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INTRODUCTION

The New Madrid seismic zone (NMSZ) is the most seismically active region in North
America east of the Rocky Mountains and, in the winter of 1811-1812, it was the site of some of the
largest historical intraplate earthquakes in the world (Johnston and Kanter, 1990). Extensive
scientific studies in the NMSZ during the past two decades have led to major advances in
understanding the distribution and characteristics of the seismicity and the structural and tectonic
evolution of the New Madrid region. However, despite considerable efforts, reliable geologic data
on the recurrence of strong, potentially damaging earthquakes in the NMSZ are limited, incon<lu-
sive, and contradictory. The studies described in this report are part of our effort to obtain new
paleoseismic data that will refine the existing information on the locations and timing of large
prehistoric earthquakes in the region.

Statistical analyses of the historical seismicity (Johnston and Nava, 1985), geodetic data (Liu
and others, 1992), and paleoseismic studies in the northern part of the seismic zone (Russ, 1979;
Saucier, 1991) have indicated a recurrence interval of about 500-1,100 years for earthquakes that are
large enough to produce significant surface deformation. In contrast, studies in other parts of the
seismic zone indicate that the recurrence time for major earthquakes may range from more than 1,000
to more than 10,000 years (Saucier, 1989; Wesnousky and Leffler, 1992; Rodbell and Schweig,
1993; Rodbell and Bradley, 1993). Thus, some paleoseismic data indicate a recurrence time of at:out
1,000 years, yet other data indicate a time of about 10,000 years. Determining the recurrence times
for major earthquakes in the New Madrid region is important because this data directly affects
seismic-hazard assessments for much of the central United States. If earthquakes similartothe 1811-
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1812 earthquake sequence typically recur at about 10,000-year intervals, then the hazard from these
large earthquakes is much less than if the typical recurrence interval is about 1,000 years. Because
of the importance of this information, we hoped to identify specific seismogenic faults in the NMSZ
and to obtain paleoseismic data on the recurrence of large earthquakes on those faults.

The 1811-1812 New Madrid earthquake sequence included at least three (and probably four)
earthquakes of M>7 within a 2-month time span (Fuller, 1912; Nuttli, 1973; Street and Nuttli, 1984).
The ground motion from several of these earthquakes was felt throughout the central and eastern
United States (Nuttli, 1973). Today, the occurrence of strong earthquakes similar to those that
occurred in 1811-1812 would cause extensive damage throughout a large part of the central U.S. and
disrupt numerous major transcontinental lifelines (for example, transportation networks and com-
munication systems) (Applied Technology Council, 1991). Some studies indicate that, because the
crust in the central U.S. attenuates seismic energy slowly, major earthquakes in the region may be
capable of producing potentially damaging strong ground motion at equal or greater distances
compared to seismic events of similar magnitude in the western U.S. (Hanks and Johnston, 1992;
Bollinger and others, 1993). Thus, large earthquakes (M>7) in the New Madrid seismic zone could
produce significant shaking hundreds of kilometers away from the epicenter. The large uncertainty
in the recurrence time of 1811-1812-type earthquakes complicates the issue of design criteria for
major structures and facilities in the region. If the typical recurrence time for 1811-1812-type
earthquakes is tens of thousands of years, then it may not be necessary to design structures having
a life expectancy of 40 or 50 years to withstand great earthquakes. In contrast, if the typical
recurrence time is several hundred years and nearly 200 years have passed since the 1811-1812
earthquakes, then earthquake-resistant designs may be very important. Additional geological data
on the recurrence of major earthquakes is useful to evaluate the earthquake hazards associated with
the NMSZ.

In this study, our strategy was to locate sites where modern tectonism had deformed shallow,
geologically young sediments and to excavate exploratory trenches in which we could document the
style and age of the deformation. We concentrated on areas where the U.S. Geological Survey
(USGS) had collected high-resolution seismic-reflection data throughout the NMSZ during the past
several years. Reflection profiles created from these data provided information about deformed
strata that range in depth from approximately 50 to 1,000 m. Several of these profiles contained
evidence of faulting and deformation that can be traced upward through most of the Cenozoic strata
and possibly into the overlying Quaternary sediments. Along selected parts of these high-resolution
lines, the USGS collected additional seismic-reflection data using a 12-gauge shotgun as the energy
source; these shotgun data resolved reflectors that are within a few meters of the surface. For our
trenching studies, we initially targeted four general areas where the reflection data had been collected
and ultimately selected two features to study in detail (fig. 1): (1) the Bootheel lineament, which is
a linear feature that extends south-southwest for about 135 km from near New Madrid, Missouri to
near Blytheville, Arkansas; and (2) the Crittenden County fault zone (CCFZ) in northeastern
Arkansas, which coincides with part of the southeastern margin of the Reelfoot rift. An important
aspectof studying the CCFZ is that, although it is not spatially associated with abundant earthquakes,
the southeastern margin of the rift is characterized by a low level of seismicity. Furthermore, the
CCFZ is located about 25 km from the City of Memphis, which has more than 1 million people in
the metropolitan area. A moderate earthquake (M=5-6) on the CCFZ could cause serious damage
in the Memphis area because of its proximity to the city.
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of the modemn landscape of Crittenden County resulted from fluvial processes, and river channels
with several meters of relief are common. Thus a fluvial origin for the feature is a likely interpretation
for the feature.

However, the coincidence of the monocline with the deformation located a few meters below
the bottom of the trench indicates that this feature might be related to deeper structural features. If
the relief on the unconformity is related to deformation in the underlying sediments, then the seismic-
reflection data links the relief to crustal-scale faults along the southwestern margin of the Ree'foot
rift. Because such a link would have tremendous implications for earthquake hazards in the resion,
itis clear that better knowledge of the deformational history of the rift margins is needed to adequately
assess the seismic hazards in the New Madrid region.
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