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EXECUTIVE SUMMARY

Bridges, overpasses, and other structures built in the Jackson Purchase Region
of Western Kentucky (1.e., Ballard, Calloway, Carlisle, Fulton, Graves, Hickman,
McCracken, and Marshall Counties) will be subjected to severe motion in the event of
a severe earthquake in the New Madrid or Wabash Valley Seismic Zones. The motion
will be a consequence of the structure's proximity to the seismic zones and the thick
layer of loose and poorly consolidated sediments upon which they are, of necessity,
built. The modifying effects on earthquake waves propagating from bedrock to the
surface through a thick layer of sediments are routinely modeled using one-
dimensional nonlinear response analyses. To calculate the effects of the sediments on
a propagating earthquake wave, the shear-wave velocities, damping ratios, and
thicknesses of the sediments at a site need to be known.

High-resolution shear-wave data at sites throughout the Jackson Purchase
Region were acquired to determine the depth to bedrock as well as shear-wave
velocities and thicknesses of the sediments. These data have been incorporated into
the computer program SHAKE91, and used to calculate the fundamental period at
which the maximum amplification of earthquake waves occurs. The fundamental
periods have then been mapped.
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1.0 INTRODUCTION

Transportation facilities in the Jackson Purchase Region of Western Kentucky
(Fig. 1) are, of necessity, built on a thick layer of loose to semi-consolidated sediment
that occurs throughout the Upper Mississippi Embayment. Recent earthquakes in
North America and elsewhere have clearly demonstrated the correlation between
damage and the depth of the soils at a specific site; this is particularly true for sites
underlain by thick layers of Holocene soils. The shear-wave velocities and thicknesses
of the soil layers at a site can dramatically alter earthquake-induced ground motions
at that site through the mechanisms of amplification, deamplification, frequency
modulation, and increased duration. Amplification is due to energy being conserved
across impedance boundaries. Deamplification is primarily caused by damping.
Frequency modulation is the result of selective filtering (including resonance). Finally,
increased duration is caused by such mechanisms as resonance and basin-generated
surface waves resulting from the conversion of S-waves to surface waves (Frankel,
1994; Street et al., 1995). Together, these mechanisms are referred to as site effects.

The objectives of this study were to determine: (1) the depth to the Paleozoic
bedrock, (2) the shear-wave velocities of the overlying sediments, and (3) the
predominant period at which seismically induced, vertically propagating, ground
motions would be amplified in the Jackson Purchase Region. To determine these
parameters, a matrix of sites throughout the area was investigated using high-
resolution P- and S-wave seismic techniques.

2.0 BACKGROUND

As noted by Reiter (1990), site effects, under certain conditions, may have a more
profound effect on the level of earthquake shaking than the magnitude of the
earthquake itself. In the October 19, 1989, Loma Prieta, California, earthquake,
approximately two-thirds of the $5.9 billion in property damage was caused by
enhanced ground shaking resulting from site effects, while only 2 percent ($131
million) of the property losses were attributed to ground failure phenomena such as
liquefaction, landslides, and tectonic ground failure (Holzer, 1994). Similar, although
less quantitatively stated, observations have been made concerning the damages in
Mexico City, Mexico; Northridge, California; and Kobe, Japan, as a result of the
September 19, 1985, Michoacan; the January 17, 1994, California; and the January 17,
1995, Hyogo-ken Nambu, Japan, earthquakes, respectively.

The seismic risk in Western Kentucky is caused by its proximity to the New
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Madrid and Wabash Valley Seismic Zones (Fig. 2). The most severe earthquakes
experienced in Western Kentucky were the four great earthquakes that occurred
during the winter of 1811-1812 (Nuttli, 1973; Street, 1982). In the winter of 1811-
1812, Western Kentucky, a frontier area, was sparsely inhabited and had no
infrastructure. If the 1811-1812 earthquakes were to repeat themselves today,
Western Kentucky, as well as large parts of Indiana, Illinois, Missouri, Arkansas, and
Tennessee, would suffer catastrophic levels of damages. Fortunately, most studies
predict (e.g., Johnston and Nava, 1985) that the recurrence of a great earthquake in
the New Madrid Seismic Zone is highly unlikely in the foreseeable future. Most
seismologists believe that a far more likely scenario is the occurrence of a 6.0 to 6.5
magnitude event by the year 2035. A more complete discussion of the seismic risk to
Western Kentucky by earthquakes in the New Madrid and Wabash Valley Seismic
Zones 1s presented elsewhere (Street et al., 1996).

Ground motions from a magnitude 6.0 to 6.5 earthquake in the New Madrid
Seismic Zone will be greatly enhanced at selected periods by the thick layer of soils in
the Jackson Purchase Region of Western Kentucky. However, they will most likely be
of insufficient amplitude to cause catastrophic ground failure, such as liquefaction, in
the soils. If the natural period of an engineered structure, such as an overpass,
unfortunately coincides with the natural period of the underlying sediments, the
likelihood of damages to the structure increases dramatically, since natural periods of
the incoming enhanced ground motions and structure are in-phase. In fact, the
structure may well be damaged beyond repair even if it was designed to withstand a
much larger magnitude earthquake.

A realistic goal in the design and construction of most structures in Western
Kentucky is to build them in such a way as to withstand shaking from a moderate (6.0
to 6.5 magnitude) earthquake in the New Madrid or Wabash Valley Seismic Zones,
without incurring any damage that would affect the usefulness of the structure. One
way to achieve this goal in an economical manner is to determine the predominant
periods of the enhanced ground shaking at sites throughout the Jackson Purchase
Region, and then design structures so that their natural periods do not coincide with
the predominant period at the site where the structures are to be built. If this process
is done correctly, the chance of the structure surviving the seismic event would be
greatly improved, regardless of the location or magnitude of the earthquake.

For the design of a structure situated on a thick soil column, the predominant
period of greatest interest is the dynamic site period. As indicated in Section 1.0,
vertically propagating seismic waves traversing from bedrock through a horizontally
stratified soil column to the surface are affected by a number of mechanisms that can
modify their amplitudes. One mechanism that can lead to both an increase in
amplitude and duration of motion is resonance. In the simplest case, the maximum
ground motion occurs for waves whose wavelengths are four times the thickness of the
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soil column layer in which the seismic waves are trapped. In other words, for shear
waves the period that i1s amplified the most 1s equal to 4H/V_, where H is the thickness
of the soil layer and V| is its shear-wave velocity (Reiter, 1990). The period at which
the fundamental mode of resonance occurs at a site i1s defined as the dynamic site
period (DSP).

3.0 SITE INVESTIGATIONS

Figure 3 illustrates the geographic distribution of sites investigated in this study
to determine dynamic site period (DSP). Table 1 gives the geographic coordinates and
elevation (with respect to sea level) of the sites, as well as the type of data collected at
the site. The numbering of the sites listed in Table 1 corresponds with those shown in
Figure 3. All of the seismic data for the study were collected using an instantaneous
floating-point engineering seismograph and were processed on a PC using the software
package VISTA (Seismic Image Software Ltd., 1995). The shear-wave data were
recorded using an in-line spread of 12 30-Hz horizontal geophones at spacings of 6.1-m
(20-ft). The shear-wave energy source was a section of steel I-beam that was struck
horizontally with a 4.5-kg (10-1b) sledgehammer in a direction perpendicular to the
geophone spread, which generated horizontally polarized shear (SH) waves. The
testing devices used to collect such data are pictured in Figure 4.

The hold-down weight of the I-beam was approximately 70 to 80-kg, and
consisted of the weight of the person swinging the hammer and the steel I-beam
section. The source (1.e., I-beam and hammer operator) was stepped out from the end
of the geophone spread at offsets of 6.1-m (20-ft), 61-m (200-ft), 122-m (400-ft), 183-m
(600-ft), and 244-m (800-ft). The individual offset panels were then combined to form
shear-wave seismic sections that covered the entire range of source-receiver offsets.
Because of the limited amount of shear-wave energy that could be generated using a
seismic hammer, we were typically unable to obtain data for determining shear-wave
velocities in the soil column for depths in excess of 100 to 150-m (328 to 492-ft).

In addition to the shear-wave investigations, seismic P-wave reflection data
were also obtained at several sites to determine the depth to the Paleozoic bedrock.
The P-wave data were gathered in much the same way that the SH-wave data were
collected. That 1s, data were obtained from an in-line spread of 12 vertical geophones
operating at 40-Hz. Records from 6.1-m (20-ft) intervals with stepouts of 6.1-m (20-ft),
61-m (200-ft), 122-m (400-ft), etc., were combined to form a single seismic section. The
energy source used for the P-wave investigation was a trailer-mounted, vacuum-
assisted weight drop that drives a 45-kg steel slug into an aluminum platen. The hold-
down weight of the platen is imposed by jacking the trailer up so that most of the
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weight of the trailer is translated to the platen.

The composite SH- and P-wave seismic sections were interpreted using
conventional techniques. Seismic velocities and depths to interfaces were interpreted
from the refraction data by the intercept method. Stacking velocities and depths to
interfaces were interpreted from the available reflection data by conventional X2-T*
analysis and computer displays by interactively fitting a hyperbolic curve to arrivals
having moveouts that could be interpreted as reflected waves. Figure 5 illustrates the
SH-wave composite section obtained at site K82 (Table 1), near Cayce, Ky.
Superimposed on the figure are dashed lines indicating the choice of refractors and
reflections in the section.

Appendix A illustrates the SH-wave seismic sections obtained and used in this
study. Not shown in the appendix are the seismic sections not used in the study
because of the poor quality of the data. In addition to making composites of the
individual offset panels as described above, typical processing steps were filtered and
an automatic gain control (AGC) was applied to the data. The AGC is a moving
"window" designed to measure the average signal level over a short time interval; it
1s used to adjust the gain to keep the output more or less constant regardless of the
input level (Telford et al., 1976).

Filtering was done in the frequency domain using the Ormsby filter module built
into VISTA (Seismic Image Software Ltd., 1995). The amplitudes of the data are
unaffected in the frequency band defined by the low-cut and high-cut frequencies (10
to 45 Hz), are linearly attenuated between the low-truncation and low-cut frequencies
(6 to 10 Hz), and linearly attenuated between the high-cut and high-truncation
frequencies (45 to 50 Hz). The AGC window used in processing the SH-wave sections
was uniformly taken to be 300 ms in length.

Table 2 gives the shear-wave velocities and thicknesses of the velocity layers as
interpreted from the walkaway SH-wave sections shown in Appendix A. Site numbers
listed in Appendix A correspond to those shown in Figure 3 and listed in Table 1.

4.0 DYNAMIC SITE PERIODS

As indicated above, the DSP at a site for vertically propagating seismic waves
in a soil layer are a function of the shear-wave velocities, damping, and thicknesses of
the soil layers in the soil column that overhes the bedrock, as well as the depth to the
top of the bedrock. Eighty-three sites were investigated in this study for either SH-
wave or P-wave velocities, or both SH- and P-wave velocities. The SH-wave data were
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used to estimate the shear-wave velocities, thicknesses of the soil layers, and, where
possible, the depth to bedrock. At sites where the depth to the bedrock was greater
than several tens of meters, however, we were unable to generate sufficient shear-wave
energy to determine the depth to bedrock. Near some of these sites, drill hole data
were available and were used to estimate the depth to the top of the bedrock. At other
sites, proprietary P-wave seismic reflection data were obtained and used to determine
the depth to the top of the bedrock. If the shear-wave data were inadequate for
estimating the depth to the top of the bedrock, and there were no existing drill hole or
P-wave seismic reflection data, a P-wave walkaway investigation, as discussed above,
was done to derive an estimate for the depth to the top of the bedrock. Bedrock in this
study is defined as Paleozoic rock.

Table 3 gives the source and type of data used to estimate the depth to the top
of the bedrock, as well as the location of the site investigated. Information from Table
3 was then used to derive the depth to the top of the bedrock in the Jackson Purchase
Region as shown in Figure 6. The depths in the figure are given with respect to sea
level; hence, a negative depth means that the top of the Paleozoic bedrock is below sea
level at that location.

The shear-wave velocities, thicknesses of the soil layers, and depth to the top of
the Paleozoic bedrock were used in the software program SHAKE91 (Idriss and Sun,
1992) to calculate the DSP at sites in the study area that were successfully
investigated using SH-waves. Other information needed for input into SHAKE91 was
the velocity of the Paleozoic bedrock and the damping ratio (D) for each soil layer.

Based on a limited number of observations, a shear-wave velocity of 1,158 m/s
(3,800 ft/s) was used for the Paleozoic bedrock throughout the study area. This velocity
1s not well documented, but for the purposes of calculating the DSP, a more precise
value is unimportant to the calculations.

Damping of the soil layers in the input models for SHAKE91 was estimated from
the shear-wave velocities using the shear-wave quality factor (Q,) and the relationship
D = (2 Q)" which is frequently used for small strains (ie., 10° percent) when the
stress-strain behavior of the soil is approximately linear (Mok et al., 1988). Wang et
al. (1994) found that for unconsolidated soils in the Mississippi embayment, Q, could
be related to the shear-wave velocity (V,) of the soils by the relationship Q, = 0.08 V|
+6.99 + 12.10.

Small strains were assumed in the analysis since, as indicated in Section 2.0,
the most likely scenario for a damaging earthquake in the New Madrid Seismic Zone
is a 6.0 to 6.5 magnitude event occurring within the foreseeable future. In the event
of such an earthquake, it is highly unlikely that nonlinear conditions will occur
anywhere in the soils of the Jackson Purchase Region, with the possible exception of
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areas in the floodplain of the Mississippi River (i.e., the western edge of Fulton,
Hickman, and Carlisle Counties).

The dynamic site periods for the sites investigated in this study are listed in the
right column of Table 2. The range of DSP values given per site in Table 2 (low, mean,
and high) are meant to give the range of dynamic site periods at the location, assuming
some error in the interpretation of the seismic data. The column of values under the
headings "Low" and "High" were obtained by assuming a 10 percent error in the depth
to bedrock and shear-wave velocities of the soils. For the DSP values in the column
marked "Low," the depth to the top of the bedrock was assumed to be 10 percent
greater than that estimated in this study, and the shear-wave velocities of the soils
were assumed to be 10 percent less than those interpreted from the SH-wave data in
this study. For the DSP values under the column marked "High," the shear-wave
velocities were increased by 10 percent, and the depth to the top of the Paleozoic
bedrock was decreased by 10 percent. These estimates are believed to represent a
reasonable upper and lower estimate of DSP values at the sites investigated in this
study.

Figure 7 illustrates the best (ie., "mean") estimates of the DSP values at the
sites investigated in this study. The DSP values have been contoured and, in general,
increase from east to west and north to south; which more or less corresponds to the
depth to the top of the bedrock shown in Figure 6.

5.0 RECOMMENDATIONS

The term "dynamic site period," as used in this study, represents the
fundamental period at which the soils overlying bedrock in the Jackson Purchase
Region will resonate in the event of a damaging earthquake in the New Madrid or
Wabash Valley Seismic Zones. To significantly lessen the likelihood of damage to
engineered structures in the area, such as bridges, overpasses, schools, hospitals, etc.,
such structures need to be deigned so that their natural periods do not coincide with
the DSP values shown in Figure 7. Furthermore, since the depth to bedrock and shear-
wave velocities of the sediments can and sometimes do vary appreciably even over
short distances, we recommend that site-specific studies be undertaken to verify or
modify the suggested DSP values shown in Figure 7 for particularly sensitive
structures, such as major bridges over the Ohio or Mississippi Rivers.
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TABLE 1

GEOGRAPHIC LOCATIONS OF SITES INVESTIGATED IN THE
JACKSON PURCHASE REGION

%ize Quadrangle Elezlrilli):ion Location Wave

. °N W SH- P-
KO1 Joppa 107 37.164 | 88.852 Y Y
K02 Bandana 113 37.146 | 88.901 Y Y
K03 Bandana 116 37.139 | 88977 Y

K04 Bandana 99 37.200 | 88.988 Y
K05 Olmsted 101 37.164 | 89.027 Y

K06 Calvert City 105 37.019 | 88.317 Y

K07 Calvert City 122 37.004 88.297 Y

K08 Paducah West 117 37.024 | 88.703 Y

K09 Heath 149 37.005 | 88.853 Y

K10 LaCenter 113 37.068 | 88.925 Y Y
K11 LaCenter 125 37014 | 88.972 Y

K12 Barlow 140 37.042 | 89.000 Y

K13 Barlow 101 37.111 | 89.022 Y Y
K14 Barlow 104 37.093 | 89.069 Y Y
K15 Birmingham Point 116 36.984 88.225 Y Y
K16 Briensburg 146 36.891 88.315 Y Y
K17 Briensburg 105 36.965 | 88.316 Y Y
K18 Briensburg 143 36.956 88.365 Y Y
K19 Elva 137 36.967 | 88.419 Y Y




TABLE 1 (CONTINUED)

GEOGRAPHIC LOCATIONS OF SITES INVESTIGATED IN THE
JACKSON PURCHASE REGION

i%te Quadrangle Elevation Location Wave
0. (m) °N W | SH- | P-
K20 Elva 119 36.907 88.448 Y Y
K21 Symsonia 104 36.899 88.538 Y

K22 Symsonia 105 36.953 88.5562 Y

K23 Symsonia 110 36.941 88.606 Y

K24 Melber 116 36.971 | 88.644 Y

K25 Melber 137 36.893 88.733 Y

K26 Lovelaceville 110 36.950 | 88.758 Y

K27 Lovelaceville 116 36919 | 88.794 Y
K28 Lovelaceville 107 36.961 | 88.849 Y Y
K29 Blandville 102 36.930 | 88.906 Y
K30 Blandville 116 36.970 | 88.926 Y

K31 Blandville 143 36.993 | 88.943 Y
K32 Wickliffe 107 36.906 89.005 Y

K33 Wickliffe 93 36.998 | 89.114 Y Y
K34 Hardin 117 36.810 | 88.284 Y

K35 Hardin 162 36.784 | 88.351 Y

K36 Oak Level 149 36.805 88.413 Y

K37 Oak Level 140 36.840 | 88.453 Y

K38 Oak Level 117 36.796 88.458 Y
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TABLE 1 (CONTINUED)

GEOGRAPHIC LOCATIONS OF SITES INVESTIGATED IN THE
JACKSON PURCHASE REGION

Site Quadrangle Elevation Location Wave
No. (m) °N "W SH- | P-
K39 West Plains 108 36.841 | 88.525 Y

K40 West Plains 131 36.823 | 88.621 Y

K41 Hickory 133 36.779 | 88.730 Y

K42 Hickory 131 36.841 88.797 Y

K43 Fancy Farm 131 36.767 88.764 Y

K44 Milburn 110 36.842 | 88.897 Y

K45 Milburn 130 36.868 | 88.898 Y

K46 Milburn 107 36.858 | 88.927 Y
K47 Milburn 122 36.821 88.982 Y

K48 Arlington 107 36.867 89.023 Y

K49 Arlington 111 36.804 89.023 Y

K50 Hico 162 36.684 | 88.178 Y

K51 Hico 165 36.628 | 88.226 Y Y
K52 Hico 165 36.656 88.237 Y

K53 Dexter 131 36.690 88.271 Y

K54 Dexter 162 36.708 | 88.338 Y

K55 Kirksey 165 36.713 | 88.375 Y

K56 Kirksey 134 36.693 88.469 Y

K57 Farmington 168 36.684 | 88.538 Y
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TABLE 1 (CONTINUED)

GEOGRAPHIC LOCATIONS OF SITES INVESTIGATED IN THE
JACKSON PURCHASE REGION

S‘l,\;te Quadrangle Elevation Location Wave
o. (m) oN oW SH- P-
K58 Farmington 142 36.681 | 88.597 Y

K59 Mayfield 128 36.662 | 88.695 Y

K60 Dublin 117 36.690 | 88.789 Y

K61 Dublin 116 36.674 | 88.838 Y

K62 Clinton 113 36.726 | 88.900 Y

K63 Clinton 120 36.6564 | 88.941 Y

K64 Oakton 101 36.740 | 89.045 Y Y
K65 Oakton 93 36.650 | 89.104 Y Y
K66 New Concord 162 36.570 | 89.136 Y
K67 New Concord 123 36.533 | 88.183 Y Y
K68 New Concord 165 36.556 | 88.231 Y

K69 Murray 165 36.615 88.255 Y

K70 Murray 166 36.569 | 88.285 Y Y
K71 Murray 155 36.556 88.356 Y

K72 Lynn Grove 165 36.573 88.406 Y

K73 Lynnville 174 36.604 | 88.502 Y

K74 Lynnville 168 36.564 | 88.607 Y

K75 Cuba 142 36.604 | 88.672 Y
K76 Cuba 155 36.556 | 88.706 Y
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TABLE 1 (CONTINUED)

GEOGRAPHIC LOCATIONS OF SITES INVESTIGATED IN THE
JACKSON PURCHASE REGION

?éze Quadrangle Elezr;t):ion Location Wave

. °N ‘W SH- P-
K77 Water Valley 119 36.567 88.800 Y

K78 Water Valley 140 36.520 88.835 Y

K79 Crutchfield 125 36.520 | 88.901 Y

K80 Crutchfield 105 36.597 | 88.909 Y

K81 Crutchfield 101 36.536 | 88.962 Y

K82 Cayce 94 36.574 89.017 Y Y
K83 Cayce 107 36.524 | 89.073 Y
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

KO1 12.8 196.3 1.95 0.022 0.73 0.89 1.00
23.2 500.3 2.00 0.011
113.4 697.3 2.20 0.008
1158.5 2.50 0.005

K02 3.7 204.9 1.95 0.021 0.23 0.28 0.33
14.3 409.5 2.00 0.013
13.7 595.1 2.10 0.009
10.4 740.5 2.20 0.008
1158.5 2.50 0.005

K03 5.2 168.0 1.90 0.024 0.73 0.89 1.14
43.3 338.4 2.00 0.015
38.4 399.4 2.10 0.013
1158.5 2.50 0.005

KO05 2.7 177.1 1.90 0.024 0.40 0.50 0.62
37.8 531.7 2.10 0.010
34.5 630.5 2.20 0.009
1158.5 2.50 0.005

K06 5.5 249.1 1.95 0.019 0.62 0.73 0.89
23.5 393.9 2.00 0.013
82.0 580.2 2.20 0.009
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m?) Ratio

(m) Low | Mean | High

K07 1.2 98.5 1.85 0.034 0.57 0.67 0.89
2.7 305.8 2.00 0.016
89.9 542.7 2.10 0.010
1158.5 2.50 0.005

K08 2.1 156.1 1.90 0.026 0.73 0.89 1.00
14.3 272.9 2.00 0.017
61.6 531.4 2.10 0.010
57.0 672.0 2.20 0.008
1158.5 2.50 0.005

K09 1.8 98.2 1.90 0.034 1.33 1.60 2.00
-8.8 220.1 1.95 0.020
27.7 369.8 2.00 0.014
57.6 617.4 2.10 0.009
222.6 731.7 2.20 0.008
1158.5 2.50 0.005

K10 12.8 175.6 1.90 0.024 0.89 1.14 1.33
34.5 254.0 2.00 0.018
30.2 425.6 2.10 0.012
67.7 609.8 2.20 0.009
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K12 8.5 193.6 1.95 0.022 0.67 0.80 1.00
55.5 417.1 2.00 0.012
49.1 638.4 2.20 0.009
1158.5 2.50 0.005

K14 7.3 132.9 1.90 0.028 0.50 0.62 0.80
40.2 579.6 2.00 0.009
62.5 708.8 2.20 0.008
1158.5 2.50 0.005

K15 10.1 158.8 1.90 0.025 2.00 2.67 4.00
39.0 328.7 2.00 0.015
41.2 487.5 2.10 0.011
406.7 731.7 2.20 0.008
1158.5 2.50 0.005

K16 10.1 141.8 1.90 0.027 2.00 2.67 4.00
13.7 250.0 2.00 0.019
33.8 451.5 2.10 0.012
437.8 731.7 2.20 0.008
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K17 3.0 132.9 1.90 0.028 2.00 2.67 4.00
6.1 250.3 1.95 0.019
47.3 433.8 2.00 0.012
449.7 731.7 2.20 0.008
1158.5 2.50 0.005

K18 1.8 96.6 1.85 0.034 2.00 2.67 2.67
11.0 350.0 2.00 0.014
32.9 472.6 2.10 0.011
399.4 731.7 2.20 0.008
1158.5 2.50 0.005

K19 1.2 152.1 1.90 0.026 1.60 2.00 2.67
7.9 341.5 1.95 0.015
27.7 379.9 2.00 0.013
51.2 554.3 2.10 0.010
256.4 731.7 2.20 0.008
1158.5 2.50 0.005

K20 0.9 212.5 1.95 0.021 1.33 1.60 2.00
11.0 327.1 2.00 0.015
47.6 435.7 2.10 0.012
251.5 751.2 2.20 0.007
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low Mean | High

K21 1.8 132.9 1.90 0.028 1.14 1.33 1.60
29.3 447.9 2.00 0.012
42.1 559.5 2.10 0.010
195.1 774.4 2.20 0.007
1158.5 2.50 0.005

K22 2.4 236.3 1.95 0.019 0.73 0.89 1.14
22.3 548.2 2.10 0.010
155.2 784.5 2.20 0.007
1158.5 2.50 0.005

K24 7.6 145.1 1.90 0.027 0.73 0.89 1.14
40.9 344.5 2.00 0.014
94.5 650.9 2.20 0.008
1158.5 2.50 0.005

K28 6.1 182.3 1.95 0.023 0.67 0.89 1.00
58.2 487.8 2.00 0.011
60.4 618.9 2.10 0.009
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K31 1.5 163.7 1.90 0.025 2.00 2.67 2.67

11.0 183.2 1.95 0.23

16.2 289.0 2.00 0.017
43.9 326.8 2.10 0.015
375.6 736.6 2.20 0.008
1158.5 2.50 0.005

K32 2.7 88.7 1.80 0.035 2.00 2.67 2.67
12.5 165.9 1.90 0.025
42.4 336.3 2.00 0.015
18.6 571.6 2.10 0.009
378.0 731.7 2.20 0.008
1158.5 2.50 0.005

K34 7.0 151.8 1.90 0.026 0.44 0.53 0.67
12.8 455.2 2.10 0.012
57.3 580.5 2.20 0.009
1158.5 2.50 0.005

K35 2.4 250.3 1.95 0.019 0.53 0.67 0.80
9.8 376.5 2.00 0.013
64.9 555.5 2.10 0.010
24.1 759.8 2.20 0.007
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m’) Ratio

(m) Low | Mean | High

K36 3.0 118.3 1.90 0.030 0.73 0.89 1.14
95.1 523.5 2.10 0.010
46.0 744.8 2.20 0.008
1158.5 2.50 0.005

K37 1.5 131.1 1.90 0.029 0.62 0.73 0.89
30.2 429.3 2.10 0.012
105.2 731.4 2.20 0.008
1158.5 2.50 0.005

K38 8.5 106.4 1.90 0.032 0.57 0.73 0.89
8.2 531.4 2.10 0.010
101.2 660.1 2.20 0.008
1158.5 2.50 0.005

K40 2.7 163.7 1.90 0.025 0.80 1.00 1.14
| 21.0 285.4 2.00 0.017
28.0 481.7 2.10 0.011
87.2 593.3 2.20 0.009
1158.5 2.50 0.005

K41 3.4 136.9 1.90 0.028 0.67 0.80 1.00
27.4 304.0 1.95 0.016
36.0 339.9 2.00 0.015
1158.5 2.50 0.005
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TABLE 2 (CONTINUED)

SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m”®) Ratio

(m) Low | Mean | High

K42 2.4 152.4 1.90 0.026 0.33 0.40 0.50
32.3 531.7 2.10 0.010
36.9 744.8 2.20 0.008
1158.5 2.50 0.005

K43 2.1 152.4 1.90 0.026 0.57 0.73 0.89
13.4 359.1 2.00 0.010
115.2 731.7 2.20 0.008
1158.5 2.50 0.005

K44 9.5 214.0 1.95 0.021 0.80 1.00 1.14
11.3 322.6 2.00 0.015
68.0 441.2 2.10 0.012
33.2 620.4 2.20 0.009
1158.5 2.50 0.005

K46 5.5 164.6 1.90 0.025 0.89 1.00 1.33
9.1 376.5 2.00 0.013
76.8 426.8 2.10 0.012
65.9 732.3 2.20 0.008
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K47 2.4 131.1 1.90 0.029 1.00 1.33 1.60
26.2 505.5 2.10 0.011
176.5 657.3 2.20 0.008
1158.5 2.50 0.005

K48 1.8 177.1 1.90 0.024 1.33 1.60 2.00
10.1 336.3 2.00 0.015
52.1 434.5 2.05 0.012
70.4 683.5 2.10 0.008
143.0 731.7 2.20 0.008
1158.5 2.50 0.005

K49 2.7 163.4 1.90 0.025 1.14 1.60 2.00
71.6 425.6 2.00 0.012
70.7 683.5 2.10 0.008
117.1 731.7 2.20 0.008
1158.5 2.50 0.005

K50 3.0 224.7 1.95 0.020 1.33 1.60 2.00
31.1 371.3 2.00 0.014
39.0 514.9 2.10 0.010
79.3 670.7 2.15 0.008
135.7 731.7 2.20 0.008
1158.5 2.50 0.005
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TABLE 2 (CONTINUED)

SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K51 2.1 125.3 1.90 0.029 1.60 2.00 2.67
43.6 480.2 2.00 0.011
61.0 688.7 2.10 0.008
274.4 731.7 2.20 0.008
1158.5 2.50 0.005

K52 5.5 120.4 1.90 0.030 1.33 1.60 2.00
12.8 236.9 1.95 0.019
18.3 335.4 2.00 0.015
36.6 554.3 2.10 0.010
98.2 612.2 2.15 0.009
731.7 2.20 0.008

K53 6.1 168.0 1.95 0.024 1.60 2.00 2.00
35.7 368.9 2.00 0.014
77.4 637.5 2.10 0.009
211.9 731.7 2.20 0.008
1158.5 2.50 0.005
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TABLE 2 (CONTINUED)

SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

Site Layer Velocity Density | Damping Period (sec)
Thickness (m/s) (gm/m?) Ratio
(m) Low | Mean | High
K54 3.4 193.3 1.90 0.022 0.89 1.14 1.33
19.5 398.8 2.00 0.013
97.0 519.8 2.10 0.010
32.6 590.9 2.20 0.009
1158.5 2.50 0.005
K55 7.3 274.4 2.00 0.017 0.80 1.00 1.33 °
69.8 791.2 2.10 0.011
75.0 625.6 2.20 0.009
1158.5 2.50 0.005
K57 4.0 141.8 1.90 0.027 1.33 1.60 2.00
10.7 277.1 2.00 0.017
31.1 415.9 2.10 0.012
25.9 668.6 2.15 0.008
242.4 731.7 2.20 0.008
1158.5 2.50 0.005
K58 7.3 146.3 1.90 0.027 0.80 1.00 1.14
41.5 625.0 2.10 0.009
127.7 733.8 2.20 0.008
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity Density | Damping Period (sec)

Thickness (m/s) (gm/m’) Ratio

(m) Low | Mean | High

K59 1.8 255.8 1.95 0.018 0.62 0.73 0.89
5.2 384.5 2.00 0.013
771 858.4 2.10 0.009
44.8 759.8 2.20 0.007
1158.5 2.50 0.005

K60 10.7 129.0 1.90 0.029 1.60 2.00 2.00
25.3 551.2 2.10 0.010
306.1 762.2 2.20 0.007
1158.5 2.50 0.005

K61 6.7 187.5 1.95 0.023 1.60 2.00 2.00
36.9 414.6 2.00 0.012
30.5 632.3 2.10 0.009
267.4 751.2 2.20 0.007
1158.5 2.50 0.005

K62 7.3 120.4 1.90 0.030 1.33 1.60 2.00
27.4 475.6 2.00 0.011
36.9 532.0 2.10 0.010
300.3 866.2 2.20 0.007
1158.5 2.50 0.005
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TABLE 2 (CONTINUED)

SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K64 0.9 212.5 1.95 0.021 2.00 2.00 2.67
14.3 | 255.2 2.00 0.018
27.7 491.2 2.10 0.011
45.1 591.2 2.15 0.009
320.4 731.7 2.20 0.008
1158.5 2.50 0.005

K65 3.7 118.3 1.85 0.030 1.60 2.00 2.67
15.9 172.3 1.95 0.024
4.0 455.8 2.05 0.012
49.1 532.0 2.10 0.010
282.6 731.7 2.20 0.008
1158.5 2.50 0.005

K66 5.2 182.3 1.95 0.023 1.33 1.60 2.00
32.0 317.1 2.00 0.015
29.6 579.9 2.10 0.009
254.6 731.7 2.20 0.008
1158.5 2.50 0.005
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TABLE 2 (CONTINUED)

SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K67 6.1 118.3 1.85 0.030 2.00 2.67 2.67
25.3 268.3 1.95 0.018
36.6 439.3 2.00 0.012
32.9 533.5 2.05 0.010
168.6 632.3 2.10 0.009
189.3 731.7 2.20 0.008
1158.5 2.50 0.005

K68 5.8 182.9 1.90 0.023 1.60 2.00 2.67
58.8 341.5 2.00 0.015
97.6 531.4 2.10 0.010
218.9 731.7 2.20 0.008
1158.5 2.50 0.005

K69 4.3 202.4 1.90 0.022 1.14 1.33 1.60
38.4 384.1 2.00 0.013
55.8 531.7 2.10 0.010
154.6 731.7 2.20 0.008
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity Density Damping Period (sec)

Thickness (m/s) (gm/m?®) Ratio

(m) Low | Mean | High

K70 3.0 193.6 1.95 0.022 0.73 0.89 1.14
85.7 486.3 2.10 0.011
60.7 773.2 2.20 0.007
1158.5 2.50 0.005

K71 2.7 192.7 1.95 0.022 0.89 1.14 1.33
29.0 300.3 2.00 0.016
73.2 439.9 2.10 0.012
51.5 709.1 2.20 0.008
1158.5 2.50 0.005

K72 6.7 176.8 1.90 0.024 0.53 0.67 0.80
104.3 827.1 2.20 0.007
32.3 884.1 2.30 0.006
1158.5 2.50 0.005

K73 4.0 235.4 1.95 0.019 0.62 0.80 1.00
20.7 432.9 2.10 0.012
104.9 665.2 2.20 0.008
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K74 2.1 121.6 1.90 0.030 0.50 0.62 0.73
10.1 414.9 2.10 0.012
109.8 786.3 2.20 0.007
1158.5 2.50 0.005

K78 4.9 216.2 1.95 0.021 0.67 0.80 1.00
150.6 759.8 2.20 0.007
1158.5 2.50 0.005

K79 10.7 158.5 1.90 0.025 2.00 2.67 2.67
9.1 293.3 1.95 0.016
20.1 360.4 2.00 0.014
91.5 497.6 2.10 0.011
339.6 731.7 2.20 0.008
1158.5 2.50 0.005

K80 4.3 122.0 1.85 0.030 1.33 1.60 2.00
28.4 316.8 1.95 0.015
85.4 354.6 2.00 0.014
55.8 476.2 2.10 0.011
1158.5 2.50 0.005
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SOIL COLUMN THICKNESSES, SHEAR-WAVE VELOCITIES,
AND DYNAMIC SITE PERIODS FOR SITES INVESTIGATED

TABLE 2 (CONTINUED)

Site Layer Velocity | Density | Damping Period (sec)

Thickness (m/s) (gm/m®) Ratio

(m) Low | Mean | High

K81 12.5 170.7 1.90 0.024 0.62 0.80 1.00
37.8 451.2 2.00 0.012
58.5 580.2 2.20 0.009
11585 2.50 0.005

K82 4.3 92.4 1.85 0.035 0.67 0.80 1.00
36.9 360.1 2.00 0.014
75.0 609.8 2.20 0.009
1158.5 2.50 0.005

K83 7.0 121.6 1.85 0.030 0.73 0.89 1.14
7.9 278.0 1.95 0.017
62.5 377.4 2.00 0.013
31.4 719.2 2.20 0.008
1158.5 2.50 0.005

K84 8.8 182.6 1.90 0.023 1.00 1.14 1.60
30.2 330.2 2.00 0.015
36.3 356.7 2.10 0.014
42.4 404.6 2.20 0.013
1158.5 2.50 0.005
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TABLE 3

TYPE AND SOURCE OF DATA USED TO ESTIMATE
THE DEPTH TO BEDROCK IN THE STUDY AREA

1. Depths to bedrock based on drill hole logs in the Jackson Purchase Region, as
summarized in Dart (1992):

County Latoitude Lon;gitude Elevation With Respect
(°N) (°W) to Sea Level (m)
Fulton 36.5208 89.3238 -518
Fulton 36.5316 89.3374 -508
Fulton 36.5478 89.2818 -491
Fulton 36.5455 88.8886 -381
Ballard 37.0704 88.9747 -2
Ballard 37.0844 89.1160 -7
Calloway 36.5737 88.2155 41
Calloway 36.6490 88.3729 -36
Calloway 36.5646 88.1632 61
Calloway 36.5616 88.1680 4
Carlisle 36.8250 89.0916 -253
Carlisle 36.9052 88.8843 -124
Graves 36.6866 88.5007 -127
Graves 36.7826 88.8072 -251
Graves 36.9174 88.6815 -73
McCracken 36.9800 88.5000 2
McCracken 37.0338 88.6270 -15
McCracken 37.0219 88.5587 -6
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2.

TABLE 3 (CONTINUED)

TYPE AND SOURCE OF DATA USED TO ESTIMATE
THE DEPTH TO BEDROCK IN THE STUDY AREA

Depths to bedrock based on drill hole logs in the Jackson Purchase Region, as
summarized in Dart (1992) (continued):

County Latoitude Lonogitude Elevation With Respect
(°N) (°W) to Sea Level (m)
McCracken 37.0062 88.5315 -28
McCracken 37.0768 88.5985 2
Marshall 36.7598 88.4151 -36
Marshall 36.9503 88.3846 34

Depths to bedrock based on P-wave soundings in the Jackson Purchase Region.

.Site o Latoitude Lonogitude Elevation (m)
Designation (°N) (°W)
B 36.775 89.067 -344
C 36.783 89.021 -366
E 36.803 88.954 -260
H 36.793 88.814 -230
K 36.739 88.515 -263
N 36.799 88.739 -212
P 36.811 88.567 -124
\Y 36.733 88.406 -60
W 36.743 88.369 -15
X 36.772 88.339 10
"From Al-Yazdi (1994).
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TABLE 3 (CONTINUED)

TYPE AND SOURCE OF DATA USED TO ESTIMATE
THE DEPTH TO BEDROCK IN THE STUDY AREA

Depths to bedrock based on proprietary P-wave seismic reflection profiles in the
Jackson Purchase Region (data being used with permission):

.Site o Latitude Longitude Elevation (m)
Designation (°N) °W)
1 36.840 88.863 -198
2 36.763 88.870 -202
3 36.692 88.870 -201
4 36.607 88.872 -245
5 36.567 89.154 -411
6 36.558 89.038 -369
7 36.550 88.975 -395
8 36.547 88.800 -289
9 36.547 88.727 -189
10 36.562 88.597 -143
11 36.570 88.430 -18

33



¥e

Latitude (°N)

374

3730

37.2

371

37

36.9

36.8

36.7

36.6

36.5

36.4

ﬁ%

KENTUCKY

McCRACKEN

CARLISLE
MARSHALL

GRAVES

CALLOWAY
FULTON

-89.4 -89.2 -89 -88.8 -88.6 -88.4

Longitude (*W)

Figure 1. Map of the Jackson Purchase Region Showing County Lines.
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s

Figure 4. Typical Equipment Used on Site Investigations: Seismograph,
Geophones, and Sledgehammer.
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Figure 5. SH-wave Walkaway Seismic Section Obtained at Site K82.
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APPENDIX A

SEISMIC SECTIONS USED FOR
CALCULATING VELOCITIES
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Figure A.2. Site K2 in Ballard County (Bandana Quadra
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Figure A.3. Site K3 in Ballard County (Bandana Quadrangle).
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Figure A.4. Site KS in Ballard County (Olmsted Quadrangle).
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Figure A.7. Site K8 in McCracken County (Paducah West Quadra
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Figure A.8. Site K9 in Ballard County (Heath Quadrangle).
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Figure A.9. Site K10 in Ballard County (LaCenter Quadra
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Figure A.11. Site K12 in Ballard County (Barlow Quadrangle).
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Figure A.13. Site K14 in Ballard County (Barlow Quadrangle).
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Figure A.15. Site K17 in Marshall County (Briensburg Quadrangle).
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Figure A.16. Site K18 in Marshall County (Brien
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Figure A.17. Site K19 in Marshall County (Elva Quadrangle).
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Figure A.18. Site K20 in Marshall County (Elva Quadrangle).
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Figure A.19. Site K21 in Graves
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Figure A.20. Site K22 in McCracken County (Symsonia
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Figure A.21. Site K23 in McCracken County (Symsonia Quadrangle).
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Figure A.22. Site K24 in McCracken County (Melber Quadrangle).



Figure A.23. Site K25 in Graves County (Melber Quadrangle).
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Figure A.24. Site K26 in McCracken County (Lovelaceville Quadrangle).
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Figure A.25. Site K28 in Ballard County (Lovelacev
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Figure A.26. Site K30 in Ballard County (Blandville Quadrangle).
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Figure A.27. Site K33 in Ballard County (Wickliffe Quadrangle).
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Figure A.29. Site K35 in Marshall County (Hardin Quadra
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Figure A.30. Site K36 in Marshall County (Oak Level Quadrangle).
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in Marshall County (Oak Level Quadra

Figure A.32. Site K38
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3. Site K39 in Graves County (West Plains
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Figure A.35. Site K41 in Graves County (Hicko
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es County (Hickory Quadrangle).
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Figure A.36. Site K42 in
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Figure A.37. Site K43 in Graves County (Fan



County (Milburn Quadrangle).

A.38. Site K44 in Carlisle
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Figure A.39. Site K45 in Carlisle County (Milburn Quadrangle).
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Figure A.40. Site K47 in Carlisle County (Milburn Quadrangle).
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Figure A.41. Site K49 in Carlisle County (Arlington Quadrangle).
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Figure A.42. Site K50 in Calloway County (Hico Quadrangle).
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Figure A.44. Site K52
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Figure A.45. Site K53 in Calloway County (Dexter Quadrangle).
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Figure A.46. Site K54 in Calloway County (Dexter Quadrangle).



[R—

County (Kirksey Quadrangl

Figure A.47. Site K55 in Calloway



1550

At B v_(hf :\.n!.\.}..r...r\ e a ._}\ L_ _ : ,
| e Ve ! N, R : NV r).. ?;.J. b....}c)\..rf\::il.f\a.\}ul ) ~
Hr)%(_;y_ ,;\Mm;,\\f).»q)?)(}%/( %/T..g)\...__.(ne“./))“)\;f?r)..”/cbw_._d_ﬂ ‘el
- [N * 4* 1{!.\.“(...\)..1;.};.” ) \;\;...\)()/}L?\r/ﬁhf\/.)\\!\;fr}kf{w(stbﬁ ' 1
B LS NITNARAANASA AR A o B AR A A K,
?\MNN\M J) L\ Y e & WA ey k.f\{h_ AEAA S _yb
~~ . c,.&.v»,h Yo nvals A A5 A
; X
N

e
uﬁa_}._?”, ﬁxﬁw

r‘ -
49 46 43 48 37 34 31 28 25 2z 19 16 13 19 ?

Figure A.48. Site K56 in Calloway County (Kirksey Quadrangle).
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Figure A.50. Site K58 in Graves
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Figure A.51. Site K59 in Graves County (Mayfield Quadrangle).







ﬁ):l\(%).éh.__p.)\}r‘hﬂ}w\/\;r\f_yW5\/\/5) )
A , ! ; AAAA A A o) NH__ _ P
|
N

§
1
1
—y
1
[}

TN

Kot
H\% Ng,.i,,ﬁ?séz.a Aok
; _

2L 19 17 15 13 11 9

3L 29 27 25 23

94

Figure A.53. Site K61 in Hickman County (Dublin Quadrangle).
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Figure A.54. Site K62
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Figure A.55. Site K63 in Hickman County (Clinton Quadrangle).




‘ )}

SAA

1?7 15

? 25 23 21 19

N

41 35 3?7 35 33 31

.]l./\(\".r\;.. 4.. r} \ ..._._) _P_)\ " __. \ " _(b
W.Rﬁ{ ISR L\?wp#ﬁ@w{%ﬁ A
f u _ _ ._ ., .-.., Na¥a _ ;
RRY u . A . VY .-K A
! A ABAAA A ..m Y ,T\Jﬁ W
— ﬁmﬁ AR Y

A A A A ” \
_%ﬁ%}“ﬁfﬁml\) V_f,_.
AL A A AR

ARR AL,

K64

A

A ARA A KA AL A A
A M, Tt I oV TR
LYYV Ty NS YA yYY

97

Figure A.56. Site K64 in Hickman County (Oakton Quadrangle).



— f\,:v (./\/\J) v \...,[\r). e k 1
,Ew% %ﬁ %ﬂl&ﬂvﬁp

o R %ﬂﬁ
s ()L?.R_L.,H\. | X b o)
. i?ﬁ»ﬂ%ﬂ% %WM{ &

iy b

1 Vf\ll/k
Hewan ;ﬁﬁwg PR
Ve ‘ . f_,l(\.ﬂ.\ar\lf....{l{l_.!all.,l})..l r%ﬂﬁ

- . .. A ﬁb...\v(?\)c( i

%fﬁ;
n,)},\{r/\(!\l \u. -..\f)?ﬂ/
s @ > 3{5 s_.}} AR A NSRS A A
S 7 Y

%o ..4;3 CRRAAA .,sqé.qy [ S |

Site K65 in Hickman County (Oakton Quadrangle).

‘Figure A.56B.

98



Al ral
{ e,
gV
) y

N . - .
\E e ‘_.rlll.hn-,. \Ir.l.\.?_(l).!|.l:1rla.lvf.;_..lrrv\r.(\b.?f .
pR e - 1 o
. — e e S ) .I\\:I[L,J_lv\l.-s\"rl\kﬁ..\.lj...

. @Mﬂ . gy st
il g
\lr,

v, AR - -
- S f..\l.-!l.!.‘)l:..l’{nf\?n{{bl.

s
o~

1
g e e =
e e . o, .T.DI’)I\"/:
e, B D S ) au
L ! .

-

99

rigle).

rd Quadra

Calloway County (New Conco

Figure A.57. Site K67 in






[N}

s v
™ a A ! l,\’..)”\(}q\/\.f.\l\.“.] Rt e N C)\r\lch.r\éﬁy}g )
W

B4 LYY N
o !awf V&%ﬂ?t?ﬁ?fﬁ)ﬁi&érx&i}?)ﬁ,h

!
ac_f ,\/,.)
A

1

__ _ . ~AAAASNAA A A AN
" .n . .J\r}r}?)).g&c}%whc{r}ikz\f\f?\t

: ?-c?l)?!irtj}\_?wg&cf}\u i
ru%ﬂ\ A A A A s o I e 5
_..\u..{..n.()_ .

hbr};la))\ﬁ)f(hr\(b._\.r\i\crhrmﬁxf <
A NI S
x-l’/\l/‘rf\ 3}&?}%?%- .f\)r\’.\ y Iw
L MO 4 =
g k [} 1
; E b '
' A _




. _ K70 _
=k _..QH h _}. A L “ H‘.".\).Kb.f\\ﬂp ?‘pﬁ) ~ .\._
T e U S—— S 0 0 09y

{af\?}\yu, !

SRRSO i

R R,V 1y 0 G W S N 'y 'Y
B /L_.ﬁ N h_ .y. .\'n..}(.}-\“a“‘rlilj}\.ulilﬁnll!ili_lj}- .
}\Jr\.lf.\./\n_rb J r y A R . J

[l ....,.f\.rf:\.&/r\}.” \\Ir _D - W,

fl\).l\_
.l.[:\lal\c.wll/.\\l
] N
By iy
Ay
S o B

_ 4
1 C
} .}f\’g..\\lf\hr\ll'lun.lljl ‘_11||14JLL| .\J.«.?]IFJ W.PL
e ¢

Y NN N P
AN e

1

ol

vl

i

' el el

102

ngle).

y Quadra

Figure A.60. Site K70 in Calloway County (Murra
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Grove Quadrangle).

Figure A.62. Site K72 in Calloway County (Lynn
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Figure A.63. Site K73 in Graves
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Figure A.66. Site K77 in Graves County (Water Valley Quadrangl
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Figure A.67. Site K78 in Hickman County (Water Valley Quadrangle).
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Figure A.69. Site K80 in Fulton County (Crutchfield Quadra
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Figure A.70. Site K81 in Fulton County (Crutchfield Quadrangle).
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Figure A.71. Site K82 in Fulton County (Cayce Quadrangle).



Trace No.

41 39 37 35 33 31 25 27 25 23 21 19 17 15 13 11

K83

1 1 1 1 | !
}.. ..).)...__rr).”x-z.-I:\..\{s{"[.i\/\J...|“.)c)r\.)...},..vr}.?,.\;().)...ﬁrr.t e «\..ﬂ. .b_._‘_. f} _
] X 3..1.”“.(\).\ (..(l..].“r\.f\.\:r\/.\r__r .5‘(.)_.».).} h‘_ #kcﬁt)....—.d.?f \h_ubf..?f_.?r\r.\.p." rS rsﬁ..}_u
{ m: e ARARARAAN B B Ao b
u

A

——d

Y

I
1
[}
A .,._P...r
i

Vol TN o _
t
SN .\r{?r.?_.w.ﬂ.
b

:)L).)....ﬁ.,__})np:»r?w(bc»c
e A A o ) E
; N

x.)grcx".)\,a\fli:}“}}i. _) nfd)..xf.._\.b_;.bﬁ\l;\-(“}c ..l_ Hb
-y—. aﬂ— .)". A L\vf_r}.n\v/\_.. W c_k._. .}_.c_t/.._.’ JI\J.( »bzrv);\b/. "()._.w’f_rl(.)_ J }H j /-_
« A .-ci.(b&x\r_rizr..c.-s_)___mf..\rlnzbr).“ ::1_.._)._.(?}.}. _b,)_.___d
A A A R A _‘P yc))tb._ ._bf”__r_ u}(_P
A pnn B ¢ n(}.hﬁ.cr,.}..»._r_hf
AAAA S a A A ALARA LR b A
) .b...l.l(f..)..) \)ub.t\.«kf)f.lc}f\lf.Ff\n.c} ._.\...b
LY mv?y,.?},ﬁ»%c»_.?»crr?)v.r?p_..p,...
Vil A, vﬂr.c:{.f(}}.‘rfmc___,_..?.}%:.!

A aﬁéﬁﬂ?& .

9

llr;_“. k/\l'l\lrr.\..).._-b(
.-J.)-\?f\?r.hd..i.-bf\.Ch/-_‘r.(.._rr.-r{lH\P(.!
ub C\-Cb.() va()..).;l():uﬂ.(.h(.h LA A

)@ ! )@
c‘w\-. Yad /‘(}}Rh{).?.‘(;{?? 5 F _ —n _

WKLH(.IP\J\Fr?.Ff\a(_DEFr.FCFf P
._rr_n(l.,\}nv.\f»r)."g :

_b . i ’f}o"_\}r_s’f\.f..(\!(_—f. e
c)??)ﬂﬂﬂ.r)ﬁ:?»ﬁ tafatls m._pc?}(?)v#?
AAMA A S B R R B A A DR LA ; A B AA R A AR
h{{,\)._b{f R ..}r..w _\?.}f-rr.kr\r...r.-_.h AAAE R _-_ mu_ )c M)Lr\."r)..ifbr .

Ak,
‘u[}g }_1 r?(;{)}}(}))}._}\(j}h

Al i o o
»5?3»}9“_»\._

U KN ﬁ“ s
\ renialriy
FAAARAR R o Q}w

AAANAAR s A “oo\,,?.,, _ AR Saimap

Figure A.72. Site K83 in Fulton County (Cayce Quadrangle).
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