20. SEISMIC VELOCITIES, DENSITIES, AND POROSITIES OF LAYER 2B AND LAYER 2C
BASALTS FROM HOLE 504B!

Nikolas I. Christensen, Department of Geosciences, Purdue University

and

Matthew H. Salisbury, Scripps Institution of Oceanography?

ABSTRACT

Compressional and shear wave velocities at confining pressures to 6 kb, densities, and porosities were measured for
32 samples obtained from 836 to 1350 m below seafloor (BSF) in Hole 504B, the section drilled on Leg 83 of the Deep
Sea Drilling Project. These data in combination with similar measurements on 28 basalt samples from the section from
274.5 to 836 m, drilled on Legs 69 and 70, provide a comprehensive set of physical property data for over 1000 m of
oceanic crust. The velocities, densities, and porosities measured in the laboratory exhibit greater variability in the upper
portion of the hole. In general, compressional and shear wave velocities and densities increase with depth, reaching av-
erage values at 1 kbar of ¥, = 6.45 km/s, V; = 3.45km/sand p = 2.94 g/cm? within the sheeted dike section. Porosi-
ties decrease with depth to values generally less than 1% near the bottom of the hole.

INTRODUCTION

Drilling during Legs 69, 70, and 83 of the Deep Sea
Drilling Project has provided samples of the oceanic crust
to a depth of 1350 m below the seafloor (BSF) and 1075
m into basement. The bottom 514 m, cored during Leg
83, is characterized by a transition from pillow lavas, pil-
low breccias, hyaloclastites, and basalt flows to an un-
derlying unit interpreted as a sheeted dike complex simi-
lar to that observed in many ophiolites. Geophysical log-
ging and other downhole experiments have found signif-
icant physical property changes with depth (Anderson,
et al., 1982; Becker et al., 1982).

Laboratory data on the physical properties of the rocks
recovered by the drilling are essential to the interpreta-
tion of the downhole geophysical measurements. For ex-
ample, laboratory measurements of seismic velocities, po-
rosities, and densities under appropriate conditions of
confining pressure and water saturation provide infor-
mation about the relative importance of porosity and al-
teration for the in situ properties. This paper reports
compressional and shear wave velocities, densities, po-
rosities, Poisson’s ratios, shear moduli, and bulk modu-
li for 32 samples obtained from the lower 514 m of Hole
504B. These data, combined with similar results for ba-
salt samples from the upper portion of the hole (Wilkens
et al., 1983), provide a complete set of laboratory veloc-
ities and densities for interpretation of the logging data.

EXPERIMENTAL PROCEDURE AND DATA

The bulk densities of cylindrical water-saturated samples (Table 1)
were determined from the dimensions of the samples and their weight
in air. All samples were stored in water at the time of drilling. After
the velocity runs, the samples were air dried for several weeks and re-
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weighed for calculation of dry bulk densities. The porosities in Table 1
were calculated from the wet and dry densities.

Compressional and shear wave velocities were measured using the
pulse transmission technique described in detail by Birch (1960). All
velocities were measured at room temperature using water-saturated
samples. The samples were jacketed with copper foil and 100-mesh screens
were placed between the cores and copper jackets to provide space for
water to drain from microcracks as the confining pressure was in-
creased. Thus, pore pressure was kept much lower than confining pres-
sure during the pressure cycles.

In addition to wet bulk densities (p) and porosities (¢), compres-
sional and shear wave velocities (¥, and V), velocity ratios (V,/Vy),
Poisson’s ratio (o), bulk moduli (K) and shear moduli () are presented
in Table 1. The elastic constants were calculated from the velocities and
densities using the equations summarized by Birch (1961).

DISCUSSION

Comparisons of the laboratory data with similar log-
ging and field measurements provide important con-
straints on large-scale porosity within the crust. It is con-
cluded from such comparisons that the fracture porosity
is greatest near the top of Layer 2, decreases with depth,
and approaches zero near the bottom 100 m of the hole
(Becker et al., 1982; Becker, this volume; Salisbury et al.,
this volume).

There also exists a significant, systematic change in
velocities and densities with depth on a smaller scale.
This is shown in Table 2 where the average laboratory
velocities at 1 kb, porosities, and densities are tabulated
at selected depth intervals. Compressional and shear wave
velocities, as well as densities, show a systematic increase
with depth. Much of this change is attributed to a de-
crease in microcracks and micropores with depth, since
the velocities and densities show an excellent correlation
with the measured porosities of the cores (Table 2).

The properties measured in the laboratory for the low-
ermost samples of Hole 504B are of special interest since
the samples represent the first obtained by drilling into
seismic Layer 2C. Using the thicknesses and densities of
the overlying seawater, sediment, and basalt columns, the
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confining pressure at the base of Hole 504B is calcu-
lated to be 0.7 kb. If at crustal depths equivalent to the
base of the hole the rock pore spaces are connected to
the seawater column, which is likely at least in the vicin-
ity of the drill hole (Salisbury et al., this volume), the pore
pressure will be 0.49 kb. If velocity is simply a function
of differential pressure (confining pressure minus pore
pressure), laboratory velocities at 0.2 kb should be ap-
proximately representative of in situ conditions at the
base of Hole 504B. Average laboratory compressional
and shear wave velocities for the lower five samples are
6.27 and 3.29 km/s at 0.2 kb (Table 1).
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SEISMIC VELOCITIES, DENSITIES, AND POROSITIES OF BASALTS, HOLE 504B

Table 1.. Compressional (Vp) and shear (V) wave velocities and Table 1. (Continued).
elastic constants of Hole 504B basalts.
Sample P Vp Vs K n
Sample P Vp Vs K » (interval in cm) (kb) (km/s) (km/s) Vp/ Vs o (Mb) (Mb)
(interval in cm) (kb) (km/s) (km/s) VP/ Vs o (Mb) (Mb)
504B-88-1, 67-69 cm 40 611 337 1.81 028 064 033
SMB722,33-35cm 02 630 330 191 031 072 031 (Cont.) BORNOZ2EN S 2 L GAS 0 ST
p = 2.87 g/cm 04 634 333 1.90 031 o ;
6= A 06 633 33 189 o 31 g ;g g g; 504B-89-2, 30-32 cm 02 611 3.37 1.81 028 066 033
08 638 335 19 031 074 032 p = 2.95 g/cm3 04 618 340  1.82 028 067 034
10 639 338 190 031 094 031 6 = 1.5% 0.6 621 3.42 182 028 068 0.34
20 643 . i51 031 076 033 08 624 3.4 182 028 0.69 035
30 66 539 191 031 077 033 1.0 626 344 182 028 069 035
60 650 339 192 031 078 033 20 633 3.48 182 028 071 0.36

4.0 6.35 3.52 1.81 028 071 037
6.0 6.42 3.56 1.80 028 072 0.38

SO4B-73-1, 73-75 e 02  6.03 3.19 1.89 031 066 0.30
= 2.91 g/cm 04 607 24 87 ; i 3
PRyt : L 040 066 0.4 504B-90-4, 75-77 cm 02 635 3.34 190 031 073 032
) 0.6  6.09 327 186 030 0.67 0.31 3
0.8 6.11 3.29 = 2.89 g/cm 0.4 6.41 3.38 1.89 031 0.74 0.33
185 030 0.67 032
10 612 331 185 029 067 032 ¢ = 1.4% 0.6  6.44 3.41 189 031 075 0.34
2.0 6.19 3.36 184 029 068 033 0.8 6.47 3.43 1.89 031 076 0.34
40 632 y ; " 1.0 6.50 3.44 1.89 030 076 034
i 3.42 185 029 071 0.34
60 642 347 185 029 074 035 20 657 3.49 1.89 030 078 035
: : : 40 663 3.54 1.87 030 0.79 0.36
S04B-75-1, 13-15 e 02 5.0 2.93 194 032 059 024 60 667 3.59 1.86 030 0.79 0.38
p = 2.83 g/cm 0.4 574 2.96 1.93 ; ; ;
= Gom uaz 081 02 504B-91-2, 15-17 cm 02 617 331 186 030 0.69 032
¢ = 0.9% 0.6 577 2.98 193 032 061 025
0 p = 2.95 g/cm? 04 622 3.34 186 030 070 033
8 579 3.00 193 032 061 026
10 5.80 302 193 032 061 026 ¢ = 0.6% 0.6 626 3.36 1.86 030 071 0.33
20 586 3.06 191 031 062 027 08 628 3.37 186 030 072 034
40 592 311 191 031 0.6 027 10 630 338 18 030 072 034
6.0 5.95 3.15 1.89 0.31 0.63 0.28 2.0 6.36 3.41 1.87 0.30 0.74 0.34
’ : : 40 641 3.44 1.86 030 075 035
S04B-77-3, 57 cm | 02 584 313 187 030 061 028 60 644 346 18 030 076 036
p = 291 g/cm 0.4 5.8 3.19 184 029 061 0.
¢ = 3.2% 0.6 592 i 183 029 0'22 3_38 504B-93-3, 8-10 cm 02 637 3.42 1.86 030 0.73 034
08 595 326 182 029 062 031 p = 2.93 g/cm? 04 642 3.48 1.84 029 074 036
1.0 5.97 3.28 1.82 028 0.62 031 ¢ = 1.8% 0.6 6.46 3.52 1.83 0.29 074 0.36
20 605 334 181 028 06 033 08  6.48 3.56 1.82 028 074 037
40 610 3.42 178 027 0.63 034 1o 650 3.59 181028 074 038
6.0  6.12 3.51 175 026 0.62 036 2.0 657 3.69 178 027 073 040
40  6.64 3.78 176 026 074 0.42
S04B-78-2, 62-64 cm 02 564 299 189 030 056 025 60 669 3.8l 176 026 075 043
p = 2.83 g/cm 04 573 3.07 186 030 057 025
¢ = 1.6% 0.6 577 3.06 188 030 05 027 504B-94-1, 26-28 cm 02 637 3.42 1.86 030 0.74 035
0.8 5.79 3.08 1.88 030 0.59 027 p =297 g/cm3 0.4 6.42 3.48 1.84 029 0.75 0.36
1.0 581 310 188 030 060 027 ¢ = 0.6% 0.6 646 3.52 183 029 075 037
20 5.87 3.14 187 030 060 028 08 648 3.56 1.82 028 075 038
40 592 318 18 030 061 029 1.0 650 3.59 1.81 028 075 0.38
6.0 5.94 3.19 1.86 0.30 0.62 0.29 2.0 6.57 3.69 1.78 027 074 041
40 664 3.78 176 026 0.75 0.43
504B-79-2, 33-34 cm 02 578 3.02 191 031 060 026 6.0  6.69 3.81 176 026 076 0.43
p = 2.85 g/cm3 0.4 581 3.0 190 031 061 027
6 = 4.1% 06 584 3.07 190 031 06l 027 504B-97-1, 73-75 cm 02 6.09 3.24 1.88 030 068 031
0.8 5.6 3.08 190 031 062 027 p = 2.95 g/cm? 04 614 3.35 1.84 029 067 033
1.0 5.88 3.09 190 031 062 027 6 = 1.2% 0.6  6.18 3.38 183 029 0.68 034
20 599 3.13 192 031 065 0.28 08 621 3.40 182 029 068 034
40 603 3.18 190 031 066 029 1.0 624 3.42 182 029 0.69 034
60  6.10 3.23 1.89 031 0.67 0.30 20 632 3.46 1.83 029 071 035
40 639 3.50 1.82 028 072 036
504B-80-1, 9-11 cm 02 492 2.69 1.83 029 039 0.20 60  6.42 3.54 182 028 073 037
p = 2.71 g/cm3 04 49 2.73 1.81 028 040 020
6 = 10.7% 0.6 499 2.76 1.81 028 040 021 504B-99-1, 45-47 cm 02 634 3.35 1.89 031 071 032
0.8 5.02 2.79 1.80 0.28 0.40 0.21 = 2.81 g/cm3 0.4 6.41 3.38 1.90 031 073 032
1.0 5.04 2.80 1.80 0.28 0.40 0.21 ¢ = 0.3% 0.6 6.44 3.40 1.90 031 0.74 0.33
2.0 S:11 2.86 1.79 027 042 022 0.8 6.47 3.41 1.89 031 074 0.33
4.0 5.21 291 1.79 027 043 0.23 1.0 6.49 3.43 1.89 031 075 0.33
6.0  5.29 2.93 1.80 028 045 024 20 656 3.48 1.89 030 076 034
40  6.64 3.53 1.88 030 078 035
504B-82-3, 74-76 cm 02 624 3.29 189 031 071 032 6.0  6.69 3.56 1.88 030 079 036
p = 2.91 g/cm3 04 632 3.3 190 031 073 032
¢ = 1.6% 0.6 636 3.35 190 031 074 0.33 504B-101-2, 80-82 cm 02  6.16 3.29 1.87 030 070 032
0.8 640 3.36 1.90 031 075 033 p = 2.96 g/cm’ 04 623 3.39 183 029 0.69 034
1.0 643 3.38 190 031 076 033 6 = 0.8% 0.6 627 3.44 182 028 070 035
20 6.52 3.42 191 031 079 0.34 08 630 3.46 1.82 028 070 0.36
40  6.59 3.47 190 031 080 035 1.0 633 3.48 182 028 071 036
6.0  6.65 3.50 190 031 082 036 2.0 6.40 3.51 183 029 073 037
40 647 3.54 183 029 075 037
504B-84-2, 60-63 cm 0.2 637 3.37 1.89 031 075 033 6.0  6.51 3.56 183 029 076 038
p = 2.94 g/cm 04 641 3.38 189 031 076 0.34
¢ = 0.3% 0.6 643 339 189 031 076 034 504B-104-2, 30-32 cm 02 624 311 201 033 077 028
08  6.44 3.40 190 031 077 034 p = 2.94 g/cm3 04 628 3.19 197 033 076 030
1.0 6.46 3.41 190 031 077 034 ¢ = 0.8% 0.6 631 323 195 032 076 031
20  6.51 3.43 190 031 078 035 08 633 3.26 194 032 076 031
4.0 6.55 3.46 1.89 031 0.79 035 1.0 6.34 3.29 193 032 076 032
60 658 349 189 030 080 0.36 20 640 336 1950 031 076 033
40 647 3.45 1.88 030 077 035
5048-85-2, 80-82 cm 02 633 333 1.0 031 075 033 60 650 3.48 187 030 077 036
p = 2.97 g/cm 04  6.40 3.37 190 031 077 034
¢ = 0.5% 06 643 139 190 031 077 034 504B-107-2, 49-50 cm 02 581 3.13 1.86 030 061 029
0.8 6.46 3.41 1.89 031 078 034 p =294 g/cm3 0.4 5.86 3.20 1.83 029 0.61 0.30
10 648 342 189 031 078 035 g 1.0% 06 58 324 18 028 061 031
20 656 347 189 031 080 036 08 592 327 1.81 028 061 031
40 662 3.5 1.88 030 081 037 1.0 594 328 1.81 028 061 032
60 666 356 187 030 0.82 0.38 20 602 334 18 028 063 033
40 612 3.38 1.81 028 0.66 034
S04B-88-1, 67-69 cm 02 578 318 182 028 057 029 60 618 341 181 028 067 034
p = 2.87 g/cm 0.4  5.83 3.22 181 028 058 0.30
¢ = 2.8% 0.6 586 324 181 028 058 030 504B-108-1, 8-10 cm 02 626 3.33 188 030 073 0.33
0 ; . : p = 2.98 g/em? 04 637 3.44 185 029 074 035
8 588 3.26 1.80 028 059 031
10 590 327 180 028 059 031 $ = 0.2% 0.6 643 3.50 184 029 075 0.36
20 5.9 331 181 028 061 0432 08 646 3.53 183 029 075 037
: : : : : 1.0 6.49 3.56 182 029 075 038
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Table 1. (Continued).

Sample P Vp Vs K n
(interval in cm) (kb)  (km/s) (km/s) Vp/Vg 4 (Mb) (Mb)
504B-108-1, 8-10 cm 2.0 6.58 3.62 1.82 028 0.77 0.39
(Cont.) 4.0 6.65 3.65 1.82 0.28 0.79 0.40

6.0 6.67 3.66 1.82 0.28 0.80 0.40

504B-113-1, 12-14 ¢cm 0.2 5.97 3.18 1.88 0.30 0.64 0.29
p = 2.88 g/cm3 0.4 6.20 3.23 1.92 0.31 071 0.30

¢ = 1.6% 0.6 6.27 327 1.91 031 072 031
0.8 6.31 3.31 1.91 031 073 032

1.0 6.34 3.33 1.90 031 073 032
2.0 6.44 3.38 1.90 031 0.76 0.33
4.0 6.52 3.4 1.89 0.31 077 0.34
6.0 6.54 3.50 1.87 030 0.77 0.36

504B-122-1, 100-102 cm 0.2 6.11 3.30 1.85 029 0.66 0.32
p = 2.91 g/cm3 0.4 6.14 3.34 1.84 029 0.67 0.33

¢ = 1.2% 0.6 6.17 3.37 1.83 029 0.67 0.33
0.8 6.19 3.39 1.83 029 0.67 0.33

1.0 6.20 3.40 1.82 028 0.67 0.34
2.0 6.24 3.44 1.82 0.28 0.68 0.35
4.0 6.29 3.46 1.82 0.28 0.69 035
6.0 6.31 3.46 1.82 028 0.70 0.35

504B-127-1, 47-49 ¢cm 0.2 6.39 3.22 1.99 0.33  0.80 0.30
p = 2.94 g/cm3 0.4 6.43 3.35 1.92 031 078 0.33

¢ = 0.4% 0.6 6.47 3.43 1.89 030 0.77 0.35
0.8 6.49 3.48 1.87 0.30 0.77 0.36

1.0 6.52 3.51 1.86 030 0.77 0.36

2.0 6.59 3.59 1.83 029 0.77 0.38

60 666 3.70 180 028 078 0.40 Table 2. Average velocities at 1 kb (Vp
504B-128-1, 25-27 cm 0.2 6.38 3.27 195 032 078 0.32 and Vy), densities (p), and porosities
p = 2.97 g/cm3 04 643 335 192 031 078 033 (¢) of Hole 504B basalts.
$ = 0.3% 0.6  6.46 3.41 1.90 031 078 0.34
08  6.49 3.44 1.88 078 0.78 0.35
1.0 651 3.47 188 030 078 0.36 Vp \A Py ¢
20 6.60 3.54 1.86 030 080 037
40  6.69 3.58 1.87 030 083 038 Cares todsy Gon/sy tgrear) (%)
6.0 677 3.61 188 030 085 0.39
504B-129-1, 27-29 0.2 2 2 92 072 0 - 6.26 332 2.86 >
-129-1, 27-29 cm : 6.21 3.23 1. 031 0.7 31 :
p = 2.93 g/cm3 0.4 6.30 3.30 191 031 074 032 12 ;g gii ggf ;gg fé
¢ = 0.6% 0.6 635 3.35 190 031 074 033 7 : 2 i .
08 639 339 1.8 030 075 034 24-33 6.13 3.33 2.87 2.2
1.0 6.42 3.43 1.87 030 075 034 34-45 5.85 3.15 2.77 5.8
20 649 3.54 1.83 029 074 037 T
4.0 6.54 3.64 1.80 028 0.74 0.39 45-62 6.43 347 223 ;3
60 655 368 178 027 073 040 63-71 5.98 3.18 2.86 -
72-77 6.07 3.24 2.88 1.2
S04B-130-1, 75-77 ¢m 02 619 3.29 1.88 030 071 032 78-83 5.79 3.09 2.83 45
p = 2.95 g/cm 04 623 335 1.86 030 070 033 i
¢ = 0.2% 0.6 6.26 3.39 1.85 029 071 034 84-5 528 3.4 ;'93 L
08 629 342 184 029 071 035 90-95 6.45 3.50 -94 1.1
1.0 6.31 3.44 1.83 029 071 0.35 96-105 6.34 3.41 2.92 0.8
20 639 3.52 182 028 072 037 106-125 6.24 3.40 2.93 1.0
40 647 3.55 182 029 074 037
125-130 6.44 3.46 2.95 0.4
60  6.52 3.56 183 029 076 038 131-136 6.46 350 204 0.5
504B-131, 87-89 cm 02 631 3.0 204 034 080 0.28
p = 2.96 g/cm3 04 638 3.27 195 032 078 032
$ = 0.9% 0.6 643 3.37 191 031 078 034

0.8 6.47 3.46 1.87 0.30 0.77 0.35
1.0 6.50 3.52 1.85 029 0.76 0.37

40 671 38 173 025 074 045
6.0 6.78 3.94 1.72 0.25 0.75 0.46

504B-132-2, 20-22 cm 0.2 6.07 3.00 2.02 0.34 072 0.26
p = 2.90 g/cm3 0.4 6.15 3.05 2.01 034 074 027

¢ = 0.2% 0.6 6.21 3.09 2.01 034 075 0.28
0.8 6.26 313 2.00 033 0.76 0.28

1.0 6.30 315 2.00 033 077 0.29

2.0 6.42 3.26 1.97 033 079 031

4.0 6.51 341 1.91 031 0.79 0.34

6.0 6.57 3.52 1.86 0.30 0.78 0.36

504B-133-2, 9-11 cm 0.2 6.44 3.56 1.81 028 0.73 0.38
p = 2.96 g/cm3 0.4 6.49 3.66 .77 0.27 0.72 0.40

¢ = 0.6% 0.6 6.52 3.70 1.76 026 0.72 0.41
0.8 6.54 3.73 1.75 026 0.72 0.41

1.0 6.56 3.75 1.75 026 0.72 042
2.0 6.62 3.81 1.74 025 0.72 043
4.0 6.67 3.87 1.73 025 0.73 044
6.0 6.71 3.92 1.71 024 073 046

504B-136-1, 68-70 cm 02 632 3.51 1.80 028 069 0.36
p = 2.94 g/cm3 04 634 3.53 179 027 069 037

¢ = 0.1% 0.6 643 3.55 1.81 028 072 037
08 646 3.57 1.81 028 0.73 037

1.0 6.48 3.58 1.81 028 073 038

20 655 3.62 1.81 028 075 038

40 659 3.69 179 027 075 0.40

60  6.62 .73 177 027 075 0.41
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