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ABSTRACT

The tectonic evolution of a passive margin creates 
distinctive crustal structures, and sedimentary distribution 
patterns. The primary structural elements of the Georges 
Bank basin are typical of passive continental margins. The 
sedimentary column underneath Georges Bank is mainly a thick 
sequence of Jurassic age overlain by a much thinner section 
of Cretaceous to Cenozoic age. Paleoenvironment of the 
Jurassic period favoured the developement of a certain type 
of sedimentary sequence along the continental margins. The 
purpose of this study is to identify lithologie sequences 
and their changes along and across the shelf area in the 
Georges Bank. Availability of multichannel seismic data, 
along with checkshot and sonic logs from ten different wells 
in close proximity favoured an attempt to identify 
lithologie changes on the basis of CDP moveout velocities, 
which is conventionally obtained with multichannel seismic 
data processing. A comparison of velocity data from three 
different sources also gave an opportunity to check the 
reliability of the velocities obtained by the conventional 
velocity analyses. It has been observed that the velocity 
profiles across and along the margin of the Georges Bank 
show a systematic increase in velocity in the Jurassic

iii



T-3667

section from the inner shelf to the outer shelf indicating a 
lithologie change from a dominantly clastic to a more 
carbonate sequence represented by dense limestone and 
dolomites. It was also observed that a careful CDP moveout 
velocity analyses could provide reliable velocity 
informations that can be used to identify sedimentary 
sequences along the passive margins where the drill holes 
are not available for a reliable velocity survey.
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INTRODUCTION

The primary structural elements of the Georges Bank 
Basin region are typical of passive continental margins: 
shallow basement platform, deep marginal sedimentary basin, 
and deep ocean basin. The tectonic evolution of a passive 
margin creates distinctive crustal structures, and 
sedimentary distribution patterns. The sedimentary column 
underneath Georges Bank is mainly a thick sequence of 
interbedded carbonate and evaporite rocks of Jurasssic age 
overlain by a much thinner section of marine siliciclastic 
sedimentary rocks of Cretaceous and Cenozoic age ( Schlee 
and Klitgord, 1988). In a previous study along seismic line- 
1 on the Georges Bank ( Schlee et al., 1976 ), a seismic 
velocity gradient from the inner shelf to the outer shelf 
was indicated and was interpreted to be due to a gradual 
change in lithology from a clastic sequence to a more 
carbonate rich sequence towards the outer shelf. The purpose 
of this study is to identify lithologie changes along the 
shelf area on the basis of formation interval velocities as 
obtained from three different sources, viz., reflection 
seismic data, sonic logs, and checkshot data. In this study, 
interval velocities are obtained from the CDP moveout or 
stacking velocity analysis, sonic logs, and checkshots from
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ten different drill holes in the Georges Bank area, and are 
compared with each other to obtain a picture of the lateral 
velociy gradients and for a reliable identification of rock 
types, particularly in the Upper and Middle Jurassic section 
along the shelf.

USGS seismic lines 209 and 19 pass across the shelf 
area in the Georges Bank basin and are very close to the ten 
deep drill holes in the area. In order to obtain the 
interval velocities from the seismic data, the above 
mentioned seismic lines have been reprocessed and velocity 
analyses were computed at every 100th CDP ( 2500 m apart) 
from which the RMS velocity functions were obtained, and 
used for stacking. After stacking, three major reflectors 
along the shelf region of those two lines were traced and 
stacking velocities were re-picked at those reflecting 
horizons. These velocities were used to determine the 
interval velocities by Dix's ( 1955 ) method of converting 
interval velocities from the RMS velocities.

Interval velocities were obtained from the sonic logs 
available from nine drill holes in the area. A synthetic 
seismogram for the COST G-2( Continental Offshore



T-3667 3

Stratigraphie Test ) well was calculated from the sonic and 
density logs and was compared with the seismic section of 
line 209 for age and lithologie correlation ( Poag and 
Valentine, 1988 ). It was observed that the major 
unconformities shown on COST G-2 well correlate very well 
with the synthetic seismogram.

Longer wavelength interval velocities ( 100 to 500 m ) 
obtained from the checkshots are considered more reliable 
than sonic velocities. Checkshot data available from the ten 
different wells were used to compute interval velocities. 
These interval velocities were then compared with the CDP 
and sonic log velocities at the COST G-2 site and also 
projected on the seismic lines 121, 12J, and 33 to see the 
change in velocities along the Georges Bank margin. The 
average interval velocities from the sonic logs show a 
significant change across the shelf, where as there is a 
little change along the margin.
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GEOLOGY OF THE AREA

The Atlantic continental margin is often referred to as 
a passive margin because today it is located near the center 
of the North Atlantic plate and displays little seismic or 
volcanic activity. The Atlantic continental margin developed 
during an extentional phase of crustal deformation that 
began in the later part of Triassic. It's evolution took 
place in three main stages ( Bally,1981 ):

1) A rifting phase which involved stretching of the 
lithosphere and thermal uplift of the mantle ( this part was 
characterized by complex horst and graben tectonics );

2) The onset of drifting, which involved the separation 
of continental lithosphere ( oceanic crust was emplaced for 
the first time and accretion by sea floor spreading across a 
mid-ocean ridge which filled in the gap between attenuated 
blocks );

3) A main drifting phase which was dominated by massive 
subsidence with rates of subsidence that decreased 
exponentially from the date of the onset drifting, which are 
driven by thermal cooling of the extended lithosphere.
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Phase-1 took place during the late Triassic and early 
Jurassic and phase-2 began in the early to mid Jurassic 
( Morgan and Dowdell, 1981 ).

The Georges Bank Basin is the northernmost sediment 
filled basement depression on the U.S. Atlantic outer 
continental shelf ( figure 2.1 ). The axis of this 
assymetric trough runs from its shallowest point in the 
southwest to its deepest point in the northeast. Sediment 
thickness in the basin ranges from a minimum of about 780 m 
along eastern and northern edge to a maximum in excess of 
8000 m in the deepest areas along the basin axis ( Schultz 
and Grover, 1974 ; Schlee et al., 1976; Schlee and Klitgord, 
1988 ).

Figure 2.2 show a schematic cross section of Georges 
Bank Basin. The basement is thought to be composed primarily 
of either crystalline or metasedimentary material. In the 
Georges Bank region,crystalline basement include Paleozoic 
and older rocks on the platforms, blockfaulted pre-Mesozoic 
rocks mixed with Triassic and Jurassic igneous rocks beneath 
the marginal basin, and Jurassic and younger oceanic crust 
seaward of the marginal basin. On the Georges Bank,
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graphitic slate, schist, and phyllite were sampled in the 
COST G-l well, which ties with line 1 ( figure 2.3 ). COST 
G-2 well penetrated through a thick section of post rift 
sediment and is bottomed in a salt layer which overlies the 
crystalline basement. Jansa and Wade ( 1975 ) reported that 
the Shell Mohawk-B-93 well, which ties directly into USGS 
line 12 off Nova Scotia, bottomed in a granitic complex to 
be of Devonian age.

The Triassic structures in the Gulf of Maine may be 
filled with continentally derived sediments. Jansa and Wade 
(1975) reported such basins on the Scotian Shelf being 
filled with red conglomerate and Shale. Maher and Applin 
(1974) reported finding roughly the same strata in Triassic 
basins on the Atlantic Piedmont.

Mattick et al., (1975) suggested that the shelf-edge 
basement ridge associated with the East Coast Magnetic 
Anomaly ( figure 2.4 ) acted as a barrier to the Atlantic 
system during Triassic time and established a shallow, 
restricted marine environment in the Georges Bank trough. 
Mattick's idea of a large basement ridge has not held up. It 
may have started as a small basement high but the carbonate
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bank and reef goes down to at least 6 km depth ( Grow et 
al., 1979 ). While Lower Jurassic evaporites were probably 
deposited in the trough ( Anderson and Taylor, 1981 ), 
sedimentation in the Middle Jurassic probably occured in a 
less restricted yet shallow marine environment, parts of 
which could have been above sea levai. This model suggests 
that thick accumulations of limestone, dolomite, and 
anhyrdite may have formed in the central basin region in 
Middle Jurassic time, separated from the main Atlantic ocean 
by a carbonate bank or reef along the outer continental 
shelf edge as hypothesized by Schlee et al., ( 1976 ), and 
Schlee,J.,( 1977 ).

Within the deeper parts of the Georges Bank Trough, 
Jurassic rocks probably represent an extermely thick 
section and exhibit mixed lithology. Seismic velocity 
studies and reflection characters suggest that Jurassic 
material starts as a clastic sequence at the inner shelf and 
grades seaward into a dense carbonate sequence with an 
underlying Jurassic evaporite layer occupying the deepest 
parts of the basin ( figure 2.2 ). Sherwin and Jansa and 
Wade (1975) reported the presence, throughout the Scotian 
Shelf and the Grand Banks, of a thick Jurassic salt layer 
known as Argo Formation. This salt layer could extend
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southward from the Canadian shelf and be present in the 
Georges Bank Trough. At the base of COST G-2 well this 
Jurassic salt layer was found to exist at a depth over 
6.7 km. Lower Cretaceous sedimentary strata are 
predominantly clastic, except near the outer shelf edge, 
while Upper Cretaceous and Cenozoic sedimentary rocks are 
dominantly elastics ( Schlee and cheetham., 1967,
Schlee,J.,1977, and Schlee and Klitgord, 1988 ).

Internal sediment structure in the Georges Bank Trough 
is controlled by faults and flextures within the basement 
which formed during the rifting phase. To a minor extent 
small structural features may be inferred by sedimentologic 
processes. The sedimentary forms most likely to exert such 
influence may include carbonate buildups, sandstone lenses 
due either channel or barrier-bar features, deep evaporite 
swells, and differential compaction of sediments.

Seismic velocity studies and reflection character 
indicate that interval velocities of 5.6 to 5.9 km/sec are 
present between depths of 4 and 7 km on seismic data from 
beneath the Georges Bank area, increasing toward the 
southeast ( Schlee et al.,1976 ). These high velocities
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would suggest that the sequence below about 2.5 sec 
( two-way time ) on the seismic section ( in the mid shelf 
region ) would be composed of dense limestone, dolomite, and 
anhydrite. A best guess as to the depositional model for 
these sediments would be a shallow, semi-restricted marine 
environment. If thick sections of dolomite exist in the 
carbonate sequence, their presence may indicate that large 
areas of carbonate-bank deposits had been exposed, resulting 
in dolomitization. Drill hole data of the COST G-2 well 
confirms the presence of thick limestone and dolomites in 
the lower Jurassisc section ( Schlee and Klitgord, 1988 ;
Poag and Valentine, 1988 ).
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DATA ACQUISITION 

3.1: Reflection seismic data.

The U.S. Geological Survey (USGS) collected 
approximately 6,500 km of 48 channel common-depth-point 
(CDP) seismic reflection profiles ( 3 0 km spacing regional 
grid and a 10 km grid over outer shelf and upper rise ) in 
the U.S. Atlantic margin. These are now in the public domain 
( figure 2.3 ).

To see the seismic velocity gradients along the shelf 
region, I have chosen two seismic lines in the Georges Bank, 
viz., line 209 and line 19. The reason for choosing these 
two lines are primarily due to the close proximity of these 
lines to the ten deep exploratory wells in the area. COST 
G-2 well was drilled directly on line 209 and line 19 runs 
parallel to line 209 and covers a large distance from inner 
shelf to the outer shelf. It too is very close to the drill 
holes.

USGS seismic line 209 is about 120 km long and was 
collected by Prakla-Seismos of the Federal Republic of
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Germany in 1979 under a cooperative research project between 
the USGS and Geological Survey of West Germany ( BGR ). The 
recording parameters are as follows:

i) Instrument used: DFS-V system.
ii) Record length: 10 seconds.
iii) Sampling rate: 4 ms.
iv) Filter: Lowcut-8 hz at 18 db/octave

Highcut-64 hz.
v) Tape format: SEG-B with gain constant 24 db.
vi) Cable length: 2400 m
vii) Cable depth: 15 m
viii) Geophone group spacing: 50 m.
ix) Shot point interval: 50 m.
x) Array depth: 8 m.
xi) Array volume: 23.45 1.
xii) Number of traces: 48 channel.
xiii) Recording density: 800 BPI.
xiv) Direction: NW to SE.

USGS seismic line 19 is about 240 km long in the NW-SE 
direction and the data was collected by Geophysical Services 
Incorporated (GSI) in 1978 under a contract with the USGS. 
The recording parameters are as follows:
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i) Instrument used: DFS-IV system.
ii) Record length: 12 seconds.
iii) Sampling rate: 4 ms.
iv) Filter: Low-cut: 8 hz at 18db/octave

High-cut: 62 hz
v) Tape format: SEG-B with gain constant 30db.
vi) Cable length: 2400 m.
vii) Geophone group spacing: 50 m.
viii) Shot point interval: 50 m.
ix) Array depth: 9 m.
x) Array volume: 2000 cu in.
xi) Number of traces: 48 channel.
xii) Gun delay: 51 ms.
xiii) Direction: NW to SE.

3.2: Digital well log data

Ten deep exploratory drill holes have been drilled in 
the Georges Bank basin between 1976 -1982. They are 
respectively COST G-l, COST G-2 , Exxon-153, Exxon-170, 
Conoco-179, Tenneco-182, Mobil-196, Shell-200, Shell-210, 
and Shell-218. All of these wells have been well documented 
with various kinds of geophysical logs. Mr. Steve Prensky of 
USGS has made digital tapes of these logs available. ( Note:
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Exploratory wells OCS-153, OCS-179 etc., are the Exxon-153 
and Conoco-179 wells respectively. I have chosen to use 
these names for no special reason. )

The continuous velocity logs (CVL) gives the time 
detail of the velocity layering and is a very good 
correlation tool and is also useful in computing formation 
parameters.

The CVL tool consists of an acoustic transmitter and 
either one or two pressure detectors, with acoustic 
insulators separating the elements by known fixed distances. 
The source is usually is an electromechanical device that 
produces acoustic pulses in the 10-20 khz frequency range.
By using a pulse repetition rate about 20 pulses/second and 
moving the tool slowly up the hole, the set of traveltime 
measurements produces a nearly continuous measure of transit 
time, either between transmitter and receiver or between the 
two receivers, depending on the tool configuration.

The velocity obtained from the CVL measurements is the 
velocity averaged over the separation distance between the
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elements. Errors in the transit-time measurements caused by 
formation damage during drilling, borehole cavities, and 
other irregularities, low signal amplitude due to 
absorption, calibration inaccuracies, and so on, will 
introduce errors in the time-depth computation. For this 
reason, the integrated CVL curve usually is tied to a 
checkshot well survey to produce a time- depth function that 
is accurate throughout the entire section of the open hole 
that is being logged. The well logs that are used for the 
present investigation are as follows :

i) Sonic logs.
ii) Density logs, and
iii) Caliper logs.

3.3: Velocity checkshot data.

Checkshot data from the ten wells have been obtained 
by Schlumberger and by Birdwell Inc. The checkshot data 
have been provided by the Mineral Management Service (MMS). 
The recorded data are not regular and the interval of 
checkpoints varies between 30 m to about 100 m depending the 
bore hole condition.
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Estimates of velocity in boreholes by shooting a well 
involve measurements of traveltime of seismic waves from 
sources at or near the surface to a detector located at 
various depths in the well. To obtain vertical traveltimes, 
the measurements must be corrected for angularity and 
refraction effects, because the source must necessarily be 
offset from the well bore. Well shooting gives good 
estimates of the gross velocity layering.

The detector depths below the sea level at which
measurements were made are usually called checkpoints. The
received signal time at the checkpoints are plotted on a
graph. The time-depth pairs (t , z ) is obtained from the

i i
time-depth curve and their ratios ( z / t ) give the

i i
average velocity to the base of the second layer

The interval velocity between adjacent checkpoints is 
obtained by the relation:

V = z / t 
ave,2 2 2 ( 3.1 )

z z
i i-1

V ( 3.2 )
i t t

i i-1
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DATA PROCESSING

Computer processing facilities, reflection seismic 
data, digital well logs and checkshot data from ten 
boreholes was made available by the USGS at the Denver 
Federal Center. DISCO software package by Digicon Inc., and 
a Digital Log Processing System ( DIPS ) by Cogniseis Inc., 
has been used for the processing of reflection seismic data, 
digital well log, and checkshot data respectively.

4.1: Seismic data processing

To obtain the velocity distribution along the seismic 
line 209 and 19 it was necessary to reprocess these two 
lines starting from the field tapes. USGS seismic line 209 
is about 110 km long and has 2215 shot points at 50 m 
interval, and the seismic line 19 is about 240 km long with 
4820 shot points at a 50 m interval. Both the data sets have 
undergone similar data processing sequence excepting that 
with line 19 a prestack Predictive deconvolution was applied 
and for line 209 Spiking deconvolution was applied.
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Seismic data processing sequence for the USGS seismic 
line 209 and 19 are as follows:

i) Demultiplexing
ii) Sorting into CDP gathers

iii) Pre-stack deconvolution
iv) Velocity analysis
v) Stacking

vi) Filtering
vii) Horizontal 2 :1 stacking

viii) Interval velocity from NMO or stacking 
velocities

Final stacked section of line 209 and 19 are shown in 
figures 4.1 and 4.2 respectively (100 traces /inch); only 
for upper 6 seconds data were shown. Larger seismic sections 
for both the lines with their full data length were 
presented as plates 1 and 2 respectively.

4.2: Digital well log processing

Digital well log data from all the ten wells are on 
magnetic tapes from which only the sonic, density, and the
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Caliper logs have been read into the data base for 
processing ( the tape for the OCS-200 well was not 
readable ).

4.2.1: Editing sonic logs.

In editing the sonic logs, the maximum and minimum 
transit time was set at 180 microseconds to 40 
microseconds/ft as they represent velocities in the range of 
5,555 ft/sec to 25,000 ft/sec, respectively(metric 
equivalent). The sonic logs were very noisy, particularly 
near washout zones, cavities, and fracture zones. They were 
compared with the caliper logs of the respective wells and 
the anomalies were smoothed or removed by applying personal 
judgement. Sometimes anomalous transit times more than 180 
microseconds/ft and lower than 40 microseconds/ft were 
observed, and removed as they represent unreasonably low or 
high velocities, e.g., >200 microseconds represents < 5000 
ft/sec and <30 microseconds represents > 33,000 ft/sec. 5000 
ft /sec represents the velocity of sonic waves in water and 
velocities above 25,000 ft/sec are not common in sedimentary 
formations. All of these logs have started at a certain 
depth below the surface and therefore have to be filled to 
the surface to about 300 to 1200 m. An approximate range of
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uppermost log values was used to fill the logs up to the 
surface. In most of the logs the lowermost part represented 
some inconsistent log values and should be ignored.

4.2.2: Editing density logs.

The density logs have been edited in the same fashion 
as the sonic logs where the upper and lower density values 
have been assumed to be around 2 gm/cc to about 3 gm/cc.
Only the density log for the COST G-2 well was actually used 
in this study, for a synthetic seismic response 
( figure 4.3 ), since it was drilled directly on line 209.

4.2.3: Editing caliper logs

The caliper logs have been used to determine the 
magnitude of the washout zones, cavities , or the range of 
fracture zone in the bore holes so that proper editing could 
be applied to the sonic and density logs.
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Figure 4.3: A comparison of the synthetic seismogram with the 
seismic section of line 209 at the COST G-2 site.



T-3667 27

4.3: Velocity checkshot data processing

Checkshot data from all the ten wells were collected 
by the Schlumberger and Birdwell Inc., at uneven intervals 
of about 30 to 100 m. These time depth data were first 
entered into the computer to create a data file from which a 
time-depth curve was obtained. The time-depth curve of COST 
G-2 well is shown in figure 4.4 and the rest are shown in 
the appendix A.

These time-depth curves were then used to obtain an 
interval velocity curve over a 500 m depth interval. The 
interval velocity curve for COST G-2 well is shown in figure 
4.5 and the rest are shown in the appendix B.

4.4: Synthetic seismogram generation

Synthetic seismograms are one of the best possible 
ways to identify real events in the seismic section by 
the sonic and density logs from COST G-2 well for 
correlation with the seismic line 209 and is shown in figure 
4.3.
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Figure 4.4: Time-depth curve obtained from the checkshots 
of COST G-2 well.
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Figure 4.5: Interval velocities obtained from checkshots 
time-depth curve of COST G-2 well ( at 500 m interval ).
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The continuous velocity log gives the velocity 
distribution as a function of depth. This is converted to 
velocity as a function of two-way traveltime. In the 
discrete layer case the reflection amplitude is determined 
by the reflection coefficients, as given by

p V - p V 
2 2 1 1

1 p V + p V 
2 2 1 1

Where R is the reflection coefficient, and V and V 
1 2 1 

are the velocities, and p and p are the densities in the
2 1

second and the first medium respectively.

In the continuous case the set of reflection 
coefficients, as given by the equation ( 4.1 ) is replaced 
by the reflectivity function,designated as r(t). The 
logarithm of velocity as a function of time will be called 
the velocity function. Then the derivative of that velocity 
function with respect to time is defined as the reflectivity 
function,

d
r(t)   log V(t)  ( 4.2 )

dt
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If the velocity function is continuous, the 
reflectivity function will also be continuous. The steps 
required to convert a velocity log to the reflectivity 
function are shown by the following block diagram.

I Convert I I Convert I log I I
V(z)I depth to I V(t)I velocity toi V(t)IDifferen-I r(t)
— >-I travel I— >— I logarithm I— >— Itiate. l-> 

I time I I of velocityI I I
I two-way I I  I I  I
I——————————I I————————————I I—————————I

where V(z) is the velocity log and r(t) is the reflectivity 
function ( Sengbush et al., 1961 ).

d
r (t) =  log V (t)  ( 4.3 )

dt

The principle behind the generation of synthetic 
seismogram may be explained by the following relation:

s(t) = r(t) * b(t) * h(t) ( 4.4 )

Where s(t) is the synthetic seismogram, b(t) is the 
source pulse, h(t) represents the multiples such as ghosts,
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reverberations etc., and represents convolutional 
process.

In order to generate the synthetic seismogram, the 
edited sonic and density logs were used to generate

i) Impedance,
ii) Velocity, and
iii) Reflectivity function.

This reflectivity function was used to generate the 
synthetic seismogram which includes both primaries and 
multiples. The synthetic seismogram was then filtered with a 
8 hz to 45 hz bandpass filter ( the same filter used for the 
reflection seismic data ). This synthetic seismogram was 
compared with the seismic section of line 209 at the COST 
G-2 well site and is shown in figure 4.3. Numerous 
reflection events ranging in age from Middle Jurassic to 
Quaternary are represented in the synthetic seismogram. All 
the major reflection events (line 209) correlate very well 
with the synthetic seismogram ( figure 4.3 ), suggesting 
that the processing of the seismic profile (line 209) is of 
good quality. Other events in the synthetic seismogram
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represent lithological changes ( due to a change in acoustic 
impedence ) within the major group of formations separated 
by the basin wide unconformities.
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VELOCITY ANALYSIS

Good estimates of velocity as a function of depth are 
of paramount importance in the interpretation of seismic 
data. The time-honoured technique of shooting a well for 
velocity gives good estimates of the gross velocity 
layering. Fine detail is provided by continuous velocity 
logs. These two methods provide good, accurate information 
in the wells. In frontier areas where no wells are 
available, however, it is necessary to estimate the velocity 
from the normal moveout of seismic reflection profiles. The 
widespread use of horizontal stacking has led to an 
abundance on velocity data that have proved useful for 
lithologie studies, in addition to their primary purpose of 
enhancing the stack to increase the primary- -to-multiple 
ratio and to improve the signal to noise ratio.

Velocity estimation from surface seismic measurements 
using 'dt' analysis based on normal moveout has been done 
for many years ( Green,1938; Steele,1941; Gardner,1947 ;
Brustad,1953 ; Pfleuger,1954 ; Slotnik,1959 ). Weaknesses in 
these techniques are;

i) Small errors in 'dt' measurements result in large 
errors in 'V' and consequently in the calculated depth.
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ii) Straight line paths in media with uniform velocity 
are often assumed, rather than using least-time paths in 
layered media that obey Snell's law.

A very significant breakthrough in precision of 
estimating interval velocities from surface measurements was 
Dix's (1955) expanding spread technique. By expanding the 
distance between the source and detectors in such a way that 
large horizontal separation between source and detector is 
achieved while illuminating only the subsurface coverage of 
a symmetrical split-spread, the slope of the reflection

2 2
arrivals in ( T , x ) space can be determined with

x x
considerable accuracy; this slope, which is related to 
the velocity distribution, applies in the vicinity of the 
midpoint of the split-spread.

Under the assumption of horizontal layering (no dip), 
Dix(1955) showed that the least time path through layered 
media for small offsets leads to the concept of the rms 
velocity, V rms velocity. The rms velocity in the n-layer 
case is given by the following equation:
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I
I
I
I
I
I

n n I 1/2
V

—  i i «—  i I 
1=1 1=1 I

I

2 r—  i
T V  / /  T I ( 5.1 )

rms.n

where T is the two-way traveltime and V is the
i i

interval velocity in the ith layer. The importance of the 
rms velocity, which is a mathematical quantity devoid of 
physical meaning, is that the interval velocity layering is 
measurable from the rms velocity distribution. The interval 
velocity in the nth layer is obtained by subtracting the 
equation for the rms velocity in the (n-l)th layer case from 
the rms velocity in the nth layer case.The result is

n n-1
V

2
T V 
n n

(5.2)

The interval velocity in the nth layer, V , is then
n

1/2
I
I

V = I ( V 
n I 

I

n n-1 I
I

) / T I...(5.3)
n I 

I

All quantities on the right-hand side are measurable
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from the data? the rms velocities are the slopes of
2 2 r—

reflection arrival timse in ( T , X ) space, and /  T are
x x i

the arrival times of the events.

Expanding spreads proved to be very useful for 
accurately determining interval velocities from which gross 
lithology could be deduced and for identifying multiples 
( Musgrave,1962 ). The introduction of horizontal stacking 
procedures ( Mayne, 1962) gave rise to techniques for 
velocity estimation directly from data that are being 
collected routinely.

5.1: Stacking velocity analysis

The determination of velocities in seismic reflection 
processing is inexact in many cases. Although the final time 
processed stacked section may look acceptable ( in fact it 
may be the best possible product), the errors introduced 
sometimes cause the stacking velocity functions to differ 
greatly from actual velocities.
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To determine stacking velocity functions, analyses are 
performed at a spatial sampling rate, and the analyses 
themselves can only determine a range of velocities for a 
given reflector. Normal moveout velocity analyses were made 
at every 2.5 km along the entire length of the seismic lines 
209 and 19. The velocity functions obtained at each of the 
group of CDP's analysed was used for stacking the CDP 
gathers at the corresponding locations. The CDP gathers in 
between two subsequent CDP groups analysed was stacked by 
the extrapolation between two consequitive CDP groups being 
analysed for velocity.

Most processing done on reflection seismic data is 
carried out and displayed as a function of two-way 
reflection time. This is convenient since this is how the 
data are recorded. Since the purpose of this investigation 
was to see the trends of interval velocities within the 
major sedimentary units across from the inner-shelf to the 
outer-shelf, stacking velocity functions have been smoothed 
to include the stacking velocities only at the major 
sedimentary horizons along the shelf. This was done to see 
the interval velocity trends only and was not used to stack 
the data. This smoothed set of velocity functions was then 
used to obtain interval velocities for the major lithologie
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units. Isovelocity plots for stacking velocities and a cross 
sectional plot of the interval velocities along the shelf of 
seismic line 209 and 19 are shown in plate 3 and 4, and 
figures 5.1 and 5.2 respectively.

5.2: Isovelocity plots

Since it has been shown that the stacking velocities 
are in suspect, one should first plot up a graph of 
isovelocity lines, commonly referred to as an isovelocity 
plot. This is a plot of lines connecting points of equal RMS 
velocity in cross-sectional form similar to that of the 
conventional seismic section, i.e., surface location as the 
abscissa and two-way traveltime as the ordinate ( plate 3 
and 4 ).

From the isovelocity plot the interpreter can easily 
make comparisons to the actual seismic section in order to 
determine if the velocities used are consistent with the 
geologic appearence of the seismic data. For example, unless 
faulting is readily apparent in the seismic data, the 
isovelocity plot should not be expected to exhibit large 
time jumps in its contours. If large time discrepancies are
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present in the plot, the interpreter conclude that errors 
were possibly made in the processing of the data or that the 
velocity analyses performed on the data could not give a 
reliable estimate of the stacking velocity. However, if the 
interpreter is sure that the velocity functions input to the 
program are valid, then the presence of isovelocity 
anomalies can be quite significant to his interpretation.

Another advantage of an isovelocity plot is one of 
interest to the processor. The processor is familier with 
the velocity functions since he choses them from velocity 
analysis displays. Thus, he should have a general idea of 
the appearance of the isovelocity plots before it is 
generated. Therefore, after looking at the plot generated 
from his input data, he can quickly determine if he has made 
any input errors by noting anomalies or the absence of them 
in the plot. Correcting those functions which were in error 
will save processing time since NMO corrections are quite 
time consuming and will be useless if made with incorrect 
velocity functions. The interval velocities from the CDP 
moveout velocities of line 209 and 19 along with their 
standard deviations are presented in appendix A-l and A-2 
respectively.
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INTERPRETATION 

6.1: Seismic stratigraphie interpretation

Five basin wide unconformities have been delineated on 
both of the seismic lines 209 and 19 in the Georges Bank 
( Plate 1 and 2 ). They are: 1) at the base of Tertiary,
2) at the base of Upper Cretaceous, 3) at the base of Lower 
Cretaceous, 4) at the base of Upper Jurassic, and 5) at the 
base of Middle Jurassic ( i.e.. Postrift unconformity ). The 
postrift unconformity, separates the synrift and the 
postrift sediments. It appears at the northwestern corner of 
seismic line 19 as an angular unconformity. However, this 
unconformity is conformable seaward of the mid shelf region 
and is not very clear ( probably reflected energy is masked 
by limestone and evaporites ). For the purpose of this 
study, only three major 1ithostratigraphic units represented 
by strong reflection events across the entire seismic 
section are considered for the velocity gradients. These 
units are mostly, 1) Tertiary and Cretaceous, 2) Upper 
Jurassic, and 3) Middle Jurassic formations.

The unconformities have been identified on the basis 
of borehole information ( Poag and Valentine, 1988 ) and by
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projecting the continuity of the seismic events along the 
seismic sections. A comparison of the synthetic seismogram 
generated from the sonic and density logs of COST G-2 well 
is shown in figure 4.3 where the five unconformities have 
been correlated with line 209.

Seismic line 19 passes across from the inner shelf to 
the continental rise, whereas line 209 passes across from 
the midshelf region to the continental rise in the Georges 
Bank. It may be observed on both the lines that the Jurasic 
section thins slightly toward the shelf edge where the 
carbonate platform is the most dominant feature, but some of 
this thinning may be due to a velocity pull up.

The unconformity at the base of Lower Jurassic is 
probably the postrift ( Schlee and Klitgord, 1988 ; 
sometimes refered to as the "breakup unconformity", Falvey, 
1974 ; Montadert et al., 1979) and is a conspicuous acoustic 
reflector that marks a major change in depositional pattern 
during basin evolution. This unconformity separates synrift 
sedimentary rock from overlying postrift sedimentary rock 
(figure 6.1 and 6.2). This boundary is caused by a change in 
tectonic regime from block faulting during rifting to broad
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crustal subsidance during the passive tectonic phase as the 
axis of seafloor spreading migrated seaward.

The COST G-l well ( figure 2.3 ) was drilled near a 
basement high at the western edge of the main basin, in an 
area where a seismic profile reveals a rapidly thinning 
sequence marked by alternating continuous high amplitude 
reflections ( interbedded and non-marine strata, Schlee and 
Klitgord,1988 ). The postrift unconformity is interpreted as 
the acoustic reflector at the top of a conglomerate layer at 
COST G-l? it can be traced acoustically to a conglomerate 
layer at COST G-2 well, where it coincides with a thin red 
siltstone-sandstone layer above a salt layer sampled in the 
bottom of the COST G-2 well. Some patches of mounded chaotic 
reflectors ( plate 1 and 2 ) beneath postrift unconformity 
have been interpreted as carbonate mounds ( Poag, 1982a, 
Schlee and Fritsch, 1982 ). The COST G-2 well penetrated 
only the upper 12 m of the salt, but seismic evidence 
suggests that basement is at least 500 m below the top of 
the salt ( Schlee and Klitgord, 1988 ). The salt has not 
been dated at the COST G-2 site; it may be as old as Late 
Triassic to late Early Jurassic.
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Normal faults within synrift deposits and possibly 
crystalline rock can be inferred from acoustic records 
( figure 6.2 ). On both the profiles over the main basin, 
crystalline basement is buried beneath a salt layer that 
masks the return of acoustic energy. Seaward dipping 
reflectors beneath the postrift unconformity along the 
landward edge of the main basin could be from crystalline 
basement, overlain by a thick layer of synrift sediments.

6.1.1: Early Postrift Deposits (Jurassic)

The change to a regime of broad basin subsidence was 
attended by the formation of a broad carbonate bank, along 
the outer continental shelf edge, as open marine conditions 
became more prevalent. The carbonate bank may have been 
built from coalescing carbonate banks above elevated 
basement blocks or possibly salt swells. Earliest stages 
were probably marked by patch reefs and banks that were 
separated by moats and deep water channels ( Eulik, 1978 ).

The character of the early postrift deposits changes 
from a dominantly clastic section in the northwest section 
of the basin ( COST G-l) to a dominantly carbonate section
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in the east (COST G-2) figure 6.3. The lowermost section of 
the postrift Early Jurassic (?) rocks or lower most Middle 
Jurassic? ( Poag and Valentine, 1988 ) at the COST G-l well 
is 400 m of dolomite and and sandstone interbedded with 
minor shale and anhydrite. This unit corresponds to a 580 m 
section of limestone, dolomite, and anhydrite at COST G-2 
site ( figure 6.3 ).

Seismic data in the area between the two wells are 
characterized by zones of very weak discontinuous 
subparallel reflections and zones of continuous parallel 
high amplitude reflections (figure 6.4 (a and b)), probably 
the wide spread carbonate section so prevalent in the main 
basin. The beds of sandstone and shale at the COST G-l site 
are not found at COST G-2 . Toward the shelf edge and toward 
the COST G-2 well, reflections become more coherent, 
continuous, parallel, and have high amplitudes all 
characteristics that suggests a broad open marine shelf type 
of depositional environment ( Schlee and Fritsch, 1982 ; and 
plates 1 and 2). Further, the widespread distribution of 
high interval velocities ( >5km/sec) associated with these 
reflections, suggests that the limestone and dolomite 
penetrated in the boreholes cover much of the basin complex. 
Their uniform lithology in the lower part of the section



T-3667

-126 km (78mi) 70km (43mi)NANTUCKETWEST
PLEISTOCENE

T E R T I A R Yr^Z!£l^ETACEOU?i™
•— BASALT ' “

k  LOWER JURASSC- 
UPPER TRIASSIC (?)

M w— wnu-i

GRAVEL AND SAND

r-r-E l SHALE, MUDSTONE 

SANDSTONE 

CARBONATE ROCK 

'  EVAPORITE ROCK

BASEMENTUPp j

R TrRa

Figure 6.3: Strata penetrated in COST G-l and COST G-2 
wells in the Georges Bank ( from Schlee and Klitgord, 
1988 ).
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results acoustically in a loss of continuity at a time depth 
of 3 seconds from mid shelf toward the shelf edge.

The next overlying sequence of Middle Jurassic (?) 
rocks grade from approximately 980 m of interbedded 
sandstones, shales, and limestones at COST G-l to 
approximately 1350m of limestone minor amounts of sandstone 
and shale at COST G-2 ( Poag, 1982a ).

The Upper Jurassic section in COST G-l ( 1000 m thick 
and at a depth of 2000-3000m) is mainly shale and sandstone 
of the Mohawk and Mic Mac formations together with abundant 
lignite and some coal near the top of the section 
( Poag,1982a; Arthur,1982 ). The Upper Jurassic rocks are 
abundant 1300m thick in COST G-2 ( depth 1700 - 3000m ) 
and, for the first time, contain abundant 
sandstone,shale,siltstone, and mudstone and a few oolitic 
and algal limestone beds. During the early Late-Jurassic (?), 
both well sites were characterized by fluctuation of 
alluvial, nearshore, and inner-shelf environments (Poag, 
1892a; Schlee and Fritsch, 1982 ). The COST G-2 site 
returned to an inner-shelf environment by the end of the 
Late Jurassic. Sediment accumulation rates were less than
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during the Early and Middle Jurassic, reflecting the slower 
subsidence of the margin. Seaward of the COST G-2 well 
(figure 2.3 and 6.1), reflection profiles indicate that the 
Upper Jurassic section is characterized by zones of highly 
continuous parallel reflections interleaved with a few zones 
of less continuous parallel reflections of moderate 
amplitude. Toward the present shelf edge, the acoustic 
character changes as the parallel arrangement of reflections 
becomes faint and their amplitude variable. This is the main 
area of carbonate paleoplatform developement.

6.1.2: Late Postrift Deposits (Cretaceous-Tertiary)

Postrift Cretaceous rocks on Georges Bank are less 
than half as thick as the post-rift Jurassic section ( in 
COST G-l, about 1300m versus 2500m, and in COST G-2, about 
1450m versus 3900m ). Subsidance on the margin slowed during 
the Cretaceous and Tertiary and became more uniform over the 
entire margin, so that little thickening took place.
Further, the Cretaceous and Tertiary marked a change over to 
dominantly noncarbonate marine sedimentation.
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Lower Cretaceous rocks are 900m thick in COST G-l and 
consist of loosely cemented sandstone and shale containing 
beds of coal, dolomite, and lignite. The equivalent section 
in the COST G-2 is about 1050m thick? although some thick 
limestone beds are present, sand containing beds of coal, 
shale and mudstone dominates. Strata at both sites were 
deposited in a shallow nearshore to coastal alluvial 
environment. The first strata traceable on seismic profiles 
over the carbonate buildup that formed a paleoshelf edge 
( figures 6.1 and 6.2 ) are within this section 
( Hauterivian in age; Poag,1982b ).

The Upper Cretaceous section is thin in COST G-l, 
about 450m, and comprises sand, shale, and gravel, together 
with glauconite and lignite. In COST G-2, the same section 
thins to about 350m and is mainly calcareous sand, 
claystone, and siltstone? it is marked by several 
conspicuous unconformities (Poag and Schlee,1984 ). Seaward, 
the Upper Cretaceous section thickens rapidly under 
southwest Georges Bank to more than 1km, and several units 
reappear. At the eastern end of Georges Bank, extensive 
erosion and outbuilding in the Tertiary cut back the Upper 
Cretaceous section, so that Middle Eocene chalk unconformity 
overlies Neocomian limestone in Heezen Canyon( Ryan and 
Millar, 1981 ).
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The Tertiary section is estimated to about 250 m thick 
in both COST G-l and G-2 wells. It contains mostly 
unconsolidated sand, abundant shale, glauconite, and 
lignite. Thin Paleocene strata are present in both COST G-l 
and G-2 wells. Pleistocene to rocks are present in the COST 
G-2 well.

6.1.3: Ancient Carbonate Platform

A conspicuous feature of the Atlantic margin is a 
buried limestone platform of Jurassic age ( figures 2.2, 6.1 
and 6.2 ). From Nova Scotia to the Gulf of Mexico, the 
carbonate platform and the slope seaward of it formed a 
major physiographic province; the platform, banks, and 
atolls probably flourished as a semicontinuous feature that 
stretched along most of eastern North America ( Schlee et 
al., 1979; Klitgord et al., 1982? and Schlee and Fritsch, 
1982 ).
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6.2: Interval velocity interpretation

Compressional velocities within sedimentary rocks vary 
as functions of lithology, age, depth of burial, and 
diagenetic history. Analysis of velocity data derived from 
multichannel seismic profiles permits the continuous mapping 
of vertical and horizontal velocity variations. In cases 
where age and depth of burial are known to be constant, 
velocity variations can be restricted to differences in 
either lithology or diagenetic history. Analysis of these 
velocity variations on the U.S. Atlantic margins has 
revealed certain major trends. For example, Schlee et al.,
(1976) and Grow et al., (1979) observed in both Georges Bank 
and Baltimore Canyon Trough, that sedimentary horizons 
between 2 and 4 km depth increased in velocity from near 
shore to off-shore. This is interpreted as indicating a 
trend from near shore clastic facies to more limestone-rich 
facies offshore such as a carbonate bank or reef complex.
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6.2.1: Common Depth Point ( CDP ) moveout velocities

Velocity analyses were made at every 2.5 km along the 
entire length of the line 209 and 19. The stacking 
velocities were smoothed by removing the handpicked 
velocities other than at the three main interfaces. These 
interfaces are 1) at the base of Cretaceous, 2) at the base 
of Upper Jurassic, and 3) at the base of Middle Jurassic. 
Formations lying between these interfaces will be referred 
to as horizon 1 ,2 and 3 respectively. These horizons are 
shown in figures 6.1 and 6.2 respectively. Interval 
velocities were derived from root-mean-square or stacking 
velocities according to the method of Dix (1955). The 
interval velocities along key reflecting horizons were 
averaged over 10 km length ( 5 point average ) and plotted 
as a function of time along the profiles. Figures 5.1 and 
5.2 show the average interval velocities across line 209 and 
line 19.

Across horizon-1 along line 209 and 19 ( figures 5.1 
and 5.2 ), velocities are nearly uniform ( 2200 to 2300 
m/sec ) in a NW-SE direction. The formation is characterized 
by 250 m thick Tertiary section of unconsolidated sand, 
shale, glauconite, and lignite at the COST G-l site and
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poorly consolidated calcareous sandstone shale ( Arthur,
1982 ) at COST G-2 site (figure 6.3 ).

The middle part of horizon 1 ( U.Cret. ) contain 450 m
sand, shale, and gravel, together with glauconite and 
lignite at COST G-l site. In COST G-2 site, this section 
thins to about 350 m and is mainly calcareous sand, 
claystone, and siltstone (Schlee and Poag, 1984). The Lower 
Cretaceous rocks are 900 m thick in COST G-l and consists of 
loosely cemented sandstone, and shale containing beds of 
coal, dolomite, and lignite. The equivalent section at COST 
G-2 is about 1050 m thick? although some thick limestone 
beds are present, sand containing beds of coal, shale, and 
mudstone, dominates (Poag,1982b).

Interval velocities for horizon 2 varies between 2800
to 4104 m/sec, from the inner shelf to the outer shelf along
line- 209 and 19 (figures 5.1 and 5.2). The formation is 
characterized by 1000 m thick Upper Jurassic section of 
shale and sandstone at COST G-l and 1300 m thick sandstone, 
shale, siltstone, and mudstone and some limestone at COST 
G-2 site (Poag, 1982a, Arthur, 1982). Therefore horizon-2 
shows nearly a 50% increase in velocity from the inner shelf 
to the outer shelf.



T-3667 60

The interval velocities for horizon 3 along the shelf 
varies between 3400 m/sec to 6200m/sec, along line 209 and 
19 (figures 5.1 and 5.2), where there is a trend of 
increasing interval velocities from inner shelf to outer 
shelf in a NW-SE direction, reflecting a systematic change 
in lithology to carbonate bank or reef facies. It was 
observed from COST G-l and COST G-2 wells that this horizon 
comprises of 980 m of interbedded sandstone, shale, and 
limestone at COST G-l site to approximately 1300 m of 
limestone and minor amounts of sandstone and shale at COST 
G-2 site ( Poag, 1982a ).

Early refraction studies of the Atlantic shelf 
revealed four mappable velocity units ( Drake et al.,1959 ). 
Velocities less than 2 km/sec were generally found at depths 
less than 1 km, and were assumed to represent 
"unconsolidated sediments". Velocities between 2.0 to 3.0 
km/sec generally were found at depths between 1 and 2 km and 
were assumed to represent " semiconsolidated sediments". 
Velocities between 3.0 to 4.5 km/sec were found at depths of 
2 to 3 km along the outer shelf; these velocities were 
assumed to represent "consolidated sediments". Material with 
velocities over 4.5 km/sec underlay the consolidated 
sediment and, since these correlate with basement velocities
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on shore beneath coastal plain, they were also assumed to 
represent on basement the outer continental shelf. More 
recent interpretations have assumed that the high velocity 
refracting horizons at depths of 2 to 5 km on the middle and 
outer shelf are limestone units ( Emery and Uchupi, 1972? 
Berhendt et al., 1974 ; Mayhew, 1974 ; Sheridan,1974 ; Schlee 
et at., 1976 ).

6.2.2: Sonic log velocities

The sonic logs from nine different wells in the 
Georges Bank ( COST G-l, COST G-2 , Exxon-153, Exxon-170, 
Conoco-179, Tenneco-182, Mobil-196, Shell-210, and Shell-218 
) are converted into velocity logs ( from microseconds/ft to 
feet/sec and then meters/sec). Average interval velocities 
are obtained from these velocity logs at a 500 m interval. 
Short wavelength velocity inversions are numerous on the 
sonic logs, while the 500 m averaged interval velocities 
display a systematic increase with depth. Figure 6.5 
displays sonic velocity and averaged interval velocity log 
from COST G-2 well. Sonic velocity and averaged interval 
velocity logs from the other wells are presented in the 
appendix B.
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Figure 6.5: Velocity and the averaged interval 
velocity ( 500 m ) logs obtained from the sonic 
log of COST G-2 well.
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Figure 6.6 show a composite of the interval velocity 
curves obtained from the sonic logs. All of these curves 
display a similar increasing trend in velocity with depth 
although their ranges differ from each other depending upon 
the location of the wells. Since too many curves make it 
difficult to distinguish a velocity gradient from inner 
shelf to the outer shelf and along the margin, a separate 
comparison along certain profiles are made and will be 
discussed later.

6.2.3: Checkshot velocities

Interval velocities at a 500 m intervals were computed 
from the time-depth curves from the ten wells ( Shell-200 
and nine other wells mentioned in the earlier section ). In 
general, checkshot interval velocities ( for intervals 
greater than 100 m ) are considered to be more accurate than 
the sonic interval velocities. A comparison of the checkshot 
and the sonic interval velocities for COST G-2 well is shown 
in figure 6.7. It is very clear that they agree very well 
throughout the depth of the log data. Similar comparison for 
the other wells are presented in the appendix C. Although 
the difference is very little between these two sets of 
curves, sonic velocities sometimes show a slower velocity
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Figure 6.6: Averaged interval velocity logs from 
sonic logs ( at 500 m interval ) from the nine wells 
in the Georges Bank Basin.
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COST G-2 site.



T-3667 6 6

throughout the curve, for example Exxon-170. It has been 
observed that the drift between these two sets of curves 
show a little asymetry, while the mean remains very close to 
zero, and 80% of the drift is within 0 to (plus/minus) 200 
m/sec ( appendix D-10 ). Their general agreement also proves 
the reliability of the interval velocities computed from 
sonic logs. A comparison of the interval velocities from CDP 
moveout velocities with sonic and checkshot interval 
velocities is presented in appendix D-ll. Because of the 
extremely good general agreement between the checkshot and 
sonic velocities, and that the checkshot data are less 
incomplete ( do not represent the entire depth of the 
wells ) I will use the averaged interval velocities based on 
the sonic logs for the subsequent discussion of lateral 
velocity gradients.

6.2.4: Velocity gradients across the shelf.

Figure 6.8(a) show a comparison of the interval 
velocities at a 500m interval, obtained from the sonic logs 
of COST 6-1, Exxon-170, Mobil-196, and Shell-218 in a 
northwest to southeast direction across the shelf. It is 
clear that the interval velocities show a systematic 
increase from Exxon-170 at the inner shelf to Shell-218 at
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Figure 6.8(a): A comparison of the averaged sonic 
velocities along a NW-SE section through COST G-l, 
Exxon-170, Mobil-196, and Shell-218 wells.
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the outer shelf through Mobil-196 at the mid shelf region. 
Which is a definite indication of a gradual change in 
lithology from a clastic to a more carbonate facies. COST 
G-l has higher velocity ternd than Exxon-170, but it is 
still relatively low.

Another northwest to southeast cross section through 
Exxon-153, COST G-2, Tenneco-182, and Shell-218 is shown in 
figure 6.8(b), and passes from inner shelf to the outer 
shelf region. It is clear that the range of velocities 
remain close in the upper 1500 m and then they show a 
gradual increase in the velocity until a depth of 4000 m. 
Beyond 4000 m there is very little increase in velocity. 
However, the higher velocity values of Tenneco-182 and 
Conoco-179 with respect to COST G-2 and Exxon-153 between 
1500 and 4000 m depth imply a systematic change in lithology 
from clastic to a more carbonate rock at the outer shelf. 
Velocities in excess of 5500 m/sec beneath the middle and 
outer continental shelf indicates dense limestones, while 
velocities in excess of 6000 m/sec require the dominance of 
dolomites and anhydrites ( appendix E ).
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Figure 6.8(b): A comparison of the averaged sonic
velocities along a NW-SE section through Exxon-153,
COST G-2, Tenneco-182, and Shell-218 wells.
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6.2.5: Velocity gradients along the margin.

Figure 6.8(c) shows a comparison of the sonic interval 
velocities obtained from the COST G-l, Exxon-170, and 
Exxon-153 wells along the margin in a southwest to northeast 
direction. An increase in velocity through the entire depth 
range of the data is clear, which definitely indicates a 
change in lithology from Exxon-170 to the Exxon-153 site. 
Exxon's OCS-170 shows the lowest overall velocities in the 
entire set of wells. A comparison of COST G-l and Exxon-153 
velocities ( figure 6.8(d) ) shows a moderate difference 
suggesting a velocity difference probably due to 
differential compaction along the margin, rather than a 
significant lithological change. The lower interval velocity 
range shown by Exxon-170 may be due to a higher percentage 
of shale and sand in the section, although no detailed 
lithologie descriptions of the Exxon-170 lithologies has 
been published to date.

Another southwest to northeast section through the 
wells Shell-210, Mobil-196, Tenneco-182, and Conoco-179 is 
shown in figure 6.8(e). Shell-210 show a lower range of 
velocities throughout the depth of the well. However, the 
remaining three wells show an increase in velocity along the
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Figure 6.8(c): A comparison of the averaged sonic
velocities along a SW-NE section through COST G-l,
Exxon-170, and Exxon-153 wells.



3667 72

SONIC INTERVAL VELOCITIES
( METERS/SEC )

8 0 0 0

D EP TH
METERS

1000

2000

3 0 0 0

4 0 0  0

5 0 0 0

6 0 0 0

8 0 0 00 COST-G1

153

Figure 6.8(d): A comparison of the averaged sonic
velocities along a west-east section through
COST G-l and Exxon-153 wells.
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Figure 6.8(e): A comparison of the averaged sonic
velocities along a SW-NE section through Shell-210,
Mobil-196, Tenneco-182, and Conoco-179 wells.



T-3667 74

margin from southwest to northeast. This velocity change due 
primarily to thinning of the section to the northeast as 
indicated in the in the above paragraph by COST G-l and 
Exxon-153 wells.

Part of the final stacked sections of line 121, 12J, 
and 33 that joins line 209 and 19 in the mid shelf region is 
shown in figures 6.9 and 6.10 respectively. Averaged sonic 
velocities from the nearby wells have been projected on the 
respective horizons of these two lines. A moderate increase 
in velocity in the Jurassic formations may be noted on line 
12 between Exxon-170 and Exxon=153 wells, where the 
formation average velocities ranges from 3566 to 393 0 m/sec 
in the Upper Jurassic section and 4800 to 5266 m/sec in the 
Middle Jurassic section respectively ( figure 6.9 ). 
Therefore, there is a 10% increase in velocity between 
Exxon-170 to Exxon-153 locations. On line 33, averaged sonic 
velocities from Mobil-196, Tenneco-182, and Conoco-179 have 
been projected ( figure 6.10 ). Although these averaged 
sonic velocities show a slight change along the seismic 
section, a significant increase is observed in the Upper 
Jurassic section, from 3500 /3600 m/sec on line 12 ( figure- 
6.9 ) to 4100 /4200 m/sec on line 33 ( figure 6.10 ), and 
from 4800/5100 to 5600/5800 m/sec in the Middle Jurassic
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section may be noted. The increase in velocity from 4800 
m/sec to 5800 m/sec is a definite indication of an increase 
in carbonate sequence in the Middle Jurassic section along 
the shelf region of the Georges Bank basin. The slight 
lateral change in velocity ( figure 6.10 ) shown by the 
averaged sonic velocities while the individual sonic 
averaged velocities do show some increase along line 33 may 
be interpreted to be due to the shallowing and thinning of 
the Jurassic section towards the northeastern end of the 
profile.
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CONCLUSIONS

1) It has been observed along the seismic line 209 and 
line 19 that the interval velocities obtained from the CDP 
moveout velocity analysis show a gradual increase in the 
interval velocities from inner shelf to the outer shelf in 
the Jurassic section, while the Cretaceous and Tertiary 
units have more nearly uniform velocities. This increase is 
probably due to a lithologie change from a dominantly 
clastic to more carbonate sequences in the outer shelf, 
where the developement of reef or carbonate banks has been 
demonstrated in the drilling data ( Poag and Valentine,
1988).

2) A general agreement between checkshot and sonic 
interval velocities attests to the reliability of the 
computed velocities from these two sets of data. The 
checkshot and sonic velocities also confirm that the 
interval velocities obtained from the CDP moveout velocity 
analyses are reliable for thick intervals ( i.e., greater 
than 1000 m ).

3) Interval velocities obtained from the checkshots 
and the sonic logs of ten wells on Georges Bank also show a 
similar trend of gradual increase in the interval velocities
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from the inner shelf to the outer shelf, confirming a 
lithologie change from a clastic to carbonate sequence in 
the Jurassic section.

4) The interval velocities from the checkshots and 
sonic logs also show a gradual increase in the interval 
velocities along the margin from southwest to northeast, 
which is probably due to a differential compaction rather 
than a dominant lithologie change along the shelf.

5) The velocities along the outer shelf edge at depths 
from 4000 m to 6700 m range from 5600 m/sec to 6200 m/sec 
indicating massive limestone and dolomites. This type of 
carbonate sequence developement along the outer shelf of 
Georges Bank is not unique and also been observed in the 
Baltimore Canyon Trough ( Grow et al., 1988 ). This is 
probably true for the Carolina Trough and Blake Plateau 
Basin which lack deep exploration wells ( Dillon and 
Popenoe, 1988 ).

6) Although the interval velocities obtained from the 
checkshots and the sonic logs are more reliable, carefully 
picked CDP moveout velocities also show a very good
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correlation with them and is very useful in identifying the 
lithologie changes along the seismic lines. Therefore a 
careful CDP velocity analyses, which can be done on any high 
quality multichannel seismic data, has been demonstrated to 
be a very reliable tool for predicting lateral velocity 
variations in sedimentary rocks in frontier continental 
margins before drill hole velocity surveys become available.
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APPENDIX A 
APPENDIX B 
APPENDIX C 
APPENDIX D 
APPENDIX E

APPENDIXES

. Standard deviations of CDP moveout velocities. 

. Checkshot time-depth curves.

. Sonic and interval velocity logs.

. Checkshot and sonic interval velocities.

. Velocity-density relationships.
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Figure B-l. Time-depth curve obtained from the checkshots
of COST G-1 well in the Georges Bank Basin.



T-3667 91

D E P T H l 5 3  
( M E T E R S )

0 8 0 0 0

T I M E
MS

5 0 0

1000

1 5 0 0

2000

2 5 0 0

8 0 0 0

Figure B-2. Time-depth curve obtained from the checkshots
of Exxon-153 well in the Georges Bank Basin.
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Figure B-3. Time-depth curve obtained from the checkshots 
of Exxon-170 well in the Georgse Bank Basin.
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Figure B-4. Time-depth curve obtained from the checkshots
of Conoco-179 well in the Georges Bank Basin.
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Figure B-5. Time-depth curve obtained from the checkshots
of tenneco-182 well in the Georges Bank Basin.
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Figure B-6. Time-depth curve obtained from the checkshots
of Mobil-196 well in the Georges Bank Basin.
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Figure B-7. Time-depth curve obtained from the checkshots
of Shell-200 well in the Georges Bank Basin.
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Figure B-8. Time-depth curve obtained from the checkshots
of shell-210 well in the Georges Bank Basin.
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Figure B-9. Time-depth curve obtained from the checkshots
of Shell-218 well in the Georges Bank Basin.
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Figure C-l. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
COST G-1 well in the Georges Bank Basin.
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Figure C-2. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
Exxon-153 well in the Georges Bank Basin.
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Figure C-3. Velocity and averaged interval velocity logs 
( at 500 m interval ) obtained from the sonic log of 
Exxon-170 well in the Georges Bank Basin.
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Figure C-4. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
Conoco-179 well in the Georges Bank Basin.
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Figure C-5. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
Tenneco-182 well in the Georges Bank Basin.



T-3667 104

M I N T  1 9 6  
( M E T E R S / S )

A V E R A G E  M I N T I  9 6  
( M E T E R S / S )

D E P T H  8000 PETERS Q
0

1000

2000

3 0 0 0

4 0 0 0

8 0 0 0

D E P T H
M E T E R S

i i iI ! ! I I

I ! I

I I
TT

i 1000

2000

3 0 0  0

4 0 0 0

8 0 0 0 8 0 0 0

Figure C-6. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
Mobil-196 well in the Georges Bank Basin.
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Figure C-7. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
Shell-210 well in the Georges Bank Basin.
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Figure C-8. Velocity and averaged interval velocity logs
( at 500 m interval ) obtained from the sonic log of
Shell-218 well in the Georges Bank Basin.
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Figure D-l. A comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at COST G-1
well site in the Georges Bank Basin.
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Figure D-2. A comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at Exxon-153
well site in the Georges Bank Basin.
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Figure D-3. À comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at Exxon-170
well site in the Georges Bank Basin.
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Figure D-4. A comparison of the checkshot and sonic 
interval velocities ( at .500 m interval ) at Conoco-179 
well site in the Georges Bank Basin.
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Figure D-5. A comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at Tenneco-182
well site in the Georges Bank Basin.
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Figure D-6. A comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at Mobil-196
well site in the Georges Bank Basin.
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Figure D-7. A comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at Shell-210
well site in the Georges Bank Basin.
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Figure D-8. A comparison of the checkshot and sonic
interval velocities ( at 500 m interval ) at Shell-218
well site in the Georges Bank Basin.
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CDP, SONIC AND CHECKSHOT INTERVAL VELOCITIES
( METERS/SEC )

8 000
D E P T H

M E T E R S

: 1 11lLH  .
1
1
1  ï
! i

•» COST G-2ii i« 1■ |i 1
1

1 i
I !I I!i :

! I i } 1
! : ;| ! |
1 ! 1I 1 : ! - 1I i ! | iii 6 !
i is !1 !i:l: 11 !É: 1 I 1: 1
! ! ! 1I | I i

:= ! .. :::= llI 1

1000

2000

3 00 0

4 0 0 0

5 0 0 0

6 0 0 0

8 0 0 0
CHECKSHOTS — —  CLP HCVECUT
SONIC

Figure D-ll. A comparison of the interval velocities from
CDP moveout velocities with sonic and checkshot interval
velocities at the COST G-2 site.
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