























































































































greater). Distribution patterns of the units show that very little deposition has occurred on the
continental shelf and Blake Plateau since Miocene times, in contrast to widespread and thick
occurences of many of the Cretaceous and Jurassic units across the entire margin.

Interval Velocity Maps

The interval velocity grids (Appendix 2) are shown with a contour interval of 50 m/s,
which emphasizes the trends in velocity anomalies, even though many of the velocity data may
not be accurate to better than 50 m/s (Hutchinson et al., 1995). No polygon boundaries other
than the master polygon are shown in the velocity maps so that velocity trends are not
interrupted with the subcrop bounding lines. Because velocity contours originally may have
been be continuous across regions of erosion, unlike thickness contours, this display provides
the most logical display of velocity trends.

Velocities show a range of values for each unit. This range can be small (1800-1900
m/s for unit 40) or large (4500-6300 for unit 180). Within any unit, velocities tend to be
higher in the Blake Plateau than in the Carolina trough, which reflects the higher carbonate
contents found within the Plateau; and they also tend to be higher on the shelf than in the
abyssal plain for any unit, which probably reflects the greater depth of burial of the shelf
deposits compared to their deep-water equivalents. These observations lead to the general
pattern of higher velocities at similar depths beneath the Blake Plateau than the Carolina trough
and beneath the shelf than further offshore. Most of the deeper units (units 120-180) show a
velocity maximum elongated down the axis of the Carolina trough, which indicates the
approximate position of the reef complex that developed along the Jurassic-Cretaceous paleo-
shelf edge (Poag, 1991). '

Thickness Maps

The thickness grids (Appendix 3) for each unit were constructed by combining the
isochron and interval velocity grids (with a multiplier of .5 to account for two-way travel time).
The contour interval on these maps (50 m) is used to highlight trends in depositional and
erosional patterns (particularly of the thinner units), although the uncertainty in unit thickness
probably exceeds 50 m for the deeper units (Hutchinson et al., 1995).

The magnitude and locus of thickest deposition varies considerably through time: In
the Middle Jurassic (unit 170), deposits in excess of 3 km were deposited in the central Blake
Plateau, whereas the Upper Cretaceous (unit 90) contains maximum thicknesses of about 750
m beneath the Carolina slope and along the Florida Hatteras slope near the inner Blake Plateau.
By the end of Jurassic time, thicknesses change from greater than 1-3 km to generally less than
1 km thick. The notable exception is when more than 2 km of deposits accumulated on the
Blake Ridge in mid-Miocene time (unit 45). The reduced thicknesses of deposits in the
Cenozoic and their distribution in deep water reflects the combined effects of greater current
activity and changing sea-level conditions that have caused sediments to bypass the shelf for
deeper water (e.g., Dillon and Popenoe, 1988).

Structure Maps - Time

The structure maps in travel time (Appendix 4) were generated by summing the
isochron grids for each successive unit, starting with the bathymetry isochron grid. These
structure maps represent total travel times from the sea surface to a horizon. The contour
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interval of .2 s is consistent with the interval used by Klitgord et al. (1994) for the area north
of Cape Hatteras.

These maps show the general configuration of increasing travel times to successively
deeper horizons. Because of the dominating effect of the low-velocity, thick water column,
these maps tend to be dominated by the shape of the water surface and travel times to horizons
beneath the abyssal plain always exceed those beneath the shelf. For this reason, the structure
maps in depth are better for investigating areal variations in the shape and geometry of the
horizons. = The maps for horizons 105-190 show the regions where gridding across
discontinuities in thickness (at the paleo-shelf edge and the Blake Escarpment) are introducing
short-wavelength anomalies in areas of no data control (stippled areas).

Structure Maps - Depth

The structure maps in depth (Appendix 5) are identical to the structure maps in time
except they are constructed by summing the thickness grids. They show the depth of a horizon
below sea level. The contour interval used for these maps is 200 m. Somewhat worse
contouring artifacts exist in these maps than for the equivalent structure maps in time because
inaccuracies in both travel time (isochron grids) and velocity (interval velocity grids) are
compounded. Stippling on the maps of horizons 105 to 190 flags the regions of contouring
artifacts.

The depth maps show several prominent features and trends. The base of the oldest
deposits i1s about 3 km deeper in the Blake Plateau (at about 13.5 km) than in the Carolina
trough (at about 10.5 km). In contrast, the maximum depth of Cretaceous deposits is several
kilometers shallower beneath the Blake Plateau (4 km) than beneath the Carolina trough (7
km). The Jurassic paleo-shelf edge served to trap huge thicknesses of sediment into Early
Cretaceous time. The Cretacous horizons show the effects of widespread erosion; Cretaceous
horizons are best preserved beneath the shelf and Blake Plateau and are often non-existent
beneath the rise and abyssal plain. The maximum depths to the top of Cretaceous deposits are
shallower beneath the Blake Plateau (1.5 km) than beneath the Carolina trough (5-6 km).
Cenozoic time has been characterized by deposition primarily in deep water. Very few
Cenozoic horizons are mappable on the Blake Plateau. Through time, the shelf edge has
migrated landward in the northern Carolina trough.

These patterns in the depths to horizons are the result of shifting sediment supplies,
differences in sea level, variations in subsidence history (related to contrasting rift histories and

basement types), changes in climate, and changes in current regimes (Dillon and Popenoe,
1988).

Lithology Maps

The final set of grids, shown as lithology maps in Appendix 6, show simplified
lithologic information for each unit. These maps were compiled from limited drill and sample
information available (Table 3) and seismic facies analysis from the interpretation of the
multichannel seismic profiles (e.g., Poag and Valentine, 1988; Dillon and Popenoe, 1988; Poag,
1985, 1991). Seismic facies analysis can be highly subjective (e.g., Vail et al., 1977), therefore
the maps used in this project have been purposely kept simple. Only six lithologies are
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identified (Table 6). No attempt was made to show gradational changes between lithologies,
although such gradations are likely to occur.

These maps show how Jurassic, Cretaceous, and early Cenozoic deposits (units 190 -
70) are dominated by carbonate deposition (limestone, chalk, and dolomite) with variable
amounts of clastic input, whereas Cenozoic deposits (units 20 - 70) are progressively more
clastic (shale and silt/sand). The carbonate paleo-shelf/reef trend mapped by Poag (1991) can
be seen in the maps of Jurassic units in the Carolina trough (units 120 - 180), but is not
identifiable in the Cretaceous maps (units 80 - 110). Salt is identified only in the deepest unit
(190) in the northern Carolina trough.

A geographic pattern also emerges in that the Blake Plateau is more carbonate-rich than
the Carolina trough, which is more transitional with a clastic regime (e.g., units 105 and 80).
Coarser terrigenous lithologies (such as silt/sand) tend to be located along the shelf and inner
shelf. Finer terrigenous deposits (shale) tend to be in deeper water seaward of the sand/silt
deposits. Many of the Cenozoic silt/sand deposits are delta/fan complexes that developed
during high-stands of sea level when the Suwanee current crossed northern Florida and the
Gulf Stream was intensifying (e.g., Popenoe, 1985, 1987; Dillon and Popenoe, 1988).

Table 6: General Lithologic Types

ROCK TYPE l NUMERICAL CODE
Silt/Sand 02
Clay/Shale 04
Chalk 06
Limestone 08
Dolomite 10
Halite/Anhydrite 12

CONSTRUCTION OF GEOACOUSTIC DATABASE

Geoacoustic Parameters

The suite of acoustic parameters developed for the database and the formulas for
calculating them are given in Table 7. The calculations estimated directly from the velocity
and thickness information of the grids were density (Hamilton, 1978) and shear-wave velocity
(Hamilton, 1979).

In order to estimate compressional- and shear-wave attenuation, surface sediment
grain-size information must be known. The map of surface sediment grain size (Figure 10)
shows the dense sampling on the continental shelf and Blake Plateau, and the paucity of data



from the abyssal plain. Surface compressional-wave attenuation (Figure 16) was estimated
from surface sediment grain size information using the Biot-Stoll model (Table 8), which is
applicable only for frequencies below 1 kHz (Stoll, 1985). Because of the lack of sediment
grain-size information on the abyssal plain, and the assumption that grain size changes very
little along the abyssal plain south of Hatteras, a value of 0.04 dB/m was assigned to the entire
deep-water region. Surface attenuation was then used as one of the inputs to estimating the
compressional-wave attenuation of the deeper layers (Mitchell and Gocke, 1980, Stoll, 1985).
Shear-wave attenuation was estimated directly from the compressional-wave attenuation using
the relationships developed by Hamilton (1976a, 1976b) and Castagna et al. (1985).

Methodology

The database was compiled by merging the digital grids (isochron, interval velocity,
thickness, structure maps in time, structure maps in depth, lithology, and surface grain-size)
into one large file, sorting each grid point by latitude and longitude, performing the derivative
calculations using the formulas cited in Table 7, and outputting the results into two formats

(described below). All numeric calculations were performed using programs and scripts
developed by USGS using MATLAB (registered trademark of the Math Works, Inc.).

Formats

The data base is sorted first by latitude, then longitude, so that each row of grid points
is listed from west to east, progressing from south to north. The data base is stored in two
formats:

(a) By grid node (Table 9), which lists all the horizon information relative to a particular grid
node. Latitude and longitude are given in the first two lines followed by a line containing
thirteen fields associated with each horizon number defined at that node point (starting at the
sea floor). Blank lines separate each grid node from the next, and headers explaining each
field are printed for each grid node.

(b) By horizon number (Table 10), which lists 15 fields of data for each horizon. This format
is ordered identically to the grid-node format, except that latitude and longitude are given as
the first two fields of each line, as opposed to being the first two lines of the data. This format
is compressed relative to the grid node format because latitude/longitude are not stored on
separate lines and because headers and blank lines are not included at each new grid node. A
single explanatory header exists in the first line of the file.

Figure 16: Map of surface compressional-wave attenuation. This map was constructed using
the grain-size information (Figure 10) converted to attenuation using the relationships
described in Table §.
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Table 7: Geoacoustic Parameters and Formulas

Parameter I Description

e |

T(0) Sea surface observed on seismic-reflection records
T(n) Two-way travel time from sea surface to reflector n (seconds)
V() RMS velocity at reflector n (meters/second) calculated from
normal moveout analysis of multichannel seismic data

A(n) Age of unit above reflector n
ST(n) Sediment type (defined in Table 6)
V,(n) Interval velocity of unit above reflector n in meters/second

(assumed identical to compressional-wave velocity, V)
= (Vims(1)-V s (0-1))/(T(0)-T(n-1))

Vi (water) 1500 m/s for all profiles

DZ(n) Thickness of layer in meters
= (T(n)-T(n-1))(Vi(n))
D(n) Depth of reflector n in meters
= Z(T(H)-T(-D)(V; () for j=1,n
p(n) Density of rock within unit in g/cc calculated from V, using

the following relationships for terrigenous marine sediments
(Hamilton, 1978, p. 368):

at V (seafloor) 14.80 (V,) -21.014 g/cc
for 1.5 <V, <2.0 km/s 1.135 (V,) - 0.190 g/cc
for 2.0 <V, <4.5 km/s -0.08 (V )(V,) + .744(V ) + 917 gl/cc
for V, > 4.5 km/s (0.15833)(V,) + 1.9325
V(n) Shear-wave velocity in unit n in m/s calculated from V (n) using

the following relationships for terrigenous marine sediments
(Hamilton, 1979, p. 1095):
for 1.512 <V, < 1.555 km/s  3.884(V ) - 5.757 km/s
for 1.555 <V, < 1.650 km/s  1.137(V) - 1.485 km/s
for 1.650 <V, <2.150 km/s  0.47(V,)* - 1.136(V,) +.991 km/s
for V, > 2.150 km/s 0.780(V,) - 0.962 km/s or
0.862(V,) - 1.172 km/s for mudstone
(Castagna et al., 1985)

o,(n) Compressional attenuation in dB/m (Mitchell and Focke, 1980;
Stoll, 1985):
= F(km Vp(ﬂ), D(ﬂ-l), D(n)’ ﬂ
where k, is a constant dependent on surface rock type and
f is frequency in kHz

o (n) Shear-wave attenuation in dB/m (Hamilton, 1976a,b; Castagna et al.,
1985):
= k(f) where k, is a constant in dB/m-kHz, f is frequency in kHz
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Latitude (degrees):
Longitude (degrees):

Table 8: Surficial Sediment Type and Surface Attenuation

Sediment Type'

Coarse sand

Phi
Class

<1

Grain Size (mm)

>0.5

Surface

Attenuation®

0.005

Medium sand

<2

0.25-0.5

0.010

Fine sand

<3

0.125-0.25

0.015

Sandy silt

<4

0.0625-0.125

0.020

Silty sand

<5

0.0312-0.0625

0.025

Silt

<6

0.0156-0.0312

0.030

Silty clay

<7

0.0078-0.0156

0.035

Clayey silt

<8

0.0039-0.0078

0.040

Clay

<9

0.00195-0.0039

0.045

! Sediment types in order of decreasing grain size.

2 Attenuation (k,) values are compressional-wave surface attenuation in dB/m-kHz where
o=k,f™ based on the Biot-Stoll model and applicable only below 1 kHz (Stoll, 1985).

26.166700
-79.250000

Table 9: Database Format by Grid Node

(02)
(04)
(08)
(086)
(06)
(06)
(08)
(08)
(08)
(08}
(08)

(db/m-xHz) Type

02

Layer Age Travel Depth Thickness Density RMS Velocity Velocity Surf-Atten P-Atten S-Atten Sediment

Number Time {(m) {(m) {(gm/cm**3) Velocity P-Wave S-Wave (db/m-kHz) (db/m-kHz) (db/m~kHz) Type

001 Seafloor 0.579 434 434 1.000 1500 1500 0 0.019 0.000 0.000 Silt/sand
060 Base Upper Oligocene 1.032 985 551 2.253 1964 2432 93s . 0.059 0.067 Shale

070 Base Tertiary 1.247 1275 290 2.343 2109 2701 1145 0.074 0.059 Limestone
080 Base Campanian/Maastrichtian 1.576 1749 473 2.396 2291 2878 1283 0.010 0.007 Chalk

080 Base Coniacian/Santonian 1.668 1899 150 2.501 2357 3297 1610 0.010 0.005 Chalk

105 Base Aptian/Albian 1.762 2080 180 2.594 2459 3834 2029 0.010 0.004 Chalk

110 Base Barremian 1.802 2170 90 2.653 2524 4551 2588 0.010 0.003 Limestone
120 Base Berriasian/Hauteravian 2,156 3081 911 2.747 3109 5141 3048 0.010 0.002 Limestone
140 Base Kimmeridgian 2.845 4991 1909 2.810 3843 5543 3361 0.010 0.002 Limestone
150 Base Oxfordian 2.892 5125 133 2.843 3881 5751 3524 0.010 0.002 Limestone
170 Base Upper Bathonian/Callovian 2.909 5179 53 2.881 3898 5989 3709 0.010 0.002 Limestone

Table 10: Database Format by Horizon Number

Latitude Longitude Layer Age Travel Depth Thickness Density RMS Velocity Velocity Surf-Atten P-Atten S-Atten Sediment
(degrees) (degrees) Number Time (m) (m) (gm/cm**3) Velocity P-Wave S-Wave (db/m-kHz) (db/m-kHz)

26.1667 -79.2500 001 "Seafloor" 0.579 434 434 1.000 1500 1500 [} 0.019 0.000 0.000
26.1667 -79.2500 060 "Base Upper Oligocene" 1.032 985 551 2.253 1964 2432 93s 0.019 0.059 0.067
26.1667 -79.2500 070 "Base Tertiary" 1.247 1275 290 2.343 2109 2701 1145 0.019 0.074 0.059
26.1667 -79.2500 080 "Base Campanian/Maastrichtian" 1.576 1749 473 2.396 2291 2878 1283 0.019 0.010 0.007
26.1667 -79.2500 0S0 "Base Coniacian/Santonian" 1.668 1899 150 2.501 2357 3297 1610 0.01% 0.010 0.005
26.1667 -79.2500 105 "Base Aptian/Albian" 1.762 2080 180 2.594 2459 3834 2029 0.019 0.010 0.004
26.1667 -79.2500 110 "Base Barremian" 1.802 2170 S0 2.653 2524 4551 2588 0.019 0.010 0.003
26.1667 -79.2500 120 “"Base Berriasian/Hauterivian" 2.156 3081 9511 2.747 3109 5141 3048 0.018% 0.010 0.002
26.1667 -79.2500 140 "Base Kimmeridgian® 2.845 4991 1509 2.810 3843 5543 3361 0.019 0.010 0.002
26.1667 -79.2500 150 "Base Oxfordian" 2.892 5125 133 2.843 3881 5751 3524 0.019% 0.010 0.002
26.1667 -79.2500 170 "Base Upper Bathonian/Callovian" 2.909 5175 53 2.881 3898 5989 3709 0.019 0.010 0.002
26.1667 -79.1667 001 "Seaflcor" 0.404 302 302 1.000 1500 1500 0 0.020 0.000 0.000
26.1667 -79.1667 060 "Base Upper Oligocene" 0.882 884 581 2.254 2059 2434 936 0.020 0.052 0.059
26.1667 -79.1667 070 "Base Tertiary" 1.090 1165 280 2.343 2196 2701 1145 0.020 0.012 0.010
26.1667 -75.1667 os8o "Base Campanian/Maastrichtian" 1.433 1660 495 2.398 237% 2885 1288 0.020 0.010 0.007
26.1667 -79.1667 0380 "Base Coniacian/Santonian" 1.516 1796 135 2.497 2437 3283 1599 0.020 0.010 0.005
26.1667 -79.1667 105 "Base Aptian/Albian" 1.629 2013 217 2.592 2558 3821 2018 0.020 0.010 0.004
26.1667 -79.1667 110 "Base Barremian" 1.677 2123 109 2.652 2636 4544 2582 0.020 0.010 0.003
26.1667 -79.1667 120 "Base Berriasian/Hauterivian" 2.020 3002 879 2.744 3199 5128 3038 0.020 0.010 0.002
26.1667 -79.1667 140 "Base Kimmeridgian” 2.714 4919 1917 2.808 3929 5531 3352 0.020 0.010 0.002
26.1667 -79.1667 150 "Base Oxfordian" 2.778 5103 183 2.841 35979 5739 3514 0.020 0.010 0.002
26.1667 -79.1667 170 "Base Upper Bathonian/Callovian" 2.795 5154 51 2.880 3995 5982 3704 0.020 0.010 0.002
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DISCUSSION

This digital compilation of stratigraphic information from south of Cape Hatteras
completes the digitization of the major sedimentary basins from the offshore U.S. Atlantic
continental margin (Klitgord et al., 1994). Despite artifacts included in the grids, this
compilation offers excellent opportunities for undertaking three-dimensional visualization and
modelling studies of nearly an entire passive continental margin, particularly if combined with
other regional geophysical data, such as gravity, magnetics, and crustal-structure information.
These digital data will make it possible to investigate the three-dimensional partitioning
between tectonic, depositional, erosional, magmatic, and eustatic processes in the development
of the continental margin.

A compilation of this magnitude requires compromises and choices at nearly every step
of the analysis. Part of the reason this was such a time consuming project was the manual
nature of many of the steps in the process: e.g., digitizing and hand-editing horizons from the
profile data (Hutchinson et al., 1995) and digitizing contours and regridding for the gridding
portion of the project. Generally these were done with separate software packages that each
used separate internal storage formats (e.g., Wright and Hosom, 1977; Smith and Wessel,
1990). The person processing the data had multiple files in multiple formats to track and save
at nearly every step. A clear improvement in the process would be automating the profile
digitizing process and combining the digitizing and gridding steps in one software package.
Unfortunately, such an all-encompassing software package was not available at the start of this
project, but these packages are widely available and utilized most frequently by the petroleum
industry for exploration purposes. The single biggest recommendation from this project would
be to encourage future compilations from other continental margins of the world to purchase
and utilize these new-generation software packages.

SUMMARY

This report describes the gridding of digital stratigraphic and lithologic information and
the calculation of derivative acoustic information for the U.S. Atlantic continental margin
between Florida and Cape Hatteras. It complements an earlier report describing the profile data
on which the gridding is based (Hutchinson et al., 1995). The area to the north, between Cape
Hatteras and Georges Bank has been summarized in Klitgord and Schneider (1994) and
Klitgord et al. (1994).

(1) Two of the large offshore post-Middle Jurassic sedimentary basins are included in
this compilation: the Blake Plateau basin, which is the widest, most equidimensional, and most
carbonate-rich of the U.S. Atlantic offshore basins, and the Carolina trough, which is the
narrowest, most linear basin and is transitional between carbonate deposition to the south and
more clastic, terrigenous regions to the north.

(2) Digital maps for 17 post-Middle Jurassic units (18 horizons) are developed using
a grid-node spacing of 5 minutes (9.23 x 7.96 km). The units consist of the water column plus
7 Cenozoic, 5 Cretaceous, and 5 Jurassic units. Maps are included for isochron, interval
velocity, thickness, lithology, and structure maps in both travel time and depth.
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(3) Spatial aliasing occurs because the sample rate along lines (250 m) is much greater
than the distance between lines (30-40 km). Because of this undersampling, and the rather
large grid interval, features such as large discontinuities (Blake Escarpment), certain non-two-
dimensional features (Blake Spur), narrow linear features (faults or reefs), and point source
features (diapirs) are not always properly imaged in the gridding process.

(4) The strategy adopted to minimize the editing during gridding and also realistically
to present the data and geology, was to grid layer thicknesses, then sum grids to estimate
depths to horizons. This strategy resulted in short-wavelength anomalies along the axis of the
Carolina Slope and Blake Escarpment that are not geologically probable, and these are most
noticeable for middle Cretaceous and older horizons.

(5) From the digital stratigraphic, velocity, and thickness information, derivative

calculations of density, shear-wave velocity, and compressional- and shear-wave attenuation
were made.
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