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INTRODUCTION

One of the more useful tools that an oceanographer has at his
disposal is the sediment corer. For deep ocean work, the gravity
corer or piston corer is used whereas for shallow water (20 m or
less) a small corer operated either by a diver or from the surface is
used, Whichever type is used, the tool allcws a vertical section of
unconsolidated bottom sediments to be brought to the surface for
analysis and testing. The determination of sound speed in bottom
sediments is of interest at this time because of the range of
epplications of underwater scoustics. Because of changes in pressure,
temperature, and mechanical properties of the sediment caused by
removal of the core from the bottom end its transport to the laboratory,
this one property of sediments lends itself least to in-lab determina-
tion, Consequently, efforts have been made to measure sediment acoustic
properties in situ. For example, Hsmilton (1963) reported the
determination of sediment sound speeds in situ by attaching acoustic
probes to the underwater vehicle TRIESTE and using this vehicle to
position the probes in the bottom. Berin and Ciay (1967) reported
the develomment of a free fall vehicle which would incert acoustic
probes and a short corer into the bottom and, after recording dsta,
ascend to the surface leaving the weighted section on the bottom. Iewis,
Nacci, anc Gallagher (1970) reported development of yet another ocean
bottom vehicle, this one consisting of a platform to be lowered to the
ocean bottom, and containing acoustic probes and a corer to be driven
into the bottom by electric motors, the whole package being retrieved
from the surface after recording data. These are Lut examples of the
many approaches that can be and have been made in determining acoustic
properties in situ. These various approaches have several drawbacks,
the main one being that they are limited to rather shallow penetration
of the ocean bottom. It would be desirable to have in situ acoustic
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data to at least the same depth that one could core. This report
describes a system for attachment to existing coring tools to obtain the
sound speed profiles as the corer penetrates the bottom.




SYSTEM DESCRIPTION

The sound speed profilometer consists of two piezoeiectric
transducers mounted in the cutting head of the coring device and
connected by means of en electrical cable to the associated electronic
circuitry. A pulse of acoustic energy is generated by the transmit
transducer and projected across the sediment contained in the cutting
head at that instant. The sound pulse is received and converted to
an anslog electrical signal by the receive transducer. =lectronic
circuitry associated with the receiver measures the time reouired for
the pulse to traverse the sediment and a voltage output is generated
which is linearly proportional to this time and is conseg.ently pro-
portional to the acoustic velocity being measured.

A nominal carrier frequency of 190 kHz was chosen as a compromise
between attenuation and timing accuracy. Attenuation by scattering
anl absorption in the sediment decresses with decreasing frequency
but the accuruacy with which the leading edge of a pulse can be
measured also decreases.

When used with a 3 in. diam corer, the pulse repetition rate of
the cystem is limited to about 200 pulses per second because of
reverberation inside the cutter head when the attenuation is low
(such as when only water is in the head), This repetition rate gave
@ spacing between measurements of about every 2 in. (5 cm) when the
technique was used to obtain a 30 ft (9 m) penetration with a piston
corer. Total penetration time was slightly less than 1 sec. For
the frequency selected, transducer separation must be at least
2.5 in. (6.4 cn) so as to eliminate overlap tetveen the transmit




and receive electrical signals (there is some feedover because of
the close proximity of the elements). This necessitates the present
system being used on the larger type coring tools. However, an
increase in frequency with corresponding decrease in pulse length
could be effected for use on smaller diameter tcols,

4 The transducer arrangement is designed to be fitted on existing
coring tools by minor modification of the cutting head, Figure 1
sbows 2 schematic cross section of the instellation. In practice,
the transducer elements are not cemented directly into the cutter,
but are encapsulated in separate metal bolders which fit through
diametrically opposite Zholes in the cutter and are fastened to it
with serews, Figure 2 shows photographs of a typical lnstallation.
The transducer elements are piezoelectric ceramic discs 1/2 1n,

1.3 cm) diam cut to resonate at 100 kHlz in the thickness mode. ALl
elements are identical and interchangesble in case one is damaged .

Signals to and from the transducers are conducted through coaxial
cable taped to the outside of the core barrel to a Junction box mounted
to the top end of the corer., The junction box contains a line driver
preamplifier for the receive transducer and an accelercmeter to measure
deceleration of the corer as it impacts the bottom. The output of the
accelerometer can be integrated twice to provide depth of penetration
versus time, for the sound speed profile. Connection from the junction
box to the surface is made by a cable containing three cosxial pairs.

Figure 3 shows a block diagram of the electronic system, The
system consists of two basic sections, one to generate a pulsed sine
wave with controlled phase at the proper frequency to drive the
projector transducer, and the other to amplify the received signal,
filter it tc remove unwanted noise, and measure the time delay between
transmission and reception.
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The transmit section conteains a 190 kHz sine wave oscillator
which provides a cw signal to a signal gate and tc the pulse timing
circuitry. The pulse timing circuit output is a square pulse at the
proper repetition rate whose leading and trailing edges are coincident
with a positive going zero crossing of the oscillator sine wave., The
square pulse 1s used to open and close the electronic signal gate to
provide a coberent sine pulse to the power amplifier. The power
amplifier drives the projector transducer with about 15 W of power.

On the receive side, the line driver preamplifier amplifies the
signal from the receive transducer 3 dB and transforms the high
impedance of the transducer to & low impedance to drive the long
coaxial cable to the surface, This presmplifier receives power and
transmits its signal on the same coaxial pair., At the surface, the
signal is bandpass filtered and sent to an AGC amplifier. The AGC
anplifier maintains tbe incoming signal at about 0.1 V rms over a
15 dB range of input signal variation. The signsl tben goes to tle
time delay to voltage converter, which consists of a Miller integrator
circuit which is turned on by the tranemit pulse and turned off by
the received pulse. The circuit integrates a constant voltage so the
output is a linear ramp whose length is dependent upon tbe time delay
between pulses. The integrator is followed by two sample and hold
circuits, one sampling and holding the maximum voltage the ramp
reaches, the other sampling the output of the first after it starts
to hold. The result is a voltage output linearly dependent on the
time delay between pulses. Circuit diagrams, system block diagrams,
and wavef.rm diagrams are included in Appendix A, System accuracy is
co.atrolled by the stability of the electronic circuitry and by
mechanical stability. A measurement of system accuracy with respect
to temperature of the sampled medium is discussed in Appendix B.

All circuits are implemented with printed circuit techniques
and with integrated circuits where possible so that the whole
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electronics package requires about 800 cm5 of space exclusive of

power supply and recording instrumentation. This volume is not an
absolute minimum since further space would be saved through refine-
nent of circuit construction,

One other piece of equiment was designed and built to use in
conjunction with the system. In some ingtances it might be desirable
to have a fast check of the profile after the core lLas been breught
to the surface and is still contained in the plastic liner. A set of
transducers were mounted on a frame that could be moved along the
length of the core and these could be substituted directly for the
cutting head transducers in the electronic system, Thus, a protfile
could be recordsd for comparison with the in situ measurement.

Figure 4 shows a picture of this unit with a typical core in its
liner.




FIGURE 4

TRANSDUCER ARRANGEMENT FOR
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EXPERIMENTAL RESULTS

The feasibility of using the sound speed profilometer was first
confirmed by preliminary testing under controlled conditions in the
laboratory. Figure 5 shows for comparison two sound speed profiles
of a 1 ft (0.3 m) layer of sediment in a test tank. The profile
labeled probe measurement was made using three probes {one projector
and two receivers at different distances) lowered incrementally into
the sediment. Time delay between the two received pulses was
measured with an interval timer and the sound speed celculated. The
profile labeled dynamic measurement is a plot of the sound speed
calculated from the voltage output of the electronic circuitry as the
coring head was penetrating the sedimeni after free fall from a height
of 4 £t (1.2 m).

The sediment for which sound speed is shown in Fig. 5 was sampled
by coring with a 1 1/4 in. {3.2 cm) diam tube. Subsamples of
these core samples were analyzed for porosity. The results are
surmarized in Table I.

TABLE I

WATER CONTEZNT, POROSITY, AND SOUND SPEED PROFILE
OF LABORATORY SEDIMENT

Sediment Vater
Depth Content Sound Speed
Interval (% of Porosity from Akal (1972)
(in.) (ca) Day Weight) (%) {n/sec)
1 -21/ 2.5- 5.7 102.2 73.0 1456
21/ - & 5.7 ~ 10 62.6 62.4 1490
L -6 100 -1 37.3 4.7 1564
6 -8 15 -20 35.6 47.1 1584
8 - 10 20 -2 32,2 k6.0 1593

11
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Akal (1972) has summarized the relationship between porosity and
relative sound speed (ratio of sediment sound speed to water sound
speed) which is shown by more than 450 marine sediment cores, based
on data drawn from numerous authors. He fitted a second order
equation to these data and presents a graph of the resulting curve.
This curve was used to determine the values of sound speed shown

in Table I for the measured porosities. These values are shown in
Fig. 5 for comparison with the measurement sound speeds, The
absolute values of the measured sound speeds are well within the
bounds of the observed scund speeds reported by Akal (about

+75 m/sec). The agreement in shape amoug the three curves is quite
good.

After these promising results in the laboratory, a series of
field tests were made. The chronology and location of these tests
gre indicated below:

2-3 August 1971, Gulf of Mexico, with TAMU aboard RV ORCA

5-11 Novemter 1971, Gulf of Mexico, Mississippl Delta, with
TAMU aboard KV ALAMINOS

¥ 22-23 November 1971, Baffin Bay, Texas, using UL/MSI coring barge
' 9-10 May 1972, Redfish Bay, using UT/MSI coring barge

8-9 June 1972, Massachusetts Bay, with WHOI abcard RV KNORR
15-16 hugust 1972, Baffin Bay, Texas, using UT/MSI coring barge

The first three trips and the laboratory sound speed measurements
occurred during the 1971 contract; however, data analysis was completed
during this contract period and is reported here for the first time.
Sediment sound speed data were successfully obtained on all but two
of these field trips. This report includes data from each of the
successful field trips. On both the ORCA and the KNORR trips, there
were difficulties which prevented data acquisition. In both cases the

4 difficulties were associated with cabling.
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For the ORCA trip, the electrical cable connecting the
profilometer with the surface was a single 5-conductor shielded 3
cable, Laboratory tests had indicated thaet this type of cable could
be used, but it did require a reduced drive level to minimize
electrical feedover between the transmit and receive lines. To
compensate for the reduced drive level, the receiver gain was
increased. Although the system performed well in this configuration
in the lsboratory, it was too susceptible to noise generated by the
transducers entering the sediment, and no data were obtained on the
ORCA trip. The surface cable was changed to three separately shielded
lines for subsequent operations.

For the KNORR trip, the profilometer was mcunted on the
Woods Hole Oceanographic Institution's large piston corer
("giant corer”). This corer is constructed of threaded pipe sections
about 8 ft (2.4 m) long which are joined by threaded collars. The
tommost pipe section screws into the weight stand. In accordance
with the instructions of WHOI personnel, the junction box of the
profilameter was attached to the upper coring tube section and the
cable joining the junction box and cutter head (transducers) was
taped along the coring tube. The signal cable to the surface was
then firmly attached to the weight stand. When the corer was lifted
into the water, the top section of the coring tube rotated about
180° relative to the weight stand. This action pulled the
profilometer surface cable out of the stuffing tube in the junction
box, flooding the junction cox with sea water, which shorted the line
drive amplifier and prevented data acquisition.

e At and o

To allow dynamic field testing of the profilometer in locations
near ARL, some effort was made to modify a surplus winch for use on
an ARL platform. The short corer, which had been used to acquire
the data shown in Fig. 5, was also modified by the addition of fims
and weights to allow its use as a gravity ccrer. This system,
including the profilometer, was tested in the center of lower

14




Lake Travis, where it was known that several feet of sediment had
accumulated, Although cores were successfully obtained, sound

speed data were not. The cores revealed that gas bubbles were
present in large quantity throughout ibe sediment, The large
attenuations in this gassy sedinment were cutside the range of
control of the profilometer AGC :ircuit. Probing sediments in other
nearby lakes also revesled prohibitive gas contents.

Data were successfully acqguirei on the remaining field trips.
Sound speed measurements were made d namically with a piston corer
(from RV ALAMINOS) and quasidyramical.y with a corer which vas
pushed into the sediment by block and tackle (Baffin Bay and
Redfish Bay).

Figure 6 shows sound speed profiles obtained stoard RV ATAMINOS
on station off the Mississippi delta in the Gulf of Mexico. Both
profiles were obtained in approximately 30 fathoms (55 m) of water,
The top trace in each profile, which is labeled accelerometer, is
the unintegrated ontput of the accelerameter attached to the coring
tool., Both cores were taken in rather soft uniform sediment and show
no distinct layered structure, The point of impact with the
sediment-water interface is to the right and both show a decrease
in sound speed as this point is reached, Total length of the first
core was 30 £t (9 m) and of the second 38 £t (11.5 m). The soft
nature of the sediment at Drop 2 is illustrated by the small changes
in accelerometer output and by the 38 ft (11.5 m) penetration which
exceeded the length of the coring barrel. The bottom of the core
could not be determined from the accelerometer trace.

The average water content (Table II) was used to determine an
average porosity of about 68% for Core 1 and 66% for Core 2. The
maximum porosity in either core was 75% (at the top of Core 2) and
the minimum was 59%. According to Akal (13972), these porosity values
are in the range where sound speed is almost constant as porosity

15




ACCELEROMETER

W

DROP No. 1 1607 ¢
772
- o .-11500 :

f———30 t {9 m) ———
BOTTOM Tor 1400 3
ACCFLEROMETER gz
-
DROP Mo. 2 ]‘°°° Q
——— - I 100 &
TOP luoo g
2
c
w

FIGURE 6

SOUND SPEED PROFILES AND ACCELEROMETER QUTPUTS
FOR TWO CORES IN THE GULF OF MEXICO

NOVEMBER 197}

HORIZONTAL SCALE. 0.1 sec/div

PROFILE VERTICAL SCALE:

16

100 m/sec/div

ARL - UT
AS-72-28
LDH . DR
1-12-72




LR e EREET o Al e

TABLE II

GRAIN SIZE AND WATER CONITENT OF UFPER PORTION
OF CORES 1 AND 2, GULF OF MEXICO, NOVEMBER 1971

CORE 1 CORE 2

[ 3 - [ 3 -
g o« | & | % |82 e S|« | = | « | 53| 58
100,39 | 31.61] 68.00 1 9.8 | 86.78 20 | 2.57 | b1.12 | %6.31 | 8.8 | 110.11
20| 0,20 | 25.76 | 78.14 | 9.6 | 102.54 bo | 1.65 | 45.59 | 52.76 | 8.4 | 93.87
30 | 0.03 | 28.97 | 11.00 | 10.0 | 73.81 60} 7.71] u8.60 ] u3.48} 7.2 1 68.9%
Lo | 0.32 | 33.24 | 66.44 | 9.6 | 90.13 80 | 1.08 | s0.52 | 48.b0 | 7.8 | 69.72
50 { 0.07 | 20.60 | 79.33 | 10.2 | @2.1b 100 | 1.96 | k1.0 | 56.64 | 9.0 | 80.09
70| 0.05 | .73 | 68.22 | 9.7| 73.16 120 | 0.09 | 3b.37 | 65.5% 1 9.6 1 67.06
90 | 0.05 | 28.68 | 71.27 | 9.9 | 176.16 1% | 3.21 | 47.73 | k9.06 | 8.0 | 68.79
100 | 0.05 | 33.09 | 66.86 | 9.5 | 6L.53 160 | 1.2b | 41,25 | S7T.61 ] 9.0 | 89.51
125 { 0.03 | 29.37 | 70.60 | 10.0 | T1.6T 180 | 1.28 | 37.67 | 61.05 | 9.2 | 8u.kk
10 | 0.0k | 27.11 | 72.85 | 10.0 | 178.50 200 | 2.22 | 52.17 } &5.62 | 7.6 | 66.10
160 | 0.21 | 33.44 | 66.55 | 9.7 | 83.78 220 | 0.25 | b3.90 | 55.85 | 8.9 | Th.55
180 | 0.28 | 28.86 | 70.96 | 9.5 | 68.85 2o | 2.88 | 37.33 1 59.79 | 9.1 | T0.47
200 | 0.07 | .00 | 69.92 | 9.9 | T2.96 260 | 2.02 | 4u.60 | 53.38 | 6.7 | 64.99
220 | 0,06 | 31.26 | 68.68 | 9.8 | 70.99 280 [ 2.02 | 11,36 | 56.62 | 8.8 { 69.33
2% | 0.05 | 29.10 | 70.85 | 9.8} T7T0.72 300 | 0.30 | 3u.47 | 65.23 | 9.k | 83.59
20 | 0.02 | 20.19 | 69.79 | 3.7 | 66.99 320 ;] 0.13 ! .66 | 67.00 | 9.7 | 8.37
255 | 0.0 | 2N.74 ]| 68.22 | 9.6 .69 350 | 1.09 | L2.85 | 56.06 8.7 | 68.30
215 ) 0.72 | Wh.T2 | 54,56 ] 9.2 | TT1.06 360 | 0.25 | 20.88 | 78.87 | 10.8 | 91.05
%0 | 1.92 [ 25.97 | 72.12 | 10.0 | 93.56 380 | 2.56 | 42.63 | 5u.B1 | 8.6 | 62.46 |
320 | 0.07 | 22.23 | 78.70 | 10.3 | 99.91 400 | 0.63 | 39.47 [ 59.90 | 9.2 | 68.34
30 | 0.05 | 25.6% | 74.31 | 10.0 | 86.36 420 | 0.88 | 45.93 | 53.19 | 8.4 | $9.68
AVERAGE 79.25 Lbo | 1.59 | b4.96 | 53.45 | 6.5 | 57.83

1460 | 2,68 | 43.37 | 53.95 &.5 61.92
480 | 0.99 | 38.80 | 60.21 | 9.3 | 65.95
500 | 5.%9 { b1.19 [ 53.32 1 B.5 | 59.33
520 | 0.69 1 LL.32 ! 54.99 | 8.6 | 54.68
sk | 0.38 | 34.97 | 64.65 | 9.6 1 67.48
560 | 3.33 | u2.15 | sv.52 | 6.6 | 63.16
580 | 2.72 | 68.01 | 20,27 | 6.5 | €6.%0
72.70

AVERAGE
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varies. At 59% porosity, the sediment to water sound speed ratio
is about 1.0. This ratio gradually decreases with increasing
perosity until it is about 0.98 at 74% porosity. At 66% and

“8% porosity, the sound speed ratio is about 0.99., These values
are from the polynomial curve which Akal tltted to sound speed and
porosity data from over 450 cores. The figures predict a sediment
souad speed in Cores 1 and 2 that is less than the water sound speed
by wbout 35 m/sec with bounds to the possible sound speed variation
of *15 mfsec, gxamination of Fig. § reveals that, upon entecing the
sediment for Core 1, the profilometer indicated a dccrease in sound
speed of about 20 m/sec with variations aleng the core of less than
410 m/sec, For Core 2, the sound speed decrease upon entering

the sediment was about 15 m/sec with variations along the core of
less than *10 m/sec. These values are close . the ones predicted
by Akal's best fit curve and are well within the bounds of observed
values used by Akal to make his fit (e.g., the observed sound speed
ratio varied from 2oout 0.95 to 1.05 at 66% porosity, giving sound
speed limits of £75 m/sec). Thus, the dynamically measured sound
speed profile reveals the homogeneous, unlayered nature of this
region as well as giving an accurate value for the in situ sound
speed of the sediment.

The cores obtained in cooperavion with the UT Marine Sciences
Institute used e shallow water coring rig desigued by Dr. W. E. Behrens.
This device pushcd the 3 an. (7.6 cm) clam core into the bottom using
block and tackle rigging on a shallcw draft platform. Using this
equipment, cores were obtained in Baffin Bay ond Redfish Bay on the
Texas Gulf Coast near Corpus Christi.

Figure 7 shows sound speea profiies made in & single core taiken
in Baffin Bay {august 2972)., The top profile labsled "in situ" wvas
made with the transducers mounted on the corer. The other threc
profiles were made using the trunsducers thet are designed tec slide
on the core liner. The profile labeled "on deck" was made approximately
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5 hours after the core was taken. The two lovest profiles were made
the first and second days after removing the cores to the laboratory,

Notice that the absolute value of sound speed changes somewkat
from one determination to the next. and the major highlights show
some variation in each profile. Some of the discrepancy in location
of the highlights from one profile to tke next was caused by the
method of obtaining th2 horizontal axls in each determination. The
electrical analog of the displocement of the corer into the bottom
and of the transducers on the lirered core was obtained by attaching
a 1/16 in. (0.2 cm) steinless steel cable to the transducer holder or
core barrel. This cable was wrapped around & smsll drum to which &
10-turn potentiometer vas attached, thus varying the ouvput voltage
of the potentiometer in proportion to the saount of cable reeled from
the drum. However, the ceble dii not wrap smoothly on the drum,

with the resulz that the output of the system was soamevhat inconsistent
each time it was used, 3

The large excursions in the buttam two profiles are the result
of large attenuat‘on of the signal beyond the capebilities of the
AGC system. This ctteruation was the result of elther gas generation
in these layers or physical separation of the materizl of the core
during transpertaticn or possibly both. Poofiles taken later than
these showed even grezter aet ~{oration.

The voltage output of the AGC system can be displayed, thus
giving & record of the signal amplitude in the receiver, This record
is an indication of the zmount of attenuation encountered in the core.
Sgure 8 dicpluys a sound speed profile of & core ccapared to a 1
plot of relative sigral amplitule, for the same core, derived
from the AGC volvage. The fuli scale excursion from maximum value
(top of the trace) to minimum (2long the trace) represents & feedback
voltage change of approximately 12 dB--whick converts to L8 aB/ft
(158 d.B/m) range of change of attenuation. Both profiles were made
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on deck after removirg ihe core from the bottom. Again, the

horizontal axis is somewhat inconsistent because of cable wrap, but

it can be seen that major increases in sound speed line up with large
decreases in signai aemplitude. This is expected behavior for the sandy
layers encountered in the sediment being cored.

Figure 9 shows a correlation between the iithologies and sound
speed profiles of four of the early cores {November 1971) taker from
Baffin Bay, Texas. At the time these cores were taken, there wis no
method available to derive the depth axis for the sound speed pro-
files except to use a time axis. Because the core barrel was pulled
into the bottom by block and tackle, the rate of penetration of the
cores varied a large amount and the profiles illustrated in Fig. 9
are only approximate as to depth of highlights. Within this 1lim a-
tion, it can be seen that there is reasonable agreement between the
sound speed profiles and their respective lithological disgrams. In
the figure, sound speed increases to the right. Overall, a little
over 55% of the sand layers correlate with sound speed increases and
ebout 62% of sound speed increases can be correlated to sand layers.
The lirit of resolution of the measurement techknique is controlled by
the transducer dimension. Layers with a thickness comparable to the
approximately 1/2 in. (1.3 cm) dlem of the transducer will not give
accurate values, The fine structure for these particular cores
indicate many features of this aprroxinate dimension.

Figure 10 shows ancther correlation of lithologles and sound
speed profiles for cores taken from Baffin Bay, Texas, in a different
area and at a later time (August 1972) than those shown in Fig. 9.
The figure shows sound speed profiles and lithologies of the first
three cores of a series of 16 taken. Both Core 1 and Core 3 profiles
are in situ profiles. Core 2 profile was made after removal of the
core from the bottom but still in place in its liner. Core 2 was i
taken while making an in situ attenuation profile, and it is given
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here only for reference to show the amount and type of changes in
layering that were encountered in this area. The three cores were
taken in 2 line and spaced approximately 2 £t (0.6 m) apart making
2 maximum separation between cores of only 4 ft (1.2 m), However,
both the sound speed profiles and lithology disgrams show a large
variation in layering between the cores. Some layers even show a
variation across the 3 in., (7.6 cm) diam of the core. Lines on

Core 3, Fig. 10, indicate the degree of correlation between the
lithology and sound speed record. Detailed core descriptions, which
aid in making these correlations, are given for ail three cores in
Appendix C, Cores 1, 2, and 3 are representative of the cores taken
from this area in that they consist of alternating layers of mud,
shell, end fine sand with intermixing of the three types to some
degree in each layer.

In Fig. 10 the water-mud interface is located at the top of the
figure and is marked as zero on the depth scale. The top 6 to 8 in.
{15 to 20 cm) was a light fluffy mud conteining gas and it showed a
sound speed lower than that of the overly‘ng water. A% about
1 £t (0.3 m) depth, the first high sound speed layer was eucountered
and it conslsted of a mixture of mud, sand, and shell. These top shell
and sand layers as uell as those deeper are seen from Fig. 10 to be
uneven, discontinuous and guite often hard to distinguish. However,
there is a good correlation en the amount of sand and shell in
the cores and the valve of sound sgpeed. Sound speed increases with
increasing percentage of sand ondé skell with sand contz-t the nore
daninent feature, The next aistinctive layer encountered varied in
depth from 1 3/% £t (6.5 m) in Cu=¢ 3 to 2 £t (0.6 m) in Core 1 and
consisted of a very sandy layer about 2 to 3 in. {5 to 7.5 cm) thick.
This layer seemingly slopes downward from Core 3 to fore 1, The
layer is distinguished mainly by a sound speed thet is higher than
most of the other layers in the cores., This is especially true for
Core 1. For the next 2 to 3 £t (0.6 to 0.3 n), the layering consisted

2
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of sandy, shelly layers which correlate with high sound speed
interspersed with muddy layers having a sound speed only slightly
iarger than that of water. Many of the sandy layers are too thin
to have been detected by the sound speed profile and so do not show
up on the profile. Finally, at a depth of 5 to 6 £t (1.5 to 1.8 m),
& layer conslisting of almost pure shel) was encountered which could

not be penetrated by the corer, This bottom lesyering was distinctive
for all the cores taken in the area and shows up on the sound speed
profiles as a broad, medium high speed peak with a dip in the middle.
This distinctive layer occurred in all 15 profiles taken in this
region as shown in Fig, 11,

The 15 cores were taken in groups with approximately 1 to 2 ft
(0.3 to 0.6 m) seperation between cores within a group. All cores were
taken within an area of radius of approximately 30 £t (9m). The
groupings were: Cores 1,3 and 4; 5 and 6; 7, 8, and 9; 10, 11, and
12; 13, 14, 15, and 16,

It is possible from the sound speed profiles to identify the
distinct bottom layer as continuous throughout the sampled region.
Note also that conclusions about complexity of the area, dimensions
of features, and extent of layering in the sediment can be drawn
from these profiles without supplemental information.

For the most pect the complexity of the core lithology, &s
revealed by the core descriptions in Appendix B, preclvded meaningful
sampling of portions of the core for sound speed prediction from
lithology; however, the high speed layer at about 2 £t (0.6 m) in
Core 1 was almost pure sand. Grain size distribution was determined
for this materlal by sieve analysis. Geologically, the layer is
described as poorly sorted muddy very fine sand with a mean grain
diameter of 0.094 mm (3.% ¢). Hamilton (1970) gives a graph of sound
speed versus mean grain diameter which has been measured for sediments

a7




of the North Facific. The measured sound speed of 1660 m/sec

for the sand layer of Core 1 {Fig. 10) is well within the buands of
1640 to 1700 m/sec reported by Hamilton for material of the same
mean grain size. Significantly, the value measured in the lab,
through the core liner (Fig. 7) for this same layer is 1550 m/sec,
vhich is lower than the Hamilton values. Thus, the in situ
profilometer measurement provides a better value than the in lab

measurement,

Figures 12 and 13 show photographs of sections of Cores 1 and 2
after the liner has been removed and a smooth cut made the length of
the core to reveal the internal structure, Drying has caused cracks
to appear between scme of the layers. The scale at the bottom of
the photographs is for Core 1 (as measured from the water 1nterrace).
Core 2 was laid alongside Core 1 and as many distinctive leyers as
possible were aligned, The distinct sand layers, at approximately
26 in. in Fig. 12, are the ones which correlate with peaks in the
sound profiles at about 2 £t (0.6 m) (see Fig. 10).

The distinctive layers occurring at the bottom of the cores can
be seen in Fig. 13. Figure 13 shows in both cores a & to 6 in.
(i0 to 15 cm) layer of shelly mud, then a layer of rather stiff clay,
ana cken a thick layer of shelly mud which gradusted to almost pure
shell, The shell-clsy-shell sequence of Fig. 13 illustrates the
distinctive sequence observed to some degree at the bottom of all
15 cores. However, from the sound speed profiles {Fig. 11), we see
that in Cores 13 through 16 the clay layer is much less distinct,
The offset between features at the bottom of Cores 1 and 2, shown
in lMig. 13, is consistent with the sound speed profiles shown in
Fig. 10.

Figures 12 and 13 also 1llusirate the irregular layering one
finds in these sediments. In Core 2 (Fig. 12) at 26 in. the sandy
layer is about 1/2 in, (1.3 cm) on one side of the core and nearly
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1 in. (2.5 cm) on the other side. The dark and light markings on
the smoother portion of the cores are varlations in coloration of the

mud comprising that part of the core, and there are no large
variation in grain size or texture assoclated with these markings.
Notice that there are varying amounts of small shell fragments
scattered throughout the layers.

Figure 14 compares in situ sound speed profiles and core
descriptions for two cores (22 and 23) which were taken about
3 £t (0.9 m) apart in a region which is about 1/2 mile (0.8 lm)
from the site of Cores 1 through 16 (Baffin Bay, August 1972). The
overall character of the profiles and cores is similar in complexity
to those in Fig., 10, The broad layer of increased sound speed
occurring at the bottom of the sound speed prcfile for Cores 1 througn
16 (Fig. 11) also occurs at the bottom of Cores 22 and 23, but eppears
to be less definitive, deeper, and thicker, The analysis of Cores 22
and 23 reveals that the lithology of the bottom 2 £t (0.6 m) matches
this sound speed behavior with a broad deep layer having a large
shell content, but less shell than that in Cores 1 and 2. Again, &s
in Fig. 10, the major increased sound speed features of these profiles
can be correlated with increased sand and/or shell content. The
degree of usefulness of the detailed sound speed profile structure in
a complex region such as illustrated in Figs. 9, 10, and 14 can only
be revealed by extensive use. Some of the detail which is availeble
might be considered "noise” by a geologist.

A cors sound speed profile which is of different character
than either the homogeneous cores from the Gulf of Mexico (Fig. 6) or
the complex Baffin Bay cores (Figs. 7-14) is given in Fig. 15. This
core was taken in Redfish Bay, Texas, on 9 May 1972. The sound speed
profile showr fe ~epresentative of measurements on 7 cores taken at
this site. The major character of the Redfish Bay cores is slow
changes of sound speed with depth, in particular & uniformly high
sound speed in the first 1 1/2 ft (0.45 m) of depth and gradual
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sound speed Gecrease from 1 1/2 £t (0.45 m) to the bottom of the core.
Fine structure is present, but the features are less distinct than for
the Baffin Bay cores. This is consisteni with the core description:
no distinct sandy or shelly layers are present. The core consists of
a muddy sand matrix conteining a uniform distribution of widely
dispersed chells and with a sand content varying along the length of
the core. The amount of sand is uniformly high throughout the first
11/2 £t (0.45 m) of the core and it decreases uniformly from

1 1/2 fv (0.45 m) to tre wottom of the core. Many large shells are
scattered throughout the core, explaining the presence of fine
structure in addition to the broad features.

For the thirteen comparisons of sound speed profiles and
lithologies shown in Figs. 5, 6, 9, 10, 14, and 15, cne can see
good correlation between individual cores and the sound speed pro~
files. The poor correlation of the sound speed profile from core
to core is consistent with poor correlation of lithology from core
to core.

Although primary emphasis during this contract year was to obtain
the measurements discussed sbove, some work was directed to investigat-
ing use of the profilometer for measuring volume scattering., Sediment
internal -oiume scattering strength data are not available In the
literature, In addition to filling this gap in the knowledge of
sediment acoustical properties, measurements of volume scattering
while coring would provide a useful logging cutput to supplement the
sound speed profile. Furthermore, the well known resonance bebavior

and large scattering strength of gas bubbles in water indicates
scattering aata might supply useful .n situ information about gas
bubbies in sediments.

For the volume scattering study, a third transducer waes sdded to
the cutter head. This transducer was identical to two which are uged




for sound speed measurements, and was located so that lts accustical
axis was at 90° to the acoustical path between the two scund speed
transducers., The acoustical feedover to this third sensor, with
the elements immersed in clear water, was about 14 4B below the
direct path signal. Insertion of the cutter head into saturated
sand sediments and muddy sand sediments in the laboratory indicated
that volume reverberation levels were below the acoustical feedover.
FKowever, when a screz2n of fine bubbles, generated by hydrolysis, was
allcwed to pass upward through the cutter head in clear water, an
increase in the third transducer output (over measurements in water
alone), was observed at some volume concentrations of bubbles. These
last measurements were encoucraging, beceuse they indicate that if
sufficient reductior in the acoustical feedover could be achieved,
then volume reverberation measurements in sedinents sheuid be
feasible. Reducing this feedover would require using a different

carrier frequency or & different transuucer configuration or baffling,

or a combination of these techniques.




DISCUSSION AND CONCLUSION

The experimental program and results outlined above have shown
that the technique of obtaining scund speed profiles during normal
coring operations is feasible and yields useful information.

1. The capability to dynamically measure sediment sound
speed which is in agreement with static probe measurements was
demonstrated (Fig. 5). These measured values compared favorably
with sound speed values determined from the porosity of the sediment.

2. Dynasnic measurements of sound speed in the field (Fig. 6)
provided accurate values for in situ sediment sound speed and
showed no adverse effect due to the dynamic nature of the measuremeat,
The cbserved form of the sound speed profile was consistent with the
homogeneous nature of the core {Table II) and the value of sound
speed measured was in close sgreement with values predicted from core
analysis,

3, Cores profiled in situ and after periods of storage (Fig. 7)
iljustrate the progressive deterioration and loss of detoll of thke
sound speed profile, Sound speed values for some layers were clfferent
for in situ and laboratory (through the core liner) measurements.
Complexity and gross features of tbe in situ profiles were repeated by
the linered (laboratory) profiles,

4. As illustrated by comparison with the core descriptions, the
complexity of the Baffin Bay sound speed profiles fs an accurate
portrayal of the complexity of the core lithology. Regloans of
hozogeneous mud are urncomplicated in the profile (see particularly
Fig. 9). Regions with significant shell and/or sand content produce
deflections of the sound speed trace which are related to the quantity
of sand and/or shell present.
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5. For all cores retained and analyzed, no sound speed indicated
by the profilometer was outside the bounds of published values for
sediments of similar lithology.

6. Usefulness of the sound speed profilometer as a logging
tool has been demonstrated: A homogeneous sediment gives a feature-
less profile within the sediment (Fig. 6), the sediment sound speed
also being accurately measured, Complex sediment structure can be
detected and information on the extent of layering and dimensions of
features can be obtained without core analysis.




RECOMMENDATIONS

1. The profilometer has been shown to provide sound speed data
in more detail for a greater in situ depth than previcusly available,
There {5 a need to determine the usefulness of this fnformation to
both acousticlans and geologists, It is recommended that the technique
be used in a variety of applications thet would aid in understanding
its usefulness. It is also recommended that the profilometer be
used in conjunction with high resciution subbottom profiling equip-
ment.

2. Measuremeats of the AGC circuit feedback voltage, which is
proportional to attenuation of the acoustic signal, show the expected
correlation with sound speed. MHowever, no effort was made to trans-
form these relative measurements to a value of sediment attenuation.
It s expected that recording values of attenuation will be straight-
forvard and it is recommended that effort continue to develop this
measurement technique.

3. The very preliminary measurements of volume scattering
reported bece reveal the difficult nature of this measurement and do
not confirm the usefulness of the technique. It is recommended that
effort be continued in understanding the usefulness of volume
scattering values in determining sediment properties, inciuding gas
content.

4. On at least two occasions in the experimental program,
failure of the signal cables (due primarily to the rugged nature of
the coring procedure) bas resulted in no data. It was accepted early
in the program that cabling to the surface was an acceptable compro-
nise until the technioue was establisled. It is recommended that the
necessary instrumentation for remote recording on the coring tool be
developed to eliminate surface cavling.
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In addition, more rugged, armored cable is reccmended for
transfer of signals from the coring head tc the electronios package.
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APPENDIX A
CIRCULT DIAGRAMS
The following diagrams are incluaed:

Pulse Timing Generator and Oscillator Schematic (AS-72-5)
Transmit Signul Gate Schematic (AS-72-6)

Power Amplifier Schematic (AS-72-8)

Delay Pulse Generator Schemetic (AS-72-7)

Line Driver Preamp and Filter Schematic (AS-72-1567

AGC Amplifier Schematic (AS-72-1568)

Time Delay to Voltage Converter Schematic (AS-72-1569)
AGC Amplifier Block Diagram {AS-72-1570)

Time Delay to Voltage Converter Block Disgram (AS-72-11)
Time Delay to Voltage Converter Timing Diagram (AS-72-12)
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APFENDIX B

EXAMINATION OF ACCURACY LIMITS OF THE FROFILOMETER

1. Error Due to Thermal Expansion of Cutter Head

Consider a cutter head of diemeter Do at temperature To. The
circumference Ko is given by

K =HD . (B1)

A change of temperature to Tl will result in an increase of

circumference to X'.l. The wall thickness will also increase, but by
an smount smaller than the circumference change. Ignoring the wall

thickness change, the new diameter D_1 is:

Dl = Kl/II (32)

Thus the change in diameter is related to the change in circumference
by:

=D -D - (K -K ) = (&) . (B3)

The coefficient of iinecar tnermal expansicn O can be expressed

a=(K—°’:)(m) } (84)

Combining Eqs. Bl, B3, and Bh:

%:m: . (55)

o°lB
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Now the output voltage V of the profilometer 1s a lirear function
of the time delay t between transmission and reception of the acoustical
pulse, This time delay is in turn a function of the acoustical sepera-
tion of the transducers X snd the acoustical propagation speed c in
the medium betweer the transducers. Thus, with k & proportionality
constant:

Vekt=kX/c . (86)

Both X and ¢ are functions of the temperature T; thus so are t and V:

T
V(T) = kt(T) = k%&} . (1)

The acoustical separation of the transducers is linearly related to
and approximately equal to the diameter of the cutting head D.
Thus, write

x(T) = D+ a0(T) . (88)
Combining B7 and B8, one obtains

D +4AD(7)

V(T) =k —q"c'(f)-— . (29)

Now, the percentage error E introduced by assuming that tte diameter
is constant (i.e., assuming no thermal dimension changes) can be
determined. One writes

D
V(T,D=const.) = k -c-(%) , (B10)

oS4




¥(?} - v(T,D=const.)
E = 00 _(_LTI‘FE.}___J (11)

Thus
D+ ap{T) )
kO - X [+]
E = 100 c(T &Y
- DO"L‘DT, 4
e
or

2D(T)
E=‘100D_‘--‘AE£T7 »
o

which can be approximated by

E = 100 %ﬂl . (B12)
o
But frou (B5):
[¢]
Therefore,
E = 100 cAT (B13)

The coefficient of thermal expunsion of stainless steel is about
J.O-5 / °C. Assume one is interested in the error introducsi by a
thermal variation of 50°C; then from Eq. (B-13):
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= (200)(2072)(50) = 5 x 1072

The error in voltage, and therefore in sound speed, introduced by
ignoring thermal size changes for a 50°C temperature variation is
therefore 0.05%.

II. Error Due to Ramp Nonlinearity

The time delay to voltage converter has an adjustable time delay
between the transmit pulse and the beginning of the ramp. This time
delay permits adjustment of the output voltage to keep it within the
capabilities of the recording device being used. In practice it is
set to one value and not changed for a series of cores.

If the ramp were perfectly lineer and 1ts slope were exactly
known, a single neasurement of output voliage in & medium of known
sound speed would suffice to calibrate the instrument at a given
setting of the time delay. If the ramp were somevhat nonlinear, but
were nominally linear over the ramp segment used for the travel time
variations which are produced by ovserved sound speed variations in
sediments, then a 2-point calibration (i.e., measurement of output
voltage for two media of known sound speed) would suffice for a gliven
delay adjustment. If the ramp were very nonlinear, then a multiple
point calibration would be necessary for any given delay adjustzent.,

In order to test the linearity o output voltage with scund
speed variation, calibration measurements were made with the trans-
ducers and cutter head imm:rsed in stirred deionized water in an
insulated water bath. The profilometer output voltage was recorded
as a function of the temperature of the deionized water over a
temperature range from 10 to 29°C, Measurements by Greenspan




and Tschiegg (1957) vere used to convert the deionized water
temperature to sound speed, This resulted in a tabwlation cf pro-
Tilometer output voltage versus sound speed. The experiment was
repeated for two different time delay settings and a straight line
was fitted to each data set by a least squares fit, The sound speed
range of these measurements was from 1447.6 n/sec to 1507.1 n/sec
while the output voltage ranges were -1.37 to -1,245 Vdc and

-0.685 to -0.584 Vdc, Maximum deviation of the measured output
voltage versus sound speed data from the fitted straight line for
either data set is 0.07%. Thus, ramp slope nonlinearity results in

@ percentage error no lacger than 0.07% over a 60 m/sec sound speed
variation. This indicates a good spproximation to linearity over
short segments of the ramp. However, the slope of the fitted line
was different for the two data sets indicating a measurable nonlinearity
for long segments of the ramp. Slope of the lower voltage data set is
+588.9 m/sec/V, while for the higher voltage data set it is

-477.0 n/sec V.

A femily of voltage curves versus sound speed, with linearly
changing slope between members of the funily, was then generated.
Figure Bl illustrates this family of curves and compares them with the
tvo data sets used to generate them. Also shown in Fig. Bl is a third
set of data for intermediate cutput voltages. These data coripare
favorably with the generatea curves in thetr vicinity.

The ¢.act siopes of the curves for different time delay settings
(giving different output voltages a a given sound speed) will vary
when the ohysical arrangement of the measurement transducers is
modified-~for c.ample, by using different cutter heaus or different
trinsducers. Usefulness of these calibration meassurements is in
demoustrating that a 2-point field calibration should allow measurements
within 0.1% accuracy (0.07% for a 60 m/sec sound speed change) assuming
the calibration points are known to vithin this accuracy. If only a
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single point calibration is used (output voltage is measured for one
known sound speed) and a family of curves such as Fig. Bl is
available, it is possible to identify the slope peing used and still
maintain the precision of the data.

A 2-point field calibration was used wheneve ¥ possible for the
measurements given in this report. Sound speeds at the two calibration
points were either measured with a Ramsay Mark V sound speed probe or
were determined from tables using measured values of temperature and
salinity. In a few cases, only a single point field calibratjon was
used, A 2-point field calibration is the recommended procedure.
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GEOLOGICAL DESCRIPTION OF CORE
Core 1 Baffin Bay, Texas, Augusc 1972

131/2 £t~

>
et

2 £~

Sheet 1 of 3

gray mud with 1 to 2 mm thick discontinuous fine
sand lenses

brownish cream colored carbonate mad, laminae grading
into darker colored fine sandy shelly layer below

gray mud with shelly zone at top & dense shelly
"nodule” at ~ 8 1/2 in.

light cream colored cartonate mud lamine, flanked by
1ight gray mud layers

laminated gray and lighter gray mud wi*h som: Tine
shell material and rare coarse shell frag-«ats

fine sz2udy gray mud with broken shells

muddy shelly fine sand

gray mud with dark rusty brown stripe {illus.), a few
fine sandy lenses ~ 3 to 5 mm thick, and rare shells

dark rusty brown mud lamina
coarse & whole shell layer, fine sand matrix

gray mud with fine sand lenses & scattered shells as
illustrated

light gray swirled in here

AS-T3-15k

Praceding page blank

1li st gray mud layer
€5




GEOLOGICAL DESCRIPTION OF CORE
Core 1 Baffin Bay, Texas, August 1972
Sheet 2 of 3

2 ft = ’- oL mud 1

/ﬁne sand layer, almost no mud in matrix

gray mottled (churned) mud; fine sand lenses and
shells as drawn E

j vavy laminae of dark & gray mud
_} " gray

3ray laminated mud with thin sand & shell lsminae
as shown

T~

"\~fine shell in mud

<
‘ fine shell fragments in mud
' coarser shell fragments in mud

31/2 £t o8

JEFAG, ntesdans ¢~ clean fine sand
€4~ uniform lighter gray mud

e
- - ol
N -
£5-T3-155
Tocns vnel sandy, shelly mud
L RJ_"Asf_ﬁ"'-' Ve L 66
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GEOLOGICAL DESCRIPTION OF CORE
Core 1 Baffin Bay, Texas, August 1972

Sheet 3 of 3
breq N
Y ; all of last 2 ft of core is laminated gray mud
i I LB N (leminations being slight differences in color
of gray) with send & shell dispersed throughout
(SR &s shown

3
~
3

R /Y S S

~
I3 fres v LY L -

v
-+ ¢, . - 4 >
Cpee ot T
- S N .:a‘:£¢_
P 51/2 £t -
very sheluy mud with coarse & whole shell material
- L 2 to 5 mm in size
5 AS-T3-156
- 67
= bottom




GEOLOGICAL DESCRIPTION OF CORE
Core 2 Baffin Bay, Texas, August 1972

top Sheet 1 of 3
0 ft
d
e ] }light tannish-gray carbonate mud layer
e e am e
1/2 ft - I~
i «—-1ight gray mud

.. light cream colored carbonate lamina

muddy fine ssnd

| e dark rusty brown mud & laminae

}fine sand & shell fragments

st .‘.r_"-:‘i:v.‘; @e—muddy fine sand

Sttt e Sopron | dark colored send lamina

irregular sand lenses as shown

lover boundary

darker gray down to 21 in. level

68

fine sand & broken shell with 1ittle mud matriﬂ

indistinetly
plaminated
gry mud

w,

mottled churned up looking gray mud with rare

chewed up looking shelly fine send; irregular
light gray carbonate mud laminae getting gradually

laminated gray mud with < 1 mm sand laminae as shown

almost clean fine sand with fine shell fragments

AS-73-15T7

L
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GEOLOGICAL DESCRIPTION OF CORE
Core 2 Baffin Bay, Texas, August 1972

Sheet 2 of 3

/rine sandy mud zone

mottled gray mud

light colored carbonate mud lamina

RTPRRIET R
A B
470 P Lideq

~a - &
S il ~ -
Yl N
. ’
<
E3 PR [
d-
-
fa g e .
o

e v
L -
- “\'a‘) EY I

4" smooth gray mud
€ clean fine sand (gray in color)
ay mud

ar
} ~ sand
F silty gray mud, mottled looking

REST OF CORE is laminated gray mud & silty mud with
l sand & shell layers as indicated in drawing

} silty

silty AS-73-158




GEOLOGICAL DESCRIPTION OF CORE
Core 2 Baffin Bay, Texas, August 1972
Sheet 3 of 3

clean fine sand

b 1/2 ftod

Lewe onne"
i ¢ Temme

B < ~ v

PR B TR

-t ¢ ¢ ¢ ‘e
.5..,,.4.\...‘:.,‘.3’4.-‘

worAer Y

5 ft e
1 very shelly mud
_ z3 l
51/2 fte —)"
bottom
70
A AS-T3-159




0 ft

top

1/2 ft-d

/

!

1 ft

-+

QLN S
oy 2

GEOLOGICAL DESCRIPTION OF CORE

Core 3 Baffin Bay, Texas, August 1972

Sheet 1 of 3

gray mud mottled with black

gray mud with small (~ 21 mm) bubble cavities and dark gray
color splotches

gradual transition to gray mud with small, thin fine sand
lenses

slightly brownish light gray mud

sparse to rare shells
gray mud

gray mud
gray mud (slightly lighter than above layer)
medium gray mud

distinet light cream color

gray mud

gray mud with sparse small shell fragments (medium sand size)
and some fine sand
very thin alternating cream & grey laminae: mud & scme fine sand

gray sandy mud with a few indistinct laghter layers

layer mud

gray mud vwith sparse shell fragments (~ 0 to 2 mm) throughout

sandy lernses

dark gray wmud

"sandeshell” in gray mud matrix with no shell

gray mud lanminae alternatirg with shelly sand laminae
dark gray muddy sand
clean coarse shell fragments

whole layer is highly contorted gray muddy fine sand & coarse
(2 to 3 mm) shell fragments with some whole shells

uniform gray mud

7 AS-73-~160




GEOLOGICAL DESCRIPTION OF CORE
Core 3 Baffin Bay, Texas, August 1972

2 ft— Sheet 2 of 3
) gray mud

| go———-mearum gray mud clast with shelly layer top & bottom
region of clean coarse shell fragments & fine sand

mottled mud

st shell slightly more ccncentrated in this region

e BTy mud with sparse fine to medium shell fragments
and squiggles of darker & lighter mud

sandy coarse shell lenses
(€= )ighter

/ darker
' == 1light gray sandy layer} toth with muck fine to medium

——dark gray mud layer shell fragments
3 ft-—‘-‘" gray mud
T ——e——— brownist gray fine laxinae: mud
T g gray mud with sparse coarse shell fragments

[ gray laminated zmud

€~ gray mud with moderate amount of medium shell
4 ettt _black fine sand lenses

3 1/2 ft- ]
f #——— pottiled gray & darker gray mud
/:_ =

= [@==—— laminated mud
it LT T e 1ight cglored clean fine sand

i e gray nud
-‘=’44: sacd & shell

t & e P e
SR ,' =€ definite sand laains - fizzes a lot
’ N 1
P 2ok fromag mcderstely shelly mud AS-T3-261
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GEOLOGICAL DESCRIPTION OF CORE
Core J Baffin Bay, Teias, August 1972
Sheet 3 of 3

gray mud -~ sparse to rare shell {ragments

black sand layer

shell concentrated in mud here

?
i
4
i
1
3
;
2
H
%
;

gray mud leminated with some lighter mud lsyers, no shell

1/2 rt

muddy sand layer 4

faw shells here

sand stringer

sand stringer

muddy silt layers q

o :\ 3
¢l )¢
4+ —at 7 laminated mud & muddy sand, with moderate awount of
bt i scattered medium coarse shell fragments R
+ ot - 4
|
oL
< KN'e 4
7 O :

L
‘-}-
|
il
i
4—]— clean coarse shell layer
§

ife ft—ﬁﬂ_g Lo Ll 4— aistinct layer of sand & shell mixed, gray color

< gray mud, uniform K

-t

silty mad, uniform

clean sand Jd

'

mddy coarse shell & fine send, gray

A5-73-162
bottom
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GEOLGGICAL DESCRIPTION OF CORE

Core 22 Baffin Bay, Texas, August 1972

Sheet 1 of 4

soft mottled gray silty mud, sparse small (1 to 3 mm)
shells

indistinctly laminated gray silty mud; 3parse shells
(1 to 3 mn)

gthinly laminated dark greenish brown, light creamy
4
I

and gray mud, rare shells

sandy mud

omud with thin fine sand lenses
silty

muddy I'ine sand

k fire sandy gray mud, some shell fragments

clean fine sand
3} laminated lighger gray mud & sandy mud & shell fragments

clean fine san
{ skelly muddy fine sand

mud
! Jaminated mua

muddy shelly fine sand

1]
laminated dark greenish drown, light cream, & gray mud
74 AS-73-163
J




GEOLOGICAL GESCRIPTICN OF CORE
Core 22 Baffin Bay, Texas, August 1572
Sheet 2 of 4

\Q-\-'-i &——-. sandy mud with shells

wud

. ,' Y fine sendy mud, sparse shell material
4

laminated derk gresnish brown, light cream, & gray mud

with proportion of sand & shell fragments gradually
increasing downward

erosional contact

J
é indistinctly laminated gray muddy fine sand & silty mud

indistinetly laminated gray silty mud & muddy fine sand
with increasing proportion of sand & shell fragments
toward bottom of zone
P
3
(zame as above)

A erosional contect

slightly shelly mud

erosional contact

PR R o
R €

Ja s uddy sheily Tine sand
S e
sendy mud
'r ;’g FIVEERY eane clean shelly fine sand
L% e

0o natronn g S ] cleeq sandy shell
L laminated siity grey mud

L csewnraiil clean sandy shell

AS-T3-16b

fire sandy mud D i
— . _—i L — ,.-._‘ *
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GEOLOGICAL DESCRIPTION OF CORE
Core 22 Baffin Bay, Texas, August 1972
Sheet 3 of 4

finely laminated fine sand & gray silty mud

@ shelly (> 50%) silty layer

fine sandy shell

clear-cut corre¢lational mark with Core 23 -

6

REST OF CORE is leminated gray silty mud, gray
mud, a few dark greenish brown & cream colored

I, laminae, & shelly silty mud zones

AS-73-165

almost black
mud atove
cream gray m-
below




GEQLOGICAL DESCRIPTION OF CORE
Core 22 Baffin Bay, Texas, August 1972

Sangly chaaddiitd

Sheet 4 of 4
6 ft < RESY OF CORE it leminated muddy shelly fine sand
e tan e ‘ (1.e., more sheii & sand then above)
Ter st a mant i clean sand-siiell layer
%{f.y&iﬁ&.’ﬂ '3’!;: ~(5¢%-50%) e
1/2 Pt
T It o
.
BoTTom
] 77 AS-T3-166




GEOLOGICAL DESCRIPTION OF CORE
Core 23 Baffin Bay, Texas, August 1972
Sheet 1 of 4

0 fte

1/2 fte=f soft, churned up, mottled sparsely, shelly gray silty mud

s, Sttt 1 gal material fragments

thinly laminated dark greenish brown, light cream, & gray zud
(algal mat) (carbonate)

wavy laminated mud & fine sand

P gray mud
: slightly muddy (~1 to 2%) fine sand

fine sandy mud with some shell fragments

e Ny A slightly muddy fine sand with shells
SR, A

shelly fine sandy mud
) \ 121/2 st \J laminated mud

- 1 ____.shelly muddy sand

o

¥lo s sy

laminated dark greenish brown, light creax, & gray mud E

78 AS-T3-267
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laminated mud
=
£ <
e *
[)

}q’r-w— muddy, sandy, - 50% shell layer

}é—-— 2icnn, 3.ightly shelly fine sand i

GEOLOGICAL DESCRIPTION OF COR:

Core 23 Baffin Bay, Texas, iugust 1972

Sheet 2 of 4

—

sendy mud, laminated & interrupied by "cow print" structure

eros’onal surface over algal laminae

indistinctly laminated muddy -holly firo sand

| ¢-=—— €rosicnal contact (?)

thinly isminated gray mud & very fine sa: 1 & sand Jrmses
sparse shell

ey

AS-T3-168




GEOLOGICAL DESCRIPTION OF CORE
Core 23 Baffin Bay, Texas, August 1972
Sheet 3 of 4

leminated mud; rare shells & sand lenses

erosional contact

ik

REST OF CORE is finely laminated silty mray, light
crean, & dark greenish brown mud with scattering
of shells & slightly shelly layers (layers with
distinctive character drawn in)

"p;‘\,v:fi;: } shelly (> 50%) silty layer

80 AS-73-169
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GEQLOGICAL DESCRIPTION OF CORE

Core 23 Baffin Bay, Texas, August 1972

BerTom

Sheet 4 of 4
almost black
mud above
- s 22 -
clear-cut correlational merk v.i. Noc. 22 cream gray
mud below

shelly sand, i.e., has consisterntly more
sand & shell than above

‘-\ T_ Trom here te bottom ccre is laminated muddy

} 2lightly muddy fine sandy shell layer

} slightly (~ 5%) muddy sand

[
& AS-T3-170 1




GEOLOGICAL DESCRIPTION OF CORE
Core 2 Redfish Bay, Texas, May 1972
Sheet 1 of 2
h
N "——__ rooted plant
6 Pt =IO

ENTIRE CORE is mottled, churned up muddy fine sand
with broken shell material scattered throughout;
hard dime store modeling clay consistency. There
is a nearly smooth gradation in grain size compo-
sition from top to bottom-~Crom slightly muddy
(~ 1%) at top to ~ 2 50% and s 503 sand at bottom--
although some small variations do occur. "Shellyness"
is fairly uniform throughout, mostly conzisting of
1 to b mm fragments, but with a few whole small
shells {~ S to 10 mm). The drawing is completed
cnly for top 1 £t to show approximate shell density
(= 1%). Color is slightly greenish slate gray,
brownish in upper foot or so.

muddy fire sand

v .| shell fragments

large shell fragrent

AS-73-171
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GEOLOGICAL DESCRIPTION OF CORE
Core 2 Redfish Bay, Texas, May 1972
Sheet 2 of 2
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