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Vp/Vo and Poisson's ratios in marine sediments and rocks 
Edwin L. Hamilton 

Naval Ocean Systems Center, San DiegV, California 92152 
(Received 20 February 1979; accepted for publication 18 1une 1979) 

The ratio of compressional wave velocity Vp to shear wave velocity V•, and Poisson's ratio in marine 
sediments and rocks are important in modeling the sea floor for underwater acoustics, geophysics, and 
.foundation engineering. Vp and V• versus depth information was linked at common depths in tcrrigcnous 
sediments (to 1000 m) and in sands (to 20 m) to yield data on Vp vs V•, and Vp/V• and Poisson's ratios 
versus depth. Soft, terrigenous sediments usually grade with depth into mudstones and shales; Vp/V• 
ratios vary from about 13 or more at the sea floor to about 2.6 at 1000 m. Poisson's ratios vary from 
above 0.49 at the sea floor to about 0.41 at 1000 m. In sands, Vp, V•, and Vp/V• l•ave very high 
gradients in the first few meters; below about 5 m, Vp/V• ratios decrease from about 9 to about 6 at 20 
m; Poisson's ratios vary from above 0.49 at the surface to above 0.48 at 20 m. The mean value of Vp/V• 
in 30 laboratory samples of chalk and limestone is 1.90 (standard error: 0.03); mean Poisson's ratio is 
0.31. Literature data on basalts from the sea floor are reviewed. Equations relating Vp to V• are given for 
terrigenous sediments, sands, and basalts. 

PACS numbers: 43.40.Ph, 43.30.Dr, 92.10.Vz, 43.35.Cg 

INTRODUCTION 

The ratio of compressional wave velocity Vp to shear 
wave velocity V s in sediments and rocks is of interest 
and importance in several scientific and engineering 
fields. In earthquake prediction the ratio V•,/V s in the 
fault zone may decline prior to an earthquake, but may 
recover to near its previous value before the earth- 
quake. The causes of this phenomenon were discussed 
by Nur x and reviewed and discussed by several other 
investigators (e.g., Anderson and Whircomb2). The re- 
duction in the value of Vt,/V s appears to be caused by a 
large reduction in V• due to the dilation of the rocks to 
form open, dry, or undersaturated cracks. V• then in- 
creases as these cracks fill with water, and the Vt,/V s 
ratio returns to near its previous value. V•,/V s ratios 
may be useful in indicating the presence of gas in sedi- 
ments and rocks during oil-exploration reflection mea- 
surements (e.g., Ta[ham and Stoffa, 3 Gregory, 4 
DomenicoS'6). The presence of gas in the pore spaces 
of a rock layer causes a marked drop in the V•,/V s 
ratio. Gregory 4 (p. 912) estimates that Vt,/V s in most 
water-saturated rocks Varies from about 1.42 to 1.98, 
but when pore spaces are filled with gas, the V•,/V s 
ratio is apt to be lowered to about 1.30 to 1.69. Values 
for the V•,/V s ratio can also be useful in estimating rea- 
sonable values for Vs, given a measured value of Vp in 
sediments or rocks (as from reflection or refraction 
surveys). Such values of Vs are important in modeling 
the sea floor for geophysical and underwater acoustics 
studies, and in foundation engineering. 

Poisson's ratio •y is the ratio of transverse to longi- 
tudinal strain under an applied stress; it can be de- 
termined from the Vt,/V s ratio (see equation under 
Table I). When rigidity is zero (as in a suspension of 
mineral particles in water), no shear wave can be 
transmitted and Poisson's ratio is 0.50. As discussed 

by Hamilton, ? most natural sediments and rocks pos- 
sess sufficient rigidity to transmit shear waves. Con- 
sequently, most sediments and rocks have Poisson's 
ratios less than 0.50. Poisson's ratio is of importance 

in studies of elasticity in eai•th materials, in geo- 
technical (soils) engineering, and in some aspects of 
seismic exploration for gas and oil (e.g., Gregory4). 

The principal objectives of this report are to estab- 
lish generalized relationships between V• and V s and to 
determine V•,/V s ratios in some major marine sediment 
and rock types in order to more realistically predict 
values of V s at depth in the sea floor, given a measured 
value of V• from seismic reflection or refraction mea- 
surements. Values of Poisson's ratio are also listed 

and discussed. All values of V•,, Vs, and Poisson's 
ratio are for the small strains (less than about 10 -s or 
10 '•) cabsed by passage of elastic waves through fully 
saturated sediments and rocks; except for a few values 
of V s in sands above the water table (see Hamilton 8 for 
discussion). 

V,/V s and Poisson's ratios in basalts are reviewed 
herein because they are important in geophysical and 
acoustic modeling of the ocean basins. 

I. METHODS AND RESULTS 

A. Silt clays, turbid ires, and mudstones 

The methods used to derive the V•/Vs ratios in silt 
clays, turbidires, and mudstones were to first establish 
values of in situ Vs versus depth, secondly to establish 
in situ V s versus depth, and then to link V• to Vs at 
common depths. 

In a recent report (Hamilton 9) V• versus one-way 
travel time of sound for 20 areas of mostly turbidires 
and silt clays in the Indian Ocean, the Japan and Bering 
Seas, the Atlantic Ocean, Caribbean Sea, and Gulf of 
Mexico were statistically examined and averaged values 
for the compressional velocity gradient were published. 
Data from the same 20 areas were used to establish 

averaged values of Vp versus depth in the sea floor 
(Table I, Fig. 1). The regression equation for these 
data is in the caption to Fig. 1. 

Hamilton 8 reviewed literature values of V s in silt 
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FIG. 1. Compressional wave velocity V• versus depth in the 
sea floor in 20 areas of terrigenous sediments (mostly silt- 
clays, turbidites, mudstones shales); from Hamilton. 9 The 
error bars represent the 95% confidence limits. The regres- 
sion equation is: Vp= 1.511+ 1.304D - 0.741/)2+ 0.257D3; where 
Vp is in kin/s, and depth, D, is in kin. 

TABLE I. Compressional wave velocity, V•, shear wave ve- 
locity, Vs, V•/Vs, and Poisson's ratio, a, in in situ, water- 
saturated silt clays, turbidites, and mudstones. 

Depth Vp Vs 
(m) (m/s) • (m/s) • Vp/V• (r ½ 

0 1511 116 13.03 0.497 

I 1512 121 12.50 0.497 

5 1518 139 10.92 , 0.496 
10 1524 163 9.35 0.494 

20 1537 209 7.35 0.491 

30 1549 256 6.05 0.486 

40 1562 288 5.42 0.482 

50 1574 301 5.23 0.481 

100 1634 365 4.48 0.474 

200 1744 438 3.98 0.466 

300 1842 496 3.71 0.461 

400 1930 554 3.48 0.455 

500 2010 612 3.28 0.449 

600 2082 670 3.11 0.442 

700 2149 728 2.95 0.435 

800 2212 786 2.81 0.428 

900 2272 844 2.69 0.420 

1000 2331 902 2.58 0.412 

Equation (V• versus depth) in caption, Fig. 1. 
Equations (Vs versus depth) in caption, Fig. 2. 
Poisson's ratio, a= [(V•/Vs) 2- 2]/2[(V•/Vs) 2-1]. 

clays and turbidires to depths of 650 m. Three linear 
equations were used to characterize the data (47 mea- 
surements). These curves, regression equations, and 
data are reproduced in Fig. 2, and the data listed in 
Table I. 

Also listed in Table I are the V•/Vs ratios computed 
from the listed values of V• and Vs, and Poisson's 
ratios computed from the V•,/Vs ratios. The data in 
Table I are also illustrated in Fig. 3 (V•,/Vs versus 
depth), Fig. 4 (V• vs Vs) , and Fig. 5 (Poisson's 
ratio versus depth). 
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FIG. 2. Shear wave velocity V s versus depth in selected water- 

saturated silt clays and turbidites; from Hamilton. 8 Multiple 1.• 
measurements at the same site are connected by solid lines. 

One measurement (Vs= 700 m/s at 650 m) is not shown. The FIG. 3. V•/V s ratio versus depth in terrigenous sediments 
dashed lines are three regression equations (V s is in m/s, and (mostly silt clays, turbidites, mudstones shales); data in Ta- 
depth D is in m): 0 to 36 m, Vs=l16+4.65D; 36 to 120 m, V s ble I. Data from deep boreholes in Japan 19 and Russia 2ø are 
-- 237 + 1.28D; 120 to 650 m, Vs: 322 + 0.58D. included for comparisons. 
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FIG. 4. Compressional wave velocity Vp versus shear wave 
velocity V s in terrigenous marine sediments (mostly silt clays, 
turbidites, mudstones shales); data in Table I. The solid curve 

represents three regression equations (Vp and V s in km/s): V• 
from 1.512 to 1.555, Vs--3.884V p- 5.757; V• from 1.555 to 
1.650, Vs: 1.137 V•- 1.485; V• from 1.650 to 2.150, Vs-- 0.991 
- 1.136Vp+0.47V•'; dashed line (V• greater than 2.150): V s 
:0.78 V•-0.962. The letters "P", "C4', and "J" represent 
Pierre shale, is Grayson shale, 18 and data from a deep borehole 
in Japan. 19 

(Hamilton s) was used to generalize shear wave velocity 
versus depth (V s = 128Dø-2s; where D is depth in m, and 
V s is shear wave velocity in m/s). The data were ex- 
trapolated to 20 m, and the results are illustrated in 
Fig. 6 and listed in Table II. 

An equation for V• versus depth in sand was com- 
puted following Hamilton. s In that report it Was noted, 
on the basis of some laboratory measurements at lower 
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FIG. 5. Poisson's ratio versus depth in terrigenous marine 
sediments (mostly silt clays, turbidites, mudstones shales); 
data in Table I. 

pressures at the Shell Development Company, that 
compressional velocity increased with depth in the upper 
tens of meters in fully water-saturated sands to about 

the 0.015 power (i.e., Vp =KDø'ø•s; where V• is in m/s, 
depth D is in m, and K is a constant). An average value 
for V• in fine sand (1753 m/s) in the laboratory (Ham- 
ilton, •ø p. 297) was corrected (following Hamilton x•) 
to an in situ value of 1727 m/s at 20 m water depth off 
San Diego. The laboratory measurements, at atmos- 
pheric pressures, were in samples about 10 cm high. 
It was therefore assumed that the measurements were 

at a "depth" of 0.05 m. The above equation was solved 
for the constant K with the velocity (1727 m/s) and 
depth (0.05) given. The resulting equation was then: 
V• = 1806D ø'øxs. This equation was used to compute V• to 
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FIG. 6. Shear wave velocity V s ver- 
sus depth D in selected water-satu- 
rated sands. Multiple measurements 
at the same site are connected by 
solid lines; from Hamilton. 8 The 
dashed line is the regression equa- 
tion: Vs=128Dø.28; where V s is in 
m/s, andD is inm. 
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TABLE II. Compressional wave velocity, Vp, shear wave ve- 
locity, Vs, Vp/Vs, and Poisson's ratio, or, in in situ, water- 
saturated sands. 

Depth V• Vs 
(m) (m/s) a (m/s) b Vt•/Vs (r c 

0.05 1727 55 31.40 0.4995 

i 1806 128 14.11 0.4975 

2 1825 155 11.77 0.4964 

3 1836 174 10.55 0.4955 

4 1844 189 9.76 0.4947 

5 1850 201 9.20 0.4940 

6 1855 211 8.79 0.4934 

8 1863 229 8.14 0.4923 

10 1869 244 7.66 0.4913 

12 1875 257 7.30 0.4904 

14 1879 268 7.01 0.4896 

16 1883 278 6.77 0.4888 

18 1886 288 6.55 0.4880 

20 1889 2 96 6.38 0.4874 

a V•-1806D0'015; V• in m/s, D is depth in m. 
b Vs_ 128D0.28; Vs in m/s, D is depth in m. 
c Computed with equation under Table I. 

20 m (Table II, Fig. 7). 

Also listed in Table H are the V•,/Vs values computed 
from the listed Vp and V s values, and Poisson's ratios 
computed from the V•,/V s ratios. The data in Table H 
are also illustrated in Fig. 8 (V•,/Vs versus depth), 
Fig. 9 (V• vs Vs) , and Fig. 10 (Poisson's ratio 
versus depth). 

C. Calcareous sediments and rocks 

Data on shear wave velocity in soft, unlithified cal- 
careous sediments are insufficient to examine V•/Vs 
ratios. Consequently, the study of calcareous materials 

V p, m/s 
1700 1800 1900 

E 

15 

20 

FIG. 7. Compressional wave velocity Vp versus depth D in 
sand; from Hamilton. 9 Data are in Table II; see text for dis- 
cussion. Regression equation is: V•=1806Dø'øls; where V• is 
in m/s, and D is in m. 
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FIG. 8. Vp/V s ratio versus depth in sand; data is in Table II. 

was confined to chalks and limestones. Calcite is in- 

cluded to indicate values at zero porosity. 

Thirty samples of chalk and limestone were selected 

to establish statistical values of V,/Vs for these rocks. 
In selecting the 30 samples of chalk and limestone to 
characterize V,/Vs ratios (Table IH), laboratory values 
were favored because of careful control of water sat- 

uration, pressures, and measurements of velocity. A1- 
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,, 
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FIG. 9. Compressional wave velocity V• versus shear wave 
velocity V s in sand; data are in Table II. The regression equa- 
tion is: Vs=21.05-24.617V•+ 7.215Vp2; where V• and V s are 
in km/s. 
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FIG. 10. Poisson's ratio versus depth in sand; data are in Ta- 
ble II. 

though porosity in these materials ranged from 0%to41%, 
the V•/Vs ratios varied so little that all 30 samples 
were averaged. Velocity values for chalks and lime- 
stones were selected for pressures corresponding to 
probable pressures in the sea floor at which most 
chalks and limestones might occur. These pressures 
usually varied between 0.1 and 0.4 kbar, but some val- 
ues for Solenhofen limestone at zero axial pressure, 
and a suite of samples from Timur x•' at 0.9 kbar were 
used. As evidenced by Christensen et al., xs Gregory, 4 
and others, there is usually little difference in V•/V s 
values because of differential pressures to one kilobar 
in chalks and limestones. 

The full range in values of V•/V s in Table III is from 
1.68 to 2.66. The mean value of Vp/V s in the 30 sam- 
pies is 1.90, the standard error of the mean is 0.03. 
Within 95% confidence limits the values of V•/V s are 
1.90ñ 0.06. These values of Vp/V s define Poisson's 
ratios of 0.31 (mean), and 0.32, and 0.29. 

D. Basalts 

The laboratory measurements of V• and Vs in water- 
saturated basalts at 0.5 kbar (Christensen and Salis- 
bury, TM Table 9, Fig. 16) were selected to represent 
oceanic basalts because of the precision of the mea- 
surements and identification of the rock types from the 
Deep Sea Drilling Project boreholes. 

Christensen and Salisbury TM related both V• and V s to 
density, p. At a pressure of 0.5 kbar (considered ap- 
propriate for the basalts of the oceanic crust) the equa- 
tions were: V• = 2.33 + 0.081p a.øa, and Vs = 1.33 
+ 0.011p 4'8• (where V• and V s are in km/s and p is in 
g/cma). Their data ranged from densities of about 2.1 
to 3.0 g/em a. 

The equations noted above were solved for V• and Vs 
at various densities. The results are noted in Table IV, 
and V• versus Vs is illustrated in Fig. 11. The re- 
gression equation is in the caption to the figure. Pois- 
son's ratios in Table IV range from 0.30 to 0.34, and 
V•/V s ratios from 1.86 to 2.04. 

TABLE III. Compressional wave velocity, V•, shear wave ve- 
locity, Vs, Vt,/Vs, and Poisson's ratio, •r, at pressure, P, in 
laboratory samples of water-saturated chalk and limestone. 

Vp Vs P 
Material (m/s) (m/s) V•/•Vs a a (kbar) Reference 

Calcite 6566 3414 1.92 0.31 0.1 b 

Solenhofen ls 5560 2900 1.92 0.31 0 c 

6100 3200 1.91 0.31 0 

6300 3200 I. 97 0.33 0 

Solenhofen ls 5640 3000 1.88 0.30 0.1 38 

Solenhofen ls 5370 2880 1.87 0.30 0 d 

5820 3070 1.90 0.31 0 

• 6100 3180 1.92 0.31 0 
Bedford ls 4680 1760 2.66 0.42 0.1 38 

Spergen ls 4700 2490 1.89 0.30 0 e 
Carbonate-1 5961 3301 1.81 0.28 0.92 12 

-2 5840 3414 1.71 0.24 0.92 

-3 6261 3237 1.93 0.32 0.92 

-4 5936 3128 1.90 0.31 0.92 

-5 5609 2925 1.92 0.31 0.92 

-6 5589 2963 1.89 0.30 0.95 

-7 5491 2918 1.88 0.30 0.95 

Limestone 4390 2570 1.71 0.24 0.2 13 

3730 2226 1.68 0.22 0.2 

4280 2145 1.99 0.33 0.2 

4995 2726 1.83 0.29 0.2 

5005 2812 1.78 0.27 0.2 

2813 1362 2.06 0.35 0.2 

Leuders ls 4119 2260 1.82 0.28 0.1 4 

Indiana Is ...... 1.75 0.26 0.1 

Chalk E-lb ...... 1.93 0.32 0.1 

Chalk E-2b ...... 1.84 0.29 0.1 

Chalk E35, 36 ...... 1.97 0.33 0.1 
Chalk E30, 31 ...... 1.92 0.31 0.1 
Chalk E38, 39 ...... 1.83 0.29 0.1 

a Computed with equation under Table I. 
b G. Simmons and H. Wang, Sir4gle Crystal Elastic Constants 

and Calculated Aggregate Properties: A Handbook (MIT 
Press, Cambridge, MA, 1971), p. 329. 

c L. Peselnick and I. Zietz, "Internal Friction of Fine- 
Grained Limestones at Ultrasonic Frequencies," Geophysics 
24, 285-296 (1959). 

d L. Peselnick, "Elastic Constants of Solenhofen Limestone 
and Their Dependence upon Density and Saturation," J. Geo- 
phys. Res. 67, 4441-4448 (1962). 

e M. N. Toks•Jz, C. H. Cheng, and A. Timur, "Velocities of 
Seismic Waves in Porous Rocks," Geophysics 41, 621-645 
(1976). 

II. DISCUSSION AND CONCLUSIONS 

A. Silt clays, turbid ites, and mudstones 

The curves for V• and Vs versus depth in the sea 
floor (Figs. 1 and 2) represent a large amount of in situ 
data. In the ease of V• versus depth (Fig. 1) 20 dif- 
ferent areas are averaged to about 750 m, and the 
curve then extrapolated to 1000 m. The curve for V• 
versus depth (Fig. 2), representing 47 measurements, 
was extrapolated from 650 to 1000 m. As discussed by 
Hamilton TM below about 500- to 600-m depth in the sea 
floor, terrigenous silt-clay sediments are apt to be hard 
enough to be called a mudstone, or in some eases, a 
shale. Consequently, the data in Table I and associated 
figures (Figs. 1 to 5) should indicate general values 
from soft, high-porosity sediments at the sea floor to 
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TABLE IV. Density, compressional wave velocity, ¾p, shear 
wave velocity, V's, V'i,/vgs, and Poisson's ratio, •, in labora- 
tory samples of water-saturated basalts from the Deep Sea 
Drilling Project at a pressure of 0.5 kb (from Christensen and 
Salisbury, Ref. 14). 

, 

'Density V• Vs 
(g/cm s) (m/s) a (m/s) b V•/Vs •r c 

2.1 3527 1732 2.04 0.34 

2.2 3747 1834 2.04 0.34 

2.3 3996 1955 2.04 0.34 

2.4 4274 2098 2.04 0.34 

2.5 4584 2266 2.02 0.34 

2.6 4929 2462 2.00 0.33 

2.7 5311 2690 1.97 0.33 

2.8 5731 2952 1.94 0.32 

2.9 6194 3253 1.90 0.31 

3.0 6700 3597 1.86 0.30 

a V•= 2.33 +0.081p3'63; Vp in km/s; density, p, in g/cm 3. 
bvs=l.33+0.011p4'85; V•inkm/s; density, p, in g/cm 3. 
c Computed with equation under Table I. 

mudstone and shale at deeper depths. 

The use of in situ Vp and Vs data versus depth in the 
sea floor has the advantage of "built-in" temperature 
and pressure corrections, and in allowing for the re- 
duction of sediment porosity with increasing overburden 
pressures. 

In this data set, values of Vp/Vs in silt clays, turbi- 
dites, and mudstones (Fig. 3) range from about 13 at 
the sea floor to about 2.6 at 1000 m. Values of V•/Vs 
in natural silt clays (muds) can be very large, es- 
pecially in the nearshore or bay environments. For 
example, Lasswell •5 recorded values of 1506 m/s for 
V• and 33 m/s for V s in Elkhorn Slough near Monterey, 
California, for a V•/V s ratio of about 46. Even higher 
values can be expected when V, approaches zero in 
some sediments which are virtual suspensions. 

The V•,/Vs ratio is less than 3.0 below about 600-m 
depth (Fig. 3, Table I). Such values are consistent with 
some good measurements in Pierre shale' 2.7 by 

McDonal et al., x6 and 2.8 by White and SengbushX7; and 
in Grayson shale (2.43) by Geyer and Marther. xs The 
computed data are also consistent (Fig. 3) with in- 
formation from a deep borehole in mud, silt, sand, and 
gravel in Japan (Yamamizu et al.X9), and from a deep 
borehole in clay, mudstone, and sandstone in Russia 
(Zhadin, in Vassil'ev and Gurevich•'ø). 

To facilitate estimation of Vs, given Vp (as from a 
seismic reflection or refraction measurement), V• is 
plotted versus Vs in Fig. 4. The two linear segments 
of the curve (between Vp = 1500 and 1650 m/s) are arti- 
facts (as far as linearity is concerned) of the statistical 
examination of V s versus depth by Hamilton, 8 wherein 
the Vs data were characterized by, three linear equations 
(Fig. 2). 

Poisson's ratio versus depth (Fig. 5) illustrates the 
high values in the upper unlithified section. Values 
greater than 0.49 are typical in the first 25 m below the 
sea floor. All of the section between 0 and 500 m has 

Poisson's ratios greater than 0.45. The nearly linear 
segments above 125 m are, as noted above, due to sta- 
tistical examination of the Vs data. Between 500 and 
1000 m Poisson's ratio varies between about 0.41 and 

0.45, which are typical values in some shales (e.g., 
Pierre shale: 0.42, 0.43). •6'•7 

It should be noted that Poisson's ratio decreases with 

depth as a consequence of linking V• with V• at common 
depths. Data from the two deep boreholes in Fig. 3 
confirm the reality of this decrease. In the Soviet bore- 
hole •'ø Poisson's ratio decreased from 0.494 at 10 m to 

0.438 at 650 m. In the Japanese borehole •9 Poisson's 
ratio decreased from 0.479 at 25 m to 0.425 at 650 m. 

This is especially noted because Eaton •'• illustrated 
Poisson's ratio versus depth and concluded that Pois- 
son's ratio increases with depth in terrigenous sedi- 
ments in the Gulf Coast area. 

B. Sands 

The velocity gradients of both V• and V s in sands are 
very high in the first few meters (Figs. 6 and 7). This 
results in a very high gradient of V•,/Vs with depth to 

3.5 

3.0 

2.5 

2.0 

FIG. 11. Compressionalwave veloc- 
ity V• versus shear wave velocity V s 
in laboratory samples of water-sat- 
urated basalts from the Deep Sea 
Drilling Project at a pressure of 0.5 
kb (from Christensen and Salis- 
buryl4); data are in Table IV. The 
regression equation is: Vs= 0.531 
+ 0.2077 V•+ 0.0374 Vp2; where V• 
and V s are in km/s. 
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about 5 m, followed by much smaller gradients (Fig. 8). 
Although these gradients are probably typical for all 
sands, the actual illustrated and listed Vp and gs data 
are more apt to be for fine sands (the most common 
type). 

The small increases of Vp with increasing pressure 
or depth in water-saturated sands, at depths below a 
few meters, were illustrated by Brandt •'•' at low pres- 
sures, and has been recently affirmed at higher pres- 
sures by Elliot and Wiley, •'3 and by Domenico. •'6 
Schirmer (personal communication, 1977) recently 
measured, in situ, a V• of 1800 m/s, and a Stoneley 
wave velocity which yielded a Vs of 123 m/s in the 
sandy floor of the North Sea at a water depth of 132 m. 
These measurements compare favorably with those 
computed and listed in Table II at 1-m depth (V• = 1806 
m/s, V s = 128 m/s). 

Shear wave velocity is frequently measured in geo- 
technical (soil mechanics) investigations in which no 
compressional velocity is measured. On the other hand, 
in acoustic modeling of the sea floor, V• is known or 
can be closely estimated, and V s is required. To facili- 
tate estimation of V• or Vs, given either property, Vp 
is plotted versus Vs in Fig. 9. 

In soil mechanics literature, Poisson's ratios in 
fully water-saturated sands are frequently estimated 
at values which are too low, at least for the small 
strains caused by passage of elastic waves. The rea- 
sons for this were discussed by Hamilton. ? In general, 
the low Poisson's ratios are caused by reporting low 
values of V• in sands supposedly 100% saturated, but 
which are only partially •aturated. Figure 10 (Pois- 
son's ratio versus depth) illustrates the very high val- 
ues ß of Poisson's ratio in the first 20 m of a water- 

saturated sand layer: the decrease is only from 0.4995 
to 0.4874. The fourth decimal place is shown because 
rounding to two places would falsely indicate values of 
0.50 near the surface (0.50 indicates zero rigidity and 
no shear wave). These high values are supported by 
recent in situ measurements where both V• and Vs were 
measured. For examples: 0.494 was measured in 
medium sand off San Diego by Hamilton et al., •'4 0.498 
in sands in the North Sea by Schirmer (personal com- 
munication, 1977), an average of 0.492 in three medium 
sands, and 0.485 in a coral sand by Cunny and Fry. •'• 
Similar high values were noted by Hamilton 7 from other, 
referenced, measurements. 

C. Calcareous sediments and rocks 

A large number of V• measurements in calcareous 
rock layers in the sea floor are accumulating as a re- 
sult of expendable sonobuoy measurements (e.g., Houtz 
et al, •'•'•'? Johnson et al.•'8). The fact that these layers 
are chalk and limestone has been established by the 
Deep Sea Drilling Project. By using the average V•/V s 
ratio of 1.90, reasonable values of Vs can be computed 
from the sonobuoy reflection and refraction measure- 
ments. 

A good example of the use of the ratio would have 
been in some studies by Ingenito and Wolf. 29 These in- 

vestigators measured by refraction methods a com- 
pressional wave velocity of 1900 m/s in shallow-water, 
long-range experiments in the Yucatan Peninsula, in 
cemented reef limestones. They assumed a shear ve- 
locity of 1000 m/s to fit certain theoretical and experi- 
mental values. Their choice appears to be excellent 
because their Vp/V• ratio of 1.90 is exactly that of the 
average ratio for 30 samples of Table III. 

Pending further measurements, it is recommended 
that the figures and data for terrigenous silt clays 
(Table I, Figs. 1-5) be used to estimate generalized 
Vs, V•/V•, and Poisson's ratios in soft, uncemented 
calcareous oozes. 

D. Basalts 

It should be emphasized that the laboratory measure- 
ments of Christensen and Salisbury •5 in basalts were in 
hand samples, whereas the field measurements by 
seismic methods are in large volumes of rock. Hyndman 
and Drury sø and Francis st have reported measurements 
of V• and V s in the Mid-Atlantic Ridge crestal area. 
They emphasize that low Vfs in such areas may reflect 
large scale fissures and cracks, as well as volcanic 
detrital material mixed with normal sediments. Away 
from such ridges (where new sea floor is being added) 
the cracks and fissures are thought to be filled with 
sedimentary material, and the consequent compres- 
sional velocities higher (e.g., Talwani et al., s2 Houtz, s3 
HamiltonS4). The data of Christensen and Salisbury •4 
should be more representative of in situ conditions in 
the top of the basaltic crust away from ridges. 

E. Vp/V s as an index to lithology 
Attempts to determine sediment and rock types from 

their V•/Vs ratios have met with indifferent success 
because of overlap in ratios. However, some genera- 
lizations can be made. 

Gardner and Harris s• and Gregory 4 have noted that 
unconsolidated (unlithified) sands have Vp/Vs ratios 
greater than 2.0. Measurements in field and laboratory 
have supported this general statement. As noted in 

Table II, V•/V• ratios in sands to 20 m are all greater 
than 6.0. Recent measurements in sands by Domenico • 
at pressures between 28 and 352 kg/cm •' (equivalent 
to depths from about 280 to 3520 m) indicated V•/Vs 
ratios from 3.3 to 2.2. 

Gardner and Harris s• and others have noted that V•/V• 
ratios in cemented sandstones are usually less than 
2.0; they indicated a "usual value" of 1.75+ 0.2. This 
average value was generally supported by King s• who 
measured an average value of 1.77 in five water-satu- 
rated sandstones under a pressure of 35 kg/cm •', and 
by Gregory 4 who measured an average ratio of 1.72 in 
12 sandstones at atmospheric pressures, and 1.67 at 
0.3 kbar. 

Pickett s? in 1963 indicated an average value of 1.9 for 
V•/V• in limestones. This is the average value for the 
30 samples of chalks and limestones of this report 
(Table III) which includes much additional (later) data. 

Summarizing the discussions in a previous section: 
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soft, terrigenous sediments grading with depth into 
mudstones and shales should have Vp/V s ratios from 
about 13 or more at the sea floor to values on the order 

of 2.6 at 1000 m (Table I, Fig. 3). The lower values 
are supported by measurements in Pierre shale•6,•?: 
2.8 and 2.7; in Grayson shaleS8: 2.43; and by measure- 
ments in boreholes in Japan 19 and Russia 2ø (Fig. 3). 

It is a mistake to assume that all cemented rocks 

have Vp/Vs ratios less than 2.0. As noted above, al- 
most all mudstones and shales have ratios greater than 
2.0. Additionally (Table IV), basalts with V• less than 
about 5.00 km/s are apt to have ratios greater than 
2.00. And there are numerous examples from labora- 
tory and field of other rocks with higher ratios. For 
examples: a ratio of 2.66 at 0.1 kbar was measured in 
Bedford limestone in the laboratory by Nur and Sim- 
mons, 38 and Geyer and Martner •8 measured (in situ) a 

. 

ratio of 2.75 in Edwards limestone. There are many 
other examples in the Soviet literature (e.g., Molotova 
and Vassil'ev a9 and Vassil'ev and Guterich2ø). 
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