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INTRODUCTION

Data are presented showing the variation of compres-
sional wave velocity (Vp) and electrical resistivity with in-
creasing confining pressure for basalt samples from Holes
407,408,409, and412A. In addition, Vp has been measured
on two samples with varying temperatures but constant con-
fining pressure. Knowledge of the seismic properties of the
basalts is important for interpretation of seismic refraction
lines. Similarly, laboratory measurements of the electrical
resistivity are valuable in understanding the conductivity
structure of the crust.

The samples were subsequently to be used for thermal
conductivity measurements, and a detailed study of their
petrology was not made. The site descriptions and sample
examination show that the samples from Hole 407 are gener-
ally fine- to medium-grained aphyric basalts with rare micro-
phenocrysts of plagioclase in a groundmass of clinopyroxene
and plagioclase. There is some alteration to smectitie in all
the sections. The three samples from Hole 408 are aphyric
sub-variolitic basalt, and are highly vesicular. Thin sections
show plagioclase and olivine embedded in glass, with altera-
tion of the glass and olivine to smectite. The one sample from
Hole 409 is a highly vesicular aphyric basalt with some
microphenocrysts of plagioclase and olivine. The sample
from Hole 412A is a medium-grained basalt with phenocrysts
of plagioclase, olivine, and clinopyroxene. Phenocrysts are
up to 2 mm in diameter, and occupy between 5 and 10 per
cent of the rock.

METHOD

The samples were cylinders, 2.52 cm in diameter, 1.15 to
2.05 cm long after being cut and lapped to give smooth ends.
Measurements of the compressional wave velocity employed
a pulse-transmission method, and the electrical conductivity
measurements used an AC bridge. The stainless steel trans-
ducer holders acted as electrodes, thus enabling both
parameters to be measured on a sample under identical condi-
tions of confining pressure, pore water pressure, and temper-
ature. All samples were saturated in a seawater solution. The
transducers and sample were enclosed in a jacket to prevent
contamination of the pore fluid by the confining pressure
medium (Plexol oil). A heater coil around the sample allowed
temperature control. The pore water pressure was kept at zero
for all measurements, apart from those where the temperature
was varied. A summary of the results of the measurements is
given in Table 1.

COMPRESSIONAL-WAVE VELOCITIES

Figure 1 shows the effect of increasing confining pressure
on the compressional wave velocity. Measurements of veloc-

ity were made both when the pressure was being increased
and when it was decreased, but only those velocities obtained
on the increasing part of the cycle are shown. Fairly close
agreement was obtained between the two velocities, though
in general the velocities on the decreasing part were slightly
lower than on the increasing part. A similar effect has previ-
ously been observed by Christensen (1976) on basalts from
Leg 35. The velocities obtained are within the range of values
previously obtained for DSDP basalts (Christensen and
Salisbury, 1975; Salisbury and Christensen, 1976) and there
is a clear relationship between velocity and density (Figure
2). The regression line for these few samples is given by

Vp = 3.80¢ - 5.27 km/s

where @ is density. The linear relation obtained by Christen-
sen and Salisbury (1975) for a much more comprehensive
suite of samples was

Vp = 3.56¢ - 4.26 km/s

It has been observed (Christensen et al., 1975) that velocities
increase with basement recovery depth. This relationship,
however, is not evident for the six samples from Hole 407,
which show a considerable scatter of values over a depth
range of 114 meters.

The effect of temperature on Vp was studied on two
samples. Only a limited temperature range was used, to
reduce the risk of any thermal damage to the specimen. The
confining pressure was fixed at 1.5 kbar and the pore water
pressure was fixed at 1.0 kbar. The results are shown in
Figure 3. The two samples showed differential velocity gra-
dients of approximately -2.4 and -3.4 x 10-* °C-', values
somewhat higher than others previously obtained for mafic
rock (e.g., Birch, 1958). However, it should be noted that
because of the need to preserve the sample in good condition
for thermal conductivity measurements, no rigorous study of
the stability of the thermal effect was conducted. The recycl-
ing was fairly rapid; it has been established (Spencer and
Nur, 1976, and work of present authors) that if the sample is
left at its highest temperature for some hours, then the vel-
ocities on the decreasing part of the cycle may be higher,
although the differential velocity gradient would be the same.

ELECTRICAL RESISTIVITY

The effect of increasing confining pressure on electrical
resistivity is shown in Figure 4. In general, there is a marked
increase in resistivity with increased pressure (up to about
0.25 kbar) and then a much slower increase of approximately
5 to 25 per cent (up to 1.5 kbar). The increase in resistivity
can be explained if conduction is essentially via the fluid
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TABLE 1
Summary of Compressional Wave Velocities and Resistivities

Pressure in kbar

Pressure in kbar

Sample Density | 0.00 0.25 050 1.00 150 |0.00 0.25 0.50 1.00 1.50
(Interval in cm) (g}cm3) Compressional Wave Velocity (km/s) Resistivity (ohm-m)
407-36-3, 80-82 2.86 568 577 5.81 5.84 584 - 93 97 99 101
407-38-2, 140-142 2.82 525 540 541 544 545 - - - - —
407-38-3, unknown  2.91 5.95 5.5 576 5.76 5.77 12 116 81 51 47
407-39-2, 60-62 2.83 530 539 538 543 544 16 81 82 83 83
407-42-1, 69-71 2.90 553 5.86 583 583 584 76 102 103 - 104
407-46-2, 42-44 2.67 3.89 440 451 4.60 - 7 22 24 25 26
408-36-1, 98-100 2.63 475 484 484 4387 4.89 11 58 59 60 61
408-37-1, 125-130 2.59 412 432 435 439 443 8 21 20 19 19
408-38-2, 20-25 2.44 4.15 425 427 — - 5 15 15 - -
409-9-3, 136-138 2.77 5.03 530 529 529 529 8 48 50 53 59
412A-3-2, 77-80 2.98 5.51 593 6.01 6.03 6.04 15 95 105 115 126
____'__‘”_?_'32_.9_ &.001- !
3
:giiaz-1 ? 5.60( 4
407383
4 _ 5a20r J
07382 Y §
& ——— aormez ¥ o
4.80 .
409-9-3 -
440 N
408 36 1 %5 70 750 260 750 280 260 3.00
Saturated density [g!cm3l
4_50V—_ﬁv’,L/__i
' Figure 2. Compressional wave velocity (Vp) at 0.5-kbar
‘ pressure and densities.
a,agL . T T T T
59 .
o m o 412:32
= o 4
5.8 a -1
. - §
400 04 o8 12 S 8 " a
Pressure (kbar)
Figure 1. Variation of compressional wave velocity (Vp) - Gl |
with increasing confining pressure. = B Increasing T
=
;ﬂ O Decreasing T
content and the pores and cracks are becoming progressively 5.6 ]
closed (Brace et al., 1965; Brace and Orange, 1968). Two "
samples, however, showed some significant decrease in re- " =
sistivity after an initial increase. This puzzling feature might =k " . ﬂ.?i”_z )
be explained if the sample were only partially saturated; a a B B
similar effect has been observed by Brace and Orange (1968) -
on continental rocks, and by Hyndman and Ade-Hall (1974) 54 : \ . , :
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for basalts from Leg 26. The velocity changes for the same
samples do not show any abnormal characteristic. Measure-
ments of resistivity on a few samples on a decreasing pressure
part of the cycle show slightly higher values than on upward
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Figure 4. Variation of electrical resistivity (p) with increas-
ing confining pressure.

cycles, no doubt because of some pores and cracks failing to
open or only partly opening after closure. The very low
values of resistivity obtained (15 to 140 ohm-m) are consis-
tent with the range of values on DSDP basalts found by other
workers (Hyndman and Ade-Hall, 1974; Hyndman and
Drury, 1976).
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