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Introduction

This pa per de scribes a pas sive-source seis -
mic map ping pro ject in the Nechako Ba sin
of cen tral Brit ish Co lum bia, with the goal of
as sess ing the hy dro car bon and min eral po -
ten tial of the re gion. Over the last de cade, an 
ex plo sion of the moun tain pine bee tle pop u -
la tion in cen tral BC has dev as tated the
lodgepole-pine for est in dus try on which
many com mu ni ties de pend. Min eral or en -
ergy ex trac tion may pro vide an al ter na tive
eco nomic op por tu nity for the re gion. The
Nechako Ba sin has been the fo cus of lim ited 
hy dro car bon ex plo ra tion since the 1930s. Twelve ex plor -
atory wells were drilled, and oil stains on drill chip sam ples, 
as well as the ev i dence of gas in drill stem tests, at test to
some hy dro car bon po ten tial. Seis mic data col lected in the
1980s were of vari able qual ity, mainly due to the ef fects of
vol ca nic cover in this re gion. This study will uti lize re cord -
ings of dis tant earth quakes to map sed i ment thick ness,
crustal thick ness and over all ge om e try of the Nechako Ba -
sin. An ar ray of seven seis mic sta tions were de ployed in
Sep tem ber 2006 (Ta ble 1, Fig ure 1) to sam ple a large area
of the ba sin and two ad di tional seis mic sta tions were de -
ployed in Oc to ber and No vem ber 2007 (Ta ble 1, Fig ure 1)
due to un ex pected lo cal earth quake swarms (Cassidy et al.,
2008b). This study will com ple ment in de pend ent ac tive-
source seis mic stud ies planned for the re gion by pro vid ing
site-spe cific im ages and con straints on the shear-wave ve -
loc ity struc ture. This re search will also com ple ment

magnetotelluric (MT) mea sure ments cur rently un der way
(Spratt and Cra ven, 2009), pro vid ing crit i cal new in for ma -
tion on po ros ity, frac tures and flu ids. This pa per de scribes
the meth ods that are be ing used, data col lec tion, prog ress of 
cal cu la tion and in ver sion for re ceiver func tions, some pre -
lim i nary re sults and fu ture work. In ad di tion, there is an
am bi ent noise study be ing con ducted by the Uni ver sity of
Man i toba (Idowu et al., 2009). It will com ple ment the re -
ceiver func tion study, which pro vides site-spe cific in for -
ma tion be neath the re cord ing sta tions by gen er at ing mod -
els that av er age the ve loc ity struc ture be tween pairs of
sta tions us ing data from the same seis mic sta tions as the re -
ceiver func tion study.

Methodologies

Receiver Function Analysis

The tech nique used in this study is re ceiver func tion anal y -
sis, in or der to con strain the shear-wave ve loc ity struc ture.
In this method, lo cally gen er ated P- to S-wave con ver sions
in P waves from dis tant earth quakes (teleseisms; Fig ure 2;
Cassidy, 1992, 1995; Eaton and Cassidy, 1996) are used to
map ma jor dis con ti nu ities be neath the nine three-com po -
nent seis mic sta tions de ployed across the Nechako Ba sin
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Seismic Station Location Code Latitude Longitude Elevation (km)
Anahim Lake, BC ALRB 52.510 -125.084 1.237

Cack lake1 seismic station, BC CLSB 52.759 -122.555 0.792
Fletcher Lake, BC FLLB 51.739 -123.106 1.189
southwest Quesnel, BC RAMB 52.632 -123.123 1.259
south of Vanderhoof, BC SULB 53.279 -124.358 1.171
Tatla Lake, BC TALB 52.015 -124.254 1.127
Thunder Mountain, BC THMB 52.549 -124.132 1.126
upper Baezaeko River, BC UBRB 52.890 -124.083 1.243
Fishpot Lake, BC FPLB 52.954 -123.779 1.005
1 unofficial place name

Table 1. Locations of broadband seismic stations in the Nechako Basin. Stations
ALRB, CLSB, FLLB, RAMB, SULB, TALB and THMB were deployed in September
2006; stations UBRB and FPLB were deployed in October and November 2007.

http://www.geosciencebc.com/s/DataReleases.asp
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Fig ure 1. Lo ca tion of study area. Filled tri an gles (and four-char ac ter sta tion codes) in di cate the lo ca tions of the nine broad band seis mic sta -
tions. Base map from Rid dell (2006).



(cov er ing an area of ap prox i mately 33 000 km2). The re -
ceiver func tions are cal cu lated from the re corded
teleseismic wave forms by deconvolving the ra dial com po -
nents with the cor re spond ing ver ti cal com po nents. This
method typ i cally re quires re cord ing for an ap prox i mately
two-year pe riod to col lect enough events sam pling a wide
range of di rec tions and dis tances.

The ad van tages of this method in clude
· site-spe cific in for ma tion (map ping dis con ti nu ities di -

rectly be neath the re cord ing site);
· S-ve loc ity in for ma tion (dif fi cult to ob tain from other

stud ies);
· abil ity to de ter mine in ter face ge om e try, in clud ing dip

an gle and di rec tion; and
· im ages ob tain able for struc ture be neath strong near-sur -

face re flec tors as the teleseismic en ergy is com ing from
be low, thereby pro vid ing im ages of both near-sur face
and crustal-scale struc ture.

Re ceiver func tions sub se quently in vert for S-wave ve loc ity 
struc ture us ing the neigh bour hood al go rithm (Sambridge,
1999a, b). This in ver sion ap proach is one of the di rect
search meth ods that is suit able for com plex non lin ear prob -
lems, such as re ceiver func tion anal y sis.

A sim i lar study, con ducted across the north ern Coast
Moun tains of BC to im age the coastal batholith, shows a

pro nounced change in crustal struc ture at the bound ary be -
tween the batholith and the wes tern most edge of the
Nechako Ba sin (Calkins et al., 2006). This at tests to the ca -
pac ity of this im ag ing method to re solve the crustal struc -
ture in this re gion.

The re ceiver func tion method has been re cently ap plied in
stud ies of sed i men tary bas ins around the world. In the
Bohai Bay Ba sin (China), Zheng et al. (2005) used re ceiver
func tions to map sed i men tary thick nesses (2–12 km) and
ve loc i ties to better un der stand the pe tro leum po ten tial of
this re gion. In the Mis sis sippi embayment, Julia et al.
(2004) com bined re sults from de tailed geotechnical, seis -
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Fig ure 2. Sche matic di a gram of the re ceiver func tion method.
When in ci dent P waves from dis tant earth quakes en coun ter S-
wave ve loc ity bound aries be neath a seis mic sta tion (top), some of
the en ergy is con verted to an S wave (Ps). The am pli tude and ar -
rival time of the Ps phase, rel a tive to the di rect P wave, pro vides
con straints on the ve loc ity con trast and depth to the in ter face
(Cassidy et al., 2008a).

Figure 3. Pho to graph of Nechako seis mic sta tion RAMB, show ing
the typ i cal sta tion lay out, with so lar pan els and a sat el lite dish
(seis mic vault is not vis i ble).

Fig ure 4. Dis tri bu tion of dis tant earth quakes used in this study.
Stars in di cate large (mag ni tude >6), dis tant earth quakes. The map
is cen tred on the Nechako Ba sin seis mic ar ray, with dis tances of
3360 km (30°) and 11200 km (100°) in di cated. This is the use ful dis -
tance range for re ceiver func tion stud ies.



mic re flec tion and re ceiver func tion stud ies
to de ter mine the ve loc ity struc ture and den -
sity pro files of the sed i men tary col umn, as
well as sed i men tary thick ness. In Chile,
Law rence and Wiens (2004) com bined re -
ceiver func tion data with sur face-wave data
to map the sed i men tary rocks in the Rocas
Verdes Ba sin of Patagonia.

Data

In Sep tem ber 2006, seven three-com po nent
broad band seis mic sta tions were de ployed
across the Nechako Ba sin area of cen tral
BC, and two ad di tional sta tions were de -
ployed in Oc to ber and No vem ber 2007. The
sites were cho sen to sam ple a large por tion
of the ba sin and to be close to ex ist ing bore -
holes (Fig ure 1). These sta tions uti lize so lar
power and sat el lite data trans mis sion in or -
der to con tin u ously re cord ground shak ing,
trans mit the data in real time and ar chive it at 
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Fig ure 5. Weighted, stacked ra dial re ceiver func tion for sta tion FLLB (top).
Epicentral dis tances and back az i muths are in di cated next to the re ceiver func tions.

Fig ure 6. Sam ple re ceiver func tions for se lect Nechako Ba sin sta tions. The large ar riv als in di cated by ar rows are con sis -
tent with a Ps con ver sion from the con ti nen tal Moho (near T = 4 s) and free-sur face mul ti ples of this phase near T = 12–17 s.



data col lec tion cen tres in Sid ney, BC and Ot tawa, ON. A
typ i cal sta tion setup, con sist ing of so lar pan els, a seis mic
vault and a sat el lite dish with as so ci ated elec tron ics, is
shown in Fig ure 3.

Dur ing two years of op er a tion (Sep tem ber 2006–Au gust
2008), more than 1000 in ter me di ate to large (mag ni -
tude >5.5), dis tant earth quakes (teleseisms) were re corded.

Among these events, 40 wave forms are the most ap pro pri -
ate for the re ceiver func tion anal y sis de scribed above, and
25 ad di tional wave forms may pro vide some in for ma tion.
The best 40 teleseisms for this study are shown in Fig ure 4.
These events cover a wide range of az i muth and dis tance,
pro vid ing a suit able dataset for ex am in ing ge om e try (dip
an gle and di rec tion) of the struc tural bound aries be neath
the seis mic sta tions.
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Fig ure 7. Re ceiver func tions from sta tion FLLB and THMB, or dered by back az i muths for two dif fer ent dis tance ranges (30–60° and 60–
100°). Thin ar rows on the left show the back az i muth for each event. Thick ar rows in di cate the shift ing of ar riv als cor re spond ing to the same
phase. Stacked re ceiver func tions are la belled.



Re ceiver func tions com puted from the events that have
sim i lar dis tances and back az i muths are stacked to gether to
iden tify the ro bust phases. By this pro cess, the am pli tude of 
sig nif i cant ar riv als as so ci ated with dis con ti nu ities add con -
struc tively and are en hanced, whereas noise is sup pressed
(Fig ure 5).

Preliminary Results

To date, re ceiver func tions have been com puted for wave -
forms col lected over 2 years at three sta tions within the
Nechako Ba sin: FLLB, THMB and SULB. These pre lim i -
nary re ceiver func tions are con sis tent and show ar riv als in -
dic a tive of sed i men tary rocks in the ba sin and crustal thick -
ness vari a tions. For ex am ple, the re ceiver func tions for the
mag ni tude 8.1 Kuril Is lands earth quake on Jan u ary 13,
2007 is shown in Fig ure 6. The ar rival at time ‘0’ is the di -
rect P wave; other ar riv als are lo cally gen er ated P- to S-
wave con verted phases and free-sur face mul ti ples. A small-
am pli tude ar rival at T = 0, fol lowed im me di ately by large-

am pli tude ar riv als, is in dic a tive of near-sur face low-ve loc -
ity sed i men tary rocks. The Ps-con verted phase near 4 s is
as so ci ated with the con ti nen tal Moho (as are the mul ti ples
at 12–17 s). The ear lier ar riv als (i.e., the ar riv als within the
first 2 s) are as so ci ated with near-sur face, low-ve loc ity sed -
i men tary rocks.

Al though some ar riv als in di cate the same phase from the
dis con ti nu ity, pos si bly the Moho, they may vary with the
back az i muth. There is also a vari a tion in ar rival time with
dis tance (Cassidy, 1992). Thick ar rows in Fig ure 7 show
the shift ing of ar riv als with the same phase.

The pre lim i nary S-wave model in di cates that the crustal
thick ness of the ba sin is about 37 km with an ~3 km thick
sed i men tary layer on the top and low-ve loc ity zone at ~20–
37 km depth (Fig ure 8). The dis con ti nu ity around 37 km
depth in the model in di cates the Moho.

Future Work

Re ceiver func tions will be com puted for all suit able events
for re main ing sta tions. These will be also stacked into dis -
tance and az i muth bins and mod elled for S-wave ve loc ity
struc tures for all sta tions within the Nechako Ba sin. Am pli -
tudes and ar rival times will be used to con strain the S-wave
ve loc ity con trast and depth of the bound ary, and az i muth
vari a tions in the re ceiver func tions will help con strain the
ge om e try of the in ter faces. This re search is a work in prog -
ress, be ing con ducted by a Uni ver sity of Vic to ria M.Sc. stu -
dent (H. Kim). The ex pected com ple tion date of the study is 
Au gust 2009.

Acknowledgments

The au thors grate fully ac knowl edge the fi nan cial sup port
of the BC Min is try of En ergy, Mines, and Pe tro leum Re -
sources, the Geo log i cal Sur vey of Can ada and Geoscience
BC in de ploy ing and op er at ing this seis mic net work.
Thanks go to J. McCutcheon of the Uni ver sity of Man i toba, 
and S. Wil liams of the Geo log i cal Sur vey of Can ada for
their as sis tance in de ploy ing this seis mic ar ray, and to I. Al-
Khoubbi, I. Asudeh and the POLARIS team for main tain -
ing these in stru ments. G. Rog ers and R. Cur rie are thanked
for pro vid ing a thor ough re view of this manu script.

Geo log i cal Sur vey of Can ada con tri bu tion 20080438.

References

Calkins, J., Frassetto, A., Zandt, G. and Dueker, K. (2006): Na ture
of the crust and Moho in the Coast Moun tains batholith near
52°N; Eos, Trans ac tions, Amer i can Geo phys i cal Un ion, v.
87, no. 52, Fall Meet ing, abstr. S53B-1323.

Cassidy, J.F. (1992): Nu mer i cal ex per i ments in broad band re -
ceiver func tion anal y sis; Bul le tin of the Seis mo log i cal So ci -
ety of Amer ica, v. 82, p. 1453–1474.

Cassidy, J.F. (1995): A com par i son of the re ceiver struc ture be -
neath sta tions of the Ca na dian Na tional Seis mo graph Net -

168 Geoscience BC Sum mary of Ac tiv i ties 2008

Fig ure 8. The S-wave ve loc ity mod els for THMB. The best-fit
model is in white. The black solid line shows the av er age of 1%
mod els with the best data fits. Dot ted lines show the min i mum and
max i mum range of al low able mod els.



work; Ca na dian Jour nal of Earth Sci ences, v. 32, p. 938–
951.

Cassidy, J.F., Al-Khoubbi, I. and Kim, H.S. (2008): Map ping the
struc ture of the Nechako Ba sin us ing pas sive source seis -
mol ogy; in Geoscience BC Sum mary of Ac tiv i ties 2007,
Geoscience BC, Re port 2008-1, p. 115–120.

Cassidy, J.F., Balfour, N., Hickson, C., Kao, H., Nazzotti, S., Rog -
ers, G.C., Bird, A., Bentkowski, W., Al-Khoubbi, I.,
Esteban, L., White, R., Caplan-Au er bach, J. and Kelman,
M. (2008): The up per Baezaeko River, Brit ish Co lum bia,
earth quake sequence: un usual seis mic ac tiv ity in the
Anahim vol ca nic belt (ab stract); Seis mo log i cal Re search
Let ters, v. 79, p. 334.

Eaton, D.W. and Cassidy, J.F. (1996): A rel ict subduction zone in
west ern Can ada: ev i dence from seis mic re flec tion and re -
ceiver func tion data; Geo phys i cal Re search Let ters, v. 23,
p. 3791–3794.

Idowu, O., Frederiksen, A. and Cassidy, J.F. (2009): Seis mic to -
mog ra phy of the Nechako Ba sin, Brit ish Co lum bia (NTS
092N, O, 093B, C, F, G), us ing am bi ent seis mic noise, in
Geoscience BC Sum mary of Ac tiv i ties 2008, Geoscience
BC, Re port 2009-1, p. 169–172.

Julia, J., Herrmann, R.B., Am mon, C.J. and Akinci, A. (2004):
Eval u a tion of deep sed i ment ve loc ity struc ture in the New
Ma drid seis mic zone; Bul le tin of the Seis mo log i cal So ci ety
of Amer ica, v. 94, p. 334–340.

Law rence, J.F. and Wiens, D.A. (2004): Com bined re ceiver-func -
tion and sur face wave phase-ve loc ity in ver sion us ing a
niching ge netic al go rithm: ap pli ca tion to Patagonia; Bul le -
tin of the Seis mo log i cal So ci ety of Amer ica, v. 94, p. 977–
987.

Rid dell, J.M. (2006): Ge ol ogy of the south ern Nechako Ba sin NTS 
92N, 92O, 93B, 93C, 93F, 93F; BC Min is try of En ergy,
Mines and Pe tro leum Re sources, Pe tro leum Ge ol ogy Map
2006-1, 3 sheets at 1:400 000 scale.

Sambridge, M. (1999a): Geo phys i cal in ver sion with a neigh bour -
hood al go rithm – I. Search ing a pa ram e ter space, Geo phys i -
cal Jour nal In ter na tional, v. 138, no. 2, p. 479–494.

Sambridge, M. (1999b): Geo phys i cal in ver sion with a neigh bour -
hood al go rithm – II. Ap prais ing the en sem ble, Geo phys i cal
Jour nal In ter na tional, v. 138, no. 3, p. 727–746.

Spratt, J.E. and Cra ven, J.A. (2009): Pre lim i nary im ages of the
con duc tiv ity struc ture of the Nechako Ba sin, south-cen tral
Brit ish Co lum bia (NTS 092N, O; 093B, C, F, G) from the
magnetotelluric method; in Geoscience BC Sum mary of Ac -
tiv i ties 2008, Geoscience BC, Re port 2009-1, p. 173–180

Zheng, T., Zhao, L. and Chen, L. (2005): A de tailed re ceiver func -
tion im age of the sed i men tary struc ture of the Bohai Bay Ba -
sin; Phys ics of the Earth and Plan e tary In te ri ors, v. 152,
p. 129–143.

Geoscience BC Re port 2009-1 169



170 Geoscience BC Sum mary of Ac tiv i ties 2008


