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ABSTRACT 

ln September, 1953, seismographs 
were installed in the Crowsnest Pass 
area of Alberta and British Colum
bia to study the 'bumps'. which were 
occurring in the coal mmes at Fer
nie and Coleman, and to investigate 
the possibility that they might ,be 
related to minor earthquakes in the 
area. During the initial phase of the 
work, three seismographs were op
erated at widely separated stations, 
two in the region of coal mines at 
Coal Creek and Coleman and one at 
Turner Valley, distant from any min
ing operations. Sorne earthquakes 
were recorded at all three stations 
and, in addition, many small dis
turbances were recorded •by the 
seismographs located near the mines, 
especially by the instrument at Coal 
C'reek. A closer network of radio
linked seismographs was then in
stalled near Fernie, the records of 
which definitely established that the 
small disturbances were occurring in 
the mine workings, both active and 
inacti ve. No relationship was estab
lished between bumps and local earth
quakes in the area. 

This work was initiated as a co
cperative effort with the Fuels Di
vision of the Mines Branch, Depart
ment of Mines and Technica1 Surveys, 
which has undertaken a study into 
the phenornena of ground stress re
lief in underground mine workings. 

* * * 
INTRODUCTION 

DEVELOPMENT of coal fields 
near the southern border of 

Alberta and British Columbia be
gan around 1900, and there is evi
dence, as early as 1906, that the 
mines in tbe Fernie area of British 
Columbia were troubled by 'bumps'. 
This is a term used to describe un
derground disturbances in coal 
mines analagou to the 'rockbursts' 
associated with hard-rock mining in 
northern Ontario. The bumps are 

*Seismologists, Dominion Astro
physical -Observatory, Department 
of Mines and Technical Surveys, 
Royal Oak, B.C. 

characterized by dolent explosive 
activity of the walls, floors, or 
roofs of mine roadways, and project 
great q nantities of broken rock and 
coal into such passageways. Another 
fo rm of Yiolent stress relief. called 
an 'outburst of gas and coal', ex
pels large quantities of coal from 
the solid seam and is usually ac
companied by the liberation of huge 
Yolumes of gas. In these latter dis
turbances the roof and floor rocks 
are seldom damaged. In this re
port the term 'bump' will be used 
to describe a disturbance known, 
eitlter from seismic e,·idence or from 
direct observation, to have occurred 
in a mine. The term 'earthquake' 
will be used to describe a disturb
ance known to have originated at 
some distance from a mine, and un
til they are classified all disturb
ances will be called 'events'. 

As part of their general study 
into the phenomena of ground 
stress relief, the Fuels Division of 
the Mines Branch, Department of 
Mines and Technical Sun-eys, has 
dernted considerable attention to 
the problem of mine bumps. 

ObYiously it would be desirable 
to know whether the bumps are the 
direct result of mining operations 
and always occur within the mine 
tunnels, or whether, as a result of 
large-scale regional geological ac
ti vity in the past, there are residual 
stresses in the rock, the energy of 
which is released by the mining op
erations. The Fuels Division was 
also interested in the possibility that 
currently actiYe geological activity 
is a contributing factor. It ap
peared probable that, if such stress
es were present, there should be 
minor earthquakes o cc u r ring 
throughout the area; otherwise dis 
turbances might be expected to be 
confined to the mine workings and 
their immediately adj a cent areas. 
In order to investigate the problem, 

349 

the Seismological Di 1·ision of the 
Dominion Obsen-ator,v was asked 
to set up scisn1ographic stations in 
the area. 

A network o [ three scismogra ph 
stations was installed in Septem
ber. 1953, two located oYer acti,·e 
mine workings at Coal Creek and 
Coleman, and one at Turner Valley, 
some distance from the mountains 
and from mining operations. \Vhile 
the results of this initial im·estiga
tion were not as informative as had 
been anticipated, nevertheless they 
did indicate that a few earth
qnakes occurred in the area of the 
stations, that there was little local 
activity recorded at the Turner Val
ley station, but that there was a 
great deal of local actfrity recorded 
at both the Coal Creek and Cole
man stations. Since the local dis
turbances recorded at Coal Creek 
and at Coleman did not in any case 
register at both stations at the same 
time they were interpreted as be
ing due to bumps related directly 
to the mining operations going on 
at one particular station. Unfortun
atel?, since each disturbance was 
recorded at only one station, its pre
cise location could net be determined, 
and further not one of the recorded 
disturbances was noticed by the 
miner ·. This lack of positive Te .. 
sults led to the termination of the 
initial project in June, 1955, and the 
setting up of a more detailed investi
gation. 

The second proj cet, •carried out 
during the summer of 1955, made use 
of a set of radio-linked seismographs, 
arranged to form a triangle in the 
immediate vicinity of the mine 
workings. These were installed at 
the Coal Creek mines near Fernie 
and, for a short period, in the Cole
man area, and while the results in
dicated that no precise location 
could be determined for the source 
of recorded disturbances, it was 
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reasonahlY certain that ~omc of 
thern originated within the mine 
workings. At the same time, the 
,cismograph nt Turner Valley was 
1110,·ccl to Banff. a location free of 
liackgromHl noise. thus permitting 
tilt> instrument to be o_perated at 
full se11sitiYity. The recordings at 
tht> Banff stat ion ha,·e confirmed 
tlrn t there arc sorne ea rthq uakcs 
ha,·ing their origins in this gcneral 
arc a. 

It should be noted that tl1is pro
jel't docs not represent the first 
use of a ,eis111ograph to study mine 
di,turba1H'cs. In the earl.v 1930·s, 
F. ~ apier Dcnison. of the Victoria 
.\fetcorologieal Obsen-atOr)·. oper
a lnl a .\Iilne se ism ograph at the 
F ernic 111incs. Xo report is a,·ail 
:ihlc c·o:1ccrni11g this work, but ron
sidning the low magnification and 
tlll' long period of the ::\Iiln e seis-
1110µ:raph. it is probable that few, if 
1111,,·. bumps wcre recorded. 

SEIS1IOLOGICAL :,lETIIOIJS 

This seetio11 will explai11 some of 
tlw ter111s of seismology uscd with
i 11 tl1is report. The record of a dis
tnrha 11ce rf'gistercd on a seismogram 
1, much the same. whether the 
source of the clisturbance i11 the 
c:.1rth is an earthquake. a blast. or 
a bump. At the time the e ,·ent o;·
curs. a compress ion wa,·e and a 
shear waYc arc set up in the ad
jacl'ut rock . aucl each is transmitted 
outward fro111 the source in ail di
rections. The former tra ,·els with 
about twice the speed of the latter 
and is called the P or compression 
waYe. The slower wa,·e is callecl 
tilt· S or shear wa,·c . ~ormally, 
both are recorded clearl y and the 
differenee in their arriYal times can 
he read from the seismogram. If 
tht· speed of each type of wave is 
known, it is then possible to calcu
late the distance of the recording 
sei.,mic station from the source. 
This method of obtaining distance 
from one record alone is called the 
S minus P method, or more simply, 
S-P. If one has an S-P distance of 
each of three seismograph stations 
from the centre of a common dis
tm·bance, i t is pos i ble to deter
rn ine the location of the centre 
g raphi ca lly on a map. 

The P -wa\'e arrives first at the 
~tation and hence usually appears 
as a sha rp beginning on a quiet 
record, whereas the S-wave ar
rives at a time when the record is 
distu rbed by the train of P-waves. 
Thus the time of beginning of the 
P -wave can be read more accurate-
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Figure 1.-Seismograph stations, and earthquakes located during initial programme. 

]_,·. For this reaso11 th e S-P mcthod 
of obtaining an origin is not uscd 
as much as are methods using the 
2.>-waYe only, but in each case 
where an origin is determined from 
th e P -wave arrival times at sever
al seismographic stations, it is cus
tomary to compute S-P distances as 
well, to assure that no gross error 
ha been made. The exact centre of 
a scismic disturbance within the 

eartl1 is k11own as the ' focus·. Focal 
<lcpth is the disbmce of the focus 
beneath the surfaee - in this in
Yestigation the focal depth has been 
assmned to be very small or zero. 
The 'epicentre' is the position on 
the earth's urface directlv above 
the focus. The epicentral ·distance 
of a seismograph station is the dis
tance from the epicentre to that 
station. 
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Seismograph ,tations at Coal 
Creek and at oleman, in the min
ing a rea , and at Turner Valley, 
east of the Rock~, :\Iountain range, 
made up th e initial network. Fig
ur l shows a map of the area. 
.Each station was quipped with a 
" ' illmore sei mograph, made up of 
a " 'illmore vertical eismometer 
( 1's = 1 sec.) recording through 
a galvanometer with a period of 
0.25 seconds. This equipment, 
shown in Figures 2 and 3, has the 
great adrnntage that it does not 
reqnire a ,·ault for it operation. 

Figure 2.-Willmore-Watt seimo
meters in metal case. 

Figure 3.-Willmore-Watt 
3-component recorder 

Th e reeorder ean be installed in an 
ordinary room which need not be 
clarkened. The seismometer can be 
hu ried in th e ground in a water
proof metal container. For the 
three stations of this network, how
e1·e r , the instrument was set on bed
rock and 110 specia l precautions 
were considered necessary. 

At Coleman the se ismometer was 
~d on Led -rock a few hundrrd feet 

fro111 the entrance 
to th McGillh·
ray mine. About 
700 feet of cable 
was used to carry 
the sei mie ignal 
to the basement 
of the mine of
fice, where the re
corder ,v a in
stalled. The record 
er was operated 
with the paper 

T .IBI.J.: I. E .1HTIIQt'A IUèH Rr-: c oHJJtrn ,1T Co1.E,1.1N 
J,'1-:nxm, SisPT. HJ ,5:1 TO .J1·x 1i HJ .,.'j 

speed set at 53.4 
mm. per minute, 
and the records 
w e r e changed 
daily. A chrono-
rneter was used to 
insert minute-marks 
on the record. At 
the beginning, no 
radio time-signals 
were available at 
Coleman but later 
radio station CJOC 

n Lethbridge 
agreed to broad
cast the daily CBC 
tirne-signal a t 18 
hours ŒW.T and 
these were record
ed. In I 954 the 
CBC installed a 
booster station at 
Blairmore, only a 
few miles from the 
seismograph site, 
and from then on 

1953 NoYember <8 

December 10 

December 25 

December 26 

1954 January l 

September 9 

September 10 

Sept..ember 21.. 

Septembe1 2 4 

Sep tember 26 

1954 October 29 

November 4 

November 20 

November 29 

1955 January l 

th eir signais were used. Noise from 
mining operations at Coleman nec
ess itated operation of the instru
ments a t a pproximately one-third 
full sensi til"ity. 

At Coal Creek, the seismometer 
was pla ced on bed-rock about 900 
fe et from the recorder, located in 
the lamp-house at the mine office. 
The recorder was operated at a 
paper speecl of 13.5 mm. per min
nte, and records were changed every 
four days . Time-signals were re
cei \'ed here only about 25 per cent 
of the time, due to the high level 
of loca l static on the radio. Again, 
the sensitivi ty control was set at 
one-tenth or one-third maximum 
due to mine noise. Unfortunately, a 
co111·eyor belt, operating during two 
of the three shifts the mine worked, 
ran past the seismometer and dis
turued the records greatly. 

The processing of photographie 
records for both Coleman and 
Fernie was carriecl out in an of
fice maintained by the Mines 
Branch at Coleman. 

Seismic records were obtained 
for about a year at Turner Valley 
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02 

16 

22 

38 

19 

33 

19 

Colem;:in dist:mce 125 milt:s 1 
Fernie distance 116 mile:.. . 

Coleman distance 159 miles. 

1,pproximacely 44 miles (prooably 
sou th) from Coleman 

Coleman distance 54 miles , 
Fernie distance 49 miles , 
Hungry Herse distance 44 miles . 
Epicentre is 114:5 ;1 , 48° :9 N; 
about 10 miles south of the 
Canada - United States border. 

A small tremor ( or bump) wi th
in 5 miles of Coleman . 

Distance about 136 miles from 
Coleman . This was not recorded 
at Hungry Horse , hence the 
epicentre must be west or north 
of Coleman . 

Approxima tel y 25 miles from 
Coleman . 

Hungry Horse and Coleman data 
indicate an origin 20 miles 
north ,:,f Loleman . 

Hungry Herse and Coleman datël 
indicatE: an origin sout..h of 
Coleman near the border . 

1- robably close to Fernie . 
Recorè.ed at Hungry Herse and 
Coleman . 

Epicentre about 19 miles 
ncrth of Coleman , from Hungry 
H:-rse data . 

Fei·nie and Col enan r eadings 
indica te an origin north of 
_Coleman . 

Distance 12 miles north of 
Coleman . 

Approximately 10 miles from 
Coleman . 

Epicentre northwest of 
Coleman 20-J0 miles . 

under fairly quiet background con
ditions. The recorder was installed 
in the basement of the operator's 
house and the seismometer was set 
on a nearby outcrop of rock. Later, 
the house was moved, necessitating 
the transfer of the recorder to an
other basemellt nearby. Unfortun
atel.v, chronometer troubles corn
hinecl with Jack of radio time-sig-
11als interfercd with the accuracy 
of time-control for much of the 
time. Howe1·e1·, a fairly continuous 
recc rd of ground movement was ob
tained o\'e r the period of a year, 
and it appears that no local earth
quakes occurred in the Turner Val
ley area during that time. 

Events recorded on the network 
seem to fall into two groups. The 
first group ha,·e a fairly large S-P 
illterral , and are thus events that 
oceurred u considerable distance 
from th e recording station. The 
second group have a n S-P iuterval 
so small that th e events must have 
occurred very nea r to th e seisrno
graph s tations . Disturbances of the 
first group are r egarded as earth
quakes, although there is no re
port of a ny of them hadng been 
felt . 
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From September LD.'5~ to June 
1955. a total of sixteen e,·ents were 
recorded at Fernie and Coleman 
which are, by the above definition, 
earthquakes. Table I lists these 
disturbances, and their epicentral 
distances, computed by the S-P 
method. The travel-time curves 
used to obtain the distances are 
those computed by .J. H. Hodg
son ( 1) in his study of the Cana
dian Shield. In those cases where 
readings from the United States 
Coast and Geodetic Survey station 
at Hungry Horse were available, 
epicentres were determined and are 
shown in Figure 1. 

Events belonging to the second 
group were mnch more numerous, 
although they were confined entire
ly to the Fernie and Coleman sta
tions. There is no case of an event 
local to one station being recorded 
at another, indicating that these 
disturbances must have been very 
small. No attempt is made here to 
list all such small shocks for the 
whole period, but Table II contains 
the list for a typical interval. The 
mine offices attempted to keep a 
record of bumps felt underground 
and these lists were compared with 
the list of recorded events . As in
dicated in Table I, local events 
recorded by the seismograph were 
not felt, and those felt and report
ed were not normally recorded by 
the seismograph. 

A severe outburst of gas and coal 
occurred at the Elk River mines, 
Fernie, on March 9th, 1955, caus
ing the collapse of the walls of a 
tunnel where miners were working, 
and resulting in casualties. During 
the four-day period covering the 
time of the bump, the Fernie seis
rnogrnms recorded a total of seven
teen ,·ery sharp cvents. In addition, 
two ,·e r_v weak disturbances were 
rerorded at the time the bump was 
reporteù to be felt. Coleman seismo
grams show no trace of any of 
these e,·ents. This incident strength
ened the previous conviction that 
the events the miners feel are usu
all.v not rerorded, and that the num
erous very sharp events the seismo
grams record are usually not felt in 
the workings. 

Sinre the spacing of the stations 
made the determination of the centTe 
of small disturbances impossible, it 
was deciùed to move the stations so 
as to form a small triangle over one 
mine, and thus to concentrate on 

(1) H0DGS0N, J. H., A Seismic 
Siirvey in the Canadian Shield; Pub
lications of the Dominion Observa
tory, Vol. 16, No. 5, 1953. 

TABLE 11.- TYPIC'AL SERIES OF 

En; NTS RECOHDED BY FERNIE AND 

COLEMAN SEISMOGRAPHS, WITH :M1N

ING COMPANY RECORDS oF BuMPS 

R~~PORTED TO BE FELT DuRING THE 

l95L 

S.u1E INTERYAL 

10 \;nleman lS 1S Nedlu.1> b1.>111p recorded 

21 ~c,le:iun ll 00 Sharp bucp fdt.. ::ot 
rticonled . 

ll:00 0:00 .A.111 b=p felt . ,i<>t. 
rP.c<.>rdlld . 

2' ff,rnh J.S $ù S....11 bui.,p recordt:d 

lb F,,rnh 19 Small bia:ip recorJed 

Small b:.i:;p :-t-corded 

27 ;c,Je,:::in 00 ~8 3::i;all buoJ: ,-ecorded 

~~ f,-mh l) 20 .31:1all bum~ r11corJed 

r~rni,; 13 .,(, ;111all bue;, r--cord.,d 

l~ r.,rn\" 1; CS ..:.ai.au bw::p r;,cor.:1<"d 

~c1 Fernl<" Hl (,1 3m'111 b\11:'lp ,eccr.:1,ad 

29 CoHir.a:, 05 S2 :.t:du.1.'ll buiap recordt!d 

Sl!la.l.ou::.precori-,d 

;;;m;;llbw;iprt>cc,rd.,J 

l ;c.l,,,,,..,, l!J ;o Slr.d., l bump f,;lt. ~ .... t 
rec:,r,!<,d 

~ Colmar, O!:I 

a Cole!llù.n ')9 

.,r,arpbUl!lp leh. , 1,N, 
recorded 

Sharp buq,Ielt . liot. 
r~cor'1ed 

:;harp bUIDp felt. , Ilot 
r.,cord<-ë 

.,:iarpblltlp1-elt . i.ot. 
rt:corded 

8 .::,hm:in 15 15 ~harp bwnp fe.it . 
r;,c.Jrded 

li ~,;,le!llan li> l~ ;:im:.l! b1.11r.p r<>corJt:d 

1~ • h~;,,r. !7 IJ(l :~:~ 
1
~:-r, i&l\, •:~t. 

finding the source of such events. 
In June 1955, the initial programme 
was terminated in favour of a de
tailed two-month iiwestigation. One 
conclusion drawn from the initial 
programme is that there are a few, 
but not many, small local earth
q uakes in the area of the Rocky 
.\Iountain range. It is not possible 
to state definitely whether they are 
sufficient in number and size to 
indirate the existence of stresses 
that rnay be an indirect cause of 
bumps. 

DF.TAILF.D STUDY OF Two SPECIFIC 

.\[ INING AREAS 

In order to be able to locate the 
small events within useful limits, 
it is necessary that the records 

yiclcl the time to hetter the 0.1 sec
ond. Radio time-signal reception in 
the Fernie area was so erratic that 
the required accuracy could not be 
obtained from three seismograph 
stations, each recording tirne inde
pendently of the other. For this 
reason use was made of radio
linked seismographs built for the 
project by Dr. P. L. Willmore. 
Three seismograph tations were 
provided; two of these transmitted 
their output by shortwave radio to 
a central point where their signals 
were recorded, together with the 
output of a third seismograph re
cording directly on a single drum. 
,vith this system, time control would 
be lirnited only by the accuracy of 
reading records, because the neces
sity of obtaining corrections for 
three stations to a standard of time 
had been eliminated. 

Table III is a list of the seismo
graph instruments used, together 
with their known constants . At the 
master station a direct-recording 
seismograph arrangement was used. 
The output of the Willmore-Watt 
seismometer was recorded through 
a 0.2 5-second galvanometer on a 
" 'illmore recorder. At the transmit
ting stations the output from the 
seismometers was amplified, and 
then used to frequency-modulate an 
audio-tone, which in turn amplitude
modulated a 148-megacycle carrier. 
A two-channel receiver was used at 
the master station to receive the 
signals from the two transmitting 
sites . The output of each channel 
of the receiver was fed into a 30 
c.p.s. gah·anometer in the Willmore 
recorder, and the seismic informa
tion from all three stations was re
•corded on a single sheet of photo
graphie paper. The driving mech
anism in the recorder was set to 
rotate the drum at a paper speed 
of 5i3A mm. per minute. Use of the 
three gah-anometers necessitated 
changing the records three times 
daily. This was clone at 08 :00, 
15:00, and 23:00 hours P.S.T. The 
direct recording seismograph was 
operated at full sensitivity, equiva
Jent to a magnification of about 
100.000 at the period of the waves 
being recorded . 

TABLE IJI.- SEJSMOGRAPH 1NSTRUMENTS USED 

STATION SEJSMOMETER GALVANOMETER RECORDER 

Mastcr Station Willmore-Watt. Turner \Villmore 
Period 1 sec. Period 0.25 sec. 

Transmitting Willmore-Walt. Turner Willmore 
tations Period 1 sec. Period 0.03 sec . 
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Figure 4.-Sketch-map of Fernic 
area, showing location of seismic 

stations. 

The first triangle of stations was 
placed to study seismic activity 
near the Elk RiYer colliery. In 
c·hoosing sites for the stations the 
rcquiremenb i11cl11ded access to 
power, line of sight from the two 
transmitting stations to the master 
station. and. if possible. an outcrop 
of bedrock on which to place the 
,ei;,rnometers. An :Hh-a ntage of the 
Willmore seismograph is that. 
where hedroek i;, not a ,·ailable, it 
i;, considered to be ,-atisfactory to 
bury the seismometer in solidly 
packed ea rth . Such pro,·ed to be 
necessary in th e case of this tri
angle. Due to the topogra phy of 
the area the triangle took the form 
shown in Figure 4, the master sta
tion being placed at the apex of 
the e lbow in the Elk River rnlley, 
j ust outsirle Fernie. The transmit
ting stations were placed in op
posite directions a long the valley, 
at llosmer and Anderson's farm. 

The geographical co-ordinates of 
the stations were obtained by plot
ting the positions on a large-scale 
map (scale 1 in. = 0.4 mile). 
Thcse are shown in Table IV. The 
si des of the triangle have lengths 
5.5 km .. 11.8 km. , and J .5 .5 km. 

The radio sei. mograph network 
was in operation at Fernie from 
.luly l:2th, 1955, to August 12th, 
1 955. On August 12th the network 
was mo,·ecl to the Coleman area, 
wherc the master station was lo
cated near the Chinook Cabins 
(Sentine!) , and the transmitting 
tations near the Greenhill mine, 

north of Blairmore, and at the Iron
stone Fire Range station. south of 
Coleman. 
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Figure 5.-Series of bumps located 
at Fernie. 
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Figure 6.-Series of bumps located 
at Fernie. 

TABLE IV. CO-ÜRDINATES OF FERNIE NETWORK OF EISMOGRAPH STATIONS 

LATITUDE LONGITUDE ELEVATION 
-· 

Fernie ........... 49° 30. 4'N. 115° 04. 4'W. 3,250 feet 

Hosmer . . ..... 49° 35. 3' 114° 58. l'W. 3,500 feet 

Anderson's Farm .. 49° 27. 6'N. 115° 03. l 'W. 3,250 feet 

-- -

TABLE V.- CO-ÜRDINATES OF COLEMAN ETWORK OF SEISMOGRAPII STATIONS 

Sentine!. .. 
Ironstone .... . 
Blarimore .. 

LATITUDE 

49° 38. O'N. 
49° 34. 2'N. 
49° 37. 7'N. 

The eo-o rdinatcs for the Cole
man site~ are gi,·en in Table V, 
and the J/ernic-Colcman network is 
shown on the maps of Figures 7 
and 8. Records were obta ined at 
Coleman from August 1 !5th to Ang
ust 29th. 

From the reco rds obtained for 
the thirt_r -one da_vs during whic-h 
the radio seismographs were op
era ted at Fernie, a total of thirty 
e,·ents wer(· analy,1ecl. A few othcr 
e ,·ents are ornitted from the dis
cussion bec a use of thei r douhtful 
appearanc·r on the records. Of the 
thirtv e1·c1its discussed, the relatÏl'e 
tim e~ of the arrirnl of their P 
w.a,·es at the three station s suggest 
that fifteen had their origin in th e 
same area. These fifteen are listed 
in Table VI. Relatil-e P -wave ar
ri,·al times are gil'en, the arriva] 
time at the master station being 
taken as zero. In addition. the cor
responcling- arri,·al times of the S-

LONGITUDE 

114° 34. 8'W. 
114° 30. O'W. 
114° 26. 6'W. 

ELEVATION 

4,500 feet 
6,800 feet 
5.000 feet 

wave are shown. The values of S-P 
for each station agree well for this 
series of events. The fifteen e\'ents 
reeorded b_v the direct-coupled seis
mograph are similar in appearance, 
except for amplitudes. 

The d etermination of an epicentre 
for any event is, of course, depend
ent upon the seismic-wave velocities 
in the area. Such velocities have not 
becn d ete rmined in southwestern 
Alberta ( with the possible excep
tion of work done by oil-prospecting 
gronps). It has been established, 
howe,·er. that crustal P-wave veloci
ties fall between 5.6 and 6.2 km./
sec. The method used in the investi
gation to locate the centres of re
cordecl events as lying within the 
area of the mine camp did not re
quire that the P-wave velocity be 
specifiecl more accurately than that 
it falls within the above range. 

Stations on the network were as
sumed to ha re equal ele,•ations and, 
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'fABl, E \'I.- BL' ~lPS R~:coRDED 

( t;MMER l!J55) 

No . Date Approx . Phase Arrival Times 
Time Fernie Hosmer 
MST secs . secs. 

....b....!!!.,_ __ _ _ 

5 July 22 21:00 p 0 0. 8 
s l.5 

6 July 24 02:JO p 0 0. 9 
s 1.5 

7 July 24 OJ:JO p 0 0. 9 
s 1.6 

9 July 24 2J:OO p 0 1.0 
s 1.5 

11 July 26 07 :00 p 0 0 . 9 
s 1.5 J . 7 

lJ July 26 24:00 p 0 0 •. 7 -
s 1.5 J . 6 

14 July 27 OJ: 00 p 0 0 . 5 

18 July 28 15:00 p 0 
s 1.5 

19 July 29 09 : JO p 0 
s 1.5 

20 July JO 02:00 p 0 
s 1.5 

21 July JO OJ:00 p 0 
s 1.5 

22 July JO 06:00 S- P 1.5 

27 Aug. 9 00:10 p 0 0 . 9 
s 1.5 J . 6 

29 Aug.11 01:JO p 0 1.1 
s 1.5 

JO Aug. 12 04:00 p 0 
s 1.5 

in the absence of any evidence to 
the contra ry, all events were as-
umed to have a surface focus. Dif

ferences in arrival times between 
pairs of tations were calculated 
for the fifteen events listed in 
Table VI. The locus of all possible 
locations for each event was then 
determined, assuming values of P
wave velocities from O to 10 km. / 
sec. (see Figures 5 and 6). 

Diagram showing the locus for 
each event were forwarded to the 
Mines Brancl1 in Ottawa, where the 
approximate area coYered by the 
mine workings was indicated. In 
each case, when a r easonable ,·alue 
for the velocity of the P-wave is 
u e<l. the epicentre of the event falls 
within the a rea of the mine camp. 
Only if the velocity is assumed to 
be greater than 6.5 km. / sec. or Jess 
than 4 km. / sec . does th e epicentre 
lie outside the area of the mine 
camp. It thus appea rs reasonahle 
to regard all fifteen recorded e\'e~ ts 
as bumps, associated with the m1n
ing operations. It should be point~ 
ecl out, however, that not one ol 
the fifteen eyents was reported to 
be felt. It i probable that the small 
e,·ents recorded during the initial 
programme can be groupe<l with 
the fifteen e,·ents here iden ti fied 
as bumps. 

Jt was pointe1l ont earlier lhat 

AT FEll:NIE T .IBL E \'IJ .-E\'ENT R~:COHDED AT FERJ\"IE 

(SUMl\lER 1955) 
(Relative) Fernie 
Ander sons Double 

Map Date 
No . 

secs. Trace 
Amplitude 
{mms) 

1 July 17 
10 

2 July 17 
4 

J July 17 

J 4 July 17 

7 8 July 24 

-0. 5 1 10 July 25 
, 0 . 7 

12 July 26 
- 0 . 5 J 
, o. 6 15 July 27 

- 0. 5 2 
16 July 28 

- 0 . 8 4 

17 July 28 
-0. 5 J 

2J July JO 

- 0 .5 1 24 July Jl 

25 Aug . J 
-0. 5 

26 Aug . 8 
l 

28 Aug . 9 
- 0. 5 2 
+0. 5 

2 

Approx. Phase Arrival Times 
Time Fernie Hosmer 
MST 

lJ:JO p 
s 

1J:J5 p 

lJ . 44 p 

lJ:45 p 
s 

14:00 p 
s 

16:00 S- P 

12:00 S- P 

14:JO p 
s 

11:JO p 
s 

lJ:00 p 

11 , 00 p 

08:00 S- P 

16:JO p 
s 

lJ:15 p 

11:JO p 
s 

12 . 7 

4J . O 
49.J 

4.1 

5.7 

57.J 
58 .0 

lJ . 8 
17 , J 

J8 .4 

J0 . 4 

5. 0 

Jl.5 
J5 . 0 

49 . 9 

09.7 
15 . 4 

11.1 
lJ . O 

45 . 7 

14 . 0 

19.6 

41.J 

58.0 

11.7 

J7 . 7 

29 . 9 

Jl.4 

50 . 5 

08 . J 
12.7 

(seconds 
after near
est minute 
mark) 
Andersons 

10. 8 
12 . 5 

45 . 6 

lJ . 6 

15 . 9 
19 , J 

14 . 4 

40 . 0 

Jl.6 

Jl.7 

47.8 

10. 0 
16. 0 

- 0 . 4 1 
TABLE VIII.-EVENTS RECORDED AT COLEMAN 

(S MMEll )955) 

the S-waves are 
normally used to 

Event 
No . 

check the comput- 1 

ed epicentre loca
tion. When this 2 

was done for the J . 

fifteen events not-
ed above, and the 4 

results were plot
ted in the same 5 

manner as for the 
P-wa ve data, it 
was found that the 

Date 

Aug. 22 

Aug . 24 

Aug . 24 

Aug . 25 

Aug . 26 

two loci, the S-wave and the P-wave 
curYes, did not coïncide. The ex
planation for the disagreement may 
be that the P-waves and the S-waves 
did not traYel similar paths to the 
seismograph, due to the variable 
content of the surface layer in the 
area. The P -wave data a re consid
ered the more reliable, since, as al
ready pointed out, the P -wa ve ar
rives first at the seismograph 
station and, falling on ar: undis
turbed record, can be read more ac
curately. 

Tabl e VII con tain a list of 
eve11ts recorùed at Fernie whose cen 
tres did not li e within the mine 
area, and which thus, by clefinition. 
represent ea rthquake. . The ep i
centres of these e,·ents were com
puted by the S-P method, using the 
travel-time cur\'es of Hodgson ( 1 ). 

(1) Op. cit. 

Approx , 
Time 
MST 

h . m. 

14:JO 

16:JO 

18:15 

14:45 

15: JO 

Phase Arri val Times 
(Secs . after nearest 
min . ) 

Sentinel Blair- Iron-
--- more s1de 

p J4 . 7 J5 . 8 
s J7 .4 

S- Y 2. 7s. 

p 24 .4 25 .1 
s 29 . 1 

p 25 . 4 27 . 2 26 . 7 
s 28 .1 

p 2J . 9 
s 26 . 6 

Seotinel 
Double 
Trace 
Amplitude 

1.0 mm . 

1.0 mr:i . 

0. 5 mra . 

1.0 llll!l . 

1.0 mm , 

Caution shoulcl be exercisecl in re
lating these epicen tres with known 
fault~ until suc h time as the veloci 
ti es used can be checked by expe ri 
mental means. 

On e of these earthquakes was of 
sufficient size to reco rd at the 
Banff and Hnngry Hor e s tation 
as well. lts epicentre, shown as num
ber 16 on th e map of Figure 7, prob
ably r eprese11t ' the most accurate 
determination in the g roup of earth
quakes li sted in Table VII and 
plotted in Figure 7. In some cases 
the locations are in doubt becau e 
onh· two stations ha1·e reco rd ed the 
eve.nts . As was the case for the 
bumps recorded. none of the re
co rd ed earthquake was felt. 

At Coleman there were fewer 
e,·en ts · tho e that occurred are 
listed in T able VIII. Four of them 
appear to ha,·e a common origin. 
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Figure 7.-Earth quakes located from Fernie network. Figure 8 .-Earthquakes located from Coleman network. 

Their epicentres are plotted on the 
map of Figure 8. Portions of the 
seismograms for some of the events 
are show!l in Figure 9. 

BANFF STATlO N 

In J uly 1955 the Turner Valley 
seismograph was moved to Banff 
where it could be operated at maxi
mum scnsitfrity. Sinee this location 
is in the general area under study, 
and since there have been to date 
a lmost two years of continuons 
seismic r ecording, the list of earth
quake recorded are of interes t in 
this study. Wh ile there is a possi
hilitv that sorn e of the minor ,dis
tu rh~ nces are outbursts from th e 
mi nes at uearby Canmore, the ma
,iority of them are at considerably 
g reater distances, and are thus con
sidered to be earthquakes . Table IX 
is a list of such tremors for 18 
111 oulhs beginning July 1955. The 
computed distances of the epicentres 
from Banff are shown, but the lo
cation can seldom be detcrmined. 

CoNCLUSION 

There are small earthquakes oc
curring in the area ex tending from 
th e United States border to at least 
as far north as Banff, and from 
th e foothills across the Ro cky 
::\Iountain range. The r ecords ob
tained at the stations in the Crows
nes t area and at Banff indicate 
that the -distribution of epicentres 
is random. During the three-year 
period covered by our inves tigation, 
none of th e local earthquakes r e
corcled had a magnitude greater than 
3, and none was felt. 

During the initial programme it 
was apparent tha t bumps or local 
e,·euts were being reeo rcled at Fer
nie and Coleman. and not at Turner 
Valle_v . On the F ernie r ecords, these 
bumps were more frequent a nd 
8tronger than on the Coleman rec
ords. F ew correlations a re possible 
between events recorded by the 
seismographs an<l bumps r eported 
to be fel t in the mines. I-Iowever, 
ùuring the inves tigation at Cole
ma n, work in th e min es was eon tin-

ually deereasing; so was tl1e nurn 
ber of recorded bumps. At Fernie 
tli er e were four to five bumps re
corded on an average day. 

During one of the weeks that the 
radio seismograph network was in 
operation at Fernie, the miners were 
on annual holiday and rnining op
erations had eeased. During this 
time no small local events were re
corded, but when the mine re
opened, the disturbanees resumed. 
This appears to be the most defi
nite eorrelation obtainecl between 
mining aetivities and the reeording 
of bumps. It is evident that most 
of tlie bumps do oceur in the ac tive 
mine workings or in older worked
out a r eas . The latter source may 
partly explain the fact that most re
corded bumps are not reported to 
i.Je felt. The instruments, in par
tieular the laek of suffieiently pre
cise time ,eontrol, prevented the 
bumps being loeated more definite
ly. 

T!tere seems to be no correlation 
between earthquakes and bumps. 
Following a tremor, the number of 
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TABLE IX.- EYENTS RECORDE D AT 

BANFF, 1955-1956 

,;'-.l.i..)' 2€ 

,-ug . U 
)1 

Oct. 5 
7 

14 
22 

7im 
m:T 
~ 

18:45 

('l , 57 
12:49 
20:Jl 

19:16 
12:57 
15 . )7 
21:19 

:;o-v ... 1 .:1:)/'-, 

t'ar:ff 
5- F 

(secs . ) 

2) . 0 

2) , 4 
4 . 1 

22 . J 

... ;. , l 

j.<:c , l l,.;)I,. l, . J 
11 ..!l:1\1 I. . " 
~ -Î:5-. 5 , 4 

... t: 1~ , .. 7 
J:5 22 . ) 

Ar:- . L .:-.:2!.. 
.l.4 11:17 
lr- 21;).._ 
l.C: Hl:4Ï 
21 l":)7 

;,_,rr• • ~·• 

1.cl . 4 Ov:lJ 
7 16:56 
7 20 , 58 
9 21.)9 
? 2) . 42 

12 Ol:08 
14 ;...2:48 

et, 17 01:28 
18 0(1:)8 
Hl Cl:IJ9 

:n . "' .:.l:JJ 
2 22: JO 
5 2.::42 

10 20:24 
15 2) : 22 
16 22:)8 
17 20:12 
22 2~:56 
24 22 : 58 
27 2):02 

lJcc . 4 18 : 55 
4 20 : 32 

21 19:41 
24 2) : 27 

- · '1 

!- , d 

J . 5 
2) , 0 

5. 5 
o , J 

" . 5 

1. 
1 . 0 
1.0 
o.o 
4 . J 
o. s 
1.) 

0 . 9 
L O 
l. l 

1.0 
4 . 0 
) . 8 
1.7 
J . 8 
J . 8 
J . 2 

11. 4 
G,9 
0 . 9 

) . ) 
) . ) 
2 . 0 
l. 6 

i:,anff 
Dist:.nct! 
(niles) 

lJJ 

1)5 
2[ 

127 

close 
69 

close 
close 

close 

21 
1, 
25 
2) 

.1.3(' 

2~ 
.:.1.ose 

16 
.::15 

2ô 
Jl 

.;l".!Sl! 

3(· 
clnl:'._ 

0 

9 
9 • 20 
7 

11 

7 
9 

10 

9 
18 
17 
1) 
17 
17 
15 
54 

7 
7 

15 
15 
14 
12 

Distar.c-::: 
rror.:: 
:-iungry Ho~.' 

121 

lCJ 

bumps did not increase, but this 
was not expected since the earth
quakes were weak, and none was 
felt. Data now being accumulated at 
the Banff station will help in the 
future to locate more precisely the 
earthquakes that occur in the area. 
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