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ABSTRACT

The University of Kentucky has installed a borehole that penetrated the 586-meter-thick
Mississippi embayment soil/sediment deposits and terminated 8 meters into Paleozoic bedrock
near the most active segment of the New Madrid seismic zone. The borehole is instrumented
with a vertical array of strong-motion accelerometers and broad-band seismometers. As part of
the ongoing construction of the new central United States seismic observatory and calibration
site, we have integrated borehole geophysical data with approximately 9.3 km of acquired P-
wave seismic-reflection CMP data, as well as P- and S-wave reflection/refraction sounding data
in order to define the subsurface geologic configuration and dynamic site properties in the
immediate vicinity of the deep borehole observatory. The seismic sounding velocity data,
seismic velocity calculated from S-P converted wave, and direct observation from vertically
recorded earthquakes, indicate that the original S-wave velocity model measured from the down-
hole suspension log is too low. The average S-wave velocity of the sediment at the site is
approximately 600 m/s. The resultant geologic model derived from CMP images indicates that
the top-of-rock (Mississippian limestone) and top-of-Cretaceous (McNairy Formation) horizons
have the strongest impedance contrast and are the most coherent in the vicinity of the
observatory. This is not surprising and typical for the region. Although less coherent and often
discontinuous, Paleocene (i.e. Porters Creek Clay and Ft. Pillow Sand) and Eocene (i.e.
Memphis Sand) horizons were also mapped. In addition, two near-vertical northeast striking
faults were identified in the images. The two faults exhibit down throw to the northwest and
have between approximately 45 and 75 meters of vertical displacement calculated across the
Paleozoic and Cretaceous reflections. The composite dataset collected for this investigation
provides the fundamental framework to construct future 3-D ground-motion modeling at the site
in order to validate the geotechnical techniques currently being used to characterize deep
sediment sites throughout the Mississippi embayment.



NONTECHNICAL SUMMARY

The thick Mississippi embayment sediment deposits are expected to alter the ground shaking
characteristics of a significant earthquake. Estimating the ground motions of earthquake
engineering interest in these thick deposits is problematic, however. To address these issues, we
have constructed a geologic model around a seismic observatory that penetrates the 586-m-thick
sediment overburden near the central segment of the New Madrid seismic zone. The existing
borehole observatory houses instrumentation beneath, within, and atop a 586-m sediment
overburden, and will allow researchers to evaluate the effects deep sediments have on earthquake
ground motions. The results from this study have defined the various sediment units in the
immediate vicinity of the observatory. Specifically, we have characterized their thickness and
geometric variation, as well as their dynamic properties, all of which affect the resultant ground
motion. The results also provide the fundamental components to construct 1- and 3-D ground
motion models in order to validate the geotechnical techniques currently being used to
characterize deep sediment sites throughout the Mississippi embayment.



INTRODUCTION
The thick sediment overburden of the New Madrid seismic zone (NMSZ), located in the northern

Mississippi embayment (Fig. 1), is expected to produce significant earthquake site effects. The
physical properties and configuration of these soil/sediment deposits can give rise to ground
motions that consist of a complex mixture of source, path, and site effects: including 3D effects
(e.g., Anderson et al., 1996; Bard and Chavez-Garcia, 1993). The only truly reliable way of
separating an earthquake’s source and path effects from the site effect is to simultaneously
record the earthquake with downhole (i.e., bedrock) and surface recorders (Field et al., 1998).
Consequently, the University of Kentucky has installed a seismic borehole observatory, the
Central United States Seismic Observatory (CUSSO) that penetrated the thick Mississippi
embayment soil/sediment deposits (586 m) and terminated 8 meters into Paleozoic bedrock near
the most active segment of the New Madrid seismic zone. Geographically, CUSSO is located in
the community of Sassafras Ridge, Kentucky, at coordinates N 36°33.139', W 89°19.784". The
location of the site is typical of what Toro et al. (1992) referred to as Embayment Lowlands (i.e.,
floodplains) that cover much of the northern embayment (Fig. 2).
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Figure 1. Location of the CUSSO in the central segment of the New Madrid seismic zone. The
contours show sediment thickness in feet below mean sea level.

As part of the ongoing construction of the new seismic observatory, the subsurface geologic
configuration around the site (e.g., 1 km radius) was characterized in order to provide future 3-D
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ground-motion researchers the most effective database in which to construct the most accurate
models and compare with the observational data. Consequently, we collected and processed a
series of north- and east-oriented common-midpoint (CMP) reflection surveys, as well as utilized
sections of favorably oriented proprietary lines in order to image and characterize the subsurface
configuration in an approximate 1 km radius of the observatory site. The primary objectives of
these profiles were to define the major impedance boundaries and their geometric configuration
for future 3D ground motion modeling, as well as to define abrupt lateral anomalies produced by
structural and/or sedimentological features that might affect ground-motion spatial coherence. In
addition, P-and SH-wave refraction/reflection velocity soundings along with P/S suspension
velocity measurements have been collected to further constrain the dynamic site properties.
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Figure 2. Four soil regions discussed by Toro et al. (1992). CUSSO is located adjacent to the
vertical accelerometer array VSAS, and is situated between existing strong-motion stations VSAB
and HIKY?2.

Central United States Seismic Observatory :

A combination of strong-motion accelerometers and medium-period seismometers are currently
installed at varying depths within the 1,950-foot (594 meter) borehole comprising the Central
U.S. Seismic Observatory (CUSSO) in Fulton County, KY (Fig. 3). The borehole penetrated the
entire soil/sediment overburden (586 m) and was terminated 8 meters into limestone bedrock.
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The four strong-motion accelerometers at CUSSO will provide the direct measurement of strong-
motion propagating from the bedrock through the soil column to the surface and allow us to
evaluate how various segments of the soil column alters the characteristics of strong motions
propagation. The medium period seismometers (0.06 - 50 Hz) will also provide direct
measurements of the sediments effects on seismic wave propagation and along with the
accelerometers provide a means for calibrating free-field stations in the region.
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Kinemetrics FBA-23

— 512 meters
EENTEC EA-120 Accelerometer

— 595 meters

EENTEC SP-400 Seismometer

EENTEC EA-120 Accelerometer
Figure 3. Schematic layout of the CUSSO instrumentation and depths below ground surface.
Future instrumentation will include 120° fanned surface accelerometer array.
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GEOLOGICAL SETTING

General Tectonic:

The study area is located in the North American Precambrian craton that was described by
Heigold and Kolata (1993) as a collage of tectonic terranes that formed by lateral accretion to
preexisting continent prior to 1600 Ma (Fig. 4). The northern part of the Mississippi Embayment
lies within the Eastern Granite-Rhyolite tectonic province (Bickford et al., 1986) of this cratonic
collage. The Eastern Granite-Rhyolite Province is bounded by the Western Granite-Rhyolite
Province and Central Plains Province to the west, the Penokean Province and Midcontinent Rift
System to the north, and the Grenville Front to the east. The southern boundary is defined by the
Late Precambrian cratonic margin. Large-scaled geological and geophysical investigations (i.e.,
Burke and Dewey, 1973; Ervin and McGinnis, 1975; Hildenbrand et al., 1977, 1985; Kane et al.,
1981; Mooney et al., 1983; and Thomas, 1991) have defined the Mississippi Embayment as the
site of a Late Precambrian—Early Paleozoic rift complex, called the Reelfoot Rift. Aeromagnetic
and gravity surveys (e.g., Kane et al., 1981) defined the Reelfoot Rift as an approximately 70-
km-wide by 300-km-long northeast-trending basement depression, which extends from the
southern cratonic margin into the Eastern Granite-Rhyolite Province, where it is truncated by an
east—west-trending graben (Rough Creek Graben) near the northern embayment boundary
(Soderberg and Keller, 1981; Keller et al., 1983; Drahovzal et al., 1992). The Reelfoot Rift has a
linear trend with nearly parallel sides over its length. Kane et al. (1981) estimated the depth of
the graben to be over 2 km relative to the top of the surrounding magnetic basement.

Figure 4. Tectonic provinces of the central and eastern United States (after Bickford et al. 1986).



Site Stratigraphy:

The upper Mississippi embayment is a south-plunging synclinal trough characterized by gently
dipping post-Paleozoic sediments that thicken to the south. The depth to the Paleozoic bedrock
at the CUSSO site is approximately 586 m based on the results of the mud-rotary drilled
borehole. The drill rig initially advanced a 15 inch (381 mm) diameter borehole through the
alluvium cover to a depth of 150 ft (45.7 m) below ground surface. The second phase of drilling
telescoped down to a 10 inch (254 mm) diameter boring that was extended through the
remaining poorly lithified sediment, terminating 8.6 meters into limestone bedrock. The cuttings
were collected at the well head and saved for stratigraphic interpretation at the Kentucky
Geological Survey’s Well Sample and Core Library. Prior to casing the hole, electrical, sonic
velocity (P- and S-wave) and deviation logs were acquired. The cutting-based picks were
constrained by e-logs, and the overall stratigraphic interpretation is shown in Figure 5.

The contact between the surficial alluvium and the underlying Jackson Formation is interpreted
to be at 155 feet (47.2 m) below the surface at an elevation of 135 feet (41.1 m) msl. This
boundary marks a distinct lithologic change between the overlying coarse sand and gravel and
underlying black clay. There is also a distinctive change in the gamma and spontaneous
potential logs (Fig. 3). Reported palynomorph assemblages in the Jackson Formation represent
deposition in a continental lacustrine environment, however some marine forms are also present
in some localities (Olive, 1980).

The contact between the Jackson Formation and the underlying Claiborne Formation was placed
approximately 430 feet below the surface at elevation -140 feet (-42.6 m) msl. A lithologic
change was interpreted from the driller’s log, as well as the electric logs. Lithologically, the
underlying green sandy clay of the Claiborne Formation is glauconitic and evidence for marine
environment deposition. There was also a significant change in the electric logs as further
evidence for a stratigraphic boundary.

The boundary separating the Claiborne Formation and the underlying Wilcox Formation is
approximately 900 feet (274.3 m) below the surface at elevation of -610 feet (-185.9 m) msl.
The contact was interpreted from litholigic differences and a distinctive change in the gamma
log. The sand and cemented sand is correlative with the Claiborne Formation, and the
underlying clay is correlative with the Wilcox Formation.

The Wilcox Formation is separated from the underlying Porters Creek Clay at approximately
1300 feet (396 m) below the surface at elevation -1010 feet (-307.8) msl, and is relatively easy to
identify lithologically and geophysically. The Porters Creek Clay is a distinctive, thick sequence
of clay and underlies the sandy clay lithology of the Wilcox Formation. This lithologic change
is also evident in the gamma and spontaneous potential logs.
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The contact between the Porters Creek Clay and the underlying Clayton and McNairy
Formations is approximately 1590 feet (484.6 m) below the surface or at an elevation of -1290
feet (-393.2 m) msl. Lithologically, there is distinct contrast between the overly clays and the
underlying sand and clays of the Clayton and McNairy formations. This lithologic distinction is
exhibited well by the spontaneous potential log (Fig 3).

The Clayton and McNairy Formations boundary with the underlying Paleozoic bedrock is
approximately 1925 feet (586.7 m) below the surface at elevation -1625 feet (-495.3 m). The
contact is exhibited well by the gamma and spontaneous potential logs (Fig. 3). The limestone is
likely Mississippian in age, but the exact age and formation is equivocal.

There are three industry wells near the CUSSO site on Sassafras Ridge in the Bondurant
Quadrangle. The stratigraphic tops of the formations are listed on the Bondurant GQ, and the
driller’s logs are available via the Kentucky Geological Survey oil and gas database. These
holes include KGS oil and gas record numbers 8740, 8741, and 8742. Record number 8740 is
approximately 2.4 km southwest of Sassafras Ridge. Record number 8741 is approximately 4.0
km east, and record number 8742 is approximately 3.6 km south of Sassafras Ridge,
respectively. Figure 6 shows an example of the seismo-stratigraphic correlation south of the site
along the Tennessee border.

Stratigraphic interpretations from the CUSSO hole were correlated with the stratigraphic
interpretation of the nearby deep-holes. The depth to the top of the Jackson Formation is
consistent in all the holes. The Claiborne Formation is hard to distinguish from the Jackson
Formation, therefore that stratigraphic interval is not identified in the 3 holes near the Sassafras
Ridge hole. The Wilcox Formation is of variable in thickness and is deposited on an irregular
surface; however the elevation of this formation on Sassafras Ridge is consistent with the other
deep-holes given the regional dip of the strata in this part of the Mississppian Embayment. The
elevation of the top of the Porters Creek Clay, Clayton and McNairy Formations, and Paleozoic
bedrock are all consistent with the elevation of the nearby deep-holes.

P- and S-Wave Velocity Model:

The suspension P- and S-wave velocity logs acquired in the CUSSO borehole were interpreted to
yield 12 significant impedance boundaries. The boundary contacts, thicknesses, and measured
velocities are given in Table 1. More detailed information regarding procedures, equipment, and
acquisition parameters can be obtained from the PI’s (see contact information at beginning and
end of report).
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Figure 6. a) Straugraphic correlation of the major geologic boundaries ~10 km south of CUSSO at
the Kate Wright no. 1 well, b) A seismic P-wave sounding acquired ~5 km south of the site along the
Tennessee border demonstrating seismo-stratigraphic correlation with the Kate Wright
information.

RESULTS

P- and S-Wave Refraction/Reflection Velocity Soundings:

The seismic refraction and reflection soundings sampled the site using a variety of energy-
source-to-receiver offsets. The sounding (or walkaway) arrays were collected using a 48-channel
24-bit engineering seismograph with an instantaneous dynamic range of 115 db that stores data
on an internal hard drive. Seismic data for the soundings were collected at a sampling interval of
0.5 milliseconds. The digital low-cut filter on the seismograph was 15 Hz, and the high-cut filter
was out. The receiver interval for all soundings was 4 meters. Both P- and S-wave field records
were processed using the commercial signal processing software, VISTA 7.0 [Seismic Imaging
Software, 1995]. Band-pass filters and automatic gain control were applied to the records. No
additional processing was necessary because of the overall quality. Final models were derived
using a commercial generalized-reciprocal algorithm.
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The SH-wave tests utilized two inline spreads of 24, 30-Hz, horizontally-polarized geophones.
All surveys were reversed (to correct for non-horizontal horizons), with five
redundancy/reciprocity shot points for each line. The seismic energy was generated by
approximately 15 horizontal impacts of the 1-kg hammer to a modified H-pile section with a
hold-down weight of approximately 75 kg. To ensure the accurate identification of SH-mode
events, impacts were recorded on each side of the energy source. An example seismogram from
an SH-wave sounding is shown in Figure 7. The walkaway seismogram is typical at the site,
exhibiting a direct wave and three refractions. In addition, three reflections and several multiples
were interpreted in the record. No significant velocity anomalies were observed.

Layer Depth Layer Velocity
Layer Number |  Top Bottom | Thickness | V. V,
() (ft) (ft) (f's) | (fus)
1 123 796 67.3 684 5281
2 796 140.3 60.7 069 5563
3 140.3 191.9 1.7 351 5369
4 191.9 4314 239.5 604 5188
5 431.4 588.9 1575 1675 | 6056
4] 588.9 867.8 278.9 8§20 5595
7 867.8 1038 .4 170.6 1274 | 5970
8 1038 .4 1274 .6 236.2 1648 | 5916
9 1274 6 13993 1247 1455 | 5859
10 1399 .3 1599 6 2003 1779 | 6365
11 1599 6 1933.2 3337 2860 | 7515
12 19332 1938.2 49 4763 | 10726

Table 1. Results of the P- and S-wave suspension velocity log.
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Figure 6. Typical SH-wave walkaway velocity sounding collected at the CUSSO site. The
seismogram exhibits three refractions along with the direct wave. Three reflections and various
multiples were interpreted in the record.

1400

The P-wave soundings utilized two inline spreads of 24, 40-Hz, vertical geophones. The
walkaway surveys exhibited as many as 5 reflections which is characteristic for the vicinity. The
seismogram shown in Figure 6b is typical for the area. The P-wave energy was derived from an
EG&G WDA-T885 vacuum-assisted weight drop. The weight drop was selected instead of other
available sources for field efficiency. The weight drop utilizes vacuum assistance to accelerate a
45-kg steel slug vertically downward from a height of approximately 2.5 m into a hardened
aluminum anvil. Four "vertical stacks™ were generally applied at each shotpoint location,
depending upon background noise levels.

A comparison of the P- and S-wave refraction/reflection velocity model with the P- and S-wave
suspension log velocity measurements at CUSSO are shown in Figure 7. The velocity models
produced from the P-wave walkaway sounding and the downhole P-wave suspension
measurements are comparable; however, the velocity models produced by the S-wave walkaway
and S-wave suspension log are not. The S-wave suspension log underestimates the velocity
model relative to the S-wave walkaway measurements. The discrepancy is shown to be as much
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as 300 m/s at shallow to intermediate borehole depths. Significant instability and occasional
collapse of the borehole wall were noted during the drilling of the upper part of the borehole;
consequently, we speculate that the significant sediment disturbance in the borehole annulus and
immediate vicinity adversely affected the accuracy of the S-wave suspension log. The saturated
condition of the soft sediment made the downhole P-wave measurements less susceptible to the
sediment disturbance.

CENTRAL UNITED STATES SEISMIC OBSERVATORY CENTRAL UNITED STATES SEISMIC OBSERVATORY
Shear-Wave Velocity Model P-Wave Velocity Model
Fulton County, KY Fulton County, KY
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Figure 7. Comparison of P- and S-wave refraction/reflection velocity models with the P- and S-
wave suspension log velocity measurements. Although the P-wave models are similar, the S-wave
suspension log is significantly lower than the S-wave walkaway sounding. We attribute the
discrepancy to early borehole instability and the resultant highly disturbed sediment in the
immediate vicinity of the borehole annulus.

Common-Mid-Point Seismic Reflection Acquisition:
Conventional P-wave seismic-reflection data were acquired by the common-mid-point (CMP)

seismic profiling technique. The P-wave data were collected in an off-end configuration using a
48 in-line spread of 40-Hz vertically polarized geophones spaced at 10 meters. The optimal
recording window required a 110-m near-offset as determined from the walkaway tests. Various
energy sources were available and used, including an EG&G vacuum-assisted weight drop,
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ATV-mounted Digipulse PWD-80, Digipulse gas-charged P/S-wave weight drop, and
Geometrics Psuedo-random vibrators; however, a 3-lbs hammer was found to be nearly as
effective, but logistically much more efficient. Consequently, all of the data acquisition was
performed with the simple hammer except at survey CUSSO-4. CUSSO-4 consisted of two lines
collected coincident with one another, but with different array apertures and energy sources. One
profile is 6-fold and was collected with a pseudo-random source at a near-offset of 10 meters.
The other was a 12-fold profile as previously described.

All seismic data were processed on a personal computer using the commercial signal-processing
software VISTAT.0. The processing sequence applied to the CMP reflection data is shown in
Table 2. Coherent noise muting, digital filtering, trace editing, appropriate trace balancing, and
careful correlation statics were the primary processes in improving the pre-stack quality of the
events seen on the raw field file. This is a routine processing sequence for most high-resolution
seismic-reflection work (Steeples and Miller, 1990; Baker, 1999). These standard near-surface
data-processing procedures are similar to those used in the petroleum industry, but scaled down
and conservatively applied. Examples of the raw and filtered/muted pre-stack data are shown in
Figure 8.

Table 2.

Processing Steps

Reformat

Spherical Divergence Gain
Elevation Statics

Bandpass Filter

Sort to CDP Gathers

Velocity Analysis

First-Break and Surgical Muting
Normal Moveout Corrections

. Surface Consistent Statics (10 ms max. shift)
10. CDP Stack

11. Automatic Gain Control

12. f-k Filtering

© 0o N AN PR
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Figure 8. Typical field files from the collected during the study. The data are shown as a) raw 48-
channel records, b) band-pass filtered (30/80 Hz) with AGC (120 ms), and d) bad trace kills and
top-bottom-surgical-muted optimal window.
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The locations of the acquired CMP lines (blue) and the proprietary CMP line (brown) relative to
the CUSSO site are shown in Figure 9. The triangle indicates the location of the CUSSO
borehole. The 250-m and 30-m boreholes are immediately adjacent to the CUSSO borehole.
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Figure 9. Location of the seismic profiles relative to the CUSSO site is shown. The blue lines are UK
collected surveys and the brown lines are proprietary lines provided to the university by Apache
Corporation. The black triangle inside the red circle is the CUSSO deep borehole. The black line is
a fault interpreted on four of the lines. The balls are on the down throw.

In addition to a comparison with borehole data collected on site, a comparison of the CMP
profiles in this investigation and a synthetic seismogram used by the nearby Sexton and Jones
(1986) study was performed in order to aid with the stratigraphic correlation of the seismic
reflection data (Fig. 10). This comparison also provided an assessment of the regional
significance of the predominant impedance boundaries. Figure 10 shows the synthetic
seismogram compared to the high-quality data segment exhibited by the pseudo-random-
acquired CMP along CUSSO-4. The stratigraphic correlation shows that the tops of the
Cretaceous (McNairy Formation) and Mississippian bedrock are the most prominent and
coherent in the study area. Although less coherent and possessing a lower reflectivity, a
Paleocene horizon (Fort Pillow Sand member of the Wilcox Group) was also interpreted in the
acquired CMP profiles. A less coherent reflector within the Eocene section (Memphis Sand?)
can be intermittently interpreted in the CMP images. No data from the Quaternary was obtained.
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The seismic-stratigraphic correlations interpreted in this study are consistent with other seismic-
reflection investigations in the region.

All structural interpretations on the profiles were defined by: (1) offset reflectors, (2) abrupt
termination of relatively strong reflection horizons, and (3) changes in reflector apparent dip.
Noticeable sediment thickening on the downthrow of interpreted faults can also be a structural
indicator. Temporal continuity of an anomaly was used to discriminate between structure and
erosion or soft-sediment deformation features.
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Figure 10. Synthetic seismogram Trom Sexton and Jones (LYg8b) compared with a panel of the high-
resolution image collected with a pseudo-random vibrator along line CUSSO-4. Significant regional
impedance boundaries exhibit good correlation.

CUSSO-1:

This north—south-oriented 12-fold profile, shown in Figure 11, was collected along the
essentially flat-lying shoulder of Sassafras Church road. The trace spacing is 5 meters. The two
most prominent impedance boundaries on the profile are from the tops of the Cretaceous and
Paleozoic bedrock horizons at approximately two-way-travel-times (TWTT) of 560 ms and 645
ms, respectively. Discontinuous and incoherent reflectors are observed above the K horizon. For
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in seismic coherency that are exhibited on the profile. Specifically, two

seismically opaque zones are separated by highly reflective coherent boundaries defining the
tops of the K sands and Pz limestone. The larger lateral opaque zone is located between trace

example, a section of the Ft. Pillow Sand reflector can be interpreted between trace numbers 1
numbers

and 40 at ~350ms TWTT. Perhaps an Eocene reflection is exhibited between trace numbers 60

and 80 at ~170 ms TWTT, but this interpretation is equivocal. The overall data quality for
CUSSO-1 is poor compared with other lines in the investigation. This is generally due to two
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Figure 11. Un-interpreted and interpreted profiles for CUSSO-1 are shown. The trace spacing for
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50 and 60, and the smaller between trace numbers 83 and 90. Although surface topography was
approximately flat (< 1 m) and no known variation in near-surface geologic conditions were
known or noted (e.g., water table fluctuation, energy coupling variation, etc.), near-surface
influences on the data quality cannot be completely ruled out. We do interpret distinct vertical
time shifts in the K and Pz reflections across both zones of lateral incoherency, however. In
addition, there does appear to be small amounts of variation in the apparent dip of the reflectors,
particularly along the Pz horizon. The magnitude of the vertical offset is approximately 70 ms
and 35 ms across the Pz and K reflectors, respectively. The incoherent signal above the K makes
the near-surface extent of the offset t to characterize; however, it is plausible to extend it into the
Paleocene based on the abrupt truncation of the reflection (Ft. Pillow Sand) horizon near trace
number 45.

CUSSO-2:

The north—south-oriented 12-fold profile is the southern extension of CUSSO-1, and is shown in
Figure 12. CUSSO-2 was collected along the nearly flat-lying shoulder of Running Slough Road.
The trace spacing for CUSSO-2 is 5 meters. The two most prominent impedance boundaries on
the profile are again from the tops of the Cretaceous and Paleozoic bedrock horizons at
approximately two-way-travel-times (TWTT) of 540 ms and 640 ms, respectively. Although the
reflections above the K horizon exhibit more discontinuous characteristics, two of them are
relatively coherent across the profile. The top of the Ft. Pillow is interpreted at ~365ms TWTT.
This interpretation is based on the characteristic seismic opaqueness between this reflector and
the top of the K reflection, as well as the correlation with the borehole logs and other reflection
surveys in the vicinity. Although more discontinuous, an Eocene reflection is interpreted at ~175
ms TWTT. The reflection likely correlates with the Memphis Sand based on borehole and
seismic depth calculations; however, this interpretation is equivocal because of the relative thin
nature of the Memphis Sand and its neighboring stratigraphic units. An abrupt lateral change in
seismic coherency is exhibited on the profile near trace number 95. A seismically incoherent
zone extends north of trace number 95 to near trace 75. The entire reflection sequence is uneven
and less coherent (relative to the southern part) from trace 75 to the northern end of the profile.
The K and Pz horizons show a 30 ms down-to-the-north vertical displacement across this zone.
A few other minor vertical displacements are seen the K and Pz reflectors, but do not appear to
affect the overlying horizons to any significant extent.

20



S

Trace # 14|()
"
i

] 1
s

| IFI N
T
HHOB T

1 Jhlrll

a5

time (ms)
(%)
=)
S

raf

Eohs P | AR

i

it
Lt

time (ms)

= i.'- kit
il !!|"|: |['.::-H.| il

1024

Figure 12. Un-interpreted and interpreted profiles for CUSSO-2 are shown. The trace spacing for
the high-resolution CMP survey is 5 meters.
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CUSSO-3:
The CUSSO-3 is an east—west-oriented 12-fold profile shown in Figure 13. CUSSO-3 was

collected along the nearly flat-lying edge of Cheshire farm road. The trace spacing for CUSSO-3
is 5 meters. The two most prominent impedance boundaries on the profile are from the tops of
the Cretaceous and Paleozoic bedrock horizons at approximately two-way-travel-times (TWTT)
of 540 ms and 630 ms, respectively. Although the reflections above the K horizon again exhibit
more discontinuous characteristics, two of them are relatively coherent across the profile. The
top of the Ft. Pillow is interpreted at ~355ms TWTT. This interpretation is based on the
characteristic seismic opaqueness between this reflector and the top of the K reflection, as well
as the correlation with the borehole logs and other reflection surveys in the vicinity. Although
more discontinuous, an Eocene reflection is interpreted at ~180 ms TWTT. The reflection likely
correlates with the Memphis Sand member of the Claiborne Group based on borehole and
seismic depth calculations; however, this interpretation is equivocal because of the relative thin
nature of the Memphis Sand and its neighboring stratigraphic units. An abrupt lateral change in
seismic coherency is exhibited on the profile near trace number 95. A distinct vertical offset
across the K and Pz reflectors is seen at trace number 55. An incoherent opaque zone overlies the
vertical discontinuity through the entire time history; however, relatively coherent, but
discontinuous Paleocene and Eocene horizons are seen east and west of this zone. Although we
interpret the fault displacing the entire reflection sequence, the data quality along the uppermost
Eocene reflector is equivocal. The K and Pz horizons show approximately 25 ms down-to-the-
west vertical displacement across this zone. A few other minor vertical displacements are seen
the K and Pz reflectors, but do not appear to affect the overlying horizons to any significant
extent.
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Figure 13. Un-interpreted and interpreted profiles for CUSSO-3 are shown. The trace spacing for
the high-resolution CMP survey is 5 meters.
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CUSSO-4:
The CUSSO-4 survey is composed of two east—west-oriented CMP profiles collected along

KY971. The two lines were collected coincident with one another, but with different array
apertures and energy sources (Fig. 14). The upper 6-fold profile was collected with a pseudo-
random energy source (PRES). The off-end near-offset was 10 meters. The lower profile is 12-
fold and was acquired in an equivalent manner typical of the previous surveys. Both CMP
profiles have trace spacing of 5 meters. The two most prominent impedance boundaries on both
profiles are from the tops of the Cretaceous and Paleozoic bedrock horizons at approximately
TWTT of 550 ms and 635 ms, respectively. The reflections above the K horizon are more
discontinuous than the K or Pz; however, two of them are relatively coherent across the profile.
The Ft. Pillow Sand reflector is interpreted at ~355ms TWTT. This interpretation is based on the
correlation with the borehole logs and other reflection surveys in the vicinity. Although more
discontinuous, an Eocene reflection is interpreted at ~180 ms TWTT. The reflection likely
correlates with the Memphis Sand based on borehole and seismic depth calculations; however,
this interpretation is equivocal because of the relative thin nature of the Memphis Sand and its
neighboring stratigraphic units. The 6-fold profile collected with the PRES has much higher
frequency content relative to the 12-fold profile collected with the seismic hammer, thus a
significantly higher resolution. Consequently, we are able to identify the top of the Paleocene
Porters Creek Clay (brown horizon in Figure 14) at ~420 ms TWTT. This interpretation is based
on calculated and borehole observed depths, as well as the characteristic seismic opaqueness
between this reflector and the top of the K reflection. In addition, we interpret the top of the
Flour Island Formation (dark green horizon in Figure 14). An abrupt truncation in seismic
coherency is exhibited on the 12-fold profile near trace number 45, as well as a distinct vertical
offset across the K and Pz reflectors. The 6-fold profile exhibits similar characteristics, but with
increased resolution. Incoherent, weak signal overlies the K horizon in the vicinity of the vertical
discontinuity in both profiles; however, relatively coherent and continuous Paleocene and
Eocene horizons are seen east and west of this zone, particularly in the 6-fold image. Another
near-vertical discontinuity is observed near trace number 85. The extent of the displacement is
similar to the fault at trace number 45. The K and Pz horizons show approximately 25 ms and 35
ms, respectively across the vertical displacements. The un-interpreted CUSSO-4 profiles are
shown in Figure 15.
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Figure 14. Two interpreted CMP profiles for CUSSO-4 are shown. The trace spacing for both high-
resolution surveys is 5 meters. The lines were collected coincident with one another, but with
different array apertures and energy sources. The upper profile is 6-fold and was collected with a
pseudo-random source. The near-offset was 10 meters. The lower 12-fold profile was acquired with
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Figure 15. Two un-interpreted CMP profiles for CUSSO-4 are shown. The trace spacing for both
high-resolution surveys is 5 meters. The lines were collected coincident with one another, but with
different array apertures and energy sources. The upper profile is 6-fold and was collected with a
pseudo-random source. The near-offset was 10 meters. The lower 12-fold profile was acquired with
the typical characteristics of the previous surveys.
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DOW-8:

A section of industry line DOW-8 is shown in Figure 16. This small segment at the northern
terminus is only a small part of the line that has it southern terminus just north of Memphis,
Tennessee. The section of profile used for this study is a northeast—southwest-oriented 24-fold
profile collected along the nearly flat-lying section of KY94. The trace spacing is 33.5 meters.
The DOW-8 section has significantly lower frequency content relative to our newly acquired
reflection data. Consequently, the resultant lower resolution image increases the uncertainty in
the interpretation. The most prominent impedance boundary on the profile is from the top of the
Cretaceous horizon at approximately 520 ms TWTT. The very low frequency content of the K
reflection and the relative thickness of the K horizon cause the last part of the K reflection to
interfere with the onset of the Pz reflection. The final interpretation assumed that the third cycle
in the wave train defined the onset or top of the Pz reflection horizon. The reflections above the
K horizon are weak with poor coherency. We were comfortable with interpreting the top of the
Ft. Pillow is interpreted at ~350ms TWTT. These interpretations are based on the correlation
with the borehole logs and other reflection surveys in the vicinity. Vertical offsets across the K
and Pz reflectors are interpreted at trace numbers 1860, 1900, and 1915. The data quality for this
part of the time history makes the extent of the offset above the K horizon equivocal. We
interpret all the faults to displace the K and Pz horizons with a down-to-the-southwest near-
vertical displacement. The total time displacement along the K reflection is nearly 50 ms.
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Figure 16. Un-interpreted and interpreted profiles for the northernmost part of DOW-8 are shown.
The trace spacing for the high-resolution CMP survey is 33.5 meters.
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DOW-2A:
A section of industry line DOW-2a is shown in Figure 17. This small segment at the western

terminus is only a part of the line that has it eastern terminus just south of Hickman, Kentucky.
The western terminus of DOW-2a intersects the northeastern terminus of DOW-8 (Fig. 9). The
section of profile used for this study is an east-west-oriented 24-fold profile collected along the
nearly flat-lying section of KY94. The trace spacing is 33.5 meters. The DOW-2a, like DOW-8,
reflections have significantly lower frequency content relative to our newly acquired reflection
data. Consequently, the resultant lower resolution image in the DOW data increases the
uncertainty in their interpretation. The most prominent impedance boundary on the profile is
from the top of the Cretaceous horizon at approximately 520 ms TWTT. The very low frequency
content of the K reflection and the relative thickness of the K horizon cause the last part of the K
reflection to interfere with the onset of the Pz reflection. The final interpretation assumed that the
third cycle in the wave train defined the onset or top of the Pz reflection horizon. The reflections
above the K horizon are weak, but relatively coherent. We interpret the top of the Ft. Pillow at
~350ms TWTT. These interpretations are based on the correlation with the borehole logs and
other reflection surveys in the vicinity. Vertical offsets across the K and Pz reflectors are
interpreted at trace numbers 235 and 225. The offset appears to disrupt the Ft. Pillow Sand;
however data quality for the post-K part of the time history makes the interpretation equivocal.
We interpret all the faults to displace the K and Pz horizons with a down-to-the-west near-
vertical displacement. The total time displacement along the K reflection is nearly 40 ms.
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Figure 17. Un-interpreted and interpreted profiles for the westernmost part of DOW-2a are shown. The trace
spacing for the high-resolution CMP survey is 33.5 meters.
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