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Abstract Keeping in view the paucity of information as to
the nature of the marine sediments from the coutinental shelf
adjoining the Indian subcontinent, a number of shallow seismic
surveys were carried out, nearshore and offshore Bombay between
18°45'N and 21°00'N. Representative core samples preserving
their natural state were also retrieved from the region in the water
depths ranging from 5 to 70 m for the determination of physical
properties in the laboratory. Data on the physical, acoustic, and
elastic properties of the sediment cores are reported for the first
time. Useful individual least-squares relations are presented for
acoustic impedance, reflection coefficient, and bulk modulus
against density; for the dependence of rigidity and bulk moduli
on the constrained modulus; for the association between im-
pedance and field sediment velocity against P-velocity; and for
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rigidity against Poisson’s ratio. Results indicate that the bulk
modulus and Young’s modulus are higher for silty clay and clayey
silt samples than for the clay samples. Similarly, the acoustic
impedance, reflection coefficient, and constrained modulus of silty
clay and clayey silt are also higher than clay. The results are
found to be comparable to the North Atlantic and Bay of Bengal
sediments.

Introduction

In recent years, there has been an increasing interest in the physical
properties of marine sediments. The sound-velocity profiles and
gradients in the upper oceanic sediments are important in under-
water acoustics and marine geophysics. When sound velocity can
be measured or accurately predicted for the sediment surface, then
it is possible to compute a reasonable velocity profile for the upper
part of the first layer (Hamilton and Bachman, 1977). Systematic
evaluation of drill-hole samples for their physical properties re-
veals the nature of the soils and sediments. In addition, a study
of the elastic properties of the sediments is of interest for drilling.
Basic information of this kind can help in estimating site param-
eters useful for the location of offshore platforms and drilling
rigs, laying pipelines, and so on. The works of Smith (1974, 1975),
Davis, Horn, and Smith (1974), McCann and Smith (1974), and
Hamilton (1971) are a reflection of the importance of the studies
on marine sediments.

The absence of information on the physical properties of the
sediments from the offshore shelf regions of the Indian coastline
prompted the present work. In this study, shallow seismic surveys
off Bombay (Figure 1) are carried out in order to achieve an un-
derstanding of the nature of the marine sediments. For this pur-
pose, the velocity of sound in seawater is assumed to be 1,500 m/s.
In the absence of the true field velocity, the depths obtained from
the reflection records denote the apparent thickness only. A number
of sediment cores are also retrieved along the survey routes, taking
appropriate precautions for their preservation and subsequent use
for laboratory measurements.
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Experimental Techniques
Field Instrumentation

The shallow seismic profiling surveys off Bombay were carried out
by the National Institute of Oceanography, both nearshore and
offshore, with a Huntec Hydrosonde 2A system. It consists of an
energy source (sparker/boomer), a transmitter (energy storage unit),
the hydrophone array, and the receiver. The receiver unit com-
prises a signal recorder, a graphic recorder (19 cm wide—wet paper
type), and a keying programmer. For these surveys, a boomer was
used as the energy source, and the predominant frequency of the
main pulse was 5 kHz. The 5 kHz frequency was preferred in order
to have deeper penetration than the other frequency that was avail-
able (10 kHz).

The boomer was normally mounted on a catamaran and the
recorder fixed in any given range of 31.25-8,000 ms/sweep. In prac-
tice, in the case of nearshore areas 62.5 ms/sweep and in the off-
shore areas 500 ms/sweep were operated, choosing proper filter
setting to obtain the maximum information on the stratification.
In general, the subbottom profiles showed sediments of varying
thickness (from <1 m to > 20 m), deposited over the hard bottom
(sand/rock). However, in some favorable locations, when the sedi-
ments were sufficiently thick, a maximum penetration of more than
25 m was also recorded.

Core Samples

Alongside the shallow seismic profiles, a number of core samples
(maximum length of 5 m) were collected (Figure 1) from the differ-
ent survey routes followed. The locations for core collection were
selected after careful examination of the shallow seismic records.
The shallow seismic records helped the site selection because they
indicated the nature, thickness, and distribution of the stratified
sediments, thus enabling the coring to cover a complete cross-sec-
tion of the available strata. All the samples were visually examined
before they were subjected to smear studies.

It may be noted that in order to preserve the in situ conditions
of the marine sediments, the retrieved cores were immediately
encased in transparent Perspex tubes and capped at both ends in
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their wet state, thus preventing any leakage of the sample fluids by
sealing the ends. Out of such long cores, smaller lengths of core
samples were taken and capped similarly for the various laboratory

tests.

The locations of the core samples collected for laboratory studies

at the National Geophysical Research Institute are given in Figure
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1. The nature of the bottom and subbottom stratigraphic forma-
tions for the different locations may be seen in Figure 2. The area
of Figure 2 abounds in clay, clayey sand, and sandy clay in that
order, and at some places alternating sand and clayey sand, above
the rocky terrain.

Of the many cores collected, some representative samples were
selected for the study of their physical properties, on the basis of
visual examination of the sediments through the Perspex walls of
the core container, so as to include a cross section of the different
types of sediments encountered in the surveys. These include four
cores from Bombay harbor, four cores nearshore Bombay, seven
cores between Bombay and Bombay High, and six cores between
Bassein and Umbhrat. Full details concerning the cores are in
Table 1.

Lab Instrumentation

The laboratory measurements of P-wave velocity on the sediment
cores are determined by pulse transmission technique (Figure 3).
The experimental setup of Ramana, Gogte, and Sarma (1981) con-
sists of a pulse generator and a transmitting transducer on one side
of the test sample and a receiving transducer and a preamplifier
on the second side of the sample. The amplified signals are fed to
an oscilloscope along with a synchronizing signal from the pulse
generator to ensure a stable waveform on the screen for visual ob-
* servations. The transit times are measured with the help of a mov-
able marker and are accurate to 0.01 ps. Piezoelectric circular plates
of lead zirconium titanate vibrating in the compressional mode are
suitably housed in the transmitting and receiving transducers. The
piezoplates used are of 10 mm diameter and of 1 MHz fundamental
frequency. A specially devised jig enables the seating of the test sam-
ple and ensures direct acoustic contact with the two transducers.
The jig has the provision for flush contact of the front face of the
acoustic transducer with that of the sample, and a rubber O-ring
on the transducer holds the perspex core container in position,
while at the same time preventing the leakage of fluids from the
sample. A similar arrangement keeps the second acoustic trans-
ducer in position at the second face of the test sample. Owing to



“SUOT}EI0] JUIYID 1B

mw:,_c.-ﬂ OLWSIas WOJJ SJUDdWIPIS YY) JO d1njeu ay) wr:.&ocm S\_m._wm._ﬂ T AYNDIA

$09 0} 9np
BuIxSDW SN0y O W'Y puog 3kl SO
0y 1 Ao 2

W0y wuss uon307 peg 08s gg

kojy kpuog g ~ 910D §0 saquiny O_
X 30N rog
ELAJ 13
—— ; o
65 , P & W0y s 8s
S r— 85 u\,\b..ﬂ 0z
G 8s o
[} [} ) o} [} o lo
12 02 6! 8l 2 9l
N S~ — 00!
- ——— RN e~ 06
T~ — e — 08
[/ es m(ullmm\ \Hlm}m.lﬂ = ~~ mw
ey, TR
puos Kako|) puo v 5 o~
PUOS AU0UIAIY 8s 85 2. 0s
85  5g—-f Ob
) S ot
8s}toz
o
o) [°) o] o] ] o) o lo
Gt bl <l 2 n [o]] 6
o€
UIE
02
P amae E«* _ 2 3
N, LG s TGS g5 = P =gt o
CEr 855 0 T 8% ® o %% o o lo
8 PA 9 S v € 2 |

S3YLIN NI H1d3Q

S3YI3W NI H1d3AA

S3YL1IW N! H1id3Q

364



(panunuod)

9.60.8V.0L
Aep Apis Ke13-0A110 €5 1-9b'1 8t N/ 1€.20061 8 v1 We
4.909v.7L
siuawgey) {[2ys Yim pues sutg §9'0-85°0 A N..£€.20561 L 71N
q,80.LYoTL
Kep Apig 08'0-€L0 v'9 N.S1,65.81 9 01 WY
1.01bbolL
Aep Aei3-aAQ £6'P-98'Y 91 N..00.65.81 S v We
4,5%.7S.TL
Kepo Kea3-2A10 £PT-9ET '8 N.OV.£5.81 14 1 g
A.ST.LboTL
Wis £akepo Ae13-oa10 8T1-TI'l 06 N.50.8v.81 € L1d
4.05.6V.CL
s Aokep Aead-aA110 TE0-L10 '8 NL.OT.6vo81 4 $1 4
9EP-1T Y q.87.£5aCL Q01 Mg
Kep £waB-0A110 EI'T-560 80! NL.50.95.81 I 201 d
JUSWIPAS 3Y) JO UMEBN (w) (w) uoned0T| 1 21ng1 ut JoquinN
do] woij 210D ut paqeas oyl umoys aNng sjdweg
Teatoiu] ojdwes 01 yudoQ

uonednsaauf pIg Jo Alewwng

1 3qeL

365



08'1-0L'1 d,5€.88.1L 991 HY

pues £ofe[o Aei13 ysinjq wnipajy 0v'0-0€°0 0€9 NLOZ, 1261 14! v9] HY
0v'T-0€T AS1.6501L agl HY
Aep Kyts Aeid-oatjo 18I 01'0-000 0'€9 N.OP.81461 £l ¢l HY
0v'T-0£T H.51.6601L Q11 HY
Kep Lypis £rid-aaQ 0£'0-02°0 o'LS NL.OSS1.61 4! BIT HY
79T-15T 1,51.90,ZL 96 HY
Kep Kipis Ke1d-oal0 0r'0-0¢0 0’6y N.0v.T1.61 1 6 HE
£LT-€9T A0ETLTL q8 HY
Kepo Le18-0a110 0L0—-09'0 oSy N..0S,60.61 01 © egHE
Aepd Lypis Ke18 yrep wnipapy 0L 1-09'1 4.,08.9¢€.2L q¢ HE
. Eu-uz_o ...... IP0-1€0 0T N.OT.pS.81 6 eE Hd
gcuEGuw Y1 Jo aumyeN (w) () uoneso] [ 2131 ut JaquInp
doJ woija10p ur paqess oy umoys g sjdweg

[eAsou] ojdweg 01 udag

(panunuoo) 1 dqBL,

366



s[oys yim Aepo Keid-aAanQ

Kepod pa1 oled

Kepo £e13-0A110

pues umoliq ysimo[(aA yied
S[[YS Yim pues

Kokepd ysimoqah yieq
Aepo Apues

uMOIq YsImoek yieq

Kepp Apues 2110
Kep Lpues 21O

pues £e1g-oA1j0 W3]
Ke[o ud013-9A10 ysifein)

Kepo Kea3-2A1iO

pues Kake[d ua018-mofjak AysnQq

pues Ae13-3A1[O

60850
Al
0L0-090
010-00'0
10'T-060
11°0-00'0
0€1-02'1T
0T'T-S60
09°1-05'
08'0-0L0
06'1-08'1

S81-6L'1
§S0-S¥0

0'6¢

o¢t

0re

091

01¢

0Te

00L

d.5¢€,6€.CL
N..0L.§S.0T

H.57.8€.CL
N.,0¢.9%.0C

ASTIECL

N..OY.Z€.0C

q.5P.Ev.CL
NL.TIYT.0C

.ST1ECL
N..§1.90,0C

4..50.90.CL
N..8V.¥C.61

q€.00.9¢.1L
NLOS.T1T.61

| ¥4

174

61

81

Ll

91

ST

£EED

qze O
EIED

qrt O

Bt O

qie O
BlED

967 O
B6T O

LED

q.1 HY
el HE

367



368 L. V. Subba Raju and Y. V. Ramana

! 1
TRANSMITTER ! CORE | RECEIVER
. | | sAMPLE | |
Perspex‘l
Container
Double Beorr+
| Pulse Synchyonizing |T R < Pre-
Generator 0ut Put R  »-Refarence Amplifier
Oscilloscope | Movable Marker

FIGURE 3. Schematic diagram for laboratory P-velocity measurements.

the wet state of the samples studied, no extraneous pressure on the
sample was necessary to obtain good contact conditions. In fact,
the arrangement of Figure 3 incorporated measures to ensure the
natural state of the samples, arresting the leakage of the fluid media
present in the cores.

Results and Discussion

The physical parameters of the marine sediments studied and the
relevant relations that enable their determination are presented in
Table 2. The density and P-wave velocity of the different sediment
cores are in Table 3. Published data on the P- and S-velocity from
the works of Hamilton et al. (1970) and Hamilton (1971) are used to
derive the empirical relation V, = 2.924V, — 4170.75, where V, and
V, are in m/s. The acoustic parameters—the acoustic impedance,
constrained modulus, velocity ratio, field sediment surface velocity,
and reflection coefficient—are evaluated, and the results so ob-
tained are tabulatd in Table 3. Acoustic impedance and constrained
modulus were computed from the data on sediment velocity and
density. It is appropriate to point out that although the surficial
sediment velocities were lower than the overlying bottom water
values, some good reflections were recorded because of the higher
sediment densities and the impedance differences. The elastic prop-
erties {Table 4) of the respective sediment samples, such as Young’s
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modulus, the rigidity modulus, the bulk modulus, and Poisson’s
ratio, are also calculated. The interrelationships between the dif-
ferent physical properties are shown in Figure 4. The empirical
relations derived from such an analysis are summarized in Table
5. It may be seen that, with the exception of the relation between
density and bulk modulus, all the relations are linear. Regression
analysis for the data of Figure 4 showed a correlation coefficient
varying between 0.73 and 0.99 (P-velocity versus acoustic imped-
ance being an exception).

It is evident from Table 3 that the offshore sediment P-velocities
lie between 1,480 and 1,570 m/s, but the majority of them have a
very narrow range of 1,510-1,550 m/s, giving an average P-velocity
of 1,530 m/s, whereas the average velocity of the bottom water
samples was 1,500 m/s. The corresponding densities of the same
sediments range from 1,390 to 1,560 kg/m3, giving an average value
of 1,470 kg/m?>. Sound propagation varied from sample to sample,
and in general the transmission was better in clayey samples than in
sandy sediments. In particular, propagation deteriorated in samples
with shells and those whose ends were gritty.

The wave velocities in the marine sediments off Bombay are com-
parable to those reported by Smith (1974) in Atlantic cores and
Hamilton and Bachman (1977) in the sediments off Andaman coast
in the Bay of Bengal. In fact, the scatter in the wave velocities off
Bombay is relatively low in contrast to the North Atlantic cores,
and this pattern is perhaps due to the narrow shelf area covered
by the present work. The bulk modulus and rigidity values of the
sediments of this work are also comparable to those of McCann
and Smith (1974).

Acknowledgments

The authors have pleasure in acknowledging the encouragement received
from Dr. J. G. Negi of the National Geophysical Research Institute,
Hyderabad, and the directors of NGRI and the National Institute of
Oceanography, Goa, in the completion of this program.

References

Davis, A. M, I. Horn, and D. T. Smith. 1974. Geotechnical use of shear waves.
Proceedings of the Institute of Acoustics 7(7):1-4.



Properties of Marine Sediments off Bombay 375

Hamilton, E. L. 1971. Elastic properties of marine sediments. Journal of Geo-
physical Research 76(2):579-604.

Hamilton, E. L., and R. T. Bachman. 1977. Sediment velocities from sonobuoys:
Bengal fan, Sunda trench, Andaman basin and Nicobar fan. Journal of
Geophysical Research 82(20):3003~3012.

Hamilton, E. L., H. P. Bucker, D. L. Keir, and J. A. Whitney. 1970. Velocities of
compressional and shear waves in marine sediments determined in situ from
a research submersible. Journal of Geophysical Research 75(20):4039-4049.

McCann, D. M, and D. T. Smith. 1974. Geotechnical mapping of sea floor se-
diments by use of geophysical techniques. Transactions/Section B of the
Institute of Mining and Metallurgy. Applied Earth Science 83:B70-B73.

Ramana, Y.V, B.S. Gogte, and K. V.L. N.S. Sarma. 1981. Study of preferred
orientation in fine grained rocks (serpentinites from the Indus ophiolite
belt, Kashmir Himalaya, India) by an acoustic method. Geoexploration
19(2):81-89.

Smith, D. T. 1974. Acoustic and mechanical loading of marine sediments. Physics
of Sound in Marine Sediments, ed. Lloyd Hampton, 41-61. New York: Plenum.

Smith, D. T. 1975. The sea: Physical resource bonanza? Contemporary Physics
16(4):349-374.



