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ABSTRACT

This is a progress report of work carried out under the terms of a research
agreement entitled the "Canadian Seismic Agreement between the U.S. Nuclear
Regulatory Commission (USNRC), the Canadian Commercial Corporation and the
Geophysics Division of the Geological Survey of Canada (GD/GSC) during the period
from July 01, 1989 to June 30, 1990. The "Canadian Seismic Agreement" supports
generally the operation of various seismograph stations in eastern Canada and tho
collection and analysis of earthquake data for the purpose of mitigating seismic
hazards in eastern Canada and the northeastern U.S. The specific activities
carried out in this one-year period are summarized below under four headings:
Eastern Canada Telemetred Network and local network developments, Datalab
developments, strong-motion network developments and earthquake activity. During
this period the first curface fault unequivocably determined to have accompanied
a historic earthquake in eastern North America, occurred in northern Quebec.






18, The Turquoise Lake Fault Scarp

19. Summary of seismic activity in the Sudbury Basin

20. Mechanism solutions determined for earthquakes
TABLES

1. Eastern Canada Telemetered Network Qutstations

Downtimes for ECTN Stations 1985-1989

w 10

ECTN Network Configuration File: June 30, 1389 .

-

Ee  « Canada Strong-Motion Seismograph Network .

Earthquakes magnitude 3.0 or greater in eastern Canada

s o

F=lt earthquakes in eastern Canada . = . . . .

7. Summary of mechanism solutions . . . . .

Vi

. 36
. 38
.39

11
.15
. 2]

. 23-28
. 27-28

. 40



U B

CANADIAN

A
5 L
A
\
ret Ab !
171 &
{ hea gs: Easter
4 L& Lr
riake
: .
'R | N A
g \
. ~f iNF - a
{ thi AL T e
' ’ t
3 . work
wgrapt W . "
. E Al €
Lo
by &
WA
f
t

SEISMI«

AGREEMEN']

A
5 !
er
(|
\ » 2
\ b
i } !
- ~ 2
A
+
W
A
{ew .
} W
W e ' ! 3




e M e e bk s e bk A e & e | e B e e P Iy P ——— T T Iy y—— . - P ———

b, ¥
FE PP ST T R

Geophysics and Marine Geoscience Branch which includes the main Canadian government marine
science laboratories on both the west and east coasts. The reorganization had no effe<t on the work
carried out under the Cansadian Seismic Agreement by GD but should be noted fo  dmuinistrative
purposes.

2. ECTN AND LOCAL NETWORK DEVELOPMENTS

ECTN now consists of 18 short-period vertical outstations which monitor seismic activity in eastern
Canada from northeastern Ontario to eastern New Brunswick (Fig. 1 and Table 1). The SRO-type
borehole triaxial, short- and long~period outstation, GAC, at Glen Almond, Quebec was closed on
February 19 because of cantinuing technical problems and the ECTN station, EBN, at Edmundston
N.B was closed on May 2 for financial considerations.

ECTN outstations transmit seismic data in real time to a central processing facility in the Ottawa
Datalab by either dedicated telephone lines (Fig. 2) or by UHF radio links (Fig. 3). Data are
sampled at 60 Hz at each outstation using a 12-bit A/D converter with a four-stage gain-ranging

scheme which gives a dynamic range of 96, 108 ur 126 db depending on the type of outstation, Mk
1,20r §.

ECTN data are integrated with the data from two local digital telemetered networks, SLTN in
Sudbury, Cntario (Fig. 4a) and CLTN in La Pocatiére, Québec (Fig. 4b), which are Jesigned to
provide enhanced selsmic monitoring within their local areas. Each local network has a complete
seismic processing facility located on site which can operate the array and store triggered event data.
At SLTN it s slso posuible to carry out routine analysis of the events

SLTN was completed in April, 1087, as part of an expanded program of rockburst mouitoring of 15
active mines in the Sudbury, Ontario area (Fig. 4a) supported jointly by EMR, the Canadian mining
industry and the Ontario provincial government. The array consists of three Mark 111 outstations
sampling st 60 Hz. and linked by dedicated telephone lines to the local processor at the Science North
Museurn in the city of Sudbury, The processing facility forms part of a popular public display in the
museum, featuring continuous monitors of the three outstations and and an automatic display of the
last triggered event on the graphics terminal (Fig. 5). There is also a link provided to Laurentian
University in Sudbury for inspection and acquisition of current events.

SLTN files follow the route

FDP-11/73 iy DEMSA . MVAXS

to Ottawa where they wie snalysed on MVAXE concurrently with ECTN and CLTN events DEMSA
i a new communication server which has handled SLTN dnta since May 1089 and also handles
LATAPAC connections to the computing facilities. In Ottawa SLTN files are syster \atically sereened
and nose files eliminated, location and magnitude are calculated for any well recorded events and
P-nodal analyses are carried out. The affected mines are surveyed for information about the nature,
tepth and effects of the seismic events they have experienced and the information collected is stored
in the seismicity database along with the hypocentral parameters, GD circulates comprehensive
quarterly reporte of all the information collected to the mining community,

CLTN became fully operational on October 30, 1087 replacing the older analogue wiray which had
Qe
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placed by = surface seismograph. A new broad-band system employing Streckheisen seismometers,
o prototype station for the new national netwark of broad-band sesmograph stations in Cone &,
was asserubled and installed in the mine adjacent 1o GAC during the sumnmer of 1990 Broad-basd
data were ransmitted to an IBM PC w the Ottawa datalab by teiephone line for a short period of
time # & test and software to convert the signal to SAN -type files was written and tested. The
transmission of dsta from the new systern has now been balted pending the conipletion of a satellite
communication link from the Ottawa datalab to the GAC broad-band ..ation er4 the sequisition
of new computer systems to process the data

The trensmission of data fromn the GAC SRO statior was halted on February 1%

ECTN stations, JAQ, MNQ and HTQ, il in vorthern Québec, experienced a significant distuption
i service in this patiod because of continuing labour problenw at Hydro- Québec. JAQ parformance
began to deteriorate on August 20 and ran only intermuttently after that time. The sigual, whon
received, was very spikey The por - performance nay kave beea related i nowee sapply probiems,
whicl: have occurred at JAC) in the past, but it ir still under invest/gation TAQ went finally ot of
sorvice on Septernber 8, MNQ followed oo Ootober 9 and HTQ or Nov-raber 7. The vtatiors could
not be serviced because G could not obtain ascess to the sites curing s (xbour dispate.

Supsrshodeme at Saiat Joha, N.B. and Riviere-du-Loug, Qui. buth failed in this period and had to
be replaced, lending to a lengthy interuption of service from the stations in New Brunswick whooe
data pass through these suostinodems. The supermaderu st Salat John was replaced on July 11 and
the oue at Riviére-Gu-Loup was replaced on Septemnber 15.

The signals from the New Brunewi k stations KLN, GGN and LMN, which now have to pass through
the new supermodem at Saird Jotin, also now have frequant tratsmission spines, the cause of which
ie still under investigation

KLY also began to operste intermitiently and finall; weni down completely on Jannary 25, On
February 12, KLN was serviced and the scaticn was couverted to o Mk 3 station. WEOQ was serviced
on Oetober 24 and a sabsequent irip was made on November 22 to convert the station to low
power wad to change ite battevies. The signal from WEQ was lost on March 4 and could not be
re-sstabilished wutii Marcl 30

The veismometer vagit at DAQ was moved 408 feet away from the adjacent microwave tower in
order o improve the quality of the signal from this site. The station was calibeated or August 2.

LPQ bhas been plauged with spiking problems in this period. The problems are believed to be
related to the auiliary 2400 baud channel on the CLTN supermodem which now brings the signal
to Untawa, The problem is still under investigation.

The “Zap Tenp” lightning peotector at EEQO was triggered 14 times in this period. The instrument

way ot damaged by any of the lightning strikes but experienced a series of minor interuptions as a
rasudt,

SLITN Devalopments: SLTN had a clock malfunction and the timing for the dats from July 31
to August 1 wes unreliable. The transmission line linking SLTN to GD was out of service from
Feliruary 26 to March 4. Data vere stored on the SLTN processor until the transmission line was
repaired and vegular service resumed. No data were lost in the process. The SLTN processor systera

-] 2=
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ECTN Netwark Configuestion File: September, 1090

i
1
Table 8

'. Netwark Name: ECTN D/A Channels 12
DZ Units. 1 Ring 1o flor: 300
I Pre-trigger: 60 » Post-trigger: 30 #
i Save after: 1 Initisl LTSD 30 |
LTSD Constan: 3 Time Pase: 60 {'
Interupt Rate: 60 Processor B

i Mode: r Console: -
! '
, L CSIN CPUD D 8§ F 1C SEN A G E INVLRAY CFI R1 CF2 B2 STC 11C
' ms nm/s hz e wee N i
| .‘
! 1 10TT 821200 2 60 2 <56 100 1 40 08 2 1.2 6i 13 110 427 ;
i 2 1MNTS&Z1200 2 60 1 60 100 1 €7 2 2 12 04 135 1% 427

8 1EEO S21200 2 60 2 <60 01" 6 & 0 50 40 4 12 10 180 110 427

4 1DPQ SZ1200 2 60 2 61 (.1 2 1 30 20 4 12 10 180 110 427

§ 18BQ SZ1200 2 60 2 <69 011 10 1 1 40 20 2 12 10 136 110 42

7 IWEOSZ1200 6 60 6 06 0.1 9 I 40 80 2 12 04 1856 100 427

8 1FCC SZ1200 86 60 5 -250011 1 80 2 4 1.2 10. 180 130 497 -

9 1 MNQSZ2400 14 60 5 98 100 0 80 18 4 12 10 180 110 497 ;
; 0 2HIQ SZ 60 3 -70 100 1 40 10 1.2 08 150 110 427
’ 10 1 WBOSZ1200 2 60 5 5% 011 0 1 40 16 4 12 10 180 110 427 9
! 1N 1CKO 21200 9 60 5 -62 010 & 2 1 40 10 4 12 10 180 110 427 :
12 1 TRQ 822400 14 60 5 -87 011 1 40 10 4 12 10. 180 110 427 :
i 12 2 GRQ §2 60 5 -87 011 13 3 1 40 10 4 12 10. 18 L10 427 :
181 GSQ S7Z4800 204 60 8 216100 2 2 0 408 8 12 08 180 110 427 |
. 14 1GGN SZ 4800 234 60 5 -2041.10 4 2 1 40 16 8 12 OB 180 L10 427 ,
i 14 2 LMN §2 60 8 204100 1 3 1 4010 3 12 08 180 120 4% :
* 14 4 KLN S§2 60 5 204110 3 3 1 40 3 & 12 fL 1RO 110 427 '
- 15 1LPQ 322400 14 60 6 216120 8 1 1 40 30 & 12 08 180 L10 427 4
& 16 1 DAQ §21200 2 60 6 -61 110 12 2 1 3020 4 17 100 180 110 427 .
! L. line number O channel BD:  baud rate D:  packet code 1
‘ F.  format lag  SEN:  bit resolution A annlog chan, G:  analog gain :

E. error logoff  IVL.  trigger level RAT: trigger ration CF filter freq

R:  filter eadius  STC.  shart-terin const.  LTC:  long- term const. S sampling

CP:  compounent TC. tne core
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Two SUN 4/60 GX colour workstations have been acquired as additional development platforims and
are connected 1o the Local Area Network. Finally lLe synchronous DECnet Wide Area Network

connection for CLTN was moved from the .1 . "AX to the DEMSA router. The fou ih port on the
DEMSA is now used for & dedicated 960 . 7  uchronous DECnet connection to & MicroVAX 11
located at the Blackbura Geophysical 1. . .ation Laborstory (not shown on the Figurs)

Acquisit’- u Software: A persistent bug in the DEMUX program which creates the ECTN,
CLTN and SLTN triggered time series flles was identified and conected in this period Basically,
the problem arose tor multi-station triggers when one or mate of the fisst triggers were decied to
be noise by the automaiie discriminstion code The DEMUX program purpo ted to Lruncate the
timie series fram the frout to temove the false detections and update the trigger sequence hist and
start-of -data poisters ac:ordingly While DEMUX did update the potnters, it did not in fact delete
any data, leading to an inconsistancy hetween the covanl and reported start of the data on the disk
The timing would be relatively correct for the individual network data but shifted from U'T. by an
arbitrary time corresponding to the time between the triggers.

The source of the problem was identified in Junuary and corrected on February 13 1t is unciesr
how iong this 1 roblem had been present.

Another loss serious bug was uncovered and cortected in TRIGGR at the same time TRIGGH
used to turn off early for multi-station triggers spaced several seconds apart, providing less than the
nominal 30 seconds of post trigger buffer

Analysis Software: SAM was modified to read 3-letter SEED forinat channel designators from
YKA files (eg. BHZ for the broad-band verticyl channels, SHZ for the short- period vertical channels
and EHZ for the high frequency vectical channels). An appropriate transfer function for use in
SAM was defined for each of the YKA channel types. For multiple station triggers, SAM used 1o
remove from the trigger list all but the last occurrence; it now preserves the first occutrence. Minor
modifications were also made to SAM o improve its handling of teleseismic wavelorms.

Database Facilities: The Current Seismicity Database (CSDB) was used routinely in this period
to store and update information sbout local earthquakes determined from ECTN. This database
facility only contains the last two years of Canadian earthquake data and is ojcinused for current
seismicity needs. The quarterly Bulletins and Summaries of earthquake activity distributed Ly GD
were generated directly from this facility,

The CSDRB was copied from the OTTVAX to a SUN 4/280 workstation (SUNDRS) for testing and
developmeza  Preliminary testing shows wn improvement of performance of 4 to 20 times. The
OTTVAX CSDB database is still being used for routine seismicity needs while development of a
much faster seiscnicity database facility on the SUN systems continved 1o progress in this period

Con the SUNDHS the database facility (Fig §) has been re-organized around five local datahases,
CSDB, CEDB, INTS, STRESSDB and ANALOGREC. STRESSDE s the Cunadian STRESS
database con erted from OTTVAX under DATATRIEVE to SUNDBS under INGRES, The ANALO-
GREC database (invemtory of Canadian analog seismograph records) has also been moved onto the
SUNDBHS from a PC. The intensity tables previously held in the CEDB have been separated from
the rnam database into the new database named INTE.

a7
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CEDB on SUNDBS now contains only information on ECTN and YKA time series files and detec
tions including header information for all existing YKA tapes. YKA data files are now being stored
on optical disks and an index of the disks will be stoted in the CEDB in the near future

SUN Operating System 4.03 and Fortrau | 2 were installed on the SUNBDS. INGRES Release 6

has been implemented on the systems providing faster response times and the ability to define null
values in any field, Procedures wete set up on SUNDBS to enter PIK fles sutomatically into the
database, similar to procedures used on MYAXA and OTTVAX.

Questionnaires for the intensity survey of the Ungava Peninsula earthquake were prepared directly
from the database

4. STRONG-MOTION NETWORK DEVELOPMENTS

The Eastern Canada Strong Motion Seismograph Network, supported by the Canadian Seismie
Agreement, consists of 19 eiten centered around the Charlevoix region of Québec (Fig 10). The in-
struments are all Kinemetrice SMA -1 three-component analogue accelerographs (Table 4) Regular
servicing of the network is cartied out twice yearly by Geonetics Engineering Inc. of Ottawa under
contract to GD.

The network was complemented with five additional SMA -1 accelerographs installed in the epicentral
regiow of the Saguensy earthquake during the week of November 28, 1088, These units rormained in
place until the beginning of August when they were serviced and removed. No actelerograms were
produced by these units. Three SSA -] recorders owned by Lamont-Doherty Geological Ohservatory
cemain in the epicentral ares.

The GI' network was Jasc serviced in May, 1980. No records were produced by the network since
priot servicing in October, 1988, The aext service trip is scheduled for October, 1000,

5 EARTHQUAKE ACTIVITY JULY 01 1988 TO JUNE 30 1990

Under the terms of the Canadian Seismic Agreement, seismic data, provisional hypocenires and
magnitudes for ecstern Cai adian and northeastern U.S. earthquakes are distributed quarterly to
operators of the novtheast U S. seismic networks in the form of the ECTN Bulletin, The October to
December 1980 Bulletin has been distributed and the January to March 1990 Bulletin will be issued

shortly.

The most significant earthquake in eastern North American during this period was the magnitude
6 2 earthquake December 25 in extreme northern Québec, on the Ungava Peainsula as described in
the previous quarterly report. Although this earthquake took place outside the usual reporting area
for this document, additional information is given below because of the ranity of such large events
in eastern North America,

In the area covered by this report during the period from July 1, 1988 to June 30, 1990, 234
earthquakes were analysed for location and magnitude. They are sh wn in Figure 11 & 4 listed
in Table 5 Twenty-three earthquakes were magnitude 3.0 or greate:, the largest, onshore, was
magnitude 4.0 and occurred November 16 in western Quebec about 50 km northwes' o Maniwaki
Two other magn'tude 4 events were located offshore on the Laurentian slope, one on August 21 and

one on February 15,
-9
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Table 4.
Eastern Canada Strong Motion Seismograph Network
June 1990
No. Loeation Date Coord  lustr. Seus.  Trigger  Building Foundation
1. St-Ferréol Qué. 1/66 4712568 SMA-1 1 g 00072 g  Underground seismic vault. bedrock
T0.8282 TCGAB Instrument on concrete pier.
2. Québec, Qué. 6/07 46.7782 SMA-1 1§ 00065 g 3-storey, reinforced concrete. bedrock
7127148 TOG-1A Instrument on conc tete piet on
basement floor slab.
3. Monteéal, Qué.  12/78 455025 SMA-1 1g 00049 g 4-storey steel frame, curinin bedrock
786230 TCG-1A wall, poured concrete. Instru-
ment in basement selsmic vault.
4. Ottawa, Ont, B/84 450042 SMA-1 1 g 00106 g  Underground seismic vault. bedrock
75.7167 TCG-1A Instrument on concrete pier,
5. Tedoussac, Qué. 5/70 481432 SMA-.1 1 00101 g Conerete pier to bedrock in bedrock
69.7180 TCG-1B crawl space of 1-storey Lldg.
6. Riviere-du-Loup, €6/80 478366 SMA-1 1 g 00108 g Two-storey rein forced concrete  bedrock
606370 TOGD Instrument on basement slab.
7. BaieSt-Paul, 10/82 47.4423 SMA-1 1 g 00000 g  Two storey brick building. alluviom
Qué. 70 5069 TCG-18 Instrumeut on basement slab. velley
8. La Malbaie, 0/67 47.6563 SMA-1 1g 00117 g  Lstocey steel frame, masonary  bedrock
Qué. 70.1527 TCG-1B walls. [nstrument on concrete
pier on basement floor slab.
0. St.Pascal, Qué. 10769 475257 SMA-1 g 00050 g |-storey reinforced concrete bedrok
6L, .48 TCG-1H and masonary. Instrument on
concrete basement floor slab.
10. Riviere-Ouelle, 8/84 474757 SMA-1 1 g 00108 ;4 Above ground seismic vault bedrock
60 0061 TCG-1B
12. Edmundston, /84 474014 SMA-1 1 g 0.0103 g Above ground selsmic vault bedrock
NB 68 2411 TCGAB
13.  St-Eleuthére, B/8B4 474950 SMA-1 g 00050 g Above ground seismic vault bedrock
Qué, 60.3628 TOCG-1B
14.  Ste-Lucie-de- B/84 467414 SMA-D g 00105 g Above ground seismic vault bedrock
Beauregard, Qué. 700172 TCG-1B
16. St-Georges, Qué. 8/84 4€.13890 SMA-1 lg 00132 g  Above ground sewsmic vault bedrock
70.67990 TCG-1A
16. Chicoutimi-Nord, 0/84 4849502 SMA-1  1/2g 00045 g Outerop in basement of bedrack
Qué. 710128 TCG-1A two-storey wood frame house.
17, St-André-du-Lac- 0/84 48.3248 SMA-1  1g 0.0054 g Above ground seismic vault bedrack
St-Jean, Qué. 719917 TCG-1A
18. Rimouski, Qué. 9/84 484452 SMA-1  1g 0.0025 g Above ground seismic vault bedrock
68.4822 1TCG-1B
19, Miranachi, N.B. 1)/86 469720 SMA-1 1g 00105 g Above ground seismic vault bedrock
"Loggie Lodge 11 66.5203 1CG 1A
20, Les Eboulements, 6/85 475406 SMA-1  1g 00075 g  Above ground seismic vauli bedrack
Qué, 70.3278 TCG-1B
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Figure 11. Summary « " eastern Canadian seismic activity in 1989-90. Shown below
the map are graphs the cumulative number of events that occurred and the
magr.itude-time history of the activity. Circle size is proportional to magnitude,
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Eighteen earthquakes were reported felt in southeastern Canada it this same period They are
sutnmarized in Table 6

Figure 11 shows that the general pattern of activity has continued to be similar to that of previous
years with seismic activity concentrated in the recognized seismic gones of West Québec; Charlevaix,
Québec; Lower St. Lawrence, Québec, Wiramichi, N B and the Lavrentian Continental Slope
However, activity in New Brunswick was more wide spread than in the previous report periods and
siguificaut seistic activity occurred on the Laurentian Continental Slope in areas which had not
been active previously. Periods with a higher rate of seismic activity oocurred in August and April,

West Quebec  The West Quebec zone (Fig. 12) experienced the largest event onshore 1y enstern
Canada (magnitude 4.0) on November 16. The termar was felt (Table 6) but only mildly. A field
survey was not carried out and no foreshacks or aftershocks were detected by the network | ullowing
that event the activity throughout the zone showed an apparent decline until January. However, this
decline coincided with the period of erratic service from ECTN radio- linked stations in the West
Quebec atea and the failure of GAC, so the significance of the decline is open Lo question. Swarm
activity was observed near the Baskatong Reservoir in April. Otherwise, the activity throughout
the zone was scattered in space and time.

Charlevoix: Eighty-one earthquakis were located in the Charlevoix seismic zone (Fig. 18) during
this period; six were reported felt (Table 8) The largest event on March 3§ was only magnitude 4.6
It occurred at the extreme north end of the seismic sone, north of the river. The temaining activity
did not show significant ciustering i. space or time, but the rate of activity appeared to be ‘low’
in July and August at the starc of the reporting period, recovering at the end of August to & more
normal puce. Parts of he seistmic zone remained aseismic throughout the year.

Lower $t. Lawrence: The activity in the Lower 8t. Lawrence seismic zone (Fig. 14) was rmoderate
in this period. Twenty-three events were located, of which none were greater than magnitude 2.0,
An unusual burst of events oceurred in the month of September.

The detection and location of seismic events in the Lower St Lawrence region was significantly
degraded in this period by the prolonged outages experienced at the MNQ and HTQ stations.

New Brunswick: As usual, peristent seismic activity oceurred in the Miramichi aftershork zone,
but, in this year, more seismic activity was observed elsewhere in New Brunswick than in past yours
(Fig. 15). Twenty-five events occurred within the aftershock sone: all were less than magnitude
3.0. Twenty-two events, including 8 with magnitude 5.0-3.5, were located in other parts of Now
Brunswick, cutside the aftershock zone. Two of the larger events were reported felt (Table 6).

The largest rockburst in some years occurred in Brunswick Mines near Bathurst on July 18, The
event was magnitude 3.1 and cav.ed some damage in the mine. (It is not plotted on the Figure
because it is classified as & mining-induced . ).

Laurentian Slope:  Offshore seismicity was highlighted by a swarm of earthquakes in the Lau-
rentian Channel (Fig. 11), which began with the magnitude 4.5 event on February 2, 1989 (see last
year's report ). the largest earthquake to occur on the southeast Canadian continental margin sinee
1975, The swarm occurred in a hitherto aseismic region of the Laurentian Channel. That initial
earthquake has been followed by a continuing series of smaller events including a 'magnitude 4.0
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earthqua’ on August 21 From the epicentres determined, the earthquakes lie in o NW-tren ding
ellipse about 25 km long by 16 km wide Oun Februnry 15 & magnitude 4 0 varthguake occurred on
the Laurentiar slope in the srea which has been most active historically. Most tecently on June 6
there was & magnitude 3 0 earthquake in the same area

Other aress: A magnitude 3.2 carthquake on August 5 at 2107 U T was felt in the Hamilton
Oakville-Mississauga area st the west end of lake Outario. A previous earthquake from this area
took place July 23, 1987 and had a similar magnitude of 4. A maguitude 3 4 event took place
st night 0 an unusual ares near Roberval, Quebec in the Lac-St-Jean region on October 18 The
event was felt (Table 6). Our investigation conld find no source of blasting 1o explain the event and
the event is sssumed Lo be an earthquake.

Only three aftershocks were recordad foom the epacentral region of the Saguenay earthquake (Novem.
ber 26, 1088, magnitude 6) in this entire year. The largest was magnitude 1 9

Ungava Penivsula: The magnitude 0.2 Ungave Earthquake of December 26 occurred in an aren
of northern Quebec that had previously recognized ns & seistnic sone (Fig. 16), but historically had
not experienced an event cer magnitude 6.0 The earthquake followed &8 magnitude § 1 fureshock
10 hours varlier. There were b earthquakes, magnitude 3 or greater, between the foreshock and the
mainshock, and at least & magnitude 3 or groater aftershocks in the two weeks after the mainshock,
the largest being magnitude 4.4 The epicentre was in the middle of the unpopulated Ungava Penin-
suln of northern Quebec, the nearest population centres were small constal settlements  Tutensity
questionnaires were sent to the postmasters of about 100 communities in northern Queboc, North-
west Territories and Labrador. The mainshock was felt moderately at Kangirsuk (Payne Bay), the
closest corumunity st 200 km to the east, quite strongly in Kuujjuag (Fort Chime) st 360 km, and
not felt at all at Igaluit (Frobisher Bay) at 500 k. The maximum intensity felt was MMIV s
shown in Figure 17. The felt area was considerably smaller than that of the magnitude 6 Saguenay
Earthquake of November 2F 1088 and appears to be more consistent with the Ungava event's local
maguitude than with its telesei-mic magnitude,

Temperatures (-36°C), short doylight (<3 hr/day), and remoteness precluded an immediate field
aftershock study, however, GD conducted a survey from July 9 to 24, 1990 The field party was led
by R. J. Wetmiller, and field investigators included John Adams, J. Drysdale, and M. Lamontagne
The wurvey, which relied exclusively on helicopters to deploy equipment, was hampered by strong
winds in the epicentral area and the almost total cecession of aftershock activity six months after
the mainshock However, the aftershock sone was found from the very low level of seismic activity
(all less than magnitude 2.0) that persisted (Figure 16)

At the afters!. 'k zone the field party discovered the surface fault rupture caused by the earthquake
(Figure 18). The Ungava earthquake, the largest in North America eant of the Rockies since 1963,
thus becomes the first earthquake in eastern North America confirmed to have produced surface
faulting. The fault break was traced over a length of 8 5 km (Fig. 18), trending an average of 038°
(concave to the northwest), and centred st 60.12°N, 78 60°W . The fault trace uplified lake shorelines
near the fault, allowing the extent and pattern of the vertical deformation to be determined. The
sense of displacement on the fault was thrust faulting with the southeast side upthrown. The
maxiinum throw was 1.8 m along a central | km segment, and the throw tapered to less than 03
m at each end. As well as the deformed shorelines, ‘here were fault scarps along the fault trace
between adjoining lakes, torn muskeg above some traces, sand volcanoes, mud boils, freshly cracked
-
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boulders, a partiy-drained lnke, & left-laternl surface steike ship fault, and new springe. Two lukes
were discoloured by sisuically Anjected mit.

Sudbury Basin: Miving -induced sewmic sctivity in the Sudbury Basio wis moderate i this period
(Fig. 19). Through the year 526 events (excluding knowu or suspected blasts) were localed with
SLTN Mot of the events occurred in the vieknity of one or another of the thirteen Active wities
the area. The distribution showed two clusters, the larger cluster on the southern ram of the bauin,
with the cthier sinaller cluster of the northwest rim. The overall rate of seismic avidaity showed
& slight incresse in January veflecting the geveral resumption of full seale operations by tany of
the mining companios after o ‘slow’ summer period  The largest ovent iu the year {magaitude 3 6)
oceurred on Octobet 30 at the Creighton Mine where it was strongly felt. Thin wes the largest
weisnnie oveut 1o ocenr st the Creighton Mine in the past two yoars. The even' was described as
fault-slip' event by the company, a8 opposed Lo & ‘burnt’ into the mining cavity A veverse typw
solution seemmed 1o be indicated by the data but they were too sparse Lo define the salution reliably.

Meochianism Studies: Sixteon events in this period were analyzed for P-uodal muchanisms, how.
ever, reliable solutions could not be determined for four. The fuult-slip and rivess parametors
determiued from the analyses are surnmarized i1 Table & and the P-nodal solntions that were Tound
are shown in Figure 20. The two Ungava events, which lie outside the aren of this report are not
included. The solutions found were genetally reverse-fault ones with a varying small strike-slip corn
ponent, which is the norm for eventa in this region The four solations analysed in the € harlevaix
Seistuic Zone showed s variety of fault-strike nnd stress divections over & small ares, whic | has been
observed before and suggests a complex tectonie setting. One eveat in the West Queb ¢ gone and
ome event in New Brunswick showed unusunl normal falt mechunisms,

-37=

1 N N T L o T 1 S o o g e T I 1 o o T o o e T



















TR BRI L T TN T ST ENSON =, v =

‘_q

st e 1 St
LS NUCLERR REGULATORY uwwm;u_\ﬂ- HEPORT NUMBE R

s g R iy g
2. 4202 BIBLIOGRAPHIC DATA SHIET
(S0 Agicer g On Ve devdeir) NukLG/LR-4753

.3 THILE aND SUBTITLE Y& . 5

Canadian Seismic Agreement
DATE REPLORT PURLIEHED

Annual Report T 1 T
'lu]y 1989-June 1990 May 1992

c"bt{;}vfé{uiin NUMBL R

& TPt Of REPORY

PU—

s AUTHORES R . Wetmiller, J.A. Lyons, W.E. Shannon, P.S5. Munro.
J.1. Thomas, M.D. Andrew, S. P. Lapointe, M. Lamontagne, C. Wong, Annual Report
F.M. Anglin, J. Adams, M. G. Cajka, W. McNeil, ard J.A. Drysdal

7 PERIOD COVERED fnciuswe Dates’

Ju' 1889 to June 1990

f PERFORMING ORGANIZATION - NAME AND ADDRESS (11 MAC peovide Owipue U teew o0 Rogsn. U S Nucios Boyulaiory Conoaistion W9 MR ats ¥ BRSSPIVl
R R e ST
Departmen* of Energy, Mines and Resources Under Contracn 10!
Geologic  Survey of Canada Canadian commercwal Corporation
Ottawa, arie Ottawa, Ontario

K1A DY3, CANADA K1A 05%, CANADA

9 SPONSORING ORGANIZATION - NAME AND ADURESS ' NAC (roe “Same aiabuve L cmitacny pravide NRC Dunan Ofce o Rega s U S Noomar Ragulsinry Comaiam
| UIVTETER of Engineering

Office of Nuclear Regulatory Research

U.S. Nuclear Regulatory Commission

Hashington, DC 20555

10 SUPPLEMENTARY NOTES

1), ABSTRACT (200 worshs o wu!

This is a progress report of work carried out under the terms of a research
agreement entitled the "Canadian Seismic Agreement between the U.S. Nuclear
Regulatory Commission (USNRC) the Canadian Commercial Corporation and the
Geophysics Division of the Geological Survey of Canada (GD/GSC) during the period
from July 01, 1989 to June 30, 1990. The "Canadian Sei.mic Agreement" supports
genérally the operation of various seismograph stations in east:rn Canada and the
collection and analysis of earthquake data for the purpose of mitigating seismic
hazards in eastern Canada and the northeastern U.S. The specific activities
carried out in this one-year period are summarized below under four headings;
Eastern Canada Telemetred Network and local network developments, Datalah
developments, strong-motion network developments and earthquake activity. During
this period the first surface fault unequivocably determined to have accompanied
a historic earthquake in eastern North America, occurred in northern Quebec.
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