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Introduction

Dur ing the sum mer of 2006, an ar ray of seven three-
component broad band POLARIS seis mic sta tions was de -
ployed across the Nechako Ba sin (Fig ures 1a, b; Ta ble 1).
The goal of this de ploy ment was to re cord large dis tant
earth quakes, which could be used to im age the Earth’s
struc ture be neath cen tral Brit ish Co lum bia. Two ad di tional
seis mic sta tions were de ployed in the au tumn of 2007 to
study an un usual swarm of lo cal earth quakes near the
Nazko cone (un of fi cial place name). The pas sive-source
seis mic datasets are be ing used for a wide range of stud ies,
in clud ing
· map ping the near-sur face struc ture (e.g., sed i ment and

vol ca nic cover thick ness);
· map ping the over all ba sin ge om e try;
· es ti mat ing crustal thick ness;
· map ping up per-man tle struc ture; and
· in fer ring flow pat terns in the up per man tle based on

SKS-split ting ob ser va tions.

Key pa ram e ters use ful for re source as sess ment (oil, gas and 
min eral po ten tial) that are ob tained from these pas sive-
source seis mic datasets in clude S-wave ve loc ity (sen si tive
to flu ids and frac tures), Pois son’s ra tio (sen si tive to li thol -
ogy, po ros ity and frac ture den sity), thick ness of sed i ments

and vol ca nic cover, and over all ba sin ge om e try (key for oil
and gas po ten tial). This re port pro vides an up date on the
field op er a tions and data col lec tion, and briefly sum ma -
rizes some of the ap pli ca tions of this pas sive-source seis -
mic dataset to both re source as sess ment and im proved
estimates of volcanic and seismic hazards in the region.

Data Collection

Field Operations

De ploy ment of the first PO LARIS-Nechako seis mo graph
sta tions be gan on Au gust 24, 2006. Each sta tion uti lized ei -
ther AC power (if avail able) or DC power from so lar pan els
and pro vided real-time data via sat el lite to Geo log i cal Sur -
vey of Can ada (GSC) of fices in Sid ney, BC and Ot tawa,
ON. Five sta tions were de com mis sioned in 2008 and the
last POLARIS sta tion was de com mis sioned on Au gust 27,
2009 (see Table 1 for details).

Data Availability

Wave form data are ar chived with data from the Ca na dian
Na tional Seis mo graph Net work (CNSN) and are avail able
in a num ber of ways. The eas i est way to ac cess these data is
via the website: http://earthquakescanada.nrcan.gc.ca/stn
don/AutoDRM/autodrm_req-eng.php. An al ter na tive
method is to use the ‘AutoDRM’ ser vice. For in for ma tion
on this, see http://earthquakescanada.nrcan.gc.ca/stndon/
AutoDRM/index-eng.php.
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This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.
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Fig ure 1a. Map (Rid dell, 2006) of sta tion lo ca tions (tri an gles), south-cen tral Brit ish Co lum bia.
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Fig ure 1b. A typ i cal seis mo graph site (top) and to pog ra phy (bot tom) in south-cen tral Brit ish Co lum bia. Pho to -
graphs pro vided by I. Al-Khoubbi. 



Data Analysis and Methodologies

Data Analysis

This is a unique, high-qual ity dataset, which pro vides new
op por tu ni ties to ex am ine the struc ture and
tec ton ics of the area. A va ri ety of data anal y -
sis meth ods have been uti lized by re search ers 
at sev eral in sti tu tions to ex am ine the Earth’s
struc ture be neath the Nechako Ba sin. These
meth ods are briefly de scribed be low, pri mar -
ily to high light the ad van tages and ap pli ca -
tions of each and to pro vide references for
additional information.

Receiver-Function Analysis

Re ceiver-func tion stud ies are be ing ap plied
at each of the Nechako Ba sin sites to ex am ine 
the S-wave ve loc ity struc ture. Re ceiver-
func tion stud ies (for de tails on the meth od ol -
ogy, see Langston, 1977; Am mon, 1991;
Am mon et al., 1991; Cassidy, 1992, 1995)
pro vide site-spe cific in for ma tion such as S-
wave–ve loc ity struc ture di rectly be neath the
re cord ing site and con straints on in ter face
ge om e try (dip an gle and di rec tion of ve loc ity
dis con ti nu ities). This method is based on the
con ver sion of P-wave to S-wave en ergy oc -
cur ring at ve loc ity con trasts be neath a re -
cord ing site (Fig ure 2). The am pli tude of the
Ps-con verted phase is re lated to the ve loc ity
con trast, and the ar rival time of the Ps phase
is re lated to the depth and av er age ve loc ity.
Re ceiver-func tion stud ies have proven very
use ful in map ping sed i men tary bas ins in
other ar eas of the world, in clud ing the Bohai
Bay Ba sin of China (Zheng et al., 2005), the
Rocas Verdes Ba sin of Patagonia, Chile
(Law rence and Wiens, 2004), and the Mis sis -
sippi embayment (Julia et al., 2004). The in -

ver sion method of Sambridge (1999) is used to quickly test
thou sands of Earth mod els to de ter mine the model that
generates synthetic waveforms which best match the
observed waveforms.
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Seismic station location Code Latitude Longitude

Elevation 

(km) Start date End date

Anahim Lake ALRB 52.51 -125.084 1.237 30-Aug-06 27-Aug-09
Cack lake1 CLSB 52.759 -122.555 0.792 09-Jan-06 26-Aug-09
Fletcher Lake FLLB 51.739 -123.106 1.189 24-Aug-06 06-Oct-08
Southwest Quesnel RAMB 52.632 -123.123 1.259 09-Mar-06 06-Dec-08
South of Vanderhoof SULB 53.279 -124.358 1.171 09-May-06 25-Aug-09
Tatla Lake TALB 52.015 -124.254 1.127 28-Aug-06 06-Nov-08
Thunder Mountain THMB 52.549 -124.132 1.126 27-Aug-06 06-Oct-08

Upper Baezaeko River UBRB 52.89 -124.083 1.243 20-Oct-07
Fishpot Lake FPLB 52.954 -123.779 1.005 22-Nov-07 06-Nov-08

1 Unofficial place name

Table 1. Location, station codes and dates of operation of the broadband seismic stations in the Nechako Basin, 
south-central British Columbia. Stations UBRB and FPLB were deployed as a part of the Canadian National
Seismograph Network in late 2007 to help monitor a swarm of earthquakes in the Anahim volcanic belt.

Fig ure 2. Sche matic di a gram of the re ceiver-func tion method: an in com ing pla nar P-
wave gen er ates P-to-S con ver sions and free-sur face mul ti ples at ve loc ity dis con ti -
nu ities be neath a re cord ing site; through deconvolution of the ver ti cal com po nent
from the hor i zon tal com po nents of shak ing, re ceiver func tions that high light the lo -
cally gen er ated phases can be iso lated. The am pli tude of the re ceiver func tion rep -
re sents the ra tio of the ra dial com po nent of the P-wave to the ver ti cal com po nent of
the P-wave.



Ambient Noise Tomography

Am bi ent ‘seis mic noise’ re corded at the Nechako Ba sin
seis mic sta tions has been used to map the group-ve loc ity
struc ture and layer thick ness across the ba sin. This tech -
nique uti lizes seis mic noise re corded at sta tions 20–100 km
apart. The re cord ings are typ i cally dom i nated by Ray leigh
waves for the ver ti cal com po nents of the data and all pos si -
ble sta tion com bi na tions are uti lized to com pute dis per sion
curves. In ver sion tech niques are ap plied to the dis per sion
curves to con strain the av er age group-ve loc ity struc ture be -
tween sta tions. This com ple ments the site-spe cific mod els
de rived from re ceiver func tions. By com bin ing all pos si ble
‘sta tion-pairs’ a 3-D im age of the ba sin struc ture can be ob -
tained. De tails of this meth od ol ogy and ap pli ca tions to
other sed i men tary bas ins are de scribed in Sabra et al.
(2005), Shapiro et al. (2005) and Bensen et al. (2007).

Regional P-Wave Tomography

The ar rival times of P- and S-waves from dis tant earth -
quakes made at per ma nent and tem po rary seis mic sta tions
de ployed in west ern Can ada can be used to map the ve loc ity 
struc ture of the crust and man tle to depths of 500–700 km.
With the de ploy ment of tem po rary net works such as the
Nechako ar ray, the Batholiths ar ray and the Ca noe ar ray
(see Mercier et al., 2009), high-res o lu tion mod els can be
de vel oped across large por tions of west ern Can ada. De tails
on the meth od ol ogy are pro vided in VanDecar (1991) and
Mercier et al. (2009), and the re sults of this study are
described below.

SKS-Splitting Studies

Seis mic ani so tropy of the up per man tle has been doc u -
mented in a wide range of tec tonic set tings world wide.
Man tle ani so tropy is gen er ally at trib uted to shear de for ma -
tion and the align ment of ol iv ine crys tals, which is of ten as -
so ci ated with man tle flow pat terns. Shear-wave split ting
mea sure ments us ing SKS phases re corded at sta tions in the
Nechako Ba sin are be ing used to map man tle ani so tropy in
this re gion. For de tails of this anal y sis method and data pro -
cess ing, see Sil ver and Chan (1991) and Currie et al.
(2004).

Results

Ambient Noise Tomography

Am bi ent noise data re corded by 12 POLARIS and CNSN
seis mic sta tions be tween Sep tem ber 2006 and No vem ber
2007 were uti lized to map the thick ness of sed i ments, vol -
ca nic cover and crustal thick ness (e.g., Fig ure 3) across
cen tral BC (Idowu, 2009). As a two-sta tion method was
used, the re sults rep re sent an av er age thick ness be tween
each pair of sta tions con sid ered. The am bi ent noise and re -
sult ing Green’s func tions are dom i nated by Ray leigh
waves. Dis per sion curves for the Ray leigh waves were
com puted and an in ver sion method was ap plied to pro duce

2-D group-ve loc ity maps be tween 0.03  and 0.55 Hz and 1-
D S-ve loc ity mod els for the Nechako Ba sin and sur round -
ing re gion. The av er age 1-D model within the ba sin was in -
dic a tive of a six-lay ered me dium: sur face/near sur face sed -
i ment (~1.8 km), vol ca nic rock (~0.6 km), the sed i men tary
ba sin (~2.0 km), the Pre cam brian base ment (~9.1 km), the
lower crust (~17.0 km) and the up per man tle. The av er age
1-D model out side the ba sin is sim i lar to the model within
the ba sin, ex cept that the vol ca nic and sed i men tary lay ers
are ab sent. Zones of low group-ve loc ity struc tures within
the area sug gest that the re gion con sists of a ma jor deep and
lat er ally ex ten sive sed i men tary pack age at the ba sin cen tre,
and a shal low sed i men tary pack age at the south ern edge of
the Nechako Basin. Detailed results are presented in Idowu
(2009) and Idowu et al. (work in progress, 2010).

Receiver Functions

Teleseismic re ceiver func tions have been com puted for all
sta tions in the Nechako Ba sin. These data cover a wide az i -
muthal and dis tance range and al low for res o lu tion of dip -
ping struc ture and in ter face ge om e try. For ex am ple, the ob -
vi ous dif fer ences in re ceiver func tions be tween sta tions
(Fig ure 4) re quire sig nif i cant vari a tions in sed i ment thick -
ness and crustal structure across the basin.

Site-spe cific mod els are cur rently be ing de vel oped for each 
site. An ex am ple is pro vided for the sta tion SULB (Fig -
ure 5). The ob served re ceiver func tions from a range of di -
rec tions (BAZ) and dis tances (DIST) are com pared with
pre dicted re ceiver func tions (Fig ure 5, left) us ing the ‘best-
fit ting’ model de vel oped (Fig ure 5, right). These re ceiver
func tions are the sim plest of all the Nechako Ba sin sites.
The key fea tures re quired by the data are a con ti nen tal
Moho near 35 km depth, a low-ve loc ity sur face layer about
1 km thick and a low-ve loc ity zone in the lower crust. Each
of these fea tures was re quired, re gard less of the com bi na -
tion of re ceiver-func tion data that were in verted, or the va -
ri ety of in ver sions at tempted. At this sta tion there is no
clear ev i dence for the vol ca nic layer, or sed i ments be neath
the vol ca nic rocks. These lay ers may not be pres ent at this
sta tion, or they may be too thin to resolve (<0.5–1 km)
using this dataset.

Regional P-Wave Tomography

A re gional-scale study uti liz ing re cord ings of dis tant earth -
quakes made at all CNSN sta tions, the Nechako seis mic
sta tions and other tem po rary de ploy ments was re cently
com pleted by Mercier et al. (2009). Re cord ings of 1609
earth quakes made at 234 seis mic sta tions (Fig ure 1 of
Mercier et al., 2009) were used to map the P- and S-wave
ve loc ity struc ture across all of west ern Can ada. One of the
most prom i nent and in ter est ing fea tures is a low-ve loc ity
zone im aged be neath the Anahim vol ca nic belt (the east-
west line shown in Fig ure 6). This low-ve loc ity zone ex -
tends from the Nazko cone (the most re cent of the vol ca nic
cones in this belt) sea ward, and is im aged into the man tle to
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depths of about 400 km (Fig ure 6). This is con sis tent with a
deep magma source and man tle-scale pro cesses in the
region of the Anahim volcanic belt.

SKS-Splitting Studies

Seis mic data re corded at  two tem po rary ar rays–
‘Batholiths’ ex tend ing from the coast near Bella Bella to
Anahim Lake in the Nechako Ba sin and the POLARIS sta -
tions in the Nechako Ba sin–were ex am ined for teleseismic
(SKS) shear-wave split ting. En ergy-minimization meth ods 
in the SplitLab soft ware pack age were used to an a lyze the

SKS phases (Zandt et al., 2009). There is a very clear pat -

tern of east-west–ori ented split ting from the west coast

through the Nechako Ba sin (Fig ure 7). This pat tern does

not fit the north west-ori ented struc tural fab ric, but is con -

sis tent with upwelling and asthenospheric flow around the

north ern edge of the subducting Ex plorer plate (see Audet

et al., 2008). De tailed anal y sis of this pat tern is pre sented in

Zandt et al. (2009) and other stud ies are cur rently un der way 

(A. Frassetto, work in prog ress, 2010; A. Frassetto et al.,

work in progress, 2010).
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Fig ure 3. Av er age thick ness of sed i ments, vol ca nic layer and crust be neath the Nechako Ba sin, south-cen tral Brit ish 
Co lum bia, based on am bi ent noise data.
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Fig ure 5. Re ceiver-func tion mod el ling at SULB: solid lines are ob served re ceiver func tions, dashed lines are syn thetic re ceiver func tions
gen er ated us ing the ‘best-fit’ model. The 3000 Earth mod els that were ex plored in this in ver sion mod el ling pro cess are shown to the right.
The min i mum mis fit (best) model is the white line. The am pli tude of the re ceiver func tion rep re sents the ra tio of the ra dial com po nent of the
P-wave to the ver ti cal com po nent of the P-wave.

Fig ure 4. Sam ple re ceiver func tions across the Nechako Ba sin, south-cen tral Brit ish Co lum bia. Note
the sig nif i cant dif fer ences in the char ac ter of the wave forms, es pe cially in the first 1–3 sec onds (T = 0–
3 s). Ar rows high light the in ter preted Ps con ver sion as so ci ated with the con ti nen tal Moho (near T = 4 s)
and free-sur face mul ti ples (T = 13–18 s). The am pli tude of the re ceiver func tion rep re sents the ra tio of
the ra dial com po nent of the P-wave to the ver ti cal com po nent of the P-wave.



Current and Future Work and
Applications to Resource

Assessment

A num ber of re search ac tiv i ties uti liz ing
Nechako Ba sin POLARIS data are on go ing.
By early 2010, the re ceiver-func tion study
will be com pleted. This will pro vide site-
spe cific S-wave ve loc ity mod els for each of
the POLARIS sta tions. These mod els will be 
com pared with the tomographic re sults from 
the am bi ent noise study (Idowu, 2009), and
with grav ity, magnetotelluric and seis mic re -
flec tion datasets to help map the struc ture
and ge om e try of the Nechako Ba sin. Spe -
cific re sults that will ben e fit the ex plo ra tion
com mu nity in clude es ti mates of sed i ment
thick ness, ba sin ge om e try, P-wave and S-
wave ve loc i ties for var i ous units, and Pois -
son’s ra tio (use ful for con strain ing li thol ogy, 
frac tures and po ros ity). In ad di tion, a de -
tailed SKS study (Zandt et al., 2009) and a
tomographic study (Mercier et al., 2009) of
the up per man tle help to better un der stand
man tle flow pat terns, es pe cially in re la tion -
ship to vol ca nism in the area. Seis mic data
from this pro ject have also been used for as -
sess ing the Nechako Basin earthquake
swarm and volcanic hazards (Cassidy et al.,
work in progress, 2010).
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Fig ure 6. Tomographic P-ve loc ity model across Brit ish Co lum bia, show ing the low-
ve loc ity zone (red) in the up per man tle be neath cen tral BC (east-west line), in clud ing
the Nechako Ba sin and the Nazko cone.
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rived by Zandt et al. (2009) and blue dashes in di cate the north ern end of the subduction zone.
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