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Introduction

Re newed in ter est in the Nechako Ba sin
has been a re sult of de vel op ment of the
re gion’s min eral re sources fol low ing
the im pacts of pine bee tle in fes ta tion on
the re gion’s for estry in dus try. Al though
for estry road ac cess into the re gion is
good, there are a num ber of im ped i -
ments to in ter pre ta tion of the ba sin’s
stra tig ra phy and struc ture, and to the
eval u a tion of its hy dro car bon and min -
eral po ten tial. These in clude the ex ten -
sive veg e ta tion and surficial de pos its,
the lim ited out crop of Jura-Cre ta ceous
rocks, and the spar sity and vari able
qual ity of seis mic re flec tion data. In this 
pa per, the ge ol ogy and struc ture of
near-sur face rocks are in ves ti gated
using f irs t -arr ival tomographic-
inversion velocity models.

The Nechako Ba sin is pri mar ily a Ju ras -
sic to Oligocene suc ces sor ba sin lo cated 
in the in te rior pla teau of south-cen tral
Brit ish Co lum bia (Fig ure 1), be tween
the Rocky Moun tains and Coast Moun -
tains (Hickson, 1990). The ba sin is
bounded by the Coast Moun tains and
the Yalakom fault to the west, the Fra ser 
fault to the east, the Cre ta ceous Skeena Arch to the north
and the Jura-Cre ta ceous Tyaughton Basin to the south.

The ba sin formed in part from and fol low ing ac cre tion of
the ter ranes of the west ern Ca na dian Cor dil lera, where the
oce anic Cache Creek Terrane sep a rates sur face ex po sures

of the Stikine and Quesnel vol ca nic arc ter ranes (Struik and
Mac In tyre, 2001). West ward-di rected thrust ing oc curred
dur ing ba sin ini ti a tion prior to 165 Ma (Schiarizza and
Mac In tyre, 1999) at the bound ary be tween the Stikine and
Cache Creek ter ranes, and transpressional tec tonic pro -
cesses were dom i nant un til the Eocene. The pri mary
Yalakom and Fra ser faults are as so ci ated with this Eocene
shift to a dextral transtensional re gime (Price, 1994), which
was ac com pa nied by re gional vol ca nism. These Eocene
vol ca nic rocks, which blan ket the Jura-Cre ta ceous sed i -
men tary ba sin, were later over lain by a vary ing thick ness of 
Neo gene volcanic rocks and Quaternary glacial and drift
deposits.
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Fig ure 1. Lo ca tion of the Nechako Ba sin and sim pli fied ge ol ogy of its west ern Ca na dian
Cor dil lera set ting (mod i fied from Hay ward and Calvert; 2009b). Black and white dashed
box shows the study area (Fig ure 2).

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


Summary of Basin Stratigraphy and
Structure

Seis mic re flec tion pro files ac quired by Ca na dian Hunter
Ex plo ra tion Lim ited (Ca na dian Hunter) in the 1980s were
re cov ered and re pro cessed in 2006 by Arcis Cor po ra tion.1

These data formed the ba sis for the re-ex am i na tion of the
subsurface struc ture and stra tig ra phy of the south east ern
Nechako Ba sin by Hay ward and Calvert (2008b). Re gional
in ter pre ta tion of the seis mic re flec tion data was di vided

into four blocks based on seis mic data lo ca tion and vari a -
tions in geo log i cal structure and stratigraphy (Figure 2):

1) Block A (south ern Redstone area), in the south ern part
of the study area, is cen tred on the Ca na dian Hunter
Redstone wells d-94-G and b-82-C, and seis mic lines
160-01 to -19.

2) Block B (west ern Redstone area), cen trally lo cated, in -
cludes the sin gle seis mic line 160-17, which in ter sects
Hud son’s Bay well c-75-A. The sin gle crooked seis mic
line in this block could not be mod elled by the two-di -
men sional (2-D) tomographic meth ods used here.

3) Block C (Chil cotin area), in the north west ern part of the
study area, con tains the Ca na dian Hunter Chil cotin well
b-22-K and seis mic lines 161-01 to -09.
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Fig ure 2. Lo ca tion of Ca na dian Hunter seis mic re flec tion lines (white bor dered black lines) and to pog ra phy of the
study re gion, south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia. Con tour in ter val 100 m. Large dashed
boxes show the orig i nal study blocks (A, B, C and D). Black cir cles show well lo ca tions.

1 These seismic data are currently confidential, but can be
obtained for noncommercial purposes through Geoscience BC
with a specific research agreement.



4) Block D (Nazko area), in the north east ern part of the
study area, in cludes wells Ho no lulu Nazko a-4-L, Ca na -
dian Hunter Nazko d-96-E and Ca na dian Hunter–Esso
Nazko b-16-J, and seis mic lines 159-01 to -15 and 162-
02.

The south east ern Nechako Ba sin con sists of rem nants of
Cre ta ceous fold-and-thrust belts that have been seg mented
dur ing roughly north-north west-trending Eocene dextral
transtension as so ci ated with the Fra ser and Yalakom faults
(Fig ure 3). Jura-Cre ta ceous rocks that re main in the ba sin
are in ter spersed with vol ca nic and in tru sive base ment
highs and Eocene pull-apart bas ins that host volcaniclastic
de pos its. Seis mic in ter pre ta tion of the Cre ta ceous thrust
faults sug gests roughly east-west con ver gence, which is
gen er ally in agree ment (Rusmore et al., 2000) with the mid-
Cre ta ceous contractional event that was re spon si ble for the
for ma tion of the north east-verg ing Waddington thrust belt
(Rusmore and Woodsworth, 1991).

In block A (Fig ure 3), Cre ta ceous compressional struc tures
were re ac ti vated un der Eocene dextral transtension. A sub-
ba sin in the vi cin ity of well d-94-G con tains Cre ta ceous
rocks of the Tay lor Creek Group, which over lie vol ca nic
rocks of the Cre ta ceous Spences Bridge Group. Rocks of
the sub-ba sin form a north west-plung ing faulted anticline,
which shows ev i dence of north west-south east Eocene
strike-slip de for ma tion. A low-an gle, south west-dip ping
de tach ment di vides these rocks from shal low base ment to
the north east. An other sub-ba sin, ad ja cent to well b-82-C,
is more poorly de formed. Fault ing is con cen trated at the
north west (thrust ing) and south east (strike-slip) mar gins,
which are marked by basement and Bouguer gravity highs
(Figure 3b).

The block C re gion is dom i nated by a north-north east-
trending extensional ba sin that con tains more than 4 km of
Eocene volcaniclastic and sed i men tary rocks (Rid dell et
al., 2007). Faults bound ing and within the ba sin have
strikes that echo the two dom i nant trends (north west and
north-north east) ob served in the po ten tial field anom a lies
(Fig ure 3b). The ba sin was likely formed dur ing Eocene
dextral transtension, with in ter nal ba sin fold ing and fault -
ing oc cur ring late in its history.

In the block D re gion, sed i men tary rocks of the Tay lor
Creek Group, thrust eastwards dur ing the Cre ta ceous, were
sub se quently de formed and trun cated by strike-slip faults
dur ing Eocene dextral transtension. Strike-slip faults in
south west ern block D (trend sim i lar to the Yalakom fault
sys tem) and east ern block D (trend sim i lar to the Fra ser
fault sys tem) may form an extensional right-step ping sys -
tem along an east-west dis con ti nu ity that di vides the
Eocene strike-slip faults in south west ern block D from Cre -
ta ceous thrust faults in northwestern block D.

Near-Surface Rocks in the Southeastern
Nechako Basin

Geo log i cal map ping in the south east ern Nechako Ba sin
(e.g., Rid dell, 2006) has broadly con strained the ar eal ex -
tent of the vol ca nic units that over lie the Jura-Cre ta ceous
rocks (Fig ure 4a); how ever, de tailed in ter pre ta tion is lim -
ited by lack of ob serv able re la tion ships. The low den sity of
sur face ex po sures pre cludes a full un der stand ing of the ex -
tent, thick ness and vari a tions in li thol ogy of the vol ca nic
rocks be low the wide spread over bur den (be it Qua ter nary
de pos its or vol ca nic rocks youn ger than the age of the rocks 
of in ter est). In ter pre ta tions of near-sur face stra tig ra phy de -
rived from oil ex plo ra tion wells (Fig ure 5) do not al ways
match sur face geo log i cal maps. Re gion ally in com plete
min er al og i cal de scrip tions and lim ited geo chron ol ogy may 
also lead to in cor rect iden ti fi ca tion (Haskin et al., 1998) of
the vol ca nic rocks of the Neo gene Chil cotin Group (28–
1 Ma; An der son et al., 2001), and the Eocene Endako
Group (ca. 51–45 Ma) and Ootsa Lake Group (ca. 53–
48 Ma) in the field.

Seis mic re flec tion data gave very poor im ages of the near
sur face, ir re spec tive of li thol ogy. There fore, seis mic ve loc -
ity es ti mated from the tomographic in ver sion of first ar riv -
als from these seis mic re flec tion data can pro vide a valu -
able ad di tional con straint on the dis tri bu tion and thick ness
of the near-sur face Eocene and Neo gene vol ca nic rocks
(Hay ward and Calvert, 2009a). All rel e vant geo log i cal and
geo phys i cal in for ma tion, in clud ing wells (drilled by Ca na -
dian Hunter Ex plo ra tion Lim ited, Esso, Ho no lulu Oil Cor -
po ra tion Lim ited and Hud son’s Bay Oil and Gas Com pany
Lim ited) and geo log i cal maps (e.g., Rid dell, 2006) guided
the in ter pre ta tion. Pri mary strati graphic con trol is pro vided 
by well data (Rid dell et al., 2007), and sur face geo log i cal
maps (e.g., Riddell, 2006) aided in the classification of the
near-surface stratigraphy.

The Chil cotin Group has been lo cally in ter preted to in clude 
a di verse range of lithofacies, in clud ing the Chasm (Math -
ews, 1989; Farrell et al., 2007), Bull Can yon (Gordee et al.,
2007) and Dog Creek (Farrell et al., 2007). The Chil cotin
Group con sists pri mar ily of flat to shal low-dip ping ba saltic 
flows, which are co lum nar jointed or mas sive with some
hyaloclastite, tephra and pil low ba salt, and weath ered
paleosols (Rid dell, 2006; An drews and Russell, 2007).

Vol ca nic rocks of the Eocene Endako and Ootsa Lake
groups have un der gone lim ited lo cal study. Geo log i cal
map ping (Rid dell, 2006) showed that the Endako Group
con sists of ve sic u lar and amyg da loid al ba saltic to andesitic
flows with tuff, brec cia, and mi nor sed i men tary rocks. The
Ootsa Lake Group is char ac ter ized by in ter me di ate to fel sic 
flows, ac com pa nied by tuff, brec cia and sed i men tary rocks. 
In the vi cin ity of Fort Fra ser and Burns Lake (54°N,
125°W), to the north of the cur rent study area, the Endako
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and Ootsa Lake groups have been dated at ca. 51–45 Ma
and ca. 53–48 Ma, respectively (Grainger et al., 2001).

Cre ta ceous sed i men tary rocks, which in clude sand stone,
con glom er ate and mi nor volcaniclastic rocks, out crop
(Fig ure 4b) in cen tral block D (Tay lor Creek Group) and
south west ern block A (Taseko River strata; Rid dell, 2006).
The Cre ta ceous Spences Bridge Group out crops in south -
west ern block A (Fig ure 4b), around well d-94-G, and com -
prises vol ca nic flows, brec cia and tuff, with vol ca nic silt -
stone to con glom er ate (Rid dell, 2006). Ju ras sic or
Cre ta ceous granodioritic in tru sions are found in con tact
with the Spences Bridge Group in block A and in
southwestern block C.

First-Arrival Tomographic Inversion (2-D)

Seis mic waves prop a gate lat er ally through the near sur face
and are re corded by geo phones de ployed along the seis mic
line. The ar rival times of these waves at dif fer ent source-re -
ceiver off sets pro vide an in di ca tion of the speed of prop a -
ga tion through the subsurface (i.e., seis mic ve loc ity). First-
ar rival traveltimes are usu ally the most ac cu rately de ter -
mined be cause there are no in ter fer ing sec ond ary ar riv als.
First ar riv als form the ba sis for a class of seis mic tomo -
graphic meth ods that de rive the ver ti cal and lat eral vari a -
tion in seis mic P-wave ve loc ity (e.g., Aldridge and
Oldenburg, 1993; Zelt and Barton, 1998). The depth of in -
ves ti ga tion is lim ited by the max i mum source-re ceiver off -
set and the ver ti cal ve loc ity gra di ent; seis mic waves prop a -

206 Geoscience BC Sum mary of Ac tiv i ties 2009

Fig ure 3: Sum mary of the struc ture of the south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia: a) mag netic
anom a lies, b) [fac ing page] Bouguer (2.30 g/cm3) grav ity anom a lies. Ca na dian Hunter seis mic re flec tion lines
shown by white bor dered black lines. Large dashed boxes show the mod i fied study blocks (A, C and D). Black cir cles
show well lo ca tions.



gate preferentially through the upper part of low-gradient
layers.

First-ar rival tomographic in ver sion meth ods have been
used ef fec tively to in ves ti gate the geo log i cal struc ture and
near-sur face ve loc ity. For ex am ple, tomographic mod els
have re vealed along-strike vari a tion in the struc ture of the
Devil’s Moun tain fault (Hay ward et al., 2006) and the Se at -
tle fault zone (Calvert et al., 2003) in Wash ing ton. Hay ward 
and Calvert (2007) used sim i lar meth od ol ogy to con strain
the seismo-stra tig ra phy of the Tofino Ba sin, off shore West -
ern Can ada. Schmid et al. (2001) used sim i lar tech niques to
show the ve loc ity struc ture across the Tan-Lu fault in the
easternmost Dabie Shan, China.

In the south east ern Nechako Ba sin (Hay ward and Calvert,
2008a), pre lim i nary re sults showed that these ve loc ity
mod els can re veal both ver ti cal and lat eral near-sur face
strati graphic vari a tion in rocks that are oth er wise poorly

im aged by seis mic re flec tion pro files. Seis mic re flec tion
im ages are of ten poor in ar eas where Chil cotin and/or
Endako and Ootsa Lake Group rocks out crop, es pe cially to
the north west (block C, Fig ure 4b). How ever, the lack of a
clear re la tion ship be tween sur face li thol ogy and seis mic
im age qual ity (Fig ure 6) sug gests sig nif i cant vari a tions in
the thick ness, phys i cal properties and structure of the sur -
face volcanic rocks.

Canadian Hunter Seismic Reflection Data

The seis mic re flec tion data used in this study were ac quired
along cutlines by Ca na dian Hunter Ex plo ra tion Lim ited in
the early 1980s. A vibroseis source (five 16,000 lb. Fail ing
vibes over 100 m) gave a 15 s sweep over a fre quency of
10–70 Hz (lin ear). The shot in ter val was 100 m ex cept for
lines CH159-02, -02A, -11, -12, -13, -14 and -15, which
had an in ter val of 50 m (Fig ure 4b). A split-spread ar ray
with 96 or 48 (lines CH159-02 and -02A) chan nels, with in -
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di vid ual re ceiver groups 100 m long, con sisted of L-15
geo phones (fre quency of 8 Hz) cen tred ev ery 50 m. The
max i mum source-re ceiver off set was 2550 m, ex cept for
lines CH159-02 and -02A, where it was 1350 m. Four sec -
onds of data were re corded at a sample interval of 4 ms.

Tomographic Inversion Method (2-D)

First ar riv als (the di rect wave and subsurface re frac tions)
are clearly iden ti fied on most shot gath ers to the far thest
off set. The first-ar rival traveltimes picked dur ing seis mic
re flec tion re pro cess ing by Arcis in 2006 were man u ally ed -

ited (Fig ure 7) in ProMAXTM soft ware (Land mark

Graphics Cor po ra tion) to elim i nate pick er rors and im -

prove pick ac cu racy (±25 ms). Pronto soft ware (Aldridge

and Oldenburg, 1993) was used to in vert these traveltimes

for seis mic P-wave ve loc ity for all (to tal of ~790 km)

straight seis mic pro files (Fig ure 4b). A fi nite-dif fer ence so -

lu tion to the eikonal equa tion was used to de rive first-ar -

rival times to all lo ca tions in a subsurface ve loc ity grid

(25 m grid spac ing). Ray paths from source to re ceiver were 

cre ated through the traveltime grid, along the steepest

descent direction.
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Fig ure 4: Ge ol ogy of the study area (mod i fied from Rid dell, 2006), south east ern Nechako Ba sin, south-cen tral Brit ish 
Co lum bia, show ing: a) lo ca tion of seis mic re flec tion pro files (white bor dered black lines); and b) [fac ing page] lo ca -
tion of pre sented first-ar rival tomographic mod els (heavy black lines), with heavy dot ted lines show ing pre sented cor -
ru ga tion mod els, large dashed boxes show ing the mod i fied study blocks (A, C and D) and boxed text show ing seis mic
line num bers and wells. Ab bre vi a tions: ETEn, Eocene Endako Group; ETOo, Eocene Ootsa Lake Group; ETto,
Eocene tonalite; LTQCh, Neo gene Chil cotin Group; KTc, Cre ta ceous Tay lor Creek Group; EKqd, Cre ta ceous quartz
diorite; uKTa, Taseko River strata; lKSb, Cre ta ceous Spences Bridge Group; Qal, Qua ter nary de pos its; lmJHz, Ju ras -
sic Hazleton Group; JKg, Jura-Cre ta ceous granodiorite.



In or der to ob tain a re al is tic fi nal model, a start ing model is
re quired that closely matches the true P-wave ve loc ity.
Avail able sonic logs from six wells (Fig ure 5) guided the
se lec tion of start ing-model pa ram e ters. How ever, near-sur -
face sonic data are of ten ab sent and well logs are only rep re -
sen ta tive of point lo ca tions in a re gion where ve loc ity is
highly vari able. The cho sen 1-D start ing model was es ti -
mated from a few trial in ver sions with a mag ni tude and gra -
di ent that is over all sim i lar to the well sonic logs (Fig ure 5).
In creas ing the mag ni tude of the ve loc ity in the start ing
model re sults in un re al is tic near-sur face ve loc ity gra di ents. 
For ex am ple, an in crease in sur face ve loc ity of the start ing
model for line CH160-05 to 4000 m/s (with a gra di ent of
1.5 s-1) re sults in a neg a tive ve loc ity gra di ent of ~25 s-1 and
a de crease of ~400 m/s in the up per ~30 m of the model,
rather than a smooth in crease in ve loc ity with depth. There -
fore, fol low ing eval u a tion of the re sults of a range of start -
ing-model pa ram e ters, the sur face ve loc ity of the start ing

model (Fig ure 5) for all lines was set to 3500 m/s (gra di ent
of 1.5 s-1), for model consistency and smoothness.

A per tur ba tion in the ve loc ity model was cal cu lated from
the dif fer ence be tween the cal cu lated and ob served first-ar -
rival traveltimes for each of 15 it er a tions to give each fi nal
ve loc ity model. The mod els show a com bined re duc tion in
traveltime mis fit (e.g., Fig ures 8a, b) from a mean RMS er -
ror of 70.6 ms to 20.6 ms. The ve loc ity and ray data were
smoothed for dis play us ing a con tin u ous-cur va ture
gridding al go rithm (Smith and Wessel, 1990) at a grid spac -
ing of 5 m.

Max i mum ray pen e tra tion is con trolled pri mar ily by the
max i mum source-re ceiver off set (2550 or 1350 m) and
subsurface ge ol ogy. The high est den sity of rays typ i cally
gave a well-con strained es ti mate of the P-wave ve loc ity for
depths of up to ~450 m, al though ray pen e tra tion some -
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times lo cally reached ~700 m. The lower max i mum off set
of 1350 m for two seis mic lines (CH-159-02 and -02A) re -
sulted in a sig nif i cantly re duced depth of max i mum ray
pen e tra tion. Here, es ti mates of P-wave ve loc ity are best
con strained for depths of up to ~100 m, but locally up to
~500 m.

Reliability of the Velocity Model Estimates

The re li abil ity of the ve loc ity mod els was as sessed by com -
par ing the mean ve loc ity in the up per 175 m be tween the fi -
nal (start ing model sur face ve loc ity 3500 m/s with a 1.5 s-1

gra di ent) and al ter na tive mod els, us ing start ing mod els
with a lower sur face ve loc ity (2500 and 3000 m/s). For seis -
mic re flec tion line CH160-05, the model de rived from a
start ing model with a sur face ve loc ity of 3000 m/s (1.5 s-1

gra di ent) gave ve loc i ties 20 m/s higher to 70 m/s lower
(mean 14.02, stan dard de vi a tion 17.18) than the fi nal
model. The model de rived us ing a start ing model with a
sur face ve loc ity of 2500 m/s (1.5 s-1 gra di ent) gave a model
with ve loc i ties 30 m/s higher to 140 m/s lower (mean 29.01, 
stan dard de vi a tion 34.83) than the fi nal model. De spite the
500–1000 m/s re duc tion in the start ing-model ve loc ity, the
re sult is ro bust, with a mean ve loc ity that varies only by a
maximum of 4% of the final model in the upper 175 m.

Velocity Model Resolution

Cor ru ga tion tests were used to as sess the abil ity of the
tomographic ve loc ity mod els in the Nechako Ba sin to ac cu -
rately re flect lat eral vari a tions in ve loc ity and struc ture
across the mod elled depth range. Cor ru ga tion tests for lines 
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Fig ure 5: Com par i son of tomographic ve loc ity mod els (heavy red/grey lines) with well sonic logs (thin solid black lines) and
stra tig ra phy (Ferri and Rid dell, 2006), south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia. Ab bre vi a tions: ETEn,
Endako Group; ETOo, Ootsa Lake Group; LTQCh, Chil cotin Group; KTc, Tay lor Creek Group; KSq, Silverquick Group. Rock
types: Cglm, con glom er ate; SST, sand stone; SiST, siltstone; CST, claystone; Sh, shale. Heavy red lines show con strained
model and heavy grey lines show un con strained model. Thin solid black lines show the well sonic log (man u ally de-spiked,
and fil tered with a four-point (~60 cm) me dian fil ter). Pale blue dot-dashed line shows the start ing ve loc ity model. Hor i zon tal
dashed line shows the depth of max i mum ray den sity at the well. Hor i zon tal dot ted line shows the base of the ve loc ity model
(base of ray cov er age) at the well. Depth is rel a tive to the to pog ra phy at the well. Non-co in ci dence of the top of the ve loc ity
model and the well top is due to to pog ra phy and pro jec tion of the well onto the model pro file.



CH160-05 and CH159-02, with max i mum off sets
of 2550 and 1350 m re spec tively, are shown in
Fig ures 9a and b. For each test, ver ti cal cor ru ga -
tions with con stant widths (0.25, 0.5 and 1.0 km),
depths from the ground sur face to the base of the
model, and a vari a tion in the slow ness of ±10%
ve loc ity vari a tion were added to the fi nal ve loc ity
model to cre ate three in de pend ent tests for each
line. The pre dicted traveltimes cal cu lated through
the per turbed mod els were used to cre ate a cor ru -
ga tion ve loc ity model with the fi nal ve loc ity
model as the start ing model. When the fi nal ve loc -
ity model is sub tracted from the cor ru ga tion ve -
loc ity model, the regenerated corrugations shown
in Figure 9 remain.

The cor ru ga tion tests show that the abil ity to re -
solve ve loc ity anom a lies at depth in creases with
anom aly width. Anom a lies with a width of 1.0 km
are well re solved above a depth of ~300 m, or the
max i mum depth of ray pen e tra tion if shal lower.
Anom a lies of 0.5 km width are re solved above a
depth of ~250 m and those of 0.25 km width are
only re solved in the near sur face. Lines with a
max i mum off set of 1350 m (CH-159-02 and -02A)
show no re duc tion in res o lu tion, de spite the re -
duced depth of max i mum ray pen e tra tion.

Near-Surface Velocity Character of
the Southeastern Nechako Basin

Comparison of Velocity Models with
Well Sonic Logs and Lithology

Subsurface lithological in for ma tion where the sur face ge -
ol ogy is of ten ob scured by veg e ta tion or Qua ter nary de pos -
its is pro vided by six wells (Fig ure 5) that in ter sect the mod -
elled seis mic re flec tion lines. Most of the wells pen e trated
the vol ca nic rocks, which dom i nate the sur face ge ol ogy, the 
thick nesses of which are shown in Ta ble 1. Well li thol ogy
may be ref er enced to the ve loc ity mod els and avail able well 
sonic logs for the anal y sis of the region’s velocity character.

In well b-82-C (Fig ures 5a, b), ~221 m of the Endako
Group vol ca nic rocks over lie Cre ta ceous sand stone (Ferri
and Rid dell, 2006). Ve loc ity mod els CH160-05 (Fig -
ure 10b) and CH160-08 (Fig ure 11b) have a high den sity of
rays (Fig ures 10a, 11a) that fo cus just above the base of the
Endako Group (at ~170 m and ~220 m, re spec tively). The
in ter val of the Endako Group es ti mated by the tomographic 
model has a ve loc ity of ~2600–4250 m/s at well b-82-C.

At the top of well b-22-K (Fig ure 5f), ~116 m of Chil cotin
Group ba saltic rocks are in ter preted (Ferri and Rid dell,
2006) to over lie 477 m of shale, siltstone and mi nor vol ca -
nic rocks, pos si bly of the Ootsa Lake Group (Rid dell et al.,
2007). Ad ja cent to the well (Fig ure 4b), how ever, geo log i -

cal maps show vol ca nic rocks of the Ootsa Lake Group.
Ve loc ity mod els (Fig ures 5f, 12b) show a good cor re spon -
dence with the sonic log ve loc ity of the up per part of the
sed i men tary sec tion, but un der es ti mate that of the Chil -
cotin Group. A sharp in crease (~1500 m/s) in the sonic ve -
loc ity at a depth of ~180 m is co in ci dent with the peak of ray 
density (Figures 12a and 5f).

Ap prox i mately 517 m of Eocene Endako vol ca nic rocks,
which over lie sed i men tary rocks of Paleocene to pos si bly
Eocene age (Ferri and Rid dell 2006), were in ter sected by
well b-16-J (Fig ure 5c). The high est den sity of rays (Fig -
ure 13a) for ve loc ity model CH159-09 is in the up per
~220 m, where sonic log data are ab sent. Model ve loc i ties
are smooth, in the range of ~3400–4250 m/s, and of sim i lar
gra di ent to the start ing model (Fig ure 5c). The model ve loc -
ity be low ~220 m is co in ci dent with the lower range of the
highly vari able sonic log (Fig ure 5c). The neu tron po ros ity
log shows a de crease from ~50% to ~15% at a depth of
~250 m, sug gest ing a change in the character of the
volcanic rocks.

Well d-96-E (Fig ure 5g) in ter sected ~44 m of vol ca nic
rocks of the Ootsa Lake Group, which over lie Cre ta ceous
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Fig ure 6: Seis mic re flec tion data qual ity over lain on sur face ge ol ogy (Rid dell,
2006) of the south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia.
Leg end: blue, no co her ent re flec tions; green, re flec tions that are slightly co -
her ent over short dis tances; yel low, some co her ent re flec tions, lat er ally con -
tin u ous over short dis tances; or ange, co her ent re flec tions to a two-way
travetime (TWTT) of ~1 s, lat er ally con tin u ous over short to me dium dis -
tances; red, co her ent re flec tions to a TWTT of >1 s, lat er ally con tin u ous over
short to me dium dis tances.



sand stone and con glom er ate. Ve loc ity model CH161-03
(Fig ure 13d) un der es ti mates the ve loc ity above a depth of
150 m. How ever, im me di ately to the south west of the well,
con strained by a zone of high ray den sity (Fig ure 13c), the
model ve loc ity (~3750 m/s) more tightly matches the sonic
log (Fig ure 5g). Max i mum ray den sity oc curs at a depth of
~300 m (Fig ure 5g), where there is a tran si tion from con -
glom er ate above to sand stone be low. Be low 300 m, the
model ve loc ity es ti mates (~3750–4000 m/s) are within the
range of the sonic log.

A Cre ta ceous con glom er ate over lies con glom er ate and
shale at well a-4-L (Fig ure 5h) and near-sur face vol ca nic
rocks are ab sent. Rays con verge just be low the base of the
Cre ta ceous con glom er ate at a depth of ~310 m (Fig ures
5h and 13d). Here, the model ve loc ity (~4000 m/s) shows
close agree ment with the sonic log. Near-sur face sonic data
are ab sent for the over ly ing sed i men tary rocks, but ve loc i -
ties in the ad ja cent well d-96-E (Fig ure 5g) are generally
below 4000 m/s.

Near-sur face vol ca nic rocks are also ab sent in well d-94-G
(Fig ure 5e), which in ter sected a fairly ho mo ge neous se -

quence of interbedded sand stone, shale and con glom er ate
of Cre ta ceous age (Ferri and Rid dell, 2006; Rid dell et al.,
2007). Model ve loc ity (Fig ure 13f) ranges from ~3500 to
~4000 m/s and, al though shal low sonic data are not able to
con firm the re sult, the ve loc ity model ech oes the over all
trend of the deeper sonic data. The top ~80 m of the well in -
ter sected sand stone sim i lar to nearby sur face ex po sures,
but the rocks be low are gen er ally more fine grained (Ferri
and Rid dell, 2006). This lithological vari a tion and near-
sur face weath er ing may ac count for the change in gra di ent
of the model velocity in the upper section of the well.

Seismic Velocity Constraint from Well Sonic
Logs and Samples

In ter pre ta tion of the tomographic ve loc ity mod els is aided
by lab o ra tory sam ples and bore hole sonic logs. The P-wave 
ve loc ity was mea sured (G. An drews, pers. comm., 2009)
for ap prox i mately 50 sam ples from the Chil cotin Group,
col lected pri mar ily within and to the east of the block A area 
(Fig ure 4b). Ba saltic lava-flow sam ples from the Chil cotin
Group gave a wide ve loc ity range (~4500–6000 m/s), with
the ma jor ity of val ues at ~5000–5700 m/s. An oma lously
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Fig ure 7: Ex am ple of first-ar rival traveltime picks of a shot gather from the Ca na dian Hunter seis mic re flec tion data, south east ern Nechako
Ba sin, south-cen tral Brit ish Co lum bia.



low ve loc i ties of ~4250–4760 m/s were ob tained from a

sam ple of vol ca nic brec cia from the Bull Can yon

lithofacies, just south of block C. Sim i larly, three sam ples

from the Chasm lithofacies, to the east of block A, also gave 

low ve loc i ties of ~4070–4710 m/s. One sam ple of grano -

diorite from the Ju ras sic Thuya batholith, to the east of
block A, gave high velocities of ~5520–5930 m/s.

A com par i son of ve loc ity from mod els, lab o ra tory sam ples
and well sonic logs is pre sented in Fig ure 14. Lab o ra tory
sam ples and sonic logs sug gest typ i cal ve loc i ties greater
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Fig ure 8. Stack ing chart of traveltime er rors for line CH160-05, south east ern Nechako Ba sin, south-
cen tral Brit ish Co lum bia: a) ini tial model, b) fi nal model. Dis tances are in kilo metres from the north -
east ern end of the line.

Fig ure 9. Cor ru ga tion mod els for lines CH-160-05 (a) and CH-159-02 (b), south east ern Nechako Ba sin, south-cen tral
Brit ish Co lum bia. Ver ti cal per tur ba tions of slow ness of ±10% ve loc ity vari a tion with widths of i) 0.25 km, ii) 0.5 km, and
iii) 1 km. Black lines show tomographic ve loc ity con tours at an in ter val of 400 m/s.



than 4500 m/s for the Chil cotin Group vol ca nic rocks.
Rocks of the Eocene Endako and Ootsa Lake groups ex -
hibit a wide range of sonic log ve loc i ties, but most are
~3500–5000 m/s, com monly lower than the Chil cotin
Group. Volcaniclastic and sed i men tary rocks of Eocene age 
of ten show a lower ve loc ity; for ex am ple, the shale, silt -
stone and mi nor vol ca nic rocks be low the Chil cotin Group
in well b-22-K (>120 m) have ve loc i ties of ~2900–
3500 m/s. This lithological vari a tion within the Eocene
Endako and Ootsa Lake groups, with interbeds of lavas that 
are some times ve sic u lar (high po ros ity), volcaniclastic and
sed i men tary rocks, and near-sur face weath er ing may ex -
plain the wide range of sonic ve loc i ties. In seis mic re flec -
tion sur veys of vol ca nic flows on the Co lum bia Pla teau

(Jarchow et al., 1994), interbedding is as so ci ated with large 
con trasts in im ped ance, which sig nif i cantly de graded seis -
mic im ag ing. Sim i lar interbedding of the var ied rock types
within the Endako and Ootsa Lake groups may also be a
reason for the poor seismic imaging associated with some
of these rocks.

Model Velocity of the Near- Surface

In or der to in ves ti gate re gional vari a tion in near-sur face ve -
loc ity (in re la tion to li thol ogy), the mean ve loc ity was cal -
cu lated from 0 to 175 m (be low ground sur face) for each ve -
loc ity model pro file. When plot ted in map view (Fig ure 15)
along seis mic pro files, lat eral changes in the mean ve loc ity
can be cor re lated with near-sur face ge ol ogy (Rid dell,
2006). The choice of a greater depth range re sults in data
gaps due to lo cally shal low ray pen e tra tion (es pe cially for
lines CH159-02 and -02A) and does not al ter the over all in -
ter pre ta tion. Model ve loc i ties for the mapped near-sur face
rock types are com pared with sonic logs and available
laboratory samples in Figure 14.

Jura-Cre ta ceous granodiorite shows the high est ve loc ity
for rock types sam pled by the mod els (~3600–4800 m/s),
but this is lower than for lab o ra tory sam ples of the Ju ras sic
Thuya batholith (~5520–5930 m/s). The Cre ta ceous
Spences Bridge Group vol ca nic rocks sim i larly have fairly
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Well
Thickness of 

Volcanic Rocks (m)

Assigned Facies

at Surface

Redstone b-82-C 221 Endako Group

Nazko b-16-J 517 Endako Group

Nazko d-96-E 44 Endako Group

116 Chilcotin Group

477 Ootsa Lake Group?

Redstone d-94-G 0 n/a

Nazko a-4-L 0 n/a

Chilcotin b-22-K

Table 1: Thickness of volcanic rocks of the Neogene Chilcotin and
Eocene Endako and Ootsa Lake groups intersected by wells in the
Nechako Basin, south-central British Columbia (Ferri and Riddell,
2006; Riddell et al., 2007).

Fig ure 10: First-ar rival tomographic in ver sion model for Ca na dian Hunter line CH160-05 (see Fig ure 4b for lo -
ca tion), south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia, show ing a) ray den sity, and b) ve loc ity.
Heavy black line shows the thick ness of Eocene Endako Group vol ca nic rocks in well b-82-C (see Fig ure 5a).
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Fig ure 11: First-ar rival tomographic in ver sion model for Ca na dian Hunter
line CH160-08 (see Fig ure 4b for lo ca tion), south east ern Nechako Ba sin,
south-cen tral Brit ish Co lum bia, show ing a) ray den sity, and b) ve loc ity. Heavy 
black line shows the thick ness of Eocene Endako Group vol ca nic rocks in
well b-82-C (see Fig ure 5b).

Fig ure 12: First-ar rival tomographic in ver sion model for a sec tion of Ca na dian Hunter line CH161-03
(see Fig ure 4b for lo ca tion), south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia, show ing a)
ray den sity, and b) ve loc ity. Heavy black line shows the thick ness of Neo gene Chil cotin Group vol ca nic
rocks in well b-22-K (see Fig ure 5f).



high model ve loc i ties (~3400–4200 m/s). The Cre ta ceous
sed i men tary rocks have a model ve loc ity range of ~2600–
4600 m/s, sim i lar to the sonic logs. The Eocene Endako and
Ootsa Lake groups have a model ve loc ity range of ~2600–
4600 m/s, which is also in agree ment with sonic logs. Al -
though the Endako and Ootsa Lake groups in blocks C
and D have a smaller ve loc ity range (3200–4000 m/s) than
the Endako Group rocks in block A (3000–4200 m/s), the
two groups are not dis tin guish able on the ba sis of ve loc ity.
Chil cotin Group rocks have much lower model ve loc i ties
(~1600–3200 m/s; Fig ure 14) than those from lab o ra tory
sam ples (4500–6000 m/s) and well sonic logs (4200–
5300 m/s). These model ve loc i ties for the Chil cotin Group
are also lower than lab o ra tory sam ples of vol ca nic brec cia
of the Bull Can yon fa cies (~4250–4760 m/s). The Chil cotin 
Group model ve loc ity is most similar to that of the Qua ter -
nary deposits (2000–2800 m/s).

Block A

Mean tomographic ve loc i ties in block A (Fig ure 15) show
typ i cal val ues of ~3400 m/s, with slightly lower ve loc i ties
usu ally as so ci ated with the out crop of Chil cotin Group
rocks and Qua ter nary de pos its. The low est mean ve loc i ties
in the south east ern Nechako Ba sin are to the north east of
well b-82-C, where they are com monly ~1900–2400 m/s

but can be as low as ~1700 m/s in some lo ca tions. These
lows cor re spond to the out crop of Chil cotin Group vol ca nic 
rocks and Qua ter nary de pos its. The changes in ray char ac -
ter in mod els that cross this zone, spe cif i cally lines CH160-
05 (Fig ure 10a), CH160-03 and -02 (Fig ure 4b), sug gest a
change in subsurface phys i cal prop er ties. Rays vary from
fo cused con ver gence at a shal low depth (~200 m) at the
mar gins to a deeper (~450 m) and lower ray den sity within.
An other anom a lous low in mean ve loc ity (~2100–
2500 m/s) is ob served di rectly to the south of well b-82-C at 
latitude 51.75°N, longitude 123.25°W (Figure 15).

The out crop of Spences Bridge Group vol ca nic rocks and
Ju ras sic or Cre ta ceous granodiorite north of well d-94-G
(Fig ure 15) is as so ci ated with a mean ve loc ity high of
~4200 m/s. High mean ve loc i ties (~4300 m/s) to wards the
cen tre of line CH-160-04, east of well d-94-G (Fig ure 15),
may be re lated to the lo cal out crop of Endako Group vol ca -
nic rocks. High val ues are not, how ever, ob served in as so ci -
a tion with Endako Group rocks to the south of well b-82-C.
The out crop of Cre ta ceous sed i men tary rocks to the west of
well d-94-G also shows mean ve loc i ties (~3400–3900 m/s)
that are slightly higher than normal.

Ray den sity and depth pre dicted by the ve loc ity mod els are
re lated to the P-wave ve loc ity of the subsurface and the
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Fig ure 13: First-ar rival tomographic in ver sion mod els (see Fig ure 4b for lo ca tions), show ing ray den sity and ve loc ity for sec -
tions of seis mic re flec tion lines, south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia: a) and b) line CH-159-09; heavy
black line shows the Eocene Endako Group rocks in well b-16-J (see Fig ure 5c); c) and d) line CH-159-05; heavy black line
shows the Eocene Ootsa Lake Group rocks at the top of well d-96-E and heavy grey lines show changes in the Cre ta ceous sed i -
men tary rocks of wells d-96-E and a-4-L from finer grained (i.e., shale and siltstone, in di cated by darker grey) to coarser grained 
(i.e., sand stone and con glom er ate, in di cated by lighter grey; see Fig ures 5g, h); e) and f) line CH-160-16; heavy grey line
shows well d-94-G (see Fig ure 5e).



max i mum off set of the seis mic re flec tion pro file. The max -
i mum off set used in the Ca na dian Hunter seis mic re flec tion
sur vey is quite small (2550 m), which places lim its on the
depth of ray con ver gence. As a re sult, for ex am ple, rays
across most of block A con verge at a depth of ~200 m. A
high den sity of rays of this char ac ter is ob served on mod els
CH160-05 (Fig ure 10a) and CH160-08 (Fig ure 11a), at and
to the west of well b-82-C, where ~221 m of Endako Group
vol ca nic rocks were in ter cepted. Rays of sim i lar char ac ter
can be mapped across the cen tral re gion of block A to de fine 
two ar eas (or ange dashed lines in Fig ure 15). Out side these
ar eas, rays are less fo cused and show deeper but vari able
pen e tra tion depths; ex am ples in clude the south east ern end
of CH160-08 (Fig ure 11a), north east ern end of CH160-05
(Fig ure 10a) and near well d-94-G (e.g., CH160-16, Fig -
ure 13e). This vari a tion in ray char ac ter sug gests that a
change in lithology accompanies a change in subsurface
seismic velocity.

Block C

Mean ve loc i ties in block C have back ground val ues of
~3400 m/s. High mean ve loc i ties (up to ~4200 m/s) are gen -
er ally co in ci dent with the out crop of Eocene vol ca nic rocks 
(Fig ure 15). The out crop of Chil cotin Group vol ca nic rocks 
and Qua ter nary de pos its, which are ob served mainly to -
wards the north west, are re lated to lower ve loc i ties (down
to ~2300 m/s). The pre dicted bed rock ge ol ogy (Fig ure 16),
de rived from stream sed i ment geo chem is try (Barnett and
Wil liams, 2009), sug gests that the Qua ter nary over bur den
in this area is un der lain by rocks of the Chil cotin Group.
The gen er ally poor cor re la tion of mean ve loc ity with the

pre dicted bed rock ge ol ogy sug gests that the near-sur face
struc ture and the thick ness of the over ly ing Qua ter nary de -
pos its have a large in flu ence on the mean ve loc ity.
Lithological vari a tion is also sus pected to have a large in -
flu ence. For ex am ple, the pre dicted bed rock ge ol ogy (Fig -
ure 16) re veals that rocks mapped (Rid dell, 2006) as the
Eocene Ootsa Lake Group have two dif fer ent geo chem i cal
sig na tures in cen tral block C and northeast of block D, the
latter being locally more similar to the Endako Group.

An out crop of Qua ter nary de pos its in the south east ern cor -
ner of block C is also as so ci ated with a no ta bly lower ve loc -
ity (~2300 m/s). A Jura-Cre ta ceous granodiorite in south -
ern block C (Fig ure 15) is as so ci ated with an an oma lously
high mean ve loc ity. The width of the ve loc ity anom aly
(~4 km) sug gests that the in tru sion may only be slightly
wider in the near sur face than its mapped ex tent be neath the
surrounding Quaternary deposits.

A highly vari able ray char ac ter is ob served in block C. Rays 
ex hibit clear fo cus ing along line CH161-03 (Fig ure 12a), in 
a re gion where well b-22-K showed Chil cotin Group ba salt
over ly ing shale and siltstone. Within the Jura-Cre ta ceous
granodiorite and also in as so ci a tion with Endako Group
rocks to the south east of well b-22-K, rays ex hibit very
shal low fo cus ing (~75–175 m and ~75–200 m, re spec -
tively). Else where a con sis tent con nec tion be tween sur face
li thol ogy and ray char ac ter is not clear, which sug gests
wide lithological vari a tion. The great thick ness of Eocene
volcaniclastic de pos its, brec cia and lava flows (pos si bly
Ootsa Lake Group; Rid dell et al., 2007) in ter sected by well
b-22-K sug gests that Eocene rocks here have a dif fer ent
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Fig ure 14: Com par i son of seis mic ve loc ity from tomographic in ver sion mod els (black la bels), well
sonic logs (green la bels) and lab o ra tory sam ples (red la bels) for key rock types in the south east ern
Nechako Ba sin, south-cen tral Brit ish Co lum bia. Thick lines in di cate the range of the ma jor ity of val ues. 
Line colours: pink, Jura-Cre ta ceous granodiorite; green, Cre ta ceous Spences Bridge Group vol ca nic
rocks; red, Qua ter nary de pos its; brown, Cre ta ceous Tay lor Creek Group sed i men tary rocks; yel low,
vol ca nic rocks of the Eocene Endako and Ootsa Lake groups; beige, Neo gene Chil cotin Group rocks.



and likely more vari able character than the Endako Group
rocks in block A.

Block D

Mean ve loc i ties in block D (Fig ure 15) are gen er ally
higher, due pri mar ily to the high ve loc ity of vol ca nic rocks
of the Eocene Endako Group (~3700–4000 m/s) and
slightly lower ve loc ity rocks of the Ootsa Lake Group
(~3100–3900 m/s). The Chil cotin Group in the area around
line CH-159-02A (Fig ures 4b and 15) has ve loc i ties higher
(~3500–3900 m/s) than typ i cally ob served else where in

mod els of the south east ern Nechako Ba sin. These higher
ve loc i ties sug gest that a thin Chil cotin Group is un der lain
by the Eocene volcanic rocks.

The Cre ta ceous sed i men tary rocks show two mean ve loc ity 
sig na tures. From north ern to cen tral block D (lat. 52.6°–
52.7°N), the mean ve loc i ties (~3400–3600 m/s) are slightly 
lower than those near well d-94-G (block A). The south ern -
most out crops of Cre ta ceous rocks in block D (lat. 52.55°N, 
long. 123.4°W) show anom a lous lows (~2700 m/s). Sur -
face Cre ta ceous rocks here were ob served to be highly de -
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Fig ure 15: Mean ve loc ity from the ground sur face to a depth of 175 m from first-ar rival tomographic mod els, south -
east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia. Geo log i cal map sim pli fied from Rid dell (2006). Red num bers 
show Chil cotin Group thick ness from field and well ob ser va tions (An drews and Rus sell, 2007, 2008; Gordee et al.,
2007; Rid dell et al., 2007). Pur ple num bers show the thick ness of the Chil cotin Group (Mihalynuk, 2007) mod elled
from dig i tal el e va tion mod els. Or ange dashed line shows the prob a ble ex tent of Eocene vol ca nic rocks. Blue lines
show se lected rivers. Heavy dashed black boxes show the study blocks. Ab bre vi a tions: ETEn, Eocene Endako
Group; ETOo, Eocene Ootsa Lake Group; ETto, Eocene tonalite; LTQCh, Neo gene Chil cotin Group; KTc, Cre ta -
ceous Tay lor Creek Group; EKqd, Cre ta ceous quartz diorite; uKTa, Taseko River strata; lKSb, Cre ta ceous Spences
Bridge Group; Qal, Qua ter nary de pos its; lmJHz, Ju ras sic Hazleton Group; JKg, Jura-Cre ta ceous granodiorite.



formed with near-ver ti cal dips (J. Rid dell, pers. comm.,
2007). This de for ma tion is re lated to steep fault ing ob -
served on seis mic re flec tion im ages, and frac ture po ros ity
as so ci ated with this fault ing may account for the lower
mean velocity.

In the south west ern cor ner of block D (CH159-10, Fig -
ure 4b), an other ve loc ity low (~2800 m/s) is as so ci ated with 
Qua ter nary de pos its (Fig ure 15) di rectly to the east of an -
other ve loc ity low in south east ern block C (CH161-03, Fig -
ure 4b). Where as so ci ated with the Eocene vol ca nic rocks,
rays along line CH159-10 are fo cused and con tin u ous, sim -
i lar to those near well b-22-K (Fig ure 12a). The rays be -
come less dense and pen e trate to a greater depth in re la tion
to the out crop of Qua ter nary de pos its be fore be com ing fo -
cused again at the south east end, where Eocene rocks are
again encountered.

Bouguer Gravity of the Southeastern
Nechako Basin

Composite Bouguer Gravity Map

New high-res o lu tion air borne he li cop ter grav ity data (cor -
rected with Bouguer den si ties of 2.30 and 2.67 g/cm3), ac -
quired by the Geo log i cal Sur vey of Can ada in 2008
(Dumont, 2008), pro vides cov er age for the north east ern
part of the study re gion (Fig ure 17a). Land-based grav ity
data ac quired by Ca na dian Hunter were used to pro vide
grav ity cov er age to the south west. The Ca na dian Hunter
data were man u ally de-spiked and sim ple Bouguer cor rec -
tions ap plied to the orig i nal Bouguer grav ity (2.35 g/cm3).
The Ca na dian Hunter data were low-pass fil tered (2625 m-
0% to 5250 m-100%), sim i lar to that previously applied to
the airborne data.
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Fig ure 16: Mean seis mic ve loc ity (0–175 m) over lain on the ge ol ogy pre dicted from the anal y sis of stream sed i ment
geo chem is try (Barnett and Wil liams, 2009), south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia. Thin black
lines and black la bels show the ge ol ogy from the cor re spond ing bed rock ge ol ogy map (Rid dell, 2006). Ab bre vi a tions:
ETEn, Eocene Endako Group; ETOo, Eocene Ootsa Lake Group; LTQCh, Neo gene Chil cotin Group; KTc, Cre ta -
ceous Tay lor Creek Group; Qal, Qua ter nary de pos its; lmJHz, Ju ras sic Hazleton Group; JKg, Jura-Cre ta ceous
granodiorite.



The off set of the cor rected Ca na dian Hunter sur vey from
the air borne data is 785.31 mGal (stan dard de vi a tion 1.52)
for a Bouguer den sity of 2.30 g/cm3 and 785.82 mGal (stan -
dard de vi a tion 1.49) for a Bouguer den sity of 2.67 g/cm3.
The Ca na dian Hunter data were lev elled ac cord ingly to cre -
ate the maps shown in Figures 17b and c.

Ad di tion of the sparsely sam pled re gional land-based grav -
ity data, ac quired by the Geo log i cal Sur vey of Can ada, re -
sulted in ar ti facts. These ar ti facts were point-lo ca tion grav -
ity highs and lows re sult ing from a mis match with the other
two sur veys. The re gional grav ity data were there fore omit -
ted in the con struc tion of the final gravity maps.

Preliminary Interpretation of Bouguer Gravity
and Velocity Models

First-or der com par i son of ve loc ity mod els and Bouguer
grav ity re veals that there are few re la tion ships be tween the
ob served grav ity and ve loc ity anom a lies. This sug gests that 
the ma jor ity of the grav ity anom a lies are the re sult of
lithological/den sity vari a tions at depths greater than the
pen e tra tion of the ve loc ity mod els. Thus, the mis match be -
tween the mean ve loc ity and grav ity anom a lies may be in -
dic a tive of re gions where the near-sur face ge ol ogy does not 
represent the geology at depth.
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Fig ure 17. Com pos ite (Ca na dian Hunter land and Geo log i cal Sur vey of Can ada [GSC] air borne data) Bouguer grav -
ity of the south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia: a) data lo ca tion; red lines, GSC air borne data;
black lines, Ca na dian Hunter land data; b) [fac ing page] mean ve loc ity (0–175 m) su per im posed on the com pos ite
Bouguer grav ity map cor rected to 2.30 g/cm3; con tour in ter val 5 mGal; c) [page 222] mean ve loc ity (0–175 m) su per -
im posed on the com pos ite Bouguer grav ity map cor rected to 2.67 g/cm3; con tour in ter val 5 mGal.



How ever, a num ber of near-sur face ve loc ity anom a lies are
as so ci ated with short-wave length grav ity anom a lies. High-
ve loc ity anom a lies re lated to Jura-Cre ta ceous granodiorite
and Spences Bridge Group vol ca nic rocks in north west ern
block A (Fig ure 17) cor re spond to a small grav ity high that
likely de lin eates the ex tent of these in tru sive and/or vol ca -
nic rocks. An out crop of Jura-Cre ta ceous granodiorite in
south ern block C ex hib its a clear cor re la tion be tween the
high ve loc ity and grav ity anom a lies, con firm ing that this
in tru sion is con fined to a small area despite the masking
effect of the recent deposits.

Preliminary 3-D Tomographic Velocity
Modelling

First ar riv als fol low the short est traveltime path from
source to re ceiver, which may not be co in ci dent with the
sur face trace of the crooked seis mic lines. There fore, a 3-D

mod el ling ap proach must be ap plied to es ti mate near-sur -
face ve loc ity. Crooked seis mic lines, which were not
mod elled by the 2-D meth ods pre sented above, in clude Ca -
na dian Hunter lines CH159-01, -01A, 160-01, -18, -19,
161-09 and 162-02, and new Geoscience BC lines 5, 6, 10,
11, 12, 13, and 15 (Fig ure 18). See Calvert et al. (2009) for
de tailed in for ma tion on the ac qui si tion of the Geoscience
BC data. The Geoscience BC lines have a greater max i mum 
off set (14 390 m), which will al low the es ti ma tion of ve loc -
ity to a depth greater than for the rel a tively short offset
(2550 m) Canadian Hunter lines.

In or der to as sess the ap pli ca tion of 3-D mod el ling to
crooked lines from the Ca na dian Hunter sur vey, and in
prep a ra tion for anal y sis of the new data from Geoscience
BC, a model was cre ated for (straight) seis mic re flec tion
line CH160-05 us ing the FAST soft ware pack age (Zelt and
Barton, 1998). Model pa ram e ters sim i lar to those used for
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2-D mod el ling were em ployed, with a cell size of 25 m and
a start ing model with a sur face ve loc ity of 3500 m/s (gra di -
ent of 1.5 s-1). The greatly in creased num ber of cells in a 3-
D model can be pro hib i tive due to a lack of com puter mem -
ory or ex tended run time. The north east-trending seis mic
line was there fore ro tated into an easterly direction to
minimize model size.

A per tur ba tion in the ve loc ity model was cal cu lated from
the dif fer ence be tween the cal cu lated and ob served first-ar -
rival traveltimes for each of nine it er a tions to give a fi nal
ve loc ity model (Fig ure 19). The mod els show a re duc tion in 
traveltime mis fit from an RMS re sid ual of 185.17 ms to
108.11 ms. The ve loc ity and ray data were smoothed for
dis play us ing a con tin u ous-cur va ture gridding al go rithm
(Smith and Wessel, 1990) at a grid spacing of 5 m.

Ini tial test ing of line CH160-05 pro duces fea tures sim i lar
to those of the 2-D model (Fig ure 19), such as low ve loc i -
ties to the north east. Fol low ing this suc cess ful test, the first-
ar rival traveltimes for Ca na dian Hunter lines CH159-01, -
01A, CH160-01, -18, -19 and CH162-02 were man u ally
ed ited in prep a ra tion for 3-D modelling.

Discussion

Where seis mic im ag ing is poor and out crop is of ten ob -
scured by Qua ter nary de pos its and veg e ta tion, tomo -
graphic ve loc ity mod els pro vide an ad di tional tool in the in -
ves ti ga tion of the near-sur face char ac ter of the rocks in the
south east ern Nechako Ba sin. Ve loc ity es ti mates for most of 
the pri mary rock types are in agree ment with the ve loc i ties
ob tained from well sonic logs and lab o ra tory sam ples.
How ever, model ve loc i ties from the Chil cotin Group are

222 Geoscience BC Sum mary of Ac tiv i ties 2009



lower than those ob tained from lab o ra tory sam ples and
sonic logs, which sug gests that the Chil cotin Group is typ i -
cally of higher ve loc ity than the Eocene Endako and Ootsa
Lake groups (Fig ure 14). The over all model ve loc ity of the
Chil cotin Group is similar to that of the Quaternary
deposits (2000–2800 m/s).

The Chil cotin Group com prises a num ber of fa cies (An -
drews and Rus sell, 2007). The Bull Can yon fa cies com -
prises hyaloclastite and brec cia, with pil low lavas at the
top. These rocks were ob served along the Chil cotin River
on High way 20, west of Wil liams Lake, where it is more
brec cia dom i nant (An drews and Rus sell, 2007) than at Bull
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Fig ure 18: Lo ca tion of new Geoscience BC vibroseis seis mic re flec tion lines (see Calvert et al., 2009), south east ern
Nechako Ba sin, south-cen tral Brit ish Co lum bia. Red lines show the Geoscience BC data; black lines show the Ca na -
dian Hunter data. Bed rock ge ol ogy mod i fied from Rid dell (2006).



Can yon Pro vin cial Park (Fig ure 15) to the north west. The
Chasm fa cies con sists of thick lavas and hyaloclastite brec -
cia (An drews and Rus sell, 2007), which is ob served along
the Chilko and Taseko rivers (Fig ure 15). The Dog Creek
fa cies is gen er ally more lava dom i nant and was described
along the Fraser River.

Field in ves ti ga tions (An drews and Rus sell, 2008), in clud -
ing the anal y sis of wa ter-well data, have shown that the
Chil cotin Group is re gion ally thin (<50 m, prob a bly <25 m) 
and that con sid er able ar eas are over lain by Qua ter nary de -
pos its (typ i cally ~10–50 m; An drews and Rus sell, 2008)
with vari able pro por tions of ba salt con tained within
(G. An drews, pers. comm., 2009). Wa ter wells near Alexis
Creek (Fig ure 15) show ~10–50 m of Qua ter nary drift (An -
drews and Rus sell, 2008). Lo cally, thicker ac cu mu la tions
of the Chil cotin Group are re lated to paleo–drain age chan -
nels (An drews and Rus sell, 2008). In the Chilko River can -
yon, the Chil cotin Group is ~40 m thick (An drews and Rus -
sell, 2007). Based on wa ter-well sam ples near Nazko and
Alexis Creek (Fig ure 15), the thick ness of the group is es ti -
mated to be less than 10 m (An drews and Rus sell, 2008). At
Bull Can yon Pro vin cial Park (Fig ure 15), the group is in ter -
preted lo cally to be ~100 m thick (Gordee et al., 2007). To
the south east, along the Chil cotin River near Hanceville
(Fig ure 15), it has a thick ness of <80 m (An drews and Rus -

sell, 2007). To the north, in well b-22-K, it maybe as thick
as ~116 m (Riddell et al., 2007).

The re sults of first-or der thick ness mod el ling (Mihalynuk,
2007), based on a dig i tal el e va tion model (DEM) and
mapped basal con tacts, echo the in ter pre ta tion of a re gion -
ally thin Chil cotin Group with lo cally thicker ac cu mu la -
tions re lated to paleo drain age. The model pre dicts a thick -
ness of ~100–150 m near Hanceville on the Chil cotin
River, and a sim i lar thick ness to the south of Deer Creek
(Figure 15).

In the Chil cotin River area (Fig ure 15), thick ac cu mu la -
tions of Chil cotin Group rocks of the brec cia-rich Bull Can -
yon fa cies, within a paleo val ley, are re lated to the over all
low est model ve loc i ties. These brec cias ex hibit high po ros -
ity and poor con sol i da tion, and of ten lack a ma trix (G. An -
drews, pers. comm., 2008), char ac ter is tics that would re sult 
in the lower seis mic ve loc ity rel a tive to con sol i dated lavas.
The el e va tion of frac tured and brecciated Chil cotin Group
rocks above the wa ter ta ble at this lo ca tion would also
lower the seis mic ve loc ity and may, in part, ex plain the dis -
crep ancy with ve loc i ties obtained from fluid-saturated
laboratory tests.
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Fig ure 19: First-ar rival tomographic in ver sion model for Ca na dian Hunter line CH160-05 (see Fig ure 4b for lo -
ca tion), south east ern Nechako Ba sin, south-cen tral Brit ish Co lum bia, show ing a) ve loc ity from 3-D (FAST)
model, and b) ve loc ity from 2-D (Pronto) model. Heavy black line shows the ex tent of Eocene Endako Group
vol ca nic rocks in well b-82-C (see Fig ure 5a).



An oma lously low ve loc i ties as so ci ated with the Chil cotin
Group, such as in north west ern block C and cen tral block A
(Fig ure 15), sug gest a mix ture of poorly con sol i dated Qua -
ter nary de pos its and Chil cotin Group rocks. Else where, the
re gion ally lim ited thick ness of the Chil cotin Group re sults
in the mean ve loc ity be ing close to that of the underlying
rocks.

Ray char ac ter (den sity, fo cus and pen e tra tion depth) and
ve loc ity vari a tions were used to de fine two ar eas (or ange
dashed lines, Fig ure 15) in block A. The tie with well b-82-
C (~221 m of Eocene Endako Group) and sur face ge ol ogy
al low pre dic tion of the subsurface ex tent of the Eocene
Endako Group in this area. A mean-ve loc ity low to the
south of well b-82-C, which di vides the two ar eas, is re lated 
to a zone of ap prox i mately north-trending strike-slip fault -
ing. Frac tur ing of rocks in the fault zone, a greater thick ness 
of Qua ter nary de pos its or high-po ros ity vol ca nic brec cia
may account for this velocity low.

Conclusions

· Ve loc ity mod els from the south east ern Nechako Ba sin
agree closely with well sonic logs and lab o ra tory sam -
ples. How ever, mapped oc cur rences of the Chil cotin
Group typ i cally ex hibit an oma lously low mean ve loc i -
ties, sim i lar to the Qua ter nary de pos its that blan ket the
re gion. These low mean ve loc i ties likely re sult from the
broad sam pling of high po ros ity, undersaturated,
brecciated and frac tured rocks, com pared to lab o ra tory
mea sure ments on water-saturated, consolidated lavas.

· In north east ern block A, the low est mean ve loc i ties are
re lated to an oma lously thick de pos its of the brec cia-
rich, high-po ros ity Bull Can yon fa cies of Chil cotin
Group. The dis tri bu tion of these low mean ve loc i ties is
con sis tent with the in ter pre ta tion of thicker Chil cotin
Group rocks in paleo–river valleys.

· Where a higher mean ve loc ity is as so ci ated with out crop 
of the Chil cotin Group, these rocks are lo cally thin
and/or of a ve loc ity sim i lar to un der ly ing rocks. Such
Chil cotin Group rocks may be of a more lava-dom i nant
fa cies, which would have a higher velocity.

· The subsurface ex tent of two ar eas of Eocene Endako
Group, ad ja cent to well b-82-C, is con strained by vari a -
tions in the mean ve loc ity and the char ac ter (den sity, fo -
cus and pen e tra tion depth) of rays, and ties with well
and sur face ge ol ogy. These ar eas are sep a rated by a ve -
loc ity low re lated to north-trending strike-slip fault ing
and pos si bly a re lated in creased thick ness of Qua ter nary 
de pos its or high-porosity volcanic rocks.
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