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Canadian West Coast Earthquakes, 1951

BY

W. G. Milne and F. Lombardo.

ABSTRACT

Three station triangulation of local earthquakes in the British Columbia Coast regions was initiated in August,
1951, making use of short period Benioff and Willmore seismographs. The three stations were located at Victoria and
Alberni on Vancouver Island and at Horseshoe Bay on the mainland. Seventy-four earthquakes were recorded
in a five months’ period and it was possible to determine epicentres for 27. Some indioations were given of areas
of localized activity but it is expected that at least another year's operation will be required before such areas are
at all clearly defined. Tables of epicentres and times are given and the stations and equipment are described.

INTRODUCTION

In June of 1948 a Benioff vertical short-period seismograph was set up at the
Dominion Astrophysical Observatory in Victoria to add to the Milne-Shaw horizontal
instruments then in service. The main purpose of the additional instrument was to
record the local earthquakes which were assumed to be occurring in the vicinity of
Vancouver Island, British Columbia. Between that date and January of 1951, 199
earthquakes were recorded as having originated along the strip of coast from the northern
Queen Charlotte Islands south to Oregon. This total was sufficiently great to warrant
an increase in the seismograph stations in the area.

It was decided that a triangulation network consisting of two stations in addition
to Victoria should be set up in 1951. The two stations were to be equipped with three-
component, short-period, Willmore-Sharpe seismometers recording on Sprengnether
recorders. This present report deals with the setting-up of such a system, and the earth-
quakes recorded in 1951. Subsequent reports are proposed each year to carry along a
complete seismic history of the area. In addition, a past seismic history of the area is
being prepared. It is hoped that this will be sufficiently complete to warrant publication
in the near future.

THE NEW STATIONS

The expanded program in British Columbia was made possible by the completion
of the field work of the rockburst project!. In that work a technique had been developed
for housing seismograph stations in portable buildings and two of the buildings with the
necessary seismometers and recorders became available in the spring of 1951. After
being overhauled in O*tawa the buildings were crated and shipped to British Columbia

by rail. All instruments for the two new stations were transported to the west coast
by truck. .

Alberni

With the co-operation of the School Board of District 70, Port Alberni, a location
behind the Old Gill School in Alberni was made available for one of the new seismic

! Hodgson, J. H., “A Seismic Survey in the Canadian Shield”, Publications of the Dominion Observatory, in
preparation.
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stations. This location is on a large flat outcrop of basic volcanic rock. The recording
hut foundation construction was camed out without difficulty. The seismometer hut was
erected 150.feet distant on the same outcrop. At Alberni where it rains a great deal in
the fall and winter good water-proofing is needed for the hut. The necessity of a location
some distance from a main road was emphasized in December, when a bridge was washed
out on the main highway and heavy traffic was diverted over the secondary road passing
within a hundred yards of the seismograph. The records were greatly disturbed at
busy times. '

The station at Alberni commenced operation on August 17th and was cared for during
the summer by a student assistant. In September a local operator was trained to carry
on the work. Each week the records are mailed to Victoria for rea,dmg at the Dominion

Astrophysical Observatory.

Horseshoe Bay

At the Horseshoe Bay location permission was granted by the North West Telephone
Company to erect a seismic station on a ledge on the mountain overlooking Horseshoe
Ba.y,' West Vancouver. The ledge is an outcrop of granitic rock, possibly granodiorite.
The exposed surface is about 10 feet square sloping down at about a thirty degree angle.
Before the hut foundation could be poured with concrete, a solid cement floor was built.
A trolley system was devised to carry concrete, in buckets, up the steep slope. To allow
for the unusually slow process of placing the concrete, a retarder or slow set was added to
the ready-mix concrete. The foundation and piers were poured on top of the solid floor.
A seismometer hut was erected approximately 80 feet from the recorder hut. At this sta-
tion the traffic noise is negligible. However, a car-ferry docking in the bay area disturbs
the records for some three minutes four times a day. It would appear that the boat
actually rams into the piles driven into the floor of the bay, and this sets up a vibration
in the ground. At Horseshoe Bay the seismometer hut is in a group of trees and following
a heavy snowfall the seismometers are disturbed by what is thought to be big clumps of
snow falling from the tree branches.

Operation of the Horseshoe Bay station was carried on for a few months by one of the
Department’s technicians, who in turn trained a local operator. As at Alberni, the records
are mailed to Victoria to be interpreted.

Instrumental Arrangements

A word about the seismometers might be included, for lLittle hterature is available
on the Willmore-Sharpe instrument. The original instrument was designed by Willmore
for use in South Africa. With his Ppermission copies were made for the Canadian govern-
ment by the Sharpe Instrument Company of Toronto. They were first used in the record-
ing of rockbursts in Eastern Canada! where they proved very successful. The seismometer
design is a moving coil suspended by tension springs in the field of a strong pot-type
magnet. Vertical and horizontal instruments are identical except that the vertical has an
extra flat spring in its suspension system. The free period of the moving coil is 1/4 to
1/3 second; damping is slightly less than critical. The seismometer is operated with a
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galvanometer whose free period is of the order of 1/20 second. The system is extremely
sensitive to short period vibrations such as those set up by an earthquake within a two-
hundred kilometre radius. However, it is felt that the overall period is too short and
experiments are being conducted to lengthen this period. The recording device is a
standard Sprengnether microseismic recorder. :

Time control for all three stations is obtained through the local CBC Vancouver
broadcasting station, CBU, which transmits the 18 hours GMT radio signal from CHU,
Ottawa. The regular shortwave CHU channel cannot be received on the west coast. The
CBC signal is carried to Vancouver from Ottawa by land-line which undoubtedly introduces
some lag in the signal, but because all three stations use the same radio signal no difference
in relative time need be taken into account. This time lag on the Ottawa-Vancouver
land line is being measured.

The pertinent information on the three British Columbia stations is given in Table 1.

: TABLE 1
Victoria: August 1st to December 31st inclusive
V) ¢ = 48° 31’ 14" N.
A = 123° 24’ 56” W.
Benioff short-period vertical seismograph.

Horseshoe
Bay: August 6th to December 31st inclusive
(HB) e = 49° 22’ 39” N.
A = 123° 16" 33" W. |
Willmore-Sharpe north-south, east-west, and vertical component short-
period seismographs.
Alberni: - August 11th to. December 31st inclusive
(A) e = 49° 16’ 14" N.

A = 124° 49’ 18" W.
Willmore-Sharpe north-south, east-west, and vertical component short-
period seismographs. ,

EPICENTRE LOCATIONS

Table 2 lists the -arthquakes recorded on the network stations from August 6 until
the end of 1951. Those earthquakes which have been recorded on all three stations have
been located as accurately as possible. The few tremors which appear to be associated
with the edge of the continental shelf in the Pacific Ocean are not as precisely located as
are those within the triangle of the stations. However, the Pacific earthquakes are
occasionally located by the United States Coast and Geodetic Survey epicentre program.
Those earthquakes south of Victoria, and out of the triangle, cannot be precisely located
from Canadian data alone.
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Preliminary determination of epicentres is made on the basis of the difference of
first P-arrivals at the three stations. Assuming the velocities of P; and P, to be, respect-
ively, 6.246 and 8.203 km/sec. as found in the Canadian Shield it is possible to construct
a series of loci for any pair of stations corresponding to differences of —4, -2, 0, 2, 4,
etc., seconds in P-arrivals. By measuring the difference in arrival time the earthquake
is placed on one of these lines. Similarly a second set of curves, for a different pair of
stations, locate the epicentre with respect to that pair. The epicentre must lie in the zone
of intersection of these sets of curves. A third set of curves, corresponding to the third
pair of stations, is necessary to remove the ambiguity in the two positions obtained using
two stations only. This preliminary epicentre is then adjusted to make all three stations
fit as well as possible an assumed origin time. As a final check the S-phases are read where
possible and are used to confirm the location found above.

Where the earthquake is recorded on two stations only, two positions are obtained
for an epicentre, such as numbers 5 and 23 in Table 2. One of these can occasionally be
eliminated by careful study. Those seismic disturbances, which are recorded at one
station only, are listed to make this history complete.

Table 2 also gives, where possible, an estimate of the intensity of each earthquake
on the modified Mercalli scale. There is no great accuracy claimed for this rating, rather
it is meant to give the order of relative intensities of the disturbances. For those earth-
quakes which are given a magnitude by the United States Coast and Geodetic Survey, an
intensity rating is obtained from conversion tables (Gutenberg and Richter, 1942)2
Well recorded disturbances, which are known to be blasts, are listed and labelled
accordingly.

DISCUSSION

If the 74 earthquakes recorded in the five-month interval August to December can
be taken as an average number, one could expect to record approximately 180 earthquakes
a year. This is a few more than past recording with the Victoria Benioff alone would
indicate, but not unreasonably so. The more sensitive Willmore-type seismometers
probably account for all the extra and this suggests 1951 was not a sub-normal year.
There were no major earthquakes in 1951.

Located epicentres in Table 2 are shown in the maps of Figures 1 and 2. A preliminary
study of the map suggests that no definite pattern has yet been established. However,
it must be admitted that there are certain areas somewhat more active than others.

Probably that region at 128 to 129 degrees west longitude where one would expect
to find the edge of the continental shelf has been most active. These earthquakes cannot
be precisely located. but in general they form a line parallel to the edge of Vancouver Island.
These are the strongest of any recorded. Between this “shelf” and the Island there appear
to be no earthquakes until a few kilometres off land. Here only two are found and one of
these (23) only a probable location.

South in the State of Washington there are several locations, not quite where one
expects to find epicentres. The earthquake felt in Victoria (No. 43) is from this general
area towards Puget Sound.

. ? Gutenberg, B,, and Richter, C. F., “E, i i 0 ion’ i
Seiomologioal Sonicty of Arasrics Vel ) 3 é'{f{’&‘f“{‘& %\.Jngmt,ude, Intensity, Energy and Acceleration”, Bulletin,
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In the vicinity of San Juan, Lopes, Orcas Islands, and across the top of the Saanich
Peninsula and even on to the main part of Vancouver Island there are several epicentres,
probably related. Nos. 10, 11, 59, 21, 17, 13 and 64 represent eight good locations on
an east-west line. There are two probable epicentres at the foot of Mount Baker. North
of Powell River is one stray possible location (23).

s b )
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FIGURE 2

A single earthquake near Alberni was preceded by two earthquakes earlier in the
spr?ng which were definitely felt. This would seem to indicate that the Alberni area is
active in a small way. This area was damaged severely by the 1946 earthquake near
Comox. These smaller earthquakes seem to be from Sproat Lake area west of Alberni,
rather than in a suspected zone of weakness across the Canal and Lake Cameron. (A
notable feature here is the fact that there have been no epicentres near the region of the
1946 major earthquake in the northern Strait of Georgia.)
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A group of earthquakes, or disturbances, have been recorded from south east of
Nanaimo (Nos. 5, 51, 53, 60, 61, 62 and 63). There are coal mines in this area, some
abandoned, and some in the process of being “pulled out”. It would seem reasonable
to expect some settling in the form of bursts from these mines, and it is probable the above
earthquakes are from this source. The line in Fig. 2 drawn through Nos. 60, 62 and 63
is parallel but about 5 kilometres displaced eastward from an abandoned tunnel in
Protection Mine as shown. This would seem to confirm the suspicion that this group of
“shocks’ are associated with the mines.

It is planned to plot all future earthquakes on a similar map, and if activity continues,
it is to be expected that the areas of major activity will soon be well established.

Dominion Astrophysical Observatory
Victoria, B.C.
July, 1952
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Canadian West Coast Earthquakes, 1952

BY
W. G. Milne

ABSTRACT

Local earthquakes recorded on the seismographs at Victoria, Alberni and Horseshoe Bay, British Columbia are
tabulated, continuing a listing begun in 1951. Those twelve carthquakes which were felt are discussed separately.
Epicentres are plotted on two maps, the first showing 1952 epicentres on a map of southern British Columbia, the
second showing epicentres for both 1951 and 1952 shocks on a map of southern Vancouver Island. While it is yet
too early to draw definite conclusions there appears to be a tendency for the epicentres to lie along definite lines,
some of which coincide with known faults.

INTRODUCTION

An enlarged program for the study of West Coast earthquakes was begun in August,
1951. New stations were installed at Alberni and Horseshoe Bay. These stations, with
the existing station at Victoria, provided the three station network necessary for the
location of epicentres in the coastal regions of southern British Columbia. A paper! has
already been published listing the epicentres determined during the latter part of 1951.
The present paper continues this listing for the year 1952.

DESCRIPTION OF STATIONS

As during 1951 the Victoria station had as its equipment for the registering of local
earthquakes a short-period vertical component Benioff seismometer. At Alberni the Will-
more-Sharpe seismometers continued to operate for the whole year. No changes in the
installation were made from 1951. At Horseshoe Bay the vertical and east-west compo-
nents are of the Willmore-Sharpe design. A Sprengnether short-period horizontal seismo-
graph (T,=T,=1:9°) was substituted for the north-south component from February to
October inclusive. At all other times the north-south too was a Wilmore-Sharpe. The
recorders at all three stations operate at a paper speed of 60 mm/min.

The time control at Alberni and Horseshoe Bay was obtained from CBU Vancouver
radio time signals, recorded on the instruments at 10 a.m. each day. During November
and December the Alberni station recorded Mare Island (NPG San Francisco) and WWV
(Washington) time signals whenever possible. At Victoria, CBU time signals were recorded
until October, when a complete change was made to NPG signals at 3%, 15% and 20"
GMT. If these signals continue to be satisfactory, a complete change-over of the network
is contemplated to recording NPG signals for five minutes three times daily instead of
CBU for twenty seconds once a day. :

The station co—ordinatgs are listed below in Table 1.

METHOD OF LOCATING EPICENTRES

The method of locating epicentres has not been changed from the method used in
1951. That is, the differences of arrival times of the P waves at pairs of stations is used
with the aid of a previously constructed map to obtain an approximate epicentre. This

1W. G. Milnc and F. Lombardo, “Canadian West Coast Earthquakes, 1951, Publications of the Dominion
Observatory, Vol. XVI, No. 3, 1952.
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approximate epicentre and the origin time are adjusted to obtain the best fit for all tl.lree
stations. The adjusted epicentre is then checked with the S-P times for each station.
All of these earthquakes would appear to be from a very shallow depth. The few tremors
near Victoria have an S-P time of the order of 3 seconds.

TABLE 1
Station Latitude Longitude
(] ’ ” N o ’ " ‘W
Victoria 48 31 14 123 24 56
Alberni 49 16 14 124 49 18
Horseshoe Bay 49 22 39 123 16 33

Some indication of the possible error of location of an epicentre might be useful.
To begin with let us assume the travel-time curves used are correct. The time error can
amount to +0-5 sec. for any one station. This would mean an error of approximately
3 km. for one direction. The epicentre would thus lie in a circle of 3 km. radius. In
addition, the travel-time curves used were developed for use in the Canadian Shield where
sedimentary rocks are not present. Their use in British Columbia, where there are con-
gsiderable thicknesses of sedimentary rock, must lead to additional errors in location.
Until crustal studies now under way in British Columbia have been completed it is impos-
sible to estimate the effects of these sedimentary layers.

EPICENTRE LOCATION

Table 2 lists the earthquakes recorded on the network stations during the year 1952.
They are numbered consecutively with those of the earlier paper. All the epicentres for
which satisfactory locations have been made are plotted on the attached map of south-
western British Columbia. Those epicentres which are considered to be accurately located
are indicated by solid circles. For those shocks where a reading is obtained at only two
stations some doubt usually exists as to which of two locations is the true epicentre. Such
locations are marked on the map with open circles. Open circles are also used where an
epicentre is so far from the triangle of stations that it cannot be well located. Epicentres
from the United States Coast and Geodetic Survey epicentre program are included to
make a total of 56 earthquakes plotted on the map.

DETAILS OF PARTICULAR EARTHQUAKES
Mission
An earthquake (No. 88) was felt in the general area of Mission and Abbotsford about
40 miles east of Vancouver on February 6th at 14:04 hours GMT. It was investigated
in the field about four days after its occurrence to try to obtain an accurate epicentre.
Table 3 shows the intensities felt in the area according to the Modified Mercalli Scale.

The area in question is heavily drift covered, and is bounded on the north, east, and
south by mountains. Mission, Abbotsford, and Huntington and Sumas on the United
States border all felt the earthquake with about the same intensity. For this reason no
single point can be chosen for an epicentre, and the record data permit a wide range of



TABLE 2—1952 EARTHQUAKES

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Time Lat. Long. | In- Remarks
GMT * W |ens Vietoria | Hopeshee | apemi | vV EHB A
o 1 o ’ kms
- R TR | UCRURTN | SN e e B BEAT L onecete vl gb o e
76 | Jan. 4| 21410-0| 4839 | 123 44 II | 21416-4| 214264 | 21420-5| 27-1 88-1 105-6 | Dilation to Victoria.
Near Koksilah River.
77 | Jan. 22| 1121 19-7| 490 54 | 124 02 I | 1121455 1121326 [112133-6| 159 79 88 | Powell River area.
78 | Jan. 25| 15 50 53-8 | 48 28 | 122 54 I |155100-0| 1551 10-6 | 1551 20-7| 386 105 167 | Lopez Island.
79 | Jan. 25|17 4306-3| 49 02 | 124 45 I[ |17 43 25-0 | 17 43 25-5 | 17 43 11-2 | 114.5 117-0 28-5 | South of Alberni.
TR R T ) PR O | e T %Ml Sk feeem RS e L Probably in Washington State.
81 | Jan. 29 | 23 45 45 S0 | 1A Bar1e] e o eey LT U.S.C.G-S. epicentre.
B2 Ja0. L . e oo enoblionneeees BED o o o o8 4 4 e B T 0 | I A e A L S Near Alberni.
83 | Jan. 312243 12-3| 48 54 | 122 36 II | 2243 23-8| 2243 23-7 |224339:6| 72-1 72-0 166 | In Washington State.
8¢ | Feb. 1., i LS HeREs RN 18w e1] TS Emawa g = v
TS T R A BERRRUREN | R | e G2 R N cetd L . S
B8 {'Fal, Bl....0cseritlicineroibliiatisataiiianinl 48 Wil e e
87 T 0] AL SRR R OS5 DAY IS South of Victoria.
88 | Feb. 6| 1404070 49 04-0 | 122 19-0 | IV |14 04 23-6 | 1404 19-9 | 14 04 35-7 | 101-4 78-0 186-1 | Felt at Mission, B.C.
89 | Feb. 6| 202539-1| 4826 | 123 38 II [ 2025421 | 202556-9 | 202600-1| 17-5101-8 127-6 | West of Victoria.
90 |Feb. 6 |.....co..... 4904 | 12219 1M SIEe] Wity nsEy R Probably aftershock of No. 88.
CTIR R * YO N IO SRS | MR | B e LY | e Near Alberni.
92 |Feb. Tlceevvnnn... 4904 | 122 19 I s+as) A@iGE IENESY U & Probably aftershock of No. 88.
93 | Feb. 7/220346-8| 4904 | 122 19 I (220303-3| 220300-1 |220316-1| 101-0 80-8 185-5 | South of No. 88. Felt at Sumas.
BE I Fab. B ,.0e. .40 t06 UEESE e 8 I| 520085 520006 |............ 8 96 West of Bellingham, Wash. ().
95 | Feb. BB [...o.ounneilinnsonnnblineins sy ool vos b S R S el .. Near Alberni.
96 | Feb. T4 |.....ooeuidonrnernehlontinsashlvessslatma e . et = .. Near Alberni.
97 | Febi B8l .o it stile o nweos o sblb s T A SN 3B G- BN WY i 2 el T S S | On west coast of Vancouver Island.
(7
B Feb. T81...........if 0 B80T R B WRal.. sl BRREE - e Possibly near No. 94.
90 [ Feb. 18] ......c..cd ool o e e
100 | Feb. 20 | 19 07 11 4839 |123 15 III | 1907 13-4| 1907228 |190731-4| 17 67 118 | Feltin Victoria.
108 { Wobe B .., s e b b s e bl S N & % 1y Baseecaiel bl R S0 PR
102 | Feb. 21 | 23 35 47 4840 | 12318 II [233551-5| 2336009 [233609-1| 19 80 130 | Feltin Victoria. See notes.
103 | Feb. 22| 93932.0| 48 40 | 123 21 IIT | 93936-7| 939467 | 93954-4| 23 81 132 | Feltin Victoria. See notes.
104 | Feb. 23| 9 06 42 4745 | 121 58 II | 90705-2| 907166 | 907 24-4| 140 e S o
105 | Feb. 23| 917 04 47 45 | 121 58 I 19 fr 2t | g aniga e ey 140 Thee e L b stk of Wik
106 | Feb. 23| 9 28 02 47 45 | 121 58 II | 92825-5| 92836-8 | 02845.1| 140 e i
107 | Feb. 23| 9 54 29 47 45 | 121 58 Il 954523 555065 | 95514-41 140 _—_—
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TABLE 2—1952 EARTHQUAKES—Continued

Origin Arrival Times of P-Phase, GMT Distance
No. Date Time Lat. Long. In,' Remarks

GMT . We |ensity]  Vietoria | Hopeshiee | Amemi | V. HB A

° ’ ° ’ kms
I0B. | Febe 28 |is tinee s oo sl e nieimime oot s S e L S Ryt e SR e
100°] Feb. 20 Lic..:ooevoailie. ot alie <o pi i 11 42 36 11 42 42-8 IR - (e ] PR Teleseism.
1107 | Feb., 27 1.0 uineonsablionrne ol Bt | N A S R BT T A el . s ok i e oo
1137 Feb. “Z0 eee o5 5056 = o b |14l s s T |12 40515 | 2R aNe i e R o - o= s s« g s e o Probably near No. 88.
112 | Mar. 2| 0 11 53-6 | 49 10-0 | 123 58 IIT | 01207-4 0 12 02-9 012 04-0 8 57 B Near Nanaimo.
113 | Mar. 3 ... uoeenslioramenee <lit-nms o 20 Tl R 9 58 56-8 32
104§ Mar, 8 [in. b eesonelecensssms sl e mioe it el Al S | S e ST 14 39 02-5 37
IS5 | Mar: 67 ].ccineon o nblllsie oimmmreiate o0 dhon, ovafie-a it s 08 s S B BINDERDIEINIE. 5. o ka e ieses e Probably a blast.
116" | VR, Tt gl e | SO - s i | PRl o W iy ey U D e A 20 39 00-6 87
12771 MIBE. . ST 0 o ORS o vt ad i ~atems a e KURSCER Y B N O o e [L - . o L L L
1B | MBE: 8o s cihosn e onbiioeioghs sl sl o e s o[ s eI SRR N NS LR e o s LR R S S P Probably a blast.
119" | Mar. 10 |.. . ool onne smfios oile s oo flis ot S (R S 1L g | e R R
120 | MAE L1 [ie0osoiomrnifhen omes s ot et sl e N S S - TR S AR e
12171 Mar 120 e o s« wihts o oeuisinies [iseie e Sk o ot vl SR TR TSI SO S e g T R R S
122 | Mar. 14 | 14 59 37-0 | 48 41 123 16 IV | 14 59 42-6 | 14 59 51-5 | 15 00 00-1 33 70 140 Felt in Victoria.
123 [ Mar: B[00 o sl e B e aacre o ] B et e A N S LR AECEEEEE . e R L ..
124 | Mar. 16 | 5 50 20-9 | 48 32 123 41 II 5 50 24-5 5 50 37-5 5 50 45-8 22 101 117 South Vancouver Island.
25 FMars BEEle, Sl et Sele. i e T T I [ 172030-4| 1720435 | 1720535 |..........ccc0nnen.n. Aftershock of No. 124. (?)
128, | IMag: SOUET. a8 =0 ol c el o SRR T B10Ea1a 1l . | e 10 11 58-6 31 Aftershock of No. 124. (?)
127 | Mar. 20 | 21 36 18-5| 48 05 123 37 II | 21 3627-2] 21 36 42-9 | 21 36 43-9 64 149 158 Northern Olympic mountains.
128 | Mar. 21 | 4 41 43-5| 48 41 123 32 III 4 41 47-1 4 41 57-7 4 42 02-5 22 85 116 South Vancouver Island.
129 | Mar. 22 20080 R e s WL oot III 2 01 58-7 2 02 08-9 202 15-9 142 215 292 South of Seattle.
130 | ' MaE., T |5 it e oo Ml o s B L Bt SR i i TR -T2t i Nkt 120
131 | April 1| 00 37 41-5 | 48-0 113-8 VII 039 17-8 039 17-6 il O RN e St Felt in northwestern Montana and
in British Columbia.
132 | April 3 21315 50-5 129 III 214 23 2 14 22-4 Lt ) R SRR T R U.8.C.G.8.—off coast.
133 | April 4| 20 51 06-0 | 48 41 123 08 IIT | 20 51 10-5| 20 51 19-4 | 20 51 28-9 26 81 140 North of San Juan Island.
13 T ADEY B8 st . - s i s o s A T BB [l . coplannsvss iff < BUEEEE Cos 26
135 Aprilve B 15 230G FUSPES R L R L o S Lol e, s LRI S SR T . TRTTRRe r,
136 | April B |lse T il s o s B D A | SRR W B T S 13 52 38-0 114
187 1EApmIt B L 50-5 129 5 A Bk R T R 15 28 21-4 146 Oﬁmooait of northern Vancouver
an
138 | April 11| 9 48 37-5 | 48 36 124 17 v 9 48 48-6 9 48 56-5 9 48 51-3 67 116 84 Felt in Victoria and south west
Vancouver Island.
T80 Aprll B N e 48 23 124 40 IT {110433-91 110444.7 [ 1104355 ].........000000vnnnn Possibly off Cape Flattery.
i

8t
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140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

157
158
159
160
161

162
163
164
165
166

167
168
169
170
171
172
173
174
175
176

April
April
April
April
April
April
April
April
April
April
April
April
April
April
April
April
April

May
May
May
May
May

May
May
May
May
May

May
May
June
June
June
June
June
June
June

June

12
12
15
17
19

6

............
............
............
............
............

............

.o
............
............
............
............

............

............

------------
cesesiassean
............

............

..........

..........

.......

..........

..........

..........

.......

..........

..........

..........

..........

..........

*Chronometer sticking, absolute time in doubt.
{Station not operating.

......

......

......

......

......

......

0 02 06-7
17 56 18-1
22 25 41-1
23 31 15-6
23 35 45-6
00 27 45-6
18 57 39-3
20 06 27-5

22 45 03-8 |

1 30 55-6
19 05 54-5
22 14 01-2

007 13-5
16 56 48-2
11 04 36-9
23 16 18-1

5 27 32-8

............

............

18 36 16-7

23 31 12-2
12 03 53-3
8 59 38-8
18 44 273
19 05 55-6
20 26 36-2
21 14 50-2
21 36 55-3
23 52 287

..............

22 25(12-2)*
23 31(33-2)*

..............
..............

..............
..............
..............

23 16 08-2
N.O.7

13 09 20
20 12 56-1

..............

..............

..............

..............

..............

...............
..............

..............

..............

..............

............

............
............

............

............
............
............

............

------------

............

............

15 00 31-9

....................

Seattle 17:56:02.

27 118 158 Probably south east of Victoria.
27 118 158 Same as No. 142,
27 158 Same as No. 142.
76 155 178 Olympic mountain region.
83
.................... Very near Victoria.
.................... Very near Victoria.
26 80 139 [ Gulf Islands.
HESMETON () e =S . Very near Victoria.
38
116 Seattle 16:57:60 (A =200).
75
100 Possibly near No. 88.
83 82 Probably south west Vancouver
Island.
211 Off Oregon coast.
24 117 141 Strait of Juna de Fuca, east.
4d 64
.................... Seattle 16:16:14. U.8.C.G.S. epi-
centre.
256 332 South of Victoria.
..................... Very close to Victoria.
67 79 Seechelt Peninsula area.
30 125 142 Felt in Victoria. South west of city
in Strait of Juan de Fuca.
191
265
28 76 138 Gulf Islands.
137 Probably off Washington coast.
.................... Probably off Washington coast.
87
147
.................... Probably off Washington coast.
105

Probably near No. 88, Mission, B.C.
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TABLE 2—1952 EARTHQUAKES—Continued

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Time Lat. Long In- Remarks
GMT N. w. tensity|  viotoria Homhoe Alberni v HB A
° ’ ° ’ kms

177 Juns™ 7 .. o ddon Jedd b o 80 S Johe SRS EN IR o0 s L A S ERERE TR TE S A S T BN e R e v

178 | Jatigss Tl . o R e L I S e B 1848 BB, 5 el Ay I Sl e e e

178} URnE™ 1200 1. s o T e e I1 |132859-6| 132013-2 {132032 |.......cccccucenunn. Washington State. (?)

180 |'Jume 12 E . a dicadudnho e 3000 RSN ET I [10.00.8%5 | (19 00307 fod & S8 B0 o fie. B ... .. West of Bellingham. (7)

181 | June- I7. . .ok Sk Sl dpn oo B 5.t 0L II |20 36 03-8 | 20 36 12-3 | 20 36 00-2 56 105 Entrance toJuan de Fuca Strait. (?)

182 | June 18 |..... . diealob. o0 g B0 ot g (B maih S0 i R R S 5 11 45-2 66

183 | Jumo ' 18| .. uuuocva it s s oninamnre foimis s o e o f e el R P T 7 25 05-0 74

1840 Jiimsre LB L R T N 10 88- 650 L i s e 106

1850 Junbi 280l A A R B S e et II |173801-0| 1738155 |173820-5|.......ccccnvnnennn. Probably south of Victoria.

186 | June 23 | 23 52 426 | 49 12 123 54 IIT | 23 52 56-5 | 23 52 51-3 | 23 52 53-2 85 51 66 North east of Nanaimo.

1850 Julse ol 55 S E Ry . 49 30 121 30 IV | 2254 57-6 | 22 54 50-4 |225507-1]| 148 119 256 Felt at Hope B.C. Seattle 22:55:09.

TSN dules ARL 0 e R < [l ondls e 2500348 L st 119 Aftershock of No. 187.

1801 Jalge ™ DRUNL . L R A e LR N . T 1916 33-9| 19 16 27-6 N.O.% 69

190 Juke 18 | spass ....] 49 b4 124 27 III | 10 08 36-8 | 10 08 29-8 N.O.t1 180 93 Felt in Powell River.

ToRy ks BB L e e o R S R T IS-BRARERT ([6e - ie- dfr-diie =+ | e st na 69

192 | July 18 [.L o cin spieie[ok o b o [N i - JOF - S B e L O 8T [ ) S R R O

198 Falye (18 1, . o ..o oo i e e e S e R LEEBE R e

1080 diima IR Sl 48-3 123-2 T | DA L] - o i i) i o | R R 26 }FeltinmthmtofVictoria,location

198 Sl IO L 48-3 123.2 I {1 BhXaeli]: bt el U Sos =it 28 approximately 11 kms. from city.

16| Talyriadol. . o SRk e T GBOMTRA Rl et et = 62

197 | July 23 |....... P G 123 45 I 110420k Tall st s 10 42 13-4 28 99 Lower Vancouver Island.

IO Talgen@Bmil. . i ek R Bl OR-ARIE o rcasd bl s i 70

199 [ July 26 | 14 13 51-5 | 49 20 123 45 III | 14 14 07-1 14 13 58-1 14 14 03-4 96 37 76 East of Nanaimo.

200 | July 262103 11-1| 49 11 124 12 II | 2103 26-7| 2103 23-2 |210318-3 9% 73 44 West of Nanaimo.

201 | July 27|19 52 14 47-5 122-4 IV | 195237-3| 19 52 45-9 | 19 52 56-1 | 140 212 292 Seattle 19:52:24.

202 | July 27|20 13 49 47-5 122-4 IV (20 14 12-8| 20 14 21-0 | 20 14 31-5| 140 212 292 Seattle 20:13:59. Seattle epicentre
and origin time used.

208 July 2B f.u ...l B e R L | P R 8 25 04-2 103

20 4| Julyh B8 S S £ 0 ) (R P — || SR T 110

206 | July= 20, .. o L 0 0 s Eme e snee S T N e | [ e T 23 50 31-0 76

200 ol BN LA 49 58 123 38 i TN [ IO 7 47 10-0 7 47 19-4 112 88 North east of Powell River, east of
Jervis Inlet.

KT Tl s B[ - . e R e e i | 9 41 12-1 B L AR e o e b i East of Vancouver, approximately
100 kms.

B0 1 duly BRL. .. .. s danines ST RS PRI o $. e | e s o e 23 34 21-9 26

XHOLVAYASIO NOININOQ FHL 40 SNOLLVOI'TdNd



209
210
211
212
213
214
215
216
217
218
219
220
221

223

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Oct.
Oct.
Oct.

Oct.

Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.

25

............

............

............

............

............

............

............

{Station not operating.

47.5 |} 122.4
475 | 122-4
4833 |123 41
RTINS e
487 | 1260
4840 | 1255
48.0 | 125-2
4842 | 125 08
48.0 | 124-4
487 1220
4833 | 122 51
49 129
49 129
49 56 | 123 58

......

......

.......

- 3 51 20-0

......

............
............

22 59 31-3
23 01 09-1

............

............

19 47 345
21 29 08-0
10 05 59-2
8 03 13-4

7 36 47
22 09 28-0

............

............

7 21 52-7
0 54 18
148 01
154 31
12 18 44

N.O.t

..............

..............

SEISTRRICIS MPP e
348520/ 20 97 116
Toekngsont! 8. YT
13 16 586 56
14 58 03-8 150
............ 20

o |
ekt
1253 56-2 |ooooooiiiiiii
E o 0
............ 110

STy R .
2129 08-5 | 143

1005484 | 120 158 68
T £ ] R
S FE L TR
CHL T
2250 14.6 | 110 130 230
BRI v vt e oo
sarana ...
722125| 42 98 165
0 54 36-6 200

147 51.2 | 410 340
15420-7| 410 440 340
121832.9| 166 81 97
12 47 150 80

Seattle 15:49:43.
Seattle 17:32:01.

North west of Victoria.

Off west coast of Vancouver Island.

Felt in Victoria.
Very near Victoria.
Very near Victoria.

Off coast of Oregon.
epicentre. M =7-7%.
Very near Victoria.

Aftershock of No. 223.
Off Barkley Sound, poor location.

Off Barkley Sound.
Off Washington coast.
Off Barkley Sound.
Seattle 8:03:08.
Seattle 3:51:04.

Olympic Peninsula.
East of Bellingham.

Near Lopez Island.

South in Washington State.
Butte 1:49:55 |U.8.C.G.S.
Butte 1:56:21 |epicentres.
North of Seechelt Peninsula.

US.C.G.S.
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TABLE 2—1952 EARTHQUAKES—Concluded

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Time Lat. Long. In- - - Remarks
GMT i W.  [tensityl victoria H°%h°° Albemi | V HB A
o ’ o ’ kms
2401 Oebs T viscaorrs oy blants POOSIEL | POt ) p o Y RS | (S e L TR S )
250 | Oct. 9 leeenenneoenchs omeannesslamsmems mils st S S S ey G ] R ARG §
2811 O0b. L1 e v ceineonsonifsas oo amalsoiehiaoasa e e | N N T R I . A
2591 Oct. THl.z i eoiiva.eut 49-8 119-5 IV | 10 06 12 N R Y S R o ke iimia s s < s a5 Felt at Kelowna, B.C.
253 11:0ct. B . ... ool 47-2 138:3 i}k amt 17 06 24-2 | 17 06 38-3 | 17 06 41-7 78 173 199 Seattle 17:06:10. Washington
State.

254 | Oct. 14 |...... NPFRES | PRy | RS 2150 20| 20 AL RS e s etk e e s s s e s o East of Victoria in Washington.
25311 Oct. lBlE . R s sl SPRPIRTY FRPRPTE e WY | AR 1| 39 Bnrmom e o | R R e 150 4881, .. ivivvnee e i
258 | 1 0pt. BB E . s s SRS o abai g e o ome DRSS ST S 2 6 . 1M T ) A i
UL gl e N o 1] SRR IR BT S sl s e 320 31 R e e | STy |
258 | Oct 2L Lo cinwion oo oslsmmmyaiass s s st i Sl Sy s S RS SN LSRR 0 B S SR s R SR
259 | Oct. 21| 21 10 33-2 | 48 42 123 17 IIT |21 1037-3] 2110 45-7 | 21 10 54-2 23 76 129 Gulf Island area.
260 | Oct. 28 | 15 58 27 48 42 123 18 II1 | 15 55 31 15 55 39-5 | 15 55 47-7 23 76 128 Gulf Island area.
F0L WOat Bl e s b e 4 abla o o Ao Rt oA > B, e TN (N T | ST - S s e
302 L Dot LT 4. o il 5 | o & . g s R ST SR 1T ) [N T TSSO | S S T | o e ORI, . -
200 [ Opt. FULL. .. .. comand] focmre s nd e e ST 6 57 56 6 58 09 BTN Y S s v s v s s vsae s Off coast.
AL Ok JBOI.c - oo snabomt] b simarssa w15 il T p it e 13 O] IR I T . |
265 | Oct. 29 |...... ovn gl dbienad wablastuon At e T SHNE 9 35 21 9 35 31 e B S | (RS R p—“ Off coast.
266.1 Qet. Y. ... .00 cndtl e o e iaaeae SO =EER 207" L. e oo a8 AT R (e SRR R Probably near Nos. 263 and 265.
711,00k, BL i ms e i = on] samiatie it R TR LL S 19 12 11-6 | 19 12 28.3 | 19 12 29-9 |..... S Sty
26810 06t ~BE T .77 o5 o o e 58 ke Sl = niEs (el I 191254-21 1913 11-0 [ 1913 124 |....ccccrveveevncenen
2091 Oct. BIN. .. ool sl 28 e en ke 1914 09-0| 1914256 | 191426-8|.....c.000cceennnnen Not seismic.
00 MR T W | N | e, T (e L 192050-0{ 1921056 [192107-4|.....cccvvevrinnnnn.
P 1108k ((BY s i sl ab b~ PR Lo T LTS TR 1921 49-5] 192205-0 [ 1922065 |....000cnueeeceannnn
T2, Qe AL sor b = it o520 8 S ERRA AW v == [ 102256-56| 192312-6 | 1923 14-8}...00c0ccuccecncna.-
2o NG IO e s ) 47-6 121-9 22 5430-7| 2254404 | 2254488 |.....c.cnviiinennnns Seattle 22:54:14. Felt near North

. Bend, Washington.
azdl New, TAIl. .l hds sudds 48 32 124 49 III | 12 28 03-2 12 28 10-4 | 12 28 00-9 97 165 81 Entrance to Juan de Fuca Strait.
205 b Now. WL o e ol 48 54 123 56 IIT | 21 31 42-8| 21 31 45-2 | 21 31 45-7 57 74 73 East of Lake Cowichan.
by Il B OO 1 ) SRR | ISR R e i il 1953347 TBR AT Ll . s sons o ofsioiine sassvmsesss
b gl R N | PSS s = 21 34292 | 213444:1 | 2134466 |......00000unnuunnn.
273 | Now. B aies oot [PAIICRPNI. 4 | SEple. L Y 21 3556-2| 2136106 |21 36 13-1}.....000000cucacaen. Not seismic.
23| Now, THL.....ouosos Bl o0 gro-s- 55418 [reepursms) oro I LE wemen, st 21 36 31-8| 213645-9 | 2136486 |......0000000nn. i
1 4T RS 2] s g aier ooty et e S R T 21 37 20-5| 2137 35-1: | 2137 376 |..... L St w
-2 gl TV A ¢ ISR | S s | iy W e R o R -y P e 4 U ST SN

[

(44
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282
283
284
285
286
287
288
289
290
291
292

Nov.
Nov.
Nov.

Dec.
Dec.
Dec.
Deec.
Dec.
Dec.
Deec.
Dec.

.............

..............

............

............

--------------

00 16 51-1

23 17 38

6 31 09-1

9 20 28.7
19 38 07-5
13 55 16-2
17 08 02-8
17 36 13-1

...............

...................

Readings doubtful.
Jervis Inlet.

Not earthquake.
Felt at Pioneer Mine, B.C.
Not earthquake.

...| South of Victoria.

2961 ‘SUMVADHIUVA LSVOD ISAM NVIAVNVD

fe



bIN PUBLICATIONS OF THE DOMINION OBSERVATORY

choices along the line of the valley since the epicentre lay to the east of all the stations.
The felt region extends about one mile east and one mile west of the valley.

At Mission some woodpiles were reported to have been toppled, but on the field survey
none could be found. No other damage was reported. Throughout the area it was reported
that a noise like a rumbling truck accompanied the earthquake, and in Mission itself
(rock at this point) one person thought a truck had struck the house. People were awak-
ened by this noise along the valley. The noise and the tremor were not noticed north of
Mission beyond the first plateau.

At Sumas an aftershock was reported on the following afternoon by one person, and
this coincided with a small trace on the Horseshoe Bay record at 22:44 on February 7th.

TABLE 3
Intensity I11

Mission, Matsqui, Abbotsford, Huntington, Sumas.
Indensity I
Hatzig, Hatzig Lake.

Not Felt
Haney, Steelhead, Ruskin.,

Victoria
During 1952 several earthquakes were felt in the vicinity of Victoria. Contrary to
some reports, none of these earthquakes did any damage.

There were three tremors in as many days on the 20th, 21st, and 22nd of February.
The first (No. 100) was felt in Victoria and Sidney, B.C., at 19:07 GMT. The intensity
was scarcely more than II on the scale. It was felt at the Observatory as the rumble of
a truck. The smaller tremor (No. 102) on the next afternoon at 23:36 was felt generally,
and again at the Observatory. At 9:39 on February 22nd many people in Victoria were
awakened by the third and strongest tremor of this series (No. 103). It was felt at Sidney,
Saltspring Island, San Juan Island, but not at Duncan, Nanaimo, or Vancouver. This
earthquake and the next at 14:59 GMT on March 14th (No. 122) were felt in Alberni,
and in fact alarmed many residents. That of March 14th was felt in Victoria as well

-as Jordan River, Port Angeles, Vancouver, and Saltspring Island but not Duncan or
Nanaimo. These four tremors were located instrumentally under Haro Strait between
Sidney and the International Border.

Tremors on April 11th at 9:49 (No. 138) and on May 19th at 18:36 (No. 166) were
located on south-west Vancouver Island and south of Victoria in the Strait of Juan de
Fuca respectively. Apparently in both cases the area around Jordan River felt the tremors
more strongly than in the previous earthquakes for there was a request for information on
the epicentre from the British Columbia Electric Company’s office in order that they
might decide on the wisdom of patrolling their power lines in that region. Although
farther from Vancouver than the four previous shocks, the tremors were well pronounced
in various parts of that city.

After the California earthquake in July, the Victoria local newspapers published a
paragraph to the effect that the seismologist at the Observatory would welcome any
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reports on local tremors. In a few days there were many telephone enquiries about
rumblings that various residents thought were earthquakes. To date only one of these
reports has led to the discovery of an earthquake, a very weak tremor on the Victoria
records. That is No. 218 at 22:52 hours on August 11th. The tremor apparently was
located just off the south end of the city. Similar disturbances (Nos. 194 and 195) were
felt in Victoria on July 19th. Again the epicentre must be very close to the south-east
coast of the island for the felt region is limited to a few streets.

South-East British Columbia

An earthquake (No. 131) whose epicentre has been placed by the United States Coast
and Geodetic Survey on the east side of Flathead Lake in northwestern Montana, was
felt in Canada. Questionnaires sent out after the tremor yielded the knowledge that the
earthquake was felt at Fernie and Newgate in British Columbia. For this reason the
earthquake is listed in the 1952 earthquakes. It occurred on April 1st at 00:38 hours
GMT. Maximum intensity at the epicentre is given as VII on the Modified Mercalli
Scale. :

Hope

Along the Fraser River Canyon in the region of Hope and Yale a sharp tremor (No.
187) was felt at 22:55 hours on July 4th. The list of centres where this earthquake was
felt is given in Table 4. Province of British Columbia highway construction crews felt
the tremor between Hope and Spuzzum and noticed some boulders set into motion by the
vibrations. A flour sack was reported overturned at Hope.

It appears that the earthquake was not felt east of the Fraser River, nor south of
Hope. The instrumental epicentre is in the mountain region west of Yale, so the two
facts put together seem to fix the epicentre between Harrison Lake and the Fraser River.
There is one isolated centre, Abbotsford, where two people felt the tremor whereas com-
munities closer to the epicentre felt nothing, This would seem to indicate that the Mission
tremor was actually at the north end of the valley near Mission, and Abbotsford, reporting
a strong intensity, did so because of local conditions.

A second tremor six minutes later was felt generally around Hope, Yale, and Spuzzum.

TABLE 4
Place Intensity Place Intensity
Yale v Chilliwack 0
Hope v Princeton 0
Spuzzum IIT Abbotsford II
North Bend II1 Mission 0
Lytton 0 Agassiz 0

Powell River

An earthquake (No. 190) was reported by a few persons at Powell River on July
15th at 10:09 hours GMT. No other centre appears to have felt the tremor, although a
good record was obtained on the seismograms.
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Kelowna

Questionnaire forms, distributed in the area after an earthquake reported from Kelowna
on October 11th (No. 252) show that two isolated centres felt the tremor quite strongly.
However, places between or near Kelowna and Grand Forks reported no disturbance at all.
It is quite possible that the epicentre was nearer Kelowna for the Horseshoe Bay and Victoria
records indicated that source. The intensity rating for either of these centres was less than
III. Alberni did not record the earthquake.

Pioneer Mine

A tremor (No. 288) which registered slightly at Butte, Montana, awakened persons
in Pioneer Mine and Birken, B.C. at 13:55 GMT, December 10. No damage has been
reported. Records were strong at all three stations in the network. The felt area would
appear to be elliptical in shape with the major axis in a north-west direction, as neither
Pemberton nor Seton Lake reported a tremor.

DISCUSSION OF EPICENTRES

While it is still too early to draw any final conclusions from the location of epicentres,
it is interesting to combine the data obtained to date on a single map. This has been done
for the southern part of Vancouver Island on the map of Figure 2. The map also shows
the location of some known faults. These have been taken from a paper by Clapp.?

Examination of the figure seems to give some indications of correlation between
epicentres 15, 274, 156, 138 and 64 and a known fault. A second well-defined line seems
to pass northwestward from epicentres 166 to 197; it might possibly be extended still
farther north through epicentres 275 and 200. These patterns may of course have no
significance whatever, but they at least suggest that regularities in the arrangement of
epicentres may eventually emerge.

"An outstanding feature about epicentres in the southern part of the island is that
they are usually felt strongly in Alberni, although Duncan and Nanaimo, which are fre-
quently closer to the epicentres, report no notice of the earthquakes. Residents of Alberni
continue to be disturbed by each event. Alberni is in a valley almost totally surrounded
by sedimentary rocks forming mountains. In the valley itself are one or more outcropings
-of volcanic rocks. During the 1946 earthquake considerable damage was reported from
Alberni although the epicentre was on the other coast of the island.

The epicentres at Mission, at Hope, at Kelowna, and at Pioneer Mine appear to be
isolated events to date. Perhaps such can be expected in the mountainous interior of
British Columbia. It would not be surprising if there were minor tremors in that area of
British Columbia along the continental divide north of Montana. The Montana seismolo-
gists report epicentres up to the border, and it seems reasonable to expect that similar
disturbances would be detected farther north. In fact, although no record was obtained,
it seems certain that the Banff area was shaken by a tremor on March 3rd.

Again as in the past there were several tremors, apparently along the continental
shelf as far west as 129°. These are well recorded on the instruments but because more

2 Charles H. Clapp, “Geology of the Victoria and S8aanich Map Areas, Vancouver Island, B.C.”, Geological Survey
of Canada, Memoir No. 36, 1
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westerly control is lacking the epicentres are approximate only. Along the west coast of
Vancouver Island several small tremors have been located, but not in sufficient number
to indicate any trend in direction. A few scattered earthquakes (very small) were centred
south of Alberni.

Around Nanaimo, both west of the city on the island and east in the Gulf of Georgia,
there are several good locations. These earthquakes are not reported as felt by anyone
in the area, although some are quite sharp. Towards Powell River there are more epi-
centres than in 1951, one of them (July 15) having been felt.

The instruments record from time to time earthquakes in Washington State, but no
precise location is given on the map. Arrival times are listed in Table 2 for reference by
other seismologists. One tremor in the Queen Charlotte Islands area was well recorded
at all stations although the distance involved is greater than the range in which the Will-
more-Sharpe instruments were expected to operate.

During 1952 seismological reports have been received from Butte, Montana, and
from Seattle, Wash. In some cases the readings from these stations have been used to
determine epicentres. Such an exchange of information can be very beneficial to all
stations concerned. '

Dominion Astrophysical Observatory,
Victoria, B.C.
August 20, 1953.
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Canadian West Coast Earthquakes, 1953

BY
W. G. Milne

ABSTRACT

In .1951 the Dominion Observatory began a program of studying the earthquakes of southwestern British
Co]umbla._ The pr_esent paper lists 150 earthquakes recorded during 1953; this brings to 443 the number of tremors
recorded since the inception of the program in August, 1951. The new epicentres are tabulated and plotted on a

map of southwestern British Columbia. A detailed map of south Vancouver Island shows all the epicentres recorded
in this area throughout the program.

The paper also gives the details of the newly built and newly equipped Victoria station.

INTRODUCTION

This report is a continuation of the investigation of local earthquakes in western
sections of Canada. The first report was made for the latter half of 19511, and a subse-
quent list of tremors was published for 19522. Data for locating the epicentres are obtained
from the Victoria, Alberni, and Horseshoe Bay seismograph stations, and quite often from
neighbouring United States installations.

DESCRIPTION OF STATIONS

A new office building for the Dominion Astrophysical Observatory was completed in
June, 1953. This building provides office space and dark-room facilities for the seismo-
logical section, as well as much larger vaults than had previously been available. Three
component Benioff variable reluctance seismographs were ordered for these new vaults
and it was planned to take the existing Benioff vertical to Seven Falls. As it turned out
it was necessary to make the transfer to Seven Falls before the new Benioff recorder had
been received, so that for some time the Victoria station was without short-period
instruments.

The schedule of the move from the old to the new vaults was as follows:

JATUARYL L0008 5-01s 51 hisis, o 6,4 5is 46 e bre s iy Milne-Shaw horizontal seismographs and original Benioff
vertical seismograph operating in old vault.

July 3 to September 6.............co00iiinnn Milne-Shaw horizontals and new Benioff vertical in new
vault.

September 6 to October 23.................... Milne-Shaw horizontals only recording in new vaults.

October 23 to December 4.............cc...0n Milne-Shaw horizontals in new vault. Benioff vertical

seismometer (T, = 1 sec.) recording through Leeds and
Northrup galvanometer (T, = 1-9 sec.) in new vault.
Magnification unknown, microseisms very large.

December 4 to December 31..............v0e. All new seismometers (3 component Benioff short-period
only) and Milne-Shaw horizontals recording in new
vault.

1 W. G. Milne and F. Lombardo, “Canadian West Coast Earthquakes, 1951”, Publications of the Dominion
Observatory, Vol. XVI, No. 3, 1952.

2 W. G. Milne, “Canadian West Coast Earthquakes, 1952"”, Publications of the Dominion Observatory, Vol. XVI,
No. 9, 1953.
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The operation from December 4th on has been as intended for the permanent installa-
tion. The Milne-Shaw seismographs, being long-period instruments, are of use primarily
in recording teleseisms, not the local tremors reported here. The short-period Benioff
seismographs are operated conventionally, (T.=1 sec., T = 0-2 sec.). Damping during
the period covered by this paper was slightly less than critical, and the gain is set at about
% scale, which is the limit allowable because of microseismic amplitudes. It is estimated
that this represents magnification of 10,000 to 15,000.

There has been no change in the timing arrangements at Victoria. Time marks are
placed on the records by a pendulum clock. Time signals from NPG (San Francisco) are
recorded, when they can be received, at 0®, 6%, 124 and 18* G. M. T.

The new vault is some distance removed from the previous one. This has necessitated
the redetermination of the station co-ordinates. The two sets of co-ordinates, as well as
those of Alberni and Horseshoe Bay, are given in Table I.

TABLE 1
Station Latitude Longitude
(] ’ ” N o ’ ” W
Victoria 1 Jan. to 3 July 48 31 14 123 24 56
Victoria 4 July to 31 December 48 31 09-9 123 24 55-1
Alberni 49 16 14 124 49 18
Horseshoe Bay 49 22 39 123 16 33

At Alberni the instrumentation is the same as that installed in 1951. Willmore-
Sharpe seismometers record through Turner galvanometers on a Sprengnether three-
component recorder. Canadian Broadcasting Corporation time signals from the Dominion
Observatory, Ottawa, are placed on the records automatically at 18* G. M. T. WWYV
signals are usually put on, in addition, at 3*. At Horseshoe Bay the instrumentation is
now the same as at Alberni. At both stations T, is approximately 4 sec. and T, is about
#s sec. In both locations the instruments are very sensitive to traffic noise.

The time signals broadcast over CBU, Vancouver, by the Canadian Broadcasting
Corporation, and recorded at Alberni and Horseshoe Bay, are carried from Ottawa to
Vancouver by wire. The NPG signals recorded at Vietoria are received directly from
San Francisco by short-wave receiver. The fact that these two signals travel to the
seismic network by two different media raised the question whether there might be a small
difference between the two time standards used.

An opportunity arose of recordimg both CBU and NPG signals on a single record.
Within the limits imposed by the slow paper speed of 60mm/min. no difference in the
two sets of signals could be detected. Since this is the paper speed normally used within
the network there can be no error in the epicentre locations due to the difference in timing
standards.
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EPICENTRE LOCATION

The system of epicentral location described in the 1951 paper is still in use. The
charts used are still based on velocities determined in the Canadian Shield. Current invest-
igations suggest that these velocities are appropriate.

The earthquakes recorded at each of the three stations (Alberni, Horseshoe Bay and
Victoria) during 1953 are listed in Table II.  The earthquakes are numbered consecutively
with those of the two earlier papers. Epicentres have been given where possible. Epi-
centres of earthquakes off the coast located by the United States Coast and Geodetic
Survey have been included in the table even though the data from the Canadian stations
were not sufficient to allow a location.

All the epicentres regarded as dependable have been plotted on the attached map of
southern British Columbia.

DETAILS OF PARTICULAR EARTHQUAKES

Yukon Tremors

Table II lists three earthquakes originating in the Yukon. It seems desirable that
these should be included in the report, but it must be stressed that the Yukon is so far
from the existing network of stations that only the very largest shocks from that area can
be included.

The strongest of these Yukon earthquakes, with a magnitude of 6%, occurred on
January 11. The United States Coast and Geodetic Survey places the epicentre at 65°N,
133°W. We have had a report that at Mayo, some 130 miles southwest of this epicentre,
buildings and telephone poles swayed, but without damage to any installations. Mayo
appears to be the nearest settled point to the epicentre.

Kitimat Landslide

The seismographs did not record a series of events which occurred in the Kitimat
project at about 6:30 a.m., P.S.T., on September 1. A report in the Prince Rupert
newspaper is the source of the following information.

The event began with a slight tremor, sufficient to shake quite heavy objects. How-
ever, the felt area seemed to be not larger than the camp itself. An operator of a tractor
working along the road, noticed the earth moving like a wave, and cracks opening in the
ground. He had difficulty making his way to safety as the whole road was crumbling
underfoot. There was a long crack in the earth striking from west to east, and some piling
was moved 100 feet across a clearing. TFurther mention is made of a small tremor being
felt about 6 hours before the slide.

The main damage of this event seems to be confined to a very small area, and to be
connected with a landslide or subsidence. However, evidence does indicate that a slight
tremor may have been the trigger to start the earth movement. It would not be sur-
prising if, when instrumental coverage permits a study of this whole coastal area, it is
found that many such small tremors exist at the heads of inlets similar to this and quite
like those already being recorded from Jervis Inlet, farther south.
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Ferguson

One person in the area of Ferguson reported that an earthquake was felt there on
February 3rd at about 3 a.m. P.8.T. This area is in eastern British Columbia just east
of Upper Arrow Lake, in the Columbia River drainage basin.

DISCUSSION OF EPICENTRES

There are several points worth noting in the distribution of the 1953 epicentres. The
first concerns the concentration of epicentres in the vicinity of Jervis Inlet (Nos. 409, 422,
423, 439 and 440). None of these earthquakes were large, but a trend first noted in the
1952 earthquakes is being continued. Epicentres 77, 206, 247, and 284, listed in the 1952
report, were in the same area.

Another outstanding feature of this year’s activity is the number of moderately
heavy tremors off the west coast of Vancouver Island. The tables show a total of 26
earthquakes in this area. Of these, 345 and 435 are the major events, the latter being of
intensity at least VI, It is clear that there is a well marked area of seismic activity at
some distance west of Vancouver Island, and that the intensity of events in this area is
currently greater than that nearer the continent.

The majority of the earthquakes located seem to occur towards the southern end of
Vancouver Island. The attached map shows all the epicentres located in this area since
the inception of the program. The concentration of epicentres in this area may be partly
due to the location of the stations but it must be largely real. The Victoria area is no
more favoured by the location of the stations than the other points of the triangle.

In earlier reports it was noted that the epicentres in this area seemed to define rough
lines, which might be considered to correspond to active faults. This tendency seems to
be continuing, but until more evidence has accumulated no final conclusions can be drawn.

- ACKNOWLEDGMENTS

Once again, thanks are due to those United States seismograph stations who have
co-operated in the location of many of the epicentres listed here. Readings from Butte,
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supplying them is greatly appreciated.

DoMINION ASTROPFYSICAL OBSERVATORY,
Vicroria, B.C.,
March 7, 1955.



TABLE 2—1953 EARTHQUAKES

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Time Lat. Long. In- Remarks
GMT N. w. tensity|  viotoria HorBs:;hoe Alberni v HB A
o ? © ’ kms
15 IR £V S (6] R S e | EPIERp fth. | a0, Sretsr e, o N e i LR 7 o R R 96 | Probably west of Bowen Island in Howe
- Sound.

294 | Jan. 8| 05 26 04 475 124-5 IIT | 05 26 19-9 | 05 26 30-9 | 05 26 29-0 95 197 182 | In western Washington State.

205 | Jan., LY 5s ¢ sivsers, s 2 65 17 R | (- 8.5 b S | | [ K Sl Ll 1850 U.S.C.G.S. epicentre in Yukon, Mag
63 —6.

200 10080, . T8l xee s s sisre e fometems o ] ik R A i s IT (0419526 |............ 04 19 28-5 430 | Possibly northwest of Alberni.

2071 Al B3l o e rereonie i e A o TI 4} 15 29 (38T 'ES (20 Tan G LSRR Seb i8] BV Seme N 1 Probably near Seattle, Washington.

208 Jany A5 Foaeiaenn 48 37 124 18 II |07 00 51-3 | 07 00 59-2 | 07 00 53-7 84 Near No. 138 (1952) southwestern Van-
couver Island.

299 | Jan. 20 | 06 54 05 48 42 123 06 IIT | 06 54 11-2 | 06 54 18-5 | 06 54 29-1 34 78 143 | Waldron Island.

300 | Jan. 30 | 18 43 47 48 16 123 43 II 18 43 52-9 | 15 44 07-7 | 18 44 09-2 38 130 140 | Strait of Juan de Fuca.

300 1% Jari, ROl i b s oe odls s agior At ) S T 22 24 334 . 00 N 38 Strait of Juan de Fuca.

302 | Feb. 2 ]............ 48 42 123 15 11 17 41 30-4 | 17 41 38-6 | 17 41 47-4 23 77 131 Gulf Islands—Victoria P/S amplitude
approx. 2/1.

303 | Feb. 3| 11 18 33 50 18 116 55 111 11 19 44.7 | 11 19 37-3 | 11 19 54-0 536 496 608 | Felt at Ferguson, B.C. Epicentre near
Duncan Lake.

30421 Feb: T2 o somopon o ol onses st I o-va et o Sl S 01, S1.20 il iece B 1l GRHNEIERSORIINNG S o il L) Yukon,

3001 Feb. 12:i]. . ..t S oo Bl o ha oo o w gl ey ST L T R e el ot e Mt s e ot [ SR A WL | Yukon.

30614 Pebi 201 Co otz ot s bt S oo O L 1] D0 SR AT0 ] SN 00 52 16-4 113 Probably south of Alberni near canal.

307} Feb. .20 [..cxs:obeemal 48 39 123 04 II |05 16 38-7 | 05 16 46-8 | 05 16 57-0 31 81 146 | Gulif Islands.

308 | Peby 20 [...0cuamenetle ot oeod|ssnns o salsrntte §l s [ S 08 40 44-4 83 | Off west coast of Island.

309 | Feb: QL || ... ot ceamonis o8 48 34 123 44 111 11 26 39-0 | 11 26 50-6 | 11 26 52.7 25 98 111 | South Vancouver Island.

310/ Feb. 241]....coneee-Nouniiive il ook et v 19 40 30-7 | 19 40 42-1 | 19 40 52-8 128 243 293 | Felt in Seattle, Washington.

Sl Beby 2B criee s3] b e S L IT |],.01 59 0481 Ol RG0R1L L e e e o s« s o) May be near No. 310.

312 Feb: 25.. ... 0 0ms.t 48 38 123 07 IIT | 09 29 23-9 | 09 29 33-3 | 09 29 42-9 26 86 144 | Gulf Islands.

313 | Feb. 27 (............ 48 43 123 19 II | 20 44 37-7 | 20 44 45-8 | 20 44 53-9 22 76 126 | Gulf Islands.

o 5 S T e | (o e O (s e T 09 34 15-8 72

315 | Mar.. 4 s i o5 obeamerlt somaseaimks iy T 1L 187 B2 G DR. v MR 1o =Bt s e i L 11 Felt in Victoria.

16 Mar. 7 {...0K .00 0 aNTS R S Lot AR e < N TS . 17 02 31-4 58

317 L 'Mar., 74|, . 2858 . G0, BN RN T 7 2assi O AT e e e e e el 17

BIBEMar., 8.t vae Blei oo aerli R IT—| 06 31 41-1 | 06 31 51-7{............ 148 Near Seattle?

319 [ Mar. 8 |. .o e PN T N 114} 21 54 25-9 | 21 54 386 | 21 54 40-6 120 226 248 | In western Washington State.

320 | Mar. 10 {............ 47.5 123-5 II+{ 00 02 04-7 | 00 02 19-9./ 0002 16-9 |.........coov..... In western Washington State.

E 723 B 8 €5 R L ) R (e o e ¢ 4 i bt e Rl e L e 00 45 34-4 79

£961 ‘SAMVADHIYVI ISVOO ISTM NVIAVNVO

13



TABLE 2—1953 EARTHQUAKES—Continued

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Time Lat. Long. In- - Remarks
o ’ -] r kxns

322 | Mar. 12| 19 04 11 49 12 122 54 | III—| 19 04 24-9 | 19 04 16-8 | 19 04 33:2 83 31 142 | In Fraser River south of New Westmin-
ster, probably blasting.

32313 Mar., 13 coiiomnmni I i ams S HC R T [ 9630 S0 M e [T R e 14

324 | Mar. 14 | 00 58 23 49 00 122 12 II | 00 58 40-6 | 00 58 38-6 | 00 58 53-8 103 91 193 | Sumas Mountain, B.C.

328 1 Man., T7 1 coieine 550 oot henre ames SR e IS e S I L e Sh s ol gl s 06 01 00-1 10

326 | Mar. 22| 20 15 57 48 52 125 15 | IIT | 20 16 19-3 | 20 16 22-0 | 20 16 06-3 140 156 57 | Entrance to Barkley Sound.

327 | Mar. 23 | 07 03 08 48 54 123 44 II | 07 03 26-8 | 07 03 38-9 | 07 03 43-4 46 62 91 | Near Chemainus, Vancouver Island.

328 | Mar. 25 | 16 52 00 48 41 123 14 | III—| 16 52 04-6 | 16 52 13-0 | 16 52 22-0 22 77 134 | Gulf Islands.

B2l Mar BT R e QU | o, W A I R i, SN 22 37 51-8 14

330 | Mar, 280 oo aasia sl oo e R T - oo B o B b Ch | SR 48

331 | Mar. 31 ... . o e lo . S s A R g ol 13 O e A P T ) PR e il 12

352 [ April. Z]....... WPTIRE i o I i R O SRR 5. o : 00 27 41-1 72

333 | April 2 |07 58 33-5 48 35 124 18 II4| 07 58 46-2 | 07 58 53-9 | 07 58 47-4 73 120 81 | Southwest Vancouver Island.

A | Bpril B ... scnpeelbavnas Al T Boibiiaantel: s |t SR 04 56 26-9 72

SAT B Aprl. W oo oo ool st IR T [121 18 gasste. = r e s [ LY e 8

336 | April 8| 22 44 09-7 48 19 123 30 II | 22414 14-8 | 22 44 28-9 | 22 44 33-1 24 115 150 | South of Victoria in Strait of Juan de
Fuca.

8301 April W 1 ..o cicsinnimie ol omime s orae N SRR IOI-{ 0027 31-7 |............ 00 27 23-6 213 79 | Off west coast of Vancouver Island.

338 | April 10 | 11 06 27-8 [.........|c0eceeennn. III |11 16 52-7 | 11 07 05-3 | 11 07 04-1 168 272 242 | South in Washington State.

38 [ APl IB loi.aom oot a e Lo S S N == L 1B ERIBRDNR ol s e ol e e e 104

3401 April 15 ... .o vae b snnesiorcd IR R RERREE I [ 8 3841 - e o st oo tar e Ree et 118

341 | April 15| 21 35 33-5 48 28 124 37 M4+{ 2135487 |...cvuunnnn 21 35 49-4 89 94 | Entrance to Strait of Juan de Fuca.

822 [ April 29" | 0L 0SS A R e IR II |093601-6............ 09 36 19-6 137 290 | Probably in Puget Sound area.

a3 May B e e 48-0 124-3 II+| 00 44 38-6 | 00 44 51-3 | 00 44 49-4 92 174 145 Western Washington State.

ST BMay T4 L . ooon ol e onabasmm ot SR I JOr-al &F koS O Tt il. . « o il s Lot o iy +:5. 070 9181 Same general area as No. 345.

345 | May 14| 07 41 44 50 130 IV O 4282 f.coernnanss 07 42 36-3 500 371 | Off west coast of Vancouver Island,
U.8.C.G.8. location.

346 | May 14 | 18 27 41 50 130 IV [FIB@B 53 .5 faaes 18 28 37-2 518 405 | Off west coast of Vancouver Island.

347 | May 20| 23 14 23 50 130 IV- | 283'15 830, ..c.0ainn. 23 15 22-4 495 340 | Off west coast of Vancouver Island.

348 | May 21 | 12 29 51 50 130 IV 22031 DO<@njos ot s 12 30 47-1 490 375 | Off west coast of Vancouver Island.

849 I May 251 L. NG s s el o A i | R & P b 10 04 32-8 89

350: |- May 1. i somvman|erssetrmir i e | e e P E 04 38 13-9 76

351 | June 2| 22 07 58 48 45 123 39 II—| 22 07 03-5 | 22 07 10-6.| 22 07 15-4 28 75 105 | South Vancouver Island.

352 | June 41|00 11 03 48 35 123 32 II4+1 00 11 06-4 1 00 11 18-5 1 00 11 23-3 11 91 122 | South Vancouver Island.
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353
354
355
356

361
362
363
364
365
366
367
368
369
370
371

372

373
374
375
376
377
378
379

381
382

383

385
386
387
388
389
390
391
392

June
June
June
June
June
June
July
July
July
July
July
July
July
July
July
July
July
July
July

Aug.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Aug.
Aug.
Sept.
Sept.
Sept.
Sept.
Sept.

Sept.

11
16
19
27

11
17
18
21

22

26
28
29

| 10 26 22

............

............

23 37 32
17 53 20

13 55 07
09 48 34
08 13 3¢
08 57 45

............

05 33 10

............

..........

..........

..........

..........

..........

...........

..........

.........

..........
..........
..........

..........

......

IV+

-

Pl et e o et P bl el

18 48 25
23 30 03-5
23370555
17 53 27-0
22 52 23-8
No Time
No Time
No Time
No Time
08 13 37-7
08 57 51:6
22 29 44-7
08 54 006
10 18 32-4
10 37 05-0
10 38 13-0
17 47 50
18 49 08

05 33 27-7

10 27 17.3

11 36 25
23 29 26-7

............

06 15 45-1
18 32 52-9

............
............

04 30 43-0
04 46 24.7
18 44 46-7
23 29 32-8
00 12 38-6-
11 42 25-5
11 54 04-9

............

............

............
............
............
............

06 00 58-4
05 33 12-7

10 27 20-5

............

05 50 43-9
11 22 345

............
............
............
............

............

............
............
............

............

DY

............

18 48 13-0
23 29 435
23 37 46-8
17 53 36-9
22 52 23-6

............

............

10 18 22-4
10 36 55-8
10 38 03-3
17 47 28-3
18 48 50-1
06 01 15-2

05 33 28-7

10 27 06-5
10 54 13-4
11 08 31-3
11 36 11-0

11 22 49-2
06 15 56-9
18 33 08-9
20 37 24-5
23 51 12-0
23 23 03-1

............

............

............
............
............

............

14 36 43-8

BT
34 78 98
176 202 99
63 139 115
80 149 114
52 130 184
35 94 100
e
a5 330
""" 50 173
102 8 108
420 437 325
400 427 320
49 60 146
T

..................

.................

..................

..................

..................

..................

..................

..................

..................

..................

Probably off west coast.
Northern Vancouver Island.
Sechelt Peninsula area.

South Vancouver Island.

Off west coast.

Off west coast—Victoria S-P readable.
Off west coast.

Western Strait of Juan de Fuca.
Northwest Washington State.
Entrance to Puget Sound.
Southern Vancouver Island.

U.8.C.G.S. location.

Probably off west coast.

U.8.C.G.8S. location.

Off west coast.

Off west coast.

Due east of Horseshoe Bay between
Pitt and Stave Lakes.

Between Gambier and Bowen Islands,
Howe Sound.

Off west coast.

Same as No. 373.

Same as No. 373.

Off west coast.

Very close to Horseshoe Bay.
Strait of Georgia.

Probably off west coast.

In Olympic Mountains.

Nos. 382, 383, 384 are alike in appear-
ance.

Probably in Washington.
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TABLE 2—1953 EARTHQUAKES—Concluded

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Time Lat. Long. In- Remarks

GMT N. w. tensityl  victoria HorBs:;hoe Alberni vV HB A

° ’ ° ’ kms.

803 |'Baph, ‘13 l... vt oo nllo F e Tt O L TR o o ity SR T A AR AL L. o ce s e enies
304 | Bept. T8 1o oo gt fos s aae Mt - S S US RS T lautae to. a bicasiomoes s LB OE-STPE L e s
395 | Sept. 18 |iii snp oo drvae st o Bove vl M SIS S 0 o e porimpenas o bt oA BOHINRCERY 8 Qb i e eeie
308 | Saph. T L. wie crorenaie o I v waile Ao B0 SR L (PRl -~ 0L S A
307, | Septe BRiilacscac o vwon s g dheless ot s SRS = e To Jo 2 oo Formai A et B .4 [0y R ] SR o N SR
808 | Septc 28l i o od oy sfgdatsde Al S Sl b AP NP P A LD IR . i i o oA
300 | Seph BB [ e sme aas ik aaan i i Sl & A T - o camenet el s WU AT -0 190, o o2 Fatti oo &
400, | Sepl: 28 Fe.. .« 5 deiolie e atiern fels s el } i RPN e 0 L e 21 1002-9|..........
401 | Septe B0 i oo ii v i odii vk s sl de Tt ol et B 1 o S 16 B0 -8 1. . foie b ey i 123
409, 1 Sept. 20 1. oclcn atas ofs s Tassams flrastaapn {3 ]| [ RS | 16 31 15-1 | 16 31 15-3 210 211 | Probably south.
408 L Septs 80 L. .o oo s mamoff o e te it R S ) S W R e S 19 36 28-9 | 19 36 31-1 114 132
404 [ Sephe 30 |cusmsmseir ot anis maiiiie el Sa TS I foio insin o ik Frilosia sia 22 22 54-5 66
405 H00t= 1 X L oo os s s dinake snteianda LSS N ) o e N e 09 00 26-3 50
406 1 . Oat ' & - ocie dikie sidle s o 1o s pee B ifssms b e e A N S YR LI o 00 27 17-0 80
407 [ 0ete. ‘B ) oe itva s e shs oisler o Ralb il o.als L PR 06 11 'R)-9 /i % weomn s o 74 Probably in Sechelt area.
OR O8N s 3 svaie e ARA RS S I P 8 L (Ml T 07 43 30-9 34
409 [ Oct. 4] 19 41 14 50-0 123-5 | 01 T e A i 19 41 28-9 | 19 41 32-4 76 116 | Probably in Sechelt area.
410 Qe B Far s e oo o de el o5 as SIS T e an et adl s sals 2ot 18 59 49-9 72
411 1Oty DO | s amere aldelsislb 5 <t i |V il S0 Kl 500 ¥ B - el s orpomaa s 23 59 56-4 54
412 1 Qate. &L L - o oo dodidalics asodunhlimies i o j AN ST B, SRS, (e 11 44 41-0 94
433 [ Oot. MR kvt a8 o e3[R E36 o ot 0 1] S50 oo il ca 8 o ass sl 17 54 17-9 52
414, [ Ockiy 3B |, o 5 < g sl o2 St e 5 he's it e i AT R e [PRUISERR L 08 2% 0801, o5 <o mecton soms - Off west coast?
41581 Ot 1B | s sopecigt o s PORASING T T S b3 E] IOSTRE R T e 8 00 B || Gk aleed e o Off west coast?
CRTOR ™ S b 4 S I IR o I . o8 | A ST o Tl Ay N b e 15 26 58-6 460
417, | Oct; - 13 {. -5 00 ShiFecrd JolS o Fpo- e SREIT < ukae St B : ) A W e ) e 17 13 28-8 325
418 [[Ogts 06 J.v. . vaits Sl b e LI = | R Ry =P S e e 21 30 57-7 74
410.] Octc, 2 L. .50 s o for R e ool o | () SN RS S-P only 06 57 37-4 100 130 | North of Sechelt?
420 1\ Ootey Blykico v . toedfptas : cudp il s sve wEE ) QS AR et o 15 44 50-4 48
431 |1 Oetay 29 | gpaae o o Bt i S gt | N b (s ot 04 20 02-8 76
422 | Oct. 31 | 00 10 58-6 49-9 123-5 ) ¥ o (St 00 11 11-6 | 00 11 17-3 68 111 | North of Sechelt?
423 | Oct. 31| 16 29 43-5 49-9 123-5 THE et S 16 29 54-8 | 16 30 01-9 64 109 | North of Sechelt?
424 L Now.  Q [-aviec b @i ane sl s ot s IE s sieite, <lladhasitics emes 01 59 32-3 108
425} Nov., [ Bul. is.dms e o dfigg o s - JEaelgeoe 68 Brpm eIy | & B e 08 13 58-1 66
426 | Now, "4 Liiscoiinasslontsm el patniisan b * b L e 11 26 10-8 | 11 26 18-9 110 | North of Sechelt?
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427 | Nov. i R B (o e diw d d5k 2 'I ..... oo 16 o Pmelle Lls alls & WMFiare s @ 22 53 23:6 58

428 | Nov. 9 |....o.ooiiificoviciasfoniiovsae B 1 8Ponly |............ 22 09 319 84 110 | Western Olympics?

429 NQV. 18 Jasesdpinnedfardpdasd B8l ey 3 I ............ 10 25 50'7 ...... w0 S o 37

430 PR T ]t vinenoovalengs B resile s san s ;M PR e 1 S0 PRI g i K e R W i 20

431 | Nov. 33 |......... O 05 . TRV 0P et T s sk 10 45 3770 1. . 8 ORx. . | 13

A8 | NGV ST | 1t 5. me s [ rns g ot o P e 3 0 57T PO | N RS 22 53 18-3 316 | Off coast.

433 | Nov. 291235039 |..vcevviii]ivennnnnn. II | S-P only 23 51 07-8 | 23 51 07-8 86 172 196 | Entrance to Puget Sound?

434 { Dec. 1] 201544 | ....coviefiernnnnnn. I ['S-Bionly |[....% oot 20 16 056 25 135

435 | Dec. 4| 14 54 46 49:8 129 k7 (B M AR 14 54 51-5 | 14 54 34-4 375 | U.S.C.G.8. location, registered at dis-
tances out to 80°.

436 Dec. B leerersrseneslisiciindoibeccavaid 1] . S, 1 06 01 656 |.........5.. 58

437 || Ders: TDB || s cee oo oieive 20 faf il s asaocoml T RS S S R 08 05 33.7 370 | Off west coast?

438 | Dec. 121 08 28 36 49-5 139 I, [(O829 48:-94.5.....8. .4 08 29 28.7 430 375 | Off west coast?

439 | Dec. 12 | 09 47 27 49.7 1234 IIT T 09 47 36-5 | 09 47 46-5 50 116 | Northeast of Sechelt.

440 | Dec. 12} 12 20 18 49-7 123:4 I Jaere ks o 12 20 27-7 | 12 20 37-8 52 114 | Northeast of Sechelt.

447 Das: IR i o saiose sistofslsiemsiee ¢ sl ic e a6 I Pi7 200 |...concueir g T W N sy iy ¢ Off west coast.

442 | Dec. 16 |...... TR | Jp— N (A I B SEBOE . onns e iz trace A DI o G4 e b

443  Dec. 201 11 35 33-2 48-6 | 121-8 IIT 111 3545-81 11 35 48-8 { 11 36 01.3 70 190 | East of Bellingham.
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Canadian West Coast Earthquakes, 1954

BY
W. G. Milne

ABSTRACT

This report continues a series, already published, dealing with earthquakes on the west coast of Canada. During
1054 there were 178 earthquakes recorded on the network of seismograph stations in southwestern British Columbisa,
and of these epicentral determinations were possible for 87. The earthquakes located are plotted on an accompanying
map of the area. A list of the few earthquakes recorded on the Crowsnest Pass seismographs is included,

Instrumental changes at the Horseshoe Bay station late in 1954 are described.

INTRODUCTION

The seismological network set up in southwestern British Columbia in 1951 has
continued to operate during 1954. The Victoria station, which dates back to 1899, is
the central station. The records of the Alberni and Horseshoe Bay stations are combined
with those of Victoria for the purpose of locating many of the small local earthquakes
occurring in the immediate area. Three temporary units in the southeastern Rocky
Mountain region were added at Fernie, Coleman, and Turner Valley. A discussion of
the seismograph records obtained during 1954 at the six stations, is presented in this
paper as a continuation of the series of reports on seismic activity in British Columbia
given for 1951%, 19522, and 19532, .

DESCRIPTION OF STATIONS

At the Dominion Astrophysical Observatory near Victoria, the new seismological
station continues to be the centre of the network. The three-component short-period
Benioff seismographs, of variable reluctance type, record the local earthquakes. In
addition the Victoria station is equipped with Milne-Shaw seismographs for recording
teleseisms. A standard chronometer is used to place time marks on the record, and accurate
time control is obtained from automatically recorded NPG (San Francisco) time signals
whenever available. A more detailed deseription of this station is given in the report for
1953.

The Alberni station, which is serviced by a local operator, is equipped with short-
period Willmore-Sharpe seismometers. These drive Turner galvanometers, which in turn
record on a Sprengnether microseismic recorder at the paper speed of 60 mm/min. Time
control is supplied once a day by automatically recorded Dominion Observatory time
signals.

Until December 1st, 1954, the Horseshoe Bay seismographs were identical with those
at Alberni. During 1953 a new ferry service was inaugurated between Horseshoe Bay
and Nanaimo to add to the two services already operating from the dock, a few hundred
yards from the seismograph. Because of the very short-period design of the Willmore-
Sharpe seismometers, the record was disturbed for a period of two to five minutes when

1W, G. Milne and F. Lombardo, “Canadian West Coast Earthquakes, 1951”, Publications of the Dominion
Observatory, Vol. XVI, No. 3, 1952.

2 W. G. Milne, “Canadian West Coast Tlarthquakes, 1952”, Publications of the Dominion Observatory, Vol. XVI,
No. 9, 1953.

2 W. G. Milne, “Canadian West Coast Farthquakes, 1953, Publicalions of the Dominion Obscrvatory, Vol. XVI,
No. 13, 1955. .
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the ferry docked and departed. The Willmore-Watt seismometers, with periods of the
order of one second, were substituted for the Willmore-Sharpe units. One galvanometer
was installed with a period of 0-25 sec., and the other galvanometers with periods approxi-
mately 0-03 sec. The longer period unit eliminates most of the ferry and traffic noise,
but brings the system into the frequency range of microseisms. Many teleseisms as well
as all the local tremors appear on the records from the 0:25 sec. galvanometer. On the
system with the 0-03 sec. galvanometers, traffic noise still persists, but the record is much
less disturbed by microseisms and the earthquakes are more clearly seen. The new galvano-
meters have a very short focal length so the Sprengnether method of placing time marks
on the records was changed. Instead of using chronometer contacts to move a prism in
the light path and so shift the light spot, the contacts now close a circuit which supplies
a small voltage directly to the galvanometer. The spot is thus moved with a minimum
of relay stages in the system. As in the past, time corrections are obtained daily from
automatically recorded Dominion Observatory time signals.

Seismograph stations established late in 1953 in the Rocky Mountain area along the
southern British Columbia-Alberta border, have been used to investigate the rockburst
activity in the coal mines of the Crowsnest Pass. These stations have recorded a few
local tremors although their sensitivity is not high. At Fernie and Coleman the recorders
are in the mine offices. Willmore-Watt seismometers and recorders are used. T, is
approximately 1 sec. and T, is 0-25 sec. Standard chronometers are used and CBC
radio time signals are recorded when available. The Turner Valley station in Alberta is
equipped with similar seismographs.

The co-ordinates of the stations are given in Table 1.

TABLE 1
Station Latitude Longitude

o [4 ”n N o [4 ” W
Victoria 48 31 099 123 24  55-1
Alberni 49 16 14 124 49 18
Horseshoe Bay 49 22 39 123 18 33
Fernie 49 29:0 114 58:6
Coleman 49 38-1 114 31-2
Turner Valley 50 39 52 114 16 44

METHOD OF LOCATING EPICENTRES

When an earthquake is of sufficient strength to record on three seismographs, an
epicentre can be determined. Preliminary co-ordinates are obtained by using differences
in arrival times of P waves at pairs of stations. This position is adjusted to obtain the
best possible fit for the three stations, again using only the P phase. The distance to each
station, scaled from a map, is checked against the S-P distance to eliminate any major
error in the position of the epicentre. For all this work the travel-time curves for the
Canadian Shield* are used; curves more appropriate to the area have not yet been deter-
mined. Epicentres a considerable distance out of the triangle, and epicentres out of the

4 John H. Hodgson, “A Scismic Survey in the Canadian Shield”, Publications of the Dominion Observatory, Vol.
XVI, No. 5, 1953.



TABLE II—1954 EARTHQUAKES

Origin Arrival Times of P-Phase, GMT Distance
No.| Date Tioe Lat. Long. | In- <
' GMT N.- W [tensity |  yictoria H°",§§;h°° Alberni V HB A
L A h m hm s kms
TR 1 I €15 (R P (7 = | o B Tl o e 05 43 50-5 |...... o S| Sl S - .| Very close to Horseshoe Bay.
445 | Jan. 15|06 33 26| 48 20 123 40 DRI SRR T | SRR BT 06 33 48-2 28 135 Probable location southwest of
Victoria.
446 [ Jan. 15|23 39 20 |.........ifeeeeennnns IIY | Norecord | 23 39 27-0 | 23 39 44-5 15 155 Northeast of Horseshoe Bay, 2
approx. 15 kms. Z
447 | Jan. 16 |o..ee..nn... 49 1205 IV| SP=37+ | 2246184 | 2243 001 |oeevuuvernnnnn..... Off west coast of Vancouver Island. &5
448 | Jan. 20 { 08 28 24! 48 41 | 124 51 II | S-S P=93%5 08 28 44-9 | 08 28 33-0 65 On west coast of Vancouver Island. 5
449 | Jan. 20 | 11 57 35| 49 44 | 123 32 FE: s o s ! 11 57 29-0 | 11 57 52-2 107 Northeast of Horseshoe Bay. Z
450 | Jan. 24 | 17 49 20| 48 38 123 15 II | S-P=5-.1 17 49 35-4 | 17 49 43-5 91 137 Gulf Islands.
451 | Jan. 26 |23 10 55| 49 16 123 02 III | 23 11 11 23 11 05 23 11 05-0 49 60 North of Nanaimo. E
452 | Fef. 3|16 17 26| 48 53 124 50 II | 16 17 44-0 | (16 17 47.5) | 16 17 33-0 | 120 43 South of Alberni. L
453 | Feb. 7|10 40 39| 48 45 123 32 III | 10 40 43-5 10 40 51-5 .| 10 40 57-8 27 75 112 West of Saltspring Island. ]
454 { Feb. 20|23 42 19} 48 41 123 33 II+ | 23 42 22-5 | 23 42 33-1 | 23 42 38-0 21 85 116 Southern Vancouver Island. g
485 Feb:, "BR0F .. ice e fimad oo SHEBS S =Y Eilen. b5 J80 05 Syl I 1L s e S S0 L 3
50| Hel: 2B i cocinenepm il oot koo i L B, SR LR s e - e s gl e T SO S -
457 | Febe 28|+ cowooncons]s $0e .o fAIMALY 4 i BIE- B R TR | S e S B ) e ) o~ sy | SR PR PSR Y o R Off west coast of Vancouver Island. »
S50 PO B[l TR 20 Eln s sl - cta iy e dat EEE ) BT 2
4591 Peby 24F ... . hooanll ¥ ol EaE e Sed B ok o e DT s e e 21 29 06-2 |....... P i T o]
460 | Feb. 25 [........... 1 0es 2, Haner agi A il X SO L &
A6LIMEYT. B s cncoina s s ot TG T i f | PREES Em s o f S PR TR F 0 R A TR [P S s Very close to Alberni. E
462 F Mar,. - Bills. o o AR WD RN o IS S 0 i el -y R L iy ety S T g e | Very close to Alberni.
463 [IMar. "4 L ..o oo el 88 e e e il b AR LR 2 T LY ) S U | @
464 [MAr, T 5 s « o aoet 49 02 | 123 54 II | S-P=7%9 23 28 44-9 | 23 28 47-1 62 65 72 Southern Vancouver Island. >
465 | Mar, T8 s idaus 4 49 42 124 04 I s 0. T 13 09 40-6 13 09 41-5 71 71 Sechelt Peninsula. R
406 | Mar. DO, oo coaostlbes mooe s h e cas At 1T |40085.07:0,| 003521 =2l cooiosy 95 Horseshoe Bay is likely an S read-
ing. Direction is southeast of
Victoria.
467 | Maf: 1 (5 v s sasie s Slbeaes ot sbIEE Naa Ak TE g e 19 82°56-81.........0acsn e ol
468 | Mar:. 32.]... o= N, e o Ry L 110417 19:.414{........ g Bl TSRO o 70
469 | Mar, B2 1. . duaiome oolb|e o s ool SRS L) IL 1 1438 4874 i . o oroin's v dlvsao s S motidlire o & o oarow Enidienacofs (Seattle 14:35:47), probably off
® Coast of Washington.
470 ['Mar. 129 ... memrmlbrassiom S II | 20 38 45-8 | 20 38 43-7 |[............ 120 Probably in Mission area.
471 | Mar. 13|00 04 50| 48 53 124 49 II4+ {0005 08-8] 0005 11-0 | 00 04 57-3 | 112 126 43 South of Alberni.
472 & Mar: 16 Il « ¢ oo meimesan or Tt es 8ot IV | 1556 440 | 10 66858 LT 165704 . K. .ooeeenicionucnonas South of Seattle (Seattle 15:56:29).
473 ) Mars: (T8 ks oo v Fodi MU FE2E 30087 [ o tresfonasee s g ) | SRR SRR 5‘




TABLE II—1954 EARTHQUAKES—Continued

Origin £ i Arrival Times of P-Phase, GMT Distance

No. Tim Long. . Remar!

Rl SN - W' |tensity| victoria | Homeshoe | memi | v HB A 5

b RN G hm s hm s kms

474 | MAEE; B2 . o o o aihihibas amtre o = e h8 T LN S AR - 00 T TS T s e R | (e SRS S E Y TR TR N S Probably off west coast.

AT MaP: ZB-« e o itione oo fume il oo |8 i G s S S 1740 04-0| 1740075 |............ 131 Probably east of Bellingham.

476 | Mar. 25|21 16 35 48 14 123 40 IIT | 21 16 40-9 21 16 56-4 21 16 58-2 36 131 140 Southwest of Victoria.

477 | Mar. 25|21 31 00| 49 17 123 45 IIT | 21 31 15-1 21 31 06-8 | 21 31 132 90 37 78 Gulf of Georgia.

478 | Mar. 30 |05 29 18| 48 55 | 123 16 IIT | 05 29 25-3 | 0529 27-1 | 05 29 375 46 51 120 Gulf Islands.

479\ April, "E|c ahcns BRalles st kb s AN L e U ST g e PR N | L e e

480 | April 4| 12 42 29 48 31 124 32 II1 | 12 42 42-8 12 42 51-0 12 42 43-6 84 133 87 Entrance to Juan de Fuca Strait.

481 { Apel Wl %8N 48 129 VI [1928 5y 1es. ok oot e T e R R R S U.8.C.G.S. epicentre.

482 - 'Aprll 5. ... .0 ae. 48 128 Yo 110985 Bler |4 0L it D i LhE s T S AR U.S.C.G.S. epicentre.

48301 Aprll 1B B XL BN 48 129 (7) IVi [ IedRia [b ot AT L ot e o« SRR TR Off west coast.

484 | April 9 ..... BB = oo [ mb ke ] B ea RS I 100 BB 08l ] o s dess v o U1 Sl 20 Southwest of Victoria.

485 | April 12 BB ; § 3o Bages 49-2 122-1 IIT | 23 32 10-6 | 23 32 05-2 | 23 32 21-6 125 91 199 East of Vancouver, epicentre only
approximate.

486 | April 15 |............ 49 22 120 35 IV |19 20 10-2 19 20 08-8 19 20 24-4 | 222 197 320 South of Princeton, B.C. (using
S-P values). Seattle readings
fit well and this tremor was
recorded at Butte.

487 | April 15 |............ 48 56 | 124 42 B {9330 47515 ity 23 30 36-3 | 107 38 South of Alberni.

488 | April 22]...0.. 0.0, 48 13 123 41 II | 19 28 49-6 19 29 04-9 19 29 06-4 27 131 143 Strait of Juan de Fuca.

480 MY B L. o e o | Ee B s o R O IV | OE43:8347 |- oo it ip [t e = e 150 Felt in Tacoma, Wash. (Seattle
P =01:42:40-0).

4001 ] May B[ .28, S0, SR is s o Teere s T irecom®/fogdedl: . 4 n Bnds. 1 T S G

491 | May 30 8. 2. .55 sl 50-3 124-7 50 o | g S 05 11 19-4 | 05 11 15-0 142 116 North of Powell River.

492 | May 14 |.......... ..|] 48 25 | 123 42 Hi [ 10008389 I8 . e, 19 06 37-8 20 130 115 South Vancouver Island.

408 Mar IENE. .. s 47-4 122-5 VI| 13 02 32-9 13 02 45-2 1 ot O SRR T L Puget Sound epicentre computed
by Professor Neumann.

404 LiMagy 15 . .2 0. e ao b s e IL P37 39 20:0 1: - . s omen o s BEco it s o 127

495 | May 19 |............ 49-8 124-6 B} sl e 18 39 55-2 | 18 39 47-8 108 63 Texada Island.

408 [ 'May 19 [8. . A0S 49-9 124-7 Il .. 58 . 23 02 46-0 | 23 02 39-0 76 North Strait of Georgia.

497 | May 20 |.......... e [ T | <l g V- - g8 T e A RN e R B =0 T | - SO N Very near Victoria.

498 HMay 2118, o . S e S Al e 11400443 ] .0c0ciailvaesi DRI T-M L. . L. e v ees These seem to be the same event,
but their arrival times do not
permit an epicentral determina~
tion.

400 | May Bt B. .o 0 R oo - L3S Lo ovovs s PR O AR . o AR w0 B L
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501
502

504
505

507

508
3509
510
511
512
513

514
515
516
817
518
519
520
521
522
523
524
525
526
527
528
529
530

531
533

534
535

May
May
June
June
June
June

June
June

July

Sept.

Sept.

26

10
18
20

............

............

............

............

............

............

............

............

............

............

............

see

............

............

............

............

............

............

............

..........

..........

----------

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

“coe

..........

..........
..........

..........

..........

..........

..........

..........

..........

............

..........

..........

III
III

II1
I

i -

12 47 29.7
22 34 226
07 58 48-4

------------

............

............

01 13 07-5
04 56 36-1

............
............
............

............

............

............

............

12 47 40-2

..............

..............

..............

see
..............
..............

.....

..............
..............
--------------

..............

..............

..............

..............

05 04 33-2
12 16 20-7
S-P=1187

..............

..............

..............

..............

............

............

SR Y- QG IR S

BRNRS285EL
BESERERARN

............

............

............

............

97 160 116
49 155 175
...... 60
195
145 250 300
205
97 12 119
62
9%
182
110 95 225
8 56 62
200 93 127
80
55
95
2
15 8 129
31 112 118
85
150
55 58 143
78
32
50
20 9
. o
55
72
76

In Olympic Mountains.
Very near Victoria.
South of Port Angeles.

Felt in Seattle (Seattle 15:09:51).
(Seattle 19:20:34). Epicentre near
Seattle?

Very close to Horseshoe Bay;
perhaps a blast along the Capi-
lano River.

Off west coast.
Off west coast (Seattle 04:56:47).

Queen Charlotte Islands
(U8.C. G.8.).

Abbotsford area.

Near Nanaimo.

North of Sechelt Peninsula.

Gulf Islands.
South Vancouver Island.

Very close to Victoria.
Northwest of Alberni.
South Gulf of Georgia.

Very near Horseshoe Bay.

Probably in the Gulf Islands area.

Probably in Guif Islands area, very
weak records;

Northwest of Alberni.

Seattle 12:42:27, epicentre under
Strait of Juan de Fuca between
Victoria and Port Townsend.
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TABLE II—1954 EARTHQUAKES—Continued

Origin i Arrival Times of P-Phase, GMT Distance
No.[ D Ti o
wte GMT NSt | Viotoria | Hogeshoe | amemi | v HB s
hm s hm s kms

Sagl Sant. @ THAT 88 2081 ¢ e Rl o i 15

537 | Bephee 8 kB il S0 TUN 20 3D 41T 1, ¢ oo oo o] ik S N 75

538 | Sept., BB U a0 s X | 2080 838N I S SN L B S Ll s ko ool

839 | Batt., S s o8 a5 XD | 28 00 B0RE 12 oo sas smimns < 23 01 11-5 65 Southeast of Victoria.

BAOL! Septe, Ak usumiiy I | DIFLew R 1oL o 8o s o 01 16 39-0 27 South Vancouver Island.

541 ) Bepte, ‘4 Y%l aa. a0 I 07 18 84:0 L oo e siaapie » 07 13 53-3 65 Southeast of Victoria.

BT | Septs, @HLE SR Sl L L0 D . e e B e Ul .. Te Rt

840 Sept. 4050t I]201542:0/| 2018857 |iuveecnnonns 33 105 Gulf Islands area.

58 |Bapki Elkiseiovnos HIY) 21 48'33°3 15 . .oocevriaon 21 49 11-1 175 Off Barkley Sound.

585 | Bapb - § 1. .k aeiases THAE 1T 088 L . o oo e oo [t Y. T 35 Probably two earthquakes.

546 [ Sept. T [............ T 08 62 B84 1. sroe 5 sppioind fo Lo WLE-H i 65

3401 Beits 1T % ap - irys b TN 05 A1 SBBT 5 cocie oo wine o ke . N ol a0 75

848 Bept: 1L |, . oisiane s ~ kN o s e b 4 o0 B L SRR 08 27 50-2

SAR 1 Bept. 1B ld it vnnenn II | 20 53 507 |....... e P 20 54 06-7 63 Probably south of Port Angeles,
in Washington.

550 | Sept. 15 [........ A TIT | 03 37 34-0 | 03 37 349 |............ 148 152 East of Mount Baker.

551 1 Bept: 1G]]0 .5 ezns I}065326-8]1........ o e 06 53 46-7 65 Probably south in Washington.

o T B 7 | PR, - i S 1S ...] 20 38 14.7

553 | Sept. 17 ]......... et ERE. . o e el e b o) 21 53 29-6

6ad | Sept, WS ooy BN O IR alie3IRS. | o anannt 03 23 32-2 130 Off Barkley Sound.

555 | Sept. 20 [........ o I LOTOTRA0ET o o < i b v v 07 07 06-9 75 South central Yancouver Island.

856 | Sept. S THe. o0 i T3 122 B 2T FN csss siws s pos 22 32 43-6 55 There seem to be at least three
and perhaps four local shocks
within the space of a minute.
The first only is located.

557 [ iSeph: BN . covinovee il | FETSNR| | PR B il At | SRR, | A

558 | Sept. 24 |.......... ¢ BE s 20 50 13-3 | 20 50 06-9 120 93 Victoria recorder stopped; No
epicentre location is possible.

S| (Bept BBY. ..o 0essss IIT {08 18 16-2 | 08 18 11-5 | 08 17 59-5 | 123 95 Northeast of Alberni.

560 | Sept. 25 |...... e L e ot o IR o e o dy o 2202105 |.......... vesessees.| Felt in Alberni.

561 | Sept. 30 [........... 1(180626-0]......... R e 85

SR A08. Ao sonina IV T e Bpier i vy = 19 30 25-8 |..... St ok NS

563 | Oct. 4 59wl s LB 2321 51-4{..... B T -

8"
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7961 ‘SIMVADHIYVI ISVOD ISAM NVIAVNYD

(- 0 (0 T R TR AR 49-0 126-0 IOL | 1301071 |..concuiecones 13 00 49-2 100 Horseshoe Bay record very weak.
| Epicentre probably off Barkley
Sound.
565 [ Oct. B 1..coceevanse B et AL Al ] e R v s s 2 e ol <R ) O I . P
568\ Qcts 7 lsosemmsmsans o e 03 By e e - ST T -3 14 14 19.7 165
567 | Oct. 11 |..... i O S PR | B s St j 1 B S = R N 02 52 29-8 55
B68:1_Qct, IF e antes 48 17 | 123 34 I1 | 19 33 23-8 | (19 33 43-6) | 19 33 41-3 32 125 145 Strait of Juan de Fuca.
569'] Oct: 13 |.ccccinpaoss 48 17 | 123 34 II | 21 49 09-7 | (21 49 28-9) | 21 49 27-2 32 125 145 Same as No. 568.
57 Oct. 151, cciaivad o e s 3 L N R A TR R (S e IS AB @881 Shan oo geb. . wiwe - 0t
ST Qtt. “TOR]. oo cans e enm S TY=Th | e bl I 0226083 [-..ccvvvnnnnn. 02 25 44-2 155 Probably off west coast.
§72.106t 9 |oiviwsaissagls PG | (RO | I (T s S e 21 03 53-1 80
Sy T ()1 U RRCRPRETIN | [EE TR o | P, &, | | A7 i1 | ISR TR N | TR 06 50 30-8 65 Very sharp on Alberni record.
574 | Oct. 27 |............]. TR B plans | o151l chomemina EL {39 6580351, ot ode U8 g | 5 o 2 - - 120
570 1/ Qcty R8I i chmaeralle s o &bt L] AP 5 b I Loty 5% @it s B3 - Saaton | st | P T T N e A ¢
576 | Nov. 1]06 33 53| 48 54 | 123 55 II )06 34 02-0 | 06 34 04-5 |- 06 34 05-3 o (R S ¢ South central Vancouver Island.
577 [ Nows ' B foi it s s sty i et E IT | 01 52 00-9 |.......... gt [ e oI B2 - 102 f
578 | Nov. 210........... | IR || e e II [ 07 44 05-5 | 07 43 54-1 | 07 43 40-1 155 | Victoria P very weak. Probably
off west coast.
BT 1 Nows: 1 1) o ione wmisibis Bl st b | (RS ¢ Hiltg. . sacs 01 05 gl 23 54 29-7 80
580 | Nov. 3 |.....o.....n] 48-4 123-0 ~ IIT .05 35 26-0 | 05 35 38-5 | 05 35 46-2 40 115 200 South of Gulf Islands.
DEL | -NOVE ¢ B, ¢ o0 oo s aimiarsmille simtors oo ot ar o braearsdm o . II{105440-0| 10 54 532 |............ 70 162 Probably in Puget Sound area.
582 | Nov. 6 [........... | O S, | () TS ! | 11102 200 FF3M: s St omxian 15 8 i 15
583 | Nov: 6. ce sewmeso 49-3 122-3 JI )16 39 48-7| 163939:2 |[............ 115 60 Victoria record weak. Epicentre
probably between Pitt Lake and
: Stave Lake.
584 | Nov. 802 52 29} 48 40 | 123 11 III | 02 52 31-7 | 02 52 40-6 | 02 52 49-8 16 87 135 Gulf Islands area.
BEY I NOV. "B .o cuwmb ool st teeseeeia I 0020524 0021 10-8 | 00 21 13-4 92 Records are weak, except for
! : : Victoria.
686 | Nov. 9 1....cccimoomn]sbailise e 4 e ST T | I 129 56: 301 |.an fviar-a. L I nknl.n 19
S8 1" Niowe, . B o smendde 3 (e T e | 3, TR e 1 X g e - B g ¢ IO ) P T & 22 15440} 174 270 Seattle 22:15:43. TFelt at Ray-
: mond, Wash. Seattle reading
i J probably S.
GuB' [l Nows U2 [dudtnie: sy 49-4 122.8 II+ | 21 59 546 | 2159 42-4 [ 220000-7| 114 39 152 Directly east of Horseshoe Bay.
589 | Nov. 12 |............ 48 18 | 123 33 IOT | 23 31 17-4 | 23 31 32-3 | 23 31 35-7 30 125. 144 Southwest of Victoria.
590 | Nov. 13 f........... Y OO S | - IO S B SRR T3S e o R s ek s ke '
501 | ‘Now:, 20 1. o sespendin 48 51 |123 15 IIT} 10 13 08-5 | 10 13 07-2 | 10 13 21-0 41 58 124 Gulf Islands area.
592 | Novww 28 |iciisosan s X . (o5 e S T A A El o o e 35 Very close to Victoria.
593 | Now. 29 J.....500..... 49-2 122-4 I1| 1448246 1448 18-8 f............ 94 7 Probably south of Stave Lake.
594 | Nov. 30 [.......... R I 5 R H 02033 RF-B } oo brtanstimoreiilo S A 107
6595 | Nov. 30 ].......u.. PE IErE T oY 0! bes v o e IX 103 ‘geriraiiomm I e daage, 2. 3. 38
598 I'Dee, 1 [i..mm hboae 48-6 121-9 §  IX}1225447.7] 2254506 {............ 125 East of Bellingham.
597 | Dee. 2 |........:. . | o R B0 TR T R I SO e 80 -
598 | Dec. 214.......... ..] 435 125 e Qi ) BRSO (I e e R i IO I ««} Off coast of Oregon.

6%



TABLE II—1954 EARTHQUAKES—Concluded

Oviain e Y o Arrival Times of P-Phase, GMT Distance
.| D Ti = x
e B e GMT N. W.' |tensity| victoria | Homeshoo | amemi | v HB A iy
. Pla hm s hm s kms
509/ Disc:™ AL S, g 48-6 121-8 II | 22 50 54-1 SRR U0 e s s AL i . - cremes o s ¢ East of Bellingham,
600 Det " FH ... oot een e lloe o Toh . o AR HI-| 021836564 - 08 VBRI a5 e o i statais + « o 5l5pe o 0-comrome ¢ Probably same area as No. 601
below.
601 | Dec. 3|08 46 02| 44 127 IV4 | 08 47 26-0 | 08 47 35-9 | 08 47 31-7 |...conviirrnnnnnnns Off coast of Oregon.
602 | Dec. 3119 09 02| 67-5 1+ Y PRI M P S e S S  —a -0 5 D S - i Yukon (not recorded).
608 | Dac Bll.o i e 49-6 124-8 Tl v =y | 00 01 43-8 | 00 O1 23-8 116 55 Not very reliable epicentre.
T T S - (RS [ v ot L B e 01 49 33-3 | O1 49 30-9 67 33 Probably northwest of Nanaimo.
80041 ‘Desn Tl oY T 49.8 123-9 ) PR S 22 08 04-2 | 22 08 09-6 62 Jervis Inlet area.
806 Dec’” Bi|..00. 57, .54 48 39 123 07 II | 18 39 58-4 18 40 07-1 18 40 16-8 27 84 105 Gulf Islands area.
BTN DB Bl T e el ) 0 1 T Ed IR T A e e e S | PR R
BB Diae.: 1103, 5 s emaldh ciae ia . sd BT e ST I |10 58 47-7 S SRR Wl 26 v o abae. | B iiae o o o B B o 4
609 | Dec. 111........ oo v ild. AL, LS R T 11100 53-2 FHHOEEDEADT (s 5= o 555 @ Slths s@mage: o 5 m@e s s sos e
SIONIEDE0Y YL G. . .o Al it oo v L . By AT 1T P T S e SRl i R L oT I A P RS
i [ R )~ S N | | SRRl A || 1 Sty e 1| LIl . . ascten e ot ol o ot s e gl o wEme oo
S1dH Dee. IEN... ..V 00 . A IR TR A I1|120121-3 B GR  LL B . s b il - s b s o s o 0 mimis S
SIFN el LR, .. o i s i s o e R e I(121502-7 EE AN AL . = e B dws s ssins s o oot -
814110 THEL. .. .. o s B e R TS TR 27 -5 5 T O B e e e ie by saei s+ o = & e iawimre, o
[0, M TR b G | $= ot | A s Il 1206304 1006308 |l icaim—tlontltee cosanosscosssianes
SN N8 Il .. sl Ee s B e e . I]13 08 10-9 IV TN B L sml s an mnakes oMMtk ¢ 5vo510 ¢ o6, imw s o'
G 'Deer AXRL bt 33, )i o R L . o II | 16 05 13-8 A L R PSP R P e
SR Dider TBRII. ... . ... it S0 i Ay W I1{0031080] 0031175 [|.....c00.un. 40
(2751 iy i 1 e | | L el || II | 12 03 46-7 12 04 02-9 1204 004 |..... e o an ey ...| Probably south in Washington,
very weak,
L ] R | | B R s I|123652-8] 1237 085 |...... BRI o 45 3 o W o Very small.
G2 DEE ZAH ... ... L e - R 18 00 52-5 18 01 08-9 62 172
e gL 48 128 II1 | 01 32 30-1 | S-P=43%6 01 32 16-4 | 372 438 310 Off west coast.
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triangle but close to any one station are not precisely located, and in these cases the
epicentral co-ordinates are given only to 0-1 minute of arc. Epicentres termed “off the
west coast” fall into this category as well.

In a few cases, co-ordinates have been given for epicentres where only two stations
have recorded the disturbance and no trace of the earthquake can be found on the record
of the third station. From the records of two seismograph stations only, there are two
possible epicentres for one event. Of the two, that epicentre more distant from the third
station, at which no disturbance was recorded, is listed as the true origin.

Seattle readings, supplied by Professor Neumann in his regular bulletin, are often
combined with data from the stations of the southwest British Columbia network to
obtain an epicentre. Hungry Horse readings, supplied directly through the co-operation
of the United States Coast and Geodetic Survey and the Bureau of Reclamation, are used
to supplement the readings of the Crowsnest Pass stations. Dr. Nile at Butte frequently
contributes his readings for stronger tremors. Provision of these data, which make epi-
central determinations possible, is greatly appreciated.

Table II lists all the earthquakes recorded on the southwestern British Columbia
network during 1954. The co-ordinates of the epicentres that have been located are shown
in detail on a map of the area. Table III lists those few tremors recorded at the Crowsnest
Pass stations. In no instance were the stations well enough placed with respect to the
tremors to permit epicentral determinations.

The values of intensity given in Table II are only approximate. They are intended
to follow as closely as possible the Modified Mercalli Intensity Scale of 1931, given here
as Table III. For the earthquakes that are felt, the value of intensity given is reliable.
For those earthquakes that have a magnitude listed on the epicentre card, the intensity
at the origin can be determined. For all other earthquakes, the intensities are estimated
by comparing the amplitudes recorded on the Benioff seismograms with those recorded for
earthquakes that have been felt. Personal observation indicates that such estimated
intensities tend to be too low.

TABLE III
MODIFIED MERCALLI INTENSITY SCALE®
: (Abridged)
I Not felt except by a very few under especially favorable circumstances. (I Rossi-
Forel Scale)
II Felt only by a few persons at rest, especially on upper floors of buildings. Delicately
suspended objects may swing. (I to II Rossi-Forel Scale)

III Felt quite noticeably indoors, especially on upper floors of buildings, but many
people do not recognize it as an earthquake, Standing motor cars may rock
slightly. Vibration like passing truck. Duration estimated. (ILI Rossi-Forel
Scale)

IV During the day felt indoors by many, outdoors by few. At night some awakened.
Dishes, windows, doors disturbed; walls make creaking sound. Sensation like
heavy truck striking building. Standing motor cars rocked noticeably. (IV
to V Rossi-Forel Scale)
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V Felt by nearly everyone; many awakened. Some dishes, windows, etc. broken;
a few instances of cracked plaster; unstable objects overturned. Disturbances
of trees, poles, and other tall objects sometimes noticed. Pendulum clocks
may stop. (V to VI Rossi-Forel Scale)

VI Felt by all; many frightened and run outdoors. Some heavy furniture moved; a
few instances of fallen plaster or damaged chimneys. Damage slight. (VI to
VII Rossi-Forel Scale)

VII Everybody runs outdoors. Damage negligible in buildings of good design and
construction; slight to moderate in well-built ordinary structures; considerable
in poorly built or badly designed structures; some chimneys broken. Noticed
by persons driving motor cars. (VIII Rossi-Forel Scale)

VIII Damage slight in specially designed structures; considerable in ordinary substantial
buildings with partial collapse; great in poorly built structures. Panel walls
thrown out of frame structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned. Sand and mud ejected in

small amounts. Changes in well water. Disturbs persons driving motor cars.
(VIII+ to IX Rossi-Forel Scale)

IX Damage considerable in specially designed structures; well designed frame structures
thrown out of plumb: great in substantial buildings, with partial collapse.
Buildings shifted off foundations. Ground cracked conspicuously. Under-
ground pipes broken. (IX+ Rossi-Forel Scale)

X Some well-built wooden structures destroyed; most masonry and frame structures
destroyed with foundations; ground badly cracked. Rails bent. Landslides
considerable from river banks and steep slopes. Shifted sand and mud. Water
splashed (slopped) over banks. (X Rossi-Forel Scale)

XI Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad
fissures in ground. Underground pipe lines completely out of service. Earth
slumps and land slips in soft ground. Rails bent greatly.

XITI Damage total. Waves seen on ground surfaces. Lines of sight and level distorted.
Objects thrown upward into the air.

DETAILS OF PARTICULAR EARTHQUAKES
Princeton, April 15, 195/

An earthquake, strong enough to have been recorded as far distant as Butte, Montana,
was centred south of Princeton, British Columbia, on April 15. There were no reports
that the earthquake was felt, probably because the area is sparsely settled. The epicentre
reported in Table IT has been computed from the Butte, Hungry Horse, and Seattle readings
together with those of the Canadian stations. Its intensity is listed as IV.

Victoria, May 16, 196}
A few residents of Victoria and surrounding municipalities felt an earthquake at 5:02

a.m. PST on May 15th. The maximum intensity felt at Victoria was estimated at II.
No damage was reported. There is no indication that the tremor was felt on the mainland

8 H. 0. Wood and I, Neumann, “Modified Mercalli Intensity Scale of 1931”, Bull. Seism. Soc. Am., 21, 277-283.
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south of Vancouver. Professor Frank Neumann, of the University of Washington, in a

letter places the epicentre in the Vashon Island area southwest of Seattle. His estimate
of the focal depth is 50 to 60 km.

Victoria, September 24, 195/

One person in Victoria felt a very slight earthquake in the city at 12:50 p.m. PST on
September 24th. It is likely that this corresponds to earthquake number 588 of Table II.
The epicentre is probably under the Strait of Juan de Fueca, southwest of Victoria. On
the following day, one very slight shock was felt at Alberni at 14:02 p.m. PST.

Crowsnest

The local earthquakes recorded at Coleman and Fernie for the last few months of
1954 are listed in Table IV. Prior to September the instruments were running at a reduced
sensitivity, and part of the time they were not operating due to mechanical difficulties.
The few earthquakes that occurred during the period are all very small, probably of the
order of II or III on the intensity scale. The epicentres lie a few miles either northwest
or southeast of Coleman; quite close to the high ridge of the Rocky Mountain range. A
few were strong enough to have been recorded on the Benioff seismographs at Hungry
Horse.

TABLE 1V
CROWSNEST EARTHQUAKES

Date Time (GMT) Station Distance Remarks
o o ] kms

Sept. 9 18 07 Coleman 220 Possibly northwest of Coleman

Sept. 10 20 28-8 Coleman 40

Sept. 24 07 30 35 | Coleman 27 Hungry Horse 07:30:54; epicentre north
of Coleman

Sept. 24 23 02 13 | Coleman 15 Hungry Horse 23:02:40; epicentre south
of Coleman

Sept. 28 20 19 49 | Coleman 31 Epicentre near Fernie?

Oct. 20 13 41 16 | Coleman . 9

Oct. 21 00 16 54 | Coleman 8

Oct. 29 05 22 52 | Coleman 31 Hungry Horse 05:23:16; epicentre north
of Coleman

Nov. 4 21 38 34 | Coleman 31 Fernie, distance 40 km; epicentre north-
west of Coleman

Nov. 20 22 19 17 | Coleman 19 Hungry Horse, distance 106 km,

Of the West Coast

In reports on earthquakes in British Columbia many of the epicentres are placed “off
the west coast”. Some of these epicentres are just a few kilometers west of Vancouver
Island at approximately 126°W and 49°N. There are also many more, and apparently
stronger tremors around the area at 130°W and 49°N. Many of these are reported on the
United States Coast and Geodetic Survey epicentre cards. For the years these reports
have been published the general trend of such epicentres is along a line striking some 40°
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west of north. It appears that this line of epicentres is in itself a zone of activity quite
separate from those epicentres near Vancouver Island. Projected to the south this line
passes near the many epicentres off the coast of northern California, and projected to the
north it passes through the origin of many of the strong tremors associated with the Queen
Charlotte Islands.

DISCUSSION OF EPICENTRES

The earthquake epicentres for 1954 seem to fall within the regions where activity has
been reported for the previous three years. One of the most striking features appears on
the map on which the epicentres for the four years have been plotted. A line of origins
extends from Nanaimo slightly southeast to the Strait of Juan de Fuca. Although this
line is well defined, it is not in agreement with the direction of faulting in the area, as
indicated on the diagram.

Again the Gulf Islands area is very active, but for small shocks only, during 1954.
A few of the epicentres are scattered into the Gulf of Georgia whereas in the past they
were all very near the Islands. These two regions make up the area into which the majority
of epicentres listed in this report fall.

The three seismographs have recorded several shocks whose origins are under the
Olympic Mountain range, an area of very rugged peaks some 40 miles south of the Victoria
station.

Off the west coast of Vancouver Island, two lines of epicentres seem well marked.
Three tremors were recorded off Barkley Sound, in an area which was the epicentre of a
strong tremor in 1918. Two epicentres lie in the general area of the June 23, 1946 tremor
in the north Gulf of Georgia, the first to be recorded in that area since that date. The
absence of shocks for the years 1951-1953 is surprising for the 1946 tremor was very strong
and its aftershocks could be expected to continue for many years.

The Powell River-Jervis Inlet area again has been the origin of a number of small
tremors. Several small earthquakes have origins in the mountains lying north of the
Fraser River and extending from the coast to the Fraser Canyon. The Abbotsford-
Huntington area was active in 1954, but the tremors are smaller than in the past. One
shock south of Princeton, although the first recorded from that region since this network
of seismographs was installed in 1951, is in an area which was believed to have been active
early in the century.

The number of earthquakes recorded during 1954 is consistent with the results of
the previous three years. The intensities seem to be less for those tremors based within
the populated area of the province. Again, the strongest earthquakes are those some
~ distance off the west coast. No tremors were felt generally over any considerable area,
although the one earthquake of May 15th was reported as being felt by many persons in
Victoria.

Dominion Astrophysical Observatory,
Victoria, B.C,,
May 26, 1955.



VANCOUVER

1SLAND

2750 @576 ®32
45209471 wn
m e F‘ULT
“an
-
~N
~
~
N
5 4
~ — i
~ @356 351@ *
4 -
N, 313 ,/
e sza 299{
zeo e U
ass e g 454 ‘. ='333
‘ o7 128 zl b3 ‘{
1 52.:02 584 oeoeomv
o N l' 6t >
s | 59
~
@298 FA“";M M VA A am e \l:. % } &
0156 on v e 1 i 3520 ! \
i o 9333 @309 \ ', Q
o2 \\\ | \
@274 T “a \
o ®480 FAULT A AWM " \
= AN MM A A e k
gk i M, VICTORIA
—o 3 e s \
Sy 2 W
Sy, @540 ®8s o // >
PN es22 @452 Z /
~lay
D¢ //
’
’
445 ois8 /
; @
b @336 ’ ::g
e 0589 N
e g o368 g
0 S:D‘\\ 0300 g0 °°° I
*9.A, - — i
1951 -54 N st
@488
EARTHQUAKES
500 o361
s 10 15 20 MILES
ll24'3o' }‘2" luas'w




1967
%.%s Sutey,
& 4,
g 2.
a Ju
& %
s =
rw -
5 ]
-1 =
c -
3 m
5 o
x &
o o &
%, -7
%, a,.ra.
foo





