
Compressional (P) and shear (S) wave velocities at
pressures to 10 kb and bulk densities are given in Table 2.
The densities were calculated from the weights and dimen-
sions of the samples. The data in Table 2 are uncorrected
for length changes at elevated pressures, which lower the
10-kb compressional and shear wave velocities by approxi-
mately 0.03 and 0.01 km/sec, respectively. At 10 kb the
bulk densities in Table 2 are increased by approximately
0.03 glee.

The ratio of compressional to shear velocity (VplY s),
Poisson's ratio (a), the seismic parameter (I/J), the bulk
modulus (K), compressibility «(3),the shear modulus (11),
Young's modulus (E), and Lame's constant (7) calculated
at selected pressures for each rock are presented in Table
3. The equations relating these constants to velocities and
densities are summarized by Birch (1961). Velocities and
densities used for the calculations were corrected for
dimension changes using an iterative routine and the
dynamically determined compressibilities. The elastic
constants for the basalt from DSDP 163 were calculated
from mean velocities and densities.

VELOCITY-DENSITY RELATIONS

One purpose of velocity measurements in rocks is to
obtain information on the relationships of seismic velocit-
ies to rock densities. Once these relationships have been
established, seismic refraction velocities can be interpreted
in terms of crustal and mantle densities. A number of
velocity-density correlations have been given for rocks at
pressures to 10 kb (Birch, 1961; Christensen, 1966; Mang-
hnani and Woollard, 1968; Christensen and Shaw, 1970).
Solutions at 0.4 and 10 kb for fifty-seven cores of basaltic
rock from the Mid-Atlantic Ridge reported by Chris-
tensen and Shaw (1970) are shown in Figure 1. Chris-
tensen and Shaw found that slopes of the linear

Velocities have been measured as a function of hydro-
static pressure on cylindrical specimens 1.3 to 1.9 cm in
diameter and 3.2 to 4.6 cm in length cut from basalts
collected during Leg 16 of the Deep Sea Drilling Project.
All velocities were measured at room temperature on wa-
ter saturated samples. The laboratory techniques em-
ployed have been described in detail by Birch (1960) and
Christensen and Shaw (1970).

The purposes of this study were: (a) to establish veloci-
ty-density relations for oceanic basement rocks, (b) com-
pare the laboratory measured velocities with seismic
refraction basement velocities, and (c) determine the pos-
sible vertical extent of oceanic basalts.

The samples selected represent extremes in densities
and elastic properties of oceanic crustal basalt. The 163-
29-4(67-74) basalt is a massive, fresh basalt with an inter-
granular texture. To check for possible anisotropy in this
specimen, velocites were measured both parallel and per-
pendicular to the core axis. The 155-11(143-150) sample
is an altered vesicular basalt. Modal analyses obtained by
point-counting thin sections cut from the samples used for
the measurements are given in Table 1.
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TABLE 3
Elastic Constants

Pressure rJ> K B JJ, E A
(t<b) V IV a (km/sec)2 Mb Mb-l Mb Mb Mb

P s

Basalt 155-11-1(143-150)

0.4 1.81 0.28 24.0
1.0 1.81 0.28 24.3
2.0 1.81 0.28 24.6
6.0 1.82 0.28 25.4

10.0 1.83 0.29 26.0

0.71 1.41 0.36 0.93 0.46
0.71 1.40 0.37 0.95 0.47
0.72 1.37 0.37 0.96 0.48
0.75 1.32 0.38 0.98 0.50
0.77 1.29 0.38 0.99 052

Basalt 163-29-4(67-74)

0.4 2.06 0.35
1.0 2.06 0.35
2.0 2.07 0.35
6.0 2.09 0.35

10.0 2.11 0.36

12.0
12.5
13.0
14.3
14.8

0.29 3.40 0.10
0.31 3.26 0.11
0.32 3.12 0.11
0.36 2.80 0.12
0.37 2.68 0.12

0.27 0.23
0.28 0.24
0.29 0.25
0.3'2 0.28
0.32 0.29

velocity-density least-squares, solutions decrease with in-
creasing pressure. This was interpreted as being due to
grain boundary porosity effects at lower pressures, which
have a large influence on velocities in relatively low-den-
sity basalts.

Compressional wave velocities for the basalts from
DSDP 155 and 163 are compared in Figure 1 with those
of the Mid-Atlantic Ridge rocks. For both basalts the
lO-kb velocities are approximately 0.2 kmlsec lower than
velocities for average Mid-Atlantic Ridge rocks with
equivalent densities. Compressional wave velocity at 10 kb
for a water saturated basalt from the Juan de Fuca Ridge
(Christensen, 1970a) is also slightly lower than that of the
Mid-Atlantic Ridge basalts. Whether or not this relation-
ship will hold for a majority of Pacific basalts will require
additional measurements.

7.0

6.0
v
~
en--E

.:Jt:.

c: 5.0
>

o 0.4 k b

4.0

2.5 2.7
Density, gfcm3

Figure 1. Velocities and densities at 0.4 and 10 kb for ba-
salts 155-11-1(143-150)(open circles) and 163-29-4(67-
74) (solid circles) compared with Mid-Atlantic Ridge
basaltic rocks.
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The compressional wave velocity at 0.4 kb for the ba-
salt from DSDP 163 is also lower than the least-squares
solution for the Mid-Atlantic Ridge basalts (Figure 1). The
0.4-kb velocity for basalt DSDP 155, however, falls well
above the 0.4-kb line. The Mid-Atlantic Ridge basaltic
rocks from which the least-squares solution were obtained
varied in bulk density from 2.69 to 2.89 glcc, whereas
sample DSDP 155 has a density of 2.45 g/cc. Thus it
appears that at 0.4 kb, the velocity-density curve is para-
bolic such that low-density basalts in the range of 2.4 to
2.6 glcc have similar compressional wave velocities. These
relatively high velocities at low pressure are probably due
in part to alteration which has eliminated much of the
grain boundary pot"Osityeffects on low-pressure velocities
and at the same time has decreased density. In the inter-
mediate density range of approximately 2.6 to 2.8 glcc,
porosity appears to have a maximum effect on low-pres-
sure velocities. Velocity-density relations at higher pres-
sures are, however, linear, due to closure of pore space.

.~

PACIFIC CRUSTAL COMPOSITION

The measurements in Table 2 offer the unique oppor-
tunity for direct comparisons of oceanic basement com-
pressional wave velocities determined by seismic
refraction studies with laboratory measured velocities in
samples that represent oceanic basement. Several seismic
refraction studies of oceanic crustal structure have been
carried out in the Pacific basin (for a summary of data to
1969, see Shor et aI., 1971), and a limited number of
profiles have been published in the vicinities of DSDP 155
and 163 (Table 4).

Basement velocities in the Pacific basin commonly
range from 4.0 to 6.4 km/sec and average 5.2 km/sec
(Shor et aI., 1971). Shor et ai. (1971) attribute part of the
scatter in velocities to inaccuracy in the refraction data
and also suggest that some of the scatter may be due to
interlayering of low-velocity sediments with the basement
basalts. From the data in Table 2 it is evident that the
range in velocities reported for the oceanic basement 'also
can be accounted for by different degrees of alteration,
perhaps in combination with variable vesicularity.

1600 1400 1200 1000

Figure 2. Locations of seismic refraction data in the vici-
nity of DSDP 163.
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Location Water Sediment Basement Crust

Lat. N Long. W h h Vp h Vp h Vp Reference

5° 51' 141° 51' 4.81 0.57 2.15 1.16 6.32 - 6.79 M5 - Raitt, 1956
10° 43' 145° 53' 5..25 0.20 2.15 - - 4.42 6.58 M6 - Raitt, 1956
14° 41' 151° 54' 5.80 0.32 2.15 0.81 6.04 4.14 6.73 M7 - Raitt, 1956

9° 48' 93° 12' 3.74 0.11 2.15 1.45 4.32 4.13 6.84 CH8 - Shor et al., 1971

COMPRESSIONAL AND SHEAR WAVE VELOCITIES IN BASALTIC ROCKS

TABLE 4
Seismic Velocities (km/sec) and Layer Thicknesses (km)

in the Vicinities of DSDP 163 and 155

Seismic refraction stations M5, M6, and M7 reported
by Raitt (1956) are located in the vicinity of DSDP 163
(Figure 2). Basement velocities unfortunately were not
obtained for station M6 which is closest to DSDP 163.
However, stations M5 and M7 have basement velocities of
over 6 km/sec (Table 4), which are well above the Pacific
average. With a water depth of 5.3 km and a sediment
thickness of 0.3 km, the pressure in the upper basement
at DSDP 163 would be approximately 0.6 kb. The com-
pressional wave velocity at 0.6 kb measured for the base-
ment rock at this station is 6.38 km/sec (Table 2), which
is an excellent agreement with the seismic refraction data.

Shor and Fisher (1961) have reported oceanic crustal
structure along the Middle America Trench. For several
of their stations between 85°W and 95°W basement arriv-
als were not observed. However, two stations (4 and 4')
between 900W and 93°W have basement velocities of 4.40
km/sec. These stations were located on the shelf between
Champerico and the Middle America Trench. Shor et al.
(1971) have also reported a basement velocity of 4.32
km/sec south of the Middle America Trench at 93°W
(Table 4). Basement velocities in this region, therefore,
appear to be lower than those for average basement, which
correlates well with the measured velocities in the basalt
from DSDP 155. Upper basement pressure at DSDP 155
is approximately 0.4 kb, and the compressional wave
velocity of the basalt from DSDP 155 at 0.4 kb is 4.19
km/see (Table 2).

A comparison of the basalt velocities with the refrac-
tion data in Table 4 clearly demonstrates that the basalts
from DSDP 155 and 163 are not major constituents of the

lower oceanic crustal layer. This is in accord with earlier
studies of oceanic rocks by Christensen (1970b) and Chris-
tensen and Shaw (1970).
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