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Preface

The greatest sequence of earthquakes in the history of the United States occurred
in the winter of 1811-1812 in New Madrid, Missouri. To commemorate the importance of
these earthquakes, 150 scientists, professors, teachers, students, engineers, emergency
planners, and private citizens attended a symposium on the "New Madrid Seismic Zone"
at the Southeast Missouri State University in Cape Girardeau, Missouri, April 27-28,
1984, The purpose was to discuss these earthquakes and the geology, geophysics, and
seismicity of the central Mississippi Valley area and to identify the increase in knowledge
during the past decade.

The papers appearing in this open-file report were presented at the symposium
which was held in conjunction with the annual meeting of the Missouri Academy of
Sciences in Cape Girardeau. The symposium was sponsored by the Missouri Academy of
Sciences and the U.S. Geological Survey (USGS). The symposium was organized by Otto
Nuttli of Saint Louis University. Donald H. Froemsdorf, President-Elect of the Academy
and Dean of the College of Science and Technology of Southeast Missouri State
University, and Walter W. Ilays and Paula L. Gori, Office of Earthquakes, Volcanoes, and
Engineering of the USGS, provided assistance for the symposium and published this
document.

Sponsorship of the symposium by the USGS represents one of the first activities
conducted under the new USGS's "Regional Earthquake Hazards Assessment" eleinent of
the National Earthquake Ilazards Reduction Program. The objectives of the element are:

1) Compile and synthesize geologic and geophysical data needed for evaluating
the earthquake hazards of ground-shaking, ground failure, surface fault
rupture, and tectonic deformation and for assessing the risk in broad
geographic regions containing important urban areas.

2) Foster an environment for implementation, creating partnerships and
providing high-quality scientific information that can be used by local
- governments to devise and implement loss-reduction measures, such as
building codes, zoning ordinances, and personal preparedness.

The Regional Earthquake IHazards Assessment element has five interrelated
components. They are:

1) Information Systems--The goal is to produce quality data along with a
comprehensive information system, available to both internal and external
users for use in earthquake hazards evaluations, risk assessment, and
implementation of loss-reduction measures.

2) Synthesis of Geological and Geophysical Data for Evaluation of Earthquake
Hazards--The goal is to produce synthesis reports describing the state-of-
knowledge about earthquake hazards (ground shaking, surface faulting,
earthquake-induced ground failure, and tectonic deformation) in the region
and to recommend fufure research to increase the state-of-knowledge
required for the creation and implementation of loss-reduction measures.

3) Ground Motion Modeling——The goal is to produce deterministic and
probabilistic ground-motion models and maps of the ground-shaking hazard
with commentaries on their use.

.
“



4) Loss Estimation Modeling—The goal is to devise economical methods for
acquiring inventories of structures and lifeline systems in urban areas, to
create a standard model and commentary for loss estimation, and to produce
loss and casualty estimates for urban areas.

5) Implementation—The goal is to foster the creation and implementation of
hazard-reduction measures in urban areas, providing high-quality scientific
information that can be used by local government decisionmakers as a basis
for calling for change.

Research focusing on one or more of the five components is presently being conducted in
the following areas:

1) Wasateh front, Utah 6) Mississippi Valley

2) Southern California 7) Puerto Rico

3) Northern California 8) Charleston, South Carolina

4) Anchorage, Alaska 9) Buffalo-Rochester area, New York
5) Puget Sound, Washington 10) Boston area, Massachusetts

In each area, the research is performed by using the resources of the USGS's internal and
external program (the external program is implemented through grants and contracts
awarded annually following a program announcement). The goal is to achieve maximum
synergism of State, local, and Federal resources. Strategies for this element are to
foster strong partnerships with universities, local government agencies, other State and
Federal agencies, and the private sector, as well as to strengthen existing programs and
partnerships. Another strategy is to take advantage of earthquakes, postearthquake
investigations, past research studies, and other activities.

Walter W. Hays

Office of Earthquakes, Volcanoes
and Engineering

U.S. Geological Survey

Paula L. Gori

Office of Earthquakes, Voleanoes
and Engineering

U.S. Geological Survey

Otto W. Nuttli

Department of Earth and
! Atmospheric Sciences

Saint Louis University
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EVALUATION OF THE SYMPOSIUM ON THE NEW MADRID SEISMIC ZONE
by
Paula Gori
U.S. Geological Survey

Reston, Virginia 22092

At the conclusion of the one-and a-half day symposium on the New Madrid
Seismic Zone, held in Cape Girardeau, Missouri, on April 27-28, 1984,
participants were asked to evaluate the meeting, rating the value of the
discussions and activities and the benefits to them and their organization.
The symposium was designed to define the ground-shaking and ground failure
hazards in terms of the geology, geophysics, and seismicity of the New Madrid

Seismic Zone.

Responses were elicited on a five-point scale, 1 and 2 representing the
lowest level of agreement, 3 moderate agreement, and 4 and 5 highest agreement
(see Figure 1). Since not all respondents answered all the questions,

percentages are based only on those who submitted evaluations (see Figure 2).

Evaluations returned by 51 participants indicated that the symposium was
successful in meeting its goals. Eighty-six percent of the evaluators thought
that the symposium did a "good to excellent" job of defining the geology of
the New Madrid Seismic Zone. Ninety-four percent thought that the symposium
did a "good to excellent" job of defining the geophysical parameters of the
New Madrid Seismic Zone, and 92% of the evaluators thought that the symposium
did a "good to excellent" job of defining the seismicity of the zone. Eighty-

eight percent of the evaluators thought that the symposium did a "moderate to
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excellent" job of defining the nature and extent of ground failure hazards.
Clearly, the participants valued the technical information presented at the

meeting.

Evaluators also felt that the symposium benefited them and their
organization. Ninety-four percent agreed that the symposium provided new
sources of information and expertise that could be used in the future, and 98%
agreed that the symposium established better understanding of the extent of
the earthquake ground-shaking and ground failure hazards in the Central United

States.

To determine which activities were viewed as the most useful, in the
communication process, participants were asked to rate formal presentations,
follow-up discussions, informal discussions, and materials such as notebooks
and abstracts. Formal presentations were rated very highly, with 76% of the
evaluators giving a "good to excellent" rating and 18% giving a "moderate
rating." Discussions following formal presentations were rated less favorably
with 43% giving a "high rating" and 49% a "moderate rating." This rating
documents the fact that insufficient time was programmed for questions and
discussion. Since no time was set aside for breaks, informal discussions
during breaks and after hours were given relatively "low marks" with 66% of
the evaluators giving "moderate to high" ratings. Clearly, the notebooks
containing abstracts of the presentations wWwere considered valuable by the

evaluators, with 844 rating them as "good to excellent."

The importance attached to this symposium is shown in the response of 98%

of those submitting evaluation that they would, knowing what to expect, attend



a similar meeting. The same percentage of the respondents strongly agreed
that future meetings should be planned to continue the work initiated at this

symposium.

Individuals were given an opportunity to make comments and to criticize
the symposium. The goal was to receive constructive suggestions of ways to
improve future meetings. Many respondents took the time to personalize their
suggestions. Most comments were enthusiastic about the subject matter and
many of the presentations. However, a large number of evaluators commented on
the apparent lack of preparations on the part of some speakers. Also the lack
of an adequate sound system and the uncomfortable temperature and layout of

the meeting facility detracted from the quality of many of the presentations.

Many of the participants noted that the symposium was an enriching
educational experience, notable for the diversity of the subject matter and
quality of research. Many felt that additional symposiums (or meetings) on
the same subject as well as related subjects would be well attended,
especially those dealing with engineering and design implications and

emergency response and land-use planning issues in the Central United States.
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Evaluations of the Symposium by Individual Participants
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Use the remaining portion of this page and the back if necessary for comments and

criticisms of the symposium and suggestions on how other meetings of this type

might be improved.
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Evaluation of the Symposium by Percentages of Participants
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NEW MADRID SEISMIC ZONE,
PART I: HISTORICAL REVIEW OF STUDIES
and
PART II: CONTEMPORARY STUDIES BY THE U.S. GEOLOGICAL SURVEY
by
F. A. McKeown
U.S. Geological Survey
Denver, Colorado 80225

INTRODUCTION

This paper is a revision of a paper given by me at the New Madrid Seismic
Zone Symposium at Cape Girardeau, Missouri, on April 27, 1984 and entitled
"New Madrid Seismic Zone: Overall perspective and significance of studies."
Because of the wide range in content of the Cape Girardeau version and

resultant disparity in tenor of the subjects described in it, a clear division
in the subject matter seemed necessary. This revision therefore is divided

into two parts and is in essence two reports. The first part is an historical
review of studies published before 1983; the second part is a review of
studies recently completed or still in progress by U.S. Geological Survey

personnel.

PART I: HISTORICAL REVIEW OF STUDIES

INTRODUCTION

The earliest description by a geologist of the effects of the New Madrid
sequence of earthquakes was that of Sir Charles Lyell (1849). His desecription
of the effects, some 38 years after the earthquakes, was probably as detailed
and accurate as could be made. It contained little, however, that was useful
in deciphering the geologic structure to which the earthquakes might be
related. This was to be expected of much of the descriptive material by
eyewitness accounts and by later observers. These old accounts have proved
invaluable, however, to the construction of isoseismal maps such as by Nuttli
(1973), Stearns and Wilson (1972) and Street (1982). It was not until 100
years after the earthquakes that Fuller (1912) suggested physically reasonable



explanations of many phenomena associated with the earthquake. His report

contained not only much descriptive material, cited from the literature and
from personal observation, but also a geologically plausible explanation of
the origin of the earthquakes. The two most popular explanations until then
were that the earthquakes were related to volcanism or electricity. Fuller

recognized the importance of faulting and suggested the following origin.

"The best evidence of origin is that afforded by the distance to
which the vibrations were felt. It does not seem possible to
conceive of a shock originating in soft embayment deposits being
transmitted to the hard rocks and thence across the Appalachians
to the Atlantic Coast on the east and across the central coal
basin to Chicago, Detroit, and Canada. The fact that the shocks
were strongly felt at these localities seems to point conclusively
to a deep-seated origin in rigid rocks. A faulting in the hard
Paleozoic rocks seems, therefore, to be the only probable

explanation."

Considering how little was known in 1912 about earthquake source zones
and seismic waves Fuller's reasoning and explanation show remarkable
insight. He also recognized that most of the disturbance from the earthquakes
was in a linear zone, which in his terminology was the centrum. This linear
zone is now well recognized from seismicity and geophysical studies. Lastly,
he recognized, as we now do, the great amount of damage that could be caused

by a repetition of the New Madrid sequence of earthquakes.

An important concept about the relationship of seismicity to an inferred
major geologic structure in the central United States was suggested by Wollard
(1958). 1In a discussion of the Mississippi Valley earthquakes he noted an
alignment of them extended to the St. Lawrence River valley and suggested that
a major "structural break" was related to the earthquakes. If such a
structural break did exist and was related to earthquakes, it would have a
great impact on assessments of seismic risk in central and northeastern United
States. More recent data, however, do not support the existence of a

continuous major structural break.



In a study of the Illinois-Kentucky mining district, Heyl and Brock
(1961) suggested that the district was at the intersection of two major fault
zones. One of these they defined as the New Madrid fault zone extending from
near Vincennes, Ind., southwest to beyond New Madrid, Mo. The other is the
Rough Creek-Shawneetown fault zone, which Heyl later incorporated into the
38th Parallel Lineament (1972). The evidence used to define the New Madrid
zone is the northeast-trending faults in the Wabash valley area and in the
Illinois-Kentucky mining district, which, if projected southwestward, is
coextensive with the northeast alinement of epicenters in the northern
Mississippi embayment. This concept of the New Madrid fault zone is a
plausible explanation of a seismogenic structure particularly because
earthquakes in the Wabash valley area seemed to be associated with the Wabash
valley fault zone., Data now available, however, show that the earthquakes in
the Wabash valley and the New Madrid area are related to a much more complex

structural framework than a single fault zone.

In the 1960's, interpretations of geologic and geophysical data were not
made in terms of plate tectonics or in terms of rifts if the area under study
was in a so-called stable continental interior. However, the concept of an
incipient rift in the upper Mississippi embayment was recorded at a meeting of
the Society of Economic Geologists at the United Nations, New York, N.Y., on
March 10, 1966 (White, 1967). The purpose of the meeting was to discuss the
latest knowledge of the origin of lead-zinc-barite-fluorite deposits in
carbonate rock. In response to a question about the possibility of there
being a rift in the embayment, A. V. Heyl of the U.S. Geological Survey
suggested on the basis of the distribution of alkalic rocks and a gravity high
that perhaps an incipient rift was present in the embayment (White, 1967, p.
382). This concept, according to Heyl, was based in large part on an
unrecorded interpretation of gravity data by the late Henry R. Joesting (1966)
of the U.S. Geological Survey. Joesting's interpretation of the gravity high
in the embayment was that it indicated that the earth's crust had thinned and
that dense mantle material had upwelled to produce the gravity high (A. V. Heyl
and L. E. Cordell, U.S. Geological Survey, oral commun., 1984). This
interpretation of relatively scant gravity data is much the same as current
interpretations of more recent and much more detailed gravity, magnetic, and

seismic data.



That earthquakes in the New Madrid region may be related to a rift system
similar to those in east Africa was suggested by Kumarapeli and Saull (1966).
Part of their argument was similar to that of Wollard, namely that an alignment
of epicenters runs from New Madrid to the St. Lawrence Valley. They included
other evidence such as highly alkalic igneous rocks, diatremes, and carbonatites
that are abundant in and near intracratonic rifts. Some or all of these features
are common to the St. Lawrence Valley area, the Illinois-Kentucky mining
district, igneous rock penetrated by exploratory oil test wells in the
Mississippi embayment, and the Magnet Cove mining district of Arkansas. They
also noted that the dimensions of the proposed rifts in North America are similar
to those of most rift valleys worldwide. The rift system proposed by Kumarapeli
and Saull in 1966 was imaginative, and had considerable merit, but was severly
criticised. One of the most severe criticisms was that the St. Lawrence region
is now under compression and not extension as they had proposed (Voight, 1969),
and therefore contemporary earthquakes in the region could not be the results of

an extensional stress regime that would cause rifting. In a subsequent paper,
Kumarapeli (1976) recognized that seismicity in the region may be the result of

release of compressional stresses on faults in an old rift system. This is a
concept that is well accepted today for many seismically active areas, including

the New Madrid region.

In 1973 the concept of a buried rift in the upper Mississippi embayment
gained more stature when Burke and Dewey (1973) proposed that a triple junction
was located near Jackson, Miss., during late Paleozoic time. They suggested that
two of the arms of this junction became spreading centers and formed a
continental edge. The third arm failed to spread and was thought to extend
northward into the continent and to have become the Mississippi embayment. It
should be remembered that until about 1974 very little geophysical data was
available for the embayment that could provide a basis for interpreting
subsurface structure. Furthermore, the data that did exist was generally not
interpreted in the context of plate tectonies. Ervin and McGinnis (1975) were
among the first to make a rigorous effort to integrate plate tectonic concepts
with available geologic and geophysical data. They outlined the development of a
rift, which they named the Reelfoot rift, that started in early Paleozoic time.
Their interpretation of the available data was a major contribution to concepts

and initial understanding of the structural history of the embayment. Briefly,




they proposed arching and rifting of the crust as the result of mantle upwelling
in late Precambrian time. This was followed by isostatic subsidence in early
Paleozoic, uplift in middle Paleozoic and Mesozoic times, and rift reactivation
and intrusions in late Mesozoic time. Much new data have been acquired and
interpreted since this structural history was proposed, but no fundamental

changes in the concept have been made.

As indicated in the text of this paper thus far, concepts of the geologic
framework of the New Madrid seismic zone evolved without much of the kind of data
needed to define deep subsurface structure to which earthquakes may be related.
Financial support from the Earthquake Hazards Reduction Program of the U.S.
Geological Survey starting in 1974, and from the Nuclear Regulatory Commission
starting in 1976, provided the means to undertake multidisiciplinary studies on a
scale never before possible in the New Madrid region. Impetus for the studies
came from the growing awareness of the great amount of damage and probable loss
of life should an earthquake sequence like that of 1811-12 occur today. Earlier
Fuller (1912, p. 110) and a few other individuals had recognized this risk, but
the means, expertise, and public interest were not adequate to initiate large
scale projects. In order to mitigate the risk, more detailed understanding of
the seismicity and geology of the region was needed. Seismic networks were
established. Gravity surveys, aeromagnetic surveys, and a variety of geologic
studies were conducted. And most recently, seismic exploration methods were
used. As a result, the geologic framework with which the New Madrid earthquakes
are associated is now well, though not perfectly understood. Also, estimates of
the recurrence intervals have been made and the source mechanisms of the
earthquakes are reasonably well known. The new data have provided a basis for
revising source zones from which probabilistic estimates of ground motion can be
made (Algermissen and others, 1982). Much of the new data have been published in
scientific journals, in U.S. Geological Survey Professional Paper 1236, and in
NUREG publications of the NRC. A detailed summary of these published data is not
within the scope of this paper nor is it appropriate. Some of the most
significant results in these studies are briefly stated below; all are described
more fully in several chapters in Professional Paper 1236 (McKeown and Pakiser,
1982).
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1) Aeromagnetic and gravity data indicate a buried rift in the upper
Mississippi embayment about 70 km wide, more than 200 km long, and with
2-3 km of structural relief.

2) More than 90 percent of contemporary earthquakes in the region occurs

along an axial zone within the rift.

3) A northeast extension of the rift in the Wabash valley region has been

proposed.

4) Geomorphic studies indicate Holocene uplift and faulting in the Reelfoot
Lake area. Of most significance, these studies also indicate a
recurrence interval of about 600 years for earthquakes large enough to
produce ground motion great enough to liquefy sand in the alluvium of

the New Madrid region.

5) Seismicity studies show right lateral strike-slip movement on northeast-
trending faults and reverse movement on northwest-trending faults; from
these mechanisms the maximum principal stress is inferred to be oriented
east-west. This stress direction is about 90° from that which produced
the rift.

SIGNIFICANCE OF NEW MADRID SEISMIC ZONE STUDIES

It is appropriate in this part to consider the significance of New Madrid
seismic zone studies. Hundreds of manyears and millions of dollars have been
expended to reach the present level of understanding of New Madrid seismicity and
application of this understanding to assesments of seismic hazard. The results
and importance of this large expenditure is commonly not recognized by society
for several reasons, apathy probably being formost. This is understandable
because the lack of any large earthquakes in the region since the 1811-12 series
quite naturally dulls societies perception of the damage and loss of life that

would occur should a similar series occur in the near future.

It is worthwhile to consider some of the benefits to various segments of
society that have resulted, or may yet result, from studies related to the New

11



Madrid seismic zone. Of most importance to everyone is the information on
recurrence intervals of earthquakes and the extent of the active seismic zone,
both of which are needed to make justifiable assessments of seismic hazards.
Until about 1979 no strong arguments could be made for what the recurrence
interval of large earthquakes in the New Madrid region might be. The current
estimates of 600-700 years based independently on seismologic and geologic data
may have a large uncertainty. If data were available to make additional
estimates of recurrence intervals they very likely would show a greater range in
time. Nevertheless, prior to these estimates no defensible arguments could be
given for statements that a New Madrid type sequence of earthquake could occur

within any particular range of time.

The problem of delimiting the extent of the active seismic zone is probably
resolved better than the question of recurrence intervals. Interpretation of a
rift and recognition that most seismicity in the New Madrid region occurs within

the rift provides a strong argument to delimit the 1likely extent of the
seismically active zone.

Of less tangible importance, the manner in which the New Madrid seismic zone
studies were conducted is worthy of note. They are an excellent example of the
value of large-scale, multidisciplinary efforts. The concept of a buried ancient
rift in the upper Mississippi embayment had been suggested by several
investigators when very little information was available. Strong support for, if
not absolute proof of the rift, however came only after acquisition of a large
amount of data and application of new techniques. Further, the close association
of seismicity with the rift could only be recognized after operation of a
seismographic network designed to improve greatly the accuracy of epicenters.
These and results from other disciplines demonstrated the importance and
effectiveness of large scale multidisciplinary efforts. No one discipline or
small-scale effort could possibly be expected to provide the amount and kind of

information needed to make defensible judgments on seismic hazards.

In addition to the importance of the New Madrid seismic zone studies to
hazard assessments, the studies have been synergistic and of considerable
importance to several fields of earth science. An academic perspective is that

they have resulted in developing a fairly detailed understanding of a major

12



crustal structure that was at best a tentative hypothesis less than 20 years
ago. The post-Cretaceous subsidence and depositional history of the Mississippi
embayment had been reasonably well known for many years; the pre-Cretaceous

history, however, was largely speculative.

As a serendipitous and synergistic byproduct of studies of the New Madrid
seismic zone by the governmental and academic communities, a major effort by the
0il industry was undertaken to explore for oil and gas reservoirs in the rift.
Exploration in the Upper Mississippi embayment for oil and gas has been done very
sporadically since about the late 1920's with little geologic bases for the
location of exploratory drill holes. After the Reelfoot Rift was defined from
aeromagnetic and gravity surveys, several individuals and companies in the oil
industry recognized that the rift probably contains clastic rocks with the
potential of being reservoirs for oil or gas. The results of their
explorations have not been made public and the exploration activity has

stopped. It is reasonable to expect new activity however if the price of oil and
gas rise as they most surely will in the long term. Release of only a small part

of the very large amount of seismic reflection surveying and some deep drilling
information conducted by the oil industry, in turn, provided much general
knowledge about crustal structure and some detail of the structural
characteristics of the longest part of the most active seismic zone west of the

Basin and Range province.

PART II: CONTEMPORARY STUDIES BY THE U.S. GEOLOGICAL SURVEY

INTRODUCTION

Since about 1982 studies related to seismicity in the New Madrid region have
been as diverse as earlier studies but funding, therefore effort, has been
decreasing. The symposium on the New Madrid seismic zone, sponsored by the
Missouri Academy of Sciences and the U.S. Geological Survey (USGS) is the first
ma jor attempt to bring together a collection of papers that describe most of the
latest information and concepts on the New Madrid seismic zone. These papers are

given in this volume and it would be redundant to summarize their contents. 1In
addition to these papers, it seems appropriate to include in this volume a brief
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description of some studies in progress by USGS investigators that is quite

relevant to the New Madrid seismic zone.

The first two studies to be described below are incomplete and have as a
primary objective the detection of small amounts of crustal deformation in areas
of several tens to hundreds of square kilometers. These two studies utilize
level line data from the National Geodetic Survey (NGS) and digitized stream
profile data., A third study involves the interpretation of seismic reflection
profile data collected using marine methods on the Mississippi River. The
principal objective is to locate geologically young faults. Part of this study is

published and another part is nearly complete.

The fourth study has just been started and is the interpretation of about
320 km (200 mi) of seismic reflection profile data acquired recently for the area
from near Caruthersville, Mo., to near Marked Tree, Ark. The tentative
interpretations made to date in this study will be discussed in greater detail
than any other study reported herein because of their direct relevance to the

geologic characteristics of a large part of the New Madrid seismic source zone.

LEVEL LINE STUDY

The use of level line data is fraught with uncertainties and problems.
Nevertheless, in areas where crustal strain must be changing as indicated by the
occurrence of earthquakes, it may be helpful to examine the level line survey
data available from the National Geodetic Survey (NGS) to detect significant
changes in vertical strain. Accordingly, Richard Dart of the USGS has compiled
all pertinent level line data in and around the Upper Mississippi embayment for
the period from 1888 to 1981, Differences in elevations along most lines are
small; a few have differences in elevation that appear to be significant but
refraction and rod errors have not been applied. One of the largest rates of
change in elevation within the embayment occurs along a line from New Madrid,
Mo., to Markham, Tenn., which is on the Lake County uplift (Russ, 1982). The
rate of change in elevation along this line is 80 mm/yr up towards Markham, and
qualitatively agrees with geologic observations. A line from Clinton, Ky., in
the highlands east of the embayment, to New Madrid, Mo., via Markham, Tenn.,
indicates that the Lake County uplift area is subsiding at a rate of about 100
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mn/yr relative to the highlands but 80 mm of this subsidence is between Markham
and New Madrid, which is consistent with the change along the New Madrid-Markam

line.

A line 62 km long surveyed in 1935 and again in 1940 along Highway 8 between
Steelville and Mineral Point in central Missouri appears to have a significant
change in elevation in association with a fault zone (fig. 1). A change of 70 mm
along 12 km of this line occurred within 5 years. The relatively high rate of
change in elevation and its relationship to a fault zone suggests recent fault
movement. The relatively long distance, 12 km, over which the displacement along
the level line occurred, however, makes a relationship to faulting suspect.

Field examination of benchmarks still in place proved them to be in stable ground
and none appeared to have been reset because of road repairs,'realignment or
other reasons. Several other factors need to be considered in any interpretation
of the displacement. One factor is that the Viburnum trend of lead-zinec
mineralization crosses the zone of displacement. Another factor is that in the
course of field inspection of the benchmarks it was noted that silicification of
the limestone bedrock is much greater along the level line on the up side of the
displacement than along the line where the displacement is downward., A third
factor is that solution of limestone in the Ozark Mountains, where the level line

is located, is a major phenomenon (for example, Harvey, 1982).

The available data are not adequate to support any explanation of the
displacement. The author's speculation however is that it may best be explained
by solution of limestone and that the amount of solution may be controlled by the
amount of silicification of the limestone which may be related to mineralization

along the viburnum trend.

The level line data must be examined for the effect of refraction and rod
error. It seems unlikely, however, that the 70 mm change in elevation can be
attributed to refraction error. This error is largely a function of topographic
relief and is generally conformable with topography. The changes in elevation

and topography in figure 1 do not suggest such conformability.
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STREAM PROFILE STUDY

The author initiated this study in an effort to search for some geomorphic
anomaly that could be related to the enigmatic central Arkansas earthquake swarm
(Johnston, 1982). The scope and detail of the study gradually increased so that
a number of scientists have made major contributions to it. In early stages of
the study Bonny Askew and Michael McGrath did much of the computer programming.
In later stages Meridee Jones Cecil managed nearly all of the computer work and
has been involved with interpretation of the data, which is far from complete.
In addition, contributions from E. E. Glick and Boyd Haley of the USGS provided
detailed geology along nearly all of the stream profiles. The objective of the
study is to identify areas of several hundred square kilometers with recent
uplift or subsidence. Courses and elevations of 70 streams longer than 10 km in
one hundred ninety-two 7 1/2-minute quadrangles were digitized. From these data
plots were made of: stream courses, profiles in Cartesian and semilog
coordinates, stream gradient indices (Hack, 1973), first derivatives of slope,
and an innovative measure of erosion named pseudohypsometric value. Also, a

subenvelope map was plotted.

Two examples of the products derived from the digitized stream courses and
elevations are shown in figures 2 and 3. Figure 2 is a gray-tone scale plot of
stream gradient index values that have been smoothed in their distribution by a
gridding program. The actual values were calculated for each reach of a stream
between every contour interval, regardless of the size of the interval. In
general, most contour intervals were 20 feet. The figure shows that a greater
area in the Salem Plateau has a high stream gradient index value than in the
Boston Mountains and Ouachita Province. Figure 3 is a contour map of stream
gradient index values, but the values are for the whole stream. That is, the
total length of a stream is treated as a single reach, and only one value is
calculated for the whole stream. The figure also shows the distribution of
epicenters for the period June 29, 1974, through March 28, 1981, and the location
of the epicentral area of the central Arkansas earthquake swarm which started in
January 1982 (Johnston, 1982). At the present stage of interpretation no
significance is attached to the distribution of epicenters in the Salem Plateau
area. Interpretation of the data are not complete but some tentative conclusions

include the following.
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1) Streams on the Salem Plateau commonly have steeper gradients and their
profiles are less concave than streams draining the Boston Mountains and
Ouachita physiographic provinces even though the Salem Plateau has

lower elevation and less relief than the latter provinces.

2) The largest size of material in stream beds controls stream gradients
much more than the rock type eroded by a stream. This observation is
consistent with other studies of stream gradients (Hack, 1957) and

with some theories of erosion (Shulits, 1936).

3) Meandering reaches of streams, particularly on the Salem Plateau,
commonly have the steepest gradients, which is contradictory to most
observations and theory of the meandering process. One explanation
could be that in the Salem Plateau gradients have continued to
increase since the meanders first developed, which was probably

during the Tertiary Period.

4) Streams draining the Salem Plateau enter the Mississippi embayment
lowlands at a much higher elevation relative to Pleistocene base
level than streams draining the Boston Mountains and Ouachita
provinces. This suggests that the Salem Plateau has not been eroded
as deeply as the other provinces and has been uplifted more recently
to account for the steeper gradients of the Plateau streams.

A number of the quantitative measures of stream profiles suggests that
the Salem Plateau may be rising relative to surrounding areas since the
Tertiary Period. Many variables must still be considered, however, before
quantitative differences in the stream profile data can be confidently related

to tectonic acitivity.

MISSISSIPPI RIVER REFLECTION PROFILE SURVEY

The principal investigators of this study are A. J. Crone, D. P. Russ,
Kaye Shedlock, and S. T. Harding. The principal results of the Mississippi
River seismic reflection profile survey between Osceola, Ark., and Wickeliffe,

Ky., are the! identification of a number of faults in the shallow subsurface
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clearly offset Tertiary sediments; a few appear to offset alluvium of
Pleistocene and possibly Holocene age. Vertical offset on all of the faults
identified to date is less than 10 m with the exception of the southwestern
extension of the Cottonwood Grove fault (Shedlock and Harding, 1982), first
identified in a seismic reflection profile survey in the Ridgely, Tenn., area
(Zoback and others, 1980).

SEISMIC REFLECTION PROFILES IN THE NEW MADRID SEISMIC ZONE

The recently purchased seismic reflection profile lines were selected
mainly to show a major zone of structural disruption in the middle of the
Reelfoot rift. The disrupted zone had been recognized on earlier reflection
profiles to coincide with the seismicity (Zoback and others 1980; Hamilton
and Zoback, 1982) but its extent could not be determined based on the limited
amount of profiling available from the earlier surveys. Also, inspection of a
large amount of the available reflection data prior to purchasing showed
clearly that the zone could be delimited. The zone is of great importance
because nearly all of the contemporary seismicity between Marked Tree, Ark.,
and Caruthersville, Mo., a distance of about 100 km, is within or very close
to the boundaries of the zone. Furthermore, the greatest density of sandblows
produced by the 1811-12 earthquakes overlies the subsurface position of the
disturbed zone (fig. 4). The coincidence of contemporary seismicity,
sandblows, and the disturbed zone strongly indicate a common genetic
relationship. Because of this coincidence, delimiting and inferring the
nature of the disrupted zone in the interpretation of the profiles is of first
priority. A short report on interpretation of the profile data is in
preparation for publication in Geology. The large amount of seismicity north
of the disrupted zone (see index map on fig. 4) is not discussed herein,
because no new data for the northern area have been acquired since the reports
by Zoback and others (1980) and Hamilton and Zoback (1982). A summary of some
of the principal results described in the report for Geology and some
speculation by the author of this paper on the significance of igneous rocks

in the zone follows.

Several reflectors below the eroded top of the Paleozoic section of rocks

have been identified on the basis of cuttings and geophysical logs of
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exploratory drill holes, and on the basis of depth of magnetic basement shown
by Hildenbrand and others (1979). The two deepest and most important drill
holes were located about 12 km southwest of Osceola and about 13 km southwest
of Blytheville in Mississippi County, Ark. A brief description of the rocks
penetrated by the drill hole near Blytheville has been published by Denison
(1983). Preliminary examination of cuttings from both holes has been made by

E. E. Glick (U.S. Geological Survey, oral commun., 1984).

Because of erosion of nearly all of the Paleozoic rocks during uplift of
the Pascola arch in the northern part of the area for which reflection
profiles were obtained, only a few of the deepest reflectors can be mapped
throughout all of the area. South of about lat 35045', the four most useful
reflectors are from the magnetic basement (MB), the middle (MC) and the top
(TC) of an unnamed sequence of carbonate and clastic rocks, and the base of a
carbonate sequence (BC), which may be the base of the Knox Megagroup. North
of this latitude the BC reflector cannot always be identified.

In addition to the lack of continuous reflectors throughout the Paleozoic
section of rocks, mapping of the disrupted zone is complicated by differences
in structural characteristics within the zone. Locally the MB reflector
occurs discontinuously and nearly horizontally through the zone, (fig. 5),
particularly near the north and south ends of the zone. At places, midway
between the ends of the disturbed zone, the MB reflector is absent in the zone
and its attitude may be nearly horizontal or dipping downward as it approaches
the zone. The downward dip is presumably caused by low velocity material
above the reflector. Reflectors above the MB are commonly warped into an
antiform (figs. 5 and 6); generally, the magnetic basement is not involved in
the antiform except on one profile where it is warped upward (fig. 6). Only
the MB reflector was used to map the disrupted zone as shown in figure 4.

Orgins considered for the disrupted zone are speculative as are the
reasons for why the longest epicentral trend of earthquakes in the New Madrid
region is coincident with the surface projection of the zone. Some
characteristics of the zone which may be clues to an explanation are as

follows.
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Reflectors below the magnetic basement, which range in depth from about 3
to 15 km, are generally continuous beneath the zone without the same great
disruption and warping of these horizons above the magnetic basement. The
warping of beds over but not below the disturbed zone suggests that it is
caused by intrusion of some material. Diapiric ridges of salt, anhydrite, or
of shale have been considered, but available data from aeromagnetic and
gravity surveys, logs of drill holes, and interval velocities calculated from
the reflection profile data do not support a salt or shale diapiric origin of
the warping. Intrusion by magma of felsic composition in the form of
laccoliths, sills, or some irregular subhorizontal body into sedimentary rocks
above crystalline rocks seems the most likely cause of warping of Paleozoic
and younger rocks. No available data preclude this explanation of warping; no
direct evidence is known, however, to prove the existence of such intrusives

in the center of the rift.

Below the MB in many of the profiles across the disrupted zone is a
sequence of reflectors that also indicate layered rocks with a thickness
ranging from about 1/2 to more than 1 km. The reflection profiles outside of
the rift boundary do not indicate a layered sequence of rocks below the MB.

It is unlikely that sedimentary rocks would occur below MB and as the layered
rocks do not produce strong magnetic anomalies, basalt flows can probably be
precluded. The layered rocks below MB are, therefore, inferred to be a
sequence of voleaniclastic rocks with a felsic composition. The extrusion of
such rocks is common during and following the tumescent stage of the crust
that precedes a collapse to form calderas or rifts (see for example, Baker and
others, 1971; Smith and others, 1961). It is quite possible that eruption and
deposition of lava flows, ash flows and ash falls occurred in the pre-Reelfoot
rift area at about the same time as the same kind of eruptive activity was
occurring in the St. Francois Mountains some 150 km to the northwest, about
1.4 m.y. B.P. This interpretation is similar to that of Hildenbrand and
others (1982) who suggest that a number of thermotectonic events occurred in
the Central Province during the period 0.55-1.5 m.y. B.P.

Reflections from above the MB indicates a layered sequence of rocks as

might be expected from sediments deposited early in the formation of the rift
(fig. 5).
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If the inferred explanation of warping of Paleozoic sedimentary rocks is
correct, the age of many of the inferred intrusive rocks in the disrupted zone
is much younger than the initial development of the rift. This conclusion is
evident from the fact that Cambro-Ordovician (500 b.y. B.P.) sediments are
warped wherever they overlie the disrupted zone, and provides an estimate of
the maximum age of the inferred intrusive activity. The youngest age for this
activity is pre-Late Cretaceous because rocks of this age are not warped, nor
is the Paleozoic surface on which they were deposited warped.

In very general terms, the reason for earthquakes occurring primarily
within the disrupted zone may simply be that the zone is more highly fractured
and weaker than adjacent parts of the crust. This is too simplistic an answer
however, and is relevant to a problem common to nearly all faults or fault
zones with seismic activity. In brief, the problem is why is one fault or
fault zone seismically active in a region and another is not active. The

following reasoning and speculation might be considered.

If earthquakes are related in some way to highly fractured zones
containing intrusive rocks, like the disrupted zone in the middle of Reelfoot
rift, the rift boundary zones may also be expected to be seismically active.
These zones on reflection profiles are also interpreted to be highly fractured
over widths of several kilometers and appear to have intrusive rocks in
them, Aeromagnetic and gravity data clearly show small plutons along the
boundaries of the rift, particularly along the northwest boundary (Hildenbrand
and others, 1982). The principal difference between the boundary zones and
the disturbed zone is the composition of the igneous rocks as indicated by the
aeromagnetic data. The plutons along the boundary zones are mafic; the
intrusives in the disrupted zone are interpreted to be felsic because they do

not produce strong magnetic anomalies.

Another difference between the boundary and disturbed zones, which may be
relevant to the cause of seismicity, is the history of each. The disrupted
zone has had a long history of igneous and fault activity. If the
interpretation of volcaniclastic rocks below the MB is correct, igneous
activity, and certainly some contemporaneous faulting, probably started before
development of the rift. Reflection profiles show deformation and intrusives

in and outside of the disrupted zone during Cambrian and Ordovician times,
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locally during Cretaceous and possibly Tertiary times. Further, as stated
above, most of the igneous rock emplaced during early development of the rift,
and apparently concentrated near the axis of the developing rift, was likely
to be alkalic felsic or rhyolitiec in composition. In contrast the boundary
zone is highly fractured but does not appear to have the abundant evidence of
felsic rocks but has mafic rocks, which were injected as small plutons, dikes,

or sills during the Permian and Cretaceous long after development of the rift.

In summary, therefore, the disturbed zone has probably had a long history
of felsic igneous activity and faulting from late Precambrian to Tertiary time
whereas the boundary zones formed later, during the main development of the
rift, with mafic igneous activity starting no earlier than late Paleozoic

time.

Given these contrasting environments in different parts of the Reelfoot
rift, several lines of argument could be hypothesized to explain the cause of
earthquakes in the rift. 1In addition to the highly fractured condition of the
disrupted-zone, factors that should be considered are the gross difference in
physical properties including the possibility of higher porosity, hence,
weaker rock, and the possibility of higher radiogenic heat production and
consequent thermal stress in felsic rocks compared to the mafic rocks in the
boundary zone. Elaboration on these speculations, however, is beyond the

scope of this report.
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ABSTRACT

Contemporary accounts of the central Mississippi river valley
earthquakes that occurred during the winter of 1811-1812 are used
to examine the four principal shocks, several of the stronger after-
shocks, and the effects of the earthquakes along the Mississippi
river.

The principal shocks on December 16, 1811 destroyed the Mis-
sissippi river settlements of Big Prairie and Little Prairie, while
the principal shock on Feb. 7, 1812,destroyed New Madrid and created
two temporary falls in the Mississippi river. The effects of these
shocks are well documented over an extensive area by the accounts

of several travelers along the Mississippi river.
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INTRODUCTION

The earthquake sequence that began on December 16, 1811 and
continued for at least a year thereafter, in what 1s now southeast
Missouri and northeast Arkansas, 1s the greatest sequence of earth-
quakes ever to have occurred in the recorded history of eastern
North America. The major earthquakes of this sequence, of which
there were at least four, were felt as far away as Hartford, CT to
the northeast, Charleston, SC to the east, and New Orleans, LA to
the south. They caused ground failure (i.e., fissuring, sandblows,
slides, subsidence, etc.) over an area of 48,000 square kilometers
(an area slightly less than the state of West Virginia) that en-
compasses portions of six states; temporarily obstructed the flow
of the Mississippi river in two places; and created innumerable
navigational hazards on both the Mississippi and Ohio rivers for
hundreds of kilometers. In addition, the earthquakes destroyed the
Mississippi river settlements of New Madrid, Little Prairie and Big
Prairie (located on the south side of the mouth of the St. Francis
river) and caused minor structural damage to buildings as far away
as Cincinnati, Ohio to the east, and St. Louis, Missouri to the
north.

Due to the lack of inhabitants and the types of structures
in use in the region at the time of the earthquakes, however, few
deaths were reported. The population of New Madrid in 1810 was

somewhat less than one thousand inhabitants, while that of Little
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Prairie consisted of approximately twenty families and Big Prairie
probably half that number. As summarized by Penick (1976), the
only deaths generally reported as resulting from the_earthquakes,
are three individuals in and near New Madrid, six Indians who were
in the vicinity of caving banks along the St. Francis river, a
drowning on the White river in Arkansas, and a missing boy in the
St. Francis swamps. A settler in New Madrid reported (The Lexing-
ton [KY] Reporter; Feb. 1, 1812) several individuals were injured
by the earthquakes of Dec. 16, 1811, but that no one had been
killed. The principal reason there were so few casualties in the
settlements is the fact that nearly all of the inhabitants lived
in log cabins that proved to be very resilient to ground motions
(Berry, 1908).

On the other hand, several travelers along the Mississippi
reported seeing empty canoes and rafts drifting, and assumed that
many of their fellow travelers had been drowned. This is difficult
to evaluate, since it was not uncommon for travelers to abandon
their river craft for the supposed safety of the land (Latrobe,
1835), and it is likely that many of the empty canoes and rafts
seen drifting along on the river were either deliberately abandoned
or had broken loose from their moorings along the collapsing banks.
Still, it is likely that several individuals did drown in the river,
particularily as a result of the largest shock on February 07, 1812
earthquake that so severely disrupted flow of the Mississippi river
and created two falls in the general vicinity of New Madrid. 1Indeed,
Fr. Joseph who was traveling with Firmin La Roche (Shoemaker, 1928)

mentions seeing several bodies of drowned persons in the Mississippi River.
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There have been numerous papers written on the earthquakes that
occurred during the winter of 1811-1812 in the central Mississippi
river valley. Some of the more notable ones are the newspaper com-
pilations by an anonymous author (1812) and Mitchill (1815), the
observations and summary of effects of the earthquakes in the Ohio
river valley by Drake (1815), the detailed study of epicentral region
by Fuller (1912), and the body-wave magnitude scaling of the earth-
quakes by Nuttli (1973).

The purpose of this paper is to presenﬁ a review of the prin-
cipal facts of the earthquakes. 1In this context, a brief summary of
the major earthquakes, the stronger aftershocks, and the first-hand

observations along the Ohio and Mississippi rivers are given.

MAJOR EARTHQUAKES

Four major earthquakes occurred during the 1811-1812 sequence.
Two occurred on Dec. 16, 1811 at 2:15 A.M. (all times are based on
local times) and 8:15 A.M., one on Jan. 23, 1812 at 9 A.M., and one
on Feb. 7, 1812 at 3:45 A.M. Based on the distribution of Modified
Mercalli (MM) intensities similar to those shown in Figures 1 thru
4, Nuttli (1973) and Street (1982) estimate mbLg magnitudes of 7.2,
7.0, 7.1 and 7.3 for the four events respectively. The abbreviations
F and NF used in the figures indicate "felt" and "not felt'". The
"+" signs following the MM intensities in the figures are used to
indicate a MM intensity value midway between the value shown and the

next higher value.
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Figure 1.--The geographical distribution of the MM intensities for the central
Mississippi river valley earthquake at 2:15 A.M., December 16, 1811,
(taken from Street, 1982, which modifications).
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Figure 2.--The geographical distribution of the MM intensities for the central
Mississippi river valley earthquake of 8:15 A.M., December 16, 1811,
(taken from Street, 1982, with modifications).
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Figure 3.--The geographical distribution of the MM intensities for the central
Mississippi river valley earthquake of Jan. 23, 1812 (taken from Street,
1982, with modifications).
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Figure 4.--The geographical distribution of the MM intensities for the central
Mississippi river valley earthquake of February 7, 1812, with
modifications).

40



An important fact about the 1811-1812 earthquake sequence, with
respect to seismic hazard analysis, is the extent of the area in
which ground failure occurred. One hundred years after the earth-
quakes, Fuller (1912), did a detailed investigation of the meizo-
seismal area of the events, and outlined a 48,000 square kilometer
area for which there was evidence of various types of ground failures
(i.e., sand blows, slumping, landslides, fissures, etc.). Figure 5
is a slightly modified version of Fuller's work; the area within the
dashed contour, what Fuller denotes as the area of disturbances, has
been eﬁtended a short distance up the Wabash river valley on the
basis of the work by Berry (1908).

Within the principal area of disturbances, indicated in Figure
5 by the shaded zone, large fissures, extensive and large sand blows,
slumping and landslides, subsidence and uplifting, and caving of the
river banks occurred as a result of the earthquakes. Many of these
phenomena are also described in eye-witness accounts by individuals
who were traveling down the Ohio and Mississippi rivers, and by
settlers at Little Prairie and Big Prairie (see Figure 6a for the
locations of these two settlements). At Little Prairie, for example,
Fletcher (Wilson's Knoxville [IN] Gazette; Feb. 10, 1812), and a
letter in the Kentucky Reporter (pub. in Lexington, KY; Feb. 1, 1812)
and others describe the extensive ground failure that occurred in
and nearby the settlement of Little Prairie during the earthquakes
of Dec. 16, 1811. They tell of fish being left out of water on what
once was lake and river bottoms, of large chasms and sand blows, of

buildings tilting due to differential settling, and of trees being
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Figure 5.--Map showing the extent of the area of ground failures; shaded zone
is the principal area of liquefaction, landslides, etc. (taken from
Fuller, 1912, with modifications).
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Figure 6a.--Map of the Mississippi river from Island 1 through Island 66,
indicating geographical locations and island number (taken from Cramer,
1814). The underlined last names of individuals indicated on the figure
refer to their locations on December 16, 1811, and February 07, 1812.
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nearly submerged below the water's surface. At Big Prairie Mrs.
Martha Eastwood (Joint Collection) tells of wide crevices, numerous
sand blows, large trees being uprooted and extensive flooding.

Besides the general destruction and extensive ground failures
within the shaded area of Figure 1, there are several.reports of
ground failures elsewhere. Twenty miles above New Madrid, it is
reported in the American Statesman (pub. in Lexington, KY; Mar. 3,
1812) that sand blows and extensive flooding resulted from the Dec.
16, 1811 earthquake. Speed (Pennsylvania Gazette; Mar. 18, 1812)
tells of seeing sand blows at Fort Massac on the Ohio rvier in
southern Illinois, and as previously mentioned, Berry (1908) tells
of sand blows and fissuring in White County, Illinois along the
Wabash river.

The settlements of Little Prairie and Big Prairie were destroy-

ed by the earthquakes of Dec. 16, 1811, whereas the settlement of

New Madrid was destroyed by the earthquake of Feb. 07, 1812 (Robert

McCoy; see Joint Collection).

AFTERSHOCKS

In addition to the four major earthquakes, there were hundreds
of aftershocks felt as far away as Louisville, KY (McMurtrie, 1819),
and Cincinnati, OH (Drake, 1815); and many of these were significant
events in their own right. Table I, Section A, is a compilation of
a few of those aftershocks that have been documented as being felt
throughout the Ohio river valley and southeastern United States.
The bases for the table are the newspaper accounts compiled by Street
(1980), and summaries by McMurtrie (1819) and Drake (1815). Five of

these shocks, those on Dec. 16, 1811 (at 3 A.M.); Dec. 17, 1811;
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TABLE 1.

Principal aftershocks: dates, times, and

localities that reported the events.

Date
Day-Mo-Year

16 Dec.

16 Dec.

17 Dec.

07 Feb.

10 Feb.
11 Feb.
B.

16 Dec.

16 Jan.

23 Jan.

27 Jan.

04 Feb.

07 Feb.

1811

1811

1811

1812

1812

1812

1811

1812
1812

1812

1812

1812

Aftershocks of the 1811-1812 Felt As Far East
As The Atlantic Seaboard

Time (EST)

3 AM.

10 A.M.

Nooa

10:40 P.M.

4 P.M.

6 A.M.

Localities Reporting The Aftershock

Augusta (GA), Chillicothe (OH)
Cincinnati (OH), Frankfort (KY),
Knoxville (TN), Louisville (KY),
Mount Gilead (KY)*, New Bourbon
(MO)**, st. Louis (MO), and Savan-
nah (GA). .

Cincinnati (OH), Columbia (SC),
Fort St. Stephens (AL), New
Bourbon (MO), and St. Louis (MO).

Charleston (SC), Chillicothe (OH),

Cincinnati (OH), Columbia (SC),
Fort St. Stephens (AL), Georgetown

" (SC), Louisville (KY), Meadville (PA),

Marietta (OH), Natchez (MS), New
Bourbon (MO), St. Louis (MO), Savan-
nah (GA), Wheeling (WV), and Zanes-
ville (OH).

Augusta (GA), Dayton (OH), Knoxville
(TN), Lancaster (OH), Louisville (KY),
Mount Gilead (KY), Newbern (NC), New
York (NY), Richmond (KY), and
Wheeling (WV). .

Charleston (SC), Cincinnati (OH),
Louisville (KY).

Charleston (SC)- and Cincinnati (OH).

Aftershocks of the 1811-1812 Sequence Felt
Throughout The Mid-West

.7:15 AM,

11 P.M.

11 P.M.

9 A.M.

5 P.M.

8 P.M.

Chillicothe (OH), Cincinnati (OH),
Louisville (KY), and New Bourbon (MO).

Cincinnati (OH) and Lexington (KY).

Lexington (KY) and Louisville (KY).

Cincinnaci (OH), Dayton (OH),
Louisville (KY), Mount Gilead (KY),
Newport (KY), Wheeling (WV), and
Zanesville (OH).

Cincinnati (OH), Columbia (SC),
Louisville (KY), Marietta (OH),
Mount Gilead (KY), and Zanesville
(OH) .

Cincinnati (OH), Dayton (OH), Knox-
ville (TN), Lancaster (OH), Louis-
ville (KY), Mount Gilead (KY),
Richmond (KY), and Wheeling (WV).

*Mount Gilead (KY) - located three miles north of Hodgenville,

KY.

**New Bourbon (MO) - a former small settlement of French

Royalists located two miles south of Ste. Genevieve, MO.
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Feb. 07, 1812 (at 10:40 P.M.); Feb. 10, 1812; and Feb. 11, 1812,
were felt as far east as the eastern seaboard of the United States.

The aftershock at 3 A.M. on Dec. 16, 1811, was felt as far east
as Augusta and Savannah, éA, as well as to some degree in several
other central and eastern United States cities (see Table 1). The
6.2 mbLg magnitude southeastern Missouri earthquake of Oct. 31, 1895
is described by Nuttli (1974) as being an intensity III (MM) event
in Augusta. Since the two earthquakes were about equally severe at
Augusta, and were felt over approximately the same area, the Dec. 16,
1811 aftershock at 3 A.M. is probably a magnitude 6 to 6% mbLg event.

The aftershock on Deé. 17, 1811 wa; felt in Charleston, SC where
it is described as lasting less than thirty seconds. It was sensibly
felt by those in their houses but not by those on the streets, and
caused hanging articles to vibrate; i.e., an intensity ITI (MM) at
Charleston, SC. By way of comparison, the 6.6 mbLg (Nuttli et al,
1979) Charleston, SC earthquake of Aug. 13, 1886 is described by
Bollinger and Stover (1976) as being an intensity IIIMM event at New
Mardid, MO - reciprocity suggesfs that the two events are approximately
equal in magnitude. The Dec. 17, 1811 earthquake, which also stopped
clocks in Natchez (an epicentral distance of 510 kilometers) was
reported as being severe at Georgetown, SC (an epicentral distance
of 1,020 kilometers), and was described by Bradbury (1819), who was
traveling down the Mississippi river, as a violent shock that greatly
agitated the trees and river.

Another strong aftershock that can be somewhat documented is the
one that was felt at approximately 10:40 P.M. on Feb. 07, 1812. This

aftershock was felt as far away as New York city (an epicentral dis-
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tance of 1,430 kilometers), is described in Louisville, KY as being
"severe to tremendous', as being '"smart" at Dayton, OH and Augusta,
GA, as being '"felt by many" in Newbern, NC, as.''frightening children"
in Wheeling, WV, and as of being of 'considerable violence' in Knox-
ville, TN. This aftershock is not specifically mentioned in the
Charleston, SC newspaper accounts of the earthquakes, but since it
was felt in both Georgia and North Carolina, it was probably also
felt in Charleston. Regardless, since the earthquake was felt as
far away as New York city and is widely collaborated elsewhere, it
too was probably on the same order of magnitude as the Charleston,
SC earthquake of Aug. 31, 1886.

The aftershocks that occurred on Feb. 10, 1812 at 4 P.M. and Feb.
11, 1812, were also felt in Charleston, SC, where they were described
as being '"slight". At Louisville, KY the Feb. 10, 1812 aftershock
was described as being '"smart", while at Cincinnati, OH it.was de-
scribed as being a 'gentle vibration'". The magnitudes of both
aftershocks are probably slightly less than that of the previous two,
and more likely were on the order of the 1895 Charleston, MO earth-
quake's magnitude, 6.2 mbLg.

The aftershock listed in Section B of Table 1 were felt through-
out most of the Ohio river valley and; in some instances, were reported
as being felt as far east as Columbia, SC and Wheeling, WV. Based on
the felt areas of the 1886 and 1895 earthquakes referenced above,
and the south-central Illinois earthquake of Nov. 09, 1968 (Gorden
et al, 1970), the aftershocks listed in section B are probably on the

1
order of 5% to 6 mbLg magnitude earhtuqakes.
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The aftershocks listed in Table 1 are but a very few of the total
number known to have occurred. In addition to those listed in the
table, there are several other aftershocks that are reported in var-
ious eastern cities, but which are not included in the table since
they could not be collaborated as being felt elsewhere. In addition,
Brooks (McMurtrie, 1819) chronicled 191 other aftershocks that Nuttli
(1973) classifies as MM intensit& IT at Louisville, KY. Based on
recent earthquakes, for which there are available both instrumental
and intensity data, southeastern Missouri earthquakes that are felt
in Louisville generally have a mbLg magnitude of 5.2 or greater.

Therefore, in summary with respect to the aftershocks, it can
be concluded that between Dec. 16, 1811, when the first earthquake
occurred, and March 15, 1812, when ﬁrooks stopped recording the after-
shocks, four earthquakes of magnitude 7 mbLg or greater occurred, at
.least six aftershocks of magnitude 6.2 to 7.0 mbLg occurred, and at
least 197 aftershocks of magnitude 5.2 and 6.2 mbLg occurred.

EFFECTS ALONG THE MISSISSIPPI RIVER

Some of the most dramatic eye-witness accounts of the 1811-1812
earthquakes are the observations noted by travelers going down the

Ohio and Mississippi rivers during the winter of 1811-1812.

Eye Witness Accounts of the Earnthquake of Dec. 16, 1811

On the eveining of Dec. 16, 1811, Charles Latrobe (1835) was
aboard the steam boat 'New Orleans' that was tied up on the Ohio
river a short distance upriver from the present site of Owensboro,

KY; Firmin La Roche, Fr. Joseph, and others (Shoemaker, 1928) were
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on a boat tied up eight miles above New Madrid along the west bank

of the Mississippi river; John Wiseman (New Madrid Record; Joint Col-
lection) was on a boat tied up near New Madrid; an aﬁonymous travler
(Farmer's Repository; Feb. 28, 1812) was on a boat moored to a sand-
bar 10 miles above Little Prairie; James Fletcher (Wilson's Knox-
ville Gazette; Feb. 10, 1812) was on a boat tied up at Little Prairie;
.William Pierce (New York Evening Post; Feb. 11, 1812) was on a boat
tied up along the Mississippi river 116 miles below the mouth of the
Ohio - i.e., near island 20; Captain John Davis (Otsego [NY] Herald;
Mar. 28, 1812) was on a béat tied to island 25; and John Bradbury
(1819) was on a boat tied up to an island in the Mississippi

river - most likely island 34. Superimposed on Figure 6a are

the approximate locations of the various travelers on the night of
Dec. 15, 1811.

In general their accounts agree that the most extensive ground

failures associated with the two major shocks on Dec. 16, 1811, and
their immediate aftershocks, occurred along the Mississippi river
beginning a few miles above New Madrid, MO to a point mid-way between
Devil's Elbow and Fort Pickering. Less severe ground failure phe-
nomena were observed along the Ohio river as far up river as a point
somewhere between present day Henderson and Owensboro, KY (Latrobe,
1835), and as far south along the Mississippi river as the mouth of
the St. Francis river. The following is a brief summary of their
observations; as indicated previously, Figures 6a and 6b illustrate
the geographic locations along the Mississippi river mentioned in

the summary.
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On board the steamboat 'New Orleans' that was tied up on the
Ohio river a short distance above the present day site of Owensboro,
KY, Latrobe did not feel the Dec. 1l6th earthquakes. vThe first time
that those on board became aware of something unusual was when they
landed on the Indiana side of the Ohio river opposite of Yellow
Banks (Owensboro, KY) to take on a load of coal. While loading the
coal, squatters in the area told them about the strange noises and
shaking felt that morning.

On tﬁe 16th and 17th the steamboat continued its journey down
the Ohio, during which time those on board frequently witnessed
large portions of the shore falling into the river. On the second
day (the 17th) they observed trees in the forests being shaken,
and numerous trees obstructing the channels in the Ohio. Late that
night they tied up to an island in the Ohio that was within sight of
the Mississippi river. During the night they felt several after-

shocks that were strong enough to jar loose articles on board the boat.

Eight miles above New Madrid on Dec. 16th, La Roche witnessed
trees and banks falling into the river, and described how the boat
he was on was pushed Qpriver by a great wave for a distance of about
one mile before the river returned to its normal flow. He also
described the death of one of his crewmen, a man named Ben, who was
killed by a falling tree as they were landing at New Madrid later
that morning. The falling tree also severely damaged their boat,
but La Roche's crew apparently decided that they were better off on

the river than remaining in New Madrid where houses were on fire,
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the ground was badly cracked (fissures), and small earthquakes were
continually being felt. Latrobe arrived at New Madrid on Dec. 18th
aboard the 'New Orleans', and likewise mentions seeing many fissures
in the settlement.

About twenty miles below New Madrid (or ten miles above Little
Prairie) the anonymous traveler was tied up on a sandbar near island
13. The writer of the letter described seeing trees and banks.caving
into the river, large trees being snapped in two by the violence of
the earthquakes, and seeing trees being torn up by their roots. And
while this was happening on shore; he described large bodies of water,
logs, etc. being thrown above the river to the height of several feet
in places. The traveler also described the Mississippi rvier as
rising 18 inches immediately after the first shock; he w#s afraid of
being stuck on the sandbar and consequently sounded the water level
beneath his boat at regular intervals throughout the night. On the
morning of Dec. 16th, he got underway and arrived at Little Prairie
shortly thereafter, where he was told that the fourth shock (the
second major event; i.e., the one at 08:15 on the morning of the 16th)
had destroyed that settlement.

James Fletcher, who had arrived at Little Prairie on the evening
of the 15th, was most impressed by the many fissures and sand blows
that developed in the nearby vicinity of that settlement. The largest
fissures he observed were 8 to 10 feet in width, and exhibited dif-
ferences in elevation between the two sides by as much as 12 feet.
Fletcher also observed sand blows and described them as spouting water

and sand out of the earth to a height of eight or ten feet.
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William Pierce's boat was tied up along the left bank of the
Mississippi river in the vicinity of island 20 on the evening of
Dec. 15th. He reported seeing a large oak tree snap in two by the
violence of the earthquake, of seeing water, sticks, mud, etc. being
spouted into the air, extemsive caving of the river ban<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>