- R e DT e R NG TS L W e T M ey e TR iy o B ow -y

. e R e Lt

Sth Canadian Conf. Earthquake

Ef?gfﬂei?r;

ﬂ ,-"’ / - 7 ) — . - . : .
9/ Ottawa /1987 /5&éme Conf. Canadienne Génie Sismique

Canadian strong motion seismograph networks*

p.H.Weichert
Pac

pS.Munro

iﬁ - Gﬂf’ SCIence Centre, (;f.':'?t’{-?'g ical Si ey f}f 1(‘:'(1!!:1{

la, Sidney, British Columbia

Geap* .}.5;'('5 Division, Geological Survey of Canada Ottawa. Ontario

ABSTRACT: The Canadian strong motion seismograph network was started in 1963 and some

70 accelerographs are now in operation.

sel

Site selection is governed ] '
o : , - : primarily by
smological rather than engineering priorities. The federal government networks are

supplemented by privately-owned instruments in special engineered structures, mainly
dams. In western Canada, 36 accelerographs are installed in the Vancouver-Victoria,
central Vancouver Island, and Queen Charlotte areas. The Vancouver-Victoria region 1is

s high-—density population centre, just inland from the Juan de Fuca subduction zone
which may be capable of large subduction earthquakes, while the latter two regions '
have a proven potential for large earthquakes (M8.1 and M7.3). Four earthquakes have
yielded records of up to 0.06 g horizontal acceleration. In eastern Canada, 17 of the
19 accelerographs are now centered on the Charlevoix seismic zone, which has a long
nistory of strong earthquakes. 1In 1982, an earthquake series in New Brunswick yielded
the first significant near-source ground motions in eastern Canada of up to almost 0.6
g. Only one accelerograph was located in northern Canada until a series of strong
earthquakes occurred in 1985 in the Northwest Territories. Instruments installed 1in

the Nahanni aftershock zone recorded horizontal accelerations over 1 g and a vertical

acceleration peak of over 2 g.

1 Introduction

Parts of Canada are strongly seismic.
On the west coast, part of the circum-
Pacific seismic belt, one M8.1 and
several M7 earthquakes are known to have
occurred in historical times. In
eastern Canada, populated regions are
known to have experienced magnitude 6 to
! earthquakes as early as 1663, with
three M6 or greater events since 1925.
This activity motivated the initiation
of a modest strong motion program in
western Canada by the Dominion Observa-
tory, then a branch of the Department of
Energy, Mines and Resources (EMR) and,
almost concurrently, the National
Besearch Council of Canada (NRCC) began
to install a strong motion network in
€astern Canada. Subsequent to some
reorganization within the Canadian
BEovernment, both networks are now under
the direction of the Geological Survey
of Canada (GSC) of the Department of

E“‘PBY. Mines and Resources. This paper
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reviews the development, current status
and proposed expansion of these
networks, and tabulates the most notable

strong motion records.

2 History

The first two instruments of the
Canadian strong motion program were
installed in early 1963 1in Victoria and
vancouver. The early history of the
network was described by Rogers, Milne
and Bone (1970), and was reviewed by
Rogers (1976). Most of the early
instruments were located on the densely
populated Lower Mainland and southern
vancouver Island. The locations were
chosen to sample the response of the
different soils and alluvial thicknesses
of the Fraser valley deposits, and
instruments were placed mostly in
basements or ground floors of low-

buildings.
The National Research Council of

canada (NRCC), through its Division of
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The existing network of analog film

recording accelerographs is still
considered to be the best compromise of

cost, reliability and data quality for
the level of seismicity found in Canada,
although a digitally recording accelero-
graph has been acquired. At present,
most accelerographs in western Canada
are 1 B Kinemetrics SMA-1 units, with
six 1 g RFT- 250 units. In the east,
most instruments are Kinemetrics SMA-1 1
g units with time code generators. The
exceptions are three 172 g Kinemetrics
sMA-1 units whose resonant frequencies
are near 18 Hz, as compared to 25 Hz for
the 1 g units; they are not considered
to be appropriate for eastern Canada
where higher than average ground
acceleration frequencies and higher than
1/2 g amplitudes have been observed.
Retrofit to 1 g is planned during 1987.

Detailed instrument and site data are
given in the annual publication
'Canadian Seismograph Operations’ of the
Geological Survey of Canada. Through
cooperation with the private operators,
data on their stations are included in
this publication.

Responsibility for the western strong
motion stations, including the Yyukon,
lies with the Cordilleran and pacific
Margin Division of the GSC (Pacific
Geoscience Centre, Sidney) and for the

E§5?ern stations with the Geophysics
Division of the GSC (Ottawa). Mainte-
nance is mainly by contract, with one
scheduled visit every six months for all
but the most remote sites, where visits
at*e-ammal, some of these stations have
a simple monitor unit attached exter-
?Elly (see Rogers and Bennetts 1975).
The curators of these instruments are
contacted by mail a few times a year,
andiasked to record and send in the
monitor readings. Abnormal readings may
resu}t in an early or unscheduled
service trip.

Both offices of the GSC now have some
spare instruments, which serve to
maintain the networks and are readily
available for deployment in aftershock

zones of significant earthquakes.

4 Western Earthquake Potential and
Networks

canada's southwestern coast is part of
the circum-Pacific seismic belt,
comprised here of short ridge segments
and transform faults separating the
Pacific plate and the Juan de Fuca and
Explorer platelets a few hundred kilo-
metres offshore (Figure 2). These plate
~emnants are believed toO subduct under
vancouver Island and the Lower Mainland
of British Columbia where they give rise
to earthquakes in the overlying crust
and within the subducting plate (cf e.B.
Keen and Hyndman 1979). Several

earthquakes near and above M7 have
occurred within a few hundred kilometres

of the metropolitan centres of Vancouver

and Victoria (Figure 1). Moreover, the
potential of large thrust earthquakes On
the Juan de Fuca subduction interface
must be considered. Although not
observed during historical times,
evidence 1S mounting that such earth-
quakes may have occurred with average
recurrence times of 400 to 500 years and
magnitudes between 8 and 9 (Heaton and
Kanamori 1984; Weichert and Rogers 1985) .
Further north, the pacific-North
American plate boundary consists of the
Queen charlotte fault, a right~lateral
strike-slip fault with a probable small
subduction component near the south end

of the Queen Charlotte 1glands. A mag~
nitude 8.1 earthquake occurred in 1949
boundary -

along this section of plate
All M5 and some M6 western earthquakes

have been excluded from Figure 1 toO
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Figure 3: Accelerographs in the
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4.2 The Queen charlotte Network

Figure 2 shows the Queen Charlotte area
network and Figure 1 indicates the high
geismicity near the Queen Charlotte
Islands. Instrument location 1is
governed by the paucity of permanent

settlements.
Instruments along the mainland coast

are at a greater distance from the
active principal Queen Charlotte fault
zone, but seismic activity has been
sstablished to the east of the main
fault between the Queen Charlotte
Islands and the mainland. Accelero-
graphs are Jocated at the important
seaport of Prince Rupert (GSC) and at

the Kemano hydroelectric site (privately
Another accelerograph

owned by ALCAN).
at '#hlaconumically important location
of Kitimat would be desirable.

4.3 B.C. Hydro Accelerographs

EMR and B.C. Hydro
installations

4 in 1972
More recently,

9.6,
prmngEﬂzzdh§ﬂ set up‘ita own monitoring
GLTity od ils expanding. Currently the
at Ehe B;nfpaﬁy Dpe?ateg accelerographs
Sbas Hican?tt dam in the Peace River
! ;ntpr* JTE%k dém,_ﬁevelgtoke dam in
ka4 Lglﬁf (S‘unlts) and Allouette dam
Vs are?er Mainland. Other installa-
o planned (private communica-

» Tim Little, B.C. Hydro 1986).

5 Eastern Ea
rthauake P :
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zelsmicity in eastern Canada is well
ocumented although not as well
understood within the framework of
modern plate tectonics (Basham et al.
1?79). The Charlevoix seismic zone 1is
historically the most active, with at
least five earthquakes of magnitude 6 or
greater (1663, 1791, 1860, 1870 and
1925). The 1925 event is the only
?arthquake with magnitude near 7 on land
in eastern North America in the
twen?ieth century. This source zone is
considered to have the highest potential
f?r strong ground motion and has had the
highest priority for instrumentation.
several other clusters of gseismicity

exist throughout eastern Canada, 1in
which the activity 1s significantly
higher than the general background.
of the most important is the western
Quebec zone that contains the major
population centers of Montreal and
Ottawa. Past experience suggests that

maximum magnitude earthquakes of at
least M7 must be assumed here, but the
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studies (Wetmiller et al. 1987).

Available Canadian records have hee
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and Milne 1980; weichert et al. 198;

Weichert et al. 1986). Table 1 gives :
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Hifamiﬂhi M4 .8 A i
31 March 1982
_ Holmes ake, 5 m alluvium 6 0. 34
_ Mitchell Lake, bedrock A 0'23 0.014 0.6 0.05
_ Loggle Lodge, 5 m alluvium 6 0'56 e S 0.7 0.06
_ Indian Brook, gravel 3 0-&2 gg:i 0.8 0.06
: - 0.8 0.06
Nahannl M6 .9
23 DecEIleef 1985
_ gite 1, pedrock 8 T
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7 Summary

The Canadian strong motion network

ctarted almost 25 years ago. The
program 1s Now the responsibility of the

ceological Survey of Canada. Over /0
sccelerographs are now 1in place, and
large events in the Queen Charlotte,
central Vancouver Island, Vancouver-
victoria and Charlevoix areas should be
adequately recorded. The GSC will
continue to supplement permanent network
data by deploying portable instrumenta-
tion in the aftershock zones of large
events in these and other areas. In
western Canada, the network should
continue to grow to the outlined config-—
uration before 1990. There are no
expansion plans for the easterm

t}etwork. Critical facilities should be
instrumented by their owners; for
QWIE, the Canadian Standards Associa-
tl?'n provides guidelines on the install-
ation of strong motion accelerographs in
nuclear power plants (CSA-N289.5).

Recently captured strong ground motion
records have a been received with great

mtefe?t by the engineering community,
emphasizing the socio-economic
importance of maintaining a viable
strong motion program in Canada.
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