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Slow Deformation and Lower
Seismic Hazard at the New
Madrid Seismic Zone
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Global Positioning System (GPS) measurements across the New Madrid seismic
zone (NMSZ) in the central United States show little, if any, motion. These data
are consistent with platewide continuous GPS data away from the NMSZ, which
show no motion within uncertainties. Both these data and the frequencymagnitude relation for seismicity imply that had the largest shocks in the series
of earthquakes that occurred in 1811 and 1812 been magnitude 8, their recurrence interval should well exceed 2500 years, longer than has been assumed.
Alternatively, the largest 1811 and 1812 earthquakes and those in the paleoseismic record may have been much smaller than typically assumed. Hence, the
hazard posed by great earthquakes in the NMSZ appears to be overestimated.
During the years 1811 and 1812 a long
sequence of earthquakes (1), including
three large shocks thought to have had
surface wave magnitudes near or exceeding
8 (2), was centered near New Madrid, Missouri. The region remains active, with
small to moderate (magnitude less than 5)
earthquakes concentrated along planar segments (Fig. 1) presumed to reflect subsurface faults (3). The few available focal
mechanisms suggest that right-lateral
strike-slip occurs on two NE-SW–striking,
subvertical faults, whereas thrusting occurs
on a shallowly SW-dipping fault that forms
part of the left step between the strike-slip
faults (4 ). The seismicity may reflect reactivation of Paleozoic faults (5) by platewide
or local stresses (6 ).
We use local and platewide GPS data to
assess the deformation and draw inferences
about the recurrence of large earthquakes. In
the local study, we monitor a network of
geodetic monuments including sites near the
seismicity, in unconsolidated alluvium and
semiconsolidated bedrock of the Mississippi
embayment, and in bedrock outside the embayment (7). The network was surveyed in
November 1991, October 1993, and October
1997 (8). Horizontal velocities obtained from
least-squares fits to the site positions (9) are
shown in Fig. 1, after removal of the motion
of the North America plate (10). Almost all
residual velocities are small and within the
2s error ellipses estimated from the repeat-

ability of daily site positions, scaled to include the effects of time-correlated errors
(11).
We examined the data using a geometry in
which the motion expected between large
earthquakes should be evident, assuming
strain accumulation on a locked right-lateral
strike-slip fault. Site motions were projected
along N42°E, the approximate strike of the
strike-slip faults. We then removed the mean
and compared the data with the predicted
velocity profile for a locked vertical strikeslip fault, a steep gradient near the fault that
asymptotically approaches the far-field interseismic rate away from the fault (Fig. 2) (12).
The assumed locking depth affects only the
shape of the steep central part of the profile.
We used a locking depth of 25 km and considered rates between 6 and 26 mm/year

(negative rates denote left-lateral motion) to
find misfit as a function of rate. To estimate
uncertainties in the best fitting rate, we
rescaled the misfit to have reduced x2 5 1 at
the minimum and used a x2 test to find 95%
(2s) confidence limits.
Using all sites yields a best fitting rate of
20.2 6 2.4 mm/year. Dividing these into
near-field (within the embayment) and intermediate-field (primarily hard rock) sites
yields 0.6 6 3.2 and 20.9 6 2.2 mm/year,
respectively. None of these values, including
the slightly higher one in the near-field where
noise might be highest, differs significantly
from zero. Because the rates are low, even
their small uncertainties permit a range of
interpretations (they are consistent with both
0 and 2 mm/year at 2s). Although velocity
uncertainties will be reduced by longer observation periods, the present data show little
of the steady fault-parallel far-field motion
which would be expected before future
strike-slip earthquakes (13). However, the
slightly higher near-field values may reflect a
small tectonic signal, which could be more
complex due to the details of the fault geometry, including the thrust segment (7).
Similar results emerge from analysis of
continuously recording GPS sites away from
the New Madrid seismic zone (NMSZ), in the
presumably stable portion of North America
(Fig. 3) (14). Modeling stable North America
as a single rigid plate fits the site velocities
well, with a mean residual of 1.0 mm/year.
The misfits are not significantly reduced by
assuming separate blocks east and west of the
NMSZ (Fig. 3, inset), and the predicted motion across the NMSZ is indistinguishable
from zero.
These results have implications for earthquake recurrence. It has been assumed that
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Fig. 1. Residual horizontal site velocities (1997 to 1991) for the New Madrid GPS network, after
removal of the motion of the North American plate. Velocities are small, within 2s error ellipses.
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the 1811–1812 earthquakes were magnitude
8 events, with 5 to 10 m of horizontal slip (2).
On the basis of that assumption, earlier geodetic results that found surprisingly rapid
near-field strain accumulation, about onethird to two-thirds of that for the San Andreas
fault system, were interpreted as consistent
with 500- to 800-year recurrence for such
great earthquakes (15). Our lower estimate of
far-field interseismic motion, less than 2 mm/
year, implies a recurrence period for such
earthquakes well exceeding 2500 years (Fig.
4A). This period is a minimum because it is
calculated for the maximum rate (at 2s) rather than the best fitting near-zero value, which

predicts a much longer period, and is based
on the assumption that all interseismic motion will be released seismically. Because
deformation rates here are less than a few
millimeters per year, compared with tens of
millimeters per year on plate boundaries, the
recurrence times for similar large earthquakes
must be correspondingly longer.
A similar conclusion emerges from estimating the recurrence of future larger earthquakes from the observed rate of smaller
earthquakes (Fig. 4B) (16 –18). From recent
(1974 to 1998) seismicity, when the earthquake catalog should be most complete and
the magnitudes have been seismologically

Fig. 2. (Top) Profile of site velocities with 1s error bars, parallel
to the approximate strike of the
major strike-slip faults in the
NMSZ. Solid and open symbols
denote near- and intermediatefield sites. Mean velocity is removed. Also shown is a bestfitting model profile for a locked
vertical strike-slip fault driven by
interseismic motion. (Bottom)
Misfit as a function of interseismic rate is shown with 2s ranges
shaded. None of the best-fitting
rates differs significantly from
zero.

Fig. 3. Locations of continuously recording GPS sites used to estimate an Euler vector for the
presumably stable portion of North America. For each, the misfit between the observed velocity
and that predicted for a single plate is shown. (Inset) Euler poles for the eastern and western
subsets of the sites (divided by dashed line in main panel) compared with that for the entire set.
Because the poles for the east and west data overlap at 95% confidence, the platewide GPS data
show no resolvable motion across the NMSZ.
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determined, we expect magnitude 7 and 8
earthquakes on average every 1700 and
15,000 years, respectively. Similar values
(1000 and 13,000 years) are predicted from
consideration of the post-1816 seismicity.
These estimates are consistent with our GPS
results but exceed those of an earlier study
(19) because of different assumptions about
the magnitudes of the larger earthquakes.
Significantly shorter recurrence intervals of 400 to 600 years have been estimated from the geological record (20). However, the paleoseismology can be reconciled with the geodesy and frequency-magnitude relation. One possibility is that the
1811–1812 and earlier large earthquakes in
the paleoseismic record were significantly
smaller than previously assumed, perhaps
magnitude 7 with slip of about 1 to 2 m. If
so, 1 to 2 mm/year of interseismic motion

Fig. 4. (A) Relation between interseismic motion and the expected recurrence of large New
Madrid earthquakes. For an assumed horizontal
slip in 1811–1812 of 5 to 10 m, the geodetically observed interseismic motion of less than
2 mm/year implies recurrence times greater
than 2500 years. Also shown are recurrence
estimates from paleoseismic studies. The paleoseismic and geodetic data are jointly consistent with slip in 1811–1812 being about 1 m,
corresponding to a magnitude 7 earthquake. (B)
Earthquake frequency-magnitude data for the
NMSZ. Both the recent and historic (1816 to
1984) data have slopes close to 1 and predict a
recurrence interval exceeding 1000 years for
magnitude 7 earthquakes and 10,000 years for
magnitude 8 earthquakes. Estimates are shown
with 2s uncertainties.
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would correspond to a 500- to 2000-year
recurrence (Fig. 4A), consistent with the
recurrence for earthquakes of this size from
the frequency-magnitude relation. Although this magnitude is smaller than what
was inferred from the felt area of the 1811–
1812 earthquakes and the spatial extent of
the paleoseismic deformation, both techniques have considerable uncertainties in
estimating earthquake magnitude. Hence,
we feel that smaller 1811–1812 earthquakes can reconcile the different techniques, given uncertainties.
It is also possible that 1811–1812–style
earthquakes may never recur. If more accurate future surveys continue to find essentially no interseismic slip, we may be near the
end of a seismic sequence. It has been suggested that because topography in the New
Madrid region is quite subdued, the NMSZ is
a feature no older than a few million years
and perhaps as young as several thousand
years (21). Therefore, New Madrid seismicity
might be a transient feature, the present locus
of intraplate strain release that migrates with
time between fossil weak zones.
Although much remains to be learned
about this intriguing example of intraplate
tectonics, the present GPS data imply that
1811–1812–size earthquakes are either much
smaller or far less frequent than previously
assumed. In either case, it seems that the
hazard from great earthquakes in the New
Madrid zone has been significantly overestimated. Hence, predicted ground motions used
in building design there, such as the National
Seismic Hazard Maps (22) that presently
show the seismic hazard there exceeding that
in California, should be reduced.
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