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Introduction

Am bi ent seis mic noise is gain ing
pop u lar ity as an ef fec tive method for 
im ag ing large-scale crustal struc ture 
(e.g., see Bensen et al., 2007, 2008).
As sum ing that seis mic noise con -
tains waves prop a gat ing in all di rec -
tions, cross-cor re lat ing suf fi ciently
long noise re cords re corded si mul ta -
neously at two in stru ments will re -
cover a Green’s func tion—that is, a
re cord equiv a lent to a seismogram
re corded at one sta tion from a source 
at an other sta tion. Given the fre -
quency dis tri bu tion of microseismic
noise, this Green’s func tion is typ i -
cally dom i nated by high-fre quency
Ray leigh waves re flect ing large-
scale crustal struc ture, and is well
suited to imaging sedimentary
basins on a broad scale.

The au thors are in the pro cess of us -
ing am bi ent-noise sur face-wave to -
mog ra phy to ex am ine the Nechako Ba sin, Brit ish Co lum -
bia. The ba sin has been dif fi cult to ex plore due to the
pres ence of Ter tiary vol ca nic out crops. The vol ca nic rock
that cov ers a ma jor part of the ba sin has a strong ve loc ity in -
ver sion at its base, mak ing it dif fi cult to use con ven tional
seis mic meth ods. Am bi ent-noise sur face-wave to mog ra -
phy will help un ravel the struc tural com po si tion of the ba -
sin by es ti mat ing thick nesses of vol ca nic and sed i men tary
rocks, lat eral ve loc ity vari a tions and crustal thick nesses
within the ba sin area. These re sults will have ap pli ca tions
to min eral and hy dro car bon ex plo ra tion in the re gion by

pro vid ing con straints on S-wave ve loc ity, P-wave ve loc ity,
Pois son’s ra tio and layer thick ness. In this study, the
method, data and pre lim i nary re sults as of Oc to ber 2008 are 
de scribed. In a re lated study (Kim et al., 2009), teleseismic
receiver functions are providing site-specific constraints
on S-wave velocity.

Data and Method

This study cross-cor re lated the ver ti cal com po nent of am -
bi ent seis mic-noise data re corded by 12 POLARIS and Ca -
na dian Na tional Seis mo graph Net work CNSN seis mic sta -
tions be tween Sep tem ber 2006 and No vem ber 2007. The
sta tions used (white tri an gles on Fig ure 1) lie be tween lat i -

tudes 50.8–55.1°N and lon gi tudes 122–128°W (Fig ure 1).
A typ i cal sta tion lay out is shown in Fig ure 2. The data pro -
cess ing pro ce dure was based on that of Bensen et al.
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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.

Fig ure 1. Lo ca tion of seis mic sta tions in the Nechako Ba sin and sur round ing area. Sta tions
used in this study are in di cated by white tri an gles.

http://www.geosciencebc.com/s/DataReleases.asp


(2007). The time lengths of some data are shorter than
14 months as a result of station down-time.

Data were cor rected for in stru ment re sponse, nor mal ized
us ing a one-bit pro cess to equal ized am pli tudes, and then
spec trally whit ened. Data for all pos si ble sta tion pairs were
then cross-cor re lated in day-long blocks. Sin gle-day cross-
cor re la tions (Fig ure 3) were quite noisy; stack ing all avail -
able cross-cor re la tions (Fig ure 4) greatly improved the
results.

The stacked sig nal (Fig ure 4a) con tains sig nal at both pos i -
tive and neg a tive lags, rep re sent ing prop a ga tion in both di -
rec tions be tween the two sta tions. For evenly dis trib uted
noise sources, the sig nal should be sym met ric about zero-
lag time; the pres ence of asym me try in our re sults is in dic a -
tive of a pre ferred noise di rec tion. For fur ther anal -
y sis, we summed the pos i tive-lag and neg a tive-lag
signals together (Figure 4b).

The main sig nal in our re con structed seismograms
is a high-fre quency Ray leigh wave. As Ray leigh
waves are dispersive (i.e., they have fre quency-de -
pend ent ve loc i ties), and the dis per sion is con trolled 
by ve loc ity dis tri bu tion with depth, fre quency-time
anal y sis was used to mea sure the group ve loc ity
dis per sion re la tion for each sta tion pair. The tech -
nique in volves ap ply ing a se quence of Butterworth
fil ters at se lected fre quency bands and mea sur ing
the group ar rival times on the en ve lope of the fil -
tered sig nals (Fig ure 5; Levshin et al., 1972). In or -
der to es ti mate the er ror on these mea sure ments,
dis per sion char ac ter is tics were mea sured on all se -
quen tial three-month stacks, so that for each Ray -
leigh wave form, that are ap prox i mately five dis per -
sion curves in stead of one from the 14-month stack.
If at least three out of the five dis per sion curves are
re peated or nearly re peated mea sure ments, their

stan dard er ror was com puted at 95% cer tainty. Also, if the
cal cu lated stan dard er ror is >0.3 km/s, the mea sure ment
was re jected. Where the above re quire ments are sat is fied,
the au thors are con fi dent in the dis per sion curve mea sure -
ment from the 14-month stack, which will be used to
generate dispersion maps and 1D velocity models.

Preliminary Results

Fig ure 6 is an ex am ple of some of the dis per sion curves es -
ti mated from Ray leigh-wave ve loc ity val ues af ter de ter -
min ing un cer tain ties in the dis per sion curves. The dis per -
sion curves tend to con verge at fre quency <0.30 Hz and
>0.55 Hz. Sig nif i cant vari a tion in the dis per sion curves
was ob served be tween 0.30 Hz and 0.55 Hz, prob a bly re -
sult ing from crustal ve loc ity vari a tions be tween paths. Fur -
ther pro cess ing of these curves will in volve two forms of
in ver sion: lin ear tomographic in ver sion of group ve loc i -
ties, which will pro duce a map of group ve loc ity for each
fre quency range, and 1-D non lin ear in ver sion of in di vid ual
dis per sion curves, which will pro duce mod els of seis mic
ve loc ity as a func tion of depth. From the to mog ra phy maps, 
re lat ing the ob served group-ve loc ity vari a tions to lat eral
changes in ge ol ogy within and out side of the Nechako Ba -
sin can be ex pected. One-di men sional mod els will ref er -
ence these changes to depth and de fine ma jor crustal layers. 
Both modes of inversion are ongoing and are expected to be 
complete by May 2009.
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Fig ure 2. Pho to graph of the seis mic sta tion THMB (see Fig ure 1 for
lo ca tion).

Fig ure 3. Ex am ple of a sin gle-day cross-cor re la tion for the travel path be -
tween SULB and ALRB.
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Fig ure 4. a) Asym met ric wave form, pro duced by stack ing 14 months of cross-cor re lated sig -
nals. b) Sym met ric wave form, pro duced by sum ming the causal and noncausal por tions of the
wave form in a).

Fig ure 5. Graphs show ing the es ti ma tion of dis per sion char ac ter is tics: a) es ti mated Ray leigh
wave form pro duced be tween sta tion SULB and ALRB is fil tered at se lected fre quency bands; the
group ar rival time cor re spond ing to the peak of the en ve lope is mea sured in each band; the group
ve loc ity is the ra tio of the dis tance be tween the two seis mic sta tions and the group ar rival time; b)
the dis per sion curve, made by plot ting the group ve loc ity (km/s) against the cen tre fre quency of
each band (Hz).
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Fig ure 6. Dis per sion curves be tween sta tion SULB and six other sta tions: THMB, BBB, CLSB, TALB, ALRB and LLLB. Lo ca tion of these
seis mic sta tions are shown in Fig ure 1.


