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' INTRODUCTION 

On 10 F c 1:r u a r y 1 97 7 of f i c i a ls o f 0 n ta r i o lly d r o me t fil th 

officials of the Earth Physics Branch and the Geological Survey of 

Canada to discuss the scope of the investigation that muld 1::e 

required for s eis mie design cons iderti.on of a nuclear po \-er plant 

site on Ontario Hydro r.-roperty at Chats Falls, Ontario (adjacent to 

the hydroelectric dam on the east end of Lac des Chats). A memo -

randum of und ers tandin g o f th.es e discussions 1y H . S. lrvine is 

attached as Appendix A. 

This report is intended to comply with the Ontario Hydro request 

that the Earth Phys ics Branch "outline those regional seismic events 

that sh ould 1::e cons idered in arriving at s eismic design parameters 

for th e C~1 a t s Fa 11 s s i te" . 

EASTERN CANADIAN EARTHQUAKE DATA 

The 1:asic earthquake data availa He for eas tern Canada are from 

the t vo catalogues of Smith (1962,1966) ~hich cover the periods 1534 -

1 927 and 1928 -195 9, res pectively, and from annual catalogues pu tli -

shed 1y the Earth Physics Branch since 1960 . Th es e da t a h av e be en 

ass ess ed for purpos es of ass igning magnitudes to all earth quakes, pre -

and pos t -instrumental, for vh ich s ufficient information is av ai la 1::le 

t o as s i g n ma g ni t u d es > 4 . F o r th e p r e -·in s t r u men t a 1 p e r i o d th is h as 

nec essitated a reviev;of the Smith (1962,1966) mac-roseismic informa ­

tion and ma g ni tu d es h av e 1::e en as s i g n e d , t o th e ne a r es t h a 1 f -ma g ni tu d e -

on the 1:asis of empirical formulae wh \ch relate magnitude to epicen-

t ra 1 in te n s i ty , is os e i s ma 1 d i s t r i tu t ion and f e 1 t a r e a . 

A pp end i x B pro vides a 1 is t of a 11 e as ter n Can ad i an e a r th qua k es 

th a t h av e t ee n as s i g ne d t o ma g ni tu d e c a ta go r i es >. 4 . The g e o gr a ph i c a 1 

boundaries s elected to repr es ent t!-1 e eas tern Canada re g ion are 

longitudes 56°W and 85°W for the eas tern and v.es tern toundaries 
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respectively, Sl
0

N latitude for the northern boundary, and an 

irregular southern boundary shown by the latitude and longitude 

lines in Figure 1. The southern extension into U.S. territory 

of rou ghly 150 km is great enough to assess any Canadian zones 

of earthquake occurrence that may cr6ss the border into the U.S., 

and to consider the influence of any significant U.S. earthquakes 

on Canadian sites. Specifically excluded from consideration by 

this choice of southern boundary are the lar ge numbers of earth­

quakes in the catalogues, particularly in the early years, with 

epicentres along the Atlantic coast in the Boston-New York area~ 

The earthquake data presented in Appendix B are the stan­

dard date, origin time and epicentral coordinates, the magnitude 

category, a notation indicating the procedure for deriving the 

magnitude and, where appropriate, some remarks. Following is 

a brief description of each of the four ways in which ~agnitudes 

have been assigned. 

a) Instrumental. Magnitudes denoted "A" are computed from 

seismographic recordings. For the years 1968 .to the present 

eastern Canadian earthq uake magnitudes have been computed with 

a standard procedure that is considered reliable (see any recent 

catalogue for a description of the present procedures). Prior 

to 1968, some of the catalogue instrumental magnitudes were biased 

by the application of the Richter local magnitude scale to eastern 

Canadian earthquakes; see Stevens et al . 1973, Appendix 1 and 

Horner et al. 1973. For purposes of this review, all pre-1968 

eastern Canadian earthquake instrumental magnitudes, which 

rnay have been ~4, have been recomputed using the original instru­

mental data and the modern magnitude formulae . 
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b) Felt area. For earthquakes in the range un to 

about MS.5 l::ut without assigned instrumental magnitudes, the 

felt area is cons idered to provide a better non - instru -

mental estimate of magnitude than other macroseismic information. 

Thus for earthquakes with reasonable information available on 

the area of perceptibility, magnitudes have been assigned on the 

basis of the Nuttli and Zollweg (1974) equation 

M = 2.65+ 0.098f+ 0.054f
2 

where f is the logarithm (base 10) of t he felt area in 2 km . 

magnitudes are denoted "B" in Appendix B. When applying this 

procedure it is often necessary to estimate a (circular) felt 

The se 

area on the basis of _felt distance in one or two directions for 

earthquakes without felt information over a broad range of azimuth 

from the epicentre . 

c) Isoseismal Distribution. For larger historical earth-

quakes the felt area, even if available, does not provide a 

reliable estimate of magnitude. For these earthquakes, and for 

some others clown to MS, the descriptions of macroseismic effects 

in the epicentral region are often scarce, exaggerated or unreliable 

and magnitude estimates can best be made on the basis of intensities 

assigned at greater distance s . The intensity values considered 

the most reliable are plotted as a funct ion of epicentral dis-

tance and a magnitude is selected on the basis of a fit (t o the 

nearest half-magnitude) to the Milne and Davenport (1969) I(M,A) 

relations for eastern Canada . These magnitudes are denoted "C" 
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in Appendix B. 

d) Epicentral Intensit~ . For ea! thquak es that do not f all 

into one of the above thr ee categories, magnitudes are computed 

from epicentral intensity (1 ) usin g the Gutenb e rg and Richter 
0 

(1956) formula 

M == 1 + 2/3 I 
0 

and are denoted "D" in A-ypendix B. In both the Canadian (Smith 

1962, 1966) and U.S. (Co ffman and von Hake, 1973) historical earthquake 

catalo gues the epicentral intensities listed ar= often "ma x imum 

reported intensities". In the review of the macroseismic informa-

tian available for theseearthquakes an intensity more representative 

of the ge neral macroseismic eff ects in the epicentral r eg ion has 

been assigned where possible. It is this best estimate of epicentral 

intensity ( I ) 
0 

that is used to conv er t to ma gnitude. 

Th e not ations "A" through "D" in Appendix · B denoting the 

manner in which th e magnitudes hav e been computed are also con-

sidered to be an appropriate relative measure of ma g nitude relia-

bility, w.i.th "A" as the most reliabl e and "D" as the least. A 

statement of th e ac curaci es of th ese magnitudes is difficult to 

make. Modern instrument a l magnitud es are not considered more 

accurate than ± 1/4 of a ma g nitude unit, r e lative to some undefin ed 

absolute measur e of eartilquake "si ze" . The formulae for computation 

of the macroseisrnic magnitudes h a v e been d erive d on the basis 

of comparisons of detailed rnacrosei s mic effects and modern instru-
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me ntal ma gnitud e s, but any individual ma gnitude d e rived in this 

wa y is not claimed to be more accurate than ±1/2 unit. For the 

purposes of this r e vi e w the ma gnitudes listed in Appendix B are 

th e pr e sent best e stimates, and we proceed on the assumption 

th a t ea c h e a rthquak e has been assigned to the appropriate magni-

tude cate gory, i.e. to within"a half ma gnitude unit. 

BRI EF OVE RVI EW OF THE SEISMICITY AND TECTONICS OF EASTERN CANADA 

Investi g ations leading to seismic design considerations for 

the Chats Falls site will include an assessment of the relation-

ships between historical seismicity and the structural geologic 

and tectonic history of the region. The basic framework for thes e 

ass e s s me nt s i s shown in Fi g ure 1, in which the epicentres of earth-

quakes from 1900 to 1975 with magnitude categories ?_4 are plotted 

on a map of the geologic structures and tectonic provinces of 

eastern Canada. The geologic and tectonic information is taken 

from the Tectonic Ma p of Canad a ~ n_:ap 1251A, in Douglas, 1970), 

and is extended jnto t il:e U.S. us i n.8 ~ quivalent information from 

the Tectonic Map of No rth Am e rica (U.S. Geologic a l Survey, 1969). It 

i s i m p o r t an t t o n o t e th a t th e s t r u c t u r a 1 f e a t u r es p r es en t e d o n th es e 

rnaps are thos e featur es th a t h a d l::een mapped at the time of compi­

lation and th a t not a ll a reas h a ve l::een surveyed in the same detail, 

e.g., many a r ea s a r e know1, or can 1::e assumed, to contain nume-

r o us f a u 1 t s th a t h a v e no t 1::e e n ma p p e d i n th e f i e 1 d . The large num l:e r 

of s ma ll e r s ca l e ge ol og i ca l ma p s a v a il a ile from f e deral and provin -

c ia l a ge n cies in Ca n ada h a v e n o t l::ee n sea rched for addition a l s truc -

tu ral in format i ou . 
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Figur e 1 (following). Earthquake epicentres from 1900-1975 with 
magnitude categories ~ 4 plotted on the mapped geologic structures and 
tectonic provinces of eastern Canada . 

Magnitude Symbols: 

" M4 MS.5 

M4.5 M6 

MS OM7 

Geological Symbols: 

~--- fault (mapped, inferred) 

---------- - contact (mapped, unmapped) 

Superior Province 

Grenville Province 

[[[[II]] Appalachian Province 

~ cover on Precambrian 
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Figure 1 provides some basic information for an assessment 

of th e seismotectonics of a broad r egi on of eastern Canada, but 

for the purposes of this brief summary, discussion i s confined 

to the areas of western Québec and eastern Ontario tha t surround 

the Chat s Falls site. 

There is a concentration of mapped faults in eastern Ontari o 

that extends through the Montreal region and along the north shor e 

of the St. Lawrence River to Québec City. The eastern Ontario 

portion of the " Western Québec Zone" seismicity, at these magnitudes 

and for this time period, shows a gene ral spatial correlation with 

the mapped faults in the Montreal-Ottawa-Brockville triangle; a 

similar concentration of faults to the west is not accompanied 

by a similar pattern of earthquakes. North of the Ott awa River 

in a broad region of western Québec the earthquakes occur in a 

region with no similar mapped faults. Thus, any relationships 

that may exist between the seismicity and structures in this area 

are not yet clear. 

The presence of a zone of earthquakes like the Western Québ ec 

Zon e on one portion of th e Grenvill e Province of the Canadian Shield 

with adjacent, appa rently s imilar, portions of the Shield appearin g 

essentially aseismic is a puzzle and the subject of considerabl e 

research effort at the Earth Physics Branch . Nevertheless, the 

Chats Falls site is located in a re g ion of significant seismicity 

and significant mapped faults, both of which will require detail e d 

inv e sti g ations for seismic desi g n considerations. 
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THE WESTERN QUEBEC ZONE 

As part of a general assessment of the seismicity of eastern 

Canada for purposes of estimating seismic risk at low probabilities 

of exceedence, the region has been divid e d into zones of earthquake 

occurrence. The zone that will dominate seismic design considera-

tions for the Chats Falls site is the Western Québec Zone, a 

description of which follows. (This is the most recent,. and a more 

detailed, assessment of the Western Québec Zone but the results 

do not differ significantly from those presented in Seismological 

Service Internal Report 75-16, December 1975.) 

The historical earthquakes (omitting all aftershocks) of M > 4 

for a portion of eastern Canada centered on the Western Québec Zone 

are plotted for five time periods in Figure 2. The Charlevoix 

region of the St. Lawrence Valley is shown in upper right corner 

of these maps and allows a cornparison of the development of earth­

quake information with time in these two zones. 

In the first two centuries (Figure 2a) earthquakes are reported 

only for the vicinity of Montreal, the center of earliest settlement 

in western Québec. During the latter half of the nineteenth century 

(Figure 2b) knowledge of earthquake activity followed the settle­

ments along the Ottawa River and into north ern New York state. 

During the first qu arte r of the twenti e th century (Figure 2c) the 

population had become suffici e ntly well-distributed to provide 

earthquake reporting quite uniformly throu ghout the zone. The 

second qu arter of the twentieth century (Fi g ur e 2d), which is 

almost entirely in the instrumental era, shows a good distribution 

of earthquakes throughout the zone ; it is believed that durin g 

this tim e period the earthquake reporting was essentially compl ete 

at the magnitude levels shown. The l ast quarter century (Fi g ure 2e) 
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Figure 2. Historical earthquakes with magnitude categories ~ 4 
in a region of eastern Canada centered on the Western Quebec 
Zone for five time periods . 

Magnitude Symbols: 

MS ~M6.5, 7 
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shows abo ut th e same numb er of earthquakes in the Western Québec 

Zone but they tend to be somewhat more concentrated near the center 

of th e zone. 

Fi g ure 3 shows the earthquake epicentres of eastern Canada 

at all magnitude l eve ls for 1971 ~975, during which the earthquake 

location threshold has b ee n M3 or lower for all of the on-shore 

areas. This figure shows that a large proportion of the earthquakes 

of eastern Ca nada hav e occurred in the Western Québec Zone during 

this time period. 

In the absence of any d e finitive tectonic central on the seisrnicity, 

the data displayed in Figures 2 and 3 are the only information 

available upon which to define the boundary for the Western Québec 

Zone of earthquake occurrence; the adopted boundary is shown as 

the dashed line. Scattered earthquakes appear to the southeast 

of the zone from the late 19th centu~y onward (Fi g ure 2) to the 

south of the zone in the Blue Mount a in Lake area and to the east 

of the zone down the St. Lawrence River at low magnitudes in recent 

years (Figure 3), but in ge n e ral th e boundary seems appropriate 

to confine the si g nificant concentration of epicentres. 

The numbers of Western Québec Zone earthquake s in each magnitude 

category during different time periods (Table 1) are used to deriv e 

the magnitude r ec urrence e quation. Prier to 1970, earthquakes 

smaller th a n cate gory M4 h ave not b een assessed in·half-ma g nitude 

int er v a l s . Thes e d a ta, along with the discu ss ion r e latin g to Fi gu re 

2, can b e employed to establish mean annual earthquake r a tes for 

the differ e nt cumu lativ e magnitude categories using different assumed 

st a rtin g yea rs of compl e t e reporting (T a bl e 2). By avoiding tim e 

periods obviously too shoi:_t ___ t.~ -~nclude a ~e_presen _ta E i~~- sampl e __ 

of earthquakes and o1viously s o lon g as to include periods with 

in c o m p 1 e te e a r th qua k e r e p or t in g , th e an nu a 1 ra tes a r e s e en t o be 

rem arkal:iJy stable as a funct ion of the cho ice of starting year. It 
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Table 1 

~urnbers of Western Quebec Zone earthquakes (af t ershocks omitted) 

:t-fagnitude Category 

Years <2 2 2.5 3 3.5 4 4.5 5 5.5 . 6 7 

1975 Lf 16 5 3 1 1 1 
74 2 2 9 7 1 
73 1 2 
72 1 3 4 4 1 1 
71 2 2 8 1 
70 4 5 1 1 

1965 - 69 (31) 2 
60 - 64 (28) 5 1 
55 - 59 (37) 4 1 
50 - 54 (18) 4 4 1 
40 - 49 (49) 8 3 1 
30 - 39 (37) 10 2 1 1 
20 - 29 (12) 3 1 
10 - 19 (4) 2 3 1 
OO - 09 (9) 2 

1880 - 99 (30) 1 1 1 
60 - 79 (13) 4 2 
40 - 49 (11) 1 
20 .:... 39 
OO - 19 (2) 1 1 

(1732) 1 (?) 
(1661) 1 
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Table 2 

Wes t ern Quebec Zone mean annua l ear thquake rates 

Since : 
(yr.) 

1974 
1971 
1960 
1950 
1920 
1930 
1900 
1860 
1850 
1800 

* M > 3 

7.0 
6.2 

M > 4 

0.75 
1. 0 
1.0 

M > 5 

0.11 
0.079 
0.086 

M > 6 

0.016 
0.011 

* Magnitude categories are indica t ed here; in Figure 4 these 
estimates are plotted at M-~ to provide cumulative numbers 
of earthquakes contributing to the categories . 
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i s ~ in f a c t , d i f f i c u 1 t t o j us t i f y a r an g e o f p os s i bl e r a t es , d u e 
t 
to a variety of conceiva ble uncertainties in the procedure, any 

1 a r g e r th an th e r ange of rat e s h o Wl in Ta bl e 2 . These are, there 

fore, us ed d ir ectly to es ta blish the cumulative magnitude recur-

rence relation (Figure 4). Even the .estimate for M.:_6, although 

bas ed on only t v.-o earthquakes s eparated 1y eleven years, conforms 

t o th e g en e r a 1 t r end ( f or tu i t o us 1 y ) . 

The equation for the subjectively -fit straight-line portion 

of the recurrence curve is shown in Figure 4. The dashed curve 

shows the influence of irnposing an arbitrary maximum magnitude 

(Mmax) of 7.5 on the Western Québec recurrence relation, with the 

assumption that specific magnitudes follow the negative exponential 

recurrence up to Mmax• above which larger earthquakes do not occur. 

The effect of this is accounted for by multiplying the recurr e nce 

equation by a term of the form 

1 -
-2.16 

e 
(M - M) 

max 

An appropriate Mmax for the Western Québec Zone is not at present 

known, so any use of this equation for purpos es of seismic risk 

~stimation should compar e results for a vari e ty of values of Mmax· 

The recurrence equation can be employed to describe the earth-

quake rate p er unit area within the zone under an assumption that 

future earthquakes will occur at random with rates derived from 

the historical data. For this purpose the recurrence equation 

can be divided by the area of th e Western Québec Zone, 1.6 x 105 km2. 

There are sufficent assumptions and jud geme nts involved in 

the derivation of th e Western Qu ébe c Zone magnitude recurrence 
it should not be extrapolated g r ea tly 

relation that Abeyond historical experience. Referring to Figure 4, 

it seems reasonable to extrapolate the relation to annual rates of 

about lo-3 per annum. There would, how e v er , be little confidence 
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Figure 4 . Western Quebec Zone cumulative magnitude recurrence . 
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in the validity of extrapolations to lower rates: the seismicity 

of the zone may be sufficiently episodic that very low recurrence 

rates extrapolated from historical earthquakes would not be represen­

tative of the lifetime of the Chats Falls plant; the seismicity 

of eastern Canada ma y be sufficiently non-stationary that the res­

trictions imposed by the zone boundaries do not ~dequately represent 

the locations of future earthquakes; e.g., a particular portion 

of the Western Québec Zone may be more active in future than it 

appears to have been in the available historical record . 

The Chats Falls site is clearly, on the basis of the historical seismicity 

used to describe the Western Québec Zone, within a -· zone of significant historical 

earthquakes. The 1732 earthquake in the Montreal region (see Figure 2a) was 

catalogued by Smith (1962~ as maximum intensity IX. Neither the magnitude 

nor the epicentre of this earthquake can be estimated accurately on the basis of 

information currently available, and a search for additional information in order 

to study the earthquake has not yet been initiated by the Earth Physics Branch. 

The 1935 Temiskaming and the 1944 Cornwall-Massena earthquakes are about 260 km 

and 120 km, respectively, from the Chats Falls site (see Figure 2d). The 

Temiskaming earthquake had an instrumental magnitude of 6t ± t, which is consistent 

with available macroseismic information. The Cornwa11-Massena eart;:hquake was 

assigned an approximate instrumental magnitude of 5.9 by Smith (1966). A recent 

review of the Canadian instrumental data available for this earthquake by A.E. Stevens 

at the Earth Physics Branch indicates an instrumental magnitude of 5.6 ± 0.3. Thus, 

the Temiskaming earthquake was likely somewhat larger, and the Cornwall-Massena 

earthquake somewhat smaller, than magnitude 6; both have been assigned to the 

magnitude 6 category in the above assessment of the Western Québec Zone. 
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HISTORICAL SEISMICIT Y IN TIIE VICINITY OF THE CHATS FALLS SITE 

The statistical representation of the seismicity of the 

Western Québec Zone in th e form of the .above-presented magni­

tude recurrence relation provides a framework for probabilistic 

estimates of seismic risk for general locations within the zone. 

An application to the Chats Falls site would provide some of the 

basic information for seismic design considerations. As has 

been identified in discussions (see Appendix A), a detailed 

investigation of local faulting will be required to assess the 

potenti al for significant earthquakes in the vicinity of the site. 

As part of these investigations the local structures would be 

fit into the regional structural geologic and tectonic frame-

work, a brief description of which has been given here with 

reference to Figure 1. 

An important component cf these investigations wo uld be an 

assessment of all known earthquakes in the vicinity of the Chats 

Falls site for purposes of: 

a) establishing risk associated with local events that may not 

be apparent from the regional assessment of the Western 

Québec Zone, and 

b) using the local seismicity to th e degree possible to assist 

in establishing the location and characteristics of past or 

potential activity on local geological st~uctures. 

A list of historical earthquakes within approximately 50 km 

of th e Chats Falls site is gi ven in Table 3. This list has been 
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Table 3 

Historical Earthquakes in the Vicinity of the Chats Falls Site 

Date Tirne Lat.
0

N 
0 

Lon g . W Magnitude 

1853 05 24 45.4 75.7 2 . 4 
1856 05 01 45.4 7 5. 7 2 . 4 
1856 12 28 45.4 75.7 2 .4 
1877 12 18 06 OO 45.7 76.9 3 . 0 
1877 12 18 10 OO 45.7 76.9 4.3 
1880 02 08 45.4 75.7 2.4 
1880 04 03 45.4 75.7 2.4 
1880 07 22 07 OO 45.4 75.7 3.0 
1881 06 19 45.4 75.7 2. 4 
1888 02 05 45.4 7 5 . 7 2.4 
1890 10 29 22 30 45.6 75.9 3.0 
1907 11 14 05 OO 45.5 76.7 3 . 7 
190 8 07 17 07 10 45.4 76.4 3.7 
1909 12 10 06 24 10 45.4 75.6 3 . 7 
1917 05 22 09 OO 26 45.1 75.6 4.0 
1924 07 15 OO 10 45. 7 76.5 4.7 
192 4 11 14 01 32 45.5 7 6. 3 3.7 
1927 02 16 12 30 45.4 75.7 2.4 
1929 04 30 18 53 18 45.4 75.7 1. 6 
1930 02 19 11 38 54 45.4 75.7 2.4 
1931 01 07 07 21 30 45.4 75.7 2. 0 
1931 04 06 20 50 35 45.4 75.7 1. 7 
193 2 12 21 11 20 16 45.4 75.7 2.0 
1933 07 14 04 48 40 45.4 7 5. 7 3.9 
1934 02 02 16 35 08 45.4 75.7 2.4 
1935 07 17 21 56 30 45.4 7 5 . 7 2. 4 
1937 03 31 17 09 53 45.1 7 5 . 6 2.8 
1938 01 24 05 29 0 2 45.6 76.3 3.0 
1939 09 04 05 17 .. 01 46.0 76.0 2 . 7 
1944 01 22 21 55 09 45.8 76.8 4. 3 
1946 08 28 09 10 16 45.7 76.9 2.7 
1948 09 10 01 22 05 45.6 76.0 2.2 
1956 08 22 16 38 12 45.4 75.6 2.4 
1964 10 28 09 22 26 46.0 75.7 2.5 
1965 02 03 09 44 27 46 .0 76.8 2.8 
1969 03 19 07 OO 37 45.6 76.2 2.8 
1970 0 9 07 10 11 17 . 45,7 76.6 2.4 
1971 11 23 16 3 2 30 45.8 7 6. 6 3.0 
1972 06 02 04 24 58 45.8 75.9 2.9 
1972 08 31 06 06 29 45.4 76.8 2.8 
1974 08 08 11 55 33 45.9 76.1 3.2 
1976 01 07 07 22 11 45.9 76.8 1. 9 
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produced by searching the Earth Physics Branch earthquake data 

file for all events in a rectangular area bounded by latitudes 

45.0° and 46.0°N and longitudes 75.6° and 76.9°W. Few of the 

earthquakes prier to 1964 have instrumental epicentre determina-

tiens as the magnitudes were too small fo r them to be recorded 

at other than the Ottawa seisrnograph station. Sorne of the rn~ g -

nitudes are in strumental between 1930 and 1956; all are instru-

mental for 1964 and later. Epicentres of all of the earlier 

events are assigned on the basis of felt information; particularly 

to the location of Ottawa in the earlier years, but also other 

settlerne nts such as Renfrew and Arnprior in the Ottawa Valley 

and settlernents in the Gatineau region of Québec. All magnitudes 

for these earlier earthquakes are rough estirnates frorn the felt 

information. None of the earthquake pararneters in Table 3 have 

been reassessed in any d etail since their original cataloguing. 

Much additional seismic activity has occurred in recent 

years at distances between 50 and 200 km frorn the Chats Falls 

site (see Figure 3), principally on the Québec side of the Ottawa 

Earthquake locations in this zone by the present seisrno-

graph net work are c onsidered complete down to the magnitude 

3 level. A more detailed evaluation of th is seisrnicity and its 

possible relation to geological features would be an essentiel 

cornponent of investigations leadin g to seisrnic design considerations 

for the Chats Falls site . (Complcte lists of these earthq u akes 



-23-

up to mid-1976 are available on request.). 

SUMMARY 

This report has provided an overview of the available infor-

mation on the seismicity of eastern C~nada that will be relevant 

in investigations of seismic design requirements for the Chats Falls 

site. In summary, the following can be identified as important 

components of such an investigation. 

a) A detailed investigation of known and suspected faults in 

the vicinity of the site in order to establish to the degree 

possible the nature and age of most recent activity. 

b) An investigation of the relationship of the local structures 

to the broader regional structural geologic and tectonic frame-

work of eastern Canada. 

c) A detailed investigation of the seismicity of the Western 

d) 

Québec Zone in general and the vicinity of the Chat s Falls 

site in particular to assess the reliability of presently 

~atalogued earthquake parameters and to seek all possible 

correlations between seismicity and currently known geological 

and geophysical features. 

Low level earthquake ~onitoring in the vicinity of the site 

for a sufficient period of time to detect the presence of 

seismic activity that may be undetected by the present seismo-

graph network; an assessm e nt of any detected activity in terms 
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of the regional seismic and geologic conditions. 

e) Adaptation of the Western Québec Zone magnitude recurrence 

relation to provide statistical estimates of seismic risk 

at the site . 

f) Selection of th e parameters of the design basis seismic ground 

motion which , on the basis of all available information ob-

tained throu g h th e se inv estigations , have a high de gree of 

confidence of not being exceeded during the lifetime of a 

Chat s Falls plant. 
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Appen4lx A 

700 University Avenue, Toronto, Ontario MSG 1 X6 

Mr. P.W. Basham 
Energy, Mines & Resources 
Earth Physics Branch 
1 Observatory Crescent 
Ottawa, Ontario 
KlA OY3 

Dear Peter: 

Chats Falls Site 

February 14, 1977 

This memorandum is to record my understanding 
of our discussions held on February 10, 1977 with regard to 
seismic considerations . for the Chats Falls site. 

1. Local Faulting 

(a) It was generally believed that if local faulting 
in the Chats Falls vicinity could be shown to be 
"inactive", then the site would be acceptable from 
local faulting considerations. 

(b) If investigation of overlying deposit material 
showed no evidence of dislocation then this could 
be used to provide evidence of fault "inactivity". 

It was suggested that a pleistocene geologist 
(such as Nelson Gadd of GSE or Paul Carrow) should be 
consulted to identify the type of investigation.that may be 
required and to interpret results of such investigations. 
Although it was suggested that the overlying deposits in 
the Chats Falls area rnay be rnainly sand or granular rnaterial 
and that there was sorne doubt as to what rnight be obtained 
frorn field investigators, Ontario Hydro should consult with 
the geologists listed above . 

2. Regional Geology 

It was suggested that the geology of the 
region should be inves tigated to gain some unde rstanding of 
how faulting in the area of the Chats Falls site fits into 
the regional picture. 

. ..... /2 
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MR. P.W. BAS.HAM - 2 - February 14, 1977 

3. Seismic Conditions at Chats Falls 

(a) It was agreed that you would examine seismic 
activity in the region and attempt to outline 
those regional seisrnic events that should be 
considered in arriving at seisrnic design pararneters 
for the Chats Falls site. You indicated that a 
report on this topic could be available about 
April 1, 1977. 

(b) It was recornrnended that Ontario Hydro should 
consider the installation of a seismic station 
on the Chats Falls site to record local seismic 
activity of a low level which could be useful to 
validate the applicability of regional information 
to the Chats Falls site or to indicate what 
modifications that rnay be required to the regional 
assessment. The installation of such a situation 
was estirnated to cost $10,000 and would involve 
the routine collection of records. The Seismology 
Division of EMR would be prepared to interpret 
measurernents taken by such an installation. 

Ontario Hydro will be following up on these 
suggestions and will look forward to your assessment of 
regional seisrnicity as it rnay affect the Chats Falls site. 
I thank you and your associates for spending the time with 
Ontario Hydro representatives and for the useful advice that 
you gave to us. 

HSI:dmf 

cc Mr. J. Adams 
Mr. E. Taylor 
Mr. J. Martherus 
Mr. W.G. Morison 
Mr. J. Beare 

Best regards, 
/1 +I Â. 'J-rvt~ 

Hugh S. Irvine 
Manager 
Nuclear Studies & Safety 
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APPENDIX B. EASTERN CANADIAN EARTHQUAKES IN MAGNITUDE CATEGORIES > 4. 

The following pages provide a list of eastern Canadian 

earthquakes that have been assigned to magnitude categories ~ 4 on the 

basis of catalogue data and reassessments undertaken during this review. 

The eastern, western and northern boundaries of the region searched are 

0 0 0 56 W, 85 W and 51 N, respectively. The southern boundary is irregular 

and, starting from the east, follows latitude 43.5°N, extends southward 

down longitude 73°W, westward along latitude 42°N, southward down 

longitude 75°w, and westward along latitude 41°N to longitude 85°W. 

The derivation of magnitudes as indicated by magnitude "type" 

is described in the main body of this report. Details of earthquakes 

in this appendix whose parameters differ significantly from published 

values are available on request. 
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YEAR "' D H M s LAT (1\/) LCNCV/) tJ.A GN ITUfJE RE~ARKS 

CATE GOR Y TYPE 

1534 -o -o -o -o -o 6.5 c Location unknown 
163R 11 6 -o -o - o 6. c; c Location unknown 
] 6 6 l 2 nr-12 -u 4S.51l 5." . 

- li ( .3. () () D Location v e ry uncertain 
lli63 2 5 17 10 -o 47.fO 70.10 7.0 c 
1663 2 5 1::3 - o -o 47.éO 7 0 .10 4.5 D AFTERSHOCK 

63 ?. 6 15 - o -o z. 1 • co---r-o-;i o 5. o D FTE1<SR1JC" -, 
1665 2 24 -o -o -o 47. P.O 7 (). 0 0 5.5 c 
l f:>6R 4 l :~ 13 - o -o Lt7el0 7 0 . 50 s.o D 
1 732 9 ! G l f'i -11 -o 45.50 73.15 0 7. 0 D not reassessed 
1764 9 30 -o -o -o 45.30 6/:;.00 4. S D 
l 761, 1 23 l 0 - o -o 1+3.1'.5 70.30 4.5 D 
l I 9 j 12 oêJ -o -o ~~u---7\l~O 6.0 c 
1814 11 2L1 - o -o -o l; J .70 10.1+0 4.5 B 
1816 9 9 -o -o -o 45.50 73 . 6 0 5. 5 D 
JRlb 9 16 -o -o -o 4 '1.5 0 I J .f'O 5. o D 
1817 s 22 20 -o -o 4A.OO 69. 0 0 s.o B 
1Bë4 7 9 -o -o -o '• 6. 5 0 66. 5 0 4.5 B 
.1Ul 5 -0 -o -o -o 4~--u--T\r-;S"O 5.5 c 
1831 7 14 -o -o -0 47.éO 70.10 s.o D 
lR40 9 10 -o -n -o 43.20 79. f: S 4.0 D 

842 1 [ 9 -o -Il -o 4 6. 0 ...... Q t!. D 
1845 10 26 -o - o -o 42.50 73. 7 0 s.o D 
1853 3 l? 7 -o -o 43.70 75.50 s.o D 
85J J 13 1 () -o -o--4--:l.TO 7c;. 4 0 4. D 

rn5s 1 16 23 -o -o 44.00 71.00 4.5 D 
1R 5 5 2 8 l 1 30 -o 4 6 .00 64.50 4.5 D 

---~ - i-w.,r-nrzT-zo-1 ~n-·43--;--z o re.M B 
1857 12 23 -o - o -o 44. J 0 1 0.20 4.5 B 
lA6o 10 17 11 15 -0 47.50 70.10 6.0 c 

P-61 -r2--;;-o-;;-o--;;-o 4 5 . 40--,SL!i -s--;o B 
JP61 10 -o -o -o -o 1~ 5. f; 0 73. 7 0 4.5 D 
1864 4 20 18 15 -0 4F, o <; 0 71. 20 5.0 D 
)Po/ 12 !R 3 -o -o 44. o 0 n.oo 5.5 D 
] 80 9 1 0 22 11 -o -o l,5. 0 0 A6.2 0 s.o B 
1R69 12 -o -o -o -o 47.C:O 70. SO 4.0 D 
l p I n---TO/TO! fl3 o-= 47.40 ro--;-so o.5 
1871 l 3 -o -o -o 45. 60 74.éO 4.S D 
Jfi7 l l CJ -o -o -o 47.50 70.10 4.0 D 
l fi 7 2 1 9 23 S4 -o 4 '. ~ 0 ' l). - _,. 
1872 2 6 -o -o -o 4 :1.5 0 RJ.AO 4.5 • D 
1873 4 25 19 -o -o 41~. e o 74.20 4.5 D "s ev e r a l shocks" 
l 8 73----,- bT'+J ~o 43. l!O 7c;. 50 4. _ B 
1874 2 27 -o -() -o L1 l1 o 8 0 11e.10 4.0 D 
1 R ·r7 11 4 -o -() -o 44.50 74.0 0 s.o B 
1 1"1 (7 12 J>l 10 -o -o 45. 70 16. e 5 4. 5 D 
1881 l 20 uO -o -o 44,00 1 0.00 Lf • 1) D 
1882 1 2 3 1 -o -o -o 45.00 f-. 7. (J ri 4. 5 D 
18H 7 5 2 r--c·,-i:,---~ll~ .,--;qs--10.so .n D 
1P9 3 1 l 27 16 50 -o 1+5. 5 0 73.30 s. c; B 
] 89 6 3 22 -o - o -o 45.20 67.20 4.0 B 
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YEAR ~· 0 H M s LAT(N) LC N nn t-'AG NITUDE fiEMARKS 
CATE GORY TYPE 

1897 3 23 -o -n -o 45.50 73.éO 5.0 B 
1897 5 27 -() -o -o 411.::0 73. 50 4.5 B 
·903 12 25 12 Hl - 0 1.4. 1 0 15. 5 IJ û . 5 D 

1904 3 21 (' I.; -o 45.no ( . .,.? 0 s . o B 
1905 7 15 -o -o -0 44.30 f.9.eo 4.5 B 
1905 J 0 ë2 -o -li -o 4 4-;ç-0---, T.7- () 4 . 0 D 
19 06 6 27 -o -n -0 4 l • 4 0 R 1. f: Cl 4.0 D 
1906 l 0 20 -(1 -o -o '•3. A 0 Af1.AO 4.0 D 
1908 s 14 4 4'"'î - 11 ----z+"li";\J D 
1908 6 16 20 41 S2 t.5.10 74.fl O 4.5 D 
1908 8 8 12 -o -o 4(,.30 67.60 4.5 D 
.. -ov --rz-T1rzo -o -o 6.50 ~S-0 4.0 B 
191 () 1 23 1 30 -o 4~.eo 70.40 4.0 D 
1010 2 -o -o -o -o 4R.OO 70.00 5.0 D Magnitude estimated 
1910 l 0 t:!'.> 9 .Hl -a 41.CTJ 

-· . D 
1912 5 27 12 c;~ . c. -o 43.20 7S.70 4.5 D 
1912 12 11 10 15 -o 45.00 f.8.00 4.0 D 
""91.-:3 4 29 -o 2R 57 44 • F 7 75. 3 3 4. A 

19 14 l n 8 -Il -o 45. 1 0 67.20 4.5 D 

191 '• 2 10 ll:l :11 -o 4(·. 0 () 75.00 5.5 A Significant epicentr e change 
1914 2 14 9 J4 -(1 4F.40 7 3. I" 0 4.5 B 
l'll4 2 è? 19 15 -o 45.00 70. 50 4.0 D 
1915 7 ?7 16 JO -o 41,. 0 0 65. 01) 4.0 D 
101 6 1-s!-:3 5f' - O----zt300 73-;-,-o D 
1Ql6 2 2 16 2A - o 4?.90 74.00 4.0 D 
1916 4 ?4 16 -, 45 t.7.00 77. 0 0 4.0 D Magnitude estimated 
'!1-e-I 1 c. 2 :\?. .;-ry--lj: . • 3 0--,r.1-o 1 • D 

1917 1 26 7 3S 48 '+n.eO 74.50 4.5 D Poorly located 
1917 5 ?. 2 9 -o 26 45.10 ·75. 6 0 4.0 D 
<rr7 6 1 2-----z- =-o--;;; 0--4-<r. o o 6e.oo -z.--;o D 

1Ql8 8 21 t+ 20 -o 44.20 70 .é0 l+. 5 B 
1920 l l fl -o -o -o 46.0l 73 .43 4.0 D Magnitude estimated 
1921 8 27 8 l? 113 ~CO 7 é. 0 0 4.0 D Magnitude estimated 
1922 7 2 22 2S 35 46.':0 6é.60 4.5 D 
1924 3 {1 19 15 -o 47.F:O 7C.2 0 4.0 D 
rYZ~-rs---=·u--i o-;;-c------i. s. 1 o-------, E~ u ù. .. ~ D 
1924 C) 30 8 52 30 47.CJ5 6 f.J .f:!t+ 5.5 A 
1925 3 l 2 19 ?l'J 6.7 .(: 0 7 0 .JO 7. 0 A 
J 92'5 .. '~ .10 42 4 7.,.. 0 /~ 5.0 D /ITIERSHOCI 
1925 ., 5 ?5 21 ,.,, 7. r: 0 7':. 10 4. 0 ' D AFTERS HOCK 
1925 - 7 ? 5 10 47.é:O 1i:.l'J 4 . 0 D AFTEkSHO CK 
J 25 .; 2---:3-rr:;i) 47.EIJ 7 r: .. l 4 (\ 

• J D AFTn=rspoc 
19i:'5 3 21 15 ?? 4 4 7 o I': 0 7 0.] (l s.o D AfTERSHOCK 
lq 25 10 9 14 -o -o 43.70 71.10 4.0 D 
1 qz!) IO l C/ 12 s 17 47.00 13. a o D 
19 26 8 ?8 21 3(1 -o 41~. 7 0 10.00 4.0 D 
l ()2 7 7 ?S ~o S6 -o 47.30 71. OO 4.0 D 
1971' 2 e. ·- -;;-o - -o ~o~s-;-3 0--1-. <r.. o o----z;-; !) B 
1.928 3 18 15 25 -o 114. 50 7t~.10 4.0 A 
l 928 4 ?5 n 38 -o 41h~O 71.:20 4.0 D 
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YEAH 1-1 0 H M s LAT(N) LCN(W) MAGNITUDE F<EMARKS 
CATEGO RY TYPE 

1928 12 l -o -o -o c;o.oo Rl.50 s.o D 
, 9ë9 2 5 19 9 -0 44.00 70. 3 () 4.0 D 
1929 8 12 Il 24 4R 4?. P. r 71' .J5 5.5 A 
lQë9 11 lA 20 3? -o 44. 5 () S6. 30 7.0 A 
192':1 11 l ~ 23 1 48 4'".::: 0 5é.30 6.0 . A AFTERSHOCK 

--------,~9 II 1 e 23 ;;>(119 4 4 • C:O--S-c;J 5-;l) A llFTE R S RTTC 
1929 l l 1 9 2 1 2R 44.'::0 Sé.30 6.0 A f.FTERSl-IOCK 
19 29 12 J 3 -o SR l 44.50 56.30 4.5 A AFTERSHOCK 
1929 12 13 11 1 q l °.) '~· 4 • ~' 0 St .JO 5. (1 A AFTERSHOCK 
1930 1 '~ 14 30 38 li.6.73 fJ'::.A3 4.5 A 
1930 12 25 22 7 34 47 .(: 3 70 .17 4.S A 
1931 ! p. -o 1 3 36 47.F.3~ • A 
]931 4 20 19 54 •. 0 43.40 73.70 4. t) B 
1931 c; 23 22 47 37 4 7. o 0 76.07 4.5 A 
1932 J 9 5 2 .\ 38 A 
1933 l 21 16 4 39 45.30 74.65 4.0 A 
1933 ., 14 4 4P. 40 45.42 75.70 4.0 A 
1934 4 )5 2 SA lJ 4'4. c; (1 73.90 4.5 A 
1934 10 29 20 7 -o 4?.. 2 0 80.20 4.0 D 
1935 1 l 1 6 3 40 4f'i.78 79.07 6.0 A 
]CJJ~l l 17 2 40 46. 7B 79. or 4. {) A J\F IERSHOCK 
1935 l l 2 -o 4? 17 46. 78 7S.07 4,0 A AF'TERSHOCK 
1935 l l 2 14 31 5<\ 47.70 1e.30 s.o A 
9-:3~ 11 5 1 a 1 () 4H 4A • 7 8 7c; • 0 7 4.0 A /l.F TE f.~spuc · 

1935 1 1 25 6 lq 19 46. 78 79. 07 4,0 A AFTERSHOCK 
1935 l l 27 19 3 1 49 '• 6. ·1 s 7c;. 0 7 4.0 A flFTERSHOCK 
193 6 1 l' (J h 1 -n 4~' ( 8 79. 0? 4.0 A 
1936 3 25 1 27 25 46. 7 f:l 7'1.07 4.0 A 
]936 3 29 -o 49 23 47.~0 70.50 4.0 A 
1937 y 3 o-i--.;8- Hl 4c;. 4 7 6s . e3 ~ A 
1937 11 6 l'+ 31 20 46.73 75.72 4.0 A 
]937 11 12 16 57 32 45. 'J2 74.33 4.0 A 
19.38 5 17 18 3? -o z,CJ.00 fîe.oo 4. A 
1938 l:l ?.? J 2 4R 13 44.70 6e. eo 4.0 A 
1938 l l 18 22 )q (1 44.75 7C).25 4.0 D 
TCTJ~î-26 r 4 1-r:;r---zn • a J 76. 20 ~. A 
1938 12 25 7 46 1'1 47.<;8 75. 37 4.0 A 
iq39 6 24 19 i? 0 21 '+7.P.3 70.50 4,5 A 
1939 l 0 ICJ Il ')J 58 4 7. 
193'i 10 21 8 7 13 4 7. ':: 0 70 .92 4.0 A 
1939 10 27 1 36 36 47.80 10.00 4.5 A AF'TERSHOCK 
~'3 911- rc- 4 0- 3 2-----z.,-;e o 70.SO 4. A 

19J9 12 25 10 29 13 48.10 70. 40 4.0 A 
194 0 2 10 ëO 57 17 4fi.JO 7é.JO 4.0 A 
l 940 1 0-r:r-1'15115'1 47. 9 \) 6<;.<;Q A 
1940 12 20 7 27 2o 43.80 7 J • 3 0 s.o B 
1940 12 24 13 43 44 43.80 71.30 s.o B flFTERS HOCK 
1941---o 20--4--s-·44--r .. ~4o-1r::-;r<1 ---~o · A 
1941 10 6 16 34 27 47.63 70.60 4.0 A 
1942 5 20 12 19 22 1+5. 9 0 11~.61 4.S A 
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YEAf~ M D H M s UTIN) L·Cl-J (Wl MAGNITUDE ·f'EM ARKS 
CATEGORY îYPE 

1942 J 2 5 21 1 0 51 46.97 7 6.07 4. () A 
1943 1 14 21 32 38 4 5.25 69.60 s.o B 

94:3 J 9 3 25 J4 41. I 0 
1943 7 6 22 l 0 14 44. c;z 73. J 3 4.0 A 
1944 l 22 21 c; c; 9 45 • . , 0 7(;.60 4.5 A 

944 2 512 3 7 5? T. 10 70.5\J 
l 94f+ 3 8 12 49 56 46.E8 7 2.. F17 4.0 A 
1944 4 9 l2 44 37 50.lO f., 7 .43 s.o A 
1Q44 6 23 6 J r 52 49 ·'· 2 fi r • 1 s s . u A 
iq44 9 5 4 38 45 41 •• q7 74.90 6.0 A May be category 5.5 
1944 9 5 8 51 6 44.98 74.90 4. Cj A AFTERS!-'OCK 

-,-9~-c; 9 é3 ?4 4>'1 • 4. B 74. 90 4 .0 A FTE R:ïFffC t 
}q44 10 14 lJ 26 17 4 8 . 50 67. OO 4.0 A 
1 Qt+4 10 31 f3 4? 25 44 .98 74,90 4.0 A AFT ER S!-IOCK 
1944 Il 5 19 7 53~ . A 
1Q45 6 l 2 7 SR 15 4A.90 75.SO 4.5 A 
1945 6 18 15 20 f., 47.40 71.12 s .o A 
194s- ru--9 13 18 44 48. 0 7 5S.97 4 . 5 A 
1947 l J 9 -o 45 l 4f,.eO 76.70 4.0 A 
l 947 2 2 16 50 32 47 .67 7 0.53 4.0 A 
1947 J 2CJ 12 28 52 A 
1947 8 10 2 46 4?. 41. 9 0 84. 50 4.0 D 
1947 l l J 19 51 45 4S.é7 RJ.17 4.0 A 

!CJ"Zîll-Z-Z8 19 "RTr-z+5. 2 7 6<;. 75 A 
1948 1 1 18 33 4"i 47.'.13 7 0.43 4.5 A 
l94~ 5 7 12 ? 26 4S. 75 73.63 4.0 A 

!0~9 10 5 2 J~ 4 7 1, 4 • t o 10. so .. . 0 
1949 10 16 23 33 'i 2 45.30 74. 83 4. 0 A 
1950 3 6 l.6 14 11 4n. a 0 74.50 4.0 A 
-q51J- T-r7+-1lr-2 04'1_4 R • 0 u----7 5-;7 0 A 

J 9':>0 6 29 9 13 33 4 9.5 0 67.40 I+ • 5 A 
1950 8 4 14 29 28 45.20 74.72 4.0 A 
1951 6 2 7 13 17 50 '-+5 . 0 0 sr. o o 5. () D Magnitude es timated 
1951 6 28 1 3 57 49 . 50 67.00 4.0 A 
1Q51 9 19 8 19 37 49.30 ,;6.25 4. 5 A 
IQ51--n r zs ' 1 5?.--4c;~ -o--r 4-;? 3 4.0 
1952 1 30 4 -o -o 44.50 73. ~() 4.5 D 
1952 3 17 '• 14 41 '+7.30 76.40 4.0 A 

. 52 J 30 13 1 l 7 4 r. F 
19':>2 7 19 1 ln 17 4A.F!7 75. P.3 4.S A 
1952 !:l 25 -o 7 -o 43. rio 74.'10 4.n D 

9 52 -ro- J. ll27 2--l+R-;-cr2 69. 78 s.o- A 
19':>3 1 24 9 5P )f, 40 .4 0 (..6 . 0 0 4.5 A 
)q~J q 14 22 52 57 49.40 fiS .30 4.S A 
1954 i 21 l. 0 -(1 - o 4l~c. ''=. c; 2 • · D 
19S4 2 24 3 55 -o '• 1 • 2 0 75.90 s.o D 
1 9~4 4 l? 21 2? l 46.90 76.0 5 4.5 A 

- T954-cr-281 S- ;:>~J. ~o---.. 6.o -;-o A 
1954 9 l 1 l f\ se; 5? 47.33 75. 63 4 0 5 A 
1954 l 0 1 fi 6 4S -o /~4. 2 0 56.20 s.s A 
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YEAR tA D H M s L/\T(Nl L•CN (Wl MAGNITUDE REMARKS 
CATEGORY TYPE 

19S5 l 21 8 40 -o 42.97 7.3. 7 8 4.0 D 
19S5 2 1 12 40 27 47.C::O 70.30 4.0 A 
1955 2 3 2 31) -o 44.50 ( J. 22 
1955 5 2b 18 <l 23 4 J .48 Rl.73 4.0 D 
J9S5 6 28 19 1 h -Cl 4]. 5 0 p 1. 7 Cl 4.0 D 
19SS~6 ( J~o--~-e9 7P~(l 

l9S5 11 21 16 1 () 41 50.5 8 63. 5(1 4.0 A 
1956 6 15 -o 5 3 37 47.10 7 (:. 4 3 4.0 A 
(956 11 4 11 "iJ 2'-+ 46.cZ 7 5. 13 4.0 
, %7 4 23 19 42 -o 44 .4 0 12.00 4.0 D 
1957 4 24 -o 41 59 44 •. 4 2 12.00 4.0 D 
~-57 4 ?.oT1---itn fî 4J.fV r o." a 4. () 
1957 8 6 23 50 3 F\ 4 7. ::i 0 70 .42 4.0 A 
l 95 -f 10 16 19 D 27 sn.20 65 .40 4.0 A 
1958 5 14 r r 41 21 4fï.c; 
19":>~ 9 19 12 4"i -!l 43.50 10.20 4.0 D 
l958 1 () 21 9 32 r::; 1 49.20 6E.50 4.0 A 
, 959 5 21 9 18 SI 4A.5~ 76 .45 4.0 A 
196(1 4 23 11 47 52 4 7 .133 70.30 4.0 A 
) 961 2 22 3 4c:; -n 1-+ l .. ;: 0 R3 .4 0 4.0 D 
1961 I 5 ?.2 4.l Z.4 z.q • H 1J fl6.9tJ 4.5 
1961 12 14 1 4q 35 43.Fl3 f-)7.82 4.0 A 
1962 1 27 12 1 l 17 4S.9? 74.85 4.0 A 

"9""6'"è 4 1 (J I lt-:3-0- 4tl 44 .15 73.05 4. A 
1962 1 27 17 sr. 57 '• 7. ?.5 70.67 4.0 A 
l %2 12 15 -o SR 32 50.?. 0 M.38 4.0 A 

--·----rg-6J--i. o 15 12 20 ?. 4fî.1 A 
)963 10 15 13 59 53 46.30 77.59 4. 0 A 
]964 l ~ 10 3 2'1 4fi.23 77. 53 4.0 A 
1964 l 8 l 0 4 TI 46.23 77.53 • A 
1964 ~ 29 4 lA -o (14 . ll 0 74.90 4.0 A 
1965 l () 5 14 3A SS 4Q,f(J 67.10 4.0 A 
1965 l1 ' 20 S7 44 47.30 76. 20 4.0 A 
1965 12 16 13 5~ 19 47.50 69.90 I+ • 0 A 
1966 1 l 13 23 38 43.30 78.40 4.S A 
9-~~rs-2"9-zs---4H-;s ·o 6 7--;TO 4.0 A 

1967 (: 13 19 8 54 43.30 78.00 4.5 A 
1967 7 1 16 5 40 44.70 69.87 4.0 A 
196 7 9 

1 ' 
1 l"'CJJH St1. 6 7 r . + • A 

]967 9 30 22 3q 51 49.:!0 65.90 4.5 A 
1969 7 14 3 6 59 47.83 70.09 4.0 A 
196~10 •O 7 7 l;6. qz 75. zo A 
]97Ï 12 l 8 15 :16 24 46.18 7L1•1)2 4.0 A 
iq72 e 22 19 17 4 9 49,(-0 A6.40 '•. 0 A 
1972 le: 16 14 1 ]6 1.,.5. 7 ' l "i .?.2 A 
1'H3 6 1 1 C) c; 4S. '1'"'1 71_ . 01 5 . o A 
, q·75 3 31 17 F' ;: t,l;. . r- q .)C • 2 ij 4.5 A 
q7~, 1 c -yz- 37 - r::; •. t: /J I t> • 2 . - A 

1075 1 r, fi 2? ?J 'tl . ' o. .; 7 ~7 .0'• s.s A 
1975 1 0 i? 3 21 l7 4" '.,9 A'.·. f,? .S?. l f . 0 A 



YEAR ~ n H ~ S 

1Q75 11 11 20 54 55 
1975 12 1 q 15 2c; l 2 

LAT!Nl LCNC\'Jl 

43 •91 
47.00 

74 .64 
78.eS 

MAGNITUDE ~EMARKS 
Cf\T EGORY TYPE 

4.0 
4.0 

A 
A 


