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SUMMARY

Re sults of a re con nais sance microearthquake sur vey in 
the south ern por tion of the Nechako Ba sin are pre sented
here. The data were ac quired over a time pe riod of ap prox i -
mately 24 hours in June 2006 and an a lyzed at the of fice of
MicroSeismic, Inc. The anal y sis pro vided mea sure ments of 
the back ground noise level and its di ur nal vari a tion. The
very low back ground noise lev els be tween 50 and 100 nm/s 
show that a sur face seis mic ar ray is ca pa ble of de tect ing
microearthquakes of lo cal mag ni tude (Ml) ap prox i mately
0.0 and pos si bly down to ap prox i mately –0.5 as much as
30 km away. Earth quakes of this size are sim i lar to small
blasts at con struc tion sites or min ing quar ries, and re quire a
net work of closely spaced, highly sen si tive seis mo graph
sta tions to de tect and lo cate them. The high sta tion den sity
and the fre quent oc cur rence of microearthquakes make
these data ide ally suited for map ping crustal struc ture in
seismogenic belts. The ini tial re sults from the re con nais -
sance sur vey also lo cated a mag ni tude 0.0 earth quake us ing 
a com puter-aided search rou tine for microearthquake ac -
tiv ity. This event was ob served on all five of the geo phone
sta tions in the ar ray and was ap prox i mately 30 km away
from the cen tre of the ar ray. Three-com po nent geo phones
now oc cupy these same five sites and will re main there for
ap prox i mately 8 weeks, in order to determine the amount of 
microseismic activity within this region.

INTRODUCTION

The Nechako Ba sin is one of sev eral in te rior sed i men -
tary bas ins in Brit ish Co lum bia. This ba sin is par tially cov -
ered with ba salt flows, which make it dif fi cult to map the
subsurface ge ol ogy us ing tra di tional seis mic meth ods. A
few wells were drilled within the ba sin prior to 1980. The
most sig nif i cant ex plo ra tion pro gram, how ever, was car -
ried out in the early 1980s by Ca na dian Hunter Ex plo ra tion

Ltd. They con ducted 2-D seis mic (Fig 1) and grav ity sur -
veys, and drilled sev eral wells. The qual ity of the seis mic
data was rel a tively poor due to sur face and near-sur face ba -
salt flows. Nev er the less, sev eral wells were drilled based
on the seis mic data. Sed i men tary rocks were en coun tered
in the wells, of ten with crys tal line rocks. Eco nomic ac cu -
mu la tions of hy dro car bons were not en coun tered at that
time; con se quently, Ca na dian Hunter aban doned the play.
No ex plo ra tion ac tiv ity has been car ried out in the ba sin
since that time.

In 2004, the BC Min is try of En ergy, Mines and Pe tro -
leum Re sources be gan a geo log i cal map ping pro gram
within the Nechako Ba sin (Hayes et al., 2005), the ob jec -
tive of which is to pro vide new data that will en cour age in -
dus try to re-ex am ine the ba sin. They re pro cessed sev eral of 
Ca na dian Hunter’s 2-D seis mic lines us ing mod ern pro -
cess ing meth ods and in ves ti gated source-rock mat u ra tion
lev els in part ner ship with the Geo log i cal Sur vey of Can ada
(GSC). A de tailed ground grav ity and mag netic sur vey was
car ried out by Bemex Con sult ing In ter na tional for the min -
is try along a 32 km line that crossed a large grav ity low ob -
served on the Ca na dian Hunter re gional Bouguer grav ity
data (Best, 2004). Dur ing the 2005 and 2006 field sea sons,
the min is try con ducted geo log i cal map ping and col lected
sam ples for  density and magnetic  susceptibi li ty
measurements (Ferri and Riddell, 2006).

Ac quir ing good-qual ity data from con ven tional 2-D
seis mic sur veys in ar eas cov ered with ba salt flows (e.g., the
Co lum bia Pla teau and parts of the Lib yan desert) has al -
ways pre sented a chal lenge for the pe tro leum in dus try. The
Nechako Ba sin is no ex cep tion, and this is one pos si ble rea -
son why there has been lit tle ex plo ra tion ac tiv ity within the
ba sin. Mod ern ac qui si tion and pro cess ing meth ods may
over come some of the dif fi cul ties as so ci ated with ac quir ing 
tra di tional seis mic data in basalt-covered regions of the
world.

Al ter na tive meth ods of ac quir ing 2-D and 3-D seis mic
in for ma tion need to be in ves ti gated as well. This pro ject
pro poses to use pas sive seis mic trans mis sion to mog ra phy
(PSTT) as an al ter na tive method for ob tain ing struc tural
and lithological in for ma tion within the Nechako Ba sin
(e.g., Kapotis et al., 2003; Mahony, 2003). The PSTT
method uti lizes the nat u rally oc cur ring acous tic en ergy
gen er ated by microearthquakes in the up per few kilo metres 
of the Earth as a seis mic source. It em ploys con ven tional
seis mo log i cal meth ods to de ter mine the hy po cen tres of
these small-mag ni tude events, and then ap plies seis mic
tomographic tech niques (Zhao et al., 1992; Eberhart-
Phillips, 1993; Thurber, 1993) to the data to pro duce 3-D,
multicomponent ve loc ity vol umes through the area of in -
ter est. The PSTT en ergy source is lo cated be low the ba salt
and has to tra verse the high-re flec tivity zones only once,
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Fig ure 1: Ap prox i mate lo ca tion of pro posed pas sive seis mic trans mis sion to mog ra phy sur vey area (in di cated by black rect an gle); lighter
black lines show lo ca tions of sev eral 2-D seis mic lines run by Ca na dian Hunter Ex plo ra tion Ltd. in the early 1980s; map cour tesy of BC
Min is try of En ergy, Mines and Pe tro leum Re sources.



thus pro vid ing a less at ten u ated and more co her ent sig nal
than con ven tional sources placed di rectly on or above the
ba salt. The method pro vides a re gional 3-D im age of the
Earth for the region of interest at a fraction of the cost of
conventional 3-D surveys.

The fo cus of the field work pres ently be ing car ried out
is to mea sure back ground noise lev els and to es ti mate the
amount of seis mic ac tiv ity in the rect an gu lar area shown in
Fig ure 1. This re gion was se lected for the study be cause it
con tains sev eral 2-D seis mic lines shot by Ca na dian Hunter 
and a well that in ter sected sed i men tary rocks. The re cent
de tailed grav ity and mag netic sur vey line de scribed above
(Best, 2004) and a re gional grav ity low are also lo cated in
this area (Fig 2). The large grav ity low is in trigu ing, as it
may be re lated to a sed i men tary sub-ba sin within the
Nechako Ba sin. The 2-D seis mic qual ity, how ever, is too
poor to de ter mine if this is a sub-ba sin and, with out more
con trol, the grav ity data alone can not de ter mine if the low is 
caused by sedimentary rocks or different volcanic rock
units.

ACQUISITION

The sur face noise in the Nechako Ba sin was sam pled at 
five sep a rate lo ca tions, four of which form the cor ners of
the rect an gu lar area in Fig ure 1, with the re main ing sta tion
near the cen tre. The sta tion lo ca tions were sur veyed us ing
hand-held Global Po si tion ing Sys tem re ceiv ers. At each
sta tion, a Re frac tion Tech nol ogy Inc. (REF TEK) RT-130
seis mo graph was used to re cord ground mo tion on three
ver ti cal 4.5 Hz geo phones laid out over a 7.6 m in ter val.
The sta tions were set up dur ing the day and left to re cord for 
a pe riod of ap prox i mately 24 hours (June 24–25, 2006).
The data were sam pled at a rate of 2000 µs (2 ms) with a
+32 dB gain. The units re corded the data us ing flash mem -
ory, which was later down loaded to a lap top com puter. The
data were con verted to stan dard SEG-Y format for further
processing and analysis.

ANALYSIS

The raw data were scanned us ing a trig ger de tec tion al -
go rithm to find events that oc curred on at least three sta -
tions. Dur ing the over night re cord ing pe riod, one small
microearthquake was de tected on all five sta tions. The
seismograms were con verted to ground mo tion by
deconvolving the in stru ment re sponse. The am pli tude
spec tra of the deconvolved traces were used to mea sure the
fre quency con tent of the sig nal and noise (Fig 3). The
microearthquake had an Ml value of ap prox i mately 0.0 and
the sig nal-to-noise ra tio was 3:1 during the evening.

RESULTS

The Nechako Ba sin is seis mi cally ac tive and char ac -
ter ized by very low lev els of back ground noise. The noise
level hov ers around ±100 nm/s dur ing the day, with oc ca -
sional spikes to 1 µm/s. Dur ing the eve ning, the noise drops
off and is ap prox i mately half that dur ing the day time. These 
very low lev els of back ground sur face noise sug gest that it
will be pos si ble to de tect and time many of the nu mer ous
small microearthquakes in the area that are nec es sary for a
suc cess ful PSTT pro ject. This re sult is fur ther sup ported by 
the small events (down to lo cal mag ni tude of zero) re ported 

for this area in the Geo log i cal Sur vey of Can ada (GSC)
earth quake cat a logue. Dur ing the over night re cord ing pe -
riod, an event with an Ml value of 0.0, ap prox i mately 30 km
away, was re corded across the ar ray, although it was too
small to be reported by the GSC.

FUTURE WORK

The re con nais sance sur vey (phase I) of the pro ject is
now in prog ress. Five three-com po nent seis mom e ters, one
be ing con sid ered a spare, have been de ployed for a pe riod
of ap prox i mately eight weeks at the sites that were tested
for the noise anal y sis. The data will be used to con strain the
strength, fre quency and lo ca tion of the back ground seis -
mic ity. With the gen er ally very quiet re cord ing con di tions
at the site, it was not nec es sary to deeply bury the geo -
phones. The three-com po nent seis mom e ters were ori ented
and grouted in hand-au gured holes that had been au gured to 
a depth of ap prox i mately 1 m to en sure ad e quate cou pling.
This re cord ing con fig u ra tion will help to fur ther re fine the
microearthquake de tec tion thresh old for this survey area
and its economic implications.

The re sults of the phase I sur vey will de ter mine if there
is suf fi cient microseismic ac tiv ity in the area to war rant a
full-scale 3-D sur vey of the rect an gu lar area shown in Fig -
ures 1 and 2.
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Fig ure 3: Am pli tude spec tra show ing day time and night-time noise lev els and the am pli tude spec trum of the
ob served earth quake; the o ret i cal Brune source spec tra for events with Ml val ues of 0.0 and 1.0 are also
shown when the dis tance to the events is 30 km.


