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Introduction

In 2007, magnetotelluric (MT) data were col lected
in the Nazko re gion of the Nechako Ba sin, with two
ad di tional lines ac quired in the south of the ba sin
(Fig ure 1; Cra ven, 2009; Spratt and Cra ven, 2009b). 
The goal was to aid in the ex plo ra tion for hy dro car -
bon re serves within the Nechako Ba sin. The MT
method was con sid ered par tic u larly prom is ing be -
cause the shal low geo log i cal struc ture of large parts
of the Nechako Ba sin—ba saltic flows of the Neo -
gene Chil cotin Group and vol ca nic rocks of the
Eocene Endako and Ootsa Lake Groups—com pli -
cate in ter pre ta tion of seis mic data that are more
com monly used for hy dro car bon ex plo ra tion
(Spratt and Cra ven, 2009b). There are large seis mic
im ped ance con trasts within and be tween these
units, and be tween these units and the sed i men tary
rocks of the ba sin. These re sult in con sid er able scat -
ter ing of the seis mic en ergy. In con trast, these units
are mostly elec tri cally re sis tive and there fore trans -
par ent to the MT method. The 2007 MT data have
been in ter preted for two-di men sional (2-D) Earth
mod els (Spratt and Cra ven, 2008, 2009a, b), and
three-di men sional (3-D) mod el ling and in ter pre ta -
tion is cur rently be ing car ried out (Drew et al.,
2010). The MT data suc cess fully pen e trated the
near-sur face volcanic rocks to image the Nechako
Basin sedimentary rocks and the basement beneath.

The ZTEM sys tem (Geotech Ltd., 2009) is an air borne
elec tro mag netic (EM) sys tem that mea sures the mag netic
part of the MT re sponse. This means that it is a rel a tively
deep-pen e trat ing air borne EM sys tem. Also, be cause it is
an air borne sys tem, data can be ac quired quickly and ef fi -
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This pub li ca tion is also avail able, free of charge, as col our dig i tal
files in Adobe Ac ro bat® PDF for mat from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Fig ure 1. Lo ca tion of the magnetotelluric (MT) sur vey lines (black) and the
Geoscience BC seis mic lines (red) within the Nechako Ba sin of south-cen -
tral Brit ish Co lum bia. Red num bers in di cate seis mic line num bers. Base
map from Nat u ral Re sources Can ada (2004, 2007); dig i tal el e va tion model
pre pared by K. Shimamura; out line of Nechako Ba sin af ter Massey et al.
(2005).

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


ciently over large ar eas. A ZTEM sur vey is there fore an at -
trac tive prop o si tion for the Nechako Ba sin, po ten tially ex -
tend ing the subsurface im ages de rived from the 2007 MT
sur vey data to the rest of the ba sin. How ever, the ZTEM
sys tem is new and its ca pa bil i ties are not truly un der stood.
There fore, one goal of the pro ject sum ma rized in this pa per
is to per form nu mer i cal mod el ling and in ver sion stud ies to
as sess what can be ex pected from any ZTEM surveys
performed in the Nechako Basin.

The sec ond goal of this pro ject is to use the Earth mod els
de rived from the MT data to aid the re pro cess ing and mi -
gra tion of the Geoscience BC vibroseis data that were ac -
quired in 2008 (Calvert et al., 2009). The MT-de rived mod -
els gen er ally in di cate the lo ca tion of the in ter face be tween
the sur face vol ca nic rocks and the sed i men tary rocks of the
ba sin, in clud ing vari abil ity in the depth to this in ter face.
Re pro cess ing of the vibroseis data will be per formed to see
if the in ter faces in the MT-de rived mod els can be ob served
and en hanced in the seis mic sec tions. Also, the con duc tiv i -
ties in the MT-de rived mod els will be con verted to seis mic
ve loc i ties, and these ve loc i ties tried in the re pro cess ing. As
a fi nal goal, ex ist ing geo phys i cal and geo log i cal data will
be in te grated with the MT-de rived Earth models to develop
and refine the tectonic history of the Nechako Basin.

Project Components

Modelling and Assessment of ZTEM Data

The ZTEM sys tem is an air borne EM sys tem that mea sures
the ver ti cal com po nent of the mag netic field that arises
from elec tric cur rents in duced in the subsurface by nat u -
rally oc cur ring time vari a tions of the Earth’s mag netic field
(Geotech Ltd., 2009). The mea sured ver ti cal com po nent is
ref er enced to the hor i zon tal com po nents of the mag netic
field that are mea sured si mul ta neously at a base sta tion.
The ra tios of the ver ti cal to hor i zon tal com po nents of the
mag netic field, which are known as mag netic trans fer func -
tions, de pend on the con duc tiv i ties of the subsurface. The
ZTEM data can there fore be used, in prin ci ple, to pro vide
quan ti ta tive information on the structure of the subsurface.

The ZTEM sys tem is unique among air borne EM meth ods
in that it uses the Earth’s nat u ral mag netic field as its
source. This means that the ZTEM sys tem is sen si tive to
deeper struc tures than con ven tional air borne EM sys tems.
De pend ing on the con duc tiv i ties in volved, ZTEM data can
be sen si tive to struc tures as deep as 2 km. It there fore has
the abil ity to pro vide in for ma tion on the struc ture of the
Nechako Ba sin down to, and in clud ing, the Cre ta ceous sed -
i men tary rocks. Also, be cause it is an air borne method, any
ZTEM sur vey could cover the en tire Nechako re gion if de -
sired—it is not lim ited to fol low ing roads, as is the case
with the vibroseis method.

In 2007, broad-band and high-fre quency (MT) data were
col lected at 734 sites through out the Nechako re gion
(Spratt and Cra ven, 2008, 2009a, b; Cra ven, 2009). The
data were col lected along seven main pro files, and along a
se ries of closely spaced shorter lines ar ranged spe cif i cally
to en able 3-D in ter pre ta tion. The data col lected along the
pro files have been in verted to give 2-D mod els of the
subsurface con duc tiv ity struc ture ex tend ing to depths of
more than 10 km (Spratt and Cra ven, 2008, 2009a, b). The
mod els show the gen eral pseudolayered se quence that is
typ i cal of the Nechako Ba sin: near-sur face Chil cotin vol ca -
nic rocks (which are elec tri cally re sis tive), Cre ta ceous sed -
i men tary rocks (which are rel a tively con duc tive) and crys -
tal line base ment (which is re sis tive). The mod els also show
sig nif i cant vari abil ity along the pro files, re flect ing the true
complexity of the geology in the Nechako region.

In this pro ject, the 2007 MT data and the con duc tiv ity mod -
els de rived from them will be used to model and as sess the
data that would likely be ac quired if a ZTEM sur vey were to 
be car ried out over the Nechako Ba sin. Firstly, the sub set of
the 2007 MT data that cor re sponds to typ i cal ZTEM data
(i.e., ver ti cal trans fer func tions for the nar rower ZTEM fre -
quency band) will be in verted to con struct 2-D con duc tiv -
ity mod els. These mod els will be com pared with the mod els 
ob tained from the in ver sion of the MT data. This ex er cise
will in di cate the best pos si ble out come of per form ing a
ZTEM sur vey in the Nechako Ba sin, as if the MT data were
mea sured on the ground rather than on a mov ing plat form
and the hor i zon tal and ver ti cal com po nents of the mag netic
fields were mea sured at co in ci dent lo ca tions. Sec ondly,
syn thetic ZTEM data will be com puted for the 2-D con duc -
tiv ity mod els de rived from the MT data. The syn thetic
ZTEM data will then be in verted to con struct 2-D con duc -
tiv ity mod els, and these mod els will be com pared with
those con structed from the MT data. This com par i son will
iden tify those fea tures of the 2-D MT-de rived con duc tiv ity
mod els that the ZTEM data would be sensitive to, and those
features that would be invisible to the ZTEM survey.

MT-Guided Reprocessing of Vibroseis Data

The MT data can ‘see’ the gen eral struc ture of the Nechako
Ba sin—Eocene vol ca nic rocks over ly ing Cre ta ceous sed i -
men tary rocks over ly ing crys tal line base ment—with rel a -
tive ease. In con trast, the vibroseis data col lected by
Geoscience BC in 2008 (see Calvert et al., 2009) pro vide a
highly vari able view of the sed i men tary ba sin de pend ing on 
the com plex ity of the near-sur face ge ol ogy and, more spe -
cif i cally, the thick ness and struc ture of the over ly ing
Eocene vol ca nic rocks. Con se quently, the qual ity and inter -
pretability of the re sult ing seis mic im ages of the subsurface 
are di min ished. In this com po nent of the pro ject, the mod -
els de rived from the MT data will be used to guide re pro -
cess ing of the vibroseis data. Spe cif i cally, the vibroseis
data co in ci dent with the MT pro files will be re pro cessed to
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see if the con tacts be tween the var i ous units that ap pear on
the 2-D MT-de rived con duc tiv ity mod els can be made to
ap pear in the seis mic sec tions. Also, the con duc tiv i ties in
the MT-de rived mod els will be trans formed to seis mic ve -
loc i ties and these ve loc i ties used in the re pro cess ing and
mi gra tion of the vibroseis data. This trans for ma tion will be
based on mea sured seis mic ve loc i ties and con duc tiv i ties of
sam ples of the ma jor rock units in the Nechako re gion. The
MT-de rived mod els will be used to de fine the spa tial lo ca -
tion and ex tent of each unit. Two-di men sional ver ti cal sec -
tions of seis mic velocity will then be created using the
typical conductivities and seismic velocities for each unit
(Jegen et al., 2009).

Integration of MT-Derived Models in a
Tectonic History of the Nechako Basin

In ad di tion to the MT and vibroseis data men tioned above,
sig nif i cant amounts of other his tor i cal and re cently ac -
quired geo phys i cal and geo log i cal data ex ist for the
Nechako re gion. In par tic u lar, air borne grav ity data were
col lected in 2008 (Dumont, 2008a, b). Strati graphic and
well-log in for ma tion is avail able from a num ber of bore -
holes in the Nechako re gion (Ferri and Rid dell, 2006).
Also, both large-scale and lo cal-scale pas sive seis mic data,
from which we hope to ob tain 3-D im ages of the Nechako
re gion, have be ing col lected (Idowu et al., 2009; Kim et al.,
2009). The in for ma tion on the Earth’s subsurface avail able
from these com ple men tary datasets will be in te grated with
that from the MT data to pro duce a con sis tent his tory of the
tectonic evolution of the Nechako Basin.

Conclusions

When this pa per was writ ten, pre lim i nary re pro cess ing of
the vibroseis data from lines 5, 10, 12 and 13 was un der way, 
with ge om e try setup, data-qual ity con trol, re frac tion stat -
ics, com mon depth-point sort ing, re sid ual stat ics and con -
ven tional ve loc ity anal y sis and mi gra tion hav ing been
com pleted for line 5 and par tially com pleted for the oth ers.
So far, there has been no im prove ment in the seis mic sec -
tions pro duced. How ever, it is ex pected that im prove ments
will be ob tained once guid ing of the re pro cess ing by the
MT-derived Earth models begins.
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