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Introduction

Dur ing the sum mer of 2008, Geoscience BC ac quired ap -
prox i mately 330 km of vibroseis seis mic re flec tion data in
the Nechako Ba sin of in te rior Brit ish Co lum bia as part of
an oil and gas ex plo ra tion ini tia tive in the re gion. The pur -
pose of the sur vey was to 1) test the ef fi cacy of mod ern seis -
mic re flec tion meth ods in a re gion where near-sur face vol -
ca nic rocks and re lated geo log i cal vari a tions have made
ac qui si tion of qual ity data very dif fi cult in the past; and 2)
pro vide in for ma tion about the sed i men tary sec tion and un -
der ly ing base ment of crys tal line rocks to as sist ex plo ra tion
ef forts in the re gion through fur ther seis mic sur veys and
other geoscience stud ies. CGGVeritas ac quired the data un -
der con tract to Geoscience BC and is currently processing
the data to provide the subsurface images.

Since max i mum off sets (source-to-re ceiver dis tances) for
these data ex tend to 15 km, the first-ar rival data, which are
seis mic re frac tion waves that travel subhorizontally, can be
used to de ter mine ve loc ity-ver sus-depth in for ma tion be -
low the seis mic line to depths of 2000–3000 m. In deed,
first-ar rival traveltimes pro vide such ve loc ity in for ma tion
to make near-sur face cor rec tions for the deeper re flec tion
data in the stan dard pro cess ing pro ce dures be ing ap plied by 
CGGVeritas of Cal gary. How ever, the first-ar rival data in
the form of wave forms (i.e., traveltime, am pli tude and fre -
quency in for ma tion) may be used to de rive a much more
highly re solved ve loc ity struc ture than traveltimes alone
through ap pli ca tion of wave form to mog ra phy, a newly de -
vel oped pro ce dure. This ve loc ity struc ture may be used to
dis tin guish gla cial de pos its, sed i men tary rocks and vol ca -
nic rocks, per haps iden ti fy ing shal low sub-bas ins within
the Nechako Ba sin. As well, the en hanced ve loc ity struc -

ture can also be used in a sec ond stage of com puter
processing of the main reflection data to provide improved
images where warranted.

This pro ject first ad dresses the fea si bil ity of the ap pli ca tion
of wave form to mog ra phy to vibroseis first-ar rival data be -
cause no such study has yet been pub lished. The tech nique
will then be ap plied to some of the seis mic lines re corded in
2008, to gen er ate the en hanced ve loc ity struc ture and its
sub se quent in ter pre ta tion in terms of geological features.

Geological Background

The Nechako Ba sin in cen tral BC is con sid ered an area pro -
spec tive for oil and gas re sources. In the late 1970s and
early 1980s, Ca na dian Hunter Ex plo ra tion Ltd. car ried out
an ex plo ra tion pro gram that in cluded a se ries of seis mic re -
flec tion lines and a num ber of ex plo ra tion wells (Fig ure 1).
A gen eral geo log i cal sec tion for the ba sin was de vel oped
from these and sur face geo log i cal studies. A summary is
provided below.

The basal sed i men tary unit, >1000 m of gen er ally meta -
mor phosed Ju ras sic rocks, is con sid ered to have lit tle or no
hy dro car bon po ten tial. Over ly ing it is sev eral thou sand
metres of Early to mid-Cre ta ceous nonmarine sand stone
and con glom er ate, with lesser dark shale and siltstone, re -
ferred to as the Skeena Group by Hannigan et al. (1994).
This se quence is con sid ered to be the most pro spec tive of
the sed i men tary units. Hannigan et al. (1994) es ti mated po -
ten tial re serves of 8.7 tril lion cu bic feet of gas and 4.9 bil -
lion bar rels of oil. The Skeena Group is over lain by up to
2500 m of mid- to Late Cre ta ceous, open and tran si tional
ma rine to ter res trial sed i men tary rocks. Their prospectivity
is less than 1% of that of the un der ly ing sed i men tary rocks.
In some parts of the ba sin, the up per part of this se quence
in cludes sec tions of vol ca nic rocks. Over ly ing Ter tiary
rocks in clude some nonmarine sed i men tary se quences but
con sist pri mar ily of vol ca nic rocks that are interbedded
with the sed i men tary rocks. Es ti mated re source po ten tial is
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Fig ure 1. Ge ol ogy of the south ern Nechako Ba sin (out lined by thick pur ple line), show ing lo ca tions of in dus try seis mic re flec tion lines and ex plor atory drillholes. The blue rect an gle iden ti fies
the area of the map in Fig ure 2. Num bers of 1:250 000 NTS map ar eas are in di cated. Map pro vided by F. Ferri, BC Min is try of En ergy, Mines and Pe tro leum Re sources.



<5% of that in the Skeena Group (Hannigan et al., 1994).
Recent volcanic rocks and thick glacial deposits cover
much of the area.

Introduction — Seismic Background

Ex ten sive vol ca nic rocks in the up per part of the stra tig ra -
phy can pres ent prob lems in seis mic re flec tion data be cause 
1) they typ i cally re flect up ward much of the en ergy that is
in tended to pen e trate to base ment, and 2) the dif fer ence in
phys i cal prop er ties be tween sed i men tary and vol ca nic
rocks can gen er ate mul ti ple re flec tions that ob scure re -
flected en ergy from the depths of in ter est. The vari able and
thick gla cial de pos its can also de grade data qual ity. Mod ern 
ac qui si tion and pro cess ing tech niques may be able to over -
come most of these prob lems. One as pect of the pro cess ing
that is im por tant in such sit u a tions is avail abil ity of good
velocity models, particularly for the upper layers.

In the re flec tion method, near-sur face ve loc ity val ues are
typ i cally ob tained from the traveltimes of the first-ar rival
re fracted wave on in di vid ual shot gath ers. Ad van tage is
taken of the re dun dant in for ma tion re sult ing from the ac -
qui si tion pro ce dure. Ve loc i ties are typ i cally de ter mined
from gen er al ized lin ear in ver sion (GLI; e.g., Hampson and
Rus sell, 1984) and/or ray-based traveltime to mog ra phy
(e.g., Zelt and Barton, 1998) of the first-ar rival traveltime
picks. The de rived ve loc ity mod els are used in de ter mi na -
tion of re frac tion stat ics, one of the seis mic re flec tion pro -
cess ing steps that sig nif i cantly im proves the align ment of
re flec tors in the pro cessed im age. How ever, the vari a tions
in seis mic ve loc i ties in the up per lay ers can also be in ter -
preted in terms of vari a tions in the near-surface rock types
(e.g., Calvert et al., 2003; Feng and Calvert, 2006).

A rel a tively re cent de vel op ment that has ap pli ca bil ity to the 
de ter mi na tion of en hanced ve loc ity struc ture from the first-
ar rival data is wave form to mog ra phy, a com bi na tion of
traveltime to mog ra phy and two-di men sional (2-D) wave -
form in ver sion that uses the full wave form of the data to re -
solve ve loc ity and at ten u a tion struc ture (e.g., Pratt and
Goulty, 1991; Pratt, 1999). In a blind test of the method ap -
plied to a dataset de rived from a com plex crustal model, the
wave form to mog ra phy re sult con tained struc ture at wave -
length-scale res o lu tion that was not ev i dent on the
traveltime-only tomographic re sult (Brenders and Pratt,
2007). The de rived ve loc ity model was such that the wave -
forms cal cu lated from the model matched the orig i nal data
to a high de gree of ac cu racy, in di cat ing a high level of cor -
re spon dence be tween the ac tual model and the de rived one, 
a level that could not be achieved by traveltime meth ods
alone. More re cently, Smithyman and Pratt (work in prog -
ress, 2008) dem on strated the ap pli ca bil ity of the ap proach
to shallow seismic data (<100 m depth) to derive 2-D
models of velocity and attenuation.

Project Objectives

The gen eral ob jec tive of this pro ject is to de rive the seis mic
P-wave ve loc ity struc ture of the up per most crust through
ap pli ca tion of wave form to mog ra phy to the first-ar rival
data on vibroseis re flec tion pro files re corded in the
Nechako Ba sin and use the re sults to dis tin guish lay ers or
re gions of gla cial de pos its and sed i men tary and vol ca nic
rocks in the subsurface. If the data are suit able, ap pli ca tion
of the pro ce dure to also in clude mod els of seis mic at ten u a -
tion would rep re sent a sec ond ary ob jec tive, be cause such
re sults could pro vide ad di tional dis crim i na tion among rock 
types. Within this gen eral ob jec tive, three sub-ob jec tives
are to

1) es tab lish the ef fi cacy of wave form to mog ra phy for data
re corded us ing a vibroseis source. Prior ap pli ca tions of
the method have in volved data ac quired from a point
source (i.e., an ex plo sive charge or weight drop). The
vibroseis source in volves a sweep of fre quen cies over a
pe riod of time. The re corded data are cross-cor re lated
with the sweep sig nal to gen er ate seis mic data that em u -
late a point source. To date, wave form to mog ra phy has
not been ap plied to vibroseis data, the type of data ac -
quired in the Nechako Ba sin. The method needs to be
tested for such data.

2) ap ply the wave form to mog ra phy method to first-ar rival
data re corded as part of the 2008 vibroseis ac qui si tion
sur vey to gen er ate P-wave ve loc ity struc tures for the
up per 2000–3000 m of the crust and, if the data are suit -
able, in for ma tion on seis mic at ten u a tion as so ci ated with 
the ve loc ity struc ture.

3) in ter pret the de rived ve loc ity (and at ten u a tion) struc -
tures in terms of rock types us ing in for ma tion from ge -
ol ogy, phys i cal prop er ties data (mainly from the lit er a -
ture) and the seis mic re flec tion im ages gen er ated from
the 2008 sur vey. Gla cial till and sed i men tary and vol ca -
nic rocks should be dis tin guished by dif fer ent ve loc ity
and attenuation characteristics.

Methodology

To ad dress sub-ob jec tive 1, data with good-qual ity first-ar -
rival wave forms from one re flec tion line of the 2008 sur vey 
will be se lected. Since line 10 is rel a tively straight and
lengthy, it will be con sid ered first (Fig ure 2). Wave form to -
mog ra phy re quires a good start ing model for best re sults, so 
traveltime to mog ra phy is the first step in ap pli ca tion of
wave form to mog ra phy (Brenders and Pratt, 2007). Thus,
first-ar rival traveltimes for the se lected dataset will be
picked, or the val ues will be ob tained from the pro cess ing
con trac tor. Based on these data, ini tial ve loc ity-depth mod -
els will be de rived us ing both the GLI ap proach (Hampson
and Rus sell, 1984) and traveltime to mog ra phy (Zelt and
Barton, 1998). Then the ap pli ca bil ity of wave form to mog -
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Fig ure 2. Lo ca tions of some of the vibroseis re flec tion lines re corded dur ing the 2008 Nechako Ba sin seis mic sur vey on a geo log i cal map of 
the re gion. The lines are shown in the form of binning maps from the pro cess ing con trac tor, these be ing a first stage in the com puter pro -
cess ing of the ac quired data. Each line is dis tin guished by a dif fer ent col our. The lo ca tion of the map is shown in the bot tom right by the red
rect an gle and on Fig ure 1 by the blue rect an gle. The bot tom mid dle il lus tra tion shows to pog ra phy for the same area as the main map.



ra phy for the vibroseis first-arrival waveforms will be
tested.

For sub-ob jec tive 2, first-ar rival wave form data will be iso -
lated from the re main der of the seis mic shot gath ers for the
se lected dataset. Data se lec tion and wave form pre-pro cess -
ing are im por tant for suc cess ful ap pli ca tion of the pro ce -
dure (Brenders and Pratt, 2007). Ini tially, wave form to -
mog ra phy will be ap plied to de ter mine P-wave ve loc ity
struc ture. De pend ent upon re sults and data char ac ter is tics,
wave form to mog ra phy will then be car ried out to de ter mine 
both P-wave ve loc i ties and P-wave seis mic at ten u a tion.
As sum ing this ap proach is suc cess ful, data from other lines
of the 2008 sur vey, se lected in con sul ta tion with the other
sci en tists work ing on the sur vey data, will be ac quired and
an a lyzed in a sim i lar man ner.

To ad dress sub-ob jec tive 3, the P-wave ve loc ity and at ten u -
a tion mod els will be in ter preted in terms of prob a ble rock
types, pri mar ily gla cial de pos its, sed i men tary rocks or vol -
ca nic rocks. This in ter pre ta tion will be aided by in for ma -
tion from the ex ist ing ex plo ra tion drillholes (Fig ure 1) and
knowl edge of the phys i cal prop er ties of var i ous rock types
(e.g., Ji et al., 2002). One sig nif i cant part of the in ter pre ta -
tion will be to es tab lish 1) the ex tent, if any, to which the Ju -
ras sic rocks ex posed in the Fawnie and Nechako ranges
(Fig ure 1) ex tend far ther south, and 2) the thick ness and na -
ture of the rocks over ly ing them. For ex am ple, do Cre ta -
ceous sed i men tary rocks over lie the Ju ras sic rocks and how 
thick are they? These in ter pre ta tions will be done in col lab -
o ra tion with the seis mol o gists in volved in the ac qui si tion
and processing of the main seismic survey and geologists
knowledgeable about the area.

Current Status

Vibroseis seis mic re flec tion data were ac quired along
seven lines in the Nechako Ba sin from June to Au gust of
2008 by CGGVeritas of Cal gary and are cur rently be ing
pro cessed by the same com pany. Dur ing the ac qui si tion in
July, BS spent two weeks in the field as a qual ity-con trol
mon i tor and to learn about the pro ce dures in volved in ac -
quir ing a ma jor seis mic re flec tion dataset. He is cur rently
fa mil iar iz ing him self with the seis mic re flec tion pro cess ing 
soft ware at the Uni ver sity of Brit ish Co lum bia (UBC) in
an tic i pa tion of re ceiv ing part of the dataset to ini ti ate the
pro ject. Line 10 (Fig ure 2) is the pre ferred ini tial choice be -
cause 1) it is rel a tively straight to ac com mo date wave form

to mog ra phy, which is based on a 2-D pro ce dure; and 2) it
crosses the ba sin im me di ately south of the ex posed Ju ras sic 
rocks. Data from line 10 will be ac quired from the con trac -
tor in an ap pro pri ate for mat for the UBC com puter system
in late November 2008, at which time the project research
can begin.
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