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EXPLANATION
Earthquakes and selected surficial effects
Epicenter of instrumentally located earthquakes
Magnitude less than 2.0

Magnitude 2.0-2.9
Magnitude 3.0-3.9

0]
O
Q Magnitude greater than 4.0

Epicenter of historical earthquake—Showing date of earthquake with
moment magnitude of at least 5.0

Sand blows—Deposits from 1811-12 earthquakes cover more than 1
percent of ground

@D @®  Energy release centers—Alignment of centers from 1811-12 earthquakes

as inferred from properties and distributions of sand blows

— e Bootheel lineament—Elements of lineament as interpreted from aerial
photographs

Embayment strata—Exposed within Mississippi embayment. Mostly Quater-
nary age, some Tertiary or Cretaceous age

Paleozoic rocks—Exposed outside Mississippi embayment. Mostly Ordovician
age

Areas of anomalies based on fluvial geomorphology—Fischer and Schumm
(1993) and Wheeler and Rhea (1994; table 4) discuss anomalies A-H.
Anomalies G and H were detected from studies of drainage ditches that
are too small to show here. Anomalies are named as follows: A, Hickman
bend; B, Lake County uplift; C, Caruthersville bend; D, Barfield bend;
E, Black and St. Francis Rivers; F, St. Francis River; G, Charter Oak
depression; H, Bragg City upwarp

mmmmmm  Fault—Dotted where inferred. Movement shown where known; U, upthrown
side; D, downthrown side

Selected drill-holes—Diameter of circle indicates total depth from sea level;
drill-hole name from Dart (1992). Circle solid if well reached basement
rocks. Vertical line indicates well penetrated igneous rocks. Solid circle
and vertical line indicate well penetrated igneous rocks and reached
basement

M0107 O Depth less than 4,000 ft
Mmom O) Depth 4,000-8,000 ft

AR7 <;\» Depth exceeds 8,000 ft

Mafic pluton or intrusive complex—Inferred from combined analyses of
gravity and aeromagnetic data

‘ ‘ ‘ Nonmagnetic axial gravity high within Mississippi Valley graben
|

@ Blytheville arch—Inferred from seismic-reflection data
| Edge of floor of Mississippi Valley graben—Inferred from aeromagnetic data
Road—Limited access, primary, or secondary

Geomorphic feature—Named linear feature or border of named topographic -
high or low
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Figure 1. Large structures in Paleozoic sedimentary rocks and shallow basement in the vicinity of New Madrid, Mo. Paleozoic
rocks (pink) are exposed outside the Mississippi embayment; post-Paleozoic strata (yellow) are exposed within the
embayment. Solid green lines inferred from magnetotelluric data. Purple line inferred from seismic-reflection data. Dashed
lines inferred from gravity data (long dash, Missouri batholith) and aeromagnetic data (short dash, graben floor). Ends
of lines defined by limit of data. '
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Figure 2. Schematic cross section of Mississippi Valley graben. Section is generalized
and corresponds to no specific profile on map. From Wheeler, Rhea, and Dart
(1994).
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EXPLANATION

Embayment strata—Exposed within Mississippi embayment. Mostly Quater-
nary age, some Tertiary or Cretaceous age

Paleozoic rocks—Exposed outside Mississippi embayment. Mostly Ordovician
age

Structure contours—Drawn on post-Paleozoic unconformity beneath embay-
ment strata, on smoothed topography atop exposed Paleozoic rocks. Con-
tour interval 100 ft; datum sea level (R.L. Dart, written commun., 1993)

Subcrop contact—Identified in Paleozoic rocks beneath post-Paleozoic uncon-
formity from drill-hole data (R.L. Dart, written commun.,1993)

Figure 3. Structure of the post-Paleozoic unconformity showing (1) the southwest-plunging syncline (red contours) which postdates
the Paleozoic-Mesozoic erosional surface; and (2) subcrop contacts (black lines). These define the uplifted Pascola Arch.
The subsurface dome on the crest of the arch near the label Cambrian rocks below Knox Group coincides with the surficial
extent of the Lake County uplift (Russ, 1982) and with the area of intense seismicity between New Madrid, Mo., and Dyersburg,
Tenn.

INTRODUCTION

Much research has been conducted during the past 20 years in the vicinity of New
Madrid, Mo., an area that centers near the sites of three great earthquakes that occurred

during the winter of 1811-12 (Fuller, 1912; Nuttli, 1973). These earthquakes and continuing

subsequent seismicity make the region the most seismically active area in the United States
east of the Rocky Mountains. The threat posed by New Madrid seismicity to the central
and eastern United States makes the area the focus of many investigations (McKeown
and Pakiser, 1982; Hamilton and Johnston, 1990; Applied Technology Council, 1991;
Johnston and others, 1992, Wheeler, Rhea, and Tarr, 1994). The map includes the area
of the most intense seismic activity in the New Madrid region. -

This is one of a series of seismotectonic maps of the New Madrid area in southeast
Missouri and adjacent parts of Arkansas, Kentucky, and Tennessee whose purpose is to
help assess the seismic hazards in the area. Because all of the seismotectonic data cannot
be shown legibly on a single map, a series of maps that group different types of related
information have been prepared (table 1). This seismotectonic map shows geologic and
geophysical information selected from the maps listed in table 1 to provide a framework
of seismicity, its geologic effects, and local geologic structure.

SEISMICITY AND EARTHQUAKE EFFECTS

Earthquakes shown on the map as open red circles were recorded by the local seismic
network from July 1974 through June 1991 (Taylor and others, 1991). The precision with
which epicenters are located varies, but is usually less than 1 km. Two northeast-trending
bands of seismicity that are connected by a northwest-trending band appear in the map
area when earthquake epicenters are plotted. Although this overall pattern has been recog-
nized since the early days of the permanent network (Stauder and others, 1976), details
have emerged as the permanent network continues to operate and the crustal velocity model
is refined. Prior to 1974, several damaging earthquakes occurred in the New Madrid seismic
zone and those with estimated moment magnitudes greater than 5.0 are shown (table 2;
Johnston, 1994). The locations of these large earthquakes indicate that all parts of the
map area have undergone a Modified Mercalli Intensity of VII or higher since 1811.

During the winter of 1811-12, the three great earthquakes that occurred in the map
area caused widespread liquefaction in the Mississippi River flood plain. Extent of the
liquefaction is identified by the distribution of sand blow deposits in the area (Obermeier,
1989). Areas that are covered by more than 1 percent sand blows are indicated on the
map. The approximate localities that were most intensely shaken by the earthquakes of
1811-12 are indicated on the map by linear energy-release centers (Obermeier, 1989; Rhea
and others, 1994; and Wheeler and Rhea, 1994). On the eastern side of the Mississippi
River a line of bluffs separates the flood plain from adjacent uplands; with few exceptions
sand blows are not evident east of the bluffs. Jibson and Keefer (1988) mapped landslides
along the bluffs, and interpreted that most were coherent blocks or earth flows formed
during the 1811-12 earthquakes.

Several topographic features, such as flooded areas, river anomalies, ridges, and scarps
in the map area may be related to tectonic deformation. Fuller (1912) speculated that
numerous lakes and swampy or flooded areas, locally called sunklands, had coseismic origins
in the 1811-12 earthquakes; the largest of these features are Reelfoot Lake, the Lake St.
Francis Sunklands, the Hatchie Coon Sunklands, and the Big Lake Sunklands. Recently
dated cores from Big Lake and Lake St. Francis Sunklands indicate that the most likely
cause of flooding is coseismic subsidence in 1811-12 (Guccione and Hehr, 1993; Guccione
and others, 1993, 1994). Recently collected dendrochronologic and geomorphic evidence
shows that, although part of Reelfoot Lake might pre-date 1811, it was suddenly enlarged
in 1811-12 (Fuller, 1912; Russ, 1982; Stahle and others, 1992; Wheeler and Rhea, 1994).
River drainage anomalies along parts of the Mississippi River, smaller rivers, and drainage
ditches were identified by Fischer and Schumm (1993). Only those drainage anomalies
that we believe to have tectonic origins are shown on the map (Wheeler and Rhea, 1994,
table 4). Geomorphic and paleoseismologic evidence, including a scarp near Reelfoot Lake
and topographic highs near Ridgely and Tiptonville, delineate the Lake County uplift and
identify movement between latest Pleistocene and late Holocene (Russ and others, 1978;
Russ, 1982; Kelson and others, 1992; Kelson and VanArsdale, 1994). Recent interpreta-
tion of geomorphic, drill-hole, and seismic-reflection data indicate that the boundaries and
some of the internal structure of Crowley s Ridge, standing about 60 m above the adjacent
alluvial plain, may be fault controlled and not erosional as previously thought (Cox, 1988;
Nelson and Zhang, 1991; Fischer and Schumm, 1993; VanArsdale and others, 1992).
Similarly, Sikeston Ridge, although previously considered to be an erosional feature, may
also be fault controlled (K.J. Fischer and S.A. Schumm, written commun., 1993).

The 135-km-long Bootheel lineament trends southwest-northeast through the center
of the map area and was first identified on satellite imagery as a discontinuous alignment
(Marple, 1989). The location and description of the Bootheel lineament was refined using
aerial photographs and ground observations of shallow linear depressions, alignments of
sand blows, and truncated meander scars (Schweig, Marple, and Li, 1992). Data collected
in trenches and high-resolution, seismic-reflection surveys indicate that liquefaction and
inferred faults are concentrated along the lineament (Schweig, Marple, and Li, 1992; Schwieg,
Shen, and others, 1992), however the relationship between the lineament and present or
past seismicity is unclear.

Many authors have inferred faults in the map area from various kinds and qualities
of evidence. Wheeler, Rhea, and Dart (1994) evaluated these proposed faults and kept
only those they considered reliable. We show the faults retained by Wheeler, Rhea, and
Dart (1994). We expect that there are other, undetected or unproven, faults in the map area.

STRUCTURE OF THE MISSISSIPPI VALLEY GRABEN

The structure of the Mississippi Valley graben is defined mostly by geophysical data.
The edge of the graben floor was mapped from aeromagnetic data (Hildenbrand, 1982,
Hildenbrand and Hendricks, 1994). Hildenbrand and Hendricks (1994) and Langenheim
(1994) identified the graben-bounding plutons from aeromagnetic and gravity data, respec-
tively. Using these two data sets, we show the largest extent of the combined pluton edges.
Rhea and Wheeler (1994a) show the differences in the pluton edges as defined by the two
data sets. Within the graben, intrusive complexes exist that do not have as coherent or
high-magnitude a magnetic signature as the graben-bounding plutons, suggesting that the
intrusive complexes have a different tectonic history or composition than the graben-bounding
plutons (Hildenbrand and Hendricks, 1994).

The Blytheville arch is a northeast-trending structure, 10-15 km wide and more than
100 km long, that was first observed on seismic-reflection profiles at depths of about 1-4
km (Crone and others, 1985) and later corroborated with drill-hole data (Hamilton and
McKeown, 1988). The northeastern limit of the arch is uncertain; seismic-reflection data
northeast of the arch indicate a zone of disrupted reflectors coincident with the area of
greatest current seismicity (Crone and others, 1985). The spatial association of the arch
and seismicity suggests that seismic release of strain may be concentrated in the presumably
weak rocks of the arch (Hamilton and McKeown, 1988; McKeown and others, 1990).

Gravity data show an alignment of dense, nonmagnetic rocks along the center of the
graben (Langenheim, 1994). This alignment is parallel to and coincident with other linear
features. The alignment is parallel to and coincident with the Blytheville arch, except that
the gravity alignment extends southwest and northeast of where the arch is recognized.
The gravity alignment is also parallel to and coincident with the southwest band of seismicity,
parallel but adjacent to the southwest center of energy-release alignment, and parallel to
and partly coincident with the Bootheel lineament. These coincidences suggest a genetic
relationship.

The edges of the graben margin, as defined by magnetotelluric data, are 10-30 km
outside the edges of the graben floor as defined by aeromagnetic data (figs. 1 and 2; Stanley
and Rodriguez, 1992; Rodriguez and others, 1994; Rhea and Wheeler, 1994a, Wheeler,
Rhea, and Dart, 1994). Combination of these two interpretations suggests that the graben
margins form a series of successively downdropped fault blocks. Magnetotelluric data also
define an axial high, which is coincident with the Blytheville arch, and intragraben troughs
adjacent to the high.

The Missouri batholith trends northwest-southeast across the map area and is inferred
from gravity data (fig. 1; Hildenbrand and Hendricks, 1994). It roughly coincides with the
crest of the Pascola arch, a broad northwest-trending uplift beneath the regional Paleozoic-
Late Cretaceous unconformity. The broad Pascola arch covers the entire map area, and
is not labeled on the map. Subcrop contacts beneath the unconformity outline the broad
crest of the Pascola arch (fig. 3; Dart, 1992; Dart, in press; Wheeler, Rhea, and Dart, 1994).
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Table 1. Additional data compiled in the vicinity of New Madrid, Mo., as part of this study and
published separately as companion maps

Map topic (citation)

Additional data shown on cited map

Seismicity and sand blows (Rhea and others, 1994)

Large structures interpreted from geophysical data
(Rhea and Wheeler, 1994a)

Geophysical profile and modeling lines (Rhea and
Wheeler, 1994b)

Structure of the Mississippi Valley graben (Wheeler,

Rhea, and Dart, 1994)

Surficial and hydrologic features (Wheeler and
Rhea, 1994)

Seismograph and accelerograph locations

Contours of P-wave velocity in upper crust

Single-earthquake focal mechanisms

Stress orientations from focal mechanisms and well-
bore breakouts

Plutons and intrusive complexes inferred from
aeromagnetic data and plutons inferred from
gravity data (three data sets combined on
map)

Dense cores in plutons inferred from gravity data

Structure contours atop magnetic basement or
intrusive rocks

Contours of depth to and thickness of anomalous
lower crust

Vibroseis, Mini-Sosie, river airgun, and COCORP
seismic-reflection profile lines

Gravity profile and modeling lines

Aeromagnetic modeling lines

Magnetotelluric sounding points and modeling lines

Contours of radon concentrations in soil gas

Bootheel lineament interpreted from Landsat images

Global Positioning System survey monuments

Five centerlines of the Mississippi River, 1765 to
present

Anomalies in ground water properties

Trenches dug in search of pre-1811 liquefaction or
deformation

Earthquake-induced landslides along bluff line at
cast edge of Mississippi River flood plain

Pre-1811 course of Reel Foot River draining Reelfoot
Lake into Mississippi River

Table 2. Historical earthquakes with moment
magnitude of 5.0 or greater

[Source Johnston (in press)]

Date M Lat Long
mo.da.year N. W.

12.16.1811 8.2 36.0 90.0
01.23.1812 8.1 36.3 89.6
02.07.1812 8.3 36.5 89.6
01.05.1843 6.5 35.3 90.5
08.17.1865 3.2 36.0 89.5
10.31.1895 6.8 37.0 89.4
11.04.1903 5.0 36.9 89.3
08.22.1905 5.0 36.8 89.6

LOCATION MAP

CONVERSION FACTORS

Multiply

centimeters (cm)

meters (m)
kilometers (km)

By To obtain
0.3937 inches (in)
3.281 feet (ft)
0.6214 miles (mi)
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