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GPS Constraints on Continental Intraplate Earthquakes and Hazards
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GPS data have signifi cantly advanced 

understanding of intraplate earth-

quakes in eastern North America 

and other continental interiors. Th ey 

constrain deformation rates to be 

< 1-2 mm/yr, corresponding approxi-

mately to a magnitude 7 earthquake 

every 500-1000 years. Th us for the 

New Madrid Seismic Zone, they 

exclude the previously-common 

assumption that the area experienced 

M 8 earthquakes about every 500 

years, unless the past 2,000 years 

of seismicity are non-steady state, 

with moment release exceeding the 

long-term loading rate. Th is result 

is consistent with the earthquake 

recurrence history once biases in the 

paleoseismic data are corrected.

Hence instead of viewing New 

Madrid as an extraordinary region, it 

is more useful to view it as typical of 

other continental intraplate seismic 

zones (Rhine Graben, Pannonian Ba-

sin, Australia) with similar deforma-

Minor stress variations stress due to 

platewide driving forces and local 

stresses such as from glacial-isostatic 

adjustment and other density varia-

tions cause transient seismicity as 

the locus of strain release migrates. 

In this scenario, much of the pres-

ent seismicity in regions like New 

Madrid is likely long aftershock 

sequences, consistent with concepts 

from rate-and-state rock friction. If 

so, present regions of seismicity do 

not signifi cantly diff er from similar 

weak zones that are less active. Th is 

view is consistent with the fact that 

heat fl ow data show that the New 

Madrid region is at most slightly 

warmer and hence weaker than its 

surroundings. Hence seismic hazard 

from large earthquakes in continen-

tal plate interiors should be viewed as 

relatively diff use, rather than concen-

trated in areas of recent seismicity.

References

Newman, A., S. Stein, J. Weber, J. Engeln, A. 

Mao, and T. Dixon, Slow deformation and 

low seismic hazard at the New Madrid seis-

mic zone, Science, 284, 619-621, 1999.

A. Newman, J. Schneider, S. Stein, and A. Men-

dez, Uncertainties in seismic hazard maps 

for the New Madrid Seismic Zone, Seis. Res. 

Lett., 72, 653-667, 2001.

Stein, S., J. Tomasello, and A. Newman, Should 

Memphis build for California’s earthquakes? 

EOS, 84, 177,184-185, 2003.

Stein, S. and A. Newman, Characteristic and 

uncharacteristic earthquakes as possible 

artifacts: applications to the New Madrid 

and Wabash seismic zones, Seis. Res. Lett., 

75, 170-184, 2004.

tion and earthquake recurrence rates. 

It appears that essentially all of the 

geodetically observed deformation 

is released seismically, in contrast to 

continental plate boundary zones, 

some of which appears to have sig-

nifi cant aseismic deformation.

Th e GPS data also provide new 

insight into earthquake hazards and 

can be used to help develop cost-ef-

fective hazard mitigation strategies. 

At New Madrid, they do not support 

USGS hazard maps showing the 

area to be as hazardous as California, 

and thus suggest that the proposed 

upgrade of New Madrid zone build-

ing codes to California-level is likely 

to impose societal costs exceeding 

the benefi ts. More generally, because 

GPS data do not show concentrated 

deformation at present intraplate 

seismic zones, they favor a model in 

which large earthquakes occur almost 

randomly in a continent containing 

many long-lived fossil weak zones. 

Figure 1. Left: Vertical GPS site motions. Note large uplift rates around Hudson Bay, and subsidence to 

the south. Green line shows observed “hinge line” separating uplift from subsidence. Right: Horizontal 

motion site residuals after subcontracting best fi t rigid plate rotation.


