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INTRODUCTION

Laboratory measurements of the acoustic and physi-
cal properties of deep-sea sediments and rocks are im-
portant for the interpretation of seismic reflection and re-
fraction data and estimation of in situ physical property
values. Furthermore, the results of such measurements
can be used to design geoacoustic models of the upper
oceanic crust that can relate the physical properties of
deep-sea sediments to lithology, depth of burial, and di-
agenetic effects (Hamilton, 1980; Milholland et al., 1980).
The purpose of this paper is to report the results of lab-
oratory measurements of wet-bulk density, compressional-
wave velocity, and velocity anisotropy on sediments
cored during DSDP Leg 79. The sample suite consists of
11 calcareous claystones and clay-rich chalks recovered
between 370 to 720 m sub-bottom at Holes 545 and
547A.

METHODS
The samples were cut from the split core immediately adjacent to

shipboard physical properties samples and carefully packaged in sea-
water in order to maintain water saturation during shipment to the shore
laboratory. Acoustic velocity measurements were made on 2.00 ± 0.01
cm cubes in the vertical (propagation perpendicular to bedding) and
horizontal directions at hydrostatic confining pressures up to 0.3 kbar.
The velocities, determined by the pulse transmission technique using
1 MHz PZT-5 transducers, are accurate to ± 1%. Wet-bulk densities
were calculated from the weights and dimensions of the cubes and are
accurate to ± 1%. Water contents were determined by oven drying the
samples at 110°C for 24 hrs. and reweighing the oven-dried samples.
Porosities calculated from the wet-bulk densities and water contents
are accurate to approximately ± 0.02 fractional porosity units. The
reported water contents and porosities have not been corrected for salt
content of the pore fluid, but approximate corrections can be made by
assuming a pore-water salinity of 35 ‰. Corrected values are obtained
by dividing the water contents by 0.965 and multiplying the porosities
by 1.011 (Boyce, 1976a).

RESULTS AND DISCUSSION
The physical properties data for the calcareous clay-

stones and clay-rich chalks are summarized in Table 1.
Carbonate contents range from 34 to 61%. The densi-
ties, water contents, and calculated porosities range from
1.90 to 2.22 g/cm3, 14.1 to 27.5%, and 30.9 to 52.2%,
respectively. Shipboard density and water content mea-
surements made on samples immediately adjacent to the
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samples used in this study are also reported in Table 1.
Because care was taken to select a homogeneous interval
for collecting adjacent shipboard and shore lab sam-
ples, the physical properties of the subsamples should
be similar. However, shipboard measurements yielded
consistently higher densities and lower water contents
than the corresponding shore values. This suggests that
a significant amount of sample expansion, probably be-
cause of unloading and the swelling of clay minerals,
occurred during the several month interval between the
shipboard and shore-based measurements. Presumably,
the higher water contents measured at the shore lab in-
dicate that the packaging seawater was absorbed as the
samples expanded, however it is not certain that the
samples remained fully water saturated during expan-
sion. These density and water content changes illustrate
that in order to obtain representative in situ physical
property estimates, measurements must be made as soon
as possible after core recovery. The problem of expan-
sion is likely to be most serious in claystones and clay-
rich sediments such as the samples used in this study.
However, expansion due to unloading probably occurs
in most semilithified sediments.

The compression-wave velocities measured horizon-
tally and vertically at a hydrostatic confining pressure of
0.1 kbar are listed in Table 1. The degree of water satu-
ration is known to be an important factor affecting the
acoustic velocity in rocks (Wyllie et al., 1958). As dis-
cussed above, it is not known whether the expansion of
the samples affected the water saturation. Nevertheless,
the measured velocity values are reasonable for fully wa-
ter saturated samples, and it is therefore assumed that
the samples were completely water saturated at the time
of measurement.

Previous studies have shown that deep-sea sediments
usually exhibit velocity anisotropy, with compressional-
wave velocities higher for propagation in the bedding
plane direction than for propagation normal to bedding
(e.g., Boyce, 1976b; Bachman, 1979; Carlson and Chris-
tensen, 1979; Milholland et al., 1980; Carlson et al.,
1983). The anisotropies calculated for this study's suite
of calcareous claystones and clay-rich chalks are in good
agreement with the previous results. The anisotropies of
the 11 samples have a mean of approximately 5.2% and
range from 2.6 to 7.3%.

Several possible causes of velocity anisotropy in deep-
sea sediments and rocks have been suggested, including
preferred orientation of cracks and pores, preferred ori-
entation of mineral grains (Carlson and Christensen,
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Table 1. Summary of physical properties.

Sample
(interval in cm)

Hole 545

40-2, 96-98
42-3, 28-31
44-1, 56-58
46-2, 73-75
48-2, 41-44
51-3, 28-30
52-2, 87-89
54-2, 30-32
55-2, 91-93

Hole 547A

69-2, 123-125
70-2, 31-33

Depth
(m)

372.0
391.0
408.1
428.8
447.4
477.3
485.9
504.3
514.4

709.2
717.8

Density
shore

1.90
2.00
2.08
2.12
2.10
2.11
2.15
2.11
2.21

2.22
2.15

(g/cm3)
ship

1.97
2.04
2.14
2.16
2.16
2.17
2.20
2.17
2.26

2.28
2.21

Water content
(*)

shore

27.5
20.1
18.4
17.7
17.9
17.3
15.2
17.9
14.0

14.1
16.6

»)
ship

21.4
18.0
15.6
15.2
15.1
14.4
13.1
14.8
11.6

11.7
14.0

Fractional
porosity

0.52
0.40
0.38
0.38
0.38
0.37
0.33
0.38
0.31

0.31
0.36

VP

Vhl

1.86
2.17
2.20
2.24
2.22
2.24
2.51
2.11
2.41

2.34
2.27

at 0.1 kbar
(km/s)

Vh2

2.20

2.20

2.45
2.18

2.38
2.25

vv

1.78
2.05
2.08
2.15
2.09
2.13
2.32
2.09
2.28

2.27
2.10

Anisotropy
(ft)

4.4
6.3
5.6
4.1
5.5
5.0
6.6
2.6
5.5

3.9
7.3

Carbonate
content

(ft)

34
35
46
48
44
49
47
46
61

60
57

1979; Milholland et al., 1980), and compositional layer-
ing (Carlson et al., 1983). Carlson et al. (1983) studied
these possible causes in a suite of 40 calcareous deep-sea
sediments and concluded that compositional layering
(bedding) is the principal cause of velocity anisotropy.
However, the contribution of the preferred orientation
of clay minerals to the total anisotropy of bedded sam-
ples has not been adequately evaluated. The anisotro-
pies measured in the samples investigated in this study
are probably primarily due to bedding, but because of
the large clay mineral component of these rocks, a sig-
nificant contribution to the total anisotropy is possible
from the preferred orientation of clay minerals.
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