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Figure 1. The map area is divided into 16 tracts, each measuring 30" by 30,
to aid in finding small features that are referred to in the text and tables.
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MAP SHOWING SURFICIAL AND HYDROLOGIC FEATURES IN THE VICINITY OF NEW MADRID, MISSOURI
By
Russell L. Wheeler and Susan Rhea

1994

EXPLANATION

Location of monuments in Global Positioning System networks
Regional-scale network of Seth Stein (written commun., 1993)

Intermediate-scale network of Lanbo Liu and others (written commun.,

1993)
Intermediate-scale network of Snay and others (1994)

Local network of M.A. Ellis (written commun., 1993)
Center lines of Mississippi River

1765

1820-30

1881-93

1930-32

1960

Area of anomalies in river geomorpholoéy--Lettcrs keyed to table 3.
Anomalies G and H involve drainage ditches too small to show here
Hydrologic anomalies in ground water properties--Boundary locations
uncertain by 10-20 km (see text)
Effects of ground shaking
Site of excavation for evidence of pre-1811 liquefaction or deformation--
Table 4 explains numerals, letters, and names next to symbols
Landslides probably caused by 1811-12 earthquakes--SL, Stewart landslide;
CL, Campbell landslide

Alignment of earthquake energy-release centers inferred from properties

and distribution of liquefaction induced sand blows

Sand blow deposits cover between 1 percent and 25 percent of ground
surface

Sand blow deposits cover more than 25 percent of ground surface
Elements of Bootheel lineament

Elements mapped from aerial photographs

Elements mapped from Landsat imaées
Earthquake epicenters, scaled by earthquake magnitude

Less than 2.0

Between 2.0 and 2.9

Between 3.0 and 3.9

4.0 or greater

Three great New Madrid earthquakes of 1811-12--Locations approximated by
Nuttli (1979)

State boundary

County boundary

Selected city or town if not identified by road intersections
Limited access, primary, or secondary road

Railroad

Selected river, stream, or irrigation ditch

Wide river, selected lake or pond

INTRODUCTION

This is one of a series of five seismotectonic maps of the seismically
active New Madrid area in southeast Missouri and adjacent parts of Arkansas,
Kentucky, and Tennessee (table 1). We cannot legibly show all the
seismotectonic data on a single map, therefore each of the five maps in this
series groups a different type of related information. Rhea and others (1994)
summarized the background and purpose of the seismotectonic map folio. To
aid in locating small features mentioned in the text and tables we have divided
the map area into 16 tracts (fig. 1); some of the small features are identified
by tract number.

The focus of this map is earthquake effects in the New Madrid area.
The first part of the discussion is a description of some surficial effects of
three great earthquakes that struck the map area during the winter of 1811-12
(Nuttli, 1973). Next, we discuss other possible records of recent deformation
that may have bearing on the assessment of seismic hazards. Finally, some
features of uncertain origins are discussed; these have unknown bearing on
hazard assessment. Some swampy or flooded areas, locally called sunklands,
are discussed in two places because two of the sunklands formed or enlarged
during the 1811-12 earthquakes, whereas the others are of uncertain origins.

SURFICIAL AND HYDROLOGIC EFFECTS OF THE
1811-12 EARTHQUAKES

LIQUEFACTION

One of the most dramatic effects of the great earthquakes of 1811-12
was widespread liquefaction, the surface manifestations of which are preserved
as sand blows throughout the region. Obemneier (1989, pl. 8) used aerial
photographs, field observations, and other information to map the percentage
of the land surface covered with sand blows east of Crowleys Ridge. We
simplified his 1:500,000-scale map, in the manner of Obermeier (1988, fig. 7
and Obemeier and others (1990, fig. 14), to show areas that are between 1
and 25 percent covered by sand blows and areas that are more than 25 percent
covered. The effects of post-1811-12 floods prevented Obemneier (1989) from
mapping sand blows near the Mississippi River. Sand blows also formed
elsewhere, for example west of Crowleys Ridge, but were not mapped by
Obemneier (1989).

Obemeier (1989) used geotechnical data and maps of sand blow
density to estimate linear centers along which energy was released most
intensely during the three great 1811-12 earthquakes. From analyses of sand

blows in the southwestern part of the area, Obemneier (1989) estimated that
the first shock on December 16, 1811 released its energy most intensely along
a northeast-trending linear center at the Big Lake Sunklands (tracts 7 and 10).
Obemeier estimated the linear center to be located with an accuracy of 10 km
or better. From similar analyses in the northeastern part of the sand blow
area, Obermeier (1989) estimated that the third earthquake on February 7,
1812 released its energy most intensely along two less accurately located
linear centers in tracts 3 and 4 and in tracts 7 and 8. The second shock on
January 12, 1812 was located between the other two earthquakes, and its sand
blows could not be distinguished from those of the other two. Obemmeier's
energy-release centers and contours of sand blow density nearly coincide with
the three epicenters that Nuttli (1979) estimated from sparse intensity data.

LANDSLIDES

A line of bluffs, called the Chickasaw bluffs near Memphis, Tenn.
forms the southeast edge of the alluvial plain of the Mississippi River. The
bluffs stand several tens of meters above the alluvial plain and are breached by
several large, westward-flowing streams. The bluffs contain hundreds of
landslides (Jibson and Keefer, 1988, 1989, 1993). Some of the landslides are
recently active rotational slumps attributable to undercutting where the
Mississippi River impinges on the base of the bluffs (Jibson and Keefer,
1988). However, most of the landslides are coherent blocks or earth flows
formed by shaking during the 1811-12 earthquakes (Jibson and Keefer, 1989,
1993). We show locations of both groups of shaking-induced landslides,
digitized from unpublished 1:24,000-scale maps that Jibson and Keefer (1988)
used to prepare their plate 1. In addition, we identify the locations of the
Stewart landslide (SL), a coherent block, and the Campbell landslide (CL), an
earth flow, both near Dyersburg, Tenn. in tract 8. The Stewart slide is number
OCD-77 and the Campbell slide is number EFD-27, both of Jibson and Keefer
(1988, pl. 1). Jibson and Keefer (1993) analyzed these two landslides;
geotechnical analyses showed that neither is likely to have moved under
aseismic conditions but both could have failed during a strong earthquake,and
catastrophic failure was very probable during the 1811-12 earthquakes (Jibson
and Keefer, 1993). The 1811-12 earthquakes may have caused landslides
elsewhere in the map area, but we know of no other thorough searches for
them.

OTHER LANDFORMS

The Lake County uplift is a complex, 6-10-m high topographic
anomaly (tracts 3, 4, 7, and 8) that borders Reelfoot Lake on the west (table
2). The uplift is highest in its central and southem parts, the Tiptonville dome
and Ridgely ridge, respectively. A 3-9-m high, east-facing escarpment called
the Reelfoot scarp forms the east flank of the Lake County uplift and the
Tiptonville dome at Reelfoot Lake (Russ and others, 1978). The northern part
of the Lake County uplift rose in the latest Pieistocene or early Holocene
(Russ, 1982). Mapping of Holocene meander belt deposits and trenches across

Reelfoot scarp revealed evidence of middle or late Holocene uplift of the
Tiptonville dome and Ridgely ridge (Russ and others, 1978; Russ, 1979;
Kelson and others, 1992; Kelson and VanArsdale, 1994).

Stahle and others (1992) and M.J. Guccione and others (written
commun., 1993) reproduced maps published in 1795 and 1807, respectively,
which show the former course of the Reel Foot river draining Reelfoot Lake
into the Mississippi River between the Tiptonville dome and Ridgely ridge.
Presently no stream flows along the former course of the Reel Foot river, but
the course can be recognized on topographic maps from subtle topography,
linear marshes, and sections of small streams that have been channelized and
linked for drainage. Therefore, when the 1795 and 1807 maps were made,
either the area now occupied by Reelfoot Lake was higher than at present, or
the Tiptonville dome and Ridgely ridge were lower, or both.
Dendrochronologic and geomorphic evidence shows that the lake was suddenly
and greatly enlarged in 1811-12 (Fuller, 1912; Russ, 1982; Stahle and others,
1992). The lake now drains southward around the Lake County uplift instead
of west across it. Therefore, the last recognized episode of uplift of the
Tiptonville dome and Ridgely ridge with respect to Reelfoot Lake was in
1811-12, presumably as coseismic deformation.

The dome and ridge now overlie planar zones of earthquake
hypocenters that dip southwest at 31° under the Tiptonville dome and 48°
under Ridgely ridge (Chiu and others, 1992). However, it remains unclear
whether Reelfoot Lake subsided in an absolute sense in 1811-12 or was
merely dammed by the relatively uplifted Tiptonville dome and Ridgely ridge
(Fuller, 1912; Russ, 1982; Stahle and others, 1992). It also remains unclear
whether the relative vertical displacement between the dome and ridge on the
west and Reelfoot Lake on the east was concentrated at the Reelfoot scarp in
1811-12 or was more widely distributed, with the topographic scarp being
wholly an older feature (Russ, 1979; Kelson and others, 1992).

The Big Lake, Lake St. Francis, and Hatchie Coon Sunklands (tracts 6
and 10) form three of several swampy or flooded areas that Fuller (1912)
attributed to effects of the 1811-12 earthquakes. We show only the four
largest of these sunklands, including Reelfoot Lake. Saucier (1970) suggested
that several of the sunklands formed by alluvial drowning, as natural levee
deposits of larger streams partly dammed smaller tributaries. However,
interpretations of dated cores from Big Lake and Lake St. Francis show that
their streams were drowned suddenly in about 1811-12 (King, 1978; Guccione
and Hehr, 1991, 1993; Guccione and others, 1993; M.J. Guccione and others,
written commn., 1993; Guccione and others, 1994). The suddenness of the
drowning makes coseismic subsidence the most likely explanation for the Big
Lake and Lake St. Francis Sunklands.

OTHER POSSIBLE RECORDS
OF RECENT DEFORMATION

BOOTHEEL LINEAMENT

The Bootheel lineament is a 135 km long zone of features visible on
satellite images and aerial photographs (tracts 7, 10, and 11; Marple, 1939;
Marple and Schweig, 1992). In the field the lincament is a discontinuous
alignment of shallow linear depressions, linear sand blows, truncated meander
scars, and boundaries between areas having different densities of sand blows
(Schweig and Marple, 1991; Schweig, Marple, and Li, 1992). Trenches across
elements of the lineament exposed liquified sand and small shear zones that
Schweig, Marple, and Li (1992) suggested were caused by the 1811-12
earthquakes. Schweig, Shen, and others (1992) interpreted results of shallow,
high-resolution, seismic-reflection surveys to show gentle folds and steep,
upward-splaying faults suggestive of flower structures in a strike-slip fault
zone. Most of the lineament is on braided-stream deposits older than 9,500
years, which is thus the maximum age of the various elements of the
lineament. A few small earthquakes align roughly along the lineament in tract
7, and in tract 10 the lineament meets obliquely one of the main linear zones
of epicenters. However, the origin of the lineament and its relation to
seismicity remain unclear (Schweig and Marple, 1991; Gomberg, 1992, 1993).
We digitized elements of the lineament from lines interpreted on aerial
photographs and Landsat images, and compiled on 1:24,000- and 1:250,000-
scale topographic maps, respectively (E.S. Schweig, written communs., 1992,
1993). The lineament is incomplete as we show it because its elements were
not yet compiled from aerial photographs onto the northemmost 1:24,000-scale
topographic maps as of June 1993.

GLOBAL POSITIONING SYSTEM (GPS) SURVEYS

Recent and continuing GPS surveys are seeking evidence of modem
horizontal deformation in and near the map area at regional, intermediate, and
local scales. In 1991, Northwestern University, the Jet Propulsion Laboratory
of the U.S. National Aeronautics and Space Administration, and collaborators
established a GPS network of 26 monuments in a region about four times the
size of the map area (Seth Stein, oral and written communs., 1993). Of these
26 monuments, 13 are in the map area and are typically spaced about 30 km
apart near the most seismically active areas and 80-90 km elsewhere. M.A.
Ellis (written and oral communs., 1993) began to establish a local GPS
network of monuments with an average spacing of about 10 km on and near
the Lake County uplift in June 1993; the locations of the first five monuments
to be installed are shown on the map. Neither the regional nor the local
network had been installed long enough to report results by June 1993.

In 1991, an intermediate-scale GPS survey measured relative positions
among decades-old triangulation monuments with spacings of about 20 km
(Liu and others, 1992, 1993; Lanbo Liu and others, written commun., 1993; Ni
and others, 1992; Snay and others, 1994). Lanbo Liu and others (written
commun., 1993) analyzed 23 of the stations south of latitude 36° 20" N. and
found statistically significant horizontal strain consistent with the right-lateral
strike slip inferred from earthquake focal mechanisms throughout the New
Madrid seismic zone. In contrast, Snay and others (1994) analyzed 17 of the
stations north of latitude 36° 20' N. and found no strain significantly different
from zero. All 23 stations of Lanbo Liu and others (written commun., 1993)
and 16 of the 17 stations of Snay and others (1994) are in the map area. The
two networks are 20-30 km apart with diameters of 50-70 km. Modem
deformation in this part of the New Madrid seismic zone appears to be patchy
over distances of several tens of kilometers (Lanbo Liu and others, written
commun., 1993; Snay and others, 1994).

TRENCHES AND SIMILAR EXCAVATIONS

Where the historic seismological record is too short to estimate the
frequency of large earthquakes, paleoseismologic methods can be used to
detect and date the evidence left by large, prehistoric earthquakes. Numerous
investigators have examined archagological sites, acrial-photographic
lineaments, individual sand blows, and the banks of hundreds of kilometers of
irrigation ditches and streams in search of evidence of liquefaction or
deformation older than 1811-12. We show locations of trenches or stream- or
ditch-bank exposures that were excavated and logged by late September 1993
(table 3). In addition, we show the location of a deep coal-storage pit at the
Associated Electric Cooperative power plant (site PP, table 3). During
construction the owners generously allowed paleoseismologists and others to
examine the pit walls (R.B. VanArsdale and F. Cooperider, oral communs.,
1993).

CENTERLINES OF MISSISSIPPI RIVER

Uplifts and downwarps can affect the map pattems and other
characteristics of alluvial rivers, including, in the map area, the Mississippi
River (Schumm, 1986). The Mississippi River is most sinuous on the Lake
County uplift and the shapes and locations of the river meanders are useful
guides to possible recent (centuries to millennia) vertical deform ation (Russ,
1982). Single meanders of a river can form or vanish within decades (K.J.
Fischer and S.A. Schumm, written commun., 1993). Therefore, maps showing
the river's course at frequent intervals through historic time can be useful in
separating comparatively ephemeral patterns from longer-lasting ones. K.J.
Fischer and S.A. Schumm (written commun., 1993) and Fischer and Schumm
(1993) examined maps showing the river course at five different times
between 1765 and 1960. They digitized both river banks and the river
centerline from each map between Hickman, Ky., and Osceola, Ark., and show
results from 1765, 1881-93, and 1960 (K.J. Fischer and S.A. Schumm, written
commun., 1993). We show the centerlines from all five maps (K.J. Fischer,
written commun., 1993) and the base map shows the river as it appeared in
aerial photographs taken in 1980-85.

ANOMALIES IN RIVER GEOMORPHOLOGY

K.J. Fischer and S.A. Schumm (written commun., 1993) and Fischer
and Schumm (1993) also analyzed various aspects of river geomorphology
along the Mississippi River from Hickman, Ky. to Osceola, Ark. and along

rivers west of the Mississippi River in the map area. Numerous geomorphic
anomalies along the rivers are described by K.J. Fischer and S.A. Schumm
(written commun., 1993) and we show those anomalies that we judge most
likely to have tectonic causes (table 4).

OTHER FEATURES
EDGE OF MISSISSIPPI EMBAYMENT

The only geologic contact shown on this map is the edge of the
Mississippi embayment (tracts 1, 2, and 5). Northwest of the contact,
Paleozoic sedimentary rocks of the midcontinent are exposed. Southeast of the
contact, the Paleozoic rocks are overlain unconformably by flat-lying or gently
dipping Mesozoic and Cenozoic strata of the Mississippi embayment.
Numerous geologic maps cover part or all of the map area, but the most
gemmane to the subject of this map is that of Saucier and Snead (1989), which
differentiates Quaternary units covering most of the area between the edge of
the Mississippi embayment on the northwest and the line of bluffs on the
southeast.

OTHER TOPOGRAPHIC FEATURES

Crowleys Ridge stands about 60 m above the adjacent alluvial plains
and consists of Tertiary strata mantled by Pleistocene loess (Guccione and
others, 1986; Saucier and Snead, 1989). The ridge trends south-southwest
through the map area and extends about 57 km south of the map area (o
Helena, Ark. Geomorphic, drill-hole, and seismic reflection data indicate that
the ridge boundaries and some of its internal topography might be locally
controlled by faults (Cox, 1988; Nelson and Zhang, 1991; VanArsdale and
others, 1992; K.J. Fischer and S.A. Schumm, written commun., 1993). Long
usage applies the name Crowleys Ridge farther northeast than shown on the
map, through the Bloomfield Hills in Stoddard County, Mo. and on through
the Benton Hills next to the Mississippi River (Farrar and McManamy, 1937;
Fisk, 1944, 1951; Grohskopf, 1955; McCracken, 1971). We do not show the
Bloomfield Hills because they are not presently known to be structurally
controlled, and the Benton Hills are north of the map area.

Sikeston Ridge trends north, with its south end overlapped and raised
by the north part of the Lake County uplift (Russ, 1982). Ray (1964), Saucier
(1974), and Autin and others (1991) interpreted the ridge as an erosional
remnant of a Pleistocene (Wisconsinan) braided-stream terrace, but K.J.
Fischer and S.A. Schumm (written commun., 1993) suggest that its straight
east and west sides might be controlled by faults.

Although four other well-known landforms were once suggested to
have tectonic origins they are not shown because more recent findings indicate
otherwise. The Blytheville dome, one of several possible uplifts described by
Fuller (1912), consists of natural levee deposits (Saucier, 1977; Russ, 1982).
Fuller (1912) also suggested that the Charleston fan might have been uplifted,
but Ray (1964), Porter (1991), and M.J. Guccione (oral and written communs.,
1993) conclude that the material of the topographically high fan was deposited
by large floods that burst from ice-marginal lakes, flowed through the narrow
Thebes Gap north of the map area, and spread south over the area of the
Charleston fan. The Portageville bulge consists of overbank deposits of
modem stream meanders (Russ, 1982). The east-facing Malden-Bernie scarp
was cut by streams that eroded a younger terrace into an older, higher terrace
(Saucier, 1970; Saucier and Snead, 1989).

HYDROLOGIC ANOMALIES

Brahana (1993) and Brahana and Mesko (1994) mapped anomalies in
geochemical, temperature, isotopic, and potentiometric data from ground water
in the McNairy-Nacatoch aquifer of Late Cretaceous age of the northem
Mississippi embayment. Although the mapped anomalies have different
shapes and sizes, they tend to overlap in two areas (Brahana and Mesko,
1994). The northem of these areas approximately overlies the crest of the
Pascola arch and the Bloomfield pluton (not shown here; see Rhea and
Wheeler, 1994a and Wheeler and others, 1994), whereas the southern area
roughly coincides with the fault zone that forms the northwest edge of the
floor of the Mississippi Valley graben (not shown here; see Rhea and Wheeler,
1994a). Because of the different map, sizes and shapes of the various
hydrologic anomalies used by Brahana and Mesko (1994) that overlap in the
two areas, we estimate that the boundaries shown here are accurate only to
within 10-20 km.

Brahana (1993) and Brahana and Mesko (1994) atuibute the
anomalous ground-water properties in the two areas of overlapping anomalies
to upward flow from Cambrian and Ordovician aquifers into the overlying
McNairy-Nacatoch aquifer, through fractures that breach the intervening
impemmeable strata. More specifically, Brahana and Mesko (1994) and J.V.
Brahana (oral commun., 1993) suggest that the inferred fractures in the strata
that overlie the northwest edge of the graben floor formed by slip on faults
that bound the graben floor. Furthemore, J.V. Brahana (oral commun., 1993)
examined unpublished hydrologic data from Paleocene units in the same area
and suggests that this fracturing might extend upward into the Paleocene rocks.
If both suggestions are true, some of the faults that form the northwest margin
of the Mississippi Valley graben were reactivated in Paleocene or more recent
time. Such reactivation would be consistent with the latest Paleocene to
earliest Eocene intrusions and uplifts that Glick (1982) inferred in the
northwest graben margin 50-100 km west of the map area.

ACKNOWLEDGEMENTS

The manuscript was improved by suggestions of A.J. Crone, RW.
Jibson, and SF. Personius. We thank J.V. Brahana, Frank Cooperider, A.J.
Crone, M.A. Ellis, K.J. Fischer, M.J. Guccione, David Hoffman, K.I. Kelson,
Lanbo Liu, Larry Mayer, D.J. Merritts, S.A. Schumm, E.S. Schweig, R.A.

Snay, D.W. Stahle, Seth Stein, M.P. Tuttle, R.B. VanArsdale, J.D. Vaughn,
and S.G. Wesnousky for data, preprints, and discussions.

REFERENCES

Autin, W.J., Burns, S.F., Miller, B.J., Saucier, R.T., and Snead, JI., 1991,
Quaternary geology of the Lower Mississippi Valley, in Morrison,
RB., ed.,, Quaternary nonglacial geology--Conterminous U.S.:
Geological Society of America, The geology of North America, v. K-
2, p. 547-582, 2 folded plates.

Brahana, J.V., 1993, Tectonic control of regional ground-water flow in deeply
buried aquifers of the northern Mississippi embayment, Missouri and
Arkansas: Geological Society of America Abstracts with Programs, v.
25, no. 3, p. 9.

Brahana, J.V., and Mesko, T.O., 1994, Hydrology of the McNairy-Nacatoch

‘ and adjacent aquifers in the northern Mississippi embayment: U.S.
Geological Survey Professional Paper 1416-K, in press.

Chiu, JM., Johnston, AC., and Yang, Y.T., 1992, Imaging the active faults of
the central New Madrid seismic zone using PANDA array data:
Seismological Research Letters, v. 63, no. 3, p. 375-393.

MISCELLANEOUS FIELD STUDIES

MAP MF-2264-E

SEISMOTECTONIC MAP FOLIO IN THE VICINITY OF NEW MADRID, MISSOURI

VanArsdale, RB., Schweig, E.S., Kanter, L.R., Williams, R.A., Shedlock,
KM.,, and King, KW., 1992, Preliminary shallow seismic reflection
survey of Crowley's Ridge, northeast Arkansas: Seismological
Research Letters, v. 63, no. 3, p. 309-320.

Vaughn, J.D., 1991, Active tectonics in the Western Lowlands of southeast
Missouri--An initial assessment, in Louis Unfer, Jr., conference on the
geology of the mid-Mississippi Valley, Cape Girardeau, Missouri,
Extended abstracts: Missouri Division of Geology and Land Survey
Special Publication 8, p. 54-59.

1992a, Evidence for multiple generations of seismically induced
liquefaction features in the Western Lowlands, southeast Missouri
[abs.]: Seismological Research Letters, v. 62, no. 34, p. 89.

1992b, Paleoseismologic studies in the western lowlands, southeast
Missouri, in Jacobson, M.L., compiler, National Earthquake Hazards
Reduction Program, Summaries of technical reports volume 33: US.
Geological Survey Open-File Report 92-258, v. II, p. 698-702.

__ 1993, Paleoseismological studies in the western lowlands, southeast
Missouri, in Jacobson, M.L., compiler, National Earthquake Hazards
Reduction Program, Summaries of technical reports volume 34: U.S.
Geological Survey Open-File Report 93-195, v. I, p. 729-733.

Vaughn, J.D., Hoffman, David, and Palmer, J.R., 1993, A late-Holocene
surficial sandblow in the western lowlands of southeast Missouri: A
paleoseismic milestone: Geological Society of America Abstracts with
Programs, v. 25, no. 3, p. &87.

Vaughn, J.D., and Palmer, J.R., 1991, New evidence of late-Quaternary
earthquakes in the Western Lowlands, New Madrid seismic zone:
Geological Society of America Abstracts with Programs, v. 23, no. 3,

Cox, R.T., 1988, Evidence of Quaternary ground tilting associated with the
Reelfoot rift zone, northeast Arkansas: Southeastern Geology, v. 28,
p. 211-224.

Crone, A.J., Russ, D.P., and Barnhard, T.P., 1982, Map of an exploratory
trench across the Cottonwood Grove fault, Lake County, northwestemn
Tennessee: U.S. Geological Survey Open-File Report 82-399, 14 p., 1
folded plate, various scales.

Farrar, Willard, and McManamy, Lyle, 1937, The geology of Stoddard
County, Missouri: Missouri Geological Survey and Water Resources,
59th biennial report of the State Geologist, Appendix VI, p. 1-92, 3
plates. .

Fischer, K.J., and Schumm, S.A., 1993, Geomorphic evidence of defommation
in the northern part of the New Madrid seismic zone: Geological
Society of America Abstracts with Programs, v. 25, no. 3, p. 19. ‘

Fisk, H.N., 1944, Geological investigation of the alluvial valley of the lower
Mississippi River: Vicksburg, Miss., US. Amy Corps of Engineers,
Mississippi River Commission, 78 p.

1951, Loess and Quaternary geology of the lower Mississippi Valley:
Journal of Geology, v. 59, p. 333-356.

Fuller, M.L., 1912, The New Madrid earthquake: U.S. Geological Survey
Bulletin 494, 120 p., 1 plate, scale 1:750,000.

Glick, EE., 1982, Stratigraphy and structure of post-Paleozoic sediments
above the Newport pluton of northeastern Arkansas, in McKeown,
F.A., and Pakiser, L.C., eds., Investigation of the New Madrid,
Missouri, earthquake region: U.S. Geological Survey Professional
Paper 1236, p. 151-174. ’

Gomberg, 1.S., 1992, Tectonic deformation in the New Madrid seismic zone--
Inferences from boundary element modeling: Seismological Research
Letters, v. 63, p. 407-425.

1993, Tectonic deformation in the New Madrid seismic zone--Inferences
from map view and cross-sectional boundary element models: Journal
of Geophysical Research, v. 98, p. 6039-6604:

Grohskopf, J.G., 1955, Subsurface geology of the Mississippi embayment of
southeast Missouri: Missouri Division of Geological Survey and

- Water Resources Report 37, second series, 133 p., 9 plates.

Guccione, M.J., and Hehr, L.H., 1991, Origin of the "Sunklands" in the New
Madrid seismic zone: Tectonic or alluvial drowning? [abs.]:
Seismological Research Letters, v. 62, no. 34, p. 171-172.

1993, Style and dating of lacustrine sedimentation at Big Lake,
Arkansas: Geological Society of America Abstracts with Programs, v.
25, no. 3, p. 23.

Guccione, M.J., Prior, WL., and Rutledge, EM., 1986, The Tertiary and
Quaternary geology of Crowley's Ridge--A guidebook: Arkansas
Geological Commission Guidebook 86-4, 39 p.

Guccione, M.J., VanArsdale, RB., and Hehr, L.H., 1993, Evidence for late
Holocene tectonic deformation in the New Madrid seismic zone, Big
Lake, northeastern Arkansas: Geological Society of America Abstracts
with Programs, v. 25, no. 6, p. A460-A-461.

Guccione, M.J., Miller, J.Q., and VanArsdale, RB., 1994, Amount and timing
of deformation near the St. Francis "Sunklands”, northeastem
Arkansas: Geological Society of America Abstracts with Programs, v.
26, no. 1, p. 7.

Haller, KM., and Crone, A.J., 1986, Log of an exploratory trench in the New
Madrid seismic zone near Blytheville, Arkansas: U.S. Geological
Survey Miscellaneous Field Studies Map MF-1858, 1 sheet, scale
approximately 1:20.

Jibson, R.W., and Keefer, D.K., 1988, Landslides triggered by earthquakes in
the central Mississippi valley, Tennessee and Kentucky: U.S.
Geological Survey Professional Paper 1336-C, 24 p., 1 plate, scale
1:62,500.

1989, Statistical analysis of factors affecting landslide distribution in the
New Madrid seismic zone, Tennessee and Kentucky, in Johnson, AM.,
Bumham, C.W., Allen, CR., and Muehlberger, W., eds., Richard H,
Jahns Memorial Volume: Engineering Geology, v. 27, p. 509-542.

1993, Analysis of the seismic origin of landslides--Examples from the
New Madrid seismic zone: Geological Society of America Bulletin, v.
105, p. 521-536.

Kelson, KI., and VanArsdale, RB., 1994, Holocene surficial deformation
associated with the Lake County uplift, northwestern Tennessee:
Geological Society of America Abstracts with Programs, v. 26, no. 1,
p. 9. ‘ '

Kelson, KI., VanArsdale, R.B., Simpson, G.D., and Lettis, W.R., 1992,
Assessment of the style and timing of surficial deformation along the
central Reelfoot scarp, Lake County, Tennessee: Seismological
Research Letters, v. 63, no. 3, p. 349-356.

1993, Late Holocene episodes of deformation along the central Reelfoot
scarp, Lake County, Tennessee, in 1993 National Earthquake
Conference, Memphis, Tennessee, Proceedings: Memphis, Tennessee,
Central United States Earthquake Consortium, v. I, p. 195-203.

King, J.E., 1978, New evidence on the history of the St. Francis Sunk Lands,
northeastern Arkansas: Geological Society of America Bulletin, v. 89,
p. 1719-1722.

Liu, Lanbo, Segall, Paul, and Zoback, M.D., 1993, Strain accumulation in the
New Madrid seismic zone [abs.]: EOS, Transactions of the American
Geophysical Union, v. 74, no. 16 (Supplement), p. 108.

Liu, Lanbo, Zoback, M.D., and Segall, Paul, 1992, Rapid intraplate strain
accumulation in the New Madrid seismic zone: Science, v. 257, p.
1666-1669.

Marple, R.T., 1989, Recent discoveries in the New Madrid seismic zone using
remote sensing: Memphis State University, M.S. thesis, 81 p., 3
folded plates.

Marple, R.T., and Schweig, E.S., III, 1992, Remote sensing of alluvial terrain
in a humid, tectonically active setting--The New Madrid seismic zone:
Photogram metric Engineering and Remote Sensing, v. 58, p. 209-219.

McCracken, M.H., 1971, Structural features of Missouri: Missouri Geological
Survey and Water Resources Report of Investigations 49, 99 p., 1
folded pl.

Nelson, K.D., and Zhang, J., 1991, A COCORP deep reflection profile across
the buried Reelfoot rift, south-central United States, in Gangi, AF.,
ed., World rift systems: Tectonophysics, v. 197, p. 271-293.

Ni, JF., Snay, R.A., and Neugebauer, HC., 1992, Geodetically derived strain
across the northern New Madrid seismic zone [abs.]: Seismological
Research Letters, v. 63, no. 1, p. 49.

Nuttli, O.W., 1973, The Mississippi Valley earthquakes of 1811 and 1812--
Intensities, ground motion and magnitudes: Bulletin of the
Seismological Society of America, v. 63, p. 227-2438.

1979, Seismicity of the central United States, in Hatheway, AW., and
McClure, CR., Jr., eds., Geology in the siting of nuclear power plants:
Geological Society of America Reviews in Engineering Geology, V.
14, p. 67-93.

Obemneier, S.F., 1988, Liquefaction potential in the central Mississippi Valley:
U.S. Geological Survey Bulletin 1832, 21 p.

1989, The New Madrid earthquakes--An engineering-geologic
interpretation of relict liquefaction features: U.S. Geological Survey
Professional Paper 1336-B, 114 p., 11 folded plates, various scales.

Obemeier, SF., Jacobson, RB., Smoot, J.P., Weems, R.E., Gohn, G.S.,
Monroe, J.E., and Powars, D.S., 1990, Earthquake-induced liquefaction
features in the coastal setting of South Carolina and in the fluvial
setting of the New Madrid seismic zone: U.S. Geological Survey
Professional Paper 1504, 44 p., 1 folded plate, scale approximately
1:20. '

Porter, D.A., 1991, The Quaternary geology of the Charleston, Missouri area:
Fayetteville, University of Arkansas, M.S. thesis, 106 p.

Ray, L., 1964, The Charleston, Missouri, alluvial fan: U.S. Geological
Survey Professional Paper 501-B, p. B130-B134.

Rhea, Susan, and Wheeler, RL ., 19943, Map showing large structures
interpreted from geophysical data in the vicinity of New Madrid,
Missouri: U.S. Geological Survey Miscellaneous Field Studies Map
MF-2264-B, scale 1:250,000.

1994b, Map showing locations of geophysical survey and modeling lines
in the vicinity of New Madrid, Missouri: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2264-C, scale 1:250,000.

Rhea, Susan, Wheeler, RL., and Tarr, A.C., 1994, Map showing seismicity
and sand blows in the vicinity of New Madrid, Missouri: U.S.
Geological Survey Miscellaneous Field Studies Map MF-2264-A, scale
1:250,000.

Rodbell, D.T., and Bradley, L.-A., 1993, Logs of exploratory trenches through
liquefaction features on late Quaternary terraces in the Obion River
valley, northwestern Tennessee: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2218, 2 sheets, various scales.

Rodbell, D.T., and Schweig, E.S., III, 1993, The record of seismically induced
liquefaction on late Quaternary terraces in northwestern Tennessee:
Bulletin of the Seismological Society of America, v. 83, p. 269-278.

Russ, D.P., 1979, Late Holocene faulting and earthquake recurrence in the
Reelfoot Lake area, northwestern Tennessee: Geological Society of
America Bulletin, v. 90, p. 1013-1018.

1982, Style and significance of surface deformation in the vicinity of
New Madrid, Missouri, in McKeown, F.A., and Pakiser, L.C., eds.,
Investigations of the New Madrid, Missouri, earthquake region: U.S.
Geological Survey Professional Paper 1236, p. 95-114.

Russ, D.P., Stearns, R.G., and Herd, D.G., 1978, Map of exploratory trench
across Reelfoot scarp, northwestern Tennessee: U.S. Geological
Survey Miscellaneous Field Studies Map MF-985, 1 sheet, scale
1:39.7.

Saucier, R.T., 1970, Origin of the St. Francis Sunk Lands, Arkansas and
Missouri: Geological Society of America Bulletin, v. 81, p. 2847-
2854,

1974, Quatemary geology of the lower Mississippi Valley: Arkansas
Archeological Survey Research Series 6, 33 p., 1 plate, scale
1:1,267,200.

1977, Effects of the New Madrid earthquake series in the Mississippi
alluvial valley: US. Ammy Engineer Waterways Experiment Station
Miscellaneous Paper S-77-5, 25 p.

1989, Evidence for episodic sand-blow activity during the 1811-1812
New Madrid (Missouri) earthquake series: Geology, v. 17, p. 103-106.

1991, Geoarchaeological evidence of strong prehistoric earthquakes in
the New Madrid (Missouri) seismic zone: Geology, v. 19, p. 296-298.

Saucier, R.T., and Snead, ]I, compilers, 1989, Quatemary geology of the
Lower Mississippi Valley, in Morrison, R.B., ed., Quaternary
nonglacial geology-Conterminous U.S.: Geological Society of
America, The geology of North America, v. K-2, plate 6, 1 sheet, scale
1:1,100,000.

Schumm, S.A., 1986, Alluvial river response to active tectonics, in Geophysics
Study Committee, Active tectonics: Washington, D.C., National
Academy Press, p. 80-94.

Schweig, E.S., III, and Marple, R.T., 1991, Bootheel lineament--A possible
coseismic fault of the great New Madrid earthquakes: Geology, v. 19,
p. 1025-1028.

Schweig, ES., II, Marple, R.T., and Li, Y., 1992, An update of studies of the
Bootheel lineament in the New Madrid seismic zone, southeastern
Missouri and northeastern Arkansas: Seismological Research Letters,
v. 63, no. 3, p. 193-208.

Schweig,, E.S., III, Shen, Fan, Kanter, L.R., Luzietti, E.A., VanArsdale, RB.,
Shedlock, KM., and King, K.W., 1992, Shallow seismic reflection
survey of the Bootheel lineament area, southeastern Missouri:
Seismological Research Letters, v. 63, no. 3, p. 285-295.

Schweig, E.S., Tuttle, M., Li, Y., Craven, J.A,, Ellis, M.A., Guccione, M.J.,
Lafferty, R.H., III, and Cande, RF., 1993, Evidence for recurrent -
strong earthquake shaking in the past 5,000 years, New Madrid region,
central U.S. [abs.]: EOS, Transactions of the American Geophysical
Union, v. 74, no. 43 (Supplement), p. 438.

Schweig, E.S., Tuttle, M., Li, Y., Craven, J.A,, Ellis, M.A., Guccione, M.J,
Lafferty, R.H., III, and Cande, R.F., 1994, Evidence for recurrent
strong earthquake shaking in the past 5,000 years, New Madrid region,
central US.: Geological Society of America Abstracts with Programs,
v. 26, no. 1, p. 26.

Snay, R.A., Ni, I F., and Neugebauer, HC., 1994, Geodetically derived strain
across the northern New Madrid seismic zone, chap. F of Shedlock,
KM., and Johnston, A.C., eds., Investigations of the New Madrid
seismic zone: U.S. Geological Survey Professional Paper 1538-F, in
press.

Stahle, D.W., VanArsdale, RB., and Cleaveland, M.K., 1992, Tectonic signal
in baldcypress trees at Reelfoot Lake, Tennessee: Seismological
Research Letters, v. 63, no. 3, p. 439-447.

Tuttle, M., Schweig, E., and Barstow, N., 1993, Preliminary evidence of
prehistoric earthquakes in the New Madrid seismic zone, central
United States [abs.]: EOS, Transactions of the American Geophysical
Union, v. 74, no. 16 (Supplement), p. 281.

Tuttle, MP., and Barstow, NL., 1993, Geologic factors influencing

' liquefaction-related ground failure--A case study in southeastern
Missouri: Geological Society of America Abstracts with Programs, v.

25, no. 3, p. 86.

Tuttle, M.P., Schweig, E.S., and Lafferty, R.H., III, 1993, Archaeological
constraints on the age of a prehistoric sand blow in northeastern
Arkansas [abs.]: EOS, Transactions of the American Geophysical
Union, v. 74, no. 43 (Supplement), p. 438.

p. 64.

Wesnousky, S.G., and Leffler, LM., 1992, The repeat time of the 1811 and
1812 New Madrid earthquakes: A geological perspective: Bulletin of
the Seismological Society of America, v. 82, p. 1756-1785.

1994, A search for paleoliquefaction and evidence bearing on the
recurrence behavior of the great 1811-12 New Madrid earthquakes,
chap. H of Shedlock, KM., and Johnston, A.C., eds., Investigations of
the New Madrid seismic zone: U.S. Geological Survey Professional

Paper 1538-H, in press.

Wesnousky, S.G., Schweig, E.S., and Pezzopane, S.K., 1991, Extent and
character of soil liquefaction during the 1811-1812 New Madrid
earthquakes, in Jacob, K.H., and Turkstra, C.J., eds., Earthquake
hazards and the design of constructed facilities in the eastern United
States: Annals of the New York Academy of Sciences, v. 558 , p.

208-215.

Wheeler, RL., Rhea, Susan, and Dart, R.L., 1994, Map showing structure of
the Mississippi Valley graben in the vicinity of New Madrid, Missouri:
U.S. Geological Survey Miscellaneous Field Studies Map MF-2264-D,

scale 1:250,000.

Table 1. Maps in the U.S. Geological Survey seismotectonic folio

of the vicinity of New Madrid, Missouri

Map Theme: features shown Reference

MEF-2264-A Seismicity: earthquake epicenters, focal mechanisms, seismic Rhea and others
velocities, instrument locations, and aspects of liquefaction (1994)

MF-2264-B Crustal structure: epicenters; large structures inferred from Rhea and Wheeler
gravity, aeromagnetic, seismic reflection, seismic refraction, and (1994a)
magnetotelluric data

MF-2264-C Geophysical surveys: epicenters; lines of gravity, aeromagnetic, Rhea and Wheeler
magnetotelluric, seismic reflection, and seismic refraction (1994b)
surveys and models

MF-2264-D Bedrock geology: epicenters; geologic and subcrop contacts; Wheeler and others
structure contours; radon concentrations; selected wells; selected (1994)
faults; and arches, troughs, and faulted boundaries of the
Mississippi Valley graben

MF-2264-E Surficial and hydrologic features: epicenters; aspects of This map
liquefaction; trench sites; earthquake-induced landslides; courses
of the Mississippi River since 1765; fluvial and hydrologic
anomalies; selected topographic features; Bootheel lineament;
and geodetic monuments

Table 2. Sources from which landform outlines in the vicinity of New Madrid, Missouri
were digitized
Landform Source Scale

Big Lake Sunklands

Bluff line, including Chickasaw

bluffs
Crowleys Ridge
Hatchie Coon Sunklands

Lake County uplift

Lake St. Francis Sunklands

Reel Foot river

Reelfoot Lake
Reelfoot scarp
Ridgely ridge

Sikeston Ridge

Tiptonville dome

Saucier (1970)
Topographic maps

Topographic maps
Saucier (1970)

Russ (1982)

Saucier (1970)
Stahle and others (1992)

Russ (1982)

Topographic maps'
Topographic map
Russ and others (1978)

Russ (1982)

Topographic maps

Russ (1982)

Topographic map

Approx. 1:767,000
1:24,000

1:100,000, 1:250,000
Approx. 1:767,000
1:500,000

Approx. 1:767,000

Approx. 1:116,000
Approx. 1:439,000
1:24,000

1:100,000

Approx. 1:149,000
1:500,000

1:24,000

1:500,000
1:100,000

TA crudely sketched map published in 1797 shows the Reel Foot river (Stahle and others, 1992). We assumed that the river flowed
along the center of the abandoned Tiptonville meander (Russ, 1982) and digitized its approximate course from the abandoned meander's
natural levees as interpreted from topographic maps.

Table 3. Sites that show evidence of pre-1811 liquefaction or deformation in the vicinity of New
Madrid, Missouri

[N.A., data not available as of September 1993]

Site name' Tract®  Evidence of pre- References, scale®
1811 liquefaction
or deformation?
Reelfoot scarp trench 8 yes Russ and others (1978); Russ (1979), 1:208,000
Cottonwood Grove 7 no Crone and others (1982), 1:3,000 and 1:312,000
trench

Blytheville trench 11 no Haller and Crone (1986), 1:22,000

Priestly 9 no Saucier (1989), 1:1,515,000

Towosahgy 4 yes Saucier (1991), 1:714,000

1-WL 10 no Wesnousky and Leffler (1994)

2-WL, 3-WL 10 no Wesnousky and Leffler (1992, 1994)

4-WL, 5-WL 10 no Wesnousky and others (1991); Wesnousky and
Leffler (1992, 1994)

6-WL, 8-WL 6 no Wesnousky and Leffler (1992, 1994)

7-WL, 9-WL 6 no Wesnousky and Leffler (1994)

10-WL, 11-WL 7 no Wesnousky and Leffler (1992, 1994)

1-§, 2-8* 7 no Schweig and Marple (1991); Schweig, Tuttle, and
others (1992), 1:135,000

3-S, 4-S° 7 no Schweig, Tuttle, and others (1992), 1:135,000

Donaldson 8 yes Kelson and others (1992), 1:146,000; Kelson and
others (1993)

Whitson® 8 no Kelson and others (1993)

MD-1, DM-1 2 yes Vaughn (1992a,b); Vaughn and Palmer (1991)

SF-2 2 yes Vaughn (1992b, 1993); Vaughn and others (1993)

QOP-23, OP-24, OP-26 8 no Rodbell and Bradley (1993); Rodbell and Schweig
(1993)

1-T92, 2-T92 7 yes M.P. Tuttle (written commun., 1993),
1:113,000;Tuttle and others (1993)

3-T92 7 no MP. Tuttle (written commun., 1993),
1:113,000;Tuttle and Barstow (1993)

PP 3 N.A. RB. VanArsdale and F. Cooperider (oral communs.,
1993)

Wilkerson ditch 4 yes Schweig and others (1993, 1994), M.A. Ellis and
E.S. Schweig (oral and written communs., 1993)

Cooter ditch 11 N.A. M.A. Ellis (written communs., 1993)

Belle Fountain ditch 11 N.A. M.A. Ellis (written communs., 1993)

1A-T93’ 7 yes M.P. Tuttle (oral and written communs., 1993)

1B-T93’ 7 no M.P. Tuttle (oral and written communs., 1993)

1C-T937, 2-T93 7 yes M.P. Tuttle (oral and written communs., 1993)

3-T93 7 no M.P. Tuttle (oral and written corhmuns., 1993)

4-T93 11 yes Schweig and others (1993, 1994); Tuttle and others
(1993); M.P. Tuttle (oral and written communs.,
1993)

5-T93 to 10-T93 11 N.A. Schweig and others (1993, 1994); M.P. Tuttle (oral
and written commuuns., 1993)

Crittenden County 14 N.A. Al Crone (oral and written communs., 1993)

trench
Condraw 9 N.A. RB. VanArsdale (oral and written communs., 1993)

! Sites listed approximately in chronological order of their examinations.

2 See figure 1.

% Scale of map from which site location was digitized. Approximate map scale follows date in the citation; if no map scale given,
digitized from 1:24,000 topographic map. ‘

4 In September 1993, A.J. Crone opened three trenches on the north side of trench 2-S. All four trenches trend east-west and are
about 15 m apart (A.J. Crone, oral and written communs., 1993).

3 Site 4-S contains two parallel trenches about 5 m apart.

8 Whitson site contains two parallel trenches about 40 m apaft.

7 The. map shows sites 1A-T93, 1B-T93, and 1C-T93 with a single label (1-T93) because the three sites are within about 600 m of one

another.

Table 4. Anomalous areas identified by river geomorphology in the vicinity of New Madrid,

Missouri

Area

Tract'

Anomalies?

Mississippi River

A. Hickman bend

B. Lake County uplift

C. Caruthersville bend

D. Barfield bend

34,738

7

Dredging in river and borings atop levees indicate Tertiary strata
exposed in river bed.

Slope of water surface is convex on uplift, steep over short distances
on both flanks; channel bottom rises downstream on northeast flank
of uplift; river wide and shallow; dredging in river and borings atop
levees indicate Tertiary strata exposed in river bed.

Steep slope of water surface; dredging in river and borings atop levees
indicate Tertiary strata exposed in river bed.

Steep slope of water surface; steep, sinuous channel; historically active
channel (K.J. Fischer, oral and written communs., 1993).

Other Rivers

E. Black and St.
Francis Rivers

F. St. Francis River

G. Charter Oak
depression

H. Bragg City upwarp

Both rivers are convex eastward. In the bow of the Black River, a
section of the Dan River (not shown) that once flowed south into the
south end of the bow now flows north. The bowing and flow
reversal might indicate doming to the west, or arching along an east
-west trend through the bows.

Successive abandonment of old river beds and eastward migration of
the St. Francis River toward its present position, two or three times,
may indicate eastward tilting (Vaughn, 1992; K.J. Fischer and S.A.
Schumm, written commun., 1993).

Elevation surveys of drainage ditches in 1924 show a topographic low.

Elevation surveys of drainage ditches in 1924 show a topographic high.

! See figure 1.

2 From K.J. Fischer and S.A. Schumm (written commun., 1993) except where noted otherwise. Locational accuracies about 1 km.
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