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ABSTRACT
.

i

!

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/GS_C) 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 th;
collection and analysis of earthquake data for the purpose of mitigating seismic
hazards in eastern Canada and the- northeastern U.S. The spectfic 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,

iii
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CANADIAN SEISMIC AGREEMENT
Annual Report: Contract No. NRC-04-85-110

July 1989 - June 1990

1. INTRODUCTION

Tnis is a progress report of work carried out under the tenus of a research agreement entitled
thq Canadian Seismic Agreement between the U.S. Nuclear Regulatory Commission (USNRC), the
Canadian Commercial Corporation and the Geophysics Division of the Geological Survey of Cau6da

(GD/GSC) during the period from July 01,1989 to June 30,1990. The Canadian Seismic Agreemer:t
supports generally the operation of various seismograph stations in eastern Canada and the collection
and analysis of earthquake datu for the purpose of mitigating seismic hamrds in castern Canada
and the northeastern U.S. The specific activities carried out in this one-year period arc summarized
below under four headings; Eastern Canada Telemetred Network and local network developments,
Datalab developments, stronymotion network developments and earthquake activity.

Activities undertaken by GD (formerly the Earth Physics Branch) under this contract from 1979
to 1985 have previously been described in a Technical Report Covering 1979-1985 (NUREG/CR-
4317 Vol. 1), in the previous Annual Reports of this series (NUREG/CR-4573 Vols. 1, 2, 3

and 4), for 1985- 86,1956-87,1987-88 and 1988-89 and in the regular quarterly reports issued
under terms of this agreement During the period of this report, the contract resources were spent
on operation and maintenance f the Eastern Canada Telemetred Network (ECTN), development
of special purpose local network systems, servicing and maintenance (by contract) of the strong-
motica seismograph network in eastern Canada, operation and expansion of the Ottawa Datalab
and earthquake monitoring and reporting. The development of the local networks for the Sudbury
(SLTN) and Charlevoix (CLTN) areas are reported on here because they are closely linked to ECTN
developments although they are supported in whole or in part by other sources.

Of special note in this period was the discovery of the surface fault break of an earthquake in northern
Quebec, This is the first time that such a feature has been identified unequivically in eastern North
America and the fault scarp is one of a very few surface fault breaks that have been produced by
earthquakes in stable continental areas throughout the world.

In this period a modification to the Canadian Seismic Agreement was prepared that extended the
terms of the agreement to the end of 1990. However, USNRC support of eastern Canadian seismicity
studies will cease after that time and a reduction in the level of seismic monitoring will be necessary

because of the loss in funding. GD has negotiated an agreement with Hydro-Qusbec for support of
ECTN stations in the province of Quebec that will offset the loss partially but it seems likely that
GSQ will have to be closed because of the high cost of telemetry from that site and that su ECTN
sites in New Brunswick (EBN, KLN, LMN and GGN) may have to be closed by the end of 1990
unless alternative support can be found.

t

At the same time, GD has obtained special funding from within GSC to establish a national network
of broad-band satelite-linked seismograph stations across Canada to replace the obsolete Canadian

Standard Seismograph Network. Some of the stations planned for this new network in eastern
Canada will offset the reduction in ECTN coverage.

In September,1989 GSC was reorganized and GD was incorporated in a new Branch called the

-1-
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,

Geophysics and Marine Geoscience Dranch 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 Canadian Seismic Agreement by GD but should be noted fo* dministrative

,

- purposes <

2. ECTN AND LOCAL NETWOltK DEVELOPMENTS

ECTN now consists of 19 short-period vertical outstations which monitor seismic activity in eastern
Canada from northeastern Ontario to eastern New Brunswick (Fig. I and Table 1). The SRO-type

1 borehole triaxial, short- and long-period outstation, GAC, at Glen Almond, Quebec was closed on
.

_ February 19 because of continuing technical problems and the ECTN station, EUN, at Edmundston,
N.It 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 Ul!F radio links (Fig. 3). Data are
sampled at 60 Ils 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 t,r 120 db depending on the type of outstation, Mk
1, 2 or 3.

ECTN data are integrated with 'the data from two local digital telemetered networks,- SLTN in
- Sudbury, Ontario (Fig. 4a) and CLTN in La Pocatibre, Quebec (Fig. 4b), which are designed to
provide enhanced seismic monitoring within their local areas. Each local network has a complete
seismle processing facility located on site which can operate the anay and store triggered event data.

At SLTN lt is also posoible to carry out routine analysis of the events.

SLTN was completed in April,1987, as part of an expanded program of rockburst monitoring of15
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 at'6011z. 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

. PDP-11/73 ::. : . ::DEMS A ': : :.MVAX3

|th Ottana where they are analykd on MVAX3 concurrently with ECTN and Cl|FN events DEMSA
*

.is a new communication server which has handled Sl!FN data since May 1989 and also handles
~ DATAPAC connections to the computing facilities. In Ottawa SLTN files are systenatically screened

and noise files elirninated, 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,
depth and elTects 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 reports of all the information collected to the mining community.

CLTN became fully. operational on October 30,1987 replacing the older analogue erray which had

-2-
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Table 1. Canadian Telemetered Networks 1989/90
_

Station Lat Long. Elev. Operating Dates

Code hik Name 'N 'W m start - dop

l'CTN

OTT 1 Ottawa 45.3942 75.7167 077 02/24/74-04/25/78
01/26/79-

hint 2 hiontreal 45.5025 73.6230 112 02/24/74-

h!NQ 3 hianicouagan 50.5333 68.7744 561 11/27/74-

GAC - Glen Almond 45.7033 75.4783 062 10/26/79-02/19/90

LPQ 3 La Pocatitre 47.3408 70.0094 126 06/06/80-

SBQ 3 Sherbrooke 45.3783 71.9264 265 08/12/80-

WBO 3 Williamsburg 45.0003 75.2750 085 12/09/80-

CKO 3 Chalk River 45.9944 77.4500 190 01/12/81-

TRQ 3 hiont-Tremblant 46.2222 74.5556 853 03/16/81- ,

GRQ 3 G rand-Remous 46.6067 75.8600 290 03/16/81-

GSQ 3 Grosses-Roches 48.9142 67.1106 398 10/28/81-

EBN 2 Edmundston 47.4620 68.2420 195 19/28/81-46/02/90

GGN 3 St. Georges 45.1170 66.8220 030 10/28/81-

Lh1N 3 Caledonia hit. 45.8520 64.8060 363 10/28/81-

KLN 3 hicKendrick L. 46.8433 66.3717 411 01/28/82-

IITQ 3 Ilauterive 49.1917 68.3939 123 04/15/82-

WEO 3 Welcome 44.0186 78.3744 149 04/30/82-

JAQ 3 La Grande-3 53.8022 75.7211 366 02/26/85- |

EEO 3 Eldee 46.6411 79.0733 398 03/08/84-

DPQ 3 St-Jean-des- Piles 46.6804 72.7774 167 01/20/88-12/15/88
02/27/89-

DAQ 3 Lac Daran 47.9644 71.2425 939 12/15/88-

SLTN

SUO 3 Chief L. Road 46.4027 81.0068 252 12/16/64-

SZO 3 Chicago Mine 46.4380 81.4960 312 01/24/87-

SWO 3 Joe Lake 46.7330 80.9990 372 05/27/87-

CLTN

All 3 47.2130 70.1970 045 10-3047-

A16 3 47.4680 70.0100 022 10-33-87-

A21 3 47.7040 69.6900 000 10-30-87-

A54 3 47.4570 70.4130 384 10-30-87-

A61 3 47.6910 70.0910 358 10 30-87-

A64 3 47.8270 6J.8910137 10-30-87-

-3-
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operated at the same sites since 1977. CLTN consists of 6 Mark 1113-component outstations (Fig.

! 4b) each sampling at 50112 and transmitting data to the local procesor at La Pocatiere, Quebec

!
via UllF radio-links. Each signal has a dynande range of 126 db with a sample resolution of
I count /nm/sec. A twerstation coincidence requirement hu been impond on the CLTN trigger
algorithm in order to reduce the number of false ala:m triggers. CLTN event files also have a Ifrsec
pre-trigger buffer instead of the 60-see buffer umi for ECTN !ilex. Figure 6 shows the layout of the
array.

CLTN event files are automaticdly transferred to Ottawa on a dedicated telephone line for andynis.

The fdes follow the route

LSI-11/73:- aDEMS A;: nMVAX3

to Ottawa. CLTN event files, including telewisms, are analyred on MVAX3 concurrently with ECTN
and SLTN fiks and are appended to any corresponding IX.'TN fiks in Ottawa before archiving.

ECTN Performance: Table 2 shows the down-times lor individual ECTN stations over the past

five yearu. J AQ, EEO, !!TQ, MNQ, LMN, GGN and KLN all experienced a significant amount
of down-time in this period, u did all the radielinked stations - CKO, WBO, GilQ nud TitQ.
In addition, service frmn G AC was efTectively ht entirdy after September. Causes for the loss of
r,ervice for individual stations are described in the fotbwing sections.

Polarity of all wrtical ECTN componenb was confirmed regularly in this period by systematically
inspecting the tiret breaks of well recorded tebeisms or nuclent tects,. No polarity reversals were

identilbl.

Radio 4nked Outstations: WBO,CKO, TRQ and GRQ experienced a lengthy service interuption
Thestarting on November 21 bnaute of interference problema at the Crimp Fortune repeater.

outstations appeared to be functiocir g normally, but no signals could be passed through Camp
Fortune. The equipment there we removed and returned to the GD instrument lab for repairs
and calibration. Several malfunctiors were identified and repaired and the cavity tilter was retuned.

The Camp Fortune transnitter was reinstalled on January 25 and regular service from TItQ, GRQ,
WBO and CKO resumed on February 5.

The repeater at MonbSte-Marie was serviced on September 26. The transmitter frequency was
changed from channd 7 to channel 4 end the output power wu boosted so 1.44 watts on February
01. Thew changes improved the signal margins at Camp Fortune for GRQ and TRQ by almost 2
db resulting in fewer miwed samples during transmission.

The repeater at Foymont transferring CKO data to Camp Fortune was serviced on October 3L

TRQ we upgraded to a Mark H( station on September 20, GRQ on October 12, CKO on October

23 and WBO on October 27.

Telephone-linked Outstations: The performance of the SRO station at GAC deteriorated signif-

! icantly during September. The short-period signal became very spikey, and the long period signal
very wavy. Extensive trouble-shooting wu carried out to determine the cans- of the problens and

|it, was fmally detemined that they rested in the down-hole equipment The down-hde electronic
|package could not be recmered and repaired, su the ST<O station had to be abandonned and r- 1

l
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Table 2

Down-time for ECTN stations
1983-1087

-

STATION % Dowc-Time Comment

89 88 87 86 85=S4 83
, _ _ _

_ ,
._ .

Taphone-linked Statians

OTT 1.20.00.32.92.33.915 diteet connectios

MNT 0.3 0.1 0.1 0.2 0.4 0.1 0.8 direct line

SRQ 0.3 1.3 3.9 0.6 0.2 0.1 0.0 direct line

EEO N 7.3 6.51.61 A 2.1 - direct line

WEO 5.5 1.2 2.1 5.0 2.5 5.8 1.1 direct line

11TQ 16.0.60.315.7.21.30.2 direct line

MNQ 25. 0.6 Y.8 24. 34.1.f4 0.4 via llauterive

.11BN 1.55.22.22.56.44.30.0 via Riv.-du-Loup

GSQ 3.31.81.8 3.7 :t.6 2.10.6 via IUv.-du-Loup

LPQ- 5.3 4.5 2 A 4.0 4.0 9.0 A.4 via Riv.-du4oup

LMN 16.1.81.0.'t.18.4 3 3.11. via St. John and Riv.-du-Loup

GGN 23. 7.1_0.9 3.51.B 1.9 0.9 via St. John and IUv.-du- 1.oup

KLN 18,7.41.12.21.53.111. short radio link
via St. John t.nd
Riv.-du-I,oup

lJAQ 33. 36. 6.8 3.0 11. 13. 5.0 short radio link

DPQ 14,6.4 direct line -

G AC SPZ 4.7 3.4 3.61f 5.5 4.2 2.8 direct fine

Radio -linked Stations

CRO 13. 7.3 5.2 15. 10. 32. 5.7 vin Foyrnent and Camp Portune

WBO 12. 3.7 73 20.10.19. 5 A via C.vnp Forts.e

GRQ 15.-19. 15. 20. 15. 10. 23. via Cc.mp Fe;rtene

ThQ; _ 13. 10. 15, 21. 22. 11. 54. vic Camp Fortune

.11 - .|
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placed by e. surfsce seismograph. A new broad-band system employing Streckheisen s.eismometers,
La prototype statien for the new nailonal network of broad-band seismograph stations in Cane la,
we anembled and installed in the mine adjacent to GAC during the summer of 1990. Broad-band

' '
data were transmitted to an IBM PC in the Ottawa datalab by telephone line for a short period of

^

time ru a test and software to convert the signal to SAM-type files was written and tested. The_ ,

transmission of data from the ura system has now been halted pending the conspletion of a satellite
communica. tion link imm the Ottawa datalab to the G AC troad-band .ation era the acquisition
of new computer systems to process the data.

The transimission of data from the G AC SRO statioa was halted on l'ebruary 10.

ECTN staticosLJ AQ, MNQ and 11TQ, r.ll in r,orthern Quebec, experienced a significant disruption f
in serYlCe in this p friod because of continuing labour problenM 4t Hydro-Quebec J AQ performance
began to deteriorate on August 20 and ran only interndttently after that time. The signal, wl-n ,

receivediwas very spikey The pom performance may have beca related U powec supply problems,
. which have occurred at .1 At)-in the past, but it in still under investigation. l AQ e nt finally o"t of,

service on September 8, MNQ followed on October 9 and HTQ or.Nwrnber 7. The rtatiors could

| .uot be serviced because GD could not obtain access to the sites during .fh hbout dispute.

+

Suptrmodemo at Saint John, N.B/ and llivihre-du-Loup, Qui buth failed in this period and had to,

- be replaced, leading to a lengthy interuption of siervice frem the stations in New Brunswick whooe

data pasa through these snoertnodems. The supermum et Salot John was replaced on July 11 and
J - the one at Iliviare-du< Loup was replaced on F.eptember 16.

The signals from the New Brunswick stationa KLN, GGN and LMN, which now have to pass through
the new su 'rmodem at Saint Jolm, also noa have frequent trarrsmissinn spiba, the cause of which
is still under investigatiort.

[ KLM a.lso began to operate intermitcently and finall/ went down completely on January 21 On
| LFebruary 32, ELN was serviced and the statien was converted to s. Mk 3 station. WEO was serviced

| Lon October 24.and a ssibsequent trip was made on November 22 to convert the station to low
power wad to change its batteries.;The signid from WEO was lost on March r3 and could not be -
re-mtablished uutil March 30.

. . .

.

[ The ueismometer vault at DAQ was moved 400 feet away from the adjacent microwave tower ini1

'

order iciimprove the quality of the signal from this site. The station was calibrated on August 2.

LPQ has been plauged with spiking problems in this period'. The problems are believed to be-

[ related to theauxiliary 2400-baud channel on the CLTN supermodem which now brings the signal:

to Ottawa!The problem is still under investigation.

- The ? Zap Trap * lightning protector at CEO was triggered 14 times in this period. The instrument .
wau not damaged by any of the lightning strikes but experienced a series of minor interuptions as a

- residt.,.
.

SLTN Developments: SLTN had a clock mnifunction and the timing for the data from July 31
L to August I wem unreliable. The transmission line linking SLTN to GD was out of service from

[ Pebruary 26 to March 4. Data vue stored on the SLTN procersor until the transmission line was
-repaired and regular nervice resumed. No data were lost in the process. The SiirN processor system -

-12-
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dish faikd on May 11 A spare disk was installed cn May Ib

SUO was out of service from March 28 to 30. SZO trigger level was raised from 3 to 4 on June 28.

Mr. S. Lapointe retired as a temporary part-time analyst or SLTN data at the end of August
to return to school Mr. W. McNeu wu hired as a permanent part- time analyst for SLTN on
December 1. The backlog of data that had accumulated as a result of the absense of an analyst was
eliminated and SLTN data analysis is again being donc routinely.

CLTN Developments:Outsrations were serviced in July. Site 61 had been damaged by a lightning
strike. The vertical and east-west components were repaired in July, the norih%outh component

ec,uld not be repaired until October.

A remote boM fuihty naa added to the CLTN processor in July.

Mr. F. Augli_ continued to be re=pousible for analysis of the CLTN data.

3. DATALAB DEVELOPMENTS

ECIN data are received in the Ottawa Datalab by dual PDP-11/73 microcomputers (Fig. 7) where

acquisiticn software demultiplexes the r,cismic data, produces formatted one-second data bufsrs
of the network dato, stores the data in a 5-minute ring buffer on disk and produces a number of
continuous visual monitors of individual channels on helicorders. A separate TitlGGElt program
continuously monitors the incoming data and, when the trigger conditiws are satisfied for any single
trace, creates an event file of the entire network data on disk. The overall process is controlled by
a Network Configuration File (Table 3). The ECTN event fdes are then automatienlly scanned
for noise fdes (typically those triggered by transmission glitches), which are segregated and the
remaining files finally transle. ed via Ethernet to MVAX3 for analysis. The two 11/73 proccuors
work independently of each other thus providing an important degree of redundacy for the acquisition

system.

On MVAX3 (Fig. 8) the triggered esent files are processed by a series of automatic programs
(CAUSMO) which monitor the file transfers from the 11/73 processors, issue alerte on the computer
systems for mutli-station-trigger files and plot and scale the transferred fdes for the network analysts'
attentkn. Each network's fdes (ECTN, CLTN and SLTN) go through a similar process The analysts
then identify all the valid seismic events in each day's files, including files containing teleseismic
sigmds, and save them, combining the ECTN, CLTN and SLTN fihm for common events into one
file as required in the process. Copies of all the saved files are returned to OTTVAX for archiving
on mr.gnetic tape while those containing local seismic events are analysed on MVAX3 usiug SAM
to seek ph se times and amplitudes and LOC to locate the hypocentres. The hypocentral data
are Mored in the databue facility for future reference and for prepartion of the quarterly seismic
bulletins which are distributed regularly to a wide variety of users both inside and outside of Canada.

Hardwase Developments: During the year the PDP-il/34 minicornputer was retired. High-
perforamnce STC tape drives were shared between the OTTVAX and the SUN 4/280 waveform
rerver via the "pa.+through" mode function of the Aquidneck OAS-150 optical archiving system.
This system was purchard let year to playback the 12 " 3.2 Gi abyte WOllM optical disk plattersG

created by the Yellowknife Array syst ins. A QMS 820 Turbo Postscript luer printer has been
acquired and connected to the waveform server.

'

-13-
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Table 3

ECTN Network Con 0guration File: Septeinber,1r30
_

Network Name: ECTN D/A Channels: 12'

$DZ Units: 4 Iting IMicr: 300s
!

Pre-trigger: 60 a 1%t-trigger: 30 e

Save after: 1 Initial !!!'SD: 30 ;

LTSD Constant: 3 Tiene liase: 60 ;

- 1nterupt Itate: 60 Proe m or: 11

*
Mode: P Console:

...

L C STN CP UD D S r TC SEN A G l' INLilAT Crl lli CF2 It2 STC ITC i

ras ntn/a hr h sec inin

i

1 1 OTT SZ 1200 2 - 60 2 56 10.0 - 1 4.0 08 2. 1.2 O s. 1.35 1.10 4.27 - 7

2 1 MNT SZ 1200 2 00. 1 60 10.0 1 !.' 20 2. 1.2 01. 1.35 1.10 4.27
3.10E0 ' SZ 1200 2 60 2 -60 01 ! 0 3 0 5-J 40 4. 1.2 10. 1.80 1.10 4.27

4 ~ l' DPQ SZ 1200 2 - 60 2 -61 L1 7 2 1 3.0 20 4. 1.2 10; 1.80 1.10 4.27

5 1 SilQ - SZ 1200 2 60 2' -69 01.1 10.1- 1 4.0 20 2. 1.2 10. 1.35 1.10 4.27 .

7 1 WEO SZ 1200 5 60- 5 -66 01.1 9 - 1 4.0 30- 2. 1.2 01, 1.35 1.10 4.27 5

8' 1 FCC . SZ 1200 5 60 5' e250 01.1. 1 3.0 20- 4. 1.2 10. 1.80 1.10 4.27

9 1 MNQ SZ 2400 14i .60 $ 98 10.0 0 3.0 18 4. 1.2 10. 1.80 1.10 4.27

|9' 2 IITQ SZ 60 3 -70 10.0 1 4.0 10 1.2 08. 1.50 1.10 4.27"

101 WilO SZ 1200 2 .00 5 -52 01.1 0 1 4.0 15 4. 1.2 10. 1.80 1.10 4.27
'11: 1 CKO SZ 1200 2 - 60 5 62 . 01.1 5 2 1 4.0 10 4. 1.2 10. 'l.80 1.10 4.27 - !

121 TitQ SZ 240014 60 : 5 -87 01.1 1 4.0 10 4. 1.2 10. 1.80- 1.10 4.27 |
c12 2 Gi1Q. S7, 60 5 87'01.1 11 3 1 4.0 10 4. 1.2 10. l.8 -1,10 4.27 i

13L1 GSQ SZ 4800 234 60 3 210'10.0 . 2 2'O 4.0 8 3. 1.2 08 1.801.10- 4.27 t
,

4

14 1 GGN SZ 4800. 234 - 60- 5 291 1.10 . 4 2 1 4.0 15 3. 1.2 08. 1.80 1.10 4.27
14" 2 LMN SZ - 60 .3 294 10.0 1 3 1 4.0 10 3. - 1.2 08. 1.80 1,10 - 4.27

.14 3 KLN SZ 60 5 294 1.10 ,3 3" 1 4.0 30 3. 1.2 n. 1.80 1.10 4.27 -
;

15-I LPQ 3Z 2400 14 60 5 216 1.10 ; 8 1 1 4.0 30 3. 1.2 08. 1.80 1.10' 4.27'

-

- 10 1 DAQ 'SZ 1200 2 ' 60 5 - 01 1.10; 12 2 1 3.0 20 4. 1 J ' 10. 1,80 1.10 4.27
,

__ -

~

L: line nurnber ' C;: channel llD: baud rate D: packet code ,

F: format flag SEN: bit resolution 'A: analog chan. G: analog gain

' E: ~ error log off IN L: trigger level llAT: trigger ration CP: filter freq.

It: filter radius STC: short-term const. LTC: long-term const. S: nrnpling

CP: cornponent TC: timo corr.

'
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Two SUN 4/60 GX colour workstations have been acquired as additional denlopment platforms and
are connected to the Local Area Network. Finally. Ge synchronous DECnet Wide Area Network
connection for CLTN was moved from the an WAX to the DEhtSA router. The fom:h port on the

DEhtSA is now uvd for a dedicated 960 % 4 Inchronous DECnet connection to a hiicroVAX 11
located at the Blackbum Geophysical 1 e a aation Laboratc'ry (not shown on the Figure).

Acquisith Softwarm A persistent bug in the OEhlUX program which creates the ECTN,
CLTN and SLTN triggered time series filn was identified and cormted in this period Huically,
the problem arose for multistation triggers when one or rnore of the first triggers were deemed to
be noise by the automa& discrimination code The DEhlOX program purposted to truncate the ;

time series from the front to remove the fah.e detections and update the trigger sequence list and |
start-of-data pointers actordingly, While DEhlUX did update the pointers,it did not in fact delete i

any data, leading to an inconsistancy brtween the usual and reported start of the data on the disk.
The timing would be relatively corrett for the individual network data but shifted from U.T. by an |

arbitrary time corresponding to the time between the trig 6ers.

The source of the problem was identified in Jhnuary and corrected on February 13. It is undcar ,

how long this 33oblem had been present.

Another leas wrious bug was uncovered and corrected in THIGGH at the same time. TILIGGil ,

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 .Softwarm SAh! was modified to read 3-letter SEED-format channel designators from
VK A fdes (eg.1311Z for the broad-band vertical channels, S!!Z for the short-period vertical channelsI

and EllZ for the high frequency vertical channels) An appropriate transfer function fer use in
S Ah! was defined for each of the YKA channel types. For multiple station triggers, SAhl uvd to
remove from the trigger list all but the lut occurrence; it now prewrves the first occutrence hiinor
modifications were also made to S Ah! to improw its handling of telescismie waveforms.

Database racilities: The Current Scismicity Database (CSDil) wu used routinely in this period
~

to store and update information about local earthquakes determined from ECTN. This database
facility only contains the last two years of Canadian earthquake dsta and is opimited for current

'

seismicity needs. The quarterly 11ulletins and Summaries of earthquake activity distributed by GD ;
'

were generated directly from this facdity, s

The CSDB was copied from the OTTVAX to a SUN 4/280 workstation (SUNDIIS) for testing and
. developmerm Preliminary testing show su improvement of perfortnance of 4 to 20 tinus. The
OTTVAX CSDB databue is still being ur,ed for routir e scismicity needs while development of a
much faster seismicity database facility on the SUN systems continued to progren in this period.

- C,n the SUNDDS the database facility'(Fig. 9) has been re-organized around five local databases,
CSDH, CEDD, INT 6, STRESSDH and ANALOGREC. STRESSDit is the Canadian STRESS
database conserted frcm OTTVAX under DATATIllEVE to SUNDDS under INGRES. The AN ALO.
GitEC database (inventory of Canadian analog seismograph records) has also been moved onto the
SUNDBS from a PC. The intensity tables previously held in the CEDil have been wparated from

*

the main database into the new database named INT 6. ,

-17-
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CSDB CEDB I

SOLUTION ( 2 MB) TSINDEX (13 MB)

COMMENT (3.2 MB) WAVEFORM ( 3 MB)

PICKS (17.4 MB) DETECT (10 MB)
!

STATION (0.15 M B) ASEVTS
:
*

.

\ ,e

\ e--idv/N event -
s3s

!

INT 6
. PO ST A L ' (0.6 MB)
t-

INTENSITY (0.5 MB)

S AG 881123

4

UNG 891125
!

MLR 901019' -

'

|
l-

| STRESS DB - AN ALOG REC-
_

STRDATA (0.2 MB)- NOREC ( 2.l MB )

.

REF- (0.06 MB) BORROWED (0.02MB)
L

|- COMMENT (0.17 MB) STALOG (0.02MB)

r-
STAINFO. (0.04 MB)

INSTRUMENT (0.05 MB)

|

Figure 9. Block diagram of new Canadian Earthquake Database.
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CEDIl on SUND11S now contains only information on ECTN and YKA time series files and detec. ]
tions including header information for all existing YK A tapes. YKA data files are now being stored
on optical disks and an index of the disks will be stored in the CEDit in the near future.

SUN Operating System 4.0.3 and fortran 1.2 were installed on the SUNilDS INGitES Itelease 6
has been implemented on the systerns providing faster response times and the ability to define null
values in any field. Procedures were set up on SUND11S to enter PIK files automatically into the
database, similar to procedures uvd on hlVAX3 and OTTVAX.

Questionnaires for the intensity survey of the Ungava Peninsula carthquske were prepared directly

from the database.

4. STitONG-hlOTION NETWOltK DEVELOPhtENTS.
.

The Eastern Canada Strong hiotion Seismograph Network, supported by the Cariadian Seismic
Agtrement, consists of 19 sitea centered around the Charlevoix region of Quebec (Fig.10). The in- ;

'

struments are all Kinemetries ShlA-1 three-coinponent analogue accelerographs (Table 4). Itegular

servicing of the network is carried out twice yearly by Geonetics Engineering Inc. of Ottawa under

contract to GD. ,

The network was complemented with five additional Shi A-1 accelerographs installed in the epicentral ,

region. of the Saguenay earthquake during the week of November 28,1988. These units remained in i

place until the beginning of August when they were serviced and removed. No accelerograms were
produced by these units. Three SSA-1 recorders owned by Lamont-Doherty Geological Observatory
remain in the epicentral area. ,

The GD network was lau serviced in hlay,1990. No records were produced by the network since
iprios servicing in October,1989. The otxt service trip is scheduled for October,1990.

5. EAftTilQUAKE ACTIVITY JULY 011989 TO JUNE 301990

Under the terms of the Canadian Seismic Agreement | scismic data, provisional hypocentres and

magnitudes for eastern Catadian and northeastern U.S. earthquakes are distributed quarterly to
. operators of the netheast U.S. seismic networks in the form of the ECTN llulletin. Th'e October to

'

December 1989 !!ulletin has been distributed and the January to hlarch 1990 llulletin 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 Quebec, on the Ungava Peninsula as described in
the previous quarterly report. Although this earthquake took place outside the usual reporting area
for this document, additionalinformation is given below because of the rarity of such large events

~in castern North America.

In the area covered by this report-during the period from July 1,1989 to June 30, 1990, 234
earthquakes were analysed for location and magnitude. They are r*h iva in figure 11 LJ listed
in Table 5. Twenty-three earthquakes were magnitude 3.0 or greato; the largest, onshore was

'

magnitude 4.0 and occurred November 16 in western Quebec about 50 km northwest or hianiwaki.
,

Two other magnitude 4 events were located offshore on the Laurentiaa slope, one on August 21 and

one on February 15.
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I

Table 4.
Eastern Canada Strong hiotion Seismograph Network

June 1000 ;

I

No Location Date Coord lustr. Sens. Trigger Iluilding Foundation

1. St Ferreol,Qud. 1/00 47.1250 Sh!A 1 1g 0.0072 g Underground seismic vault. bedrock

70.6282 TCG lil Instrument on concrete pier, j

2. Quebec,Que. 0/07 46.7782 Sh1A 1 1g 0.0005 g 3-storey, reinforced concrete. bedrock !

71.2740 TCG 1A instrument on c.oncrete pier on ;

basernent floor slab. l
'

3. Atontrdal, Qud. 12/73 45.5025 ShtA 1 - 1g 0.0010 g 4 storey steel frame, curtain bedrock

73.0230 TCG 1 A wall, poured concrete. Instru-
ment in basement seismic vault. |

4. Ottawa, Ont. 8/84 45.3042 ShtA 1 .Ig 0.0105 g Underground scismle vault. bedrock |
75.7107 TCG 1A Instrument on concrete pier. ,

5. Tudoussac, Qud. 5/70 48.1432 Sh!A 1 1g 0.0101 g Concrete pict to bedrock in bedrock j

00.7180 TCG !D crawl space of 1 storey bldg.

0. _ ltivibre-du Loup, 0/60 .47.8350 SA1 A 1 1g 0.0108 g Two-storey rein forced concrete bedrock.

09.5370 TCG.111 Instrument on basement slab.
alluviorn7. Dale-St l'auli 10/82 47.4423 Sh!A 1 1g 0.0000 g Two storey brick building. .
valley .

_;

Que. 70.5000 T C G lll Instrument on beement slab.

Oi La hlalbale, 9/07 47.0553 - ShtA 1 1g ~ 0.0111g 1.stocey steci frame, masonary bedrock ,
'

tQue. 70.1527 TCG lB walls, lustrument on concrete

pier on basement floor slab. ;

;y Di St. Pascal, Qud. 10/00 47.5257 Shi A 1 1g 0.0050 g i storey reinforced concrete bedrot h -[
00.. 45 TCG lil and masonary. Instrument on _;

'
concrete basement floor slab.

10. Riviere Ouelle, S/84 47.4757 ShlA 1 1g 0.0108 f; Above ground seismic vault bedrock -

t

60.0001 TCG 1B
12. Edmundston, 8/84 47.4614 ShtA 1 1g 0.0103 g Above ground seismic vault bedrock

,

- N.IL 08.2411 TCG 111

13. St Eleuthbre. -- :8/81 47.4050 ShtA 1 1g 0.0050 g Above ground seismie vault bedrock

Qus. 00.3028' TCG-1B
14. Ste-Lucie-de- 8/84 46.7414 Sh! A-1 1g 0.0105 g Above ground seismic vault bedrock

Deauregard, Qud. 70.0172 TCG-lD

L 15.. St Georges, Que. 8/84 10.1390 Sh!A-1 1g 0.0132 g Above ground seistnic vault bedrock.

|' 70.5700 TCG-1 A .

10. . Chicoutirni-Nord, 9/84 48.4002 Sh!A 1 1/2 g- 0.0045 g Outcrop in basement of bedrock'

Que. 71.0123 TCG 1 A two-storey wood frame house. .

17L :St Andre-du bac- 9/81 48.3248 Sh!A 1 - 1g 0.0054 g Above ground seismic vault bedrock

St ,1can, Que. 71.0017 TCG.1 A
| 18. Rimouski, Que. 9/84. 48.4452 ShtA-1 1g _0.0035 g Above ground seismic vault bedrock [

i 08.4822 TCG ID ,

; 10. Aliramichi, N.B. 13/80_ 40.0720 Sht A-1 1g 0.0105 g Above ground seismie vault bedrock- r

'LoF6 o ie,dge 11' 00.5203 'ICG- 1 A 't

fL 20. L Les Bboulements,6/85' 47.5400 Shi A 1 1g 0.0075 g ALove ground seismic vault | bedrock

: Que. 70.3273 TCG lH
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Figure 11. Summary < ' eastern Canadian seismic activity in 1989-90. Shown below
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magr.itude-time history of the activity. Circle size is proportional to magnitude.
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'

195 1990/04/29 00:14:29.3 4 7. 618 . -70.1 :~ _ . 3 1.7MN * - 211 1990/06/24 11:11:59.3 49.423 - b.554 18.0 2.0MN' "^

232 1990/06/25 03:51:55.3 47.645 6*.e56 16.2 0.2=1 ' * -186 1990/04/29 11:42:27.4 ; 46.141 -76.271 18.0 2.4 s * - 2J 1990/06/2510:00:5e.2 45.951 ~ 72.682 18.0 2.0MN
'^,.

187 1990/05/03 20:34:28.0 47.000 '~66.600 5.0 1.9MN|?'
188 1990/05/06 02:04:43.5 47.514 '-70.377 3.2 0.9MN' *-

. 2341990/06/28 01:43r43.4 45.956 ~77.21318.0 2.0MN *'

189 1990/05/07 08:54:04.8 .48.041..-71.126 28.0 .1?1 -4

'190 1990/05/06 09418:56.5 46.103 -74.829 18.0 2 5MN *
j

'191 D90/05/9812:11:31.0 47.479 - 69.977 10.6 0.4 % *

1921990/05/10 20:01:05.9 x 47.446 -70.048 8.7 1.6m *

;''. 193'1990/05/11 05:04:09.1 47.611. ~70.248 10.1 0.2% ' *
194 1990/05/11 17:41:14.3 47.447. -70.066 4.1 1.9MN * -
195 1990/05/11 22:22:41.0 '45.175 -66.774 16.0 2.1MN .

1 % 1990/05/13 18:28:02.5 745.645 ~75.034 18.0 1.5MN 7
; - d 197 1990/05/17 13:48:24.8- 49.005 -69 /777 18.0 2.2MN '

u 198 1990/05/17 15:27:03.1 45,160 4 6.626 1.0 2.1MN *
t

199 1990/05/20 12:29:15.1 45.604 ' -75.160 18.0 2.3MN ~ *
*

200 1990/05/22 08:112 42.7 4 46.189.. -76.93518.0 2.69N,

201 1990/05/22 12:21:09.7 ' 47.535 -70.029 7. 4 0.3% ' *
202 1990/05/28 02:3 % 21.5' 46.644 -65.841 18 At 2.3?"J
2u3 1990/05/28 04:06:45.4 46.343 44. 782 18.0 1.9MN *+

204 1990/05/28 18:22:51.5i 46.514 -66.796 18.0 3.2MN . *
205 1990/05/29 21:53:46.4. 45.620 -73.244 18.0 2.tmN *

. 206 1990/05/30 02:50:$1.5 47.529 ~69.971 11.4 2.1m : *.

207 1990/06/01 20:07:02.5 46.E65 ' -72.104 18.0 1.3mN *

! ' 208 1990/06/02 18:5 % 20.0 '45.601 --72.495 0.0 2.2MN
} 209 1990/06/03 03:40:14.8 45.619. -74. 378 18.0 2. 3MN ' *
; 210 1990/06/03 09:59:'51.5. 47.765 -69 85^ 18.6 0.5ML ' *
i
~

-- 211 1990/06/03 1%C4:45.E 44.B98 "56.244 1e.0 3.7% *

212 1990/06/04 20128:47.8 .48.857 -72.551 18.0 1.0MN *'

213 1990/06/06 16:57:46.8 45.979 -57.723 18.0 3.0MN *

214 1990/06/07 12:22:49.1 45.711 -56.522 18.0 2.3ML *-.

215 1990/06/08 15<17:58.4 49.602 4 8.142 18.0 2.0MN

216 1999/06/08 19:16:38,1 47.989 46.089 18.0 '1.9MN *
i. 217 1990/06/11 10:12:15.9 47.646 ' 69.906 10.7 0.3%- *

j- 218 1990/06/12.14:50:01.5 47.000 4 6.600 5.00.5%
1 ' 219 1990/06/12 1 % 46:15.6 47.481 -70.114 23.1 0.3% *
i. 220 1990/06/12'16-19:54.2 49.450 ' -66.669 18.0 2.5MN -
3

-

-

~

221 1990/06/12 21:32:34.8' 44.921 a72.66718.0 2.3MN *,

j .. 222 1990/06/14 23 19:49.0. 47.600 -65.750 1.0 1.9 m
~
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Eighteen earthquakes were reported felt in southeastern Canada in this same period. They are
summarized 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 rones of West Quebec; Charlevoix,
Qu6bec; Lower St. Lawrence, Quebec; Miramichi, N.ll.; and the Laurentian Continental Slone.
Ilowever, activity in New Ilrunswick was more wide spread than in the previous report periods and
significant seismic activity occurred on the Laurentian Continental Slope in areas which had not

.

been active previously, Periods with a higher rate af seismic activity occurred in August and April.

West Quebeer The West Quebec zone (Fig.12) experienced the largest event onshore in entern
Canada (magnitude 4.0) on November 10. The termor was felt (Table 6) but only mildly. A field
survey was not carried out and no foreshocks or aftershocks were detected by the network. Iollowing
that event the activity throughout the zone showed an apparent decline until January, llowever, thie
decline coincided with the period of erratic service from ECTN radio-linked stations in the West
Quebec area and the failure of G AC, so the significance of the decline in open to question. Swarm
activity was observed near the 11askatong Reservoir in April. Otherwise, the activity throughout
the tone was scattered in space and time.

Charlevoix: Eighty-one carthquaka were located in the Charlevoix scismic rone (Fig.13) during
this period; six were reported felt (Table 6). The largest event on March 3 was only snagnitude 10.

It occurred at the extreme north end of the seismic tone, north of the river. The remaining activity
did not show significant clustering i. space or time, but the rate of activity appeared to be ' low' '

in July and August at the statt of the reporting period, recovering at the end of August to a more
normal pace. Parts of ihe seistnic tone remained ascismic throughout the year,

Lower St. Lawrence: The activity in the Lower St. Lawrence seismic zone (Fig.14) was rnuderate
in this period. Twenty-three events were located, of which none were greater than magnitude 3.0.
An unusual burst of events occurred 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 liTQ stations.

New Drunswick: As usual, peristent seismic activity occurred in the Miramichi aftershock zone,
but,in this year, more seismic activity was observed elsewhere in New Ilrunswick than in past years
(Fig.15). Twenty-five events occurred within the aftershock rone; all were less than magnitude
3.0. Twenty-two events, including 3 with magnitude 5.0-3.5, were located in other parts of New
Ilrunswick, outside the aftershock zone. Two of the larger events were reported felt (Table 6).

The largest rockburst in some years occurred in 13runswick Mines near 11athun,t on July 19. The
event was magnitude 3.1 and cau ed some damage in the mine. (It is not plotted on the Figure
because it is classified as a mining-induced mt).

Laurentlau 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 since
'

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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Figure 12. Summary of West Quebec seismic activity in 1989-90 as in Fig.11.
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earthquab on August 21. From the epicentres determined, the earthquakes lie in a NW-tret. ding
; ellipse about 25 km long by 16 km wide. On February 16 a magnitude 4.0 earthquake occurred on

the 1.aurentian slope in the area which has been rnost active historiceJly. Alost sceently on June o
there was a magnitude 3.0 earthquake in the same area. |

Other areas: A rnagnitude 3.2 earthquale on August 6 at 21:07 U.T. was felt in the llamilton-
Oakville-hiississauga area at the west end of lake Ontario. A previous earthquake from this area
took place July 23,1987 and had a similar magnitude of 3.4 A magnitude 3.4 event took place
at night in an unusual area near Itoberval, Quebec in the Lac-St-Jean region on October 18. The

i

event was felt (Table 6). Our investigation could find no source of blasting to explain the event and .j
the event is' assumed to be an earthquake. i

Only three aftershocks were recorded froen the epicentral region of the Saguenay earthquake (Novem- !

- ber 25,1988, magnitude 6) Iri this entire yeari The largest was rnagnitude 1.9. i
;

Ungava Poulusulas The magnitudo 0.2 Ungava Earthquake of December 25 occurred in an area |
of northern Quebec that had previously recognized as a seismic tone (Fig.16), but historically had [

- not experienced an event twer rnagnitude 6.0. The carthquake followed a magnitude 6.1 foreshock i

10 hours earlier. There were 5 earthquakes, magnitude 3 or greater, between the foreshock and the
mainshock, and at least 8 magnitude 3 or greater aftershocks in the two weeks after the mainshock,

the largent being magnitude 4.4, The epleentre was in the middle of the unpopulated Ungava Penin- |

aula of northern Quebec, the nearest population centres were small coastal settlements. Intensity
<,uestionnaires were sent to the postmanters of about 100 comenunities in northern Quebec, North. !

west Territories and Labrador. The rnalashock .was felt moderately at Kangirsuk (Payne 11ay), the |
cicecat cominunity at 200 km to the east, quite strongly in Kuujjuaq (Port Chimo) at 300 km, and '

not felt at all at Iqaluit (Frobisher Bay) at 500 km. The inaximum intensity felt was hihilV as
shown in Figure 17. The felt area was considerably smaller than that of the magnitude O Saguenay {
Earthquake of November 2fo1988 and appears to be more ecmststent with the Ungava event's local #

rnagnitude than with its teh5ei mic magnitude.

Temperatures (-3500), short daylight (<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'lt. J. Wetmiller, and field investigators included John Adams, J4 Drysdale, and M. Lamontagne.

= The survey, which relied exclusively on helicopters to deploy equipment, was hampered by strong
winde in the epicentral area and the almost tetal cecession of aftershock activity six months after ,

'!the mainshock.11owever, 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 aftershock sone the field party discovered the surface fault rupture caused by the earthquake '

(Figure 18). The Ungava earthquake, the largest in North America cant of the llockies 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 at 60,12 N,73.60 W. The fault trace uplifted 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

' maximum throw was 1.8 m along a central I km segment, and the throw tapered to less than 0.3
m at each end. As well as the deformed shorelines, there were fault scarps along the fault trace
between' adjoining 1skes, torn muskeg above some traces, sand volcanoes, mud boils, freshly cracked

-33- '

. -. - . , , - a- . -= - - -.-- . .a . -_.=



I

|
;

t w..v.4 mnw x1mn mtzo:i ma to nu im

(k?* s

hg
' 'o ' .' 19 cce

8

{ '4 %' so! (3 9 o!

' I*)o f ';'s q, g - $orx, unq m (,)0 @ o;! j 04
,

o
4 ,2

ozgF q? oLo

l *- ""'*
t,ca o

ti |^" 1, "li% ;(Qj %./ **? jf\
'

%,x %>* (/Jt,r{l- \! d'~t o i/4 s i's/ wA l tif

.1 4*'m. ,
*

- 4 ,< , g i k)!g ,' j1 \ *(h3J
,

.,- k dp j g ' } j i,sA, A, {
(

-

/~x, ' 1
,- ) , ; . y m.1,g g i

ff[ '' !.Y,-- [f ,, ,_ I 'I k 'L\#
A

7,,. ., (,,

t.o 14 m m.wo. u >utw uwe , u uun.
L'h !bt:n if la t.f.U PYMl' ' L ( oF4Mia's L lOl4et.g i tra t ah ALAS y

,g ..---g-.. _, . - . ..

,,

1-
!n ,

m 0t i

5 ! I
'

I
"

6- ,, j ;
, e

} . -._ _ _. L l u .,_ d --
19/07/90 23/07/90

i !
* <a.

1

5
l " f
'

3 iL ie u
'\m

I4 '
.

2-
. || i

;

d[ ;
'

!!i i
|

! j!
'

,

!
! I

,. _ . . ,3 . _,o . . . _ .. ..._.._..7..._.._.,._._,.__

01/12/89 Time 06/08/00

Figure 10. Summary of Ungava seismic activity since 1960. The graphs below the map
show the magnitude-time history of the events in the sequence detected
by the permanent network and (in the insert) the magnitude-time history
of aftershock activity found by the field survey in July.

-34-

. -
- -



T

'Ol o
E D Y'b) Y u)

$ e< W R
a

c

A5 S & $s
|

eo e
5

n

5 @s e
y e" ": y al

% 5

F5a5 & g$W
La"' u *

hC %v g d o ''

#vovv"n"97
,gyi , '

t .,Tf.
-

e

'',f ,[Y,9
N

, , -

!r, Ne,r(dh' r
.

s 2 y
,

n .,
e ,

" '

\ *
**

$s.,gk's.p?]'|T,!*'y,rv
-

g
% s

ee wMe
v

>?&]/ ,- |
eeae qg en

ge )f ,

$,e $,7
''f _'~5sbf'% 3 C . 5

,.
.ao ,

'c .

N
% Nft A e< t

Q) @m '& ,

a

,.,e3Q(U e e<
/ We

% . f. d
b e ;~.

k, x\,. e t.0'
,

N

4,,, , . %s

:,, [ x'g

C \
'

-J5-
.

* , - r



i

*1

,k
b'

>

_ra m- - - . - e..-- ..-e ,

- n .w, y, 11
M01 '5 &,, "

p, \v a. 4 ~ <>- Pu/ e1.

D v 4i ..
g Hni /. e '' ,,,,. i

,% * !' n e be*

*4 \< 'g g f *g r' _ { 'j,
,)

.4 *"

4N h~[,
-Q tg .,

=y,

3 S=s z
qD Mq .

.

dU'y [
g$"^

1).
k s,r/ ..$ b .1 /s

-

,/ g.-

'

ry'vg x ,,/
- a!

TN . /_ - _ ,; .,gi,
"o" .,

g, ,

I'l y$C{rN o$ N
-

:r[mp p[atm .' s m<.e n oe ;,

c % 'Q % g % .(".e_ [ QO ~
Y

1 eW
p'- oA

!Wn./% --t| }. &~% i$^

~yr, ,4 z w ,; e r .,. x s ' x
,. sa

x fe/s x. .g a .-

'~ Syg+.7f%s - N ~ Ff
.

,

*,g/jy Q N\q,.
N o

] 5 )g \s N N [$3.

p
c fl u p. Ngs s s uo

mf;
s .

x _k h h(s_!$5lsfhhf,5Ii\ k om .j,@ !Hj,<
.

c,ch;
.

! .c wgosi -g sa -- u s
' 'i Sb*g5 j 7,, s . 'N.'-

g}.9Z , s

ko _q;ra~ qf
io o 3 . Nv, t _ .o .,

i e-

& 58 2? 6 $: 8
a s- 1. 3 To

xQ 7 ) ,2 "

/ 2
v

4%

(s ?v
-

/ p\ (%
'o

ci -Q) % .?'
;o. u,

3 .2 s ,

! .-_

-36-

- - - _ _ - _ _ _ _ _ _ _ _ _



..-. - - . - . - -.- - . - - ~ _ - . - - . - - . _ . _ . - - _ - . _ ~ ~

i

' boulders, a partly-drained Inke, a left-lateral su: face suike dip fault, and new $rtiur,s. Two takes

j, were discoloured by arismically-injected silt.

Sudbury 11asim Mining. luduced seismic activity lu the Sudbury Buin was moderate in this pniod

(f'ig.10). Through the year 526 events (excluding known or suspected bluta) ere located widiw

SLTN. Mc~t of the events o<; curred in the iicinity of one or another of the thirt<en active sninew (n i
'

the area. The di6tribution showed two elusters, the larger cluettr on the Southern rim of the bavin,
with the cAher smaller cluster on the northwest rim. The owrall tote of $eismic miivity showed
a slight increase in January reflecting the geueral re*uniption of full scale operations by many of
the mirdn6 companks alter a 'elow'aumtner period. The larg(st event io the year (mag,nitude 3 0) )
occurred on Octobet 30 at the Creighton Mine where it was 6ttongly feiti This wu the h rgest |,

seismic event to ocent at the Creighton Mine in the put two yrzars. The event was d,$cribed as a |'

' fault-clip' event by the rompany, as oppowd to a ' burst' into the mining cavity. A tevenetype |

solution scerned to be indicated by the data but they were too sparse to definr the sohition reliably. |
,

Mechaulsm Studies: Sixteen events in this period were analyzed for P-nodal mechanisms, how- ;
;ever, reliable r.olutions could not he determinu3 tot four. The fault-slip and strewn pararneters

determined from the analys<s are surnmarized in Tal.le 6 and the P-nods] solutious that were fcund
are shown in l'igure 20. The two Ungava events, which lie outside the area of this report are not
included. The solutions foured were generally reverse-fault ones with a varying small strike-slip ccirm ,

ponent, which is the norm for ewnts in this region. The fouy solutions analys.ed in the i harl-voix
Seismic Zone showed a variety of fault-strike and strees directions -c+cr a small area, whir hu beru
oburved before and suggests a compter tectonic setting, One evrat in the West Queb c zone and :

'

one event in New Brunswick showed unusutJ normal fault mechanianu.
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Table b t'ault-Flip and Stre ss Pataunciers l'toin P- Rvla! Wic,ta
July 1,1959 to lune 30,1900

>

_
-- . - , - .-

~-

Date Time l'oltstMies klo tions l'a tu s ( 'onomut h alal l' lane.s St ress A m
itt/ dip /rnk u/1!,

, _ _ . , .
- _ _ , , - . . . . _ -

_ _ _ _ _ _ , _

1989/03/10 21:17 16 1 2 l': 32 t/59/60 P 71/09.

A: 191/42/129 T:lb2/03
'

1989/09/13 14:!5 12 1 0 P: 012/57/10 l': . j00

A: 289/57/110 T: 2f>5/ 50

;969/11/16 09:24 20 1 2 l': 110/03/62 P 226/11 .

A: 310/39/133 'j.312/01

1989/12/25 04:25 46 2 10 l' 251/54/16 P.190/00
A: 12)/51/131 T: 100/50

1969/12/23 14:21 144 1 8 P: 235/53/62 P- 311/05
A: 096/15/122 T: 065/67

1990/01/Ob 21:40 16 1 5 poor P: 110/75/-55 P. 033/60

A: 277/16/-109 T: 202/30

1990/03/02 01:12 15 1 1 l': 220/12/-50 l': 21 b "'.3

A: 358/59/ 120 T:l'.4/90

1990/03/03 02 06 16 23 1 poor P: 21 t/01/78 P: 312/15
A: O'37/31/109 T: %7/72

1990/03/13 19.10 12 2 1 P: 012/6.1/73 P: 145/11
A: 200/3G/126 T: 2M/65

1990/03/30 01:r t 10 3 0 P: 115/52/71 l': 246/05
s

A: 352/42/ll? T 35t/74

1990/04/21 01 23 34 15 1 P. 297/51/77 P: 030/05
A: 337/41/105 T; 152/79

1990/01/23 00:28 13 1 0 P: 174/41/41 P: 117/13
A: 051/65/123 T: 007/57

_ . __
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O lilllLIOGit APilY OF PUllLICATIONS ON E ASTEltN CAN ADI AN SI:lSMICITY
AND lli:LAT ED 'lOPICS liv GEOPilYSICS 1)lVISION (1989/90).

The data provided by ECTN and th local networks farm the basis for a wide variety of niunological
neocatch projects carried out by GD staff into the sciuuicity aciunic snurre properties ind mistnic
heards of castern Canada; a <ummary of such publication..either imbmitted or iv,ued in this period,

in given in the follov.ing bibliographv.

Adams, J. and S. llell,1990. Crustal stree in Canada, m Sh mmons, D.ll , I ngdahl, lilt.,
lilackwell, D. and Schwarz, D.,1:ds., Neotectonics of North America: lloul.lcr, Colorado, Geological

Society of America, Decade Map Volume.

Anglin, F.M.,11 J. Wetmiller, It.11. Ilorner, G.C. Itogers and J.A. Dryr dale,1990. Semicity Map
of Canada. Geological Survey of Canada, Geophpical Atlas Map 15, Scale 1:10M, Ottawa.

l!urke, li.II.S., it.J. Wetmiller, M. Lamontagne, M J. Carr, rmd C. Ilickey,1989 Mictnentthquake
survey of the Miramichi, New lirunswak, epicentral region,1989 Canadian Journal of 1:arth Sci.
entes, 20, p. 2567 2577.

Drysdak, J, A., )D90. Southeutern Canadian ersrthquake activity: Janunty 01,1988 to Septemlier
30,1989. Geological Survey of Canada Current flescatch, Paper 90-1 A, p. 67-71.

Du llerger, it , D.W. Iloy, M. Lamontagne, G. Wounen, It.G. North and ILJ Wet miller,1989. 'I he
Saguenay (Quebec) earthquake of November 25,1988. Seiunological Data and Geological Setting.
Tectonophysica, (in prew)

11mgawa,11.S,,1990. Mining related i+ismic source mechanisms and pound sihrations, Geological
Surys of Canada Curt (nt flesearch, Paper 90-1 A, p. 57- 65,

11asegawa,111 and J. Adams,1990 lle-analysis of the 1003 Ilaffin Island earthquake (Ms 6 2) and
its seismotectonic environment Seistmlogical Itncatch Letters, (in presa).

Lamontagne, M ., P. Morel-a-l'Ilunier and AI. Stevens, 1989. SAisme en direct.

Ghxbronique/Actualit/s geologique,32, p 4.

Lamontagne, M,, it.J. Wetmiller and il Du lierger,1990. Some to.ults from the November 25,1988
Saguenay (Quebec) earthquaka. Geological Survey of Canada Current ltescarch, Paper 90-111, p.

115-121.

Stevens, AI.,1989. A critical review of the Wallach firport of May,1989 entitled * Newly Discovered

Geological Features and their Potential Impact on Darlington and Pickering" Geophysics Division
Internal lleport, 69-6, p.
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Wetm'.Per,It.J. and J. Adams,1990. An tarthquake doubid in the Charlevoix seismic zone, Quebec.
:? Geological Survey of Canada Cuttent Reseach, Paper 90-10, P.105-113.

Wetmiller,11.J., J Ai Lynna, W.E. Shannon, P.S. Alunro, J.T. Tilonas, hl.D. Andrew, M. Lamon-
tagne, C. Wong, P.M. Anglin, hl. Pieuffe, S.P. Lapointe, J. Adams and J.A. Drysdale,1990. Eastern

Canada Seismic Studies, July 1988 to June 1989. Geological Survey of Canada Open-file, 2134,54
p.

s' . Yamasaki, li and II,S. liasegawa.1990. Dei w "' of non-u 'C .m viscous lith %* tre: with4-
ing!al reference to scistnogenic stress in southens .n Canada. Tohoku Geophysical Jcurnal,33, p.
25-;J _
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11, ABST R AC T #00 we.us se oss

This. is a progress : report of work carried out under the terms of a research
agreementL entitled the " Canadian Seismi.c Agreement between the U.S. Nuclear

',

1 egulatory Commission -(USNRC) :the Canadian Commercial Corporation and theR

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 .

. generally the operation of various seismograph stations-in eastarn 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,

e -
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