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Abstract 
 
Although there are many scales used to calculate earthquake magnitude, moment magnitude is 
currently considered the preferred magnitude scale for use in seismic hazard assessment in Canada.      
Historically, moment magnitude was not determined for eastern Canadian earthquakes although it has 
been routinely calculated for earthquakes of approximately magnitude 4.0 and greater, on regional 
magnitude scales, for the last decade.  Thus, most moment magnitudes for eastern Canadian 
earthquakes must be obtained by converting from another magnitude scale or from felt information.     
This paper provides a moment magnitude catalog for the largest earthquakes in eastern Canada and 
vicinity.  The study derives moment magnitudes for some events but also makes use of values from the 
published literature.    Earthquakes are assessed individually using all available sources of information.    
The resulting catalog provides moment magnitudes for 254 events.   Three additional events were 
evaluated but removed from the catalog as it is highly questionable whether they were earthquakes.  
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Introduction 
 
Numerous magnitude scales have been developed to provide objective measurements of the sizes of 
earthquakes.     There may be many reasons why one is preferred over another in a given situation 
among which are geology, distance, frequency range or depth.    For seismic hazard assessments, it is 
crucial that the same scale be employed consistently for all earthquakes used in the assessment.   
Moment magnitude (Hanks and Kanamori, 1979), MW or M, is most commonly the preferred scale at 
present and is the current choice for seismic hazard assessment in Canada.   It can be related to the 
physical properties of an earthquake and, unlike many magnitude scales, it does not saturate at very 
high magnitudes. 
 
Although M has been calculated almost routinely for eastern Canadian earthquakes above magnitude 
4.0 on either the MN (Nuttli, 1973) or ML (Richter, 1935) scale for the past decade, it was calculated 
much less frequently in the past and is still rarely calculated for small earthquakes.   Thus for most 
earthquakes in the (Canadian) National Earthquake Database (NEDB, see Data and Resources) 
moment magnitude must be obtained by converting from another magnitude scale or by estimating it 
from intensity data.   
 
As a rule, the largest earthquakes occurring in any given region are of most concern for public safety 
and for hazard assessment as they are the ones most likely to cause damage although a recent paper by 
Minson et al. (2020) demonstrates that this is not always the case as larger than expected shaking from 
moderate earthquakes occurs more frequently than one might expect.    Thus, in general, these larger 
events are the ones that should be prioritized as well as scrutinized most closely in the creation of a 
moment magnitude catalog.  This study assesses existing moment magnitudes and derives new ones as 
needed for the largest instrumental and historical earthquakes in eastern Canada, creating a catalog for 
use in hazard assessments and other studies.   Because there is not a 1:1 correspondence between 
magnitude types and because there is a degree of uncertainty associated with any magnitude 
calculation or conversion, there may be some events not included that perhaps should have been and 
there are most certainly events picked up by the initial assessment (discussed in the next section) that, 
upon further study, should not be considered among the largest.   Nevertheless, it is unlikely that any 
of the very largest known historical or instrumental earthquakes have been missed.  The higher the 
magnitude, the more complete the catalog is expected to be but the completeness magnitude and 
period differ by region.   The reader should bear in mind that there is no real knowledge of 
earthquakes in the eastern Arctic prior to the instrumental era, whereas there are written descriptions 
of earthquakes in southeastern Canada and the adjacent United States dating from the 16th Century. 
 
This study builds upon and updates several previous catalogs.    Johnston et al (1994, hereafter referred 
to as EPRI) undertook a large scale study of earthquakes occurring in stable continental regions to 
determine their moment magnitudes as well as other source parameters.    Earthquakes were evaluated 
on an individual basis taking into account all available sources of information.   The EPRI study forms 
the backbone of most of those that followed.     Subsequent works include Schulte and Mooney (2005) 
whose study included stable continental regions worldwide and Bent (2009) who focused on eastern 
Canada.    There has also been a recent effort by the International Seismological Centre (ISC, see Data 
and Resources) to update its catalog of historical, global earthquakes, hereafter referred to as the GEM 
(Global Earthquake Model) catalog (Storchak et al., 2013, 2015; DiGiacomo et al., 2018).     Many, 
but not all, of the magnitudes catalogued in the current study are adopted from one of these sources. 
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Data Selection 
 
Earthquakes evaluated in this study are located in the region 38°-90° N and 45°-110° W and 
catalogued in the NEDB (see Data and Resources).    The southern and easternmost boundaries lie 
outside of Canada but large earthquakes within this region impact eastern Canada and are therefore of 
interest.    The boundaries were selected to be consistent with those used in hazard assessment (Bent, 
2009). The events included in the catalog are shown in Figures 1a-d, grouped by moment magnitude 
and in Figures 2a-d based on the method used to determine moment magnitude.    
 
The dataset used by Bent (2009) in an earlier, similar study, based on a search of the NEDB (see Data 
and Resources) for earthquakes of magnitude 5.0 on whatever magnitude scale was indicated as the 
event-preferred magnitude scale, forms the backbone of the current study.    Events evaluated and 
rejected by that study are not included in this paper.  The dataset was augmented by earthquakes of 
magnitude 5.0 or greater in the NEDB (see Data and Resources) occurring within the stated 
boundaries from 1 January 2009 through 30 June 2020.    Additionally a suite of forty-five, 
predominantly pre-instrumental, earthquakes not included in the earlier study were added.   They had 
been identified in the initial search but excluded by Bent (2009) because they did not meet the 
completeness criteria for use in hazard assessment in Canada, which was the primary motivation for 
that study.  The listed magnitudes, however, indicate they should be assessed as they are likely among 
the largest eastern Canadian earthquakes. 
 
A magnitude-based search of the database will be imperfect in creating a top n list for moment 
magnitude where n is any number larger than “a few” as it is likely to miss some events that further 
scrutiny shows should have been included and it will pick up some that should not have been because 
of mixed magnitude types in the database and a priori assumptions about what the moment magnitude 
might be are not always correct.    Decreasing the magnitude threshold of the database search to ensure 
that no events are missed does not necessarily improve the quality of the resulting catalog as M for the 
majority of the smaller events will be based on applying a standard conversion and not on a thorough 
evaluation of the earthquake for which there may be little or no additional information.   To at least 
partially correct the list for potential missed events, some earthquakes with known moment 
magnitudes were added.   Searching the NEDB for eastern Canadian earthquakes where M or MW is 
listed as the preferred magnitude type, twenty seven earthquakes were found.    Fifteen of these are 
among the earthquakes found by the initial magnitude 5.0+ search.    Eleven of the remaining twelve 
have moment magnitudes ranging from 3.8 to 4.9, well within the range of other events in the study.     
All of these were determined by regional moment tensor analysis and should be considered reliable.    
They have been added to the catalog.   The final event is an M 2.4 earthquake that occurred on the 
south shore of Lake Erie on 19 June 2019.   It is too small for inclusion in this catalog.   An additional 
sixty-one events with published instrumental moment magnitudes   determined by regional moment 
tensor analysis were also added.  They are within the magnitude range of the earthquakes in this study 
that met the initial search criteria but the majority are at the lower end of the magnitude range and 
generally not considered significant earthquakes. 
 
Moment magnitude is denoted as MW in the NEDB (see Data and Resources) whether or not it is based 
on the W phase or very long period data.   It is listed as the primary magnitude for only a small 
number of earthquakes as previously discussed.  To avoid over-interpretation or misunderstanding, M 
is used in this study to denote moment magnitude.    Moments and moment magnitudes in this catalog 
were rarely calculated at long enough periods to qualify as true MWs.    If another designation is used 
in the text (for example, MWW, MWR, MWC), it is the notation used by the institution that calculated the 
magnitude. It should be noted that the NEDB (see Data and Resources) uses MW for all flavors of M 
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as did Bent (2009). Any place M (unbolded) appears in the text, it used as a generic term for 
magnitude, usually in reference to a database of mixed magnitude types. 
 
For recent earthquakes, the Nuttli (1973) magnitude scale, MN, developed for use in eastern North 
America is most often listed as the primary magnitude for eastern Canadian earthquakes.   Although 
Nuttli (1973), referred to the scale as mbLg, the MN designation is used to indicate that the scale is not 
used exactly as he intended.    More discussion on this topic may be found in Bent (2011) and Bent 
and Greene (2014).  For the purposes of this study, instrumental MN, mbLg and MLg are considered 
equivalent unless there is a clear reason indicating otherwise.   There may be subtle differences 
between them and how they are applied by various institutions (Bent, 2013; Bent and Greene, 2014), a 
topic deserving further study.      For older instrumental earthquakes and most earthquakes occurring 
offshore, the Richter (1935) ML scale is used and is not modified for eastern North American 
attenuation.   ML is also the most commonly listed magnitude type for pre-instrumental earthquakes 
whose magnitudes are estimated from felt information.  ML is routinely used for earthquakes recorded 
only by stations at distances of less than 50 km but these events are too small to form part of the 
current study.     For some of the larger, historical, instrumental earthquakes, teleseismic magnitudes 
MS (Gutenberg 1945a) and mb (Gutenberg 1945b,c) are listed as the primary magnitudes.    Although 
noted as mb, many of the body wave magnitudes would be more properly defined by the broadband 
version of the scale, mB as they are based on intermediate period data recorded by the instruments of 
the time. 
 
 Although the event selection was based on magnitudes in the NEDB (see Data and Resources), there 
are several references to a JD database in the text and in the comment section of Table S1 (in the 
Supplement to this paper).  The term is used to refer to a body of work resulting from the re-evaluation 
of post-1940 eastern Canadian earthquakes by J. Adams, J. Drysdale and R. Wetmiller with the 
assistance of many students.  Of particular importance to the current study is that they determined MN 
for many events for which only an ML had been previously available.  Because MN is considered a 
more appropriate magnitude for eastern Canada, these JD magnitudes are preferred over the NEDB 
ML magnitudes for conversion to M.  The JD magnitudes have been incorporated into the dataset used 
for seismic hazard calculations in Canada (Halchuk, 2009).   Several events evaluated in this study 
would not have passed the initial selection criteria had the NEDB (see Data and Resources) similarly 
adopted the JD magnitudes, which were lower than the initial magnitude estimates. 
 
The descriptive names in the NEDB (see Data and Resources) for historical and offshore earthquakes 
are generally based on the nearest location in Canada.   As such, it is not always obvious that an event 
occurred in or off the coast of the United States.   I have modified some entries to indicate the state or 
region in which the earthquake occurred.    Users of the data are more likely to focus on the 
coordinates but I raise the issue of place names because some may appear inconsistent with those 
resulting from a search of the NEDB (see Data and Resources).    I also note that in 1999, the territory 
of Nunavut was created from the eastern section of the Northwest Territories whose name was retained 
by the western portion.    The current names are used in this text regardless of the date of occurrence 
of the earthquake.   Usage in the NEDB is inconsistent for pre-1999 earthquakes but consistent from 
that point on.   That is, place names for some older earthquakes have been adjusted to reflect the new 
boundaries and some have not. 
 
Magnitudes and Magnitude Conversions in Eastern Canada 
 
Commonly used magnitude scales in eastern Canada were discussed in the previous section.   When an 
instrumental moment magnitude has not been determined for an earthquake, moment magnitude is 
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calculated using conversion relations for other magnitudes or for intensity data.  The Bent (2009) 
report relied on conversion equations developed for stable continental earthquakes in the EPRI report.    
In the decade that followed, new conversion relations, some of which are specific to eastern Canada or 
eastern North America, were established.   They are used when available.  The conversion relations 
used in this study are summarized below.   
 
For instrumental MN  (Bent, 2011) 
M = MN – 0.4       <1995 
M = MN – 0.5     ≥1995 
 
For instrumental ML for offshore earthquakes (Bent, 2016) 
M = ML – 0.2  
 
For most other instrumental magnitudes the conversion relations of Johnston (1996a) for stable 
continental regions are employed.   All are expressed in terms of the log of the seismic moment (Mo) 
measured in dyne-cm.   Logs are log10.   In all cases, moment is converted to moment magnitude using 
the standard relation between the two (Hanks and Kanamori, 1979).    
 
The conversion equations in Johnston (1996a) for MS and mb are not identical to those in the EPRI 
report.    On the surface they appear drastically different but comparing the results from MS and mb 
values of 5.0, 5.5, 6.0 and 6.5 it was found that there was no difference in the M derived from MS but 
slight differences in M derived from mb, with the exact difference depending on the magnitude.    The 
unified magnitude, MU, is a hybrid of MS and mb (EPRI).  The conversion equation for MU comes from 
the EPRI report as it was not re-evaluated by Johnston (1996a).   Given that there is little or no 
difference in moment magnitudes derived from MS and mb, moment magnitudes based on MU, which 
gives a higher weight to MS, were not re-evaluated in this study.  Moment magnitudes derived by Bent 
(2009) or adopted by Bent (2009) from the EPRI report on the basis of Ms have also not been 
recalculated unless MS has subsequently been revised.  Those that were based on mb have been 
reassessed.    The EPRI report did not include a direct ML-M conversion relation but did provide an 
ML-mb conversion for eastern North America.    Bent (2009) used a two step ML-mb-M process.  In the 
current paper, the direct ML-M conversion of Johnston (1996a) is applied for earthquakes occurring 
onshore, which generally increases M with respect to the previous study. 
 
MU = (mb +2MS)/2 
log(Mo) = 21.67 -0.18(MU) + 0.13(MU)2    
log(Mo) = 24.66 – 1.083(MS) + 0.192(MS)2   
log(Mo) = 18.28 + 0.679(mb) + 0.077(mb)2  
log(Mo) = 18.31 + 1.017(ML)     used in this study for onshore earthquakes only 
 
For pre-instrumental earthquakes, the EPRI conversion relations for stable continental regions based 
on felt area in km2 at various intensities are applied.   These are somewhat different in appearance 
from those published by Johnston (1996b).    As for the instrumental conversions, there is little or no 
difference in the final results.   Since moment magnitudes derived from intensity data, have a high 
uncertainty associated with them, previously published moment magnitudes were not recalculated.  
Afelt is the complete felt area in km2 and AMMI is the felt area at the Modified Mercalli Intensity (Wood 
and Neumann, 1931) indicated by the subscript. 
 
log(Mo) = 47.34 – 10.81log(Afelt) + 1.17log2(Afelt) 
log(Mo) = 30.62 – 4.67log(AIV) + 0.65log2(AIV) 
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log(Mo) = 20.94 + 0.36log(AVI) + 0.14log2(AVI) 
 
When felt or isoseismal areas are not available, moment magnitude is based on either the maximum 
intensity or the intensity at the epicenter.  Values for these events were adopted from other sources and 
not directly calculated in this study.    
 
 
Moment Magnitude Catalog 
 
In the creation of this catalog, a priority scheme has been developed for assigning a preferred moment 
magnitude.   The scheme is essentially that of Bent (2009) who based her scheme on that of EPRI.  
Before discussing that, a few additional words on the EPRI report are in order.    It was a 
comprehensive study of earthquakes occurring in stable continental regions.   Earthquakes were 
evaluated individually with all available information taken into account.    When possible, moment 
magnitudes were assigned.   Magnitude conversions for stable continental regions were also 
developed.   The EPRI catalog assigns two decimal places to their moment magnitudes.   When 
adopting their values, I rounded them to a single decimal place.   It is debatable whether the two 
decimal place precision is warranted for modern earthquakes and it almost assuredly is not for 
magnitudes derived from scant felt reports. 
 
Instrumentally determined moment magnitudes are given top priority.  In the case of differing moment 
magnitudes from regional and teleseismic moment tensor inversions, the regionally derived value is 
given preference unless there is a clear reason to suspect it.    Studies have shown that for moderate 
earthquakes, teleseismic moment tensor inversions, such as the Global Centroid Moment Tensor 
project (GCMT; Dziewonksi et al., 1981; Ekström et al. 2012; Data and Resources) and USGS (see 
Data and Resources) tend to overestimate the magnitude (Gasperini et al., 2012; DiGiacomo et al., 
2021).    For larger earthquakes, teleseismic moment magnitudes may be preferable.    There are only a 
small number of events of magnitude 7.0 or greater in this study and their moment magnitudes were 
derived by other methods.  Preliminary assessments for Canada (some events discussed in this paper 
and also Bent et al., (2019)) are consistent with the observations of Gasperini et al. (2012) and 
DiGiacomo et al . (2021)  but further study with a larger data set is needed before making a blanket 
statement to that effect for Canadian earthquakes. 
 
Other instrumentally derived magnitudes are next in terms of priority with preference given to the 
teleseismic magnitudes MS and mb as they are less sensitive than regional magnitudes to the effects of 
depth and local velocity structure.  If both are available, the unified magnitude MU described in the 
EPRI report is used.   It is a weighted average with MS being given double the weight of mb.     
Otherwise, whichever of the two is available was used.   The next preference is given to instrumentally 
derived regional magnitudes.   MN is given higher priority than ML as it was developed for use in 
eastern North America and ML for California. 
 
If there are no instrumental magnitudes, intensity data are used to determine moment magnitude.   
Total felt area and isoseismal areas are preferred.   The majority of magnitudes in the NEDB (see Data 
and Resources) for pre-instrumental earthquakes are those of Smith (1962), many of which are based 
on maximum intensity.  Peak intensity is used only when there is no alternative.    The Bent (2009) 
study pointed out the dangers of using peak intensity blindly.   Several events in the NEDB (see Data 
and Resources) with magnitudes listed as ML 5.7 were found to be small mining related events in the 
United States whose peak intensities were high due to a combination of shallow depth and close 
proximity to a community.     Although such an error may be understandable for earthquakes occurring 
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in previous centuries, these events occurred in the 1950s and the lack of instrumental data should have 
served as a red flag.   These were removed from the moment magnitude catalog but, unfortunately, 
still appear in the NEDB.  
 
Lacking any new information relevant to a previously studied earthquake, its M value determined by 
Bent (2009) has been retained without further analysis.    Ninety-six events fall into this category and 
are shown unshaded in Table S1 of the Supplement to his article.  The original justification or 
reference for the magnitude is noted.   If the source was EPRI, the basic justification (e.g. instrumental 
magnitude, peak intensity) is noted but readers may wish to consult the EPRI report for their sources 
of information.   More details on earthquakes of interest may be obtained from the references therein.  
New events (yellow), re-evaluated events (blue), historical events not meeting completeness criteria 
(red) and events not meeting initial criteria but with known instrumental moment magnitudes (green) 
are also included as shaded entries in Table S1 in the Supplement to this article.    The complete 
catalog of events evaluated may be found in Table S1 in the form of an Excel spreadsheet; Table 1 in 
the main body of the text is an abbreviated version of the spreadsheet for events for which M is greater 
than or equal to 5.0.   The comments re shading apply only to the Supplement. 
 
No attempt has been made to assign formal uncertainties to the magnitudes.   It is the author’s 
experience that magnitudes calculated from instrumental data at many stations tend to have 
uncertainties of the order of 0.2 magnitude units.   For example, an evaluation of uncertainties, defined 
as standard deviation, for MN in the NEDB (see Data and Resources) for a suite of over 4000 eastern 
Canadian earthquakes, used as part of an ongoing study, occurring over a ten year period yields a 
mean value of 0.14.    Uncertainties associated with sparse instrumental data or felt reports are, in 
general, higher.   Additionally, there are uncertainties associated with conversion relations.    With this 
in mind, M values obtained directly from instrumental data should be considered the most reliable and 
those estimated from sparse intensity data the most uncertain.   Of the 254 moment magnitudes in the 
catalog, 111 are instrumental moment magnitudes (Figure 2a).    The remaining values are roughly 
equally split between those derived from other instrumental magnitudes and those from intensity data 
(Figures 2b-d).    
 
New Events 
 
The NEDB (see Data and Resources) was searched for events of magnitude 5.0 and greater on any 
magnitude scale from 1 January 2009 through 30 June 2020 within the boundaries discussed 
previously in the text.   Ten events were found.    Instrumental moment magnitudes were available for 
all except one of these events.    They are primarily derived from moment tensor inversions.  As 
previously noted, magnitudes from regional moment tensor solutions are given preference over those 
derived from teleseismic data for this earthquake suite.   All events in this group are of M 6.0 or less. 
 
The dates, original times and magnitudes noted in bold below are from the NEDB (see Data and 
Resources).   All times are Universal Time (UT).  The event number refers to Tables 1 and S1 (in the 
Supplement to this article where these events are shaded in yellow), which are sorted by moment 
magnitude.   In the case of equal moment magnitude, they are arranged chronologically in the Tables.  
The events are discussed chronologically below. 
 
2009-04-15 06:54:51 5.0mb Offshore Queen Elizabeth Islands region, NT (event 82): Both the 
USGS and GCMT (see Data and Resources) give moment magnitudes, derived from moment tensor 
inversion, of 5.0 for this earthquake.  This value is adopted. 
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2009-07-07 19:11:45 5.9Mw 237 km SE of Craig Harbour, NU. Felt (event 23):  The preferred 
moment magnitude for this Baffin Bay earthquake is 5.9 derived from regional moment tensor 
inversion (Kao et al., 2012; Herrmann – see Data and Resources).   Magnitudes derived from 
teleseismic moment tensor inversions are similar but, on average, slightly larger:  MWC 6.1 and MWb 
5.9 (USGS, see Data and Resources) and 6.0 (GCMT, see Data and Resources). 
 
2010-06-23 17:41:41 5.0Mw 10 km SE of Val-des-Bois, QC, Felt (event 80):  The earthquake near 
Val-des-Bois, Quebec on 23 June 2010 was one of the largest earthquakes in southeastern Canada in 
the last quarter century.   Regional moment tensor inversions by Kao et al. (2012) and Herrmann (see 
Data and Resources) both obtained moment magnitudes of 5.0.   Teleseismic moment tensor 
inversions by the USGS and GCMT (see Data and Resources) suggest a slightly larger value of 5.2, 
which is also the value adopted by the GEM catalog.  The regional value is adopted in this study.   
Detailed studies on this earthquake refer to M as 5.0 (Atkinson and Assatourians, 2010) and 5.1 
(Boore, 2012). 
 
2011-08-23 17:51:03 5.8Mw Virginia, US. Felt (event 26):  Although it occurred approximately 400 
km from the Canadian border, the Mineral, Virginia earthquake of 23 August 2011 was felt throughout 
much of eastern Canada and is therefore included in this study.  The NEDB (see Data and Resources) 
cites the USGS (see Data and Resources) location and magnitude as the preferred values.  It is noted 
by the author that the latitude is just south of the boundary used in the initial search of the NEDB (see 
Data and Resources).   The USGS gives an MWW of 5.8, which is the same as Herrmann’s (see Data 
and Resources) value from regional moment tensor inversion.    The GCMT MW is 5.7.    The 
preferred value is 5.8.   It is noted that this is also the preferred value for many in-depth studies on this 
earthquake (Hough et al., 2012; Hartzell et al., 2013, McNamara et al., 2014). 
 
2013-05-17 13:43:23 5.2MN  18 km NE of Shawville, QC, Felt (event 144):   This widely felt 
earthquake occurred in the Western Quebec Seismic Zone on 17 May 2013 near the town of 
Ladysmith, Quebec.    It was discussed in detail by Bent et al. (2015) who obtained an instrumental 
moment magnitude of 4.6 from regional moment tensor analysis using a regionally appropriate 
velocity model.   This value is consistent with moment magnitudes derived by others.  These include 
4.6 from PGA and 4.5 from spectral data (Atkinson et al., 2014), 4.4 from regional moment tensor 
inversion (Herrmann, see Data and Resources), 4.7 from teleseismic moment tensor inversion (GCMT, 
see Data and Resources) and 4.7 from vertical Rayleigh waves (Ma and Audet, 2014). 
 
2017-01-08 23:47:11  5.9Mw  93 km SE of Resolute, NU. Felt (event 24):  The epicenter of this 
earthquake was 93 km from the community of Resolute and the newly upgraded Canadian National 
Seismograph Network (CNSN) station RES located there.   The preferred M of 5.9 is based on 
regional moment tensor inversion (Bent et al., 2018) using a regionally appropriate velocity model.  
Herrmann (see Data and Resources) also obtained an M of 5.9 based on a regional moment tensor 
inversion.   Moment magnitudes obtained via teleseismic moment tensor inversion tend to be slightly 
larger with values of 6.1 by both Motazedian and Ma (2018) and the GCMT (see Data and Resources).    
The USGS (see Data and Resources) obtained an MWW of 6.0 and MWb of 5.9.    The preferred value is 
5.9 from regional moment tensor inversion. 
 
2017-01-09 17:55:35 5.0Mw   88 km SE of Resolute, NU. Aftershock (event 81):   This earthquake 
is an aftershock of Event 24.   The preferred moment magnitude of 5.0 is based on regional moment 
tensor inversion (Bent et al., 2018).    The GMCT (see Data and Resources) MW from teleseismic 
moment tensor inversion is also 5.0.    
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2017-01-20 01:26:15 5.1ML 97 km SW of Isachsen, NU (event 131):   Bent et al. (2018) obtained a 
moment magnitude of 4.7 from regional moment tensor inversion and this is the preferred value.    
Moment magnitudes for this event were not determined by any of the other usual sources. 
 
2017-02-10 15:01:49 5.3Mw   92 km SE of Resolute, NU. Felt (event 51):   This event is another 
aftershock of Event 24.   Its preferred moment magnitude of 5.3 is based on regional moment tensor 
inversion (Bent et al., 2018).    Moment magnitudes were not determined by any of the other usual 
sources. 
 
2018-06-04 22:49:30 5.0ML  West coast of Greenland (event 132):  The earthquake appears in the 
USGS database with an mb of 4.5.    The Geological Survey of Denmark and Greenland (GEUS) 
reports the magnitude as ML 4.1  (https://www.geus.dk/natur-og-klima/jordskaelv-og-
seismologi/registrerede-jordskaelv-i-groenland/), considerably smaller than the ML  of 5.1 in the 
NEDB (see Data and Resources).   No instrumentally determined moment magnitude was found for 
this event.  Using the mb-MW conversion relation of Johnston et al. (1996a) a moment magnitude of 
4.7 is obtained.   
 
Re-evaluated Events 
 
The earthquakes discussed in this section were all evaluated by Bent (2009).    In light of new 
information, such as regionally appropriate magnitude conversion relations, newly found data or an in-
depth study or re-analysis of a particular earthquake their moment magnitudes were reassessed.     
Note that this does not mean that the preferred moment magnitude value has changed.     An origin 
time of 00:00:00 indicates that it is unknown.  Event number refers to Tables 1 and S1 (in the 
Supplement to this article where they are shaded in blue), where they are sorted in order of decreasing 
M.    Events that were re-evaluated in light of new conversion relations are grouped and discussed at 
the end of this section.    The others are discussed individually in chronological order. 
 
1791-12-06 20:00:00 6.0ML 6 km S of Baie-St-Paul, QC (event 38):  Bent (2009) adopted the EPRI 
M of 5.5 based on felt area.   A new study by Lamontagne (2020), which provides a detailed 
assessment of local and regional damage, is consistent with this value. 
 
1904-03-21 06:04:00 5.9MN 14 km SW of St. Andrew’s NB (event 29):   A recent paper by Ebel 
(2020) suggests that the epicenter might be closer to Sullivan, Maine.   Since the moment magnitude 
of 5.7 is based on isoseismal area, it is not dependent on the epicenter and has therefore not been 
changed.   A difference in epicenter might, however, have implications for other aspects of hazard 
assessment. 
 
1933-11-20 23:21:52 6.3MS Baffin Bay (event 1):  The M value of 7.4 preferred in Bent (2009) 
based on the moment magnitude determined by Bent (2002) by waveform modeling twelve phases (9 
P, 3 SH) at nine stations is retained in this study.   However, the number is sufficiently different from 
the M of 7.7 in the GEM catalog that it bears discussion.    The GEM value comes from a compilation 
of moment magnitudes by Lee and Engdahl (2015).    Their moment magnitude for this earthquake is 
based on the work of Stein et al. (1979), whose moment is derived from measurements at three 
stations.   It should also be noted that Stein et al. (1979) obtained an erroneous depth of 65 km, which 
they noted as unusual, by fitting travel times to a single station.    
 
1945-01-01 01:20:42 6.5MS Baffin Bay (event 20):  The M value in Bent (2009) is the 6.5 of EPRI 
obtained by a conversion from instrumental MS.   This event appears in the GEM catalog with an M of 

https://www.geus.dk/natur-og-klima/jordskaelv-og-seismologi/registrerede-jordskaelv-i-groenland/
https://www.geus.dk/natur-og-klima/jordskaelv-og-seismologi/registrerede-jordskaelv-i-groenland/
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5.9.  The EPRI report cites NOAA as the source and the ISC cites Pasadena.    The GEM value was 
obtained by conversion from a recomputed MS of 5.75  based on measurements at ten stations (D. Di 
Giacomo, written communication Nov 2020).  It is therefore considered more reliable and the GEM 
magnitude has been adopted. 
 
1951-04-22 12:36:16 5.7ML 269km E of Grise Fiord, NU (event 34):  Bent (2009) adopted the 
EPRI M of 5.3 based on a conversion from instrumental ML.  The GEM catalog shows this event as M 
5.7 based on a recomputed MS of 5.4.   The GEM value is adopted as it is based on MS, which is 
higher in the priority scheme than ML.  
 
1957-05-02 03:55:33 6.3 MS Baffin Bay, off Cape Hunter, Baffin Island (event 27):    The M of 
6.4 in Bent (2009) was adopted from the EPRI report.   However, Bent (2009) mistakenly stated that it 
was based on an instrumental ML.   The value was based on an instrumental MS of 6.3, which they 
state came from a NOAA report.    The GEM catalog lists this event as M 5.8 based on the ISC MS 
value of 5.6.    The ISC catalog, which has recently been updated, is presumed to be more complete 
and the GEM value is adopted. 
 
1989-12-25 04:25:50 5.1MN Ungava, Northern QC (event 50):  This event is a foreshock of event 9.  
The M value of 5.0 in Bent (2009) was adopted from EPRI, which was based on instrumental MS and 
mb.   The GEM catalog value of 5.3 is based on an updated mb value of 5.1 (D. Di Giacomo, written 
communication November 2020).   The GEM value is adopted. 
 
1989-12-25 14:24:32 6.3MS Ungava, Northern QC, felt (event 9):  The M value of 6.2 in Bent 
(2009) was based on a detailed study of this event by Bent (1994) with the moment being determined 
by waveform modeling.   The GEM catalog indicates a slightly smaller value of 6.0 based on the 
GCMT (see Data and Resources).    Bent (1994) showed that the event was very shallow (~ 3 km) 
whereas the depth from the GCMT (see Data and Resources) is 15 km, reflecting that shallow depths 
are often not well resolved by long-period teleseismic data.    The value of 6.2 is retained. 
 
2008-04-18 09:36:57 5.2Mw 7km NNE of Belmont, Illinois, felt (event 60):   Bent (2009) adopted 
the instrumental M 5.2 of the USGS based on a regional moment tensor inversion.   This event appears 
in the GEM catalog with an M of 5.4 obtained from the GCMT (see Data and Resources).  The USGS 
value is retained based on the priority scheme, which gives preference to regional moment tensors. 
 
Moment magnitudes in Bent (2009) based on MN were either adopted from another source or 
calculated using the EPRI conversion equation.   They have been reassessed using the conversion 
relation of Bent (2011) for eastern Canada.     In most cases, the difference between the previous and 
revised value is small.   The mean difference is -0.16.  The events in this group  are 1941-06-08 (event 
242) revised from 4.0 to 3.7, 1943-01-14 (event 94) revised from 5.0 to 4.9, 1943-06-25 (event 247) 
revised from 3.7 to 3.6, 1944-06-23 (event 185) revised from 4.3 to 4.2, 1956-06-05  (event 217) 
revised from 4.0 to 3.9, 1957-03-23 (event 150) revised from 4.6 to 4.5, 1957-07-21 (event 195) 
revised from 4.2 to 4.1, 1958-01-09 (event 248) revised from 3.8 to 3.6, 1959-01-28 (event 253) 
revised from 3.8 to 3.5, 1959-01-30 (163) revised from 4.5 to 4.4, 1959-10-21 (event 249) revised 
from 3.8 to 3.6, 1960-09-06 (event 151) revised from 4.6 to 4.5, 1963-03-08 (event 141) revised from 
4.7 to 4.6 and 1966-03-22 (event 250) revised from 3.8 to 3.6. 
 
Moment magnitudes in Bent (2009) based on ML for offshore events were either adopted from another 
source or derived from a two step ML-mb-M conversion.     They have been re-valuated using the Bent 
(2016) conversion relation.   The mean difference is +0.17.  The affected events are 1915-01-22 (event 
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55) revised from 4.6 to 5.2, 1951-06-27 (event 107) revised from 4.6 to 4.8, 1952-10-20 (event 108) 
revised from 4.6 to 4.8, 1954-08-28 (event 66) revised from 4.9 to 5.1, 1954-10-16 (event 67) revised 
from 5.3 to 5.1, 1958-02-04 (event 95) no change from the value of 4.9 and  1962-10-26 (event 109) 
revised from  4.6 to 4.8. 
 
Moment magnitudes in Bent (2009) for onshore earthquakes derived from ML were either adopted 
from another source or derived from another source or from a two step ML-mb-M conversion.  They 
have been re-evaluated using the Johnston (1996a) conversion relation for ML.  Note that ML  for the 
1883 and 1897  earthquakes was estimated from felt reports.   The affect events are 1883-02-04 (event 
52) revised from 4.7 to 5.2, 1897-11-14 (event 42) revised from 4.8 to 5.4, 1925-03-01 (event 56) 
revised from 4.6 to 5.2, 1925-03-21 (event 57) revised from 4.6 to 5.2, 1926-03-18 (event 148) revised 
from 4.1 to 4.5,: The moment magnitude is revised from 4.1 to 4.5, 1928-12-01 (event 58) revised 
from 4.6 to 5.2 and 1961-12-25 (event 49) revised from 4.7 to 5.3. 
 
Moment magnitudes in Bent (2009) for the following events were based on mb and have been 
recalculated using the Johnston (1996a) conversion relation rather than that in the EPRI report.   The 
mean difference is -0.01.  The events affected are 1937-03-02 (event 106) revised from 4.9 to 4.8, 
1966-06-26 (event 186) revised from 4.0 to 4.2, 1967-11-26 (event 68) revised from 5.1 to 5.2, 1988-
01-12 (event 217) revised from 4.1 to 3.9 and 2008-05-03 (event 127) revised from 4.6 to 4.7.  M for 
events 1983-02-12 (event 153) and 1991-07-24 (event 175) was recalculated but there was no change 
from the previously published values of 4.5 and 4.3, respectively. 
 
“New” Historical Events 
 
Table 2 of Bent (2009) lists forty-five earthquakes, mostly pre-instrumental, that were not evaluated 
because they did not meet the completeness criteria for use in seismic hazard assessment.   Their 
magnitudes, however, are within the range of those included in the study and therefore they should be 
considered among the largest eastern Canadian earthquakes unless proven otherwise.    Uncertainties 
for pre-instrumental earthquakes are difficult to quantify but are typically greater than for 
instrumentally derived magnitudes as they rely primarily on felt reports often from sparsely populated 
regions.    A brief perusal of the NEDB (see Data and Resources) magnitudes shows a preponderance 
of ML 5.7 and 5.0 events (Figure 3).   These values are often an indication that the magnitude is based 
on peak intensity.   Additionally, 5.0 may be a default value for widely felt earthquakes.     The EPRI 
report notes that many magnitude (ML) derived from maximum or epicentral intensity, use the rough 
conversion of Gutenberg and Richter (1954) where MMI VI becomes ML 5.0 and MMI VII ML  5.7  
The report also comments, that these magnitudes are likely overestimated.  If the EPRI value has been 
adopted by this study in light of no new information, the earthquake appears only in Tables 1 and S1 
(in the Supplement to this article).   Events for which additional information has been obtained 
whether or not it is consistent with the EPRI moment magnitude or for which there are complications 
are discussed.  The events are discussed in chronological order, with the event numbers corresponding 
to Tables 1 and S1 (in the Supplement to this article; these events are shaded in red).    
 
1638-06-11 New Hampshire 20:00:00  6.3ML (event 11):   This event is listed in both the EPRI 
report and the NEDB (see Data and Resources) as occurring offshore in the Cape Ann region.    There 
is an increasing body of evidence suggesting it occurred in New Hampshire (Ebel, 1996; Ebel and 
Starr, 2018).   The rationale for the location and magnitude (MLg 6.5) are discussed in detail in these 
papers but is based on where and how strongly the earthquake was felt and comparisons to recent 
earthquakes with better constrained source parameters.  The moment magnitude of 6.1 adopted in this 
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study assumes a standard MN-M (Bent, 2011) conversion but has considerable uncertainty associated 
with it.    
 
1661-02-10 12:00:00 5.7ML 9 km N of Saint-Cesaire QC (event 87):    Gouin (2001) suggests that 
the epicenter may be closer to Roxbury, Maine than to Montreal but does not attempt to estimate 
magnitude citing a lack of contemporary documents.    The EPRI magnitude of 4.9 is retained for lack 
of additional information. Ebel (1996) provides a minimum mbLg of 5.0 based on felt information but 
is not able to constrain it further.   This would suggest a moment magnitude above 4.6.   
 
1663-02-06 15:00:00 5.0ML 7 km SE of La Malbaie, QC (event 73):    This earthquake is 
undoubtedly an aftershock of the approximately magnitude 7.0 earthquake that occurred on 5 February 
1663 (event 3).   It is mentioned neither in the EPRI report nor by Gouin (2001).    Gouin (2001) 
comments briefly on aftershocks without attempting to assign magnitudes to them due to inconsistent 
data from contemporary sources.   He notes that the largest aftershock was reportedly felt in Montreal 
but raises doubts about it as well.   The entry in the NEDB (see Data and Resources) for this 
earthquake does not cite a source for the estimated ML 5.0 although it is likely related to maximum 
intensity.   Ebel (1996) provides a minimum magnitude, mbLg, of 5.0 but cannot constrain it further.   
Searching the NEDB (see Data and Resources) for recent earthquakes in the Charlevoix region, a 
magnitude, MN, 5.4 on 6 March 2005 was reported felt in the Montreal region.     Recent earthquakes 
in the magnitude 4-5 range were not felt in Montreal.    Taking this to be a minimum magnitude and 
assuming this is the largest aftershock, a moment magnitude of 5.0 is assigned to this earthquake but it 
the uncertainty associated with it is very high and it should be used with caution.   
 
1665-02-24 00:00:00 5.5ML 20 km NE of La Malbaie, QC (event 133):   The EPRI report assigns a 
moment magnitude of 5.2 to this earthquake based on maximum intensity.   Ebel (1996), estimates that 
the magnitude (mbLg) is less than 5.0 based on where it was reported felt.  Gouin (2001) does not 
assign a magnitude to this earthquake but notes the Ebel (1996) paper.  A moment magnitude of 4.6 is 
assigned to this earthquake assuming an mbLg of 5.0 and the current conversion relation (Bent, 2011).     
This value should be used with caution as there is considerable uncertainty attached to it.   
 
1668-04-13 13:00:00 5.0ML 14km N of Montamagny, QC (event 134):   This event does not appear 
in the EPRI report.  Gouin (2001) discusses it but does not assign a magnitude.   Ebel’s (1996) 
evaluation of felt information concludes that the minimum mbLg magnitude is 5.0.   As for the event 
above the value of 5.0 is assumed, converted to an M of 4.6, and it is noted that the uncertainty is high. 
 
1727-12-28 00:00:00 5.0ML New England (event 255, removed from catalog):  This event, which 
appears neither in the EPRI or report nor the USGS, may be an aftershock of the event that occurred 
on 10 November 1727 (event 101).    Ebel (written communication, Sept. 2020) suggests that there are 
two errors associated with the date.   The first is that it is probably listed using the old (Julian) calendar 
and second, that the date is wrong regardless of calendar.  His research points to an event on 25 
December 1727 (Julian), which corresponds to 5 January 1728 in the new or Gregorian calendar.   
With that in mind, this is almost certainly the event (#204) on 4 January 1728 (see discussion below), 
which would have occurred on 5 January UT/4 January local time.   The event listed as 1727-12-28 is 
removed from the catalog and that on 1728-01-04 is retained. 
 
1728-01-04 00:00:00 5.0ML New England (event 204):  This event appears in neither the EPRI 
report nor the USGS.    It likely occurred on 5 January (UT) as discussed above. Ebel (written 
communication, Sept. 2020) notes that it was felt from Casco Bay, ME to Boston, suggesting a 
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moment magnitude in the 4-4.5 range.   The low value has been selected to allow for differences 
between MLg and M.   The uncertainty is high. 
 
1728-02-10 00:00:00 5.0ML New England (event 239):   This event, which appears neither in the 
EPRI or report nor the USGS, may be an aftershock of the event that occurred on 10 November 1727 
(event 102).   Ebel (written communication, Sept. 2020) notes that it was reported felt from 
Portsmouth, NH to Westborough, MA which would be consistent with an MLg of approximately 4.   
This is converted to M 3.7 based on comments from Ebel (written communication, Sept. 2020) that 
MLg from felt area is approximately 0.3 m.u. greater than M but users of the data should note that there 
is considerable uncertainty attached to both numbers. 
 
1744-06-14 22:00:00 5.0ML Massachusetts (event 205):   This is likely an aftershock of event 161 
that occurred at 15:00 the same day and is better documented.   Ebel (written communication, Sept. 
2020) notes that reference to the earthquake that occurred at 22:00 is found in a history of Salem, 
Massachusetts stating that it had been felt there and in adjacent towns.    It is clearly smaller than event 
161, which has an M of 4.4.    It is difficult to assign a moment magnitude to this event.    A value of 
4.0 is assigned, but it should be treated as an upper limit. 
 
1755-11-23 01:27:00 5.0ML New England (event 239):  This event that appears neither in the EPRI 
report nor the USGS is likely an aftershock of the Cape Ann earthquake on 18 November 1755 (event 
7).    Ebel (written communication, Sept. 2020) says that it was reported felt from Portland, ME to 
Rhode Island, consistent with an MLg of approximately 4 or M 3.7.    This value is adopted but should 
be treated as very approximate. 
 
1766-02-02 00:00:00 5.0ML New England (event 256; removed from catalog):  This event appears 
in neither the EPRI report nor the USGS.    Ebel (written communication, Sept 2020) says that it is 
described by Brigham (1871) as being felt in parts of New England and accompanied by a meteor.    
Ebel’s assessment, with which I concur, is that what was felt was likely a sonic boom from a meteor. 
 
1791-05-18 00:00:00 6.4ML Connecticut (event 191):  The NEDB (see Data and Resources) lists 
this event as ML 6.4.     The earthquake appears in the EPRI report with a moment magnitude of 4.1 
noted as a judgement call.    However, that statement is followed by a comment that this is a non-event 
with no explanation given.     I suspect it may be a case of a wrong date becoming associated with the 
event that occurred on 16 May 1791 (#182) but have no concrete evidence to support this.   Ebel 
(written communication, Sept. 2020) concurs saying that it’s likely a duplicate event that worked its 
way into the literature, possibly stemming from reports published on the 18th referring to an event on 
the 16th.  The event is retained with the EPRI M but it should be used with caution.  Its occurrence or 
non-occurrence does not have a significant effect on hazard assessments for Canada. 
 
1800-12-25 00:00:00 5.0ML New England (event 240):  This event appears in neither the EPRI 
report nor the USGS.    Ebel (written communication, Sept. 2020) comments that Brigham (1871) 
notes this earthquake as having been felt in Newport (RI?), Boston and Concord (presumably MA but 
possibly NH).   His assessment is of an MLg of 4 or less.   M 3.7 is adopted in this study but has 
considerable uncertainty associated with it. 
 
1831-07-14 00:00:00 5.7ML 7km SE of La Malbaie, QC (event 103):    Gouin (2001) asserts that 
this earthquake occurred during the night of 7-8 July 1831 and not on the 14th or 15th.  Based on felt 
reports he estimates an mbLg of 4.6.    If the standard conversion relation for instrumental earthquakes 
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(Bent, 2011) applies, the EPRI moment magnitude of 4.4 might be slightly overestimated.   However, 
the EPRI magnitude is retained for lack of strong evidence that it is incorrect.   
 
1842-11-09 00:00:00 5.0ML 8km SW of Sorel, QC (event 170):   Gouin (2001) reports an 
earthquake on 7 November 1842 that was felt in the region of lac Saint-Pierre.  This is likely the 
earthquake listed in the NEDB (see Data and Resources) on the 9th.  It does not appear in the EPRI 
catalog under either date.  Gouin (2001) estimates an mbLg of 4.7.   Using the standard conversion 
(Bent, 2011) a moment magnitude of 4.3 is proposed for this earthquake but the uncertainty is high.   
 
1855-02-06 00:00:00 5.0ML New England (event 257, removed from catalog):  This event appears 
in neither the EPRI report nor the USGS.    Ebel (written communication, Sept. 2020) says there is no 
mention of it in historical sources, such as Brigham (1871).   It appears in the Weston Observatory 
catalog as occurring on 1855-02-07 at 4:30UT, which would correspond to 1855-02-06 11:30 PM 
local time.   He notes that many of the events in the Weston catalog came from Smith’s reports.    
There is a possibility that a wrong date has been attached to the 1855-02-08 New Brunswick 
earthquake (event 90) that occurred at 11:30AM local time.   It is questionable whether this is a real 
event and no M has been determined for it.   
 
1857-10-23 20:15:00 5.0ML 38 km E of Niagara-on-the-Lake, ON (event 171):    The USGS 
(https://earthquake.usgs.gov/earthquakes/eventpage/ushis97/executive) derives a moment magnitude 
of 4.3 from felt area for this earthquake and is adopted in this paper.   The epicenter matches that of 
the NEDB (see Data and Resources) and puts the event just on the New York side of the Ontario-New 
York border.  This event is not discussed in the EPRI report.   
 
1864-04-20 18:15:00 5.0ML 10km N of Quebec City, QC (event 254):    Although this event 
appears in the NEDB (see Data and Resources) with an ML of 5.0, Gouin (2001) suggests it is much 
smaller with an estimated mbLg of 3.8.   An M of 3.4 is adopted in this study assuming the standard 
(Bent, 2011) MN-M conversion. 
 
1933-1953 Baffin Bay:  Several events occurring in Baffin Bay during this time period (events 30-33) 
are listed as having instrumental MS 5.6.   Given the occurrence of the M 7.4 event in 1933 (event #1), 
the occurrence of several large earthquakes in the region over the next few years is not surprising.   
That so many had identical magnitudes is somewhat.   The ISC Bulletin (see Data and Resources) 
indicates that the magnitudes for this group of events are based on a single station (PAS).   Three of 
these evens (30-32) appear in the GEM catalog with moment magnitude 5.6-5.7, suggesting that with 
additional scrutiny, they do appear to be roughly the same size.     
 
Other Events 
 
Earthquakes in this category did not meet criteria of magnitude 5.0 or greater in the NEDB (see Data 
and Resources) but have been added to the catalog as they have instrumentally determined moment 
magnitudes in the range of other events on the list.   The sixty-one events in this category are not 
discussed in detail but are flagged by green shading in Table S1 (in the Supplement to this article) 
where the sources are listed.   All occurred since 2009 when regional moment tensor analysis became 
fairly routine in eastern Canada.     Moment magnitude for these events range from 3.6 to 4.8.   
 
 
 
 

https://earthquake.usgs.gov/earthquakes/eventpage/ushis97/executive


15 
 

Discussion and Conclusions 
 
 The catalog developed in the paper is certainly not complete in the sense of providing moment 
magnitudes for all events of moment magnitude greater than that of the smallest event in the catalog 
(M 3.4) or even above a specific magnitude.   Rather it is an attempt to determine reliable moment 
magnitudes for as many of the largest events in and near eastern Canada as possible and make them 
available in a format that can be used in hazard assessments and research.    A simple evaluation of the 
distribution of magnitude values suggests it is complete to approximately M 4.7 or perhaps it is more 
accurate to say it is incomplete below that threshold (Figure 3) but the completeness varies by region 
and time.   
 
Although the moment magnitudes for many events were obtained by applying standard conversion 
equations, the conversions were not applied blindly.   Doing so might have resulted in a more 
complete catalog as a larger number of events could have been included but the final product would 
not necessarily heave been a more robust catalog.    An effort was made to examine all available 
sources of magnitude data before reaching a final value.  As direct, instrumental moment magnitudes 
become available for a larger number of earthquakes, there may be a benefit in re-evaluating some of 
the conversion relations used in this paper, particularly those derived from small, regional data sets.    
It is noted that moment magnitudes for the largest events, most of which had been the subjects of in 
depth studies, did not change with respect to those published in an earlier catalog (Bent, 2009).    
Revisions to moment magnitudes for many of the smaller events, on the other hand, were required.    
Although moment magnitudes can be derived via RCMT inversion and other waveform modeling 
techniques for most earthquakes considered to be among the largest or most significant in a region, 
there are other methods such as the coda envelope moment magnitude method (Mayeda et al. 2003, 
2007) that have successfully been applied to other regions (e.g. Moasca et al., 2005; Gök et al. 2016; 
Holt et al., 2021 ) and would potentially enable the direct calculation of moment magnitudes for all 
earthquakes used in hazard assessments (~M2.5 and greater)  recorded by digital data.  This method is 
currently being investigated and showing promise for the Western Quebec Seismic Zone (Bent et al, 
2021).   However, the calibrations must be carried out region by region to account for differences in 
attenuation and we are not yet at the point of using it routinely in eastern Canada. 
The moment magnitudes presented in this catalog represent the best estimates based on the current 
state of knowledge.     The catalog should not, however, be considered a static product.    Just as this 
catalog can be described as an updated version of several that came before, there will undoubtedly be a 
need to for further updates at some future date as more earthquakes occur and as our understanding of 
magnitude related issues improves.   
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Data and Resources 
 
Moment tensor solutions determined by the GCMT project, USGS and Herrmann (St. Louis Univ.) 

may be found respectively at: 

http://www.globalcmt.org/CMTsearch.html 

http://www.globalcmt.org/CMTsearch.html
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https://earthquake.usgs.gov/earthquakes/search/  (this link may also be used for other earthquake 
parameters noted as coming from the USGS or NEIC, including felt area magnitudes, USGSMFA, for 
pre-instrumental earthquakes) 
http://eqinfo.eas.slu.edu/eqc/eqc_mt/MECH.NA 
 
The (Canadian) National Earthquake Database may be found at  
https://earthquakescanada.nrcan.gc.ca/stndon/NEDB-BNDS/bulletin-en.php 
Note that the searchable database provides solutions only.   Phase data may be obtained by sending a 
request to nrcan.earthquakeinfo-infoseisme.rncan@canada.ca.    Alternatively, the phase data from 
Canadian stations may be accessed directly via the ISC bulletin (see below). 
 
The Bulletin of the International Seismological Centre may be accessed at  
http://www.isc.ac.uk/iscbulletin/search/ 
 
Maps and figures in this paper were generated using GMT software.   
Wessel, P. W. H. F. Smith, R. Scharroo, J. F. Luis and F. Wobbe (2013).  Generic Mapping Tools: 
Improved Version Released, EOS Trans. AGU, 94, 409-410. 
 
The Supplement to this article contains the complete catalog of moment magnitudes for earthquakes 
evaluated in this paper in the form of an .xlsx spreadsheet.    It includes source parameters,   
sources/justification of moment magnitudes and relevant references.  A “readme” file provides 
additional information about the format.  
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Table 1 
Moment Magnitude for earthquakes of M 5.0 or greater in eastern Canada and Vicinity 
 
event # dd/mm/yyyy OT (UT) lat.(N) lon. (W) mag. (NEDB) M source* 
           
1 11/20/1933 23:21:32 73.00 70.75  7.3MS  7.4 B02  
          
2 11/18/1929 20:32:00 44.50 56.30  7.2ML  7.1 B95  
          
3 05/02/1663 17:30:00 47.60 70.10  7.0ML  7.0 EPRI  
          
4 20/10/1870 16:30:00 47.40 70.50  6.5ML  6.6 EPRI  
          
5 8/31/1934 5:02:45 73.00 71.00  6.5MS  6.5 EPRI  
          
6 16/09/1732 16:00:00 45.50 73.60  5.8MN  6.3 EPRI  
          
7 18/11/1755 9:12:00 41.50 67.00  7.0ML  6.3 EPRI  
          
8 12/27/1972 22:59:26 76.80 106.49  5.4MN  6.3 EPRI  
          
9 12/25/1989 14:24:32 60.12 73.60  6.3Ms  6.2 B94  
          
10 3/1/1925 2:19:20 47.80 69.80  6.2Mw  6.2 NEDB  
          
11 11/06/1638 20:00:00 42.50 69.00  6.3ML  6.1 MN-M  
          
12 17/10/1860 11:15:00 47.50 70.10  6.0ML  6.1 EPRI  
          
13 11/1/1935 6:03:40 46.78 79.07  6.2ML  6.1 B96b  
          
14 9/4/1963 13:32:12 71.40 73.30  6.4MS  6.1 EPRI  
          
15 11/18/1929 23:01:48 44.50 56.30  6.0ML  6.0 MS-M  
          
16 7/10/1947 10:48:45 73.00 71.00  6.0MS  6.0 EPRI  
          
17 11/21/1972 10:06:27 76.58 106.02  5.7MN  6.0 EPRI  
          
18 11/19/1929 2:01:28 44.50 56.30  5.8ML  5.9 MS-M  
          
19 1/1/1945 1:20:42 73.00 70.00  6.5MS  5.9 GEM  
          
20 11/19/1972 17:33:44 76.55 106.33  5.6MN  5.9 EPRI  
          
21 12/28/1972 14:36:05 76.80 106.16  5.1MN  5.9 EPRI  
          
22 11/25/1988 23:46:04 48.12 71.18  5.9Mw  5.9 NEDB  
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23 7/7/2009 19:11:45 75.19 73.40  5.9Mw  5.9 K12  
          
24 1/8/2017 23:47:11 74.27 92.13  5.9Mw  5.9 B18  
          
25 9/5/1944 4:38:45 44.97 74.90  5.6ML  5.8 B96a  
          
26 23/08/2011 17:51:03 37.94 77.94  5.8Mw  5.8 USGS  
          
27 5/2/1957 3:55:33 72.31 67.52  6.3MS  5.8 GEM  
          
28 3/21/1904 6:04:00 45.00 67.20  5.9MN  5.7 EPRI  
          
29 5/16/1909 4:15:00 49.00 104.00  5.5MN  5.7 EPRI  
          
30 12/19/1933 17:48:20 75.00 72.00  5.6MS  5.7 MS-M  
          
31 2/24/1934 0:49:03 73.50 71.50  5.6MS  5.7 MS-M  
          
32 6/15/1934 6:34:25 61.50 59.00  5.6MS  5.7 MS-M  
          
33 8/22/1935 20:30:52 73.25 71.50  5.6MS  5.7 MS-M  
          
34 4/22/1951 12:36:16 76.00 73.00  5.7ML  5.7 GEM  
          
35 12/24/1940 13:43:44 43.80 71.30  5.6ML  5.6 EPRI  
          
36 12/7/1971 12:04:18 55.09 54.51  5.6ML  5.6 EPRI  
          
37 1/9/1982 12:53:52 47.00 66.60  5.7MB  5.6 EPRI  
          
38 06/12/1791 20:00:00 47.40 70.50  6.0ML  5.5 EPRI  
          
39 22/10/1869 10:45:00 45.00 67.20  5.7MN  5.5 EPRI  
         
40 11/12/1976 14:47:19 72.30 70.43  5.6MN  5.5 EPRI  
          
41 1/4/1992 0:56:56 66.73 94.60  5.0MB  5.5 BC93  
          
42 14/11/1897 0:00:00 42.90 106.30  5.3ML  5.4 ML-M  
          
43 4/18/1935 22:15:28 70.50 73.00  5.6MS  5.4 EPRI  
          
44 12/20/1940 7:27:26 43.80 71.30  5.0ML  5.4 EPRI  
          
45 12/13/1987 21:05:04 74.40 92.96  5.4MB  5.4 EPRI  
          
46 7/26/1922 6:31:08 50.00 50.00  5.3ML  5.3 MS-M  
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47 12/13/1929 11:19:15 44.50 56.30  5.0ML  5.3 MS-M  
          
48 10/19/1939 11:53:58 47.80 69.80  5.6MN  5.3 EPRI  
          
49 12/25/1961 19:58:29 63.90 89.30  5.1ML  5.3 ML-M  
          
50 12/25/1989 4:25:50 60.12 73.60  5.1MN  5.3 GEM  
          
51 2/10/2017 15:01:49 74.29 92.17  5.4MN  5.3 B18  
          
52 04/02/1883 5:00:00 42.30 85.60  5.0ML  5.2 ML-M  
          
53 5/26/1909 14:42:00 42.50 89.00  5.7ML  5.2 EPRI  
          
54 1/22/1915 0:00:00 41.00 60.00  5.0ML  5.2 ML-M  
          
55 9/30/1924 8:52:30 47.80 69.80  5.5MN  5.2 EPRI  
          
56 3/1/1925 4:30:42 47.80 69.80  5.0ML  5.2 ML-M  
          
57 3/21/1925 15:22:04 47.80 69.80  5.0ML  5.2 ML-M  
          
58 12/1/1928 0:00:00 50.00 81.50  5.0ML  5.2 ML-M  
          
59 8/14/2001 19:35:38 76.63 107.22  5.6MN  5.2 GCMT  
          
60 4/18/2008 9:36:57 38.45 87.89  5.2Mw  5.2 NEDB  
          
61 29/11/1783 0:00:00 41.00 74.50  5.0ML  5.1 USGSFA 
           
62 15/11/1877 11:45:00 41.00 97.00  5.6ML  5.1 EPRI  
          
63 27/11/1893 16:50:00 45.50 73.30  5.7ML  5.1 EPRI  
          
64 2/10/1914 18:31:00 46.00 75.00  5.5ML  5.1 EPRI  
          
65 3/9/1937 5:45:00 40.60 84.00  5.5ML  5.1 EPRI  
          
66 8/28/1954 15:23:01 45.17 56.87  5.2ML  5.1 ML-M  
          
67 10/16/1954 6:45:00 44.83 56.80  5.3ML  5.1 ML-M  
          
68 11/26/1967 22:09:00 40.00 104.70  5.0ML  5.2 mb-M  
          
69 10/6/1975 22:21:41 44.71 57.07  5.7ML  5.1 EPRI  
          
70 7/27/1980 18:52:21 38.17 83.91  5.1MB  5.1 EPRI  
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71 8/24/1981 11:20:33 61.32 59.29  5.5ML  5.1 MU-M  
          
72 4/20/2002 10:50:47 44.53 73.73  5.5MN  5.1 GCMT  
          
73 06/02/1663 15:00:00 47.60 70.10  5.0ML  5.0 this study 
           
74 11/18/1929 23:06:33 44.68 56.00  4.9MN  5.0 B09  
          
75 3/8/1975 5:20:34 79.82 94.07  5.2ML  5.0 EPRI  
          
76 6/27/1979 8:50:35 70.03 96.48  5.0MN  5.0 EPRI  
          
77 1/11/1982 21:41:08 47.00 66.60  5.4MB  5.0 EPRI  
          
78 3/16/1989 4:17:29 60.06 70.06  5.7MN  5.0 BH92  
          
79 12/6/1997 8:06:47 64.84 88.19  5.7MN  5.0 K12  
          
80 6/23/2010 17:41:41 45.88 75.48  5.0Mw  5.0 K12  
          
81 1/9/2017 17:55:35 74.37 92.15  5.4MN  5.0 B18  
          
82 4/15/2009 6:54:51 80.43 107.88  5.0mb  5.0 GCMT  
 
 
* two magnitudes e.g. (MS-M) indicate conversions, derived in this study,  from another magnitude 
type using the conversion relations discussed in the text, EPRI (Johnston et al., 1994),  NEDB (see 
Data and Resources), USGS/USGSFA (see Data and Resources), GCMT (see Data and Resources), 
GEM (Di Giacomo et al., 2015, 2018),  B94 (Bent, 1994), B95 (Bent, 1995), B96a (Bent 1996a), B96b 
(Bent, 1996b), B02 (Bent, 2002), B09 (Bent, 2009), B18 (Bent et al., 2018), BC93 (Bent and Cassidy, 
1993), BH92 (Bent and Hasegawa, 1992), K12 (Kao et al., 2012)     
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Figures 

 
 
Figure 1a: earthquakes of M 6.0 or greater 
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Figure 1b:  earthquakes of M 5.0-5.9 

 
Figure 1c: earthquakes of M 4.0-4.9 



29 
 

 
Figure 1d:  earthquakes of M less than 4.0 
 
Figure 1:   Maps showing distribution of data for earthquakes evaluated in this study.  The color of the 
symbol indicates how the moment magnitude was derived (see legend Figure 1a).   a) earthquakes of 
M 6.0 or greater, the arrows indicate that earthquakes derived by another method are hidden by the 
visible symbol(s) (these can be seen in Figure 2a-d), b) earthquakes of M 5.0 – 5.9, c) earthquakes of 
M 4.0-4.9 and d) earthquakes of M less than 4.0. 
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Figure 2a: M derived directly from instrumental data 

 
Figure 2b: M converted from teleseismic instrumental magnitude 
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Figure 2c: M converted from regional instrumental magnitude 
 

 
Figure 2d: M converted or estimated from intensity data 
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Figure 2:   Maps showing the distribution of earthquakes evaluated in this study sorted based on the 
method used to determine moment magnitude: a) instrumental moment magnitude, b) conversion from 
an instrumental teleseismic magnitude, c) conversion from an instrumental regional magnitude and d) 
conversion from intensity data.  The color scheme matches that of Figure 1.    
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Figure 3:     Data distribution by magnitude.    The heavy black lines show the M values from the 
current study.    The thinner lines show the primary magnitude in the NEDB (see Data and Resources), 
which contains a mix of magnitude types. 
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Supplement to A Revised Moment Magnitude Catalog of Eastern Canada’s Largest Earthquakes 
by Allison L. Bent 
 
This Supplement contains the moment magnitude catalog discussed in the text in the form of an Excel 
Spreadsheet.      Sheet 1 contains the catalog itself.    Sheet 2 provides an explanation of  columns J 
and K.   The complete citations for references in these columns may be found in the main text.   
 
Entries are color coded.    Unshaded lines indicate that the M values in Bent (2009) were adopted 
without further analysis.   Blue lines are for those events that were included in the Bent (2009) report 
but were re-evaluated in light of new information.    This did not always result in a change in the M 
value.   Events highlighted in yellow are events meeting the search criteria outlined in the text but that 
occurred since the publication of the Bent (2009) report.    Red is for historical events that met the 
initial search criteria but were not evaluated by Bent (2009) as they did not meet the completeness 
criteria for use in hazard assessment in Canada.   Finally, events highlighted in green did not meet the 
initial search criteria but were included in the catalog as they had instrumentally determined moment 
magnitudes within the range of other events evaluated and the author believes there is some benefit to 
having them catalogued in a single source.   
 
 


	Abstract
	Introduction
	Data Selection
	Magnitudes and Magnitude Conversions in Eastern Canada
	Moment Magnitude Catalog
	New Events
	Re-evaluated Events
	“New” Historical Events
	Other Events
	Discussion and Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


