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The Bam earthquake occurred in southeastern
Iran at 05:26 A.M.(local time) on December 26, 2003
(epicenter: 29.010N, 58.266E, Mo=6.6x10**18Nm,
Mw=6.5; ref.1). The earthquake had strike-slip
mechanism (strike=175, dip=85, slip=153; ref.2) and
source parameters (focal depth=4km, fault dimen-
sion=20kmx15km, Dmax=1.0m, stress drop=3.7MPa;
ref.2). The earthquake struck the ancient city of Bam
and killed more than 40,000 people. It shows that one
third of about 120,000 in population in and around
Bam city were killed. The main reason of such a
big damage may be caused by weak adobe and brick
houses; even so, the damage was too much big. We,
therefore, are researching other cause of such a big
damage. Taking instruments from Japan for this aim
we installed 9 high sensitive seismographs and one
accelerograph in and around Bam city on February
6-8, 2004. And we observed aftershocks and continue
during one month. Reading P and S arriving times
of about 100 aftershocks occurring from February 6
to 10, we determined those preliminary hypocenters
and magnitudes. Those epicenters (errors<500m) dis-
tribute mainly from northeastern Bam city to south
direction with about 20km length. It means that the
fault of the main shock passed just under eastern half
of Bam city where most of houses and buildings were
heavily damaged. This fault is about 4 km away west
from Bam fault which is presented in geological map
(ref.3). A north-south vertical cross-section of the
hypocentral distribution (maybe errors < 1km) shows
that most of their depths are shallower than 14km and
a seismic gap exists in the laterally middle part of
their distribution and shallower than 6 km in depth.
The shallow seismic gap may correspond to a main
fracture zone as shown in the slip distribution figure
proposed by Yamanaka (ref.2). This main fracture
occurring shallower than about 6 km in depth must
be one of causes of the big damage in Bam. (Ref-
erence) ref1:USGS,http://neic.usgs.gov/neis/FM/,
ref 2: ERI, U. Tokyo, http://wwweic.eri.u-
tokyo.ac.jp/EIC/EIC News/031226f.htmlref
3: National Geoscience Database of Iran,
http://www.ngdir.ir

URL: http://www.gaea.kyushu-u.ac.jp/research/
iran2004/iran2004 1.html
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The POLARIS program provides an opportunity to

explore a variety of first order problems, making use
of both seismic and geodetic networks that are either
installed or in the planning stages. The area that PO-
LARIS will cover ranges from the actively deforming
plate boundary zone in the west to the long-stable ter-
rains of the Archean Canadian Shield. I will discuss
a few studies that have made use of techniques that
could be successfully utilized in the analysis of PO-
LARIS data. In the case of actively deforming regions,
we have shown (Silver and Holt, 2002) that the simul-
taneous inversion of surface deformation observations
from GPS and mantle deformation data inferred from
seismic anisotropy, provides an estimate of the mantle
flow velocity field at the base of the asthenosphere, un-
der certain simplifying assumptions. In that study, the
mantle beneath westernmost North America south of
the Mendocino triple junction was found to be moving
to the east at 5cm/yr in a hotspot reference frame, and
likely due to the sinking of the Farallon slab through
the mantle. The nature of this flow field north of the
triple junction and into Canada, in particular the in-
fluence of the subducting Juan de Fuca slab on this
flow field, constitutes an important scientific problem
that could be attacked with data from POLARIS. A
second study, relevant to the Canadian Shield, involves
the analysis of the anisotropic properties of the litho-
sphere beneath cratonic southern Africa. That study
of 80 broadband transportable stations from the South-
ern African Seismic Experiment revealed the existence
of anisotropy restricted to the mantle portion of the
lithosphere, based on the study of both splitting in core
phases and radial anisotropy in surface waves. This
anisotropy was generated by Archean tectonic events
and the corresponding mantle fabric appeared to have
controlled the subsequent magmatic evolution of the re-
gion over the next subsequent billion years (Silver et
al., 2004). The strength of mantle anisotropy (based on
delay-time size) beneath the Superior Province of the
Canadian Shield is greater than any stable continental
region globally, and is at least double that found for
the mantle beneath Southern Africa. Yet the size of
the relative contributions of lithosphere and astheno-
sphere in the mantle beneath the Canadian Shield re-
main unresolved at this point. The combined study of
splitting and surface wave radial anisotropy provides a
means of placing more precise limits on depth, as in
southern Africa, and thus a stronger constraint on the
underlying physical process.
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Although the focus of much study as the host rock
for diamonds, the emplacement mechanisms and struc-
ture of kimberlite deposits remains only poorly per-
ceived. Recent application of geochronological and seis-
mic techniques to the Lac De Gras kimberlite field that
is home to the world’s newest diamond mines in NW
Canada revealed unexpected correlation in structural
trends. The best fitting patterns for the variation in
SKS splitting delay times for the Lac de Gras tele-
seismic stations are consistently those of two horizon-
tal layers. The fast axis of each lower layer trends
045 − 050◦ and delay times are 0.9-1.0 seconds. Upper
layers show greater variability; beneath the Ekati Dia-
mond Mine, the fast axis trends 012◦ with a delay time
of 0.45 seconds. At depths of about 120 km, the radial
component of receiver functions from this same station

has maximum amplitude at 285 − 290◦ and the trans-
verse component at about 320◦; together these indicate
a horizontal symmetry axis for hexagonal anisotropy
at 108/288◦ and an associated fast axis at 018/198◦ .
The 120 km depth is the top or bottom of the mantle
layer containing this anisotropy; the large maximum
amplitudes observed suggest it is here the bottom of
the upper layer. Precise ages of over 40 kimberlites in
the Lac de Gras field were constrained using standard
Rb/Sr and U/Pb isotopic dating techniques correlated
with a local geomagnetic polarity timescale; they indi-
cate that one kimberlite group erupted from 75 to 64
Ma along a generally east-west (100−110◦) trend. An-
other 58.9± 1.2 Ma group has a similar trend, whereas
younger 55.4 ± 0.5, 53.2 ± 0.3 and 47.5 ± 0.5 Ma clus-
ters show tighter grouping along northeast (37 − 45◦)
trends. The inferred age and direction of trends at both
the surface and at > 120 km depth suggests that kim-
berlites erupt along fractures controlled by continen-
tal stress fields related to global plate motions. This
provides important clues about where to search for ad-
ditional diamond deposits, but also about past plate
motions.
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The Canadian Archean Western Superior Province
(WSP) is composed of a number of east–west trending
subprovinces progressing in age from south to north.
Lithoprobe’s Western Superior Transect aimed to bet-
ter understand the significance of such geological archi-
tecture for Archean tectonics and included a portable
broadband teleseismic array to complement conven-
tional crustal geophysical studies. This N–S array of
17 instruments traversed subprovince boundaries and
involved two more stations further north in the Trans–
Hudson orogen (THO). Body wave teleseismic tomog-
raphy and shear–wave splitting analysis have suggested
the existence of laterally–varying lithospheric–mantle
structures that may be associated with frozen Archean
oceanic lithosphere and a high degree of anisotropy. In
order to acquire additional constraints on this interest-
ing lower–lithospheric environment we have examined
surface waves from high–magnitude teleseismic events
in two stages: a standard dispersion analysis along two
near–orthogonal paths and a Love and Rayleigh polar-
ization study. The W–E path was examined by incorpo-
rating data from CNSN station ULM. Variations in 15–
80s Rayleigh fundamental mode group and phase veloc-
ities for S–N propagation indicate that the linear profile
is best treated in three segments reflecting changes in
lithospheric structure. Corresponding shear–wavespeed
models inferred from independent isotropic inversions
of Love (20–70s) and Rayleigh fundamental phase ve-
locity are broadly coherent with the coincident R/WAR
model of Musacchio et al. (in press, JGR, 2004).
Both studies indicate crustal thinning moving north-
ward (from 45 to 39 km), faster velocities in the E–W
direction and the presence of a thin anisotropic high–
velocity layer just below the Moho. While this layer
is detected along the E–W path and in the middle and
northern parts of the N–S line, there is no surface–wave
indication of it in the southern section. It has been
interpreted as a relic of oceanic lithosphere accreted
during the Kenoran orogeny. Anisotropy is suggested
both by comparing the observed Rayleigh phase veloci-
ties along the orthogonal paths and by a Rayleigh/Love
discrepancy in each of the N–S and E–W isotropic in-
versions. In fact, inspection of the Rayleigh/Love par-
ticle motions in various frequency bands for surface–
waves arriving from various azimuths brings into ques-
tion the assumptions in isotropic analysis. Indicators
such as quasi–Love waves and Love elliptical particle
motion are seen at most of the stations. Numerical
modelling indicates that plausible uppermost–mantle
anisotropy has the potential to explain such observa-
tons, especially given the large SKS splitting along the
main array. Interestingly, despite a null SKS splitting
result at the far north THO station BPW, surface–
wave polarizations there provide evidence of significant
anisotropy. Overall, the surface–wave data reinforce
other techniques suggesting significant lateral varia-
tions and anisotropy in the WSP, with the upper 200km
of the lithosphere capable of accounting for most of the
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latter. A true areal array extending across the WSP can
be expected to reveal major structures.
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Fast-axis directions obtained from shear-wave split-
ting analysis of core-refracted shear waves reveal sev-
eral distinct anisotropic domains in the lower Great
Lakes region. We used data from 27 broadband seismo-
graph stations, extending across a low-velocity anomaly
in the lithospheric mantle. Observed splitting times
vary from 0.4 to 1.4 s, with a mean of 0.7 s. A subset
of the splitting vectors across a failed rift are oriented
parallel to one arm of the rift zone; most others show
a coherent pattern of fast directions close to the direc-
tion of plate motion, but oblique to surface tectonic
belts. Within the area of the low-velocity anomaly,
our observations are most simply explained by single-
layer anisotropy induced by asthenospheric flow. Spa-
tial variability in the direction and magnitude of split-
ting are consistent with a flow regime influenced by
basal topology of the lithospheric keel.

S23B-05 1445h

Structure of the Northern Cascadia
Subduction Zone.

Todd A Nicholson1 (tnichols@eos.ubc.ca)

Michael G Bostock1 (bostock@geop.ubc.ca)

John F Cassidy2 (jcassidy@nrcan.gc.ca)
1Department of Earth and Ocean Sciences, University

of British Columbia, 6339 Stores Road, Vancouver,
BC V6T1Z4, Canada

2Pacific Geoscience Centre, Geological Survey of
Canada, Box 6000, Sidney, BC V8L4B2, Canada

As part of the POLARIS (Portable Observatories
for Lithospheric Analysis and Research Investigating
Seismicity - www.polarisnet.ca) project, we have un-
dertaken a broadband seismic experiment across south-
western British Columbia and northwestern Washing-
ton. The objective of this work is to better under-
stand the structure of the subducting plate and mantle
wedge in northern Cascadia, and its relation to intra-
slab (Wadati-Benioff) seismicity. There are currently
30 broadband stations extending across southern Van-
couver Island, the Gulf and San Juan Islands, Watcom
county and the British Columbia lower mainland in an
approximately linear array. We have employed the P-
wave coda from 41 teleseismic events recorded on this
array in a formal inversion to image fine-scale shear-
velocity structure. Results indicate a structure very
similar to that identified across a comparable profile in
Oregon. The continental Moho is evident at the east-
ern end of the profile near 30 km depth but disappears
towards the Georgia Strait/Puget Sound. A promi-
nent, dipping, low S-velocity zone is clearly evident
below southern Vancouver Island coincident with the
E-reflection zone originally identified in earlier Litho-
probe studies. Structure below the E-layer is of sig-
nificantly lower magnitude and is only intermittently
visible along the array. Based on the observations and
interpretations of similar structures beneath Oregon,
Alaska and South America, we suggest that the E re-
flection zone represents the subducted oceanic crust.
This view implies that the oceanic crust is 6-8 km
shallower beneath Vancouver Island than previously
thought, with implications for geodynamic models of
the region. As in Oregon, we interpret the diminish-
ing low velocity signature below 45 km to signal the
presence of a serpentinized forearc mantle hydrated, in
part, through eclogitization of oceanic crust.
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We have developed automated procedures to pro-
duce “ShakeMaps” in near-real-time for earthquakes in
southern and central Ontario. ShakeMaps are maps
that show the intensity of ground shaking at locations
throughout the region, for purposes of providing rapid
public, planning and emergency response information
in the immediate aftermath of local and regional earth-
quakes. The Ontario ShakeMap program continually
accesses real-time data from seismographic stations of
the POLARIS (Portable Observatories for Lithospheric
Analysis and Research Investigating Seismicity) and
CNSN (Canadian National Seismographic Network) ar-
rays. When an earthquake is detected, ShakeMap uses
the data to find the centroid location and magnitude
of the event. The centroid is a geographic location
near the largest recorded ground motion, from which
the ground motion appears to radiate (based on the
pattern of observed amplitudes in the region). The cen-
troid magnitude is the earthquake magnitude that best
explains the observed ground motions, given the cen-
troid location and regional ground motion relations. A
modified version of the regional ground motion relation
of Atkinson and Boore (1995), giving peak ground ve-
locity (PGV) as a function of magnitude and distance,
is used in the determination of the centroid’s location
and magnitude. ShakeMap uses a combination of com-
puted ground motions that are based on the centroid
and the regional PGV ground-motion relation, along
with the actual measured ground motions at all sta-
tions, to create a contour map of PGV. The PGV map
is also translated into a map of felt intensity/damage,
using a relationship between PGV and Modified Mer-
calli Intensity. The maps are still under development,
as improvements are required in the following aspects:
(i) determination of site response factors throughout
the region; (ii) development of improved predictive re-
lations for PGV from earthquake magnitude and dis-
tance; and (iii) implementation of maps for other
ground motion parameters including peak ground ac-
celeration (PGA) and response spectra (PSA(f)). The
prototype ShakeMaps can be viewed as they are gener-
ated at http://www.shakemap.carleton.ca. Implement-
ing ShakeMap is a significant step forward in the devel-
opment of near-real-time seismic information, particu-
larly for nuclear utilities and other critical services that
must provide timely information on all felt events.
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ShakeMap is a program to map earthquake ground-
motion shaking intensity in near real-time. For our
implementation of ShakeMap in Ontario, we have de-
veloped an automated earthquake detection program
”EventDetector”, in order to continuously detect events
and trigger ShakeMap. The EventDector is a multi-
threaded program that reads and processes data. It is
designed to detect events based on the exceedence of as-
signed ground motion levels at three or more stations.
For the purpose of our study, the vertical component
ground velocity is used as the shaking intensity crite-
rion. When the signal-to-noise ratio, as defined by a
short-term average level of velocity divided by the long-
term average level, exceeds 3.5 at more than 3 stations,
we examine the event for a possible earthquake detec-
tion. When the program detects an event, EventDector

triggers the ShakeMap program automatically and con-
tinues to process the incoming data.
The main challenge in event detection is to screen out
false triggers caused by telesismic events or other spu-
rious signals. We were able to make the distinction be-
tween local/regional and teleseismic event by using the
normalized standard deviation of the peak ground ve-
locity (PGV) (normalized by the mean), denoted NSD,
as a discriminant. Events which have NSD <0.7 are
teleseismic events (with a rate of 10% false triggers).
To locate the earthquake once an event is confirmed
by the above criteria, we have incorporated a modi-
fied ground motion centroid program, originally devel-
oped by Kanamori (1993). The centroid is an esti-
mate of the earthquake magnitude and location from
the point of view of ground-motion generation, and
may not coincide with the actual earthquake epicen-
ter and magnitude. The estimation is based on fitted
observed amplitude data with attenuation relations.
Where stations are sparse, the observed vertical com-
ponent PGV values are supplemented by estimated val-
ues based on a modified version of predictive relations
for eastern North America developed by Atkinson and
Boore (1995).
We have compared the accuracy of estimated ground
motions obtained using the epicentre location to those
obtained using the ground motion centroid for more
than thirty local/regional earthquakes of magnitude
2.5 to 5.0. We have found that the centroid program
more closely reproduces ground motions recorded in
Ontario.
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Earthquake focal depth is a critical parameter, and
one that the Polaris deployment in southern Ontario
set out to determine. However, for most earthquakes
in southeastern Canada and its vicinity, even the Po-
laris seismograph spacing is too sparse for reliable focal
depth estimation by traditional methods. Teleseismic
depth phases are also too weak for most of the earth-
quakes. However, the regional depth phases sPg and
sPmP (as well as sPn) are very sensitive to focal depth.
sPg develops well at distance between 60 to 120 km,
sPmP at distances of 130 to 300 km, and sPn is clear for
slightly larger earthquakes and distances beyond about
250 km, depending on focal depth. With sPmP we
can usually estimate focal depth for earthquakes with
M>2.5 by modelling waveforms at stations >200 km.
With sPg we can estimate focal depth for earthquakes
with M>2.1 by modelling waveforms at stations about
60 km away, both in the absence of records at closer sta-
tions. We have confirmed the depths through compari-
son with well-determined depths from the Charlevoix
local network and from events large enough to have
teleseismic depth phases. We have investigated focal
depth for over a hundred earthquakes from 1980 to
2003. Most earthquakes occurred at shallow to mid-
crustal depths, but in northern New York and south-
ern Ontario the depths are chiefly shallow (some only
about 2 km). In eastern Ontario / western Quebec,
including the Timiskaming and Cornwall epicentral re-
gions, depths are chiefly mid-crustal. Our method is
very good at determining depths for earthquakes in spa-
tial clusters. We find that while the events in some
clusters have similar depths, those in other clusters can
have very different depths. For instance, depths in the
cluster between the Baskatong and Cabonga reservoirs
range from about 3 to 26 km.
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