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INTRODUCTION

Raising earthquake awareness is an important goal of seismolog-
ical rescarch. In this respect, the effect of past local earthquakes
is an excellent means to raise the local population’s awareness.
For this reason, Natural Resources Canada has put numerous
photographic examples of impacts of local earthquakes on its
Web sites (see, for example, http://www.earthquakescanada.ca).
The information the site contains is used in the production of
various publications and Web pages and is an important source
of information for the public.

Another much-used public awareness tool is the Atlas of
Canada, formerly on paper but now online, which provides
authoritative, current, and accessible geographic informa-
tion products. The atlas facilitates the integration and analysis
of diverse data in order to increase overall knowledge about
Canada. One much-consulted component of the Web-based
atlas (http://www.atlas.gc.ca) is the natural hazards maps
(floods, forest fires, landslides, volcanoes, avalanches, hurri-
canes, tornadoes, tsunamis, and earthquakes). The information
is used by the public as well as by emergency organizations that
seck information on the threats faced by their communities.

Before 2007, the Atlas of Canada provided very limited
information on carthquake activity in Canada. Thirty carth-
quakes were briefly described in a nonsystematic manner that
did not truly reflect the distribution of carthquakes across the
territory or the recent advances in descriptions of historical
earthquakes. To update the Atlas of Canada pages on earth-
quakes, the authors decided to create a list that would include
up-to-date information on significant earthquakes in Canada.
The authors also decided to publish the results and method-
ology in a Geological Survey of Canada Open File Report
(Lamontagne ez al. 2007) as a means of properly documenting
each earthquake and ensuring peer review by Geological Survey
of Canada seismologists. The new list could also update other
existing sites including the EarthquakesCanada Web site.

This paper details how the information on significant
Canadian earthquakes was gathered and the results and inter-
pretation of this new view of Canada’s carthquake activity. A
subset of significant Canadian earthquakes (and the impact of
those carthquakes) is presented herein (see Lamontagne ez al.
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[2007] for the complete list of 160 events). The paper is of obvi-
ous interest to people wishing to learn more about Canadian
carthquakes and to researchers interested in methods used in
carthquake compilations.

SELECTION OF EARTHQUAKES

To decide whether an earthquake is “significant,” criteria such
as number of deaths, damage, magnitude, or maximum inten-
sity could be used. Each category sets limits on the number of
events and on the completeness of the list. Since the list was
aimed at enhancing the awareness of the Canadian public about
carthquake hazards, the authors decided to choose events that
caused some minimum level of damage (such as cracked chim-
neys), or could have caused damage had they occurred close to
inhabited regions. For this reason, the authors selected histori-
cally or instrumentally recorded earthquakes larger than magni-
tude 6, as well as some smaller ones felt by many Canadians.

Each carthquake on the list met one or more of the follow-
ing criteria.

1. The preferred magnitude (either instrumental magnitude
or estimated magnitude from damage or felt-area infor-
mation) is 6.0 or greater. See the discussion below on the
choice of the preferred magnitude

2. The carthquake had some impact on the built environ-
ment (starting from light damage such as broken pipes or
chimneys, i.c., Modified Mercalli Intensity VI) or on the
natural environment (liquefaction, landslides, rock falls,
tsunamis).

3. The ecarthquake was felt by a significant number of
Canadians. This characteristic brought about the inclusion
of some earthquakes within US. territory that were felt on
the Canadian side of the border.

4. The earthquake occurrence is supported by paleoseismo-
logical evidence (only the 1700 Cascadia earthquake met
this criterion, since other paleocarthquakes are too uncer-
tain in location, origin time, and magnitude).

In addition to these criteria, we subjectively qualified the sig-
nificance of the earthquake from damage information and mag-
nitude. We rated them from major (14 events), very significant
(14 events), significant (23 events), or weakly significant (109
events generally remote from inhabited areas, weakly or not
felt). Table 1 provides the list of events that were in the first two
categories (major and very significant).

doi: 10.1785/gssrl.79.2.211
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COMPLETENESS AND PRECISION OF SOURCE
INFORMATION

This list of significant Canadian earthquakes was as complete
as possible at the time of writing (June 2007). However, the list
is not and cannot be complete for the whole of the Canadian
territory for the entire period 1600-2006. This is primarily due
to the time lag of written records (corresponding to European
exploration and scttlements) across Canada from east to west.
In the east, there are written records from the 1600s on; in the
west from the 1850s in settled areas. It is possible that future
studies will reveal hitherto unknown events or will modify our
knowledge of some of these events. Due to the nature of docu-
menting earthquakes, such modifications to the list are more
probable for pre-instrumental data.

Before the introduction of seismographs in the late 19th
century, earthquake occurrences were known only through
historical accounts. If an earthquake was sufficiently large or
sufficiently close to inhabited regions, it could be reported in
personal accounts, diaries, or newspapers. This implies that
pre-instrumental earthquakes are only known only if they had
been felt by people who reported them in documents that were
preserved and indexed. Consequently, our knowledge of pre-
instrumental earthquakes depends entirely on how the popu-
lation with written history (as opposed to oral traditions) was
distributed as a function of geography and time. This explains
the more numerous pre-1850s earthquake occurrences in east-
ern Canada versus western and northern Canada.

Toward the end of the 19th century, seismographs were
progressively installed in Canada (Stevens 1980). These carly
instruments were not very well adapted to recording local
events and could only detect large, distant earthquakes (tele-
seisms). They were insensitive to carthquakes of magnitude
less than about 5. More sensitive, short-period seismographs
only began regular operations at the beginning of 1928 (Smith
1962). Slowly, the number of stations increased, and the ability
to record local earthquakes improved. It is only after 1950 that
all earthquakes of magnitude 6.0 or larger could be detected
over the whole Canadian territory (Basham ez 4/. 1982). The
magnitude completeness dates for each seismic zone used in
the seismic hazard maps of Canada can be found in Adams and

Halchuk (2003).

SOURCE PARAMETERS

As the completeness of earthquake reporting has improved over
the years, the precision of source parameters has heightened.
The sections below examine in more detail the uncertainty of
the source parameters: origin time, location (latitude and lon-

gitude, depth), and magnitude.

Origin Time
The list provides both the origin time of earthquakes in local
and in Coordinated Universal Time (UTC).

Historical earthquakes of the 17th, 18th> and 19th centu-

ries are reported with their approximate local times. In some

cases, the best estimate of the origin time is the part of the day
(day, morning, afternoon, evening, night). Burke (2007) dis-
cusses a method to calculate approximate UTC for earthquakes
of the pre-standard time era. Later on, telegraphs associated
with railroads improved the situation.

Events after the early 20th century were recorded by one or
more seismographs and are reported according to UTC. Most
dates (year/month/day) and times (hour:minute:second) are

listed in UTC.

Location (Region, Area, Latitude, Longitude, Depth)

The location of an earthquake refers to the position of its epi-
center (latitude and longitude). To give readers a quick refer-
ence to the location of the epicenter, we have defined, for each
event, a region of Canada (E: East; N: North; W: West) and a
geographic arca. The regions of Canada are approximately: East:
Ontario and provinces to the cast; West: Manitoba and prov-
inces to the west; North: the three territories. Since we included
events with impact in Canada, some carthquakes have their epi-
centers on the U.S side of the border or in international waters.
The epicenters of pre-20th century carthquakes are generally
not as well-defined as more recent or instrumentally recorded
carthquakes. For pre-instrumental carthquakes, locations are
approximated from felt information (where the epicenter is the
center of the felt area) or reports of damage (where the epicen-
ter is generally the region of most significant damage).

Instrumentally recorded earthquakes are located using the
arrival times of seismic waves. As the precision of these locations
depends on the density and characteristics of the seismograph
stations, more recent earthquakes are generally better located
than older ones. In some cases, the location of aftershocks with
a temporary network of seismographs provided an indirect
means to locate the mainshock with increased precision. Figure
1 provides the location of the epicenters, and figures 2 and 3
provide more detailed views for southwestern and southeastern
Canada, respectively.

Focal depth can be estimated only from instrumental data
and for this reason, only carthquakes recorded after the ecarly
20th century have this information. Focal depths can be calcu-
lated from teleseismic recordings for larger events and from near-
field records in areas of dense seismic coverage such as southwest
British Columbia or the St. Lawrence Valley. In general, eastern
and northern Canadian carthquakes occur in the upper 30 km
of the Earth’s crust. Beneath southwest British Columbia, earth-
quakes can occur within the continental crust as well as in the
subducting ocean plate to depths of about 100 km.

Magnitude (Preferred Magnitude, Magnitude Type, Other
Magnitudes)

The magnitude of an earthquake is a convenient way of repre-
senting its size. There are many magnitude scales, and for this
reason it is difficult to give the best magnitude rating for an
event. The authors have chosen to use the moment magnitude
rating as the primary magnitude when available. If the moment
magnitude was unknown, for pre-instrumental events, for
example, the magnitude chosen was the best estimate from the
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A Figure 3. Significant earthquakes in or near southeastern Canada 1663—-2006, with dates of earthquakes with some impact.

information available. For some historical events, the authors
chose not to use decimal units but rounded off the magnitude to
the nearest one-half magnitude unit to reflect the very approxi-
mate magnitude value. For earthquakes before about 1955,
carthquake magnitudes were not calculated on a routine basis,
and only a few were studied in detail to determine their magni-
tude ratings. For most, the magnitude rating is approximate and
is identified in this listing as other (OT). This includes some
events for which the magnitude is estimated by comparing felt
effects with more recent earthquakes in the same region.

Table 2 presents the distribution in magnitude ranges for
the selected earthquakes. Approximately 25% of the selected
carthquakes had magnitudes less than 6.0 and still had an
impact on inhabited areas.

Area

The area descriptor is a general term that refers to the epicentral
region of the earthquake. About 60% are located within British
Columbia orin the offshore areas, where plate movements result
in significant earthquake activity. The two other areas, consid-
ered intraplate tectonic environments, are less active: eastern
Canada has approximately 25% of the total while northern
Canada (north of 60°N) has about 15%, including some events
in the Yukon Territory.

Impact
Three fields related to the impact of earthquakes are defined:

landslides, tsunamis, and damage. Landslides include any mass

movement triggered by earthquake-generated ground vibra-
tions, such as earth flows, rock avalanches, rock falls, rotational
landslides, slumps, etc. For convenience, liquefaction and sand
expulsions are included in this group. A total of 18 events had
associated mass movements in Canada. A noteworthy event is
the 1663 Charlevoix earthquake that caused massive landslides,
most of them in quick clay areas.

Tsunamis are sea waves generated by the motion of the sea
floor through direct rupture or by mass movement induced by
the ground vibrations or by coseismic rupture. A total of seven
events had associated tsunamis, the most noteworthy being the
1700 Cascadia earthquake and the 1929 Grand Banks carth-
quake, which killed 28 people in Newfoundland.

Damage includes any type of damage ranging from light
damage (cracks in the plaster of walls for example) through
cracked chimneys up to the collapse of buildings. A total of
38 carthquakes caused some damage to buildings located on
Canadian territory; the majority of these caused some chimney
damage.

Deaths

There are no known documented cases of deaths directly caused
by Canadian earthquakes. There were possibly two deaths caused
by the 1870 Charlevoix-Kamouraska earthquake (Lamontagne
forthcoming). There were, however, indirect deaths, such as
those caused by the Grand Banks earthquake of 1929. The
carthquake generated a massive submarine slump (landslide)
that induced a large ocean wave (tsunami) that killed 27 people
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TABLE 2
Number of events in the Significant Canadian Earthquake
List per magnitude range

Magnitude range Number of events

M<5.0 6
50<M<6.0 35
6.0<M<7.0 98
70<M<8.0 17

M=>8.0 4

when it struck the Burin Peninsula of Newfoundland (plus one
person who died from her injuries years later). Native oral tra-
ditions also tell of an entire village on Vancouver Island being
destroyed by the tsunami caused by the year 1700 earthquake.
The 1946 Vancouver Island carthquake caused one death in
Canada: one person drowned when a small boat capsized when
hit by a wave generated by a submarine slump (Hodgson 1946).
Other indirect casualties include people who die of heart
attacks but these numbers are very approximate. A total of six
carthquakes might have caused direct or indirect casualties.

Maximum Intensity on the Mercalli Scale

Although many intensity scales exist, the Modified Mercalli
Intensity (MMI) scale is the most commonly used for North
American earthquakes and is the one we chose to use in this
project. The MMI scale and isoseismal maps are not ideal to
describe all possible consequences of an earthquake. First, rat-
ing intensity can be subjective since any level covers a range of
effects on humans, structures, and the natural environment.
Some analysts look for many effects before assigning the level,
whereas others consider the maximum level witnessed in a
given area. Second, intensity reports come only from inhabited
areas, leaving out many unpopulated areas. In the 20th century,
questionnaires were mailed to town postmasters who could
describe only what they knew of the local impact. Currently,
anyone who feels an carthquake can fill out Internet-based
questionnaires, providing a better sampling of the maximum
local  impact  (http://earthquakescanada.nrcan.gc.ca/dyfi/
index_e.php). The maximum intensity analyzed herein is that
which was experienced on Canadian territory. Approximately
60% of the selected earthquakes had no intensity value assigned
to them, the vast majority being events remote from inhabited
areas. Only five events could be considered catastrophic (MMI
IX and above): 1663 in Charlevoix; 1700 Cascadia; 1870
Charlevoix; and the two 1985 Nahanni earthquakes. The same
carthquakes occurring today near major cities would have catas-
trophic consequences.

DIFFERENCES FROM EXISTING EARTHQUAKE
CATALOGS

The list of significant earthquakes has some differences from
previous ecarthquake catalogs. The rationale behind these
changes is as follows.

False Event

There are a few instances of false or “ghost” events. A noto-
rious one is the 1534 pseudo-carthquake that supposedly
occurred between the two voyages of Jacques Cartier in Canada
(1534-1535). Gouin (1994) discarded this possibility. We

removed this “ghost” event from our list.

New Events and Modified Information on Events

Recent research on many pre-instrumental carthquakes has
provided new information. For example, the works of Gouin
(2001) for Quebec, Burke (2004) for New Brunswick, and
Bakun ez /. (2002) and Doser (2006) in the vicinity of western
Canada have provided better locations, refined magnitudes, and
more information on many pre-instrumental carthquakes. In
our updated list of significant carthquakes, we modified numer-
ous epicenters and origin times based on updated information.

e An cvent previously listed as 14 July 1831 had a wrong
date. The event occurred during the night of 7 July 1831 to
8 July 1831 (Gouin 2001).

e Gouin (2001) redefined the date of an earthquake from 9
November 1842 to 7 November 1842.

e An event on 22 October 1869, formerly located at
Passamaquoddy Bay, New Brunswick (45.0N, 67.2W)
was relocated to a more central New Brunswick location
(Burke 2004).

e An carthquake on 29 November 1880 was previously
falsely listed as 28 November 1880 (Gouin 2001).

e Revisiting of historical descriptions of damage or felt areas
has refined the epicenter or the magnitude of some his-
torical earthquakes including the 1872 British Columbia—
Washington earthquake (Bakun ez a/. 2002).

e Reanalysis of seismograms for some earthquakes has modi-
fied the epicenter and magnitude (Doser 2006).

CONCLUSIONS

The list of earthquakes created in this project (Lamontagne
et al. 2007) provides the most up-to-date compilation of sig-
nificant Canadian earthquakes and their impacts. The list was
used to update the earthquake pages contained in the Atlas of
Canada Web site and related paper products.

Most significant Canadian carthquakes have occurred in
recognized seismically active areas, a fact reflected in the seismic
zoning maps used in the National Building Code of Canada.
Consequently, modern buildings include earthquake resistance
in their designs. To date, the damage caused to man-made struc-
tures has been limited, except for buildings constructed with
unreinforced masonry. In general, Canadian homebuilders have
used sturdy construction practices, even in pre-building-code
times, partly to withstand strong winds.

Canadian carthquakes have caused very few direct casual-
ties (possibly two), partly due to the remoteness from inhabited
regions of most events, to the low population density on most of
the Canadian territory, and to the wood-frame construction of
most homes, which provides some earthquake resistance. Most
indirect deaths were caused by tsunamis with potentially many
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more in pre-historical times. In addition, landslides and mass
movements triggered by earthquakes pose a hazard in many
parts of the country, including the western Cordillera and on
the quick clay deposits in the St. Lawrence lowland areas. B
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