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State of Stress in Central and Eastern North America Seismic Zones
MAZZOTTLS. Gcologiml Survey of Canada, Sidncy, BC, Canada, smazzotti@
nrcan.ge.ca; TOWNEND, [, Victoria University Wellington, Wellington, New-
Z.ealand.

We use a Baycsian zmalysis to determine the state of stress from focal mechanisms
in ten seismic zones in central and castern North America, and compare it with
rcgional stress inferred from borehole measurements. Comp arison of the seis-
mologically-determined azimuth of the maximum horizontal compressive stress
(SHS) with that determined from borcholes (SHB) exhibit a bimodal pattern: In
four zones, the SHS and regional SHB orientations are closely parallel, whereas in
the Charlevoix, Lower St. Lawrence and Central Virginia zones, the SHS azimuth
shows a statistically significant 30-50° clockwise rotation relative to the regional
SHB azimuth, This pattern is exemplified by the northwest and southeast seismic-
ity custers in Charlevoix, which yield SHS orientations respectively strictly parallel
and strongly oblique to the regional SHB trend. Similar ~30° clockwise rotations
are found for the North Appalachian zone and for the 2003 Bardwell earthquake
sequence north of the New Madrid zone. The SHB/SHS rotations occur over
20-100 km in cach seismiczone, butarc observed in zones separated by distances of
up to 1500 km. A possiblc mechanism for the stress rotations may be the interaction
between a long-wavelength stress perturbation source, such as postglacial rebound
(PGR), and local stress concentrators, such as low-friction faults. The latter would
allow low-magnitude (<10 MPa) PGR stresses to locally perturb the pre-existing
stress field in some seismic zones, whereas PGR stresses have little effect on intra-
plate state of stress in general.

Seismogenic Yield Stresses in an Intraplate Region Estimated Using
Laboratory Friction Experiments to Interpret Earthquake source Parameters
MCGARR, A, US. Geological Survey, Menlo Park/CA/USA, megarr @usgs.gov;
BOATWRIGHT,J., US. GcologicalSurvcy, Menlo Park/CA/USA, boat@usgs.gov

“Stickfslip often accompanics frictional sliding in laboratory cxperiments with
geologic materials. Shallow focus earthquakes may represent stick-slip during slid-
ing aiong old or ncwlyfformcd faults in the earth.” (Bracc and Bycrlcc, Scienges
1966) We pursue this hypothesis, proposed 44 years ago, by applying twertech-
niqucs, based on hboratory stick—slip friction results, to invcstigatc the cryfstal yicld
strength within earthquake rupture zones in the stable continental regigh of North
America. The first approach (McGarr et al., Bull. Seismol. Soc. Am., 209) uses the
maximum slip within the rupture zone of an carthquake and its seismif moment, in
conjunction with results from hboratory friction cxpcrimcnts, to estirhate the yicld
stress. The second approach is based on the observation that for stickslip friction
cxpcrimcnts, the apparent stress is about 5 % of the yicld stress. We applied these
two methods to nine earthquakes with reverse or thrust fault mechamtNsms, and
moment magnitudcs from 4 to 6.8, to samplc scismogcnic yicld stresses ovelNdepH
between 1and 26 km. The resulting yield stresses range from about 30 to 308 MPa,
increase approximately linearly with depth, and are generally consisteny/with the
dccpcst available in situ stress measurements. Ncarly all of the yicld strgfhses suggest
that these carthquakes are the result of frictional sliding invelving pre-¢isting faults
with pore pressures that are close to hydrostatic. The yield stress at the shallowest
dcpt_h, however, is too high to be consistent with frictional sliding and{may indicate
fresh rock fracture. Applying the same analyses to three carthquakes iy California,
with thrust or reverse mechanisms and moment magnitudes between 6.5 and 7,
revealed no significant differencesin yield stressasa function of depth colgpared to
their counterparts in the intraplatc region.

Passive Margin Earthquakes as Indicators of Intraplate Deformatig
WOLIN, E., Northwestern University, Evanston, IL, emilyw@earth.gorthwestern.
edu; STEIN, S, Northwestern University, Evanston, IL, seth@earth. norfhwestern.edu

Mystcrious largc carthquakcs occur at passive continental margins. Ilhe continent
and neighboring seafloor are part of the same plate, so these carthquakes reflect
deformation within the platc. The most plausiblc mechanism is reaftivation of
faults remaining from continental rifting by the modern stress field. As aXsult, the
nature and distribution of Ppassive margin carthquakcs is a primary constrajston
the stress field.

A crucial question is whether all such carthquakcs reflect tectonic faulting.
For example, the 1929 M 7.2 carthquake on the Grand Banks of Nefvfoundland
triggcrcd a landslide of thick continental slopc sediments, rcsuiting n a tsunami.
However, investigators differ as to whether a tectonic carthquake fucleated the
landslide, or whether it resulted from slopc instabi]ity but released & ough cnergy
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to appear as an earthquake. We approach this issue using a new result that after-
shocks fo]_iowing a largc (M~7) carthquakc in this tectonic setting should continue
for a very long time due to the slow deformation rate. Because large landslides
should not be followed by a long aftershock sequence, it is possibic to distinguish
landslides that result from tectonic activity from those that result from slope insta-
bility. We find that both the Grand Banks carthquake and the analogous M 7.3
event in Baffin Bay in 1933 have similar aftershock sequences that continue today,
suggesting that both were tectonic carthquakcs.

The location of these events suggests that the primary influence is flexural
stresses produced by removal of the Laurentide glacial load. Recent GPS data show-
ing that the primary deformation within eastern North America results from degla-
cation support thishypothcsis. To assess thisissue we compare the seismic moment
release in earthquakes on the deglaciated portion of the coast to that on the remain-
der of the coast and on other passive margins.

Reservoir-Triggered Seismicity in the Canadian Shield
LAMONTAGNE, M., Natural Resources Canada, Ottawa, ON, Canada,

malamont@nrean.ge.ca; MANESCLU, D, Hydro—Québcc, Montreal, Qe Canada,
Manescu.Dan@hydro.qc.ca

The International Commission on Large Dams (ICOLD) has recently published
a Bulletin on Reservoir-Triggered Seismicity (RT'S). The Bulletin, in its rough
draft stage, reviews the state of knowledge on this phenomenon, and suggests a
methodology to assess its likelihood in various tectonic contexts. In light of future
development of hydro-electric reservoirs, we examine how this Bulletin applies to
the Canadian Shield environment, r.e a most_iy scismica]_iy quicsccnt rcgion that
contains some active areas and five documented cases of RTS. We find that some
gcncralizations contained in the Bulletin should be refined in light of the known
RTS history in the Canadian Shield. According to the Bulletin, for example, the
thrust faulting environment and the quasi absence ofbar.kground seismicity make
RTS unlikely in the Canadian Shield, in contradiction to the known RT'S history.
Another cxamplc is that the Bulletin describes rcscrvoirftriggcrcd carthquakcs as
tectonic events that occur prematurely because of the increase in pore-fluid pressure.
Based on this, one could consider the rcgional cart_hquakc activity rcprcscntativc of
the potential for RTS, even though tectonic earthquakes in the Canadian Shield
generally occur much deeper (5-30km depth) than RTS (upper 1-2km depth). We
present some preliminary-ideas on the assessment of RTS potential in the Canadian
Shield, kccpin it mind the diffidn vy in fore sting the impa sof increased pore
Hirtd pressuref on faults that are generally yfmapped, have an unknown neotectoni
history »ad lack sufficient knowlcdgc of their pcrmcability. The problc q ofde ning
a representative RTS event (location, magnjtude, depth) for the design of dams and
appurtenanttructures is also examined. We also present some shallow edrthquakes
near reservoirs in Quebec thatare now recognized as small magnitude RTS,

On the New Madrid Strain Rate/Release Discrepancy: Reexamining the
Observational Underpinnings of Sacred Exotic COws

HOUGH, S.E, US. Gcologicai Survey, 525 S Wilson Avenue Pasadena, CA
91106, hough@usgs.gov; PAGE, M, US. Geological Survey, 525 S, Wilson Avenue
Pasadena, CA 91108, pagem@caltech.edu

At the heart of the conundrum of seismogenesis in the New Madrid Seismic Zone is
the apparently substantial discrepancy between low strain rate and high recent seis-
mic moment release, GPS data reveal a strain rate not resolvably different from zero,
Previous modeling of post-gladal rebound predicts a strain rate of ~ 10—9)11"l over
aregion of ~20,000 km?, with the rate predicted to remain nearly constant for the
next few millennia. Aleng the St. Lawrence Seaway, where the strain rate associated
with rebound is stronger, previous studies have shown that post-glacial rebound can
plausibly account for the historic seismic moment release rate. In the New Madrid
rcgion, postfglacial rebound providcs sufficient strain to producc a sequence with
the moment release of one Mmax6.7-6.9 every 500 years, a value thatislower than
most published estimates but at the low end of the range inferred from a recent
analysis of consensus intensities. One can also constructa range of consistent mod-
cls that permit a higher Mmax, with a longer average recurrence rate. For example,
post-glacial strain rate can produce one Mmax6.9-7.1 event every 1000 years, If
one assumes this mean rate and with a coefficient of variation of 0.5, the observed
historic/prehistoric clustering has a 10-20% probability The probability of recent
dustcring is highcr if we assume a Poissonian rate. It is thus possiblc to recondile
predicted strain and seismic moment release rates with alternative models: one in
which 1811-1812 sequences occur every 500 years, with the largcst events bcing
~Mmax6.8, or one in which sequences will occur on average less frequently, but
with Mmax close to or slightly higher than 7.0. Both models assume that seismicity
follows standard statistics given a strain signal controlled by post-glacial rebound,
with rnagnitudc values on the low end ofrcccm_iy derived estimates. Neither model
predicts that New Madrid sequences will shut off any time soon.
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