about uncertainty treatment, in a later session, is
that, in fact, those uncertainties have to be represented. We can't kid
ourselves, if we're uncertain, we shouldn't ignore those uncertainties, they
should be represented in this. I would also say that future data collection, or
other efforts, should be, if they're going to be for seismic hazard purposes,
and not for general research, they should be focused on those things that
matter most to the hazard. And I'll say that, again and again, because it's
been beaten into us by the Nuclear Regulatory Commission and by owners
of utilities and so on, in the states, for a long time.
K. Coppersmith:

Yes.

Phil Thurston: (not at microphone) Phil Thurston with the OGS. One point that I see
missing, there, I am concerned about dealing with a mixture of government
geoscience and academic debate, geoscience, and, as such, it's very easy for
government agencies to slip into a situation in which they only subject their
material to, quote-unquote, internal review, at which point, conclusions can
be considered to be suspect and I would want to urge that, up here we should
be talking about the necessity for getting as much material, as humanly
possible, out into the open literature in a peer-reviewed form.
J. Waddington: (not at microphone). Point noted.
K. Coppersmith: .
Joe Wallach:

It's a good point. Yeah, Joe?

Kevin, I agree, in principle, with the point that Phil raised, but getting it out
into the open literature in a peer reviewed forum, of course, does take some
time. There's a delay in that. I would just like to modify that suggestion and
say that the data generated by the government, and by government
contractors and so on, perhaps, could be subjected, put together in a nice neat
package, somehow, and we, somehow, identify a third party who doesn't
have any kind of an axe to grind. That, I think, might be quicker and even
do that under some kind of a contract, because nobody does anything for
nothing. The peer reviewed process is good overall, but I think takes too
long.

K. Coppersmith:
So noted. Let me, let me move on here. We have a chance to reoccupy
this. George is up next and he's much bigger than I am. So let me go, a
couple more things. On draft recommendations, again, this is an area where
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we'll need to have some more discussion. I think, one of the things that we
did see, was the role of expanding or modifying the network and I think,
here, we should think about what the needs are, that was a point that Gail
Atkinson made, I think it's very pertinant. There are many, many reasons to
have a seismic network. And some of them don't relate much to seismic
hazard analysis, other are directly applicable. We should think about, if there
are gonna be, is gonna be a move, I think, and there is, I heard a
recommendation to at least evaluate the need for additional seismic network
monitoring. We should think about it. We going to be looking at local
structure, at evaluation of the activity of local structures? Depth control was
something, we heard, is, seems to be missing because of station density. Is
that important characteristic for hazard? And many places it's been found that
that's not particularly important, but it might be in other cases.
K. Coppersmith:
Regional recurrence rates may be very important to the seismic hazard.
How much will local network monitoring affect that, calibration of older
events, and so on. I think this is something that I generally heard in the
course of the discussions, and I would say, again, my sort of blanket
statement, we'll come back to this later, that any additional activities, I think,
that're related to seismic sources, should be evaluated in the context of their
potential impact on the hazard itself. Would studying things at some distance
away help us? Would studying things more near by help us in further
characterization. This is a, a problem that has been resolved in other cases
by similar studies doing what's called a scoping study, early on, to look at
the dominant contributors to the hazard and to focus data collection and other
efforts towards those things that matter most. And I would urge the, anyone
evaluating the potential for additional work to think about how that could be
done in the context of hazard.
K. Coppersmith:
Let me go on and we'll return, later in the day and tomorrow, to some
of these recommendations.
K. Coppersmith:

George?
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SESSION E
Chairman: George Klimkiewicz
METHODS AND DATA FOR CHARACTERIZING THE
SEISMICITY PARAMETERS OF SEISMIC SOURCES
G. Klimkiewicz:
We'll now start Session E, methods and data for characterizing the
seismicity parameters of seismic sources. Our first speaker is Arch Johnston.
We've cut about 7 minutes into his time so he'll have to drop one or two of
his favorite stable cratons. (laughter). Title is stable continental earthquakes
and seismic hazard in eastern North America.

Stable continental earthquakes and seismic hazard in
eastern North America
Arch Johnston
Arch Johnston: I'd like to go to the first one now, will need to be turned on there. I'll be
with you in just a moment, here.
Arch Johnston: Well, you've heard references to this EPRI stable continental earthquake
study. That's it on the slide, all five volumes. It eats up bookshelves, but
what I've been asked to do, today, is to take some of the findings that, and
particularly findings related directly to large earthquake potential. Now, this
study. Kevin Coppersmith gave me, and then others, some hassle about time
today and it worked out just right because I want to share with you a letter
I got from Kevin in, note the date, 1985, and the highlighted time here, so
this was the letter that initiated the study of seismicity in stable continental
regions. Somewhat limited time frame of 6 months. This report was finally
printed and available January of this year. OK, so January, 1995 was my 10
year anniversary and, in fact, to commemorate that, I have a plaque here for
Kevin (laughter and applause).
K. Coppersmith:
I won't complain about how long it takes EPRI to publish
(indecipherable).
Arch Johnston:

and also for Carl (laughter). Carl was the project manager and his
patience was infinite. I like to think it's because he saw the value of the
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product and indeed it is starting, as you've heard some today, to be put into
use to help at least constrain some of the uncertainties involved with
estimating hazards in regions remote from plate boundaries.
Now, now to the business at hand. I'll present a working hypothesis to sort
of focus what I'd like to draw from this study and that is that only minuscule
number of SCR faults, stable continental region faults, that are large enough
to produce large earthquakes actually do so within a reasonable time frame.
Now I intentionally leave "reasonable" vague and also large, but
. This
statement, I think, you'd be hard to argue with. The seismicity level in the
stable continental regions is so low, and the regions are so old, they're
riddled with faults and, given any reasonable distribution of faults, Nano
talked about that a little bit, that only a very small fraction have produced
known earthquakes in historic times or times available by paleoseismic
methods. So the question, the follow-up question, is why, and I'd like to
point out three factors, these are non-exclusive, but three that, from working
with these data, I think are important. The first, we've heard some about
today, extended or rifted crust. It speaks to the availability, I believe, of
potentially moveable faults that can nucleate large earthquakes. Secondly, and
the next two, I've heard no discussion at all today on, and I think they're
critical, mainly because we don't have the data on these, they've not assumed
the importance I think they should. So one of those is strain rate, and that
speaks to maintaining a population of faults, maintaining that population
closer to some level of failure, and crustal temperature, and I don't know if
I'll have time to speak about that today; I'll be giving a seminar out at GSC
tomorrow, where I'll talk about that more, in more detail. But it could be
critical for the very large earthquakes, very rare but very large earthquakes,
just giving a great enough fault area to, for the fault to grow to large
earthquake proportions.
Arch Johnston: Now, 's this famous map. I should've put it upside down or inside-out for
an earthquake's view of the world situation. Peter, you've got the correct
one, we all have the incorrect one. Defining the SCRs of the world was a
non-trivial problem and those of you that have the report, there's a very long
chapter giving a detail description of each stable continental region. I won't
go into that. I will point out that stable continental crust comprises about
two-thirds of all continental crust, so it's in the majority. And that comes out
to about one quarter of all the crust in the world, so it's a non-trivial
component of the earth's surface. In terms of the seismic moment release, it's
pretty trivial; less than 1% of the world's moment release occurs in these
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regions. But between 55 and 60% of the world's population, lives in those
regions, so assessment of seismic hazard is important.
This is just to make a point Peter has made already. The percentage of data
or percentage of earthquakes in stable continental regions that have been
extended and by extension
,
George, could I go to the second?
This is a rifting process, from top to bottom, and at the top you've got
unextended crust, but it's subject to tension or extension. A fault system'11
start to form, the crust will thin, that will permit intrusion of magma from
the upper mantle, you'll get well-developed, large fault systems. If that
process stops, at the intermediate stage, that would be a failed
intracontinental rift. There're many many of those in all the SCRs. If it
proceeds, if it's a successful rift, then you open a new ocean, the youngest
being the Red Sea opening today, just starting to produce oceanic crust. And,
then, if you do proceed to the successful rift stage, then each flank, then,
becomes a passive margin. So the North America passive margin is one flank
of successful Atlantic rift and Europe and Africa, the eastern flank. So this
extended crust can be either passive margin or failed intracontinental rifts,
and both are important.
Arch Johnston: So th' SCR crust is less than, I think it's about 30% of all SCR crust, but as
you can see it has the majority of the seismicity and that is progressively a
higher percentage of a higher magnitude. So, above magnitude 6, two-thirds
of all SCR earthquakes are in extended crust and for the few magnitude 7s
that we could identify, all of those were in extended crust.
Now, answering why that is so, is a little difficult. I don't have a yes-no
answer, but let me throw something out. This top graph, here, will be
familiar to maybe two-thirds of the people in this room, but for the other
third, this is a graph of how you can represent a fault about to fail. So this
is a Coulomb representation of stress. Here you have shear stress, axis on the
fault, normal stress, axis on the fault, the blue semi-circle would be a
population of faults at all orientations, say, in space, and the red line is the
fault barrier threshold depending on the cohesion on the fault, the fault
friction, so forth. But you'll have a threshold where, if the blue semi-circle
touches that or goes to the other side, the fault has failed, that has that
orientation on the circle. So this distance, call that a failure distance, but it's
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the distance in stress space so that that distance could be,say, one bar of
stress.
Now faults also have a distribution. With Robin in the audience, I'm not
going to talk much about distributions. But, say you want a distribution in
terms of dimension or size, you'll have some average size and then falling
off to zero, smaller or larger, log-normal would probably be a better
representation of that distribution. You could also have a distribution in terms
of, say, strength of the fault or it's distance from failure, its failure distance.
If we look at small and large faults in, say, old cratons or this would apply
also to old oceanic lithosphere, the distribution seems to be shifted, with
respect to the failure threshold, so that the larger faults have a positive
distance from failure, whereas most of the others are within the failure
regime. That doesn't mean they'll fail, they may not be optimally oriented.
There may be a number of factors that keep them from failing, but the
possibility would be there.
Now, from the SCR data set that we have, there're no faults in the older
cratonic crust, or no known earthquakes larger than about 6.8, so no 7s. So
that would imply that the very large tail of this distribution is, is beyond the
failure threshold. Now if you look at the young extended crust the, only the
very very largest faults may have a positive failure distance. The threshold
there, if you take a moment magnitude of 8 to 8.1 for New Madrid, that's the
largest known, so, plate boundaries you can go up to moment magnitude 9.5,
you still are excluding th' very largest, y'know, hundreds of kilometer-long
faults, and we have those, in stable continental crust in historic time. If we
looked at these for a million years, can't guarantee that the whole population
could fail and, but within a reasonable time length, a time length useful to
hazard analysis, I think this is tellin' us something. Now we're going from
very old crust to geologically young crust, Cenozoic, or perhaps late
Mesozoic.
Arch Johnston: Now, I've put a big question mark here for Iapetan. That's been emphasized
here, it's a very important question for Canada and it's treatment, here, is
quite a bit different than we did in the EPRI SCR study. Here you're talking
crustal age of billions of years, Iapetan is about 600 million, OK, and here
you are talkin' less than 200 million. So we treated Iapetan as essentially
already incorporated into the craton. We couldn't differentiate, on a worldwide scale, Iapetan faulting, the way we could, younger extended crust. So
I think that's an important question.
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George can I have the next?
That's a Bouguer gravity map of the U.S. and Kevin's already pre-empted
me on this. The strongest gravity signature on that is the Mid-Continent rift
going up from Nebraska, up into the Great Lakes region. The Mid-Continent
rift is about Grenville age, about 1 to 1.2 billion. That's a, that must've been
a huge rift. That gravity signature implies a massive lava or lower crustal
modification to near mantle conditions and it's just dead as a door nail in
terms of seismicity. So I think, clearly, when you're that age, in terms of the
seismic activity, that can be considered part of the craton, and we treated it
as such. So Iapetan lies just about half way between, a clear example like
that and clear example of the current present-day passive margins and, as
such, it presents a problem. Over most of the crust, here, the Iapetan crust
is no more seismogenic than craton. This Giles County event is only 5 8
(editor's note, M=5.8) and it's the largest in the U.S., that type of crust. But
the St. Lawrence rift valley is, I guess, would be the most active example of
Iapetan crust in the world. It's not really mapped well in the rest of the
world, that's one reason that's sort of a soft conclusion.
But, now, the 'vents here have been coming down in magnitude. Allison
Bent's re-analysis, the 25 Charlevoix event was not a magnitude 7. Moment
magnitude terms she has, I think, it's 6 2 or 6 4 (editor's note, M=6.2 or
6.4). So we don't have known well documented magnitude 7s, but we do
have a concentration of 6s and 5s that we don't see elsewhere in the world.
So I think the treatment of the Iapetan rifted crust is, is an important problem
and Wheeler's and the GSC's extension of the SCR study is, is one that I
think was necessary because of the elevated activity of the St. Lawrence rift,
rift valley.
Arch Johnston: Second point, that I brought out was strain rate, and the role of strain rate,
perhaps, in large earthquake genesis. Again, consider a fault distribution, this
time distribution and distance from failure where, at one end of the
distribution, none of the faults would be within, Pve used one bar as an
example. You could use any amount of stress you want. 0% would be within
one bar of failure and the other extreme, a hundred percent and then look at
how strain rate, or beta dot, epsilon dot, varies in the earth's crust. There's
a huge range, plate boundaries, strain rate that should be, per year on these,
10*6, 10"7. That's very fast. 10"7 is one centimeter in a hundred kilometers.
OK. Geologically, that's a, that's a fast rate and old cratons and old oceanic
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lithosphere, in terms of the seismic strain rate, those are essentially, whether
or not, underforming but the rate is many orders of magnitude lower. So,
here I show that range of rates, but I want to emphasize this is seismic strain
rates. This is takin' a Costroff(?) volume, who showed that the cumulative
seismic moment release within a volume can be equated to a strain rate. So
this yields a lower bound, that is strain expressed by seismicity, seismic
strain release.
There may be aseismic, undoubtedly are, aseismic processes doin' that also.
We don't know the partition between seismic and aseismic but, so this is
seismic strain release and this is the difference, and let's look at this in the
9
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stable continental range of somewhere, 10" to 10" per year. That raises
some very interesting question in terms a triggering. For instance, say, some
process changes its stress on a fault by one bar, that's not a whole lot, you
can do that with a good size reservoir or even a, a very strong weather front
can do that, sometimes. Well, that's, for a typical crustal rigidity that's a
change in strain of about 3x10" . Now, if you're in an SCR mat has a
tectonic strain rate of 10* , that one bar increment, increments of stress on
a fault, equivalent to a time accumulation of 300,000 years. One bar. A tenth
of a bar would be 30,000 years. So, it may well be, and Nano Seeber has
been advocating this, that many, perhaps most, of the earthquakes in stable
continental regions are, in a sense, triggered by small stress changes. These,
these very low strain rates can maintain
(end of side 1).
Tape 8 - Side 2;
Arch Johnston: Now, very quickly, my third point, about temperature, and I'll use an ocean
lithosphere analogue. This is distance from a oceanic ridge, plate boundary,
and this is in terms of age of crust as you go away from the ridge. So these
are geotherms, 600 C, 800, and so forth, and these are known earthquakes.
Seem to be a well defined lower boundary in, somewhere between 600 and
800 degrees centigrade, below which the olivine-dominated lithosphere is too
ductile to support brittle failure. This is fairly well established.
Now, I looked at the great Lisbon earthquake of 1755, and it's in about a
hundred and thirty million year-old lithosphere. That, for a vertical fault, that
gives you an effective fault width of over 6, 60 kilometers. Lisbon was a
huge earthquake, probably about moment magnitude 8.7, and my point, here,
is that it was only possible in old oceanic lithosphere. You couldn't get that
kind of fault depth on a continent. The quartz and feldspar-dominated crust
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goes ductile at too shallow a depth. Likewise, you couldn't get a 60kilometer fault width in young lithosphere. Here, if it was in 20 million year
old, it would have to, effective fault width of about 20 kilometers, or so. So,
it, it raises somewhat of a paradox, f r, f r very large earthquakes and,
interested in this in terms of our favorite earthquake in eastern North
America, in terms of New Madrid, 1811 earthquake.
Here are some geotherms for different types of crust, with equivalent heat
flows, depends on the composition you're talking about, but the blue, here,
would be f r very hot crust, say Basin 'n Range or East African rift, and
you'd go to high temperatures at shallow depths. This is Lou-Ann Zoback for
New Madrid. This is what may be a less extreme estimate f r New Madrid
and this would be typical craton, say 45 milliwatts per meter squared. The
two depth limits I show here, h^ h 2 , are at 300 degrees C and 450. 300 is the
brittle-ductile transition for quartz, 450 for feldspar.
Chris Scholtz, in a series of papers, has argued that this defines the limit of
the stick-slip regime, that is, you could not nucleate earthquakes below the
quartz brittle-ductile transition, but that you can have earthquake rupture
down to the feldspar brittle-ductile transition which will, since it's hundred
'n fifty degrees hotter it'll always be quite deeper, and in cratons that will
give you an extra 10 to 15, even 20 kilometers of fault width within a thick,
cratonic-type crust.
I believe that was essential for New Madrid, that New Madrid could not've
happened on a thin, relatively hot passive margin, for instance, that you need
a cratonic-type crust just as Lisbon needed a thick oceanic cool lithosphere
so it's paradoxical, these very rare, very large, either oceanic or continental
earthquakes in magnitude 8 level, I think, can only occur in our most
aseismic type of crust. That is cratonic-type crust that has cooled sufficiently
that you get, you can get sufficient fault width, or oceanic-type crust that has
done the same. The Reelfoot rift for New Madrid, if it had been a very
young rift, like the East African rift, the East African rift has not had above
a low magnitude 7 earthquake in historic time. Likewise the Basin and
Range, mid magnitude 7. So, I think New Madrid had cooled just enough to
give you sufficient fault width for magnitude 8, but had not, was not old
enough, and cooled enough to strengthen the faults to incorporate them into
the craton. It's just, and it may be a very narrow range. How that applies to
the St. Lawrence rifting and Iapetan-age structures, I don't know, but at least
the historic record, the St. Lawrence would be not incon, it would not be
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inconsistent with the data to say St. Lawrence, an upper limit of 7.
Arch Johnston: So I would like to summarize by just a few remarks in terms of the reason
we're here, that is the southern Ontario region, and the Niagara-Pickering
lineament, in particular. Very much of yesterday was spent trying to
demonstrate that this lineament on, particularly on aeromag, also on gravity,
is a fault, and I think that's convincing. I don't think it was demonstrated
that partic
, most of the deformation we saw was in the overlying
Paleozoics, how that would, the continuity to the fault at depth, I think is still
a question, but it's not the most important question. Even if it is a large fault,
that does not demonstrate large earthquake potential, and these three points
I've raised today, I think, demonstrate that. That the, the strain rate for this
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region, if this region is straining at 10' ,10" per year, large earthquakes
are very unlikely. We see concentrated strain in the New Madrid region.
That's starting to be measured directly by GPS.
I think it'd be very important, directed research, I think very important would
be a network of GPS stations and get a handle on, with some res
,
regional resolution of the crustal strain. I think this'11 be (indecipherable)
more and more important in stable continental regions in the decades to
come. Does strain truly concentrate in zones that are, either have, or'r going
to nucleate in large earthquakes? Also the heat flow, I don't know, perhaps
the heat flow is very well known here. If it's not, and it's certainly not in
most of the eastern U.S., I think that is important data for the very reason I
talked about, the large earthquake extreme and the fault distribution.
Arch Johnston: So I think a global view can give some perspective to regional problems. I
believe that the stable continental regions are, they are replete with large
faults and, but for these large faults to produce a large earthquake, a much
more stringent set of data and criteria are necessary, and I've talked about
three of those today. There may be more but that'll be for other people to
decipher.
G. Klimkiewicz:

Thank you.

Thank you, Arch.
Our next speaker is Peter Basham. He'll be speaking about seismicity
parameters for eastern Canadian seismic source zones. Think Peter gets the
silver medal for number of papers presented.
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Peter Basham: Silver, only silver?
G. Klimkiewicz:

We know who got the gold, (laughter)

Seismicity parameters for eastern Canadian seismic source zones
Peter Basham
Peter Basham: Thank you, George. I want to talk about seismicity parameters in the eastern
Canadian source zones 'n I think we'll be more or less completing the picture
on our hazard assessment in eastern Canada with John Adams' presentation
on how we've incorporated the uncertainties and Gail Atkinson on the ground
motion relations and I think we'll learn more, still, about the hazard
complication procedures when Robin speaks later today.
Arch didn't mention it, specifically, but we have gleaned a fair amount of
useful information on upper-bound magnitudes from the study of stable
continental regions and we are using that information to, to constrain the
magnitude-recurrence relations on our eastern source zones. And, without
going into great detail, let me just mention that, for the passive margin onesided rift features, they have the largest upper-bound magnitudes, and we
have, we're using a magnitude of 7.7 for the, for the Atlantic rifted margin.
Going to the opposite extreme, into the stable continental core, we're using
an upper-bound magnitude of 6.7, and the source zones that are intermediate
between these two extremes have upper-bound magnitudes that are in the
range between 6.7 and 7.7. So those are the numbers that will constrain the
upper-bound of the magnitude-recurrence curves that I want to show you.
Peter Basham: I'll show you four magnitude-recurrence curves, just to give you a feeling for
the amount of information that we have and how good and how bad some of
these estimates can be. I'll show you the magnitude-recurrence relation for
the most active seismic zone in eastern Canada, in the Charlevoix zone, and
I will then show you the relationship for both the Niagara-Attica trend and
this box, that includes both Lake Ontario and Lake Erie, and I'll then go on
to talk about the magnitude-recurrence on the stable continental core because
in our seismic source zone scheme, much of Lake Ontario, in our mind, is
affected by the hazards we attribute to the stable continental core.
Starting with Charlevoix, and let me just give you, you've seen these curves
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before, from a number of people, but let me just describe, in simple terms,
how we get to them. You have to estimate the time period, the historical time
period over which you have complete reporting of different magnitude levels,
and once you have that, usually in half magnitude bins, you can then count
the rates of historical earthquake in that, in that, in that magnitude range and
estimate it's rate. And as you do that, obviously were complete in, in, for
longer time periods for the larger events and were complete for shorter time
periods, since we've had good seismograph networks, for the smaller events.
And you can put all a this information together and, and use it to establish
a magnitude-recurrence relation. Now, this is probably the best determined
that we have in eastern Canada. You see we are making this curve
asymptotic to, I think, 7.5. This particular curve, our best estimate of the
upper-bound magnitude, is 7.5, but we use a measure of our epistemic
uncertainty, and the meaning of that word, I hope, will come clear in later
presentations, an upper-bound magnitude that's larger than that, and one
that's smaller than that. In any case, once we have the estimates of the rate
of these earthquakes, we do a maximum likelihood fit and we end up with
a functional relationship for the magnitude-recurrence. So that's the way it
looks for the most active seismic zone in eastern Canada.
Now if we go to the Niagara-Attica trend, this is a case where it's just about
as small a number of earthquakes as we will accept in order to estimate an
independent magnitude-recurrence relation. There're only 11 earthquakes in
this zone that passed our completeness test in order to be used in the
recurrence calculation, only one of which is greater than magnitude 5. And
there is evidence, that's been presented at this conference, that this event
may, in fact, be man-induced and should perhaps not be counted as a genuine
tectonic earthquake for this purpose, but nevertheless, the Attica earthquake
is in our counting for this particular magnitude-recurrence curve. Now the
problem you have of, course, is that if you have one in historical time, what
is the repeat time of earthquakes of that magnitude? Basically, we don't
know, but each estimate that we put into this calculation has, has an
uncertainty associated with it and you can see that we're assigning an
uncertainty of about a factor of 10 for the recurrence interval for that
earthquake, somewhere between a hundred and a thousand years, basically
is the information that we have that goes into this calculation. You can see
that the net effect of this uncertainty is producing a very wide range of error
bounds on the magnitude-recurrence curve for this particular zone.
Peter Basham: Now, if we combine the Niagara-Attica with the Lake Erie and the Ohio
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events, we get a slightly, somewhat better controlled magnitude-recurrence
curve, now we have 40 earthquakes that are passing the completeness test
and they're a little better controlled. So that's the kind of information that we
have for every one of the earthquake source zones that go into the seismic
hazard calculation.
Let me go on to the stable continental core. We've had a number of
references to the Ungava earthquake as being one of these rare stable
continental core earthquakes and I'd just like to show you a couple of
overheads about that Ungava earthquake. It occurred on Christmas day of
1989, in the center of the Ungava Peninsula, in northern Quebec. Now we
got quite a good location and a relatively good estimate of the depth of that
event from the seismic data within a couple of days, but we weren't about
to send a team with portable aftershock equip , gear, into northern Ungava
in the middle of winter. So we didn't get in there until the following July.
But I would like to point out that about 4 days after the Ungava earthquake,
Arch Johnston phoned me and he said "I'll bet you have surface faulting in
Ungava". Well, we did have surface faulting in Ungava and we have the first
surface faulting from an intraplate earthquake in North America, on the
Ungava Peninsula.
The team flew in and we had an epicenter that was probably good to + or 10 or 15 kilometers, but the way they discovered where it was, is, was, was
the cloudiness of the lake, with the sediment disturbance from the shaking
made the lake cloudy in these speckled regions and they said "that's gotta be
it." So, to make a long story short, some work on the ground that included
Arch, the fault is about 10 kilometers long and, in this cross-section, you can
see that the displacement is mostly up on this side and slightly down on this
side with a maximum displacement of about 1.8 meters. This fault is on a
ductile Archean fault, and there's no evidence of motion on that fault in the
Phanerozoic prior to 1989. That means, if you will, that this is the first
movement on that fault in half a billion years. So that doesn't augur well for
identifying the next one that's about to fail. In this sort of bouldery, muskeg
permafrost terrain, the surface evidence for this fault-will not last very long.
So we really don't have very good chance of going out into the field, in that
kind of environment, and finding old fault scarps.
Peter Basham: The highest resolution remote imagery that we have of the Ungava is, is
synthetic aperture radar that was flown shortly after the earthquake. And
without being biased by any arrows, the object of the game is find the fault.
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I mean, if it was me, I have to pick this one right along there. Anyway, it's
this one between these two arrows that goes along, from there to there.
Anyway, that's the Ungava earthquake.
This is an example, along with the one in India that, I think, Nano was
talking about, the surface faulting in Australia. These are examples of the
stable continental core earthquakes greater than magnitude 6. And these are
the ones that we have to deal with when we try to do seismic hazards in
regions of stable continental core.
If you take all of the earthquakes in the stable continental regions of North
America, that is that entire zone, you get this magnitude-recurrence relation
which is very well defined. You'll see that the New Madrid earthquakes're
still sitting up above the curve, but this probably means that we're still
underestimating the return period of those earthquakes in this calculation. So
they, in fact, should be pulled down and have lower rates, really lower rates
than are implied by these, these estimates.
So that's what it looks like when you do all of the stable continental region
of North America, but if you remove all of the extended crust and the
continental rifts from those data, you're left only with this gray area, which
we will then call the stable continental core. I don't have the data for it, but
John has been dealing with this data and the magnitude-recurrence for this
gray area is approximately along that red line and that, in fact, agrees very
well with the earthquake rates, normalized per unit area, for the truly stable
continental core elsewhere around the globe. If you normalize the rate of
magnitude 7ish earthquakes from that relationship to an area, say, around
Toronto, this is inferring much lower magnitudes, at magnitude, lower rate
of magnitude 7s than Alex Mohajer was showing today.
Peter Basham: I think that's all I needed to say. Thanks, George.
G. Klimkiewicz:

Thank you.

General discussion
G. Klimkiewicz:

I believe we're now into the 10 minute open discussion period.

Are there any presentations that anyone would like to make at this point? No
favorite slides out there?
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Gail Atkinson: (not at microphone) I think that everybody agrees that determining the rates
of earthquake recurrence is very (indecipherable), (laughter)
G. Klimkiewicz:

Yes.

A.A. Mohajer: (not at microphone) We have the difficulty in establishing the rates of
(indecipherable) If we try to manipulate the data by defining various
definitions to trash the data, it's going to become very simple to decide about
the rates as much as we wish. But if you consider everything, lumped
everything together, as Kevin Coppersmith was introducing this morning, at
the beginning, that we need to take into account both the geology,
paleoseismicity, earthquake activity and also the rate of strain measurements,
and so on, so forth, which was suggested, just cited by Arch Johnston, so if
you try to establish this database and then judge about the rate of activity
that's fine and dandy, and nobody can object. But if you go through the
practice of trashing certain data, and coming up with arbritary qualifications
for accepting data and rejecting some, then I have difficulty accepting this
conclusion. Examples being, still I have difficulty how to explain the 15
meter of displacement at the interface between Quaternary and Paleozoic just
under Toronto.
John Adams:

(not at microphone) It's a river channel.

A..A. Mohajer: Go, go and establish that. I would be delighted to see that it is a river
channel. Somebody should demonstrate that.
G. Klimkiewicz:
We have a question that's been put out onto the floor. Is anyone, or
had either one of the two previous speakers trashed information? I guess I
don't understand.
Peter Basham: (not at microphone) I don't understand what that means!
G. Klimkiewicz:

Would you like to respond to that?

A.A. Mohajer: Yeah, I can explain. If we put a sort of complete, let's say completeness
period for what data to accept, as being representative of a period, which is
a, defined as a completeness of the database for that magnitude, magnitude
range, which is a sort of viable, let's say, discussion, and you have a short
history of, let's say, settlement here. You can argue that the seismic
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equipments were only in place in a relatively recent times. Therefore, you
cannot make sure that you have recorded all the earthquake magnitude range
over the time. So, do you define a criteria to reject some of the available data
and just accept only ones which fit the criteria? Right? It's one example.
The second example, for example, Harold Asmis was suggesting that if you
have minimum of three or more trigger in three station, then you define an
earthquake, otherwise you trash it. So these are the kind of examples, or the
kind of displacement that we see in the Rouge River, for example. If you
want to trash it as being just a channel, without going into the details of
investigation and prove or disproving it, so that's the kind of example I'm
bringing you, just trashing some of the data.
G. Klimkiewicz:
I'd like to respond to your first point about the earthquake catalogue.
Information is not being disregarded, in fact if one was to use the whole
incomplete catalogue, you'd end up with activity rates that are below what
may actually be occurring. What is being done, is a very straightforward
statistical interpretation of the catalogue to determine rates of activity for
completely reported segments of that earthquake history. Now it doesn't
make sense to look a hundred years into the past to determine the rate of
magnitude 2 earthquakes when they have only been well recorded by
networks over the last 15 or 20 years. So we're not throwing earthquakes
away and, if, if we use that information, small magnitude information that's
in the catalogue for the entire history, then we're underestimating the rate.
Would anyone care to, any of the speakers care to follow up on that?
Gail Atkinson: First of all I'll agree with what you said on the first point, which is exactly
what I was going to say, that if anything, we would be underestimating the
rate of activity if we did not check for completeness in the catalogue. On the
second point, of requir
, having some quality control on the data, and
requiring three stations to locate or detect an earthquake, there the aim is not
to trash data, but to distinguish data from trash (laughter) and, to put too fine
a point on it, I think it's widely accepted, as seismological practice
throughout the world, that you need to record on at least three stations in
order to be confident, that you have really detected an earthquake and I invite
any of the network operators to comment further.
G. Klimkiewicz:
Nano Seeber:

Yes.

I've been looking at seismograms for a long time and I would say that, with
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only one station, if you have seen a lot of data around the world, you can,
with some confidence, distinguish things like cars, or people walking near the
instruments, from an earthquake. It may be more difficult to distinguish a
blast in a quarry, from an earthquake, from a single station. But a
seismogram of an earthquake has a characteristic shape that you can
distinguish from one seismograph.
G. Klimkiewicz:
I would comment that most seismologists would agree exact with what
you said, a hundred percent. One station is capable of detecting an event, not
locating the event unless you had other events that were well located that you
can compare signatures then, but one station's signal can give you a, at least
the distance and if you have a cluster of earthquakes at that distance, you
could with some probability associate that event with the location.
G. Klimkiewicz:

Yes.

Klaus Jacob:

In fact, now that we have 3-component stations, there are methods out there
to determine the, at least the distance, the magnitude and, in some instances,
even the depth from a single station and the Japanese use it routinely for
their Shin kan sin(?) train in combining, from each station, individual
information to get a very quick location. In fact they do it so fast that the
information is available before the s-wave arrives, simply on the basis of the
p-wave alone.

Bob Mereu:

Bob Mereu from the University of Western Ontario. I'd like to make a
comment about how well we can identify an earthquake on a single station
or whether we need more than one station. I certainly have had experience
with having stations on hard rock, and there, there isn't any doubt, it's very
easy to identify something like an earthquake or a quarry blast on a hard
rock station, because cars or anyth , traffic, trucks and anything like that
will not create anything like an earthquake signal with a PMS. But, if you
go to a station that is not on hard rock, on till, there're many, many cultural
noises that can, can create some signals that look very much like an
earthquake signal. That is not to say that we should trash signals, signals,
signals, but there're ma , many, many of these are recorded every day. So,
in order to be sure whether you have a real identifiable earthquake, it's wise
to be able to see it on at least two stations and you need three stations to be
able to locate it. So, in the southern Ontario network that we've been
operating, we, we try to save every suspicious event, but to, we save all
events that are recorded on more than one station and try to analyze them as
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best we can. I think there is a lot of uncertainty on, on, in stations where
there's cultural noise and one shouldn't, shouldn't accept every single event
on those t
, as an earthquake. So I'm just saying that you're not
necessarily trashing events but you're just being more cautious as to what is
a real event and what is not a real event.
G. Klimkiewicz:
I think you made a point, early on, that's very important, that is the
difference between a seismogram recorded on the bedrock site and one
recorded where the seismometers are either at ground surface, which may be
a till or in some, in a borehole, but still in, in the overburden material. There
is a filtering of that bedrock motion and cultural noise, traffic and whatever
can be confused with, with earthquakes. Not nearly so much on bedrock
sites.
A.A. Mohajer: (not at microphone, indecipherable) Each traffic, or cultural noise, can give
you (indecipherable). This is a signature that's identical for the seismologist,
(indecipherable) not so much how you're arguing that even a soft soil site
can give you a very (indecipherable). I would like to see some of these
examples.
G. Klimkiewicz:
All transient signals will either be impulsively, they'll trigger your
instrument and decay, I mean it's just part of the, well, the science of
studying mechanical vibrations, they do decay. The problem with soil sites,
I think, is that you need to take into consideration the response of that soil
column, which will modify whatever signal had been placed into the soil
column.
A.A. Mohajer: (not at microphone)I'd like to (indecipherable) study of the available data file
(indecipherable)
G. Klimkiewicz:

Yes, Maurice?

M. Lamontagne:
Maurice Lamontagne, Geological Survey. It's more related to the talk
by Arch Johnston about the importance of rift faults^ As you know most rift
faults are fairly steeply dipping and in order to reactivate them in a mostly
horizontal compressive system, you need either high pore-fluid pressures or
fairly low coefficient of friction and I was wondering if this idea of high
pore-fluid pressures or low coefficient of friction doesn't open the door to
having, perhaps, localize conditions instead of having a long system of faults.
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Arch Johnston: I agree. I think you need, probably need both. There are many
intracontinental rifts around the world that are aseismic. We don't know why
some have magnitude 8 earthquakes, others don't, but I believe that
availability of water over a long time period may be an important factor. If
you compare the New Madrid Reelfoot rift with other Iapetan rifts in the
U.S., they're are all aseismic except for Reelfoot rift which is the one that
controls the drainage of the Mississippi River. So St. Lawrence, in terms of
Iapetan-age rift features, also would be one a these wet rifts. That may be
extremely important. I think if you look at, other than your classic flank
faults, these, these rift environments have all sorts of faults, and they can be
reactivated in either strike-slip, or thrust, without much problem. The
younger, even younger rifts, like the Rhine graben, in, in Germany, have
high seismicity, but not real large earthquakes. It also has the Rhine River.
So I think it satisfies all the criteria, except it's too young and hasn't cooled
off enough for really big earthquakes.
G. Klimkiewicz:
Joe Wallach:

Joe?

Joe Wallach, Atomic Energy Control Board, (addressing John Adams) A
quick comment, John, to you. The river valley looks like a normal fault.
There's a hanging wall, mere's a foot wall, there's at least 4 meters of
displacement that is, that you can see, in the cross-section; doesn't look
anything like a river valley. That was a gratuitous remark. To Peter (turning
to Peter Basham), what are the
,

Harold Asmis: Yours!
Joe Wallach:

No! His, Harold, not mine!

Joe Wallach:

Peter, in terms of the Attica earthquake, you had indicated two things that I
would like to ask a question about each one. One is that the earthquake was
induced, that there's good evidence for that, so I was wondering if you could
go over that. That's the first part, and the second part is, if it's an induced
earthquake, urn, how would you really distingui -_, why would you not
consider that a result of the concentration of stored strain energy that's just
relieved earlier than it would have been if you were to not have intervened
by some human activity?

Peter Basham: Who in the room talked about the Attica earthquake being essentially(?)
induced by fluid injection?
207

Nano Seeber:

(not at microphone) I did.

Peter Basham: You did.
Peter Basham: OK, that's, that's where it came from.
Joe Wallach:

(not at microphone) Well, is there good evidence for it, no, the question is,
is there good evidence for it, or is it a suggestion, and that's fine either
way

Peter Basham: You answer that question, then I'll answer the second one.
Nano Seeber:

The evidence is circumstantial in it. The epicenters of the 29 Grand Banks
earthquake has pretty large error bars and, therefore, the source

Audience:

Attica, Attica.

Nano Seeber:

Did I say Grand Banks? I meant Attica. Sorry, could be co-located with
some earthquake, some earthquakes that were located with local stations in
the early 70s, by Fletcher and Sykes, which were clearly induced and there's
other seismicity, there, that's clearly induced. So, I think the potential is there
for it to be an induced earthquake since, at the time of the earthquake in
1929, there was really extensive salt mining going on there. Also there is
other seismicity in the general area which is induced by other activities,
human activities. So it looks like the potential for induced earthquakes
entirely, in the entire area, is pretty high.

Joe Wallach:

(approaching microphone) Excuse me. Just, just in, so I know, um, does
anybody know what the focal depth was of the Attica earthquake, because the
mines would be relatively shallow there.

Nano Seeber:

No, we don't know the focal depth, I don't think, of that.

Arch Johnston: (not at microphone) The, uh, the isoseismal spacing indicates it's extremely
shallow.
Joe Wallach:

OK.

Unknown:

Some indecipherable question about the conclusion regarding the depth of the
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Attica earthquake.
G. Klimkiewicz:
It's a shallow earthquake.
Peter Basham: Joe, I don't mind including the Attica earthquake, if there's some doubt
about it being induced, in my magnitude-recurrence calculation because, at
least, we've accommodated that event if it were going to happen in the
future. But in our probabilistic seismic hazard calculations, we're trying to
estimate a, a Poissonian earthquake process and we can't include, in that,
future human activities that are going to generate earthquakes, so, in effect,
we cannot accommodate human-induced earthquakes in our probabilistic
seismic hazard calculations, in general.
Joe Wallach:

My, my question was, actually, Peter, not so much whether you'd include it
or not, in that context, but the idea was, that let's allow that is was a, an
induced event. And that's also an argument that's raised for the Akron, or the
Leroy earthquake by Nano and others, and that is a contentious issue too.
Even if it is an induced event, my question is, that means, then, that there is
an accumulation of strain energy in that area, and that, because of human
activity, that facilitates the movement of rock which creates the earthquake.
My question would then be, would you not assume that, at some point later,
we don't know how much later, that there would be an earthquake at that
very spot, 'n perhaps even larger which, then, would be a completely natural
event.

Peter Basham: I can only refer to what Arch is saying, Arch said in his, in his presentation.
He's saying that there're thousands and thousands of faults out there just
about ready to go and it just requires a small incremental change in the stress
to do so. So, yes, this may be a case where that earthquake was sitting there,
ready to happen and the induction of whatever process was going on was,
was what triggered it, but, but there's probably many cases like that one.
G. Klimkiewicz:
Nano Seeber:

(in hushed tones) You wanted to say something.

I would like to make two points. One has to do with this discussion, and I
think they're both right, in other words, they're looking at the same process
with two different points of view. If you are interested in the statistics of the
seismicity, induced earthquakes are a problem because, essentially, alter the
rate of seismicity. If you have a lot of induced earthquakes, you're gonna
have more earthquakes, therefore, your curves should show that. And maybe
you're not interested in that, you're just interested in calibrating your tectonic
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activity. On the other hand, if you're interested in determining active faults,
if that's your goal, then it seems to me that you should pay attention induced
seismicity because seismicity may be more likely, induced or not, on an, on
a feature that's, that's more active, or it's more prone to have earthquakes.
Nano Seeber:

There's a third issue and that is you do have induced seismicity and that kind
of seismicity you have an unusually good control on, because you are doing
the activity that's inducing it. And what I would suggest is that that category
of seismicity should also be included in your hazard map as a, perhaps, a
third issue, as an input which is different, tectonic activity, but it's something
you know, so, therefore, you should include it.

G. Klimkiewicz:
Carl Stepp:

Carl, did you have a comment?

(not at microphone) It's not related to this; it's a change of direction.

Arch Johnston: I would just, what may be a matter of semantics, the difference between
triggered and induced. We use that in terms of an assessment for the KillariLatur earthquake, that Nano talked about, that induced is, you cause the
earthquake and it would not've happened otherwise. Triggered is you change
the timing; it would've happened otherwise and the point I tried to make,
here, if you're in very, very low strain-rate regions, as much of eastern
Canada almost certainly is, then that distinction becomes blurred, because if
you change the timing, the cumulation rate of stress is so slow, a fraction of
a bar will change the timing by 10s of thousands of years and then I would
say that's really induced. The difference between triggered and induced
becomes unimportant.
G. Klimkiewicz:
We have time for a couple more comments before, unless Carl needs
to talk for five minutes.
Carl Stepp:

(not at, but approaching microphone) No. I just wanted to ask a question. I'll
alert Arch that I'm going to ask a question. My question has to do with
assessment of maximum earthquakes and I'd really like to have you, Arch,
in view of your experience with the world-wide analogy for continental
interiors, low strain-rate regions, comment on the validity of using, say, the
Coppersmith and Wells relationships, exclusively, in those environments,
given what the state of our knowledge is about the processes of earthquakes
there, now and perhaps Kevin you would like to comment on multiple
approaches, as well.
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Tape 9 - Side 1;
Arch Johnston:

is constrained by temperature, so I think, for instance, for the New
Madrid earthquakes, we had a moment magnitude 8 earthquake on a fault
length no more than 125 kilometers long. If you took Wells and
Coppersmith, that would be pretty far off the curve (responding to an
indecipherable comment), with only a moderately high stress drop, which
equates to only moderately high slip, that's with about 10 meters of slip. So,
in one sense, your question's not answerable, at least by me, Carl. It depends
on the model you use for very large earthquakes in these regions. Chris
Scholtz (?) has argued, you know, the L model versus the W model. I think
fault width is the limiting factor and, if that's the case, it will be determined
by crustal temperature. The availability of a fairly weak fault, which may not
usually be available in unrifted craton, is important also and that
combination, when conditions are optimum, may give you your very large
earthquakes. And these conditions, the relative importance of 'em, probably
changes as you go from magnitude 8 to mid-magnitude 6s. There're many
more or less restrictive environments you could have mid-magnitude 6s, and
one graph I didn't show because I always get a lot of heat about it, is
showing maximum observed magnitude versus strain rate, and it's a very
tight, very linear combination from upper magmtude 5 to magnitude 9.5. This
is for all types crust, not just SCR. The trouble with it is, the seismic strain
rate, which depends on maximum magnitude so, in that sense, it's a circular
argument and I get bogged down explaining that the dependence of strain
rate on the maximum earthquake in the data set is a fairly weak dependence
but, that doesn't seem very persuasive, so what that graph needs to be
replaced with is maximum observed earthquake versus strain rate that's been
measured independently, i.e geodetically with GPS or whatever, and these
independent strain rates for plate interior regions, anyway, are just starting
to become available.

K. Coppersmith:
I wanna make just a quick comment on the maximum earthquake
assessment. We didn't talk very much about it. The, just quickly that, in the
BSSA paper, Wells and Coppersmith, we do plot all the SCR data versus the
world wide data for, for things like fault area versus magnitude, it works
very well. And that obviously takes into account the down-dip dimension too,
so that's important.
Arch Johnston: (not at microphone) Yeah, but that, that only goes up to (indecipherable)
magnitude 6.
211

K. Coppersmith:
Exactly, we don't have big earthquakes
, anyway, but that's a
different problem. I think our problem is not one of dealing with fault
rupture dimensions. We had faults that we could do that with, here or
elsewhere, the SCR M max problem would be a lot easier. It's not. So, we
have big source zones, we have little source zones, we don't have much in
terms of faults. Back in 1985, just prior to when I wrote that letter to Arch,
we had a bunch of the EPRI team saying 'we need some information to help
us evaluate maximum earthquakes and what we need is analogue information.
I got a source zone here in Kentucky, or in Florida or somewhere else and
I don't have observed seismicity much more than, say magnitude 5, and I
don't think that's the maximum. I need to know what it is about my source
zone that might be analogous to somewhere else, it will tell us about the
biggest earthquakes that've occurred in a tectonically analogous region. So
hence the concept of space for time substitution.
K. Coppersmith:
First thing you have to do is to divide up the rest of the world into
those areas that are analogous, and that turned out to be a year or two, and
then to look at the earthquakes that have occurred within those regions in a
systematic way, seismic moment measurements for all of them, historical as
well as instrumental, on and on, that took several years. So it, in the net
effect though, it goes back to a very simple concept that, in fact, I want to
draw some, some analogy.
The maximum earthquake, within any particular source zone, is extremely
rare. The likelihood that the historical record caught it, is small. So we know
that in most cases, the historical puts a, anything, a lower bound on the
maximum magnitude and often it's significantly lower than we think it's
capable of. So you go somewhere else, within a tectonically analogous
region, look at how big those've been, draw the analogy and say 'I'm going
to import that earthquake, in Australia, and put it here in Kentucky'. That's
the basic process.
What we have in Chapter 5 and Chapter 6, of the SCR report, is a statistical
analysis of the larger database, where we make, for every earthquake, this
took several years, every earthquake is associated with a whole bunch of
elements including the tectonic domain within which it lies, the types of
structure it's associated with, etc. So we should be able to statistically look
at that database and arrive at the maximum earthquakes that we've seen
historically elsewhere in the world and that's what Allin Cornell spends
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chapter 5 doing. What we find, there, is that there's a, yes, there're mean
estimates.
K. Coppersmith:
If you knew nothing else then the fact you're in an SCR region, your
mean maximum earthquake is about 6.4. But if you know something else,
you'll begin to move higher and move lower. These are all moment
magnitude estimates and Allin set up and did the statistical calculations and
what you see is that that mean has a broad region of uncertainty. Well, we
start with that and, in a probabilistic analysis, you can begin with a very
broad range of maximum earthquakes. And that (indecipherable) serves as a
prior to the distribution. You then have site-specific or source-specific
information, maybe some dimensions like we talked about, the dimension of
the zone in Giles County or the eastern Tennessee zone, maybe we'll assume
that's all one fault, that has dimensions through the crust, and that we'll find
an area that might put a further constraint on the maximum earthquake. You
can adjust that prior, adjust the distribution in M max. That's Chapter 6 in,
in the report.
Again the maximum earthquake problem, as Allin says, is a severe one in the
sense that it's very difficult to predict and still requires a good deal of
interpretation and judgement. I think that's, what we've done is develop the
database for drawin' the analogies, but ultimately there's going to need to be
interpretation which, on how those analogies actually get applied to a
particular source zone.
G. Klimkiewicz:

It's time for the coffee break and we should be back in fifteen minutes.

Summary and recommendations for research
G. Klimkiewicz
G. Klimkiewicz:
the previous session, E, in a couple of view graphs, I was able to
scribble out in the last 15 minutes while everyone was having refreshments
and I was working, (laughter)
First of all, what we witnessed was some high quality consulting work.
Specifically this's how to stretch six months of work into a decade, and then
to pay off the sponsors with a couple of cheap frames, (laughter) I clearly
learned something here (laughter) and I also liked how Arch was so humble
about the whole thing. Made it sound like a burden to 'im.
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OK. Next, more seriously, we saw the use of global analogues to study this
intriguing maximum magnitude problem, it's certainly a problem that will not
go away and not be solved today or this decade, but I think the work that
had been done has brought us so much closer than we were 10 years ago or
6 months ago, which ever way you want to look at it. We, the findings are
that we have now fifteen or so earthquakes of magnitude, moment magnitude
7, and larger, and these seem to be restricted to the young, the extended
crust. Very important finding. Other stable earthquakes approach magnitude
7. I guess I need to ask the question, 'why're we calling this crust stable?'
Again very important. The Geological Survey is taking due note of all of this
work and integrating all a these findings into current hazard assessment.
Previous presentations show that, in time, backwards from the present, what
we had was seismicity data and we did the best that could be done with that.
Seismotectonic source zones are now being replaced with a combination of
seismically defined and geologically defined source zones. So we are
improving the whole process.
G. Klimkiewicz:
I have a series of questions that I don't think were answered. Related
to this analogue, the analogues seem to be with fairly large geologic domains,
billion year old crust versus Iapetan crust versus recent extended crust.
Important questions that I have are, is there any evidence about the proximity
of magnitude 7 events in any of these regions? Do they cluster like twin
stars, or are they separated by hundreds of kilometers? Even with the
magnitude 6s, are they clustered in space? Unfortunately, my room is full of
EPRI documents already, I don't know if I could fit five more of the
volumes of the new study that was just published. But maybe this is covered,
maybe it isn't, but this is a question that I raise. We're always dealing with
extending our understanding deep into the crust using geophysical signatures.
What geophysical signatures, if any, are consistent among all of these
features, either the magnitude 7 and larger, or the others of engineering
significance, the 6s and 7s? Microseismicity, are there networks? If there are
networks, what's the nature of the seismicity and how deep does this
seismicity penetrate into the crust? My understanding of the northeast is that
the places where we've had, eastern North America, the places we've had
magnitude 7 or larger earthquakes, is that the microseismicity does penetrate
down to 30 kilometers into the crust and there're other places that have, the
seismicity, microseismicity is quite shallow. So what can be learned from
these analogues and other continents about depths of micro activity? And
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finally, are the locations where we've had these large stable continental crust
earthquakes, are they interrupted in some fashion, like the Charlevoix Zone
is interrupted, geology is interrupted with the meteor impact crater and St.
Lawrence rift faulting. Are there similar intersections or interruptions in these
places? All of these may, or may not, have answers in the reporting that was
referred to, but if they are not answered, I think these are certainly questions
that need to be answered. And finally I do have a recommendation, and it's
not on this session, but yes, definitely, let's take a good hard look at the
microearthquake data recorded in southern Ontario, both by the four station
network, and sponsored by Ontario Hydro, as well as Dr. Mohajer's network.
I think we need to come to a reasonable conclusion about the order of
magnitude and more difference in activity rate that's been reported between
these networks.
G. Klimkiewicz:

Thank you.

I believe that, unless there's any question at all within the next one minute,
we can go right into the next session.
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SESSION F
Chairman: Robin McGuire

METHODS TO ASSESS VIBRATORY GROUND
MOTION HAZARD AND APPLICATIONS
Robin McGuire:
My duty here is to introduce Section F - 'Methods to Assess Vibratory
Ground Motion Hazard and Applications' and I'm going to give a talk and
then we'll follow that by a talk by John Adams and that will continue
tomorrow morning.

Use of probabilistic seismic hazard assessment for evaluating nuclear
power plant core-damage frequency
Robin McGuire
Robin McGuire:
I've learned a great deal about seismicity and tectonics in this part of
the world in the last couple of days. I certainly haven't learned everything
though, so I hope you'll excuse me if, instead of referring to the CMBBZed,
I call it the CMBBZee, for example.
I'm going to emphasize uses of seismic hazard analysis to make decisions
and that's really where I've spent my career, is in deriving and calculating
seismic hazards with an end towards helping make decisions in reference to
engineering projects. In my talk I'll make what seem to be three
contradictory statements. One, that we should quantify uncertainties in
seismic hazard, two, that we don't need uncertainties in seismic hazard to
make decisions on risk, and third, that it's critical to quantify uncertainties
in seismic hazard to make decisions on risk, and I hope to explain how those
are really not so contradictory as I go along. I should give you warning, also,
that I have some slides with equations on them and this time of day and this
kind of room, that might be seen as some form of suicide. In my defense, I
should say that all of us non-geologists have stayed awake during all the
slides of geological cross-sections we've seen in the last 2 days. So, please
bear with me on my slides with equations.
Robin McGuire:

If somebody could turn on that slide projector, there please, I'd
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appreciate it. I need a little bit more light so I can read my notes here. Thank
you.
I'll start up with some guide rules for earthquake design and mitigation
decisions.
Number one, we should be humble about our seismic hazard estimates.
That's a simple statement; it means that were not producing seismic hazards
estimates just for their own sake alone. We're producing 'em to help make
decisions. Second, we should develop and document models of future
seismicity; I'll get into that in a minute, we should do probabilistic analyses
with uncertainties; I'll get into that also and fourth, we should consider a
range of ground motions and structural fragilities when making design and
retrofit decisions.

I'll go into details on 2, 3 and 4 in the next few slides. I won't dwell any
more about number 1. On future seismicity, it's been pointed out several
times, if somebody could focus that, I'd appreciate it, been pointed out a
couple of times that we can't extrapolate accurately from historical ground
motions. That is, we need to develop deductive models, and that's really
what the last two days have been about, deductive models of seismicity and
tectonics, to help us predict where earthquakes may occur in the future,
where they haven't occurred in the past. The idea is, we've seen that
seismicity is relatively low around Ontario, southern Ontario, we don't know
that it will be so in the future. That's the whole issue here.
These documentation of assumptions is absolutely critical, so that we know
under what conditions the analysis we do today is valid and how long it
might be valid in the future if our understanding will change, as it most
certainly will.
Robin McGuire:
I'll talk about uncertainties this afternoon. We talk, we divide those
into two areas, what used to be called 'randomness and uncertainty'. The
current terms in vogue are 'aleatory uncertainty' and 'epistemic uncertainty',
I'll define those in a minute. The probabilistic analysis incorporates the range
of occurrences of ground motion, all possible events, rates of occurrence, etc.
I think that's pretty well known. The two types of uncertainties are described
on these, are illustrated on these slides. Randomness, or aleatory uncertainty,
it relates to the location and time of occurrence of future events, their
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particular source characteristics, that is rupture dynamics and stress drop and
the details of the ground motion. That's distinct from what we now call
epistemic uncertainties which has to do with lack of knowledge. Epistemic
means knowledge. Lack of knowledge associated with future earthquakes.
That is what are the active tectonic structures in the region? What are the
distribution of source characteristics, like a maximum magnitude? What is the
average ground motion given a magnitude 'n distance and what are the
possible founds in ground motion? So those are the two distinctions that we
make, it's important to understand a couple of things. First, that as we learn
more and more, our uncertainties migrate between aleatory, go from aleatory
uncertainty to epistemic uncertainty as we gain more knowledge, that is what
appears to be random at one point in time becomes an epistemic uncertainty
at a future point in time. And second, we have, in a seismic hazard analysis,
some inconsistencies when we draw us a large seismic source, it's not that
we really believe that earthquakes will occur at random in the future, in that
seismic source, it's that we have a sort of uniform uncertainty about where
the real sources are in there. So we're treating what should be an epistemic
uncertainty, with an aleatory uncertainty. That has no effect on the mean
seismic hazard, it allows us to calculate the mean seismic hazard. It has some
effect on the representation of the epistemic uncertainties.
And we have, here, the standard equation for seismic hazard analysis, that I
hope most of you are familiar with, (laughter) So I won't go into it in detail.
The equation, itself, integrates over the aleatory uncertainty, so the vertical
axis on this scale is aleatory uncertainty, that is a frequency, or a probability
of exceedence of some ground motion parameter per unit time versus that
ground motion parameter. The epistemic uncertainties are in the location of
this curve. That is if we put different models in for magnitudes or distances,
or ground motions, we can get that curve to go up or down. And so we
typically show a range of ground motions, a range of seismic hazard curves
illustrating the epistemic uncertainties.
Robin McGuire:
Why that's important is illustrated here with two sample functions of
how that epistemic uncertainty may change with time. We have an
acceleration for some chosen probability level with it's epistemic uncertainty
at the present time and one sample function. That estimate may go up and,
at some future point in time, may be higher than what it is today, but
however it will have a lower epistemic uncertainty associated with, because
we (indecipherable) resolved some of the uncertainties we have today. The
alternative is it might go down and come back up, perhaps, but again at some
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future point in time, we'll have a lower estimate of epistemic uncertainty.
And that's important because it can help us to make decisions today based
on how these, the perspection of seismic hazard might chang in the future.
That's one way in which epistemic uncertainties might be used. I did some
work on exactly that problem and used a standard total expected cost criteria,
in this case it was for nuclear power plants, but we weren't concerned about
the probability of an earthquake and a failure, just about the probability that
the seismic design level might go up in the future and we might have to shut
the plant down and retrofit it again. And so we developed some cost criteria
based on experience with both initial costs of seismic design for power plants
and retrofits for seismic design of power plants. This is a total expected cost
curve, it's the sum of two pieces, one an initial cost which goes up with
seismic design level, the x-axis is design level, the other is a cost which goes
down, that's the cost of failure times the probability of failure. In this case,
the cost of the seismic criterion going up beyond the current criterion having
to shut the plant down and retrofit it for the higher criterion, so the total
expected cost is just the sum of those two.
I won't go through the details of that study. The seismic design level is the
x-axis, again, here. Maybe if somebody could raise that projector up a bit,
I'd appreciate it. I'm going to use this one in a minute. This shows expected
total cost of seismic design versus seismic design level. We made a number
of assumptions here, that's great thank you, that the initial design was .2g
and the question was, what should you design for if the initial regulatory
criterion is .2g. Well, without going into all the details of all these curves
which were sensitivities on some of the assumptions on how the seismic
hazard changes as a function of time, it became clear that it's most optimum
to design for something like .3g even though the regulatory criterion is only
.2g and thereby avoiding the seismic hazard increasing in the future because
of our perceptions of where tectonic faults are, or what the interpretations
are, thereby by having to shut the plant down, retrofit it, etc. and incur costs
that way. So that's an example and it's actually my first statement, results in
my first statement, that we should quantify uncertainties in seismic hazard so
we can account for possible effects of this type.
Robin McGuire:
This is an example seismic hazard curve for a plant in the southeastern
U.S., and it shows typical annual probability of exceedence versus ground
motion with the epistemic uncertainty showing the range of seismic hazards
curves. The solid curve is a median, we have the 85th fractile, the 15th
tractile and the mean here. I'll show in a few slides later, that the critical
219

ground motions for determining core damage are in the range of .3 to ,6g,
so we need to be able to assess seismic hazard in that range. Design of this
plant was around .15 or .2g.
Let me summarize why, and when, risk analysis is inappropriate. That is why
we should go to estimate some level of risk like core damage. It's
appropriate when we have multiple disciplines providing input to the decision
process. That's certainly the case here where we have seismology, geology,
tectonics, strong motion seismology as well as earthquake engineering related
to response of the plant to earthquake inputs. Risk analysis is appropriate
when we have limited experience with decisions in engineering failures and
it's appropriate when we have a large facility at risk, that is when we have
a possibly expensive facilities, expensive losses and expensive decisions.
Because these analysis are not cheap. They involve substantial investment of
time and effort. We can go the full estimate of seismic risk and go to acute
fatalities. I won't go into this much, any more, except to show that it's
possible to do so and get curves that show, again with epistemic
uncertainties, the frequency of exceedence versus estimated number of acute
fatalities. You can say 'well isn't this all fine in a theoretical sense, how do
we know what's acceptable? And we have some data that have been put
together from, this one is from Greg Becker at MIT, that shows experience
with actual engineering facilities and what are presumed to be implied
acceptable risks. Again, annual probabilities of failure versus the x-axis, lives
lost, or dollars, equating 1 million dollars to a life. Now that shows a range
of experience with different types of engineering facilities and from that one
can derive, or determine, or inpute what have been acceptable levels of risks
from engineering facilities. I won't go into those levels of risk any further,
but will stick to the estimates of core damage for the remainder of the talk.
One of the things that we felt, helped develop with EPRI sponsorship are
estimates of core damage for nuclear power plants in the U.S. and this is one
of the basic tools we use is the core damage fragility curve for the plant.
Please ignore these two curves here, what I want to illustrate is the core
damage fragility curve, the median curve is shown here which gives a fiftieth
or median estimate on the epistemic uncertainty of conditional failure
fractions. That is given, for example, ground motion of, in this case, about
.5g, we would estimate from this curve that there's a 50% probability of core
damage. We also have the analogy with a seismic hazard representation of
uncertainties. We have a similar uncertainties for the fragilities and that is
that this curve, this core damage fragility curve, itself, has some uncertainty
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this way. And again, that illustrates or quantifies our epistemic uncertainties
on how the plant behaves. These kinds of fragility curves are built up by
estimating, from engineering studies, the fragility curves for specific
components or buildings, putting those together in boolean logic to estimate
the response of the plant to ground motion and getting, deriving from that,
the plant level fragility curve. A couple of critical things that are on this slide
that'll come up later, are so called fiR which represents the slope of the
median curve, that's a representation of the aleatory uncertainty. Ru is
representation of the epistemic uncertainty and those are both cast in terms
of log normal distributions, a standard deviation of the log normal
distribution. This point here is called the median-median acceleration, so it's
the median point on the median curve and then this so called point down
here is called the HCLPF, the value with a high confidence of a low
probability of failure. Specifically the point on the 95 fractile epistemic
curve where you have a 5% conditional failure fraction. So we'll see those
points in some of the later slides.
Robin McGuire:
We can quantify the uncertainties, the epistemic uncertainties, in both
the hazard and fragility curves, by using multiple hazard and fragility curves,
that is not assuming a distribution, but just using multiple discreet curves,
and if we do so, we can calculate the seismic core damage frequency, SCDF,
with this equation here. I won't go through it in detail but just to show that
the A, is the seismic hazard and F is the fragility function. And so it's a very
simple calculation, we do summations over a range of intervals, NINT is
over the number of ground motion intervals, to get that seismic core damage
frequency for a specific set of one hazard curve and one fragility curve. With
the weights on those, then we can calculate a mean seismic core damage
frequency or SCDF bar just by summing those SCDFs sub ijs times their
weights. So we integrate overall the uncertainties, the epistemic uncertainties
in the hazard curves and the fragility curves to get a mean estimate of a
seismic core damage frequency.
Robin McGuire:
Now, we don't use only that simple mean, but if we have combined all
the possible combinations of the seismic hazard, and the fragility, we get a
distribution of seismic core damage frequency. That's shown here, the mean
itself is one point on that distribution. In this case, the combinations of that
estimate of plant damage frequency, range from about 10" to, what is this?,
10 . So these points up here would correspond to combinations where we
have a high seismic curve and a low fragility. These would correspond to
cases where we have a low seismic hazard curve and a high fragility, and a
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case in between would be mixtures. Typically, it's the case that the median
is down here, somewhat below the mean, because we have a skewed
distribution. This is a logarithmic scale here. So that's a typical result that
comes out of one of these risk analysis using a seismic hazard representation
and a fragility representation.
We can get, we don't have to do exactly all of that, integration and
calculation and summation. We can do it with what we call the risk equation
to get an estimate of SCDF bar, that is the mean seismic core damage
frequency. And this is important because it shows which of the critical pieces
in the problem. We can estimate the seismic core damage frequency with a
hazard just at the median-median acceleration and times an exponent, with
a factor here, which is the slope of the hazard curve, KH times the factors
related to the fragility group Ru and BR. SO just with those three things, those
four things, we can estimate the mean core damage frequency. We can also
get an estimate of the variance of it, as well. And that leads me to my second
statement which is we don't need uncertainties in seismic hazard to get mean
core damage frequencies. All we need is the mean seismic hazard curve at
the median-median acceleration.
I'd like to point out that the pieces of the problem related to the fragility are
relatively well defined. That is the % and BR. Those are all illustrated in the
next slide. This is a summary of values for that median-median acceleration,
flu, flR and fly for a nuclear reactor that we studied under a program for the
Electric Power Research Institute. And those are the values obtained from
very large plants-probabilistic risk assessments, each one of which probably
cost a couple of million dollars, so it's really a shame to summarize them all
in one table like this. But the mean values and the coefficients of variation
are relatively low for those flRs and fijjS. So we can use those in a generic
way that I'll illustrate in a little bit later.
I should point out, finally, that we can also estimate this mean seismic core
damage frequency from the HCLPF, that's that lower end, that 95th
probability of only 5% chance of failure using similar equations to the one
that I illustrated earlier, I won't go through that in detail but I'll be referring
to this equation a little bit later when I come to some conclusions.
Robin McGuire:

OK, would somebody

? That's OK, we'll just leave it like that.

I'm going to have a couple of transparencies here. Let me come to a couple
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of results obtained by a full consideration of all the hazard and fragility
curves.—Thanks—In this case we used a number of seismic hazard curves,
I think that it was 11, we wanted an odd number so we could represent the
median, to represent the uncertainties, the epistemic uncertainties, in the
seismic hazard curves. That's the same slide that I had earlier, and similarly
the same slide on the fragility function, in this case, we used 9 curves to
represent the epistemic uncertainty in the fragility function, again an odd
number so we could also represent the median. We chose the numbers 9 and
I1 just so that the product would be about 100 combinations. And that'll be
important in a couple of slides but the first one is to show the contribution
to core melt, or core damage, by acceleration, by integration of those curves
over the entire acceleration range, but showing the contribution to the total
mean frequency of core damage by acceleration, and this illustrates the point
that the accelerations, for the example between .3 and .6g, are the critical
ones. That comes from both cases if you just delete the epistemic
uncertainties and just use the median curves, you get, of course you miss a
lot of the total core melt, core damage frequency, but you also get somewhat
higher contributions in terms of acceleration. So what you really want to do
is include those uncertainties when you're estimating the core damage
frequencies and reflecting on the seismic hazard, make sure that we can
estimate ground motions in this range, because those are the ones that are the
most critical for estimating core damage.
This breaks down, compares that, results from all the curves with the result
from the highest 10% of the curves. And that's illustrating, as I'll show in
a minute, with the next slide, that it's really the highest curves, those ones
at the top end of my distribution, that really contributed to the core damage
frequency, it's not the low ones. The contribution, I think this shows it best,
this breaks down, by order, the percent contribution to the total risk of core
damage, and you can see that with the top 10% combinations of, say, the
highest seismic hazard curve and the lowest fragility curve, you get almost
40% of the total frequency of core damage. With another 10 curves, you get
another 20%, up to 60% and with 30 curves, you get 75%. So most of the
contribution to core damage comes from the high end, and that shouldn't be
surprising. It comes from the bad things that might happen. You might have
a high seismic hazard and a low fragility and that really contributes to your
frequency of core melt. So you've gotta be able to make sure that you define
those well and quantify them well.
Robin McGuire:

Yeah
223

Klaus Jacob:

(indecipherable) high seismicity (indecipherable).

Robin McGuire:
No, low fragility being weak, high probability of failure, high fraction
of failure. If there's any confusion about that, thank you.
And that leads me to my third statement which is, it's critical to quantify
uncertainty in seismic hazard. Now if you've followed those three statements,
I hope you understand where all three came from and I think we can say that
all we need is the mean seismic hazard curve to calculate the mean core
damage frequency and to make contribution, decisions about the core damage
frequency. The point is that it's very difficult to estimate a mean seismic
hazard unless you get all the uncertainties right. It's a little bit like, the
analogy might be saying 'well, my goal is to retire with a million dollars'.
Well you don't have to do that, you can do that without inheriting a lot of
money from your family, without inheriting big business, without inheriting
a lot of land or without getting a good education. You can do that by getting
a 10 grade education and be penniless when you are 21 years old, and
people have done it. But it's pretty hard, and it's a lot easier if you get one
of the other things, if you inherit something or you start out with a good
education, it's a lot easier to achieve that goal. Similarly, if the goal is to get
the right mean seismic hazard, it's a lot easier to do that if you quantify the
uncertainties correctly. And I think that's, that's the perspective we should
take.
Robin McGuire:
In addition to breaking down the seismic hazard by contributions to
acceleration, we can also break them down by contributions in terms of
magnitude and distance. In other parameters, I take this one, this slide from
a recent publication by Marty Chapman that shows, for a site that's located
inside an areal source with a fault near by, the contribution by magnitude 'n
distance, two different frequencies. The point, here, that I'd like to make is
that this is the fault contribution, contributes a lot at the lower frequencies.
The point here is that the maximum magnitude on that fault is about 7.7,
that's not the critical contribution. Most of the contribution comes from
around, in this case magnitude 7.3,7.4. So one of the things we can do from
the seismic hazard, is tell what the parameters of the hazard analysis are that
are most important to the seismic hazard and we can also take that through
to risk, as well.
Robin McGuire:

One of the things, the way I like to plot these is to show, not only the
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contribution by hazard, to hazard by magnitude and distance, but also by the
parameter of the ground motion distribution, which is labelled epsilon here,
that is it's a statement of whether your contribution comes from a higherthan-average ground motion or lower-than-average ground motion and, if so,
how high or how low.
This is a case that I studied in Colorado, this is a 10, 10 hertz linear
response, this is 1 hertz linear response. In this case, most of the contribution
came from a nearby fault, at very close distances and there were average sort
of ground motions, with epsilons from 0 to 1 sigma or 1 sigma to 2 sigma.
At the long periods, the one second, we had more contributions coming from
a more distant source, we also had mostly higher than average ground
motion. So we can tell what part of that ground motion distribution is
important as well and gives us an idea of if there are unlikely scenarios of
ground motion that might cause most of the contribution to hazard.
OK, it's, uh, to nuclear power plants with a few slides indicating the options
that I see. Option 1 might be, in terms of estimating core damage frequency
and making decisions about plants, is to conduct a site-specific probabilistic
seismic hazard analysis, PSHA, and that's a common theme that you'll see
in all of these. Second, develop a plant-specific fragility curve, calculate core
damage frequency distribution and compare a criterion. We've heard the
criterion of 10*
, —Tape Damaged, 9 Seconds of Information Lost!—,
I've illustrated here, today, —Remainder of Tape Damaged, At Least 10
Seconds of Information Lost!—
Tape 9 - Side 2;
Robin McGuire:
—Tape Damaged, 12 Seconds of Information Lost!—I think I
indicated a set of equations that could do that and to compare that to a
criterion. A way to do this backwards, in a sense, would be to conduct the
site specific hazard analysis and determine, for a given criterion, what
required plant-level HCLPF is needed to meet that criterion. Actually we did
that on some of our work for EPRI and it shows the result of that. The plants
are numbered here, they're are not named, just to protect the innocent of
course. The required criterion for a liable HCLPF, in this case, was .2 times
10 for the seismic contribution to core damage and this indicates, for those
plants, the required HCLPF value to meet that criteria. So what was used
here for each plant was a site specific seismic hazard analysis and a generic
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analysis of a required HCLPF using experience with those J3Rs and Rvs from
all of the APRAs that we studied.
Harold Asmis: What's a bad plant and what's a good plant on this?
Robin McGuire:
A bad plant is a plant with a high seismic hazard so it needs a high
plant-level HCLPF. This would be a plant out in the mid-west with almost
no seismic hazard so it doesn't need, a plant, much of a seismic design and
that's the only difference between those. The third option, which is generic,
is to conduct a site-specific hazard analysis and then adopt a distribution for
plant-level core damage from other plants. In other words, don't study the
plant at all, adopt a generic BR, 8u, use a median-median acceleration, which
is perhaps one sigma below the average of those studied. Put in another, an
additional Rv to represent uncertainty in that median-median acceleration, and
then estimate the mean seismic core damage frequency and compare it to a
core damage frequency criterion. So finally, to wrap things up, a costeffective sequence for using seismic hazard to investigate core damage
frequencies would be, in all cases, to conduct a site-specific hazard analysis,
but first, to do a generic study with a conservative estimates of the
parameters. If that's acceptable, stop! If it's unresolved, do a more detailed
study, in other words that option 2 study, using core damage HCLPFs based
on the plant itself, it that's acceptable, stop! If it's still unresolved, then do
a site-specific study which would involve a probabilistic risk assessment for
the plant and make a final decision on plant acceptability. And that's how I
see this experience with plant fragilities can be combined with a good
seismic hazard representation for a plant to make a decision on either retrofits
or core acceptability. And I'll stop there and thank you for your attention.
Robin McGuire:

Let's see. Next on the agenda is John Adams with a presentation on
"Sources of uncertainty and its treatment in seismic hazard analysis in eastern
Canada".

Sources of uncertainty and its treatment in seismic hazard analysis in
eastern Canada
John Adams
John Adams:

We're introducing the words epistemic and aleatory, so I expect you all know
those, understand them.
I'm gonna need that.
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John Adams:

(to Gail Atkinson). Well, I thought you might have done it Gail, because
you're after me.
So what this comes down to is how do we summarize what we know, or
what we think we know, for a seismic hazard map and as has been said, we
can always produce the seismic hazard map, it might not be the one that we
would like to produce in maybe 10 years time with 10 years more data, but
the fact of the matter is we need to produce something here and now. That
requires some compromises but, in particular, what we've done
for this particular map is actually try and tie down the,
roughly the range of uncertainty. So we're hoping that we're
smart enough that we're not going to be badly wrong. Our middle
estimates might be wrong but we think that the final estimate
that might be decided, well after I'm dead and gone, we would've
roughly captured it. If you contrast that with what went on in
the past, there've been three previous generations of seismic
hazard maps. The 1953 one was a judgmental one. Boxes were drawn
saying high hazard, low hazard. The 1970 and 85 ones were
probabilistic ones, but they were all best estimates. They did
not involve any idea of the uncertainty involved. So, for the
fourth
generation maps, it becomes practical to put the
uncertainty in place because of the developments in seismic
hazard codes and we're using the proprietary code FRISK88 which
gives us a fairly easy computational code. We can feed
parameters in, together with their uncertainty, and out come
the results.
Well what do we need? We need a number of inputs, we need to
establish best estimates for the parameters and, together, with
their uncertainty. Now given that we're doing something for a
national building code, and not a nuclear reactor, we've
decided that the uncertainty, we can capture it sufficiently by
a very simple discreet three-branch approximation for each
parameter. Now, that does lead us to some display problems later
on, but for the moment, I think that's probably sufficient. So
what we do is we estimate the best value and then we pick an
upper and a lower bound to that value for each of the parameters
that are critical. So which parameters are we going to talk
about? I'll show them to you and then we're going to talk about
some examples of each. There's the seismicity parameters, the a and p that
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describe the magnitude recurrence, the upper-bound magnitude we've talked
about a lot, the depths of the earthquakes. There are strong ground motion
parameters, I am not going to say a lot about those 'cause Gail will talk
about them first thing in the morning. And then there's the seismic source
zones which, as you'll see, we're going to handle slightly differently.
John Adams:

Just to go back to Peter's introduction slide of what this means, this is where
the uncertainties come into the analysis. We can change the shapes of the
boxes, we can change the rates, this is the alpha of earthquakes, we can
change the slope of the magnitude recurrence, the magnitude, the upperbound magnitudes, the ground motions we can put in epistemic uncertainty,
and that hopefully leads us to a best estimate curve, together with some idea
of dispersion on it.
Now I've talked about a number of parameters and I think it's convenient to
think, to have in your mind, some idea of how important they are, because
they're not all equally important. This is a summary diagram which seems
to, at least no one's badly complained about it, it suggests how those, the
uncertainty in those parameters are critical to the, to a particular site. So, for
example, it turns out that the strong ground motion relations, the uncertainty
in those, is critical to just about every site, whereas earthquake depth is
usually not a very important parameter. Now the other ones lie in-between.
For example, the seismotectonic model, in our current models, Montreal, it
doesn't really matter which of the two models you use. So for Montreal, it
would be a site like this. Trois-Rivieres where we contrast historical with the
geological, and I'll show that, would sit at this end.

John Adams:

The slope for the magnitude-recurrence relationship in general is more
important than the actual rate of activity. The upper-bound magnitude, for
national building code purposes, is not too critical because usually it's
happening at a quite a low probability. And the earthquake depth for the
National Building Code probabilities is generally pretty unimportant. Now all
of these things can change. If you're doing a nuclear reactor and you're
trying to get 10 , you get much closer to the upper-bound magnitude, in
terms of probability, so that becomes more important. The earthquakes are
likely to be coming from closer to you, therefore the depth becomes
important. So for those seismicity parameters, I want to show you an
example, basically of what we have done with upper-bound magnitude.
The choices, the lower- and upper-bound magnitudes, which is this top line
here, were basically related to the historical record and that was a feeling
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that, despite the fact that we like the stable craton type approach, the world
wide global analogies, we didn't feel quite happy with saying, with high
certainty, that the upper-bound magnitudes were really as big as some of the
other numbers on there. So, for example, in three zones, and I've chosen Bas
St-Laurent as the area near Sept-Iles, Charlevoix as the high seismicity region
along the Iapetan rifted margin and Niagara-Attica. Charlevoix has had quite
large earthquakes. In terms of m bLg magnitudes, 6.7, half a magnitude larger
would be appropriate. Niagara-Attica, if we throw in the 1929 Attica
earthquake, then you can't go much lower than 6. The lower St. Lawrence
is an interesting zone because the biggest earthquake we've had is, is 4.8, in
historical times, and, again, maybe you could go as low as 5 and a half, but
it's seems awfully low. You'll see that we give a weight to this lower value
of about .3, 30% chance that that's a correct value.
The best estimates are much more heavily weighted, and they're much
higher. They're basically drawn by considering the largest event on similar
structures without, perhaps, going globally, but looking at, say, North
America or Iapetan rifted margin. The final number is an upper-bound, and
you'll realize there's a bit of a contradiction here; if we've made the best
estimate of the upper-bound magnitude, why are we going higher? Well we
think there's a small chance that it could be even higher still, but we gave
it a quite low weight. And these numbers are really quite large indeed. For
eastern Canada, we're using m bLg magnitudes. m bLg magnitudes are about the
same as moment magnitudes for magnitude 7. An m bLg magnitude of 7.5,
according to Gail Atkinson's calibration, would be a moment magnitude 7.7
or, well, 7 and three quarter earthquake. So those, the upper-bound
magnitudes are quite large.

John Adams:

This shows some idea of how we use the alpha and the beta. Peter showed
these, these two curves separately. You can see that for a well determined
zone with lots of seismicity, the uncertainty in alpha here is quite small and
the difference in slopes is also, likewise, quite small. And as Peter pointed
out when you get down to small zones, like Niagara-Attica, in order to
satisfy your completeness criteria, you end up throwing half, or more, of the
earthquakes away. You end up with 11 earthquakes which barely defines a
reasonable curve. The slopes happen to be about the same, but I'll point out
to you, with the uncertainties, the upper-bound for Niagara-Attica is actually
about the same, reaches the same probability as the best estimate for
Charlevoix. So that's a very large uncertainty.
Now, the seismic hazard model for Canada has, I think, about a hundred and
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fifty seismic source zones in it, and so, at the moment, we have a model
which tabulates all of the numbers. These, basically, the name of the
zone
, here are our alpha-beta pairs, together with the weighting for them.
The upper-bound magnitudes, the depths, and then there're other parameters
which go into the relationship. You'll see, for example, that, in general, the
best estimates, we haven't gone any lower than about 6 and a half, and that's
based on Arch's work on the stable cratons. It does not make sense, if we
believe that you can have a 6 and a half or 6 and three quarters earthquake
in the stable craton, to have a lower magnitude in, for example, the
Appalachians, or the Iapatan rifted margin. So, in general, these upper-bound
magnitudes are quite large. The other, the other place we put in, in depth,
and this is the only place I'll talk about it, a typical depth, we're putting
most of the weight on 10-kilometer-deep earthquakes because that's our
experience, some at 20 kilometers and some at 10. In some zones, for
example, Niagara-Attica would be one example, we actually put most of the
weight in the shallow crust because we don't have evidence of, we don't
have good evidence of deep earthquakes in that region.
The strong ground motion relations, Gail will take about these tomorrow. The
most important thing I can say, and you can think about it overnight, the
aleatory uncertainty in the strong ground motion relations is always included,
and we estimate the epistemic uncertainty. So they go into the, the
calculation, particularly for these hazard, national building code purposes,
we're able to estimate spectral acceleration values, which leads us to uniform
hazard spectra and that, we hope, will be a major step forward for the
building code, in the same way it has been for nuclear plant design.
Now the thorny issue of seismic source zones. We have been trying to come
up with a scheme which will not only protect the buildings, built under the
building code against earthquakes which have happened, but also there's
earthquakes which might happen in the future. And we decided, fairly early
on, that it was not enough just to replicate the historical seismicity. We
would like to try and anticipate where future earthquakes are going to go, are
going to be, and that's what led us to the, the sort of geological zones that
Peter was discussing. There's a philosophical range of zones that you can
use. You can go from a zone which is the size of the whole continent, in
which case you effectively throw geological information away. You could go
from the Rockies right out to the Atlantic and say 'we don't know anything
about the earthquakes in here; let's assume they just happen randomly'. The
other alternative is basically to treat each earthquake as it's own source zone.
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If you've had a magnitude 3 and a half under Buffalo, then you can expect
a 7 and a half, but the probability won't be very low. Now both those
extremes are, in fact, currently being suggested for the U.S.G.S. work at the
moment. We prefer to be somewhat in the mid-range, that's to say we're not
going to try and span the entire range of scale, but we'd like to be a little bit
on either side of the middle. So we have zones which are historically,
historic cluster type zones, and these would be zones which're typically less
than a hundred kilometers across, and geological models which might be
several hundred kilometers. Klaus Jacob gave a seismicity cluster type, sorry,
a seismicity analysis which would sit in, somewhere in this range. I believe
he used about a 50-kilometer range.
John Adams:

Now we've got two ways of actually combining different models. One would
be a probabilistic combination, in which case you take those models and you
weight them 50-50. And the other is a robust combination which is the one
that we're proposing for the next building code. Now just briefly, the robust
one, we compute the hazard for both models on the same grid and we take
the larger of the two values.
Let's see what those zones look like. Peter has shown you this one, so I
won't spend very much time on it. The idea is that we basically take a model
with clusters of seismicity and calculate the hazard, and models where you
basically spread that along what you believe the geological zone to be. Here
are two hazard contour maps, spectral acceleration of. 1 second for those two
models. You can see that the top one, the seismicity clusters, has the high
seismicity around Charlevoix, the Bas St-Laurent and western Quebec. The
zone where these three, the seismicity along the St. Lawrence was spread out,
is basically lower in general but it has this long ridge of seismicity
, OK,
I'll slide that up, and then underneath it I'll just put the robust combination
of those, preserves both the highs. So it has the high for Charlevoix, due to
the historical cluster, and the ridge of seismicity for the St. Lawrence.
Let me talk just a little about the robust approach. What we aim to do with
the robust approach is include all reasonable explanations in the seismicity,
and we're trying to quantify our ignorance. That's why, in some, some
respects, going to a whole continent source zone just says we don't know
anything and we never will. We hope that these robust estimates will be
unlikely to change significantly because of the occurrence of a single
earthquake. We would like to be in a situation where we're not forever
playing catch-up with nature. We would like it to be relatively insensitive to
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future breakthroughs in seismotectonic understanding. We can't anticipate
what's gonna happen, but if we've done a relatively robust approach, we, we
hope we won't be surprised. And in particular, it would be nice if the hazard
estimates were relatively insensitive to public opinion, as it were, within the
scientific community. So for the National Building Code, we think a robust
combination of the two models is enough to capture the range that, that this
geological, that the, of scales at which these things happen.
John Adams:

Briefly the advantages, you preserve the protection in the areas of high
seismicity, and it's something which I don't think anyone is very happy
about, designing for less than what has already happened. You provide
increased protection in the currently aseismic areas that are considered
geologically likely, and the area of the Iapatan rifted margin near TroisRivieres would be the classic case of that. The method is actually
computationally very simple and it's easy to explain what is done. You
basically take two and you take the highest. And it allows a simple
combination in determining a probabilistic hazard estimates, if needed. Now
we plan to do that on the west coast where the Cascadia subduction
earthquake we will probably treat deterministically.
Now there are some real disadvantages to this. Firstly, that robust map I
showed you is not a probabilistic seismic hazard map. So we've gone away
from the pure probabilistic estimates. And that's because, effectively, each
earthquake can get counted twice. Because each earthquake is counted twice,
you exceed the seismicity budget based on historical rates of earthquakes. So,
if you like, the earthquake history that went into that, the robust method,
we've actually invented some earthquakes in order to produce it. It turns out
that it's not a very large estimate, something like a magnitude 6 happening
next year, for example, might balance the budget or if there'd been a
magnitude 7 immediately prior to, to recorded history in North America,
again, the budget would be balanced. And the final disadvantage is the exact
degree of conservatism is hard to estimate, though we think it's about 15%
for the robust, relative to either h or r.
Well, having done these calculations, now, the program spews out numbers
which represent the estimates of hazard and the uncertainty. So we feed all
of the estimates into the analysis, but it's important that the median is
domin
, to realize the median estimate is basically our best estimate.
That's probably as close as we come to replicating the method that is
currently in the National Building Code.
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The other thing to realize, particularly for building code aspects, is that, for
a given probability level, the chances of the worst case, like the highest
strong ground motion, the largest upper-bound magnitude, the flattest beta,
the highest rate of activity and the shallowest earthquake depth, is extremely
low. So the cases, the really worst cases, don't come into, into play. Now
what we're looking at for the building code, we're looking at a probability,
the same as the current one, .0021 or 10% in 50 years, and we're looking at
using, perhaps, the 50 percentile, the median, or possibly a percentile higher
than the 50 , where, if we think it will give us some extra conservatism.
John Adams:

Now why do we want that extra conservatism? It's because the uncertainty
in our estimates is not the same everywhere. For example, in a high
seismicity region, like the Queen Charlotte Islands, the uncertainty is not
particularly large because we know how big the earthquake is, we know
more or less where the fault is. In an area like Trois-Rivieres, where we
don't know where the sources are and we don't know the rates of activity,
the uncertainty is quite large. And if we want, roughly, the same amount of
conservatism, the median estimate will not give you that.
The sorts of ways in which we're, we're expressing the uncertainty, we can
tabulate the percentiles, we can look at the ratios of the 84 to the 50 ,
which is just one number, but it's a pretty good estimate. It's also, if you
like, the slope of the uncertainty. Well you can map a higher percentile or
you could display the percentiles of the uniform hazard spectra.
For example, the table that we produced for the 7 Canadian Conference
paper, we've actually tabulated values for the 50 and 84 percentiles, so
that if you wanted to go, be more conservative than the 50 percentile, you
could take, for example, the 84 percentile. Another way of looking at,
here's, here's a comparison of Vancouver and Montreal, Montreal in red,
showing the 50 percentile, this is now the uniform hazard spectrum, the
period across here and the spectral acceleration, 5% damp for the firm soil,
and you can see that, comparing the 50 percentile for Vancouver is
considerably more seismically hazardous, as one might expect, but you can
also see that the 84 percentile for Montreal happens to be around the 50
for Vancouver. The uncertainty in this can be expressed by putting the
percentiles up.
Finally we can choose a number of probabilities, these are probabilities per
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annum and a ground motion parameter, this happens to be Montreal for hard
rock, and show the percentiles of the distribution. Now if you remember, I
said that we started off thinking we were happy enough having three
branches, an upper, a best and a lower. Well, the jaggedness of these curves
is due to that crude assumption. Just to make a point here, if you go to the
50 percentile then, as you go to lower probabilities, your ground measure
comes up, but if you were to take the .01 per annum ground motion and go
to the 84th percentile, or let's go to the .021 at the 84th percentile, it's
considerably higher than the median ground motion for a much much lower
probability. So this is where we're at. We have a seismic source zone model
for the building code purposes, which we think it's going to do an adequate
job. We will be spinning off all sorts of numbers regarding the uncertainty
of our estimates and I think that this is the direction that the whole of seismic
hazard analysis is going to.
John Adams:

Thank you.

General discussion
Robin McGuire:
Thank you. That concludes the formal presentations for this afternoon.
I will entertain any burning questions or statements before we break for the
day, if anybody has any.
Robin McGuire:

Yeah, please.

J. Waddington: John Waddington. Don't, don't sit down yet, John! (laughter) Because I, and
you've got your slides with you too, that's even better. I'm not sure whether
I'm going to be able to formulate this question because it's a rather complex
one, so bear with me and, perhaps, if I get it wrong, you can reformulate it
precisely.
The, first of all, if I go back to the basic model that you've got which is
based on the work that we were discussing in the previous session, assuming
that we've essentially got a stable continental mass based on the pictures that
we put before, where the major earthquakes, the big ones, are associated with
rifts which are evidence of old movements and so on. And then within that
continental model, there may be, let's call them 'hot spots' which might be
associated with other levels of seismicity which is a little different from the
continent at large, right?
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Now, as I understand it, first of all the, the basic model of the major rift that
you've got there is the slide that you had on just now, which is the model
that yourself and, and Peter Basham have put before, which shows the St.
Lawrence Valley as the major source of the rift, and you've illustrated how
you deal with that on uncertainty basis. The first part of the question then,
is, the assumption there is, presumably, that the rift essentially heals or
doesn't go any further than Cornwall and certainly doesn't come into Lake
Ontario. It either goes up to Ottawa, where we're here now, or it drops off
down south some place to the Clarendon-Linden fault or somewhere like that
and I am not sure where. So the first part of the question is, if you were
wrong there, if in fact that rift did carry on up the, into Lake Ontario, first
of all, how would that affect your uncertainty assessment for the area near
Pickering and Darlington, and if you don't consider that in the uncertainty
estimates, presumably you would then have some geological discussion that
says 'no, there's a good reason for cuttin' if off there.' So that's the first
question.
J. Waddington: And the second one is, how would you, in fact, deal with, with potential hot
spots that you haven't, that we haven't identified yet. There was a lot of
discussion yesterday and this morning about whether, for example, the area
in Niagara-Pickering is, in fact, a fault, or isn't it. Probably is a fault. Is it
active or isn't it and all those questions that we've been under discussion. At
the moment, in your hazard map, that's assumed to be a low seismic area
based on historical data, primarily I guess, sorry Niagara to Pickering, all
right the southern end of Lake Ontario, let's leave it at that. Again if that, if
subsequent evidence suggests that is a hot spot, again how would that change
your uncertainty estimate and again you might want to comment on how you
decide to deal with that from a geological point of view.
Gail Atkinson: (not at microphone; to John Adams): John, would you let me answer that
first? (indecipherable)
J. Waddington: A multiple question, I must apologize for the length of the question.
Gail Atkinson: Sorry to butt in. (approaching the microphone) Yeah, I think the reason I
wanted to answer it, what John has done, has been in the context of the
National Building Code for the, for the whole country and he's necessarily
had a very limited scope in looking at southern Ontario in particular. About
5 or 6 years ago, I did a seismic hazard study, the same methodology that
John just described, in fact using the same computer program, Robin's
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FRISK88, focused on the nuclear power plants at Pickering and Darlington,
and one of the things we did in that study, was look at what difference it
made, these range of seismotectonic models, we had about 5 for that area
including various interpretations of the significance of the magnetic
lineaments and gravity lineaments and also specifically asking the question
what happens if you take that postulated rift extension, which Adams and
Basham had in 89 and then later dropped, if you allow it to go through, what
does that do?
Gail Atkinson: On that question, that you specifically asked, if you allow the rift extension
to come through, it increases the seismic ground motion level for a low
probability, say around 10 , by about 15 to 20%. Similarly, y' know, not a
big factor in the general scheme of things, similarly, the other range of
tectonic models in the grand scheme of things, when you look at, for
Darlington and Pickering, what is it that's contributing the most to the
uncertainty in the hazard analysis. It's really not the seismotectonic model,
it's the fact that the rate of activity in the whole area is not well known
because it's so low. So we determined, from that study, that the things that
we really need to know, first of all, are: 1) get a better handle on the
recurrence-rate of earthquakes in the area, which was the motivation for the
southern Ontario network, and 2) also get a better handle on the strong
ground motion relationships because they were very important to the seismic
hazard.
John Adams:

Thanks, Gail

Gail Atkinson: (indecipherable)
John Adams:

No, that was very useful, Gail.

John Adams:

If I come back to this figure here and show where we cut corners. What
Peter gave (laughter), actually I have cut corners.

J. Waddington: (indecipherable)
John Adams:

No, no I've cut corners. Peter had an Iapetan rifted margin zone, I don't
think I need to put it up, but basically, it extended along here and then came
down here and bent down. Now we've cut the ends off that. The other place
where we've trimmed it, is this question of whether the Ottawa graben
extends north, past Lake Timiskaming and off to North Bay. And there is
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some geological evidence that North Bay, and there's certainly faults up in
here, but no one knows if they're active. We did try a model which,
basically, extended this zone in these directions and the problem is that you
end up, you end up including a lot of rifted, you end up including a lot of
rifted margin with very few earthquakes. We basically took a model which
came right, way out here—
J. Waddington: Raise it.
Peter Basham: Raise it up a little.
John Adams:

Oh, sorry! It looks fine. , and then we added on the Saguenay graben and
the Ottawa River and the North Bay arm, but the problem was that you
basically, you ended up including a lot of extra area and very few
earthquakes because of the low seismicity there, and what that did, is depress
the seismic hazard levels between Sept Isles and Montreal and we felt that
we weren't protecting the population in that area sufficiently.

Klaus Jacob:

But John, that problem goes away as long as you take your robust approach.

John Adams:

No, not entirely.

Klaus Jacob:

(indecipherable, not at microphone) calculate the both models, you're raising
up in the low seismicity area and you preserve it in the higher seismicity
area.

Peter Basham: (not at microphone) No. He's over diluting the geological model, if you
make it very long, that's all. So its contribution to the robust method is still
a low number.
Klaus Jacob:

(not at microphone) Oh, I see! So you wouldn't allow it as a second model
to be run separately (indecipherable)

John Adams:

You could, but I don't think it would add very muchj and there would be an
additional level of complexity. The problem (indecipherable) dilution is the
region between Trois Rivieres, around Trois Rivieres, because the tightest
model says that we should be concerned with those earthquakes in there
distributed over the very smallest region. That's, that, we don't exactly
understand why those seismicity clusters are there, but if they're there for
some geological reason, we would say that the possibility is that it happened
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here and here. Now the reason that this is aseismic may be different from the
reason that this is aseismic, or it could be just a temporal thing. But you have
to be careful you don't over dilute it because then you'll think that you don't
give any protection; the building code is intended to give protection.
Klaus Jacob:

Klaus Jacob. Now I'm really confused, John, because I thought you make
those two separate calculations, the two different seismic source zone models.
Each one with its own result, in terms of seismic hazards assessment, and
then pick the, the worst of each, the highest, so if that's the case, I don't
understand why that dilution problem comes up because—

Harold Asmis: (not at microphone, indecipherable) two. You're talking about three if you're
(indecipherable)
John Adams:

That's right. I mean we could throw in a third, and a fourth and a fifth and
I guess the issue for the building code was, we felt that two was sufficient.

Klaus Jacob:

I see. OK.

John Adams:

Now it may be that in terms of that range of sizes, it could be we could step
along and pick up a fourth (indecipherable) a third and a fourth model, but
at the moment we don't see any compelling reason to.

J. Waddington: Could you just
Robin McGuire:

Quickly!

J. Waddington: I was just wondering if you could also just discuss (indecipherable) in the
southern end of Lake Ontario, if that, and I'm just looking at your little
rectangle in there, if you do assume that there are hot spots in there that are,
as yet unidentified, and I think you
desire to make this model deal with
such information that becomes available, if that proved to be a hot spot, for
some reason or another, there's faults in there that might have a potential for
(indecipherable) how would that change the uncertainty of that particular
area?
John Adams:

The probabilistic hazard method, using uniform source zones, can't cope with
new hot spots because what you're saying then is that the new hot spot
comes along and we think it's important enough, then we would cut it out
and do another calculation. I mean the alternative approach is that your initial
238

estimate, without that knowledge, was correct, in fact it is useful and you just
happen to be seeing a temporal probability fluctuation. But you always have
the chance to go back and, y'know, say, OK, well, yeah, I think we should
cut this out.
Robin McGuire:
Ok. I'm going to ask, let John Wallach ask a quick question and then
we'll wrap
Joe Wallach:

It's "Joe", Robin.

Robin McGuire:
Joe Wallach:

things up.

Thanks. I think part of the question that John Waddington was trying to ask
John, was
,

J. Waddington: Thanks, Joe (laughter)
Joe Wallach:

_John Waddington, was that in 1989 to 1991, you had indicated that the
St. Lawrence fault zone goes through Lake Ontario and Lake Erie. Now
you've cut if off and (to Waddington) I think part of what you were trying
to ask, John, correct me if I'm wrong, is what is the geol, logical evidence
that you have which says that the St. Lawrence fault zone, indeed, stops at
Cornwall? And if you don't have any, based upon what I've showed
yesterday then, using your robust approach, would you not be obliged to fit
earthquakes, that haven't happened yet, on the continuation of that fault zone
and run it through Lakes Ontario and Erie, or at least past Darlington and
Pickering? So I got 2 questions there.

John Adams:

OK, well

(exasperation in voice)

Peter Basham: (to John Adams; not at microphone) Take out the geological source zone
map, John.
Joe Wallach:

(not at microphone) I'm looking for the geological evidence that you either
have or don't have.

Peter Basham: (not at microphone) The, the purple zone there, is currently the best estimate
we have of the edge of the Iapetus margin, and (with impatience in his voice)
that's where it goes, the purple one, that is where it goes, not through Lake
Ontario and (again with impatience in his voice) that is the geological
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evidence that we're using.
Joe Wallach:

Wrong.

Peter Basham: It's as simple as that!
Joe Wallach:

No it isn't Peter because, again, I showed yesterday,_

Peter Basham: (not at microphone; indecipherable)

Wheeler's paper.

Joe Wallach:

listen, that you've taken, yes it is, this is taken from Wheeler's paper. Now
what I, Wheeler has some criteria, three that I recall anyway, for identifying
these Iapatan faults. One of them is, that it's a normal fault, two, that it cuts
through Proterozoic rock, in other words, Late Precambrian we'll say, or
early Paleozoic rock, and three that these north, the northeast-trending normal
faults, which do all those other things, are located to the west of the
Appalachian thrust sheets. Now we have evidence of that, both along the
CMBBZ and along the Niagara-Pickering, I'm sorry, and along the St.
Lawrence extension that you and John had originally come up with, but now
you're falling back on moving the Iapatan margin back to the east and that
seems to be inconsistent with, with the information that has been presented,
and Peter, you did make a point of saying that you are integrating all
information; I've given you some which is not being integrated into your
models.

John Adams:

(not at microphone) I just wanted to start off by saying, (now at microphone)
you know, Rus, Rus Wheeler is working on this, this stuff and we have to
say that we think, in some cases, we're just a little bit ahead of him. And
we're, at the moment, we're in the position of trying to persuade him that
it's more important that you have a one-sided rift, which was actually a
passive margin, than that you had minor rifting associated with an
extensional phase. Now, it could be you disagree with that.

Joe Wallach:

(not at microphone) I don't understand what you just said.

John Adams:

OK, I'll repeat it!

Joe Wallach:

(not at microphone) No, don't repeat it, John! Say it in a different way.

John Adams:

Well, OK. What, what we believe, at the moment, is that it's more important
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to consider a passive, like there's a distinct difference between a passive
continental margin, modern or ancient, than a region of limited extension.
Admittedly it was normal faulting, but not very much extension behind it and
that's why, for example, here is the modern passive margin. This is the area
when relatively limited extension, it did not result in a, a full rifting of the
continent, and so we think that this is a step further from what Rus Wheeler
is doing.
Joe Wallach:

(not at microphone) You're just not

(now at microphone), you're not

Harold Asmis: (not at microphone, beginning indecipherable, but to Adams)
equivalent of the MRB?
John Adams:

NAZ is the

No, NAZ is sitting on top of whatever is underneath. That's the Appalachian
zone. MRB is the area where there was

Harold Asmis (not at microphone) Not by Lake Ontario! What's that, what's that zone by
Lake
?
John Adams:

Which one? This one?

Harold Asmis: (not at microphone) Yes.
John Adams:

OK, this is an analogous region, the relation of this stippled purplish area to
the dark purple, is the same relationship, we believe, of the Mesozoic rifted
basins to the passive margin.

Joe Wallach:

John, I, (exasperation in his voice) you're just not answering my question
and I really would like you to answer it. Rus Wheeler, who is a geologist,
has indicated that the western limit, or northwestern limit, of Iapatus or the
I, the Iapetan passive margin runs along the Clarendon-Linden, and that
seems to be reasonable. I read his paper in Geology and I think it's a good
paper. I have suggested, based upon information that we have, which takes
into account all three of the criteria that he has identified for indicating
where the Iapetan margin is, I then, that says that you just take the
information that he has, his border, and move it further to the northwest to
not only incorporate the, at least the CMBBZ but you're also going to be
picking up parts of that St. Lawrence which do extend into Lake Ontario.
Now maybe there's another reason for dropping the St. Lawrence fault zone,
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but my, my main question was, what is the evidence that you have,
unequivocal geological evidence, for having removed the extension of that
St. Lawrence fault zone, stopping it at Cornwall, given the information that
I have presented, and I have presented it, I think, very clearly, that is
northeast-oriented normal faults along both the CMBBZ and the St. Lawrence
fault zone. They cut the Proterozoic, they cut the lower Paleozoic and they
are to the northwest of the thrust sheets tied to the Appalachians, 'n other
words, they satisfy Rus Wheeler's three criteria, to the tee, in terms of
identifying the Iapetan margin.
John Adams:

OK! Joe, I find it hard to respond to something which is about three
questions strung together. I'll try, I'll try and address the issues that you
have, but firstly, I would say that we see a distinct difference between ARM
and MRB, which I don't think Wheeler recognizes, and a corresponding
difference between IRM and the unnamed purple zone there. Now when, just
take the North American situation, when North America started coming away
from Africa and Europe during the last phase, probably all of this went into
very slight tension. It could be there were tiny normal faults back in here that
were formed, but that sure as hell where, was not where the continent was
rifted. And so I would say that the major scale difference is here, we actually
had a continental separation, back in here there was extremely limited rifting,
and I, I believe that that controls the rate, and maybe the size, of the
earthquakes that we expect today simply because there are more and larger
and through-going crustal faults.

Joe Wallach

(Clearly impatient) How do you know you don't have the large, throughgoing crustal faults in the area that I've just identified?

John Adams:

Well we h a _ _ , we, we really do know where the passive margin is.

Joe Wallach:

(not at microphone) No, no! How do you know that you don't have those
through-going normal faults, John. That's the question that I keep asking, and
I am not hearing an answer to that question.

John Adams:

(Exasperation in his voice, End of Tape 9).

Tape 10 - Side 1:
John Adams:

(in response to the continued questioning from Wallach about geological
evidence for terminating the St. Lawrence fault zone at Cornwall.): I
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don't

, that's not the, quite the question that I feel that I want to answer

because,
Joe Wallach:

Well I know it isn't, John

John Adams:
Joe Wallach:

, (laughter)

the truth, the truth of the matter is
that goes without saying, you don't want to answer my question!

John Adams:

No, the truth of the matter is, you're asking the question from the wrong end.

Joe Wallach:

No, I 'm not. I'm asking the question from the geological end, John.

Robin McGuire:

Excuse me, let him answer the question, please.

Joe Wallach:

OK, thanks Robin.

John Adams:

I believe it's critical that you look at where the ancient passive margin was,
because that's where all of the action was during the last, that rifting episode.
That's where you can expect the most and the largest faults. I'm not saying
that there aren't smaller faults (Remaining dialogue not recorded. Wallach
repeated the question about why Adams and Basham argue that the St.
Lawrence fault stops at Cornwall, rather than continuing upstream along the
St. Lawrence valley, into the Lower Great Lakes, as they had postulated in
a series of papers published in 1989-1991. Adams declared that he did not
want to answer the question. Robin McGuire, the session chairman, then
terminated the discussion, and the Tuesday session ended.)

Summary and recommendations for research
Robin McGuire
Much of the morning session, on the third day, was lost because some equipment was
missing. Nonetheless, until full service was restored, bits and pieces were recorded, albeit
incoherently.
Robin McGuire:
additional point of discussion or give an alternative interpretation.
All right then, oh please, (volume reduced).
(indecipherable, about 2-3 more minutes lost)
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Peter Basham:

diminished in resources that the GSC has been devoting to the geological
problem areas (noisy) There appears to be one, perhaps two, GSC people
active in Quaternary geology in Ontario. With respect to Paleozoic geology,
my present understanding is that there is zero GSC (lost in the noise)
(indecipherable)

Robin McGuire:
when we come back from the end of the watch and the first mate
would be drunk. He gave him a couple of warnings over a couple of periods
of days and finally, the third day he came on watch, the captain came on
watch, and the first mate was still drunk. He said, "well I'm sorry. I'm going
to write in the ship's log that the first mate was drunk during his watch", and
so he did that. First mate said, "please don't do that, I won't do it again" and
the captain said "I'm sorry, you had your chance". The captain took the
watch, first mate went back to his bunk. At the end of the watch, the first
mate came back on his watch. The first mate opened up the ship's log and
the first thing that he wrote in there was, "The captain was sober during his
watch today."
I'd like to summarize our, what I perceive to be our recommendations from
the ground motion hazard. First one is that we should evaluate ground motion
hazards probabilistically. This is the only way to do several things:

Robin McGuire

One

Account for relative credibilities of hypotheses. That is the
epistemic uncertainties that we've talked about.

Second

The probabilistic method incorporates frequencies of earthquake
occurrence, which the deterministic method does not.

Third

We can compare results and decisions from probabilistic methods
to quantitative performance goals, such as those expressed in terms
of frequency of core damage.

The second conclusion that I have written down is that we should
consider a range of alternative seismic source hypotheses and the ones,
including as examples, we should consider a range of extending St. Lawrence
seismicity to include Lake Ontario. We should consider, give consideration
to the CMBBZ as a separate source of earthquakes. We should give
consideration to continuation of southern Ontario as a low seismicity area,
244

with adjacent, higher seismicity zones. I think that's important to put down
specifically. It follows the dictum of geologists that the past is the key to the
future, so if we've had low seismicity in the past, probably we may have low
seismicity in the future, although we should consider other alternatives. And
dot, dot, dot. I don't mean that to be an all inclusive list, but I think the
point, from the discussions that I have heard, is that a range of hypotheses
on seismic sources should be considered.
With respect to ground motions, I think I heard that we should consider a
range of attenuation equations, again representing epistemic uncertainties,
consider those developed since recent ground motion data have become
available, because those are the most justifiable, and the ones with the most
credibility for southern Ontario. The point is that those in the literature are
sufficient, and we do not need new ones. There's nothing apparently special
in the regions of southern Ontario that is different from other parts of eastern
Canada that would require developing new attenuation equations. Those are
my conclusions from what we have heard in this session. Any quick
comments or additions to those?
Bruce Broster: Broster, New Brunswick. So you are saying that we should base all credible
assessment of activity on a statistical evaluation probabilistic, and not
consider deterministic evaluation of local faults.
Robin McGuire:
I think, what I am saying is that the judgment on what ground motions
are appropriate should be done in a probabilistic way. I'm not sure what you
mean by deterministic consideration of local faults
Bruce Broster: Well, I see the evaluation, site evaluation, process as having many different
aspects to it. One of the aspects is to come up with some sort of an estimate
of ground motion for site design. In order to do that, there is an historical
evaluation of past fault activity in the area, and in order to assess that, there
is the actual going out, looking at the fault, examining the fault, and looking
for evidence of recurrence and displacement along the fault. So I see that
process together.
Robin McGuire:
I would agree, yes, and that is certainly part of deciding what the
appropriate inputs are to a probabilistic model. Assessing specific faults and
the evidence related to activity of those faults, yes.
Klaus Jacob:

some clarification on that issue. Are you saying? If I understand it right,
Robin addresses the shaking issue. Are you saying that there are other issues
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than shaking, like whether the fault is within the footprint of a power plant?
Robin McGuire:

I don't think that was the issue, was it that you were raising?

Bruce Broster: No!
Robin McGuire:
No, no, it was not the issue. OK, if nothing further, I'm going to turn
the microphone to Carl Stepp and continue with the program.
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SESSION G
Carl Stepp and the Session Chairmen

WORKSHOP SUMMARY AND RECOMMENDATIONS
Carl Stepp:

Could I ask the session chairs to come up to the front table, please?
Well, this has been a very productive audience and we've, I think, gleaned
a lot of information over the past 2XA days. What I'd like to do in this session
is present to you some brief statements of conclusions and recommendations
that we have come to, between myself and the session chairs. These are very
brief, as I will put them up and I only mean these to guide our discussion
and the session chairs will add to these in ways that they feel is appropriate,
as they are put up, because they reflect their views as well as my own.
Following this, I hope that we will be able to then draw some more complete
conclusions, that we will rely on as recommendations and conclusions for this
workshop.

Carl Stepp:

The first of our conclusions is that there is substantial information in the
geophysical data, in particular and it's supported by geological data, of linear
features that are related to what are early Paleozoic, or Proterozoic,
boundaries and these, there are several lines of evidence that have been cited
in this workshop to suggest that these linears are associated with at least one,
or more, episodes of brittle movement, subsequent to their formation. There
is much lacking information about the ages, and so on, of these episodes of
brittle movement and where it is localized, how it relates to these linears. So
there's a great deal of uncertainty at this point in time, we would conclude,
as to whether this information should be taken to indicate that these
geophysical linears should be taken as structures that would localize seismic
activity. I'd like to ask Ray to expand on this discussion, and comment.

Ray Price:

The way I appraise this is that the existence of major, active regional fault
structures, that may be important seismic sources, and that pass close to the
sites of Pickering and Darlington, has been postulated on the basis of a
combination of regional neotectonic hypotheses, interpretations of magnetic
and gravity anomalies and topographic lineaments, integrated with patterns
of earthquake epicenters and with local evidence for small offsets, of either
early Paleozoic strata or of the Pleistocene-Holocene strata. These postulated
seismic source zones are hypotheses and, currently, they involve a high level
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of uncertainty. They can be tested, quickly, to constrain the uncertainty by:
One. Verification of the basic data and logical arguments upon which the hypotheses
are based. This kind of verification normally is provided by the peer review system
when observations and interpretations are submitted for publication in a reputable
journal. They can also be done in other ways, for example, by a team involving all
of the interested stakeholders. Verification of the predictions that are implicit or
explicit in the hypotheses can also be conducted. For example, this kind of verification
can be accomplished by drilling a series of test boreholes across the postulated trace
of a fault to determine whether stratigraphic markers in the lower Paleozoic sequence,
and the contact with the Pleistocene-Holocene sequence, are offset as required by the
hypothesis, or by conducting the appropriate kinds of acoustical imaging surveys
across the postulated traces beneath Lake Ontario to determine whether stratigraphic
markers, in the lower Paleozoic and in the contact with the basement and the
Holocene-Pleistocene, are offset in the prescribed manner. Some vestiges of this
information, some inclinations of this information, were presented, but the database
is inadequate to convince the group, as a whole, of the validity of the interpretations.
Additional information, some of which can be obtained at relatively low cost, offer
the prospect of testing the hypothesis, constraining the uncertainty, and moving the
process forward.
Ray Price:
I also have some comments about the discussion last night concerning Iapetan
faults, and I'd like to make this discussion with reference to one of the slides that was
used by Peter, Peter Basham and John Adams.
-NOISERay Price:

The fundamental concept, here, in distinguishing between this zone, the
continental margin zone, the rifted margin of North America and another
much broader zone that lies inboard from it, is the notion that, during the
rift-drift process, there is initially a wide zone across which the continental
lithosphere is stretched with the development of large numbers of rift basins,
the Triassic basins of the eastern United States and Atlantic Canada being
examples of these. Eventually, one of these rifts ruptures through the crust,
and this leads to the onset of sea-floor spreading. There is a widely held
concept that, at this time, most of the rifting terminates and a stratigraphic
overlap occurs, sediments lap over all of the rift basins. This is the so-called
"rift-drift transition". Subsequent faulting, subsequent stretching, occurs in the
oceanic domain. Implicit in this model, which is based on the Mesozoic
margin of North America, is the idea that once drifting has begun, once sea248

floor spreading has begun, the rift structures are dormant. A lot of the
discussion yesterday, about Iapetan structures, dealt with structures that cut
Ordovician rocks. In the case of the Iapetus ocean, the rift-drift transition is
generally understood to have occurred at the end of the Proterozoic, the
beginning of the Cambrian, about 600 million years ago, 575 million years
ago. Many of the fault structures that cut Ordovician rocks are substantially
younger than this, and so this concept of an Iapetan zone appears to have
been extended beyond the range for which it is really pertinent, that is for
structures that form in late Proterozoic to very earliest Cambrian time.
There have been suggestions that some features, like the Saguenay rift and
the Ottawa Valley rift, are Mesozoic structures. This kind of hypothesis
exists; I haven't heard it mentioned today. If that's the case, perhaps they
represent features which developed entirely independently of the rifting that
created the Iapetus ocean, some 300 million years later. I think it's dangerous
to focus a hypothesis for establishing seismic sources on a shaky basis such
as this.
Carl Stepp:

Thank you Ray. Are there any other comments, from session chairs, on this
section?

Carl Stepp:

Our second conclusion is very similar to the first, but related to the
southwestward extension of the St. Lawrence rift as a seismic zone. There is
clearly a substantial amount of data that indicate the possible tectonic activity
in Lake Ontario that could be related to, or interpreted, to suggest a
southwestward extension of the seismic zone associated with the St.
Lawrence rift. Again, like the other data, it's not well put together in an
integrated fashion so that, at this point, it's not possible for us to draw
significant conclusions about that data in terms of whether or not the seismic
zone should be extended further to the southeast (Editor's Note: Stepp did
say southeast, though he meant southwest). It remains quite uncertain. Ray,
did you have additional comments that you wanted to make relative to
(Editor's Note: Stepp then cut off)

Ray Price:

My comments applied to all three of the zones, the Niagara-Pickering, the St.
Lawrence and the Georgian Bay zone. I think they're generically the same.

Carl Stepp:

And George, did you have some comments on this one as well?

G. Klimkiewicz:

(indecipherable)
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Carl Stepp:

Our third conclusion is that evidence presented, and relative to the Rouge
River feature, and interpreted to mean that this is a fault feature that
represents significant, geologically recent earthquake activity, is also quite
uncertain and that the alternative, the suggestion of the alternative, that this
feature is caused by other sources and maybe that other mechanisms or
preferred interpretations of the feature, really have not been documented, so
we're not able to go further with this. Our view is that this is something that
can be addressed quite straightforwardly and we'll have recommendations
relative to this, as well as with all of our other conclusions.
We observed that our general, general state of knowledge indicates that
greater depths of earthquakes indicate a potentially higher seismic hazard.
That is, they involve, they indicate a deeper involvement of the crust and,
perhaps more fundamental tectonism than do simply shallow events. At the
same time, information is supplied and discussed here in the workshop,
indicates that it is not now possible to reliably determine earthquake source
depths in southern Ontario, and this is due to inadequate station density. We
believe that confident determinations of earthquake focal depths would
significantly enhance the usefulness of this data set.
George, did you want to add to that in any way?

G. Klimkiewicz:
I would only add that, I think, it's a very critically important aspect of
understanding the tectonics in terms of the potential of having large
earthquakes occur in a specific geologic domain, and it is the presence of
deep microseismicity.
Carl Stepp:

This conclusion relates to the opportunities for additional research. I think
what we have heard here is that the geology and tectonic history of Ontario
are complicated. Evidence of earlier phases of tectonism are overprinted by
later phases. It's difficult to separate these out and the data that we have seen
in this workshop do not adequately permit us to distinguish among these
various phases of activities in enough detail that we can confidently rule out
alternative seismic sources, or alternative sources that will localize earthquake
activity. This indicates to us that the additional research in this area, to
determine the seismic, seismogenic, potential of these features, must be very
well focused. We will, I think we heard voiced this morning, and we've
heard voiced at other times during this workshop, that we simply will never
reach the end of this tunnel unless we focus very carefully on the kinds of
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information that are likely to be most diagnostic of future earthquake activity.
So, I think that is a very important conclusion that all of us feel very
strongly about, relative to this workshop. At the same time I think the
evidence, both for eastern North America and world-wide, tells us that these
features that we see, although long in geographic extent and very prominent
in some instances in the geophysical data, as well as the geological data, are
not plate boundary faults and they don't behave like plate boundary faults.
What we see is, often where we have information about where these features
localize earthquake activity, is that the activity, itself, is associated with
apparently much shorter tectonic features, faults if you will, that are
associated with these major boundaries, so the boundaries, themselves, may
act, in some way, to localize seismicity, but they are, themselves, not
behaving as major, throughgoing faults, as we have seen in plate boundaries
and I think that we can reach that conclusion relatively strongly.
Now we want to make some conclusions that focus, very specifically, on
source evaluation. The first of these is that seismic source evaluation should
be based on the broadest available combination of seismicity, geology,
tectonic, geophysical data and interpretation. This is simply imperative and
this may imply that a team approach is needed, since we typically do not, as
individual practitioners and researchers, span this breadth of disciplines and
understand how the significance of the various data and these breadths of
disciplines.
Carl Stepp:

Kevin, I'm going to let you comment, from here, on these.

K. Coppersmith:
Just very briefly I think it should be made clear that what we're talking
about, potentially, is we look at seismic hazard, we're talking about a sitespecific problem. This is not a problem that is a regional problem in the
same sense that regional seismic hazard studies have been developed. It is
possible and important that, in the site-specific study, that features that be
considered that might not otherwise. For example, some of these lineaments,
some of these older structures, might be evaluated in more detail than would
be in regional studies. It's not to say that the regional studies, the regional
hazard studies, are wrong or don't use that information, they simply have
been done with a different purpose and that's very common. It's the same
thing in the United States. A site-specific hazard application may look in a
lot more detail at the local geologic faults, or phenomena, than would be
done for a regional study. The idea of a team approach, I think, is simply to
get across the notion that we've seen differences of interpretation, those
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might best be represented by those that espouse those interpretations, in some
sort of forum, in a workshop or some other way, to be sure that all of these
interpretations, many of which aren't published, we all know there's a lag in
publication, but to be sure that they are properly represented.
Carl Stepp:

Do you want to just continue with the next one?

K. Coppersmith:
Basically, I mention some of these, I think that the next two are
actually very similar in the sense that we expect the interpretations to be
different, we' ve already seen evidence of that, we expect them to be
legitimate, there has probably not been too much of an effort to weed out
those hypotheses that have very little support in the data, that needs to be
done, but we will expect, even at the present level of knowledge, a range of
interpretations, all are compatible with the uncertainties that exist in the data
sets, and that should be expected, it should be incorporated into any hazard
study.
Carl Stepp:

The rate of seismic activity in southern Ontario, as in all of eastern North
America, is low, consistent with continental stable interiors, world-wide. We
can conclude that this is real, but it leads to some difficulty and differences
in interpretation, simply because of the lack of resolving power of this short
record compared to the recurrence intervals of large events that we are
concerned about.

Carl Stepp:

Again, Kevin, I'll ask you to comment.

K. Coppersmith:
Let me make a reference to earlier today, someone mentioned the
geologist versus the seismologist. That war has raged for some time, I mean
George and I can sit here at the same table, but in discussions of earthquake
potential, what we may differ, I believe, in many cases, the geology tells us
more about the future locations of earthquakes. George may believe that,
where we've had 'em in the past, is where you are going to get 'em. The
advantage that earthquake, that seismologists have is that, in fact, we're
dealing with the future earthquake occurrence and they can say, "Hey! I
studied the past earthquake occurrence." We do too, but in a different way.
I would think that dynamic is healthy and we would expect that to be the
case, particularly in a low-activity environment. We had a lot of seismicity,
that seismicity data may take over and dominate our interpretations. In a lowactivity area, we need to rely on geology as well.
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Carl Stepp:

Do you want to continue to comment on the stress tectonic?

K. Coppersmith:
I think this issue of the use of the favorability of the stress regime, as
well as other aspects, I think, what we have is a case where probably
individually none of these tools are very sufficient to say where future
earthquakes are going to occur and, for example, the idea of-we have a fault
that has an orientation and its map trace that seems to be consistent with the
regional stress regime. Therefore, it has the potential for generating
earthquakes. That may be true, but our ability to quantify that potential may
be very difficult without additional information. We see jillions, to be
quantitative, of features that are properly oriented relative to the stress
regime, but many of those don't have the proper geologic or neotectonic
signature to say they have future earthquake potential. So, I think we're
going to find that there are different criteria for evaluating earthquake
potential and it's the integration of those data sets that's ultimately going to
lead to an assessment.
Carl Stepp:

George, do you have anything to add to that?

K. Coppersmith:
Carl Stepp:

(adding to Stepp's question)

as a seismologist.

He impugned you, I thought you oughta add

(laughter)

G. Klimkiewicz:
I suppose I would just add one small comment to follow up to my
presentation earlier, and that is seismicity is a very accurate geological
mapping tool. We're looking for active features and it certainly does not tell
us what we need to know about locations of future activity, in sizes of future
activity, but it does give us a clear understanding that active features are
widely distributed, based on the pattern of seismicity. I certainly am not
surprised when a magnitude 5lA earthquake occurs in New Brunswick. What
surprises me is, or would surprise me, if the earthquakes stopped happening.
I clearly believe that and expect earthquakes to continue, roughly, with the
frequency that we've observed and within the parameters of the spatial
distribution that we've observed. I'm not predicting a million years into the
future, I'm making a prediction for the engineering time span, which is the
next 50 years, or so.
Carl Stepp:

Thank you. I, I think it , I, I would like to just add a little bit to this as
well. It's , George discussed, this morning, the importance of being very
careful in scrutinizing the seismicity database, and careful in its use, and I
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think there've been other comments that add to that as well. We can't just,
we can't indiscriminately just use the seismicity database to determine
recurrence rates of earthquakes. We need to work with that database and put
it in, in a good condition, homogenize it to some extent, you might say, in
order to work with it, and then, working with the database to actually
estimate recurrence rates associated with, with structures that have very low
seismicity, as we saw from John Adams' presentation yesterday, is a nontrivial activity and it requires very good understanding of the manner in
which seismicity gets distributed, how it gets budgeted and so on. All of
those things need to be kept in mind, very carefully, when making these
interpretations in order to properly characterize the, the, the recurrence rates
of these structures and, and, and the uncertainty on those recurrence rates. So
this is, this is something that ought to be given very careful attention.
OK, well those are our recommendations. I'd like to go ahead with the, I
mean our conclusions. I'd like to go ahead with the recommendations before
we open this up for discussion. We see a strong need to determine, and have
a better understanding of, which elements of what I will call here the
seismotectonic model. Recurrence rates of earthquakes, the ground motion,
and so on are most important in determining the seismic hazard at these two
nuclear stations. This, I think, if we understand this better than we do now,
we will be able to focus our research. And we believe this can be done in a
scoping, not scooping, study.
The results of this would be very helpful, we believe, in focusing future
research, and on those areas, those particular features, and areas of the
science where they're likely to contribute most to reducing the uncertainty
in seismic hazard evaluation, which is really our, our ultimate aim here. We
also believe, strongly, that that assessment could be based on the current data.
We trade off, at any point in time, uncertainty for, in order to attain an
evaluation that we can use for engineering purposes and, of course, with
today's state of knowledge, and the, and the state of our understanding of
some of these indicators of earthquake activity, the uncertainty on the hazard
evaluation is likely to be very much higher than it would be if we had much
better understanding of the features. In fact, we know that will be the case,
and that's why we call it a scoping study instead of a final hazard evaluation
and we believe that this could, could move ahead very, very readily now, and
it should be carefully constructed to capture the competing interpretations and
the uncertainty on those interpretations.
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Carl Stepp:

Finally, we, we, getting back to some earlier comments on the need to be
able to scrutinize the data, we feel that such a study should be well
documented, that is the inputs evaluation should be very well documented
and scrutible and reviewable by peer review.
It has been mentioned, here, that well-document
, well-documented
presentations of the various data are needed to, in order to make comparisons
among the data and to achieve some integrated interpretation of the data. I
believe that was mentioned prominently this morning, and we see this as, as
lacking in many, or all, of the presentations that we have seen here in this
workshop. We believe that there ought to be a concerted effort on the part
of all involved here, all parties, to make certain that the data get presented
in ways that they can be readily viewed and scrutinized by peers and by, and,
and compared with other data.
One of the things that was not mentioned, frequently, here in, in this
workshop, was the time relationships among the various observations. We
have both space and time relationships we need to be concerned about, and
to understand the processes, and arrive at reasonable interpretations, then we
need to, to understand both those relationships much more completely than
we do at the current time.
Earthquakes, I think certainly all of the seismologists would agree, are the
most direct indicators of neotectonic activity. Now I give Kevin an
opportunity to comment on this, certainly paleoseismicity is equally important
and I don't mean to divert focus from that, but I, I, simply, this
recommendation is intended to focus on the need for high quality network
monitoring. We gain very substantial, and high, highly confident, information
from the high quality monitoring. So we make this recommendation that the
networks in southern Ontar
, in the area should be capable of locating
earthquakes larger than about magnitude 2 in the southern Ontario region.
This means four to five stations, to be able to locate them, preferably five,
and we feel that we want to re
, we feel very strongly that there is a
significant negative impact of having various institutions locate the
earthquakes, and not having a central location of them. So, we certainly don't
want to recommend that all of this be totally centralized, but in the end, there
should be one final location of the earthquakes that incorporates all the data
and has a, an official catalogue that everyone can be confident in, and use,
so we certainly make that strong recommendation.
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Tape 10 - Side 2:
Carl Stepp:

Well, here is one, we think, that can be dealt with very directly. The
uncertainty about the origin of apparent recent fault offset in the Rouge River
area should be resolved. That can be done, in our opinion, in a very
straightforward way by putting out some drill holes, perhaps doing some
additional geophysical work and determining what the real origin of that
feature is. And those kinds of uncertainties divert our attention away from the
real fundamental problem of determining seismic sources. If this turns out to
be a tectonic fault, and has this amount of movement on it, then the
understanding of that has to be incorporated in a much more general way in
our interpretations of the seismic sources in southern Ontario. If it's proven
to be due to other sources, then we can put it aside and devote our attention
to the real issues that are at hand here. So this is something that simply
should be resolved quickly, and put aside, one way or the other, incorporate
it or put aside.
The, an effort, this is a continuation of our earlier recommendation, an effort
should be made to improve the determination of earthquake focal depths. As
we mentioned in an earlier conclusion, deeper earthquakes do, on a general
observation, indicate the likelihood of higher hazard in a region. There are
many ways to improve the locations and depths of earthquakes. We can do
this by using multiple phases in the locations, and by more dense station
spacing, one doesn't have to have more dense station spacing with current
capabilities of our instrumentation. Multiple phases, and the use of those
multiple phases in depth determination, can be very helpful. So we strongly
recommend that efforts be made to improve the determination of focal depths
in the catalogue.
Those are our conclusions and recommendations. Let me ask if any of the
session chairs would like to comment further before we open it up for
discussion.

Robin McGuire:
I think, Carl, just to be complete, I'd like -to have my summary
recommendations added to this list. They were just developed this morning.
Carl Stepp:

Absolutely. Would you like to do that, since I will stumble through it, I'm
sure.

Robin McGuire:

Well I've already summarized them, so I think that's sufficient, but I'd
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like to have those added to the list.
Carl Stepp:

Very good, it will be done, (applause)

Carl Stepp:

As I mentioned at the beginning of this session, it's our intent to have your
discussion of these points, these conclusions and recommendations. It's our
intent, these are very quick, based on our discussions and jottings of notes
during the workshop, and they will be revised and amplified upon
appropriately for the final conclusions. Any comment? Discussion?

Gail Atkinson: I'd like to agree with all of the recommendations and conclusions of the
panel.
Carl Stepp:

That's a confidence builder. Thank you Gail. Arch?

Arch Johnston: I just want to say that I think you need to clarify a little bit on the seismic
network recommendation. If you just want to locate earthquakes, maybe five
stations would do it. If you want to get focal depths, which you also
recommended, or indicated, you wanted, and they are important, you better
double those, at least. Three-component stations and, of course, earthquakes
and seismic waves don't respect national boundaries. Very clear, good
locations will require the New York American data and that needs to be
worked out up front. But until that's done, there'll always be these
uncertainties and if you do commit to upgrading the networks to, say
research grade network, put some GPS in at the same time.
Carl Stepp:

Thank you Arch, those are very good recommendations.

Carl Stepp:

Nano.

Nano Seeber:

I would like to add to the comment that focal depths are very important.
Also, it's not just the depth of the earthquake that you want to look at, but
it's the kinematics, fault kinematics involved, so you really need to have, I
think, the possibility of going out with portable instruments wherever you
have an earthquake of opportunity, so you want to have a team and you want
to have portable instruments available to do that, 'cause obviously you're not
interested only in earthquakes right around the plant, but in earthquakes that
may be significant, for example, an earthquake to the north on the lineament,
you might want to go check its fault kinematics.
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Nano Seeber:

I would like to add another thing to this discussion. The Saguenay earthquake
caused liquefaction, and we did some study of the liquefaction during the
earthquake, and we discovered that in every single case where we dug to
observe the features associated with the 1989, or whatever it was, there was
evidence of prior liquefaction, and this was on the basis of few trenches that
we dug up in that area. I think that that kind of approach can yield very
important data, and should be expanded from that area, possibly to this area,
but it's a method which is very cost-effective in constraining what the large
earthquakes in the pre-history have been.

Carl Stepp:

Thank you. I think that's a good observation. Yes?

Bob Wetmiller:

Bob Wetmiller from GSC. I would ask the chairmen to amplify on
their recommendations for the seismograph network. You talk about southern
Ontario, which is a very broad zone, which would require a lot of stations
if we were really going to get the focal depths, but if this is really just to be
focused on the two nuclear power plants, then it's much easier to establish
coverage of focal depth in a smaller area. So I'd ask for some
recommendations about what area has to be covered, with accurate focal
depths, by a seismograph network to provide the data that we need for this
study.

Carl Stepp:

I'll comment and then I'll ask others to comment as well. Our experience is
that when we put in dense networks, we record earthquakes within those
networks and we record them preferentially so that I think that care has to
be exercised, not simply to focus on bullseyes like the nuclear plants. We're
not interested in the nuclear plants, per se, when we put in a monitoring
network. What we're interested in is evaluating tectonic features and I
recognize that this is a challenging trade-off, that is distributing stations so
that you achieve the needs of location, of depth and so on, as opposed to the
number of stations that you put in and the number of features, or the general
features, that you are trying to observe. My recommendation would be to
focus on observing the seismicity associated with candidate features that may
localize seismic activity, that are of concern, and to make use of other means
of improving the focal depth determination including other phases.
Comments, George?

G. Klimkiewicz:
I'd like to describe a seismic network monitoring investigation that we
had conducted in the late 1970s in eastern Tennessee. We had gone out with
eight portable seismographs for the intent of establishing the difference in
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seismic motions in valleys versus ridges that were certainly part of the
topography of that region. Within two or three months of this survey, we had
detected thousands of quarry blasts, and we had conducted our amplification
studies, but along with the quarry and mine blasts, we had recorded several
microearthquakes each month, but the curious thing about these earthquakes,
they were deep, it was very disconcerting to us and we re-analyzed the data
and continued to find deep microearthquakes and there was a paper given on
what now is called the eastern Tennessee seismic zone. We conducted other
ad-hoc monitoring programs and what you do find, in a very brief time, is
very important information about the seismicity, or the nature of the
seismicity, of the specific feature. This was done in northeastern Ohio, it was
done in New Brunswick, it was done in New Brunswick by others, we did
contribute some instruments. The importance of these ad-hoc studies certainly
can't be over estimated. I don't think our recommendation is to instrument
all of southern Ontario to get good focal depth information for the entirety
of the region. If there is a issue that is currently very uncertain, and that is
the activity of the Niagara-Pickering lineament, maybe an ad-hoc network,
high station density, operated for a year, may shed some light on that feature,
something that presently is very uncertain.
Carl Stepp:

Klaus?

Klaus Jacob:

Let me first make two comments on issues that just came up and then add
my own. Starting with Recommendation 5, to follow up on what Nano said,
I think you should simply have a recommendation in there, that there's a
team deployable, with instruments deployable, to go out and pursue particular
issues, whether it's an aftershock sequence, or otherwise, as described,
Recommendation 1, which goes into Recommendation 5 on your schedule.
With regard to Arch Johnston's comments, the situation in New York State,
in western New York, is rapidly deteriorating and has deteriorated to the
point that, for instance, an earthquake of magnitude 3.6 was only recorded
in Canada, and then at distances of 300 kilometers or more away on the
United States side. Do not expect this situation to improve foreseeable!
There's one national station in New York, western New York, that is
supposedly running but has, apparently, problems running. So let's assume
that this is being rectified. There will be only one station, over a distance of
about 300 kilometers, available in the foreseeable future. How to influence
the U.S. side to do it's bit is not clear to me. I certainly would recommend
that, I don't want to go further than that. Do not expect, at this point, to have
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more than one station beyond the border for 300 kilometer's distance.
Beyond that, there is nothing.
Klaus Jacob:

Now coming to my own concerns, it looks like everybody is clearly in favor
of a probabilistic seismic hazard assessment. If that is so, and it should be so,
then I think the attention has to come back again to what level will that
probabilistic hazard assessment be in use. We have heard numbers like 10",
I'm still not quite sure whether that means the engineering consequence, 10" ,
meaning the risk rather than the hazard. If that is the case, we're talking
about something like 10"4, a 10,000 year recurrence period type of
consideration on the hazards side. That is still a long way out from just
saying, well we do only something within the next 10, 20, 40 years of the
expected exposure time, because you still have to look for that exposure time,
at 10 , and if you do that, however you play the numbers, it looks like you
have certain, almost certain thing, without pre-judging the outcome of any
studies, something more at your hand on the hard rock than the design
values, the nominal design values of those facilities, without concluding in
detail the outcome, just some sensitive studies, just take other people's
numbers, then you go down to the minus 4. If you just stay with 10% in 50
years, of course not. At 10 , and that's only the hard rock side, that brings
me to one more issue that we have left out entirely.
We have been concerned only here, so far, with hard rock motions. This is
a site-specific study, quite obviously, and, therefore, more has to be done. As
I understand it at least one, probably both, facilities on piling that probably
goes through till, I would assume, and so there's about 30 or 40 meters of
till there, let's assume whatever it is, I'm not familiar with the facilities, and
if the till has, let's say, 1200 m/s shear wave velocity, that gets you 10 hertz
peak accelerations in the local response, due to site conditions, and while I
am not an engineer, quite obviously that gets you in to the piping, and gets
in the relays and switchings and all sorts of things. So there is a component
that clearly needs very thorough attention once the regional study has been
completed, and while it hasn't been brought up here, the details of that can
be also very contentious unless it's done extremely carefully, is very
thorough geotechnical data to support what the site response might be. And,
again, that can be empirically done if you deploy, for instance, those portable
instruments that we mentioned before, and bring them in to do a siteresponse study with either quarries or natural events. This can be, the
theoretical studies can be verified by measurements. There are wonderful
techniques around on that matter, on this whole issue.
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Klaus Jacob:

Last, not least, but obviously, you want time series, ultimately, and we
haven't covered that either, but we are getting now more into the engineering
consequences, and while these are the hazards issue that I think is the main
issue here, I still wanted to point out there's a long way between the hard
rock hazards and what you really need to make your decisions.

Carl Stepp:

Yes sir. Thank you Klaus.

Phil Thurston: Phil Thurston of the OGS. I can see, looking at the recommendations, that
it reflects, to a degree, the expertise of the group at the front of the room.
There's a very high degree of emphasis on seismology, on seismic networks
and so on, and this raises a very fundamental concern and that is that, after
one spends all this money on seismology and actually begin to get a handle
on, say for the sake of argument, that the Niagara-Pickering might actually
be a legitimate seismogenic structure, let's say for the sake of argument, that
that ends up being the outcome of all this monitoring, we're still in a
position in which, with respect to Quaternary geology, with respect to
bedrock geology and so on. The best we've got, with respect to modern
mapping, is one million scale. Yes, we have scattered sheets here and they're
at 50,000 scale, 20,000 scale; we have no Quaternary coverage that takes into
account the presence or absence of liquefaction structures and things like that.
Phil Thurston: Are we going to base our decision making on one million scale work? I
would like to think that that would be a rather scary scale on which to invest,
upon which to base these interpretations. I mean, for instance, is the Rouge
River exposure a one off? It happens to be right next to the Scarborough
campus of U of T. Did Arsalan Mohajer come across this accidentally? In
my mind, there's a fairly high probability that that's the case. We have no
idea. What can be seen in the other Toronto-area exposures of the Quaternary
and the Holocene? And yet, what we're saying here is that a re-compilation
and a re-examination of fundamental mapping relationships doesn't appear
to be a priority.
Third, I'm aware of some very promising results gotten by Henry Schwarcz
at McMaster University, and colleagues, in using electron-spin resonance to
get a fairly direct indication of the age of last motion on shear zones which
cut quartz-bearing rocks. I see no indication, in the recommendations here,
that something like that might be a propos with respect to looking at the
Precambrian part of the Niagara-Pickering lineament and would advocate that
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ESR studies might well, at very low cost, provide some answers as this thing
evolves. Likewise paleoseismicity, looking at the Quaternary from that point
of view, would be a very low cost, very fundamental step toward putting
some bounds on the problem here. And lastly, I came here fully expecting,
over the course of this 214 days, to have someone explain to me, or for me,
what I perceive, as a geologist, to be a very dramatic difference between the
seismic risk assigned to western New York, by the USGS, versus the seismic
risk assigned to southern Ontario, by our colleagues here, when the geology
of those two regions, as far as I am concerned as a geologist who has worked
in the Precambrian, has some understanding of the Paleozoic as well, as far
as I can see, the geology of those two regions is really quite similar. And yet
we seem to have a disparity of views, with respect to horizontal acceleration,
with respect to overall risk and so on, and I had fully expected to hear
something that would put my mind at ease, that would, in effect, say well the
USGS is full of you-know-what, or our work is better, or what have you. But
I'm still left with a disparity that I can't understand. I admit I'm a geologist,
I'm not a seismologist, but if somebody can put my mind at ease, to the
effect that those differences don't exist, I'll go away quite happy. If, on the
other hand, someone says those differences are real, then I think we have
some further questions to ask here. Thank you.
Carl Stepp:

Thank you Phil, those are very focused comments and recommendations.
Klaus, did you have something relative to this?

Klaus Jacob:

Just to the last point. This is not a scientific product, soon to be a public
document. It is part of the New York State Building Code which simply
shows you the four zones that the New York State seismic building code will
have, and it shows the zone factor and you can translate that essentially into
effective peak accelerations, and the lowest value here is 9% g, here, and the
others you can read off. In the Adirondacks, as high as 18 so, but across the
Ontario you have anything between 12 and 15% in the yellow and the
orange. (Editor's note: Klaus was making reference to the map shown on
overheads.)

K. Copp'rsmith?
Klaus Jacob:

What probability, Klaus?

That's a very interesting question.

K. Copp'rsmith?
It would be helpful to know. (Editor's note: It sounds as if it may be
Kevin Coppersmith)
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Klaus Jacob:

Yes, correct. We have made a retroactive assessment, what probabilities that
represents because it's really consensus document with some scientific input,
but not solely based on scientific input. There was a committee appointed,
OK?, and it turns out that, in the New York City area, it pretty much
represents 10% in 500 years, maybe a little bit more than, uh 10% in 50
years, so roughly a 500-year type of recurrence period. But it goes down in
the highest zone, much, much lower. That means it doesn't even get close to
500-year recurrence but, in other words, the high values are too low and the
low values are too high for typical building code standards. It was an
interesting process to see the dynamics in that committee developing. They
wanted more safety where there was not much coverage in the past and they
didn't want to go quite as high as the nominal values would come out in
those areas. Now there were other short-sighted arguments going into it, the
high acceleration area's a very low population area, so people felt it doesn't
really matter that much. Adirondacks mostly, but that shouldn't enter in, but
it has.

Harold Asmis: But, it answers the question.
Klaus Jacob:

The answer is, on average, it's about 10% in 50 years, but the substantial
deviation stays on.

Peter Basham: I guess my comment,
it would be helpful if Phil would tell us exactly
what maps he was trying to compare because it's important to understand
whether you're comparing apples and oranges, or apples and apples. I mean
we are consciously, continuously, trying to keep abreast of what's going on
in the USGS as a (indecipherable) in the United States and in Canada, so that
we can, at least, be aware of differences that are occurring at the border. The
last time we published a formal comparison of seismic hazard at the CanadaU.S. border was in our paper in 1985. There will always be differences, we
know there will always be differences because there's different
methodologies applied, there are different engineering judgments to which
these maps apply, etc. But we feel reasonably comfortable about differences
at the border, if we understand why they occur, and we can explain them,
that's all there is to it.
Carl Stepp:

Robin, did you have a comment relative to the map Klaus showed? Let's
take Robin's comment first.
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Robin McGuire:
Let me just make the generic comment, when talking about either
building codes in the United States or building codes in Canada, those are
maps derived from generic studies, necessarily generic studies, that consider
a limited range of hypotheses and have additional considerations brought into
them, as Klaus suggested, and not all of them technical. I think we need to
take those with a grain of salt with respect to very critical facilities where,
for instance, as I pointed out, we're much more interested in higher ground
motions, perhaps with probabilities of 10 to 10", or peak accelerations in
the range of .3 to .5 g, so I think a different set of assumptions is necessarily
appropriate for those kinds of studies for nuclear power plants, then go into
seismic building code maps.
Carl Stepp:

OK, thank you Robin. Yes, go ahead.

Mike Easton:

I think this is the figure that Phil was referring to and is from the, I think,
the paper that Peter is mentioning.

Peter Basham?:

That's correct.

Mike Easton ?: (not at microphone) And I guess the question is is the U.S. (indecipherable)
boundary right at the U.S. border
Klaus Jacob:

We actually have the earlier paper map here of what the new USGS map
(indecipherable) unfortunately I don't have the overhead. But if someone
wants to look at it
.

Carl Stepp:

Does it generally address these discontinuities?

Klaus Jacob:

Yes.

Carl Stepp:

Yes, Kevin.

K. Coppersmith:
We had discussions of geologic data and I think that what was said was
that, in fact, there are not, in these recommendations, high priority, given to
the collection of geologic data, and I think, in fact, there are some things in
here that appear to be very obvious and need to be done, like looking into
the seismic monitoring and so on, but in fact, I think the recommendation
we're making above all is to set priorities after the scoping study is done, in
fact, to look at what contributes most to hazard, and then to set priorities. If
a particular feature contributes most, or perhaps it's the rate of the
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background zone around these sites, and so on. It is not clear, ahead of time,
what will drive the hazard. If maximum magnitude estimates makes it a hill
of beans, in the results. They often don't. I think that, in general, one of the
cautions I would make, and I have to make this always to my colleagues in
the geosciences, and usually at GSA meetings and so on, is that, in fact,
seismic hazard isn't all things to all geologists. In fact, much that has to do
with the grain size distribution of a Paleozoic unit, will not find its way into
a seismic hazard analysis, even though those are very important studies for
other reasons. In fact what's used in seismic hazard are the things that we
should focus on in the scoping studies. So a scoping study is essentially a
hazard analysis that is dissected to the point that you know what drove the
answer. It should contain the present uncertainties, the tectonic hypotheses
that we've heard, the uncertainties in depth of earthquakes, and so on and so
forth, so that we can take it apart afterwards and say what is most important,
then priorities are set, and then maybe we go out and we do attempt to date
fault gouges, or we do attempt to do detailed mapping in certain areas, and
so on. This is a common tool, now, to start with an engineering result and
see what contributes most to that engineering result since that's what we're
after in this. And then to design the scientific side of it, such that we'll
reduce the uncertainties in that result.
Carl Stepp:

Thanks, Kevin, for that very nice clarification.
Yes John.

J. Waddington: Just a few points, perhaps, in answer to some of the questions that were
raised. First, I think, from the AECB's point of view, we are interested in the
probabilistic approach, particularly at these low probability levels. I think we
recognize that if you go to a deterministic level, particularly at these low
probability levels, you, as Kevin has said, first of all, you can introduce both
some very large margins of safety which really may well be unwarranted or
you may, in fact, not know quite what margin of safety you've got and you
may be somewhere on that line and you don't really know where, and that,
I think, is a key question.
I was asked, or at least it was suggested that we clarify what we mean by 10*
. In my opening remarks, I was referring quite explicitly to core damage
frequency, that is insuring that the probability of significant core damage,
that is loss of geometry and so on and so forth, loss of cooling, would be
somewhere down to the 10* region. That, in fact, is what I would call a
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derived safety goal. The overall safety goal, in fact, is the potential for
significant release of radioactive material from any station, is really, you
want to go down to the 10"6,10"7 level. Now these sort of numbers, these are
very difficult numbers to prove to anybody, which is why you won't see
those numbers explicitly quoted in AECB publications. Nevertheless, if you
look at our licensing process, and the way it's been constructed over the last
30 years, there is very clear evidence that that is what, in fact, we have been
aiming for in the original licensing of these stations, and in the continual
licensing of those stations. In that, or as a result of that, we are interested in
pushing the hazard presented by earthquakes towards the 10"5 level, that is
earthquakes about that level now, I've used those words quite carefully, I
said "pushing towards" because I don't know how close we can get or what
the sort of certainty is in getting there. There's a large uncertainties, around
about that level, which have been clearly described in the discussions today,
and the lower the probability you get, the wider the uncertainty. That
certainly means to me that, from trying to make sound regulatory decisions,
and there are cost-benefit statements in that, implied in that remark, we need
to get a good handle on what I would call best estimate and uncertainties.
That's, I think, the direction that we need to go in and my feeling is that the
recommendations that you have put up, Carl, and the processes that Kevin
Coppersmith outlined, is the sort of thing we should go to, would, in fact,
give you a method of arriving there.
Carl Stepp:

Thank you for that comment. I would just add that maybe an extension of
this desire to arrive at mean centered estimates of hazard, with associated
uncertainty, extends to the evaluation of the data. We really want to achieve,
and try to achieve, an unbiased evaluation of the best interpretations of all
of the input parameters and a quantification of the uncertainty on those
interpretations. That allows us to arrive, in the end, at those estimates that
we're seeking for decision making. So this applies to all of us in this room
who are involved in seismic hazard evaluations.
We're past the allotted time for closure. Is there another burning comment
or suggestion? Alex?

A.A. Mohajer: I'd like to thank you very much for the patience, first of all, listening to our
stories coming from the heart and congratulate everyone, chairmen and
yourself, for such a careful analysis and recommendations which bring things
right to the point. I think everyone should be happy hearing these
recommendations. I would like to add a few minor ones, if I may, and that
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is one issue of, if you don't have any control from the south, or much control
from the south on the monitoring aspect, is it advisable to suggest something
at the middle of the Lake Ontario, something like ocean-bottom sensor just
to get a better control on the depth determination? Also, the emphasis was
on Rouge River faulting which, we think, may be the tip of the iceberg
because it's a subsidiary, or secondary, fault to the CMBBZ, probably. Is it
also, you think, reasonable to consider a little bit further study to the east to
cover CMBBZ, by any chance?
Carl Stepp:

The reason we made the recommendation with respect to the Rouge River
fault is that it's well identified and we can focus on it, it's a significant
controversy and it would have potentially very great significance, should this
be found to be tectonic. We don't have the similar ability to focus on a
specific location for a study. We didn't see that grow out of the presentations
that we made here today, and rather than make general recommendations for
studies related to the CMBBZ or some other linear, the southeast extension,
southwestward extension of the St. Lawrence rift seismic zone, for example.
We believe that it's better to do a scoping study that will identify where
those studies should be focused. Now this doesn't entirely respond to Phil's
concern about the need for a generally more complete and well-documented
mapping, but I think that's probably beyond the scope of this workshop.

Carl Stepp:

Harold?

Harold Asmis: I think we had Ontario Hydro's ten minutes, and now we'll have Ontario
Hydro's ten seconds. I don't speak for Ontario Hydro.
Carl Stepp:

Make it the last words.

Harold Asmis: I don't know who does. I'm just speaking as individual. I would just, I've
worked in this, I would agree with Kevin's comments of other than the
obvious, what we have to do is put this in a context of the scoping study and
decide, because we can't, the money is not infinite and we have to see what's
really important in these issues and I think the scoping study is a good way
to put that in.
Carl Stepp:

Thank you.
Yes, Ray?
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Ray Price:

With regard to Phil Thurston's comment, the intent here is to have a scoping
study which will focus on those aspects of Quaternary and bedrock geology
that may require further attention, so do not feel that your concern is being
neglected. That is certainly not the case.

Phil Thurston: It wasn't obvious from the (indecipherable) go away happy.
Carl Stepp:

Thank you. Any other comments from the session chairs? John, do you have
some closing comments?

J. Waddington: My colleague does, Jim Harvie.
Carl Stepp:

Jim,

Jim Harvie:

I was supposed to be in Paris this week, but I cancelled my trip to Paris so
that I could attend this workshop, and I have learned a lot this week. As a
non-expert in the field, I will not claim that I understood everything that was
said, but I think it is a tribute to the quality of the speakers that, without
exception, the speakers have given us information in a very highly
specialized area, but you brought it down to, you presented it in a way that
those of us who are not experts in this field can understand, and I'd like to
thank all the speakers, and I don't think I can pay a higher compliment to the
quality of the speakers than to say I'm glad I didn't go to Paris.
I'd like to thank Ken Pereira and Claude Pilette for putting this workshop
together; you don't put something together like this without a lot of hard
work. There's been very few empty seats in this room for the last 2V% days,
and I think that's a tribute to the excellent workshop that these guys have put
together. Good job guys! Next time get a bigger room.

K. Coppersmith:
Jim Harvie:

Hear! Hear!

I'd like to thank the session's chairmen, Ray Price, Kevin Coppersmith,
George Klimkiewicz, and Ray (Editor's note: He said-Ray, but meant Robin.)
McGuire. You've done an excellent job of keeping this workshop on
schedule, and working through the breaks to try to put together consensus
statements in areas which there are very divergent opinions, and I thank you
very much for that.
I'd especially like to thank Carl Stepp. Carl has done an excellent job in
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helping us organize this workshop. He came up to Ottawa a few months ago
and helped us focus the objectives of the workshop, and he's helped us put
together an excellent quality of workshop and I'm glad to see he's come up
with some firm recommendations, and we look forward to studying these in
more detail and, hopefully, implementing them.
I'd like to thank all the participants. At the beginning, John Waddington gave
an admonition to be hard on the science and soft on the people, although I
think it was subsequently put more eloquently—"trash the data and not the
scientist." I'd like to thank you all for your constructive contributions; I think
everyone's been very frank and open, but we have also been very civilized
and I'd like to thank you for that.
If I've learned one message from this, it's the point Carl Stepp made that we
should have more of a team approach in this area, with various groups
working on seismic hazard in southern Lake Ontario and we should do a
better job of working together, I think, not just retroactively and looking at
the data which we all collect, but also proactively and recognizing that we
all have different objectives and interests, but in the interests of advancing
the science in the best way possible we should be working together to try to
collaborate our activities to get the best scientific work achieved. If there are
several groups working with seismographic stations in an area, I think we
should be trying to optimize the advice(?) and advancement of science by
making sure that we, collectively, put them in the best locations.
Jim Harvie:

So, in conclusion, I'd like to thank all the participants, all the speakers, all
the session chairmen, and Carl. I think we've had a very successful workshop
and I'd like to thank you all for your constructive participation. Thank you.

Carl Stepp:

Thank you Jim. The workshop is closed.
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