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ABSTRACT

garthgquakes 1n June
:dely in northeaste et February 1663
wligedly 2 Loy - ern North America Pri and September 1739
rerm:ts C 1 etffects on and within SE;-mEiEy documentg R ~- were
: " ' uctures 0 R | )
. 1638

felt
analyzed for
damage in the

BOS |
ifzzl:tfi;jwDefx:mlf)?:gfz]f-ls? ChlmneYB at TrD;;—Rkilvnidérzr;d extent . Damage in 1663
carthquake damage was lcsopnl?fxqedd surniture and light Zgi; ef?; damaged chimneys
-eriously damaged, one of Whics . to Montréal. i ve ?arge Qgepelc:_. I 1730
houses were damaged, they may ha ad been poorly maintained. Whilllel;- dings were
rn all three earthquakes OY e beeq %easrmnmaxnw;than revi ;armmberfﬁ
. » Population living near the E!p:iu'.:&.%rﬁ):.1:r;;’rll‘:s;k::i:el‘:'r thmight'

a was arge

anough to be certain that all signifi
. : : . 1Lcant damage had
h 11 . : ad been s
h information 1s still available today in archives or in p}:']:-e-i“]_:)nr::atretdelc(i:1 and tk;m,
ocumencs.

INTRODUCTION

Engineering assessment of seismic risk for a particular project begins
with evialuatl.on of the seismic hazard at the site and in its vici:r]lity g;c,;
ovaluation depends on two rather different types of information- about
earthguake activity, instrumental and historical. Ssince most of the larger

earthquakes 1n eastern North America occurred before suitable instrumentation
had been developed, higtorical records of earthquakes are very important 1n
Written accounts of earthquakes that

+he evaluation of seismic hazard.
occurred in previous centuries help us estimate the rate of earthquake activity
) in each earthquake zone. The older

earthquakes are gseldom use »one boundaries, as their locations

may be quite uncertain, SO
thquake location and sS1zZ€

h earthquakes, principally
thquakes that were
hich caused sOmMe

lation and types
pical damage.

1 data, estimates of ear

+ion of the effects of sucC
This paper treats three ear
16008 and 17008 and W

ed in terms of popu
+ermine what was Ly

Lacking instrumenta

depend upon an interpreta

on people and oOn structures.
areas in the

reported felt in settled .
damage. These reported effects are examin
~f construction at the time in order to de
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& 3 1A 0Y3
1 Observatory crescent, ottawa, canada R/

of Canada .

1
Geological Survey
Number 51990

GSC Contribution

807




- vk o e
- PTG B kil

AR B iaaed oo g T T
R “jﬁ‘ﬁmm%ﬂi%ﬁ"%ﬂﬁw S 3) pvn i

. i = o
iy $ 3 o . . =
’ L Lk g - = iy | & 2,
§ . 3 W w W
" i - J a .
gr-_q,fl-n- W K . N .
.-. : ! ___.-1-_ W 't' - e ; e 3._ e M i s ; b : .
E o 1 . ra Ji e .
4 = ' - .
s Lt L K alini -
] p

Rl

bt rl-"l 1 ’ '\. e & e [ 1% - w ¥ :-Inl
- L) - o

e By

& af 1IX to X On the Modified Mercalli (MM

: inte,
ted to magnitudes of the order of 7 (8Smith 196?m_ Mg,

£ intensity and magnitude were baggd;fh”ﬁi

“L0a)

egtimates O
Bt i‘ge;?:‘n)a;enigi?.ie damage, on accounts of lands.lldes or on
on non-

. ¥ vfearful” and "terrible" used in &6
adjectives B'-;_‘f; aswheﬁrfl?; éamage caused by these earthquakes ig iso?l:t,
o g t'l"aen t+he three earthquakes would appear to have been
thes? factfrs;smaller in maximum intensity, perhaps somewhat
consf_de;‘ab );fterBhOCkﬂ were reported felt in the weeks following e
e st e1‘-:h akes, but caused no further damage. Damage reportg
Eﬁfzepiggr zli'e d;awn from primary documents written by persong

first-hand knowledge of these earthquakes.
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June 1638

' arthquake in eastern North Ame{:ica for which g3 e
can bzheunf;r:}:fgueouslyquassigned occurred on Friday afternoon, 11 June --*1riam,
somewhere in the vicinity of Boston, Massachusetts‘. About
documents still exist that were written by persons with firsgt-h
of this event (Stevens and Gouin 1991), which was reported felt in New
in communities as widely separated as 150 km. It was also fe]
Lawrence valley, probably at one location near the settlement at QUébe; +
distance of 500 km north of Boston. Based on recent experience ;?.-1,, 3
distances suggest a magnitude not less than 5. Very minor damage wasg r'e
in the Plymouth colony, located on the Atlantic coast about 50 e
Boston. In other communities, the historical documents describe

and the reactions of the populace, but say nothing about damage,
may assume that none occurred anywhere but Plymouth.

A

the vibratjo,
from which .,

At Plymouth the following damage was reported (Bradford 1952 edi
302): " ... the earth began to shake and came at length with that v
caused platters, dishes and suchlike things as st
and fall down." That is the total extent of the reported damage. 1p fact
"damage" is probably too strong a word; nevertheless it will be retained.
can accept as reliable this account of damage caused b ‘
Since 1t forms part of a history written by William Bradford, who was
of Plymouth colony for most of the years between 1620 and '1647-

Teport written about 120 years later but based document -
on =
Someé no longer available, ; # 01 the mid-1600s,

Hutchins :
short list of damage: " TPl B, Sage 90) adGEd.ChlmneY tops to the

down -+«++" Note that no spe

ry way to convert maximum
 this paper does not attempt to
£ o00n 1538 earthquake, but simply notes that its
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February 1663
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Twenty-fiv
1ty e years later, a strong earthquake in the St. Lawrence valley

early Monday evening, 05 Februar: , - : , e

e anrthegotern United States, go lc?f;t;a:sesswolfdeo];ferfe;ot(} zlneai‘;ern Can?ﬁa e
main shock and several aftershocks were reported felt :Ln' Monf*é?:]%m?“;d;i
lzf2,ﬂpages 184—185) and 1in Boston. The earthquake and 1its l;;g seﬁrkilea of
.ftershocks, reported felt mainly at Québec and at Tadoussac, have been

described by many writers in the intervening 300 years 1n both popular and

g

scientific articles. The original and derivative accounts of the effects 1n
New France were devoted largely to numerous examples of landslides and slumps
discovered for several months thereafter, and to the superstitions of the
frightened population. sifting fact from fiction 1s not straightforward. The
present paper focuses narrowly on damage reports and does not discuss location,
except toO note that the Charlevoix-}(amouraska area nas generally peen
designated as the epicentral area, which ig about 100 km and 200 km,
respectively, northeast of Québec and Troig-Rivieres.

from the three primary
:n the colony of New

The following informati
nd a letter from the

documents, the annual repo

France, the residence journa :
: : : cuments 1

head of the Ursuline community at @ ~ dTi‘ieje do

hand experiences plus many second- an

European and Indian travellers pafsshlng
from early February tO +he end of AU 2
04 September 1663, ralemant (1663) wrote that

any earthly goods. 1N Chapter 2
not lost one child, /
to damage he expressect _ , +ion.
demolish%d,, but he I:':\::lici n indicate their loca - or contents anyw
that if other damage€ ha

shec during the seven months
his covering letter dated

ot one 1ife had been lOSt, nor
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France, it must have been of much less imPﬁrtaFcéu;?fn chimney damaqge.
Jesuit residence journal (Laverdiere and Casgrain 1}3, wz.’f:h monthly ens
in 1663 also written by Lalemant, noted, in its February Paragraph
certain chimneys had been damaged and that there had been other 1iakhs

& - B
and damage. Since entries in this journal generally concerned Québec S

activities there, unless otherwise stated, we may assume that the journas;
referred to damage at Québec. These two damage accounts by Lalemant -

sharply with the more dramatic description in the following document
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In a lengthy letter about the earthgquake writtgn to her son in France
dated August—September 1663, Marie de l1'Incarnation (1663) emphasizeg
supernatural and unusual; in the final paragraph spe noted that no one
perished, nor even been injured. Her letter included a few per;
observations — overturned furniture, fallen stones, floors that Separs
walls that were split. From the context, these observations were probably
at the Ursuline residence at Québec. Nothing was said subsequently ...
repair or the need for repair. On the other hand, the stone building mus+ 1.,
been vigorously shaken, as thick dust spread out on all sides. PFrom the En
journal we know that the Jesuit fathers visited the Ursuline B .
regularly to say mass; they would certainly have known about any damage .._:
Movement of the specific items mentioned by Marie de l’'Incarnation muss
have been confined to a few examples, and must not have been a geners)] ¢-
stones and cracking of floors and walls, as might be concluded from her ;

alone. Marie de l'Incarnation also quoted directly from a letter w
Trois-Rivieres which said, in part, that as houses there were
damage had been confined to the fall of a few chimneys.
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The total damage attributed to the February 1663 earthquake thus c
of a few fallen chimneys in Trois-Riviéres, a few damaged chimneys at
and some overturned furniture and minor cracking at Québec.
at Montréal. Lalemant's description in the Jesuit journal was
The annual report of Lalemant and the letter of Marie de 1°'1I
most of their space to landslides beyond the settlements a
frightened persons, which implies that not much actual dam

contents had occurred; otherwise more th
' an a few short s
been devoted to it. As explained later,

in 1663 should be examined for any evid

Québec,

brief and factual.

ence of earthquake-related repairs.

guenay was occupied for

- The Montréal and Trois-Riviéres regions had 597 and 462

respectively, for a total of

n the beginning had occurred both
cl:.ff‘f in upper town, where both the
Iéarr.ts and Matthews 1987, Plates 4°5
OC possible to say from the limited
UPper and lower town were markedly different.

Pter 18). 1t is n

» the St. Lawrence valley
amage, in part due to the small

he epicentre are generally thought to have been some
fe.  Attershocks were frequent dugring the first night
en months, which suggests that the main

810

onsisted

- No damage occurreg

ncarnation devoteg
nd stories told by

: T"FE
archival records of building contracts
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damage occurred in the late ay
a similar shock occurred in ca . r again j
nada ]uSt a in the BDE

earthquake 18 chosen for examsj
m .
September 1732, near MOﬂtréallnztul;§. The earthquake of
’ ec, o

25 a major earthquake, which

L i F h Ly
e e s 2 e (1981 };li:]élecé
ve

ton area. Since

interpretations had bee from :
N greatly exaggerated Primary documents that previ
' ous

killed or seriously injure In )
] d. He found a maxim bt ey 0O one had bags

~ompatible with damage - | |
P ge reported in Montréal; he um intensity of MM VII to Vil

of the damage informat e .
10N to be presented below ?I‘Tli;lible e 2l e s
; ew information wo
uld

"r L] L] 3

ake had been reported

egse data. Damage : .
th ge was confined to the town of Montrgatl:.o 6f0 R S
y 1T we overlook a

report 1n two Boston newspapers th
at several ‘
ves. No dama grticles ¢
it—;g;l; i isge whatsc{ever was reported at Québec (?zirae solianal e
) no archival evidence of damage at Trois ;55?91‘05 de Lery,
-Rivieres.

chaussegros de Lery (1732 chi '
e 1ef
in an ~fficial report one mont})1' engln?er for the colony of New France
after the main shock, describ ;
houses and to the wall around i ed the damage to
e St -oun the t?wn, based on information that he had
recelv persons arriving at Québec from Montréal. He (1733a; 1734;
1733b) sgbsgquently prepared itemized statements of repairs made toO twro largfe
stone buildings and noted work done on a third. These last three documents

have not been previously presented 1in connection with the 1732 earthquake.

For houses, he reported a good proportion of chimneys fallen, other
ed] and many walls of houses. opened (cracked], but he gave

ther reports cited figures of 567 chimneys (Lahaise 1973,

ng statistics. TwO O
gia 3132} These figures are

page 38) and more than 300 houses (Duples
compatible, since urban stone houses had at least two chimneys each. On the
as well as some other details in these TWO
oned, respectively;,

other hand, these figures,

documents, should be ysed with caution as they were menti
£ Montréal written some Y

only in a history of Hotel-Dieu O
ienced the earthquake,

cuillérier, whoO had herse
ritten at Qué

ears later DY Soeur
and 1in Pper sonal
1f these figures

government coOrresp
herein}), the effects
importance, which would sugge

been damaged. AS thousands O
i11 availab

between mid-September 7
true extent of the damage -

St. Lawrence valley., or
durable and sa gk 19

the reguiremern
Montréal in 1721.
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. ' terials were
: g were stone; rO{}flng ma = o
of stone; virtually RS- A plate 55; Moogk 1977, Chapter 3),

: y ; N
shingles (Harris and Matthews 198 Ct- snd 1733 ke - o ey

: : tween : :
houses built 1n Montréal De . make an interesting study. Mage

better than earlier houses mig

1 were under reconstruction in 1732, ygoa

in Montréa : o's
ng ;Om;t‘;?alels l;he rown itself occupied a rectangular area aboys
replac Y 5

| ' Harris and Matthews 19
e St. Lawrence River |( ' 87,
bg b k;laiaarsalii]; ;: thry (1732) reported that alignment of the walls and
£9). eg

by the earthquake, which Proves +h-. .
. had not been changed " Ehat
mﬂmﬂtﬂ ; efaction had occurred there. He noted the fOll@'ﬂ'lI‘ig %

ey
o
kL™

paired for "60 livres”. At the just compi..
e geveral stones had shifted. Ir; the masonry section o+ .
' d several stones from the -Ne

rapet tops had shifted an \ e o

uall;lﬁ:erhaald p?,al)[.tn. At the northern bastu_:m a crack had de‘-?'EIOpef;, s
gtlm :d again during an aftershock. Without estimating the purchasing poye,
Esgﬂlivrgs' in 1732, the context of this and other reports shows that th

was not, in fact, considered very important.

wo of the large stone buildings 1in Hontréal_ are known to have -z
damaged sufficiently toO warrant rquests to tl?e King of France to pay f
repairs, since they served t'he comunlty_. The first of the§e was the hospis
complex, Hotel-Dieu, which J.ncludfed an Lnterconnecf:ed hc?sp:l:tal, residenc
church, plus some smaller outbuildings. The main buildings, each sge-
sundred feet in length, were two to three stories in height (Mondoux
Chapter 21). In the request for financial assistance, the head of Hate)
noted that the monastery had been nearly completely ruined and she feared -
its walls might completely collapse during the winter frosts (Le Vasseur 1732).
All the chimneys had been toppled, walls were split [cracked] so as to sho.
through daylight and part of the frame had moved out half a foot. The letter
did acknowledge, however, that two previous fires [1695 and 1721) had weakenes
the walls. Extensive damage in the 1721 fire had caused the entire hospital
complex to be temporarily relocated for 3% years, lacking funds for immediate
repairs (Mondoux 1942, Chapter 21). The requested assistance of "640 livres"
was granted (Beauharnois and Hocquart 1734; Ducharme 1973), which was ten times
t.he amount spent to fix the town walls. Repairs to the frame of the residence,
reported above to have moved out half a foot, were itemized as only "60

bt

livres”, which makes that particular damage seem less severe than the written
d&ﬁriptian alone would suggest. The repailr costs were divided as follows
(Chaussegros de Lery 1733a): rebuild or repair five chimneys, 36%; repairs to
Thz:p;t;il,lcgurch and residence, 34%: repairs to other small buildings, 3

: u; amage thus seems less dramatic than would be inferred from
partly objective, partly emotional descriptions by hospital staff who

reacting also to a further di ' ' S
srupt ' : heir
living quarters. ption to their hospital duties and to the
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dged to be valid, was refused since the French

Be i tal
repairs estimated at 1884 livr( auharnois et Hocquart 1735). The to

es” thre ] 5 -Dieu, were
divided as follows {Chaussedros de I',e € times that for Ho6tel-Dieu

of two wa : ry 1734): rebuild one chimney and parts
55 ane ch:::'y 531%5,‘.1'99311' many ceilings where pieces had fallen, ;lua cracks
19% . m’m; s 9eneral repairs to frame of building, 13%; other repalrs,
d ry (1733b, folio 228v) entered additional informatio?

a::t?: in his 1733 financial statements for the colony of

n-da :nd two labourers were paid a total of 120.73

dY Of work at the Montréal residence of "M. 1€

e A dhind large stone building. Some other

Again, to put the damage to 1arg®

town ma = e 49)
close P8 (Harris and Matthews 1987, Plate’
s e CUildings such as Eglise Notre-Dame and' Séminalr®

rently undamaged or else suffered only minof

812




Historians have

of the large fires '
Moogk 1977, Chapteng:;GgSf
publiShEd at the time ‘
1734) and related corre

date. With some eff(jrt SPp
he extracted from Variodg

Most previous anal
. sSe
on their more dramat ic:y efsfeocftsthese

implication, large magnitudes

when viewed in this context
settlement are much reduced

al 1n 1663 and 1732, respectively,

i 3638 Bapd- minimal in 1
. . 663. Inad .
contributin nadequate mainte
g factor to the damage at the HétEI-Diesanhcoespfs:l %r:baibly a
mplex in

Montréal 20 T i3 Statement

; ’ : e 8 of repairs t ]

buildings in Montré&al show what was PI‘Epaj_re% tl:)].s and two other large stone
damage occurred. Ch , but provide no details on wh
_ imney and other house damage in 17 %
important than currently believed; an archivalgse;ich 12 maylhave ot
contracts in Montréal could documer;t Y

: _ _ the true extent of such damage. A simil

si?rch might aid interpretation of the 1663 earthquake. Relevar?t detaijislfgf:
; 'lc;:'hree earthqqakes are too sketchy at present to identify any oL -the
uilding damage t».'u.th_ poor soils. While damage to structures was not in any
§er}se catastrophic in these early earthquakes and while no one was even
injured, one must not conclude that earthquakes of similar size near the same
urban areas today would be of little consequence. Efforts must continue to

improve the earthquake resistance of new and existing structures.
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