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ABSTRACT 

At 2237 GMT on May 141 1978 a magnitude 4~8 earthquake 

occurred in the Canadian Rockies near the Mica Dam reservoir, 

McNaughton Lake, south of Valemount, B.C. Initial investigations 

suggest it was . not a reservo ir induced earthquake. 

The earthqu a ke was within the seismic array monitoring 

the reservoir which allowed a well- co nstrained epicentre (52.65 °N, 

118.87cH) and focal depth (8 km) to be determined . There were 110 

foreshocks but â nor mal afte;Ashock seque11ce. Preliminary i nterpre-

ta tion of the focal mechanism indicates predominantly right-lateral 

strike-s lip faulting along the strike of the mountains with a 

significant thrust ccm po nent . A well-developed Lg phase was 

record ed to the south of the earthquake. The isoseismals are 

elongated in a north - south direction and intensity attenuation with 

distance to the south is similar to the relationship for eastern 

North America. 
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PREFACE 

In this pre1iminary report, \'Je present th2 results of our 

study on the epicentral location, focal depth, magni~ude, fore­

shocks and aftershocks, a P nodal methanism ~olution and the 

intensity data. Our complete study will prcvide a P norlal solution 

based on a more co mplete data set. H.S. Hasegawa plans to supple­

ment our present invest~gation with a surface wave study of the 

mechanism and focal parameters. In addition w0 plan further studies 

on the aftershocks and the ·Lg propagation . 



INTRODUCTION 

On 14 May 197 8 an earthquake occurred near the town of 

Vale mount in eastern British Colu mbia (Fig. l) and was felt over 

an area of approximately 50,000 km 2
• The provisional epicentres of 

both the Seismological Service of Ca~ada {SSC) and the U.S. National 

'Earthquake In format ion Service ( NEIS ) placed the epicentre approxi-

mately 30 km southeast of Valemount . The Seismological Service of 

- Cana~a assigned a Nuttli magnitude mblg = 4.7, a Richter magnitude 

ML = 4.8~ and a surface wave magnitude based on the Marshall and 

Basha m (1972) formula of 3 . 9 while the National Earthquake Informa-

t ian Service assigned a body wave magn itu de mb = 5.0. 

These epicentres are very close to the Rocky Mountain 

Trench which in this s ection contains McNaughton l. ake, ~he reservo;r 

behind the Mica Dam. Changes in seismic act ivity have now been 

rel ated to the filling of large reservoirs in over thirty cases 

(Si mpson, 1976). However for this reservoir~ at which filling was 

initiated in 19 73 and full load (h = 190 ms V = 25 X l0 9 m3
) first 

achieved in 1976, no previous seismicity has been detected which 

can be directly related to- reservoir loading (Elli s et al., 1976). 

This is the larges~ earthquake observed i n the r eservoir region 

since initiation of loading. Its possible ielati on sh ip to the 

reservoir is therefore of part i cul a r in terest . Fur the~ the Rocky 

Mountain Trench and its adjacent regio~s. the Rocky Mountains to the 

east and the Mon~shee Ra~ges of the Eastern Metamorphic Bclt to the 
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The epicentral region showing the provisional 

Seismological Service of Canada epicent r e (SSC), 

the National Earthquake Inform ation Service epi­

cen t re (NElS) and our pr e ferre~ . ep i centr e (P) . 

Th e seismic stations of the Mica array are shown 

as triangle s . 
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west, have been consider ed to exhibit only low level seismicity. 

!lowever it was rot until 1963 that the Canadian Seismograph Network 

could located earthquakes of magnitude as low as 3 in this region 

(Milne et al., 1978). In recent years a nu mber of seismic events 

have been located on the western margin of t he Rockies i.e. the 

January 2, 1966 (ML= 4.5) earthquake to the southeast of McNaughton 

Lake, the swarm events of 1973-74 (22 events ML~ 3.0), and most 

probably the February 4, 1918 earthquake ( M ~ 5.6 - 6.1) _ north of 

'station DAI (Rogers and Ellis, 1978). A study of this event should 

lead to an im proved understanding of this seismicity and the 

propagation characteristics in this region. In particular a focal 

mechanism solution will provide inform ation on the stress pattern. 
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GEOLOGIC SETTING 

To the northeast of McNaughton Lake wh·ich lies :n the Rock.y 

Mountain Trench ( 
r " 
ri g. 2) are the Rocky Mountains, formed in several 

pulses of activity in the Mesozo ic to Eocene by a series of low 

angle t~rust sheets being stacked progressively eastward . In the 

~egion of the epicentre (E), the geology shows a westerly kink 

(Pric e and Mountjoy, 1970). This is evidenced in Fig. 2 by the more 

westerly direction of the fault designated A compared to that of the 

major thrust faults to th e south, the Chatter Creek and Pur ce ll . Faults~ 

Thus the epicentral region is one of relativ e complexity . Approximately 

100 km to the south along the trench, the Rocky Mountain structure 

has be en .interpreted to show the Chatter Creek Fault dipping south-

westward (Fig. 3) to a depth of about 13 km beneath the Rocky Mountain 

Trench (Douglas et al ., 1969). 

The Rocky Mountain Trench itself is a very enigmatic structure 

which has been interpreted by different authors as a half-graben, a 

transcun·ent fault, a thrust fau!t structure, or a purely erosional 

fP.ature. Speculat·on as to its origin frequently refle c ts Leech 1 s 

(1965) sugg estion that "the tr-enc_h may mark an ol d, de ep fracture 
. . 

zon"' that has re asse rted itself through th e allochthonous veneer". 

In the sec t io n of the trc~ch adjacent to the · epicentre, Price and 

Mountjoy t1970) have i nterpreted the faulting te be normal. 

Flankin g the trench to the southeast ·e the Monashee 

Mo u n t ? i n s ·J f th e E a s t e r n \·1?. t J m o r p h i c !3 e 1 t v: h i c L ç o n ta i n h i g h 1 y 

deformcd structures but now appear tectonically quiescent . 

. 
i 
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Out1ine of the northern section of McNaughton Lake 

and location of pr-incipal faul ts adjacent to the 

reservoir (from Price and Mountjoy, 1970; Ghent et 

al., 1977). The epicentre determined in this studj 

is indicated by a star. 
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FIG. 3: 
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Structure-section through the Rocky Mountain Trench 

near 51°30'. To the southwest of the trench (lef t) 

are th e metamorphosed PrecambriQn rocks of the Eastern 

Metamorphic Belt, while to the nor theast are the 

Ca mbrian Ordovician sedi mentary rocks of the Rocky 

Mountain Thrust Be lt. H = Hadrynian; MC = Precambrian 

or Paleozoic; C = Ca mbrian; CO = Ca mbr i an and Ordo -

vician; l ~ lo0er, m = middle, u = upper. {Repro-

duce d from Douglas , 1969). 
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HY POCENTRE DETERMI NAT ION 

Prier t6 our s tu dy , provisional hypocentres had been 

repor ted by bath t he NEIS and the SSC ( Fig . l, Tab le 1). We note 

that although the epicentres are only separated by about 5 km the 

NEIS epicentre is in the Monashee Mountains while the SSC epicent re 

j is al ong t he Rocky Mountain Trench. Bath or ga niz a tions us ed 

readin gs at Pn and tel ese i sm ic distances wit h the SSC calcul a tions 

also including ar riv a ls from the Mic a seismic arfay (Fig. l). Due 

to significant variat ions in crustal structure and upper rnantle 

velocity in this region ( Ber ry and Forsyt h ) 1975 ; Clo we s e t al.s 

197 8), one e xpe cts biases in these epic en tres with the l a r gest 

effe ct s in th e NEI S . calculation as it is not con stra i ned by the 

nearby array stations. Examin a ti on of th e SSC ca lcul a tio ns show~ 

impl aus ibly larg~ travel ti me residuals at s tatio ns of the Mica 

ne twork . For example. THO at a distanc e of ap prox~ mate 1y 17 km 

and travel time of l ess tha n 3 sec has a re sidual of -0.7 s e c. 

Stations of the Mica array are not well dis tributed to 

pr ovide a hi gh resolution location at the north end of McNaughton 

Lake. However because the stations in thi s array are se c lo se to 

the epicentre it is likely that this array, possibly supple men ted 

by data from Canadian Standard Seismic Network Stations ED M (3 80 km 

to the east ) and FSJ ( 41 0 km west) wil1 provide the best epicentre. 

To test whether readings from these additional stations should be 

us ed, the predicted and observed travel times at EDM for two we l l 

i 
! 
J 
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located events (March 4, 1973; June 12 9 1977) near McNaughton Lake 

rere examined. For the Can ad ian standard crustal model, residuals 

of l to 2 sec. were found. Therefore our preferred epicentre uses 

only data from the Mica array. 

The sign a l amplitudes on the Mica array far exceeded the 

dyna mic range of the system obscuring the S wave onset at all 

stations. Further, telemetry inter feren ce on the TAB channel was 

such that the P wave arrival coul d not be accurately timed. Ther9-

fiore the initial hypocentre was based on only 5 arrivals. -In an 

attempt to i mprov e this epicentre, the aftershocks were examined. 

The 28 events for which a S arrival could be re a d at THO yielded 

a S-P time of 2 . 53 ± 0.15 s. As these events should be from the 

same volu me of rock, this time difference was then used in the 

~ypocentral solution f6r the main shock. Thi s only moved the 

epicentre by 0.3 km but reduced the standard error of the focal 

dep t h from 2.5 km to 0.8 km. The epicen tre is shown in Fig. l 

and the hypocentra1 parameters are give n in Tab le 1. We note that 

this epicentre is approximately 5 km northeast of the SSC epicen tre 

and into the Rocky Mounta ~ ns . Provided the structural pattern at 

this latitude is similar to that further south (Fig. 3), the focal 

depth of 7.8 km Js consistent with movement on one of the major 

thrust faults wh ich outc~op to the east. 

" 



TABLE I 

Hypocentres as determined for the May 14, 1978 earthquake. 

The RMS error of the time residuals and the standard errors of the 

epicentre and focal depth-are shown in brackets. 

Origin Ti me Geogr ap hic Coord ·inates Depth Organization 
1 

h 

22 

22 

22 

m s Lat. Long. km 

37 03.8 52.57 N 118.89 w 19 NEIS* 

37 0 :3. 1 52.61 N 118.90 w 7. 1 SSC* 
( . 6 s) (3.3 km) ( 5. 5 km) 

37 02.05 52.65 N 118.87 w 7.8 This study 
( . 0 3 s ) ( 0. 3 km) ( 0. 3 km) 

*The National Earthquake Informat ion Service (HEIS) and Seismological 

Service of Canada.{SSC) hypocentres are from provisional ca1 culati ons . 

----'--"'-------
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FORESHOCK AND AFTERSHOCK INVESTIGATIONS 

In normal operation of the Mica seismic array, the six 

seismic data channels plus WWVB time code are recorded on FM magnetic 

tape and one station, normally CUM, on a helicorder . Local events 

observed in the helicorder monitor station are played back from 

.the magnetic tape onto charts to obtain timing and coda length for 

location and magnitude calculations . respectively. Since in i tiation 

of array operation in D2cember 1972 the seismicity near the northern 

end of the reservoir has been low (Ellis et al., 1976). The closest 

earthquake to that of the May 14 eveht was on August 28, 1973 of coda 
A 

length magnitude M = 2.5 and located 20 km to the south in the 

Monashee Mountains. In the epicentral region any event of ML > 2 

would have been located. 

Following the May 14 event the magnetic tapes for the 

previous ten days were searci1ed in detail, with particular emphasis 

cin the THO channe1, and no foreshocks were observed . Following the 

earthqu ake , THO was con t i11uously ~onito red on helicorder and all 

possible aftershocks were played bac~ onto chart records. In the 

follo wing 8 weeks 28 2vents o~curred with S-P times at THO in the 

range 2.15 to 2.75 s and with very simil ar signal characteristics. 

Twa additional earthquakes fo~ which the S-P "times could not be rcad 

are believed to be aftershock s based on their signal cl1 ara cteristics 
A 

and location. The max i mum coda length magnitude was M = 2.6. Thus 

the magnitude differe~ce bet~een the rnainshock and the l argcst after-

shock is 2.2. Since station s THO, DAl, CUM and TAB a r e a lmost 

l 
l 
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in a straight line, accurate.location of events depends on good 

picks at MCV or SPR. Unfortunately the noise level at MCV is very 

high and none of thEse events could be accurately timed. SPR is 

130 km from the epicentre and hence the signal was of low amplitude 

and usually very emergent. As a result, although the S-P times and 

e 1 ent characteristics indicate that they are from the same source 

region. onlv for 6 events were the calculated epicentres within 5 km 

of the mainshock. The standard errors of the epicentres were large. 

~ig. 4 shows the time distribution of these 30 events. 
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FIG. 4 : lime distribution of earthquakes a THO from 

May 14 to July 10 with S-P times between 2.15 

and 2.75 s and having a similar character. 
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FOCAL MECHANISM 

The preliminary focal mechanism for this earthquake is 

shown in Figure 5. This is obtained by combining first motion data 

from the Eastern Washington and Puget Sound networks, the arrays at 

the Mica and Libby Dam reservoirs, the Newport Geophysical Observa­

. tory, and the Al aska regional tsunami warning system with data from 

the Canadian network. Sorne additional data may be obtained frorn 

WWNSS stations which have been ordered . The program used to compute 
. 

the solution is that of Wickens (Wickens and Hodgson, 1967) with 

the Pn angle of emergence restricted to 60° and 50% weighting · for 

first motions for which there could be a different interpretation . 

The best solution al1ows right lateral strike-~lip on a 

northwest fault plane · ~ith . a significant thrust component or 

predominantly thrusting on a northe ast fault p1ane with some left 

lateral strike-slip motion. Because the northwest striking plane 

approximates the strike of the Rocky Mountain trench and other 

features in the region and the dip is similar to that of the major 

thrust faults (Fig. 3) it is our preferred interpretation in this 

preliminary analysis. The pressure axis from the solution is at a 

lo~ angle to the northeast, roughly perpenciicu1ar to the st1·ike of 

the trench suggesting north-east horizontal compression is a likely 

ca use of the earthquake. 

The computer progfam produces two alternate but lower 

:oring solutions which are reproduced in Figure 6. One invol ves 

1 
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F I G . 5 : Best P nodal solution for May 14, 1978 earthquake . 

Projection is lower half of focal sphere; solid _ 

circles indicate compressions and open circles 

dilatations. Smaller circles indicate data of 

lower reliability. P is the pressure axis and T 

is the tension axis of the solution. 
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FIG. 6: 

-20 

Two alternate but lower scoring P nodal solutions 

possib le with the same data set . 
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shifting of the rather poorly defined e&st- west fault plane. The 

oth er requires station MCV to be incorr~ct. The MCV arrival is 

implusi ve and a check on the polarities of teleseismic arrivals 

occurring shortly after this earthquake suggest the polarity of 

the instrument is correct. Thus this alternate solution seems 

un1ikely. 
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Lg PRO?AGATION 

The seismogram at Newport Washington (NEW) shown in Figure 

7 exhibits a well-developed Lg phase (a guided wave in the crust whose 

velocity is essentially the same as the Sg phase . ) The large amplitude 

on the transverse (EW) co mpone nt at NEW, the monotonie frequency content 

and the slow attenuation rate are dis~inctive properties of the Lg 

phase (e .g . Press and Ewing, 1952). This phase propagates well in 

eastern North America whicl1 probably reflects a certain uniformity in 

the velocity structure of the crust, thus providing an efficient wave 

guide. This mode of wave propagation is normally not observed in 

the cordillera, probably because most loca l earthquakes are near the 

e> a ~ t a n d p :-- c p a g a t i o n p a t h s a r e a c r o s ;; t :1 é s t i· -; k e û f t h e m o u 11 t â i n s 

where the crustal structure is extremely vari a ble (Berry and Forsyth, 

1975). Ho wever , for this event Lg propa~ates well t o the south. This 

effect was first noticed in seismograms of the February 4, 1918 earth­

quake (Rogers and Ellis, 1978) and can be seen on the seismograms of 

at least one more recent event in the same epicentral region (June 

12~ 1977). 

i·he large S to P amplitude ratio at NEW is undoubtedly 
- . 

p a r t i a 1 1 ' d u e t o f o c a i me c h a n -j s rn a s c r u s t a l \'J a v e s t o N UI 1 e a v e 

the foc al re gi on (see F-igure 5) ne ar a noda-1 plane in P amplitude ~ 

which will be a S maximum. However, the di stinctive Lg character of 

the S arrival suggests that there is a basic diffe~ence in the 

r· r u s t a. l s t r u c t u r e w h i c h a 1 1 o w s p r o p a g a t i o n t o t h e s o u t h ·b u t n o t t o 

the west. 
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FIG. 7: Seismogi-ams of May 14, 1978 earthquake as recorded 

on visual seismograph with Wood-Anderson response 

at Newport, Washington. Note large S to P amplitude 

ratio, ·especially on EW component. 
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This means that the m. 1 magnitude scale should be used in 
n~g 

place of the ML scale for certain epicentre - stat ion combinations 

and that eastern North America attenuation laws (e.g. Milne· and 

Davenport, 1969; Nuttli, 1973) may be more appropriate for seismic 

risk assessment. Practically, for these cases the net effect is an 

increase of amplitude and energy which is predominantly de l ivered at 

one frequ ency . The properties of this propagation will be investig ate d 

in more detail as more seismograms to the south of the epicentre 

become available. 
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lNTENSITY 

The isoseisma1 map is shown in Figur e 8 . The sparseness 

of the population in the region precludes exact positioning of the 

isoseisma1s but the felt area is defined by the outer dashed line 

in Figure 6 is approximately 50,000 squa re kilometers. This felt 

area is greater than that expected for an earthquake of magnitude 

(ML) 4.8 in western North America. This is likely due to the 

effic ient propagation of the Lg phase. The attenuation of intensity 

with distance approa ch es the empirical relationsl1ip for eastern 

North America of Milne and Davenport (1969). Figure 9 shows the 

inten sity values and the inte nsity attenuation curves of Milne and 

Jav enport (1 969) _for eastern and western North America. 

1 

lt 

1 

1 

1 

1 

Il 

11 
'1 

1 

l' 
1 . 

'1 

!1 
:1 
l 

I' 



FIG. 8: 
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Isoseismal map of May 14 5 1978 earthquake. Note 

the distance the earthquake was felt to the south. 

Empirical relationship for maximum felt distance 

for Ca lifo rnia (Gutenberg and Richter, 195 6 ) t often 

used for western Canada, suggest m2ximun1 r e lt 

distance for a ML = 4 . 8 earthquake should be about 

100 ~1lo meters . 
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Intensity values and the intensity attenuation 

curves of Milne and Davenport (1 969 ) for eastern 

and western North Amerita. Dots indicate sites in 

approximately an east-west direction f~om the epi-

centre .and triangle s indi cate site s in approximately 

a north-south direction. 
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RELATJONSHIP o~ EAFTHQUAKE 1D McNAUGHTON LAKE 

îwo recent publications have summarized the relationship 

of s~ismicity changes to reserv oir 1oading (Gu pta and Rastogi~ 

1976; Simpson, 1976). Although the list of cases where the seismjc 

regime has been modified by reservoir inpounding now exceeds thirty, 

the most sjgnificant data have been derived from the seven cases 

where earthquakes of magnitude 5 or 9reater have occurred. Several 

1mportant characteristics of res ervoir induced seisrnicity are found. 

(1) The large earthquakes have been associated with a long series 

of forcshocks and aftershocks . 

(2) In most cases the activity has started soon after inpounding 

and the largest sh ocks have cccurred near the time of highest water 

1eve1 . 

{3) For the reser~oirs . with the largest earthquakes, the magnitude 

M1 of the largcst aftersho ck is related to the i1o of the mainshock 
0 

by M0 - M1 = 0.6. For non-reservoir shallow earthquake~ Bath (1965) 

found Mo - M1 = 1.2. 

{4) The focal mechanism solutions are of the strike-s lip or normal 

type. 

(5) Activity is most common i n reservoirs ·greater than 100 m deep. 

(6) For both foreshocks and aftershocks , the b-value in the frequency 

magnitude relationship is greater than 1 for the larger earthquakes. 

The data for this earthquake are not consistent with the 

first five ch~ractcristic~. With respect to (6), b-va lues have not 
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as yet been determined. Spec ifica lly , no foreshocks wcre observed 

for this earthqua~e; this, the first sei5mic activity did not occur 

until after four years _of impoundin~; and was near a seasonal load 

minimum (Fig. 10). Further, Mo - M1 ~ 2, i.e. more characteristic 

of non-reiervoir earthquakes, and the focal mechanism solution has 

a significant thrust co mp onent. Although the maximum depth of 

McNaughton Lake is ·190 m ~ (Fig . 10), this occurs 80 km from the 

epicentre. The maximum depth of adjacent portions of reservoir 

varies seasonally between 35 and 55 m. Only at the Maratho n reservoir 

in Greece has an earthquake of comp2rable magnitude been associated 

with such shallow wate r depths. On the basis of this evidence, it 

is unlikely that this earthquake is related to filling of McNaughton 

Lake. 

Before co mpl etely dismissing the possibility of a relation 

between the earthquake and reservoir, the observations that the 

earthquake occurred near a load minimum and that there was a 

significant thrust· component should be considered join t ly. Calcu-

l a t i o n s b y S n o 1<1 ( 1 9 7 2 ) s h o 1<1 t h él t f o r t h r u s t e n v i r o n m e 11 t , l o vl e r i n g 

of the reservoir level moves the system towards instability. The 

stability producing load has been removed but the increase in pore 

pressure rema in s as the time l ag for change of pore pres sure at depths 

of several kilometers is of the order of months . These observations 

would therefore app ea r to be consis tent with induced seismicity in 

a th rus t envi r on men t . Ho w c ver ) i n v i e w of th e o the r e v i den ce ~ t i1 i s 

relationship appe a rs unlikely. 
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FIG. 10: Maximum water depth in McNaughton Lake. The Ma y 

14, 1978 earthquake oc curred near a seasona l 

minimum. lime of occurrence of this earthquake 

i s ind icated by the arrow. 
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DISCUSSION AND CONCLUSIONS 

1) The epicentre of the earthquake was near 52.65°N and ll8.87°W, 

apprnximately 30 kilometers southeast of Valemount, B.C. on 

the northe ast side of the Rocky Mountain Trench, which at 

this point contains the Mica Reservoir (McNaughton Lake). The 

focal depth was near 8 kilometers. 

2) . The most likely interpretation of the preliminary foca l mechanism 

solution suggests right lateral strike-slip motï"on on a north-

west striking low a~gle fault with a significant thrust component. 

The pressur2 axis of the focal mecha11ism solution is orientated 

at a shallow angl ·e in a northeast direction, consistent with the 

forces that formed the imbricate structure of the Rocky Mountain 

in this region. 

3) The lack of previous post reservoir fillir1g seismicity in the 

immediate epicentral area, the lack of foreshocks, the large 

difterence between the mainshock and the largest aftershock, the 

sl1ailow water depth, and the s ignificant thrust co mp onent in the 

preliminary focal ~echanism solution, mitigate agai11st this being 

a reservoir i nduced ea rthquake. 
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4) The isoseismals are elongated to the south and the distance to 

which the earthquake was felt in this direction approaches the 

intensity versus distance relationships for eastern North 

America. The preliminary focal mechan ism solution predicts 

a maximum on the S wave radiation pattern in this direction 

and the seismograms at Newport Washington suggest efficient 

propagation of S energy as a Lg phase, which is not commonly 

observed in the Cordillera. 
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