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Introduction

Renewed interest in the Nechako Basin
has been a result of development of the
region’s mineral resources following
the impacts of pine beetle infestation on
the region’s forestry industry. Although
forestry road access into the region is
good, there are a number of impedi-
ments to interpretation of the basin’s
stratigraphy and structure, and to the
evaluation of its hydrocarbon and min-
eral potential. These include the exten-
sive vegetation and surficial deposits,
the limited outcrop of Jura-Cretaceous
rocks, and the sparsity and variable
quality of seismic reflection data. In this
paper, the geology and structure of
near-surface rocks are investigated
using first-arrival tomographic-
inversion velocity models.

The Nechako Basin is primarily a Juras-
sic to Oligocene successor basin located
in the interior plateau of south-central
British Columbia (Figure 1), between
the Rocky Mountains and Coast Moun-
tains (Hickson, 1990). The basin is
bounded by the Coast Mountains and
the Yalakom fault to the west, the Fraser

fault to the east, the Cretaceous Skeena Arch to the north
and the Jura-Cretaceous Tyaughton Basin to the south.

The basin formed in part from and following accretion of
the terranes of the western Canadian Cordillera, where the
oceanic Cache Creek Terrane separates surface exposures
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Figure 1. Location of the Nechako Basin and simplified geology of its western Canadian
Cordillera setting (modified from Hayward and Calvert; 2009b). Black and white dashed
box shows the study area (Figure 2).

ofthe Stikine and Quesnel volcanic arc terranes (Struik and
Maclntyre, 2001). Westward-directed thrusting occurred
during basin initiation prior to 165 Ma (Schiarizza and
Maclntyre, 1999) at the boundary between the Stikine and
Cache Creek terranes, and transpressional tectonic pro-
cesses were dominant until the Eocene. The primary
Yalakom and Fraser faults are associated with this Eocene
shift to a dextral transtensional regime (Price, 1994), which
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was accompanied by regional volcanism. These Eocene
volcanic rocks, which blanket the Jura-Cretaceous sedi-
mentary basin, were later overlain by a varying thickness of
Neogene volcanic rocks and Quaternary glacial and drift
deposits.
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Summary of Basin Stratigraphy and
Structure

Seismic reflection profiles acquired by Canadian Hunter
Exploration Limited (Canadian Hunter) in the 1980s were
recovered and reprocessed in 2006 by Arcis Corporation.'
These data formed the basis for the re-examination of the
subsurface structure and stratigraphy of the southeastern
Nechako Basin by Hayward and Calvert (2008b). Regional
interpretation of the seismic reflection data was divided

! These seismic data are currently confidential, but can be
obtained for noncommercial purposes through Geoscience BC
with a specific research agreement.
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into four blocks based on seismic data location and varia-
tions in geological structure and stratigraphy (Figure 2):

1) Block A (southern Redstone area), in the southern part
of the study area, is centred on the Canadian Hunter
Redstone wells d-94-G and b-82-C, and seismic lines
160-01 to -19.

2) Block B (western Redstone area), centrally located, in-
cludes the single seismic line 160-17, which intersects
Hudson’s Bay well c-75-A. The single crooked seismic
line in this block could not be modelled by the two-di-
mensional (2-D) tomographic methods used here.

3) Block C (Chilcotin area), in the northwestern part of the
study area, contains the Canadian Hunter Chilcotin well
b-22-K and seismic lines 161-01 to -09.
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Figure 2. Location of Canadian Hunter seismic reflection lines (white bordered black lines) and topography of the
study region, southeastern Nechako Basin, south-central British Columbia. Contour interval 100 m. Large dashed
boxes show the original study blocks (A, B, C and D). Black circles show well locations.
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4) Block D (Nazko area), in the northeastern part of the
study area, includes wells Honolulu Nazko a-4-L, Cana-
dian Hunter Nazko d-96-E and Canadian Hunter—Esso
Nazko b-16-J, and seismic lines 159-01 to -15 and 162-
02.

The southeastern Nechako Basin consists of remnants of
Cretaceous fold-and-thrust belts that have been segmented
during roughly north-northwest-trending Eocene dextral
transtension associated with the Fraser and Yalakom faults
(Figure 3). Jura-Cretaceous rocks that remain in the basin
are interspersed with volcanic and intrusive basement
highs and Eocene pull-apart basins that host volcaniclastic
deposits. Seismic interpretation of the Cretaceous thrust
faults suggests roughly east-west convergence, which is
generally in agreement (Rusmore etal., 2000) with the mid-
Cretaceous contractional event that was responsible for the
formation of the northeast-verging Waddington thrust belt
(Rusmore and Woodsworth, 1991).

Inblock A (Figure 3), Cretaceous compressional structures
were reactivated under Eocene dextral transtension. A sub-
basin in the vicinity of well d-94-G contains Cretaceous
rocks of the Taylor Creek Group, which overlie volcanic
rocks of the Cretaceous Spences Bridge Group. Rocks of
the sub-basin form a northwest-plunging faulted anticline,
which shows evidence of northwest-southeast Eocene
strike-slip deformation. A low-angle, southwest-dipping
detachment divides these rocks from shallow basement to
the northeast. Another sub-basin, adjacent to well b-82-C,
is more poorly deformed. Faulting is concentrated at the
northwest (thrusting) and southeast (strike-slip) margins,
which are marked by basement and Bouguer gravity highs
(Figure 3b).

The block C region is dominated by a north-northeast-
trending extensional basin that contains more than 4 km of
Eocene volcaniclastic and sedimentary rocks (Riddell et
al., 2007). Faults bounding and within the basin have
strikes that echo the two dominant trends (northwest and
north-northeast) observed in the potential field anomalies
(Figure 3b). The basin was likely formed during Eocene
dextral transtension, with internal basin folding and fault-
ing occurring late in its history.

In the block D region, sedimentary rocks of the Taylor
Creek Group, thrust eastwards during the Cretaceous, were
subsequently deformed and truncated by strike-slip faults
during Eocene dextral transtension. Strike-slip faults in
southwestern block D (trend similar to the Yalakom fault
system) and eastern block D (trend similar to the Fraser
fault system) may form an extensional right-stepping sys-
tem along an east-west discontinuity that divides the
Eocene strike-slip faults in southwestern block D from Cre-
taceous thrust faults in northwestern block D.

Geoscience BC Report 2010-1

Near-Surface Rocks in the Southeastern
Nechako Basin

Geological mapping in the southeastern Nechako Basin
(e.g., Riddell, 2006) has broadly constrained the areal ex-
tent of the volcanic units that overlie the Jura-Cretaceous
rocks (Figure 4a); however, detailed interpretation is lim-
ited by lack of observable relationships. The low density of
surface exposures precludes a full understanding of the ex-
tent, thickness and variations in lithology of the volcanic
rocks below the widespread overburden (be it Quaternary
deposits or volcanic rocks younger than the age of the rocks
of interest). Interpretations of near-surface stratigraphy de-
rived from oil exploration wells (Figure 5) do not always
match surface geological maps. Regionally incomplete
mineralogical descriptions and limited geochronology may
also lead to incorrect identification (Haskin et al., 1998) of
the volcanic rocks of the Neogene Chilcotin Group (28—
1 Ma; Anderson et al., 2001), and the Eocene Endako
Group (ca. 51-45 Ma) and Ootsa Lake Group (ca. 53—
48 Ma) in the field.

Seismic reflection data gave very poor images of the near
surface, irrespective of lithology. Therefore, seismic veloc-
ity estimated from the tomographic inversion of first arriv-
als from these seismic reflection data can provide a valu-
able additional constraint on the distribution and thickness
of the near-surface Eocene and Neogene volcanic rocks
(Hayward and Calvert, 2009a). All relevant geological and
geophysical information, including wells (drilled by Cana-
dian Hunter Exploration Limited, Esso, Honolulu Oil Cor-
poration Limited and Hudson’s Bay Oil and Gas Company
Limited) and geological maps (e.g., Riddell, 2006) guided
the interpretation. Primary stratigraphic control is provided
by well data (Riddell et al., 2007), and surface geological
maps (e.g., Riddell, 2006) aided in the classification of the
near-surface stratigraphy.

The Chilcotin Group has been locally interpreted to include
a diverse range of lithofacies, including the Chasm (Math-
ews, 1989; Farrell et al., 2007), Bull Canyon (Gordee et al.,
2007) and Dog Creek (Farrell et al., 2007). The Chilcotin
Group consists primarily of flat to shallow-dipping basaltic
flows, which are columnar jointed or massive with some
hyaloclastite, tephra and pillow basalt, and weathered
paleosols (Riddell, 2006; Andrews and Russell, 2007).

Volcanic rocks of the Eocene Endako and Ootsa Lake
groups have undergone limited local study. Geological
mapping (Riddell, 2006) showed that the Endako Group
consists of vesicular and amygdaloidal basaltic to andesitic
flows with tuff, breccia, and minor sedimentary rocks. The
Ootsa Lake Group is characterized by intermediate to felsic
flows, accompanied by tuff, breccia and sedimentary rocks.
In the vicinity of Fort Fraser and Burns Lake (54°N,
125°W), to the north of the current 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).

Cretaceous sedimentary rocks, which include sandstone,
conglomerate and minor volcaniclastic rocks, outcrop
(Figure 4b) in central block D (Taylor Creek Group) and
southwestern block A (Taseko River strata; Riddell, 2006).
The Cretaceous Spences Bridge Group outcrops in south-
western block A (Figure 4b), around well d-94-G, and com-
prises volcanic flows, breccia and tuff, with volcanic silt-
stone to conglomerate (Riddell, 2006). Jurassic or
Cretaceous granodioritic intrusions are found in contact
with the Spences Bridge Group in block A and in
southwestern block C.
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First-Arrival Tomographic Inversion (2-D)

Seismic waves propagate laterally through the near surface
and are recorded by geophones deployed along the seismic
line. The arrival times of these waves at different source-re-
ceiver offsets provide an indication of the speed of propa-
gation through the subsurface (i.e., seismic velocity). First-
arrival traveltimes are usually the most accurately deter-
mined because there are no interfering secondary arrivals.
First arrivals form the basis for a class of seismic tomo-
graphic methods that derive the vertical and lateral varia-
tion in seismic P-wave velocity (e.g., Aldridge and
Oldenburg, 1993; Zelt and Barton, 1998). The depth of in-
vestigation is limited by the maximum source-receiver off-
set and the vertical velocity gradient; seismic waves propa-
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Figure 3: Summary of the structure of the southeastern Nechako Basin, south-central British Columbia: a) magnetic
anomalies, b) [facing page] Bouguer (2.30 g/cm3) gravity anomalies. Canadian Hunter seismic reflection lines
shown by white bordered black lines. Large dashed boxes show the modified study blocks (A, C and D). Black circles

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

First-arrival tomographic inversion methods have been
used effectively to investigate the geological structure and
near-surface velocity. For example, tomographic models
have revealed along-strike variation in the structure of the
Devil’s Mountain fault (Hayward etal., 2006) and the Seat-
tle fault zone (Calvert et al., 2003) in Washington. Hayward
and Calvert (2007) used similar methodology to constrain
the seismo-stratigraphy of the Tofino Basin, offshore West-
ern Canada. Schmid etal. (2001) used similar techniques to
show the velocity structure across the Tan-Lu fault in the
easternmost Dabie Shan, China.

In the southeastern Nechako Basin (Hayward and Calvert,
2008a), preliminary results showed that these velocity
models can reveal both vertical and lateral near-surface
stratigraphic variation in rocks that are otherwise poorly

imaged by seismic reflection profiles. Seismic reflection
images are often poor in areas where Chilcotin and/or
Endako and Ootsa Lake Group rocks outcrop, especially to
the northwest (block C, Figure 4b). However, the lack of a
clear relationship between surface lithology and seismic
image quality (Figure 6) suggests significant variations in
the thickness, physical properties and structure of the sur-
face volcanic rocks.

Canadian Hunter Seismic Reflection Data

The seismic reflection data used in this study were acquired
along cutlines by Canadian Hunter Exploration Limited in
the early 1980s. A vibroseis source (five 16,000 Ib. Failing
vibes over 100 m) gave a 15 s sweep over a frequency of
10-70 Hz (linear). The shot interval was 100 m except for
lines CH159-02, -02A, -11, -12, -13, -14 and -15, which
had an interval of 50 m (Figure 4b). A split-spread array
with 96 or 48 (lines CH159-02 and -02A) channels, with in-
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dividual receiver groups 100 m long, consisted of L-15
geophones (frequency of 8 Hz) centred every 50 m. The
maximum source-receiver offset was 2550 m, except for
lines CH159-02 and -02A, where it was 1350 m. Four sec-
onds of data were recorded at a sample interval of 4 ms.

Tomographic Inversion Method (2-D)

First arrivals (the direct wave and subsurface refractions)
are clearly identified on most shot gathers to the farthest
offset. The first-arrival traveltimes picked during seismic
reflection reprocessing by Arcis in 2006 were manually ed-

-124.5°

a) s

ited (Figure 7) in ProMAX™ software (Landmark
Graphics Corporation) to eliminate pick errors and im-
prove pick accuracy (25 ms). Pronto software (Aldridge
and Oldenburg, 1993) was used to invert these traveltimes
for seismic P-wave velocity for all (total of ~790 km)
straight seismic profiles (Figure 4b). A finite-difference so-
lution to the eikonal equation was used to derive first-ar-
rival times to all locations in a subsurface velocity grid
(25 m grid spacing). Ray paths from source to receiver were
created through the traveltime grid, along the steepest
descent direction.
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Figure 4: Geology of the study area (modified from Riddell, 2006), southeastern Nechako Basin, south-central British
Columbia, showing: a) location of seismic reflection profiles (white bordered black lines); and b) [facing page] loca-
tion of presented first-arrival tomographic models (heavy black lines), with heavy dotted lines showing presented cor-
rugation models, large dashed boxes showing the modified study blocks (A, C and D) and boxed text showing seismic
line numbers and wells. Abbreviations: ETEn, Eocene Endako Group; ETOo, Eocene Ootsa Lake Group; ETto,
Eocene tonalite; LTQCh, Neogene Chilcotin Group; KTc, Cretaceous Taylor Creek Group; EKqd, Cretaceous quartz
diorite; uKTa, Taseko River strata; IKSb, Cretaceous Spences Bridge Group; Qal, Quaternary deposits; ImJHz, Juras-
sic Hazleton Group; JKg, Jura-Cretaceous granodiorite.
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In order to obtain a realistic final model, a starting model is
required that closely matches the true P-wave velocity.
Available sonic logs from six wells (Figure 5) guided the
selection of starting-model parameters. However, near-sur-
face sonic data are often absent and well logs are only repre-
sentative of point locations in a region where velocity is
highly variable. The chosen 1-D starting model was esti-
mated from a few trial inversions with a magnitude and gra-
dient that is overall similar to the well sonic logs (Figure 5).
Increasing the magnitude of the velocity in the starting
model results in unrealistic near-surface velocity gradients.
For example, an increase in surface velocity of the starting
model for line CH160-05 to 4000 m/s (with a gradient of
1.5 s results in a negative velocity gradient of ~25 s and
a decrease of ~400 m/s in the upper ~30 m of the model,
rather than a smooth increase in velocity with depth. There-
fore, following evaluation of the results of a range of start-
ing-model parameters, the surface velocity of the starting

model (Figure 5) for all lines was set to 3500 m/s (gradient
of 1.5 ), for model consistency and smoothness.

A perturbation in the velocity model was calculated from
the difference between the calculated and observed first-ar-
rival traveltimes for each of 15 iterations to give each final
velocity model. The models show a combined reduction in
traveltime misfit (e.g., Figures 8a, b) from a mean RMS er-
ror of 70.6 ms to 20.6 ms. The velocity and ray data were
smoothed for display using a continuous-curvature
gridding algorithm (Smith and Wessel, 1990) at a grid spac-
ing of 5 m.

Maximum ray penetration is controlled primarily by the
maximum source-receiver offset (2550 or 1350 m) and
subsurface geology. The highest density of rays typically
gave a well-constrained estimate of the P-wave velocity for
depths of up to ~450 m, although ray penetration some-
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times locally reached ~700 m. The lower maximum offset
of 1350 m for two seismic lines (CH-159-02 and -02A) re-
sulted in a significantly reduced depth of maximum ray
penetration. Here, estimates of P-wave velocity are best
constrained for depths of up to ~100 m, but locally up to
~500 m.

Reliability of the Velocity Model Estimates

The reliability of the velocity models was assessed by com-
paring the mean velocity in the upper 175 m between the fi-
nal (starting model surface velocity 3500 m/s witha 1.5 s
gradient) and alternative models, using starting models
with a lower surface velocity (2500 and 3000 m/s). For seis-
mic reflection line CH160-05, the model derived from a
starting model with a surface velocity of 3000 m/s (1.5 s™

b-82-C/CH160-05  b-82-C/CH160-08

2000 4000 6000 2000 4000 6000

d-94-G/CH160-16 b-22-K/CH161-03

- 200

400

- 1000

Velocity (m/s)

Velocity (m/s)

gradient) gave velocities 20 m/s higher to 70 m/s lower
(mean 14.02, standard deviation 17.18) than the final
model. The model derived using a starting model with a
surface velocity of 2500 m/s (1.5 s™' gradient) gave a model
with velocities 30 m/s higher to 140 m/s lower (mean 29.01,
standard deviation 34.83) than the final model. Despite the
500—-1000 m/s reduction in the starting-model velocity, the
result is robust, with a mean velocity that varies only by a
maximum of 4% of the final model in the upper 175 m.

Velocity Model Resolution

Corrugation tests were used to assess the ability of the
tomographic velocity models in the Nechako Basin to accu-
rately reflect lateral variations in velocity and structure
across the modelled depth range. Corrugation tests for lines
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Figure 5: Comparison of tomographic velocity models (heavy red/grey lines) with well sonic logs (thin solid black lines) and
stratigraphy (Ferri and Riddell, 2006), southeastern Nechako Basin, south-central British Columbia. Abbreviations: ETEn,
Endako Group; ETOo, Ootsa Lake Group; LTQCh, Chilcotin Group; KTc, Taylor Creek Group; KSq, Silverquick Group. Rock
types: Cglm, conglomerate; SST, sandstone; SiST, siltstone; CST, claystone; Sh, shale. Heavy red lines show constrained
model and heavy grey lines show unconstrained model. Thin solid black lines show the well sonic log (manually de-spiked,
and filtered with a four-point (~60 cm) median filter). Pale blue dot-dashed line shows the starting velocity model. Horizontal
dashed line shows the depth of maximum ray density at the well. Horizontal dotted line shows the base of the velocity model
(base of ray coverage) at the well. Depth is relative to the topography at the well. Non-coincidence of the top of the velocity
model and the well top is due to topography and projection of the well onto the model profile.

210

Geoscience BC Summary of Activities 2009



CH160-05 and CH159-02, with maximum offsets
of 2550 and 1350 m respectively, are shown in
Figures 9a and b. For each test, vertical corruga-
tions with constant widths (0.25, 0.5 and 1.0 km),
depths from the ground surface to the base of the
model, and a variation in the slowness of £10%
velocity variation were added to the final velocity
model to create three independent tests for each
line. The predicted traveltimes calculated through
the perturbed models were used to create a corru-
gation velocity model with the final velocity
model as the starting model. When the final veloc-
ity model is subtracted from the corrugation ve-
locity model, the regenerated corrugations shown
in Figure 9 remain.

The corrugation tests show that the ability to re-
solve velocity anomalies at depth increases with
anomaly width. Anomalies with a width of 1.0 km
are well resolved above a depth of ~300 m, or the
maximum depth of ray penetration if shallower.
Anomalies of 0.5 km width are resolved above a
depth of ~250 m and those of 0.25 km width are
only resolved in the near surface. Lines with a
maximum offset of 1350 m (CH-159-02 and -02A)
show no reduction in resolution, despite the re-
duced depth of maximum ray penetration.

Near-Surface Velocity Character of
the Southeastern Nechako Basin

Comparison of Velocity Models with
Well Sonic Logs and Lithology

Subsurface lithological information where the surface ge-
ology is often obscured by vegetation or Quaternary depos-
its is provided by six wells (Figure 5) that intersect the mod-
elled seismic reflection lines. Most of the wells penetrated
the volcanic rocks, which dominate the surface geology, the
thicknesses of which are shown in Table 1. Well lithology
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Figure 6: Seismic reflection data quality overlain on surface geology (Riddell,
2006) of the southeastern Nechako Basin, south-central British Columbia.
Legend: blue, no coherent reflections; green, reflections that are slightly co-
herent over short distances; yellow, some coherent reflections, laterally con-
tinuous over short distances; orange, coherent reflections to a two-way
travetime (TWTT) of ~1 s, laterally continuous over short to medium dis-
tances; red, coherent reflections to a TWTT of >1 s, laterally continuous over
short to medium distances.

cal maps show volcanic rocks of the Ootsa Lake Group.
Velocity models (Figures 5f, 12b) show a good correspon-
dence with the sonic log velocity of the upper part of the
sedimentary section, but underestimate that of the Chil-
cotin Group. A sharp increase (~1500 m/s) in the sonic ve-
locity ata depth of ~180 m is coincident with the peak of ray
density (Figures 12a and 5f).

may be referenced to the velocity models and available well

sonic logs for the analysis of the region’s velocity character.

In well b-82-C (Figures 5a, b), ~221 m of the Endako
Group volcanic rocks overlie Cretaceous sandstone (Ferri
and Riddell, 2006). Velocity models CH160-05 (Fig-
ure 10b) and CH160-08 (Figure 11b) have a high density of
rays (Figures 10a, 11a) that focus just above the base of the
Endako Group (at ~170 m and ~220 m, respectively). The
interval of the Endako Group estimated by the tomographic
model has a velocity of ~2600—4250 m/s at well b-82-C.

At the top of well b-22-K (Figure 5f), ~116 m of Chilcotin
Group basaltic rocks are interpreted (Ferri and Riddell,

Approximately 517 m of Eocene Endako volcanic rocks,
which overlie sedimentary rocks of Paleocene to possibly
Eocene age (Ferri and Riddell 2006), were intersected by
well b-16-J (Figure 5c). The highest density of rays (Fig-
ure 13a) for velocity model CH159-09 is in the upper
~220 m, where sonic log data are absent. Model velocities
are smooth, in the range of ~3400—4250 m/s, and of similar
gradient to the starting model (Figure 5¢). The model veloc-
ity below ~220 m is coincident with the lower range of the
highly variable sonic log (Figure 5c). The neutron porosity
log shows a decrease from ~50% to ~15% at a depth of
~250 m, suggesting a change in the character of the
volcanic rocks.

20006) to overlie 477 m of shale, siltstone and minor volca-

nic rocks, possibly of the Ootsa Lake Group (Riddell et al.,
2007). Adjacent to the well (Figure 4b), however, geologi-
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Well d-96-E (Figure 5g) intersected ~44 m of volcanic
rocks of the Ootsa Lake Group, which overlie Cretaceous
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Figure 7: Example of first-arrival traveltime picks of a shot gather from the Canadian Hunter seismic reflection data, southeastern Nechako

Basin, south-central British Columbia.

sandstone and conglomerate. Velocity model CH161-03
(Figure 13d) underestimates the velocity above a depth of
150 m. However, immediately to the southwest of the well,
constrained by a zone of high ray density (Figure 13c¢), the
model velocity (~3750 m/s) more tightly matches the sonic
log (Figure 5g). Maximum ray density occurs at a depth of
~300 m (Figure 5g), where there is a transition from con-
glomerate above to sandstone below. Below 300 m, the
model velocity estimates (~3750—4000 m/s) are within the
range of the sonic log.

A Cretaceous conglomerate overlies conglomerate and
shale at well a-4-L (Figure 5h) and near-surface volcanic
rocks are absent. Rays converge just below the base of the
Cretaceous conglomerate at a depth of ~310 m (Figures
5h and 13d). Here, the model velocity (~4000 m/s) shows
close agreement with the sonic log. Near-surface sonic data
are absent for the overlying sedimentary rocks, but veloci-
ties in the adjacent well d-96-E (Figure 5g) are generally
below 4000 m/s.

Near-surface volcanic rocks are also absent in well d-94-G
(Figure 5e), which intersected a fairly homogeneous se-
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quence of interbedded sandstone, shale and conglomerate
of Cretaceous age (Ferri and Riddell, 2006; Riddell et al.,
2007). Model velocity (Figure 13f) ranges from ~3500 to
~4000 m/s and, although shallow sonic data are not able to
confirm the result, the velocity model echoes the overall
trend of the deeper sonic data. The top ~80 m of the well in-
tersected sandstone similar to nearby surface exposures,
but the rocks below are generally more fine grained (Ferri
and Riddell, 2006). This lithological variation and near-
surface weathering may account for the change in gradient
of the model velocity in the upper section of the well.

Seismic Velocity Constraint from Well Sonic
Logs and Samples

Interpretation of the tomographic velocity models is aided
by laboratory samples and borehole sonic logs. The P-wave
velocity was measured (G. Andrews, pers. comm., 2009)
for approximately 50 samples from the Chilcotin Group,
collected primarily within and to the east of the block A area
(Figure 4b). Basaltic lava-flow samples from the Chilcotin
Group gave a wide velocity range (~4500-6000 m/s), with
the majority of values at ~5000-5700 m/s. Anomalously

Geoscience BC Summary of Activities 2009
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Figure 8. Stacking chart of traveltime errors for line CH160-05, southeastern Nechako Basin, south-
central British Columbia: a) initial model, b) final model. Distances are in kilometres from the north-

eastern end of the line.

low velocities of ~4250-4760 m/s were obtained from a
sample of volcanic breccia from the Bull Canyon
lithofacies, just south of block C. Similarly, three samples
from the Chasm lithofacies, to the east of block A, also gave
low velocities of ~4070—4710 m/s. One sample of grano-

(@)  CH-160-05

diorite from the Jurassic Thuya batholith, to the east of
block A, gave high velocities of ~5520-5930 m/s.

A comparison of velocity from models, laboratory samples
and well sonic logs is presented in Figure 14. Laboratory
samples and sonic logs suggest typical velocities greater
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Figure 9. Corrugation models for lines CH-160-05 (a) and CH-159-02 (b), southeastern Nechako Basin, south-central
British Columbia. Vertical perturbations of slowness of +10% velocity variation with widths of i) 0.25 km, ii) 0.5 km, and
iii) 1 km. Black lines show tomographic velocity contours at an interval of 400 m/s.
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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).

Thickness of Assigned Facies

Well Volcanic Rocks (m) at Surface
Redstone b-82-C 221 Endako Group
Nazko b-16-J 517 Endako Group
Nazko d-96-E 44 Endako Group
Chilcotin b-22-K 116 Chilcotin Group
477 Ootsa Lake Group?

Redstone d-94-G 0 n/a

Nazko a-4-L 0 n/a

than 4500 m/s for the Chilcotin Group volcanic rocks.
Rocks of the Eocene Endako and Ootsa Lake groups ex-
hibit a wide range of sonic log velocities, but most are
~3500-5000 m/s, commonly lower than the Chilcotin
Group. Volcaniclastic and sedimentary rocks of Eocene age
often show a lower velocity; for example, the shale, silt-
stone and minor volcanic rocks below the Chilcotin Group
in well b-22-K (>120 m) have velocities of ~2900—
3500 m/s. This lithological variation within the Eocene
Endako and Ootsa Lake groups, with interbeds of lavas that
are sometimes vesicular (high porosity), volcaniclastic and
sedimentary rocks, and near-surface weathering may ex-
plain the wide range of sonic velocities. In seismic reflec-
tion surveys of volcanic flows on the Columbia Plateau

(Jarchow etal., 1994), interbedding is associated with large
contrasts in impedance, which significantly degraded seis-
mic imaging. Similar interbedding of the varied 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 order to investigate regional variation in near-surface ve-
locity (in relation to lithology), the mean velocity was cal-
culated from 0 to 175 m (below ground surface) for each ve-
locity model profile. When plotted in map view (Figure 15)
along seismic profiles, lateral changes in the mean velocity
can be correlated with near-surface geology (Riddell,
2006). The choice of a greater depth range results in data
gaps due to locally shallow ray penetration (especially for
lines CH159-02 and -02A) and does not alter the overall in-
terpretation. Model velocities for the mapped near-surface
rock types are compared with sonic logs and available
laboratory samples in Figure 14.

Jura-Cretaceous granodiorite shows the highest velocity
for rock types sampled by the models (~3600—4800 m/s),
but this is lower than for laboratory samples of the Jurassic
Thuya batholith (~5520-5930 m/s). The Cretaceous
Spences Bridge Group volcanic rocks similarly have fairly
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Figure 10: First-arrival tomographic inversion model for Canadian Hunter line CH160-05 (see Figure 4b for lo-
cation), southeastern Nechako Basin, south-central British Columbia, showing a) ray density, and b) velocity.
Heavy black line shows the thickness of Eocene Endako Group volcanic rocks in well b-82-C (see Figure 5a).
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Figure 11: First-arrival tomographic inversion model for Canadian Hunter
line CH160-08 (see Figure 4b for location), southeastern Nechako Basin,
south-central British Columbia, showing a) ray density, and b) velocity. Heavy
black line shows the thickness of Eocene Endako Group volcanic rocks in

well b-82-C (see Figure 5b).
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Figure 12: First-arrival tomographic inversion model for a section of Canadian Hunter line CH161-03
(see Figure 4b for location), southeastern Nechako Basin, south-central British Columbia, showing a)
ray density, and b) velocity. Heavy black line shows the thickness of Neogene Chilcotin Group volcanic

rocks in well
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b-22-K (see Figure 5f).
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tions of seismic reflection lines, southeastern Nechako Basin, south-central British Columbia: a) and b) line CH-159-09; heavy
black line shows the Eocene Endako Group rocks in well b-16-J (see Figure 5c¢); ¢) 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 Cretaceous sedi-
mentary rocks of wells d-96-E and a-4-L from finer grained (i.e., shale and siltstone, indicated by darker grey) to coarser grained
(i.e., sandstone and conglomerate, indicated by lighter grey; see Figures 5g, h); e) and f) line CH-160-16; heavy grey line

shows well d-94-G (see Figure 5e).

high model velocities (~3400—4200 m/s). The Cretaceous
sedimentary rocks have a model velocity range of ~2600—
4600 m/s, similar to the sonic logs. The Eocene Endako and
Ootsa Lake groups have a model velocity range of ~2600—
4600 m/s, which is also in agreement with sonic logs. Al-
though the Endako and Ootsa Lake groups in blocks C
and D have a smaller velocity range (3200—4000 m/s) than
the Endako Group rocks in block A (3000-4200 m/s), the
two groups are not distinguishable on the basis of velocity.
Chilcotin Group rocks have much lower model velocities
(~1600-3200 m/s; Figure 14) than those from laboratory
samples (4500-6000 m/s) and well sonic logs (4200—
5300 m/s). These model velocities for the Chilcotin Group
are also lower than laboratory samples of volcanic breccia
of'the Bull Canyon facies (~4250—4760 m/s). The Chilcotin
Group model velocity is most similar to that of the Quater-
nary deposits (2000-2800 m/s).

Block A

Mean tomographic velocities in block A (Figure 15) show
typical values of ~3400 m/s, with slightly lower velocities
usually associated with the outcrop of Chilcotin Group
rocks and Quaternary deposits. The lowest mean velocities
in the southeastern Nechako Basin are to the northeast of
well b-82-C, where they are commonly ~1900-2400 m/s
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but can be as low as ~1700 m/s in some locations. These
lows correspond to the outcrop of Chilcotin Group volcanic
rocks and Quaternary deposits. The changes in ray charac-
ter in models that cross this zone, specifically lines CH160-
05 (Figure 10a), CH160-03 and -02 (Figure 4b), suggest a
change in subsurface physical properties. Rays vary from
focused convergence at a shallow depth (~200 m) at the
margins to a deeper (~450 m) and lower ray density within.
Another anomalous low in mean velocity (~2100—
2500 m/s) is observed directly to the south of well b-82-C at
latitude 51.75°N, longitude 123.25°W (Figure 15).

The outcrop of Spences Bridge Group volcanic rocks and
Jurassic or Cretaceous granodiorite north of well d-94-G
(Figure 15) is associated with a mean velocity high of
~4200 m/s. High mean velocities (~4300 m/s) towards the
centre of line CH-160-04, east of well d-94-G (Figure 15),
may be related to the local outcrop of Endako Group volca-
nic rocks. High values are not, however, observed in associ-
ation with Endako Group rocks to the south of well b-82-C.
The outcrop of Cretaceous sedimentary rocks to the west of
well d-94-G also shows mean velocities (~3400-3900 m/s)
that are slightly higher than normal.

Ray density and depth predicted by the velocity models are
related to the P-wave velocity of the subsurface and the

Geoscience BC Summary of Activities 2009
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Figure 14: Comparison of seismic velocity from tomographic inversion models (black labels), well
sonic logs (green labels) and laboratory samples (red labels) for key rock types in the southeastern
Nechako Basin, south-central British Columbia. Thick lines indicate the range of the majority of values.
Line colours: pink, Jura-Cretaceous granodiorite; green, Cretaceous Spences Bridge Group volcanic
rocks; red, Quaternary deposits; brown, Cretaceous Taylor Creek Group sedimentary rocks; yellow,
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maximum offset of the seismic reflection profile. The max-
imum offset used in the Canadian Hunter seismic reflection
survey is quite small (2550 m), which places limits on the
depth of ray convergence. As a result, for example, rays
across most of block A converge at a depth of ~200 m. A
high density of rays of this character is observed on models
CH160-05 (Figure 10a) and CH160-08 (Figure 11a), at and
to the west of well b-82-C, where ~221 m of Endako Group
volcanic rocks were intercepted. Rays of similar character
can be mapped across the central region of block A to define
two areas (orange dashed lines in Figure 15). Outside these
areas, rays are less focused and show deeper but variable
penetration depths; examples include the southeastern end
of CH160-08 (Figure 11a), northeastern end of CH160-05
(Figure 10a) and near well d-94-G (e.g., CH160-16, Fig-
ure 13e). This variation in ray character suggests that a
change in lithology accompanies a change in subsurface
seismic velocity.

Block C

Mean velocities in block C have background values of
~3400 m/s. High mean velocities (up to ~4200 m/s) are gen-
erally coincident with the outcrop of Eocene volcanic rocks
(Figure 15). The outcrop of Chilcotin Group volcanic rocks
and Quaternary deposits, which are observed mainly to-
wards the northwest, are related to lower velocities (down
to ~2300 m/s). The predicted bedrock geology (Figure 16),
derived from stream sediment geochemistry (Barnett and
Williams, 2009), suggests that the Quaternary overburden
in this area is underlain by rocks of the Chilcotin Group.
The generally poor correlation of mean velocity with the
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predicted bedrock geology suggests that the near-surface
structure and the thickness of the overlying Quaternary de-
posits have a large influence on the mean velocity.
Lithological variation is also suspected to have a large in-
fluence. For example, the predicted bedrock geology (Fig-
ure 16) reveals that rocks mapped (Riddell, 2006) as the
Eocene Ootsa Lake Group have two different geochemical
signatures in central block C and northeast of block D, the
latter being locally more similar to the Endako Group.

An outcrop of Quaternary deposits in the southeastern cor-
ner of block C is also associated with a notably lower veloc-
ity (~2300 m/s). A Jura-Cretaceous granodiorite in south-
ern block C (Figure 15) is associated with an anomalously
high mean velocity. The width of the velocity anomaly
(~4 km) suggests that the intrusion may only be slightly
wider in the near surface than its mapped extent beneath the
surrounding Quaternary deposits.

Ahighly variable ray character is observed in block C. Rays
exhibit clear focusing along line CH161-03 (Figure 12a), in
aregion where well b-22-K showed Chilcotin Group basalt
overlying shale and siltstone. Within the Jura-Cretaceous
granodiorite and also in association with Endako Group
rocks to the southeast of well b-22-K, rays exhibit very
shallow focusing (~75-175 m and ~75-200 m, respec-
tively). Elsewhere a consistent connection between surface
lithology and ray character is not clear, which suggests
wide lithological variation. The great thickness of Eocene
volcaniclastic deposits, breccia and lava flows (possibly
Ootsa Lake Group; Riddell et al., 2007) intersected by well
b-22-K suggests that Eocene rocks here have a different
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and likely more variable character than the Endako Group
rocks in block A.

Block D

Mean velocities in block D (Figure 15) are generally
higher, due primarily to the high velocity of volcanic rocks
of the Eocene Endako Group (~3700-4000 m/s) and
slightly lower velocity rocks of the Ootsa Lake Group
(~3100-3900 m/s). The Chilcotin Group in the area around
line CH-159-02A (Figures 4b and 15) has velocities higher
(~3500-3900 m/s) than typically observed elsewhere in

models of the southeastern Nechako Basin. These higher
velocities suggest that a thin Chilcotin Group is underlain
by the Eocene volcanic rocks.

The Cretaceous sedimentary rocks show two mean velocity
signatures. From northern to central block D (lat. 52.6°—
52.7°N), the mean velocities (~3400-3600 m/s) are slightly
lower than those near well d-94-G (block A). The southern-
most outcrops of Cretaceous rocks in block D (lat. 52.55°N,
long. 123.4°W) show anomalous lows (~2700 m/s). Sur-
face Cretaceous rocks here were observed to be highly de-
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Figure 15: Mean velocity from the ground surface to a depth of 175 m from first-arrival tomographic models, south-
eastern Nechako Basin, south-central British Columbia. Geological map simplified from Riddell (2006). Red numbers
show Chilcotin Group thickness from field and well observations (Andrews and Russell, 2007, 2008; Gordee et al.,
2007; Riddell et al., 2007). Purple numbers show the thickness of the Chilcotin Group (Mihalynuk, 2007) modelled
from digital elevation models. Orange dashed line shows the probable extent of Eocene volcanic rocks. Blue lines
show selected rivers. Heavy dashed black boxes show the study blocks. Abbreviations: ETEn, Eocene Endako
Group; ETOo, Eocene Ootsa Lake Group; ETto, Eocene tonalite; LTQCh, Neogene Chilcotin Group; KTc, Creta-
ceous Taylor Creek Group; EKqd, Cretaceous quartz diorite; uKTa, Taseko River strata; IKSb, Cretaceous Spences
Bridge Group; Qal, Quaternary deposits; ImJHz, Jurassic Hazleton Group; JKg, Jura-Cretaceous granodiorite.
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formed with near-vertical dips (J. Riddell, pers. comm.,
2007). This deformation is related to steep faulting ob-
served on seismic reflection images, and fracture porosity
associated with this faulting may account for the lower
mean velocity.

In the southwestern corner of block D (CH159-10, Fig-
ure 4b), another velocity low (~2800 m/s) is associated with
Quaternary deposits (Figure 15) directly to the east of an-
other velocity low in southeastern block C (CH161-03, Fig-
ure 4b). Where associated with the Eocene volcanic rocks,
rays along line CH159-10 are focused and continuous, sim-
ilar to those near well b-22-K (Figure 12a). The rays be-
come less dense and penetrate to a greater depth in relation
to the outcrop of Quaternary deposits before becoming fo-
cused again at the southeast end, where Eocene rocks are
again encountered.

Velocity Is)

3000
= N

Bouguer Gravity of the Southeastern
Nechako Basin

Composite Bouguer Gravity Map

New high-resolution airborne helicopter gravity data (cor-
rected with Bouguer densities of 2.30 and 2.67 g/cm’), ac-
quired by the Geological Survey of Canada in 2008
(Dumont, 2008), provides coverage for the northeastern
part of the study region (Figure 17a). Land-based gravity
data acquired by Canadian Hunter were used to provide
gravity coverage to the southwest. The Canadian Hunter
data were manually de-spiked and simple Bouguer correc-
tions applied to the original Bouguer gravity (2.35 g/cm®).
The Canadian Hunter data were low-pass filtered (2625 m-
0% to 5250 m-100%), similar to that previously applied to
the airborne data.
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Figure 16: Mean seismic velocity (0—175 m) overlain on the geology predicted from the analysis of stream sediment
geochemistry (Barnett and Williams, 2009), southeastern Nechako Basin, south-central British Columbia. Thin black
lines and black labels show the geology from the corresponding bedrock geology map (Riddell, 2006). Abbreviations:
ETEn, Eocene Endako Group; ETOo, Eocene Ootsa Lake Group; LTQCh, Neogene Chilcotin Group; KTc, Creta-
ceous Taylor Creek Group; Qal, Quaternary deposits; ImJHz, Jurassic Hazleton Group; JKg, Jura-Cretaceous

granodiorite.
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The offset of the corrected Canadian Hunter survey from
the airborne data is 785.31 mGal (standard deviation 1.52)
for a Bouguer density of2.30 g/cm’and 785.82 mGal (stan-
dard deviation 1.49) for a Bouguer density of 2.67 g/cm’.
The Canadian Hunter data were levelled accordingly to cre-
ate the maps shown in Figures 17b and c.

Addition of the sparsely sampled regional land-based grav-
ity data, acquired by the Geological Survey of Canada, re-
sulted in artifacts. These artifacts were point-location grav-
ity highs and lows resulting from a mismatch with the other
two surveys. The regional gravity data were therefore omit-
ted in the construction of the final gravity maps.

Preliminary Interpretation of Bouguer Gravity
and Velocity Models

First-order comparison of velocity models and Bouguer
gravity reveals that there are few relationships between the
observed gravity and velocity anomalies. This suggests that
the majority of the gravity anomalies are the result of
lithological/density variations at depths greater than the
penetration of the velocity models. Thus, the mismatch be-
tween the mean velocity and gravity anomalies may be in-
dicative of regions where the near-surface geology does not
represent the geology at depth.
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Figure 17. Composite (Canadian Hunter land and Geological Survey of Canada [GSC] airborne data) Bouguer grav-
ity of the southeastern Nechako Basin, south-central British Columbia: a) data location; red lines, GSC airborne data;
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However, a number of near-surface velocity anomalies are
associated with short-wavelength gravity anomalies. High-
velocity anomalies related to Jura-Cretaceous granodiorite
and Spences Bridge Group volcanic rocks in northwestern
block A (Figure 17) correspond to a small gravity high that
likely delineates the extent of these intrusive and/or volca-
nic rocks. An outcrop of Jura-Cretaceous granodiorite in
southern block C exhibits a clear correlation between the
high velocity and gravity anomalies, confirming that this
intrusion is confined to a small area despite the masking
effect of the recent deposits.

Preliminary 3-D Tomographic Velocity
Modelling

First arrivals follow the shortest traveltime path from
source to receiver, which may not be coincident with the
surface trace of the crooked seismic lines. Therefore, a 3-D

modelling approach must be applied to estimate near-sur-
face velocity. Crooked seismic lines, which were not
modelled by the 2-D methods presented above, include Ca-
nadian 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 (Figure 18). See Calvert et al. (2009) for
detailed information on the acquisition of the Geoscience
BC data. The Geoscience BC lines have a greater maximum
offset (14 390 m), which will allow the estimation of veloc-
ity to a depth greater than for the relatively short offset
(2550 m) Canadian Hunter lines.

In order to assess the application of 3-D modelling to
crooked lines from the Canadian Hunter survey, and in
preparation for analysis of the new data from Geoscience
BC, a model was created for (straight) seismic reflection
line CH160-05 using the FAST software package (Zelt and
Barton, 1998). Model parameters similar to those used for
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2-D modelling were employed, with a cell size of 25 m and
a starting model with a surface velocity of 3500 m/s (gradi-
ent of 1.5 s™). The greatly increased number of cells in a 3-
D model can be prohibitive due to a lack of computer mem-
ory or extended run time. The northeast-trending seismic
line was therefore rotated into an easterly direction to
minimize model size.

A perturbation in the velocity model was calculated from
the difference between the calculated and observed first-ar-
rival traveltimes for each of nine iterations to give a final
velocity model (Figure 19). The models show a reduction in
traveltime misfit from an RMS residual of 185.17 ms to
108.11 ms. The velocity and ray data were smoothed for
display using a continuous-curvature gridding algorithm
(Smith and Wessel, 1990) at a grid spacing of 5 m.

Initial testing of line CH160-05 produces features similar
to those of the 2-D model (Figure 19), such as low veloci-
ties to the northeast. Following this successful test, the first-
arrival traveltimes for Canadian Hunter lines CH159-01, -
01A, CH160-01, -18, -19 and CH162-02 were manually
edited in preparation for 3-D modelling.

Discussion

Where seismic imaging is poor and outcrop is often ob-
scured by Quaternary deposits and vegetation, tomo-
graphic velocity models provide an additional tool in the in-
vestigation of the near-surface character of the rocks in the
southeastern Nechako Basin. Velocity estimates for most of
the primary rock types are in agreement with the velocities
obtained from well sonic logs and laboratory samples.
However, model velocities from the Chilcotin Group are

-124.5° -124° -123.5° -123°
c) 53 ) L 53°
52.75° 52.75°
52.5° =h2.5"
52.25° 52.25°
52° 52°
V4
= Velocity (m/s) ,
[ eeeem—
5175 f 2000 3000 4000 _ b - 61.75"
Bouguer anomaly (mGal) 5 o
W | ~
-165 -150 -135 -120 -105J I
] N = = e s U L

-124.5° -124°

222

Geoscience BC Summary of Activities 2009



Gedscience BC

lower than those obtained from laboratory samples and
sonic logs, which suggests that the Chilcotin Group is typi-
cally of higher velocity than the Eocene Endako and Ootsa
Lake groups (Figure 14). The overall model velocity of the
Chilcotin Group is similar to that of the Quaternary
deposits (2000-2800 m/s).

The Chilcotin Group comprises a number of facies (An-
drews and Russell, 2007). The Bull Canyon facies com-
prises hyaloclastite and breccia, with pillow lavas at the
top. These rocks were observed along the Chilcotin River
on Highway 20, west of Williams Lake, where it is more
breccia dominant (Andrews and Russell, 2007) than at Bull
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Figure 18: Location of new Geoscience BC vibroseis seismic reflection lines (see Calvert et al., 2009), southeastern
Nechako Basin, south-central British Columbia. Red lines show the Geoscience BC data; black lines show the Cana-
dian Hunter data. Bedrock geology modified from Riddell (2006).
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Canyon Provincial Park (Figure 15) to the northwest. The
Chasm facies consists of thick lavas and hyaloclastite brec-
cia (Andrews and Russell, 2007), which is observed along
the Chilko and Taseko rivers (Figure 15). The Dog Creek
facies is generally more lava dominant and was described
along the Fraser River.

Field investigations (Andrews and Russell, 2008), includ-
ing the analysis of water-well data, have shown that the
Chilcotin Group is regionally thin (<50 m, probably <25 m)
and that considerable areas are overlain by Quaternary de-
posits (typically ~10-50 m; Andrews and Russell, 2008)
with variable proportions of basalt contained within
(G. Andrews, pers. comm., 2009). Water wells near Alexis
Creek (Figure 15) show ~10-50 m of Quaternary drift (An-
drews and Russell, 2008). Locally, thicker accumulations
of the Chilcotin Group are related to paleo—drainage chan-
nels (Andrews and Russell, 2008). In the Chilko River can-
yon, the Chilcotin Group is ~40 m thick (Andrews and Rus-
sell, 2007). Based on water-well samples near Nazko and
Alexis Creek (Figure 15), the thickness of the group is esti-
mated to be less than 10 m (Andrews and Russell, 2008). At
Bull Canyon Provincial Park (Figure 15), the group is inter-
preted locally to be ~100 m thick (Gordee et al., 2007). To
the southeast, along the Chilcotin River near Hanceville
(Figure 15), it has a thickness of <80 m (Andrews and Rus-

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

The results of first-order thickness modelling (Mihalynuk,
2007), based on a digital elevation model (DEM) and
mapped basal contacts, echo the interpretation of a region-
ally thin Chilcotin Group with locally thicker accumula-
tions related to paleo drainage. The model predicts a thick-
ness of ~100—150 m near Hanceville on the Chilcotin
River, and a similar thickness to the south of Deer Creek
(Figure 15).

In the Chilcotin River area (Figure 15), thick accumula-
tions of Chilcotin Group rocks of the breccia-rich Bull Can-
yon facies, within a paleo valley, are related to the overall
lowest model velocities. These breccias exhibit high poros-
ity and poor consolidation, and often lack a matrix (G. An-
drews, pers. comm., 2008), characteristics that would result
in the lower seismic velocity relative to consolidated lavas.
The elevation of fractured and brecciated Chilcotin Group
rocks above the water table at this location would also
lower the seismic velocity and may, in part, explain the dis-
crepancy with velocities obtained from fluid-saturated
laboratory tests.
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Figure 19: First-arrival tomographic inversion model for Canadian Hunter line CH160-05 (see Figure 4b for lo-
cation), southeastern Nechako Basin, south-central British Columbia, showing a) velocity from 3-D (FAST)
model, and b) velocity from 2-D (Pronto) model. Heavy black line shows the extent of Eocene Endako Group

volcanic rocks in well b-82-C (see Figure 5a).
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Anomalously low velocities associated with the Chilcotin
Group, such as in northwestern block C and central block A
(Figure 15), suggest a mixture of poorly consolidated Qua-
ternary deposits and Chilcotin Group rocks. Elsewhere, the
regionally limited thickness of the Chilcotin Group results
in the mean velocity being close to that of the underlying
rocks.

Ray character (density, focus and penetration depth) and
velocity variations were used to define two areas (orange
dashed lines, Figure 15) in block A. The tie with well b-82-
C (~221 m of Eocene Endako Group) and surface geology
allow prediction of the subsurface extent of the Eocene
Endako Group in this area. A mean-velocity low to the
south of well b-82-C, which divides the two areas, is related
to a zone of approximately north-trending strike-slip fault-
ing. Fracturing of rocks in the fault zone, a greater thickness
of Quaternary deposits or high-porosity volcanic breccia
may account for this velocity low.

Conclusions

e Velocity models from the southeastern Nechako Basin
agree closely with well sonic logs and laboratory sam-
ples. However, mapped occurrences of the Chilcotin
Group typically exhibit anomalously low mean veloci-
ties, similar to the Quaternary deposits that blanket the
region. These low mean velocities likely result from the
broad sampling of high porosity, undersaturated,
brecciated and fractured rocks, compared to laboratory
measurements on water-saturated, consolidated lavas.

e In northeastern block A, the lowest mean velocities are
related to anomalously thick deposits of the breccia-
rich, high-porosity Bull Canyon facies of Chilcotin
Group. The distribution of these low mean velocities is
consistent with the interpretation of thicker Chilcotin
Group rocks in paleo—river valleys.

e Where a higher mean velocity is associated with outcrop
of the Chilcotin Group, these rocks are locally thin
and/or of a velocity similar to underlying rocks. Such
Chilcotin Group rocks may be of a more lava-dominant
facies, which would have a higher velocity.

e The subsurface extent of two areas of Eocene Endako
Group, adjacent to well b-82-C, is constrained by varia-
tions in the mean velocity and the character (density, fo-
cus and penetration depth) of rays, and ties with well
and surface geology. These areas are separated by a ve-
locity low related to north-trending strike-slip faulting
and possibly arelated increased thickness of Quaternary
deposits or high-porosity volcanic rocks.
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