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A systematic study has been made of physical and acoustic properties of 269 DSDP core samples representing 
a complete ooze-chalk-limestone sequence on the Ontonõ-Java Plateau (sites 288 and 289) and a sequence of 
clay-rich carbonate sediments in the Coral Sea Basin (site 210). Gradational increases in density (p), 
compressional velocity (V•), shear velocity (V•), compressional and shear velocity anisotropies (•4•, •4•: 
horizontal velocities faster than vertical velocities), and shear velocity orientation anisotropy (•4•o: horizontally 
propagated shear velocities are faster when the particle motion is horizontal rather than vertical) are directly 
related to increasing depth (subbottom) and diaõenetic stage. Silica enrichment increases p, V•, and V• but 
does not significantly affect •4• and •4•. Clay enrichment, on the other hand, decreases p, V•, and V• and 
increases •4• and, to a greater degree, •4•. It is found that •4• > •4• in carbonate sediments, whereas •4• > •4• in 
clay-rich sediments. Viable models are discussed to explain observed velocity anisotropy. Laboratory 
measurements agree with two previously published velocity-depth functions determined by seismic wide-angle 
measurements. A derived õeoacoustic model accounts for the observed property-depth-diaõenesis relationship 
for the first 1000 m of the ooze-chalk-limestone sequence, and predicts values of p, V•, V•, porosity (•b), 
Poisson's ratio (or), shear modulus [u ), •4•, •4•, and •4•o. 

PACS numbers: 43.30.Bp, 43.30. Dr, 92.10.Vz, 43.40.Ph 

INTRODUCTION I. EXPERIMENTAL PROCEDURE 

The Ontong-Java Plateau (Fig. 1), Central Pacific 
Ocean, a classical area of rapid carbonate sedimenta- 
tion with low terrigenous input, has one of the thickest 
and most complete ooze-chalk-limestone sequences: 
800-1200 m thick (see Berger ½! al.•). Carbonate sedi- 
ments also occur in the Coral Sea Basin along with ter- 
rigeneous clay-enriched carbonates and noncalcareous 
clays. 

Laboratory investigations of physical and acoustic 
properties of marine sediments have proven to be of ut- 
most value in proposing geoacoustic model(s) of the up- 
per sedimentary layer of oceanic crust. TM The present 
study investigates 269 samples from DSDP sites 288 and 
289 in the Ontong-Java Plateau, and site 210 in the 
Coral Sea Basin. 

The purpose of this study is threefold: 

(1) To report laboratory measurements of density (p), 
compressional velocity (Vp), shear velocity (Vs), and 
velocity anisotropy for both compressional (Ap) and 
shear waves (A s and Aso), and to investigate interrela- 
tionships among p, Vt, , Vs, Poisson's (cy), A•, andAs, 
and their variations with depth (subbottom), lithology, 
and diagenesis. 

(2) To discuss models that can account for observed 
velocity anisotropy in terms of progressive diagenesis 
of sediments. 

(3) To develop a geoacoustic model for the first 1000 
m of a deep-sea carbonate sequence, and to compare 
this model to the velocity-depth curves from two pre- 
viously published seismic wide-angle reflection studies 
over the Ontong-Java Plateau. 

a)Hawaii Institute of Geophysics contribution No. 1082. 

Density (p), compressional velocity (V•), and shear 
velocity (V s) are measured for 269 DSDP sediment sam- 
pieso Whenever possible, Vp and Vs are measured in 
each of the three orthogonal directions. Averaged val- 
ues of V• and Vs are reported in all figures and tables. 
The depths reported are all subbottom. The samples 
are of two types: (1) soft sediments, protected inside 
plastic cylinders, and (2) hard sediments, in the form of 
cuboids. Samples were kept at 2 øC and, when not being 
measured, were wrapped in water-soaked tissues to 
maintain water saturation. The densities of soft sedi- 

ments were calculated by dividing their weight by their 
volume. The densities of hard sediments were calcu- 

lated by a buoyance method. • Velocities were measured 
at 22 øC with the pulse transmission technique described 
by Birch. 60ne-MHz barium titanate transducers were 
used for generating compressional and shear waves in 
the sediment samples. An axial pressure of-2 bars 
was applied at the ends of the transducer mounting to 
produce a good acoustic contact. A mercury delay line 6 
was employed for measuring pulse transmission time. 
The precision of velocity values reported is considered 
to be +2%. Shear velocities were measured for hard 
sediments only. 

II. DATA 

Site 288 

Figure 2 is a composite plot of p, V•,, A•,,As,Aso, and 
lithology versus depth for site 288. Calcium carbonate 
content of sediments from site 288 decreases with depth 
(from 100ø/0 to 25% ? ) because of increasing amounts of 
chert, volcanic ash, and tuff. 8 Values of P, Vp, and V• 
increase gradationally with depth in subunits 1A and lB, 
and decrease in subunit 2A below the inferred Eocene 

chert horizon. Sediments of subunits 2B, 2D, and 2E 
become generally more litbilled and siliceous with 
depth, resulting in average but irregular increases in 
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FIG. 1. Location of DSDP sites 210, 
288, and 289 (after Andrews et al., Ref. 
8). 

P, Vp, and Va. Anisotropy values are close to zero for 
. shallow sediments and increase with depth and lathatica- 

lion. 

Site 289 

Figure3presents9, Vp, A•, Vs, As, andlithologyversus 
depth for site 289ø Sediments from site 289 constitute 
one of the thickest and most complete ooze-chalk-lime- 
stone sequences drilled by the DSDP. 8 The average val- 
ues of p, V•, and Vs increase over the first three litho- 
logical units. Below 1018 m, where chert first appears, 
the values are both larger and more variable than those 
of units 1, 2, or 3o Below a minor hiatus (1132 m), 
which is the boundary between units 4 and 5, there is a 
decrease in p, Vp, and Vs that corresponds to a de- 
crease in both lithification and silica content. Values 

for the four basalt samples (1262-1266 m) are also pre- 
sented. 

Site 210 

Figure 4 presents the data for site 210. Sediments 
from site 210 are clay-enriched carbonates. 9 Densities 
and velocities are highest for predominantly carbonate' 
sediments, and decrease with increasing clay content. 

A• and A s are variable in the section but generally in- 
crease with depth, except below 610 m where Ap de- 
creases sharply. 

I I I. DISCUSSION 

Table I lists averaged values of p, V•, and V s for dif- 
ferent lithologies from the three sites. Sediments of 

sites 288 and 289 show a uniform increase in p, V•, and 
Vs with both increasing lithification and silica enrich- 
mento Values of density and velocity for basalt samples 
from site 289 fall within values determined for Hawaiian 

tholeiitic basalts measured at ambient pressure. xø Sedi- 
ments from site 210 show a decrease in p, V•, and Vs 
with de creasing carbonate and increasing clay content. 

A. Velocity-density systematics 

Plots of V• versus p for site 289 are shown in Fig. 5 
along with best-fit cubic curve. Values of p and Vp in- 
crease throughout the ooze-chalk-li meatone transition. 
Basalt values (site 289) fit along a separate line. Fig- 
ure 6 shows best-fit curves and the regression equa- 
tions representing p versus Vp relationships for sites 
210, 288, and 289, and that of Ludwig et al. n For a 
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FIG. 4. Variations of p, Vt,, A•, V s, A s, 
and lithology with depth for DSDP site 210 
sediments. 

given density, clay-enriched sediments (site 210) have 
lower velocities than carbonate sediments (sites 288 
and 289). Differences between the curves for sites 288 
and 289 may be related to original differences in diagen- 
eric potential at the two sites, or to degree and depth of 
chert formation, or both. Formation of chert at site 
288 is more extensive and occurs at a shallower depth 
(-275 m) than at site 289 (~1018 m). In general, the 
Ludwig et al. zz curve falls between the curves for clay- 
enriched sediments (site 210) and curves for calcareous 
sediments (sites 288 and 289). At higher densities, the 
Ludwig et ale • curve falls on the higher velocity side of 
all curves, including that for basalts. 

Plots of V s versus P for site 289 are shown in Figc 7 
along with the best-fit cubic curve• Figure 8 shows the 
composite relationships of V s versus P curves for the 
three sites and that of Ludwig et al. • The relationships 
between Vs versus P show the same trends as those 

found for V• versus p. Increases of silica and chert 
contents increase Vs, whereas increases of silt and clay 
content decrease Vs. 

Ludwig et al. • presented best-fit relationships of V• 
and Vs versus p for sedimentary rocks. They pointed 
out that velocity-density curves indicate general trends 
and not functional relationships between velocity and 
density. Their curves, which are widely used to pre- 
dict V• or Vs from known valueb of P, and vice versa, 
do not take into account differences in lithology. Our 
data suggest that there is a 1ithological dependence and 
that velocity-density systematics would be more accur- 
ately represented by a series of curves corresponding 
to different lithologies. 

B. Velocity anisotropy 

Marine sediments exhibit significant velocity aniso- 
tropy; values of A• as high as 32% have been re- 

TABLE I. Lithologic variations of average density, compressional velocity, and shear velocity 
(standard deviation in parentheses). 

No. of 

Lithology % carbonate samples •, g/cc V•, km/s •s, km/s 
Site 210 

Clay-bearing ooze and chalk 85-90 8 2.28(0.16) 2.61(0.24) 1.16(0.20) 
Clay-rich chalk 60-75 8 2.12(0.09) 2.25(0.22) 0.81 (0.16) 
C alcic-rich clay 40-60 7 2.04 (0.09) 2.04(0.07) 0.64 (0.06) 
Noncalcareous clay 0-5 3 1.86(0.06) 1.79(0.04) 0.51 (0.02) 
Sites 288 and 289 

Carbonate ooze 45 1.69(0.10) 1.72(0.08) 
Carbonate chalk 57 1.90(0.1/)) 2.21(0.27) 0.91 (0.23) 
Carbonate limestone 23 2.24(0.18) 3.19(0.77) 1.63(0.45) 
Siliceous limestone 15 2.32(0.15) 3.63(0.61) 1.99(0.31) 
Chert 4 2.29(0.06) 3.53(0.31) 1.95(0.26) 
Basalt 4 2.92(0.03) 5ø82(0.24) 3.16(0o14) 
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ported. 8'•'-•5 The shipboard Ap values measured by 
Andrewset al. • for sediments from DSDP sites 288 and 

289 ranged from 0% to 10% and increased with depth. 
Carlson and Christensen •3 also found that Ap increases 
with depth and suggested that this increase could result 
from the vertical alignment of calcite c axes during 
compaction, cementation, and recrystallization. 

1 
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Site 288: V s =0,15-1.37p+0,90p2; SE=ñ0o22o Site 289: V s 
=-0,58-0,38 p + 0,63 p2; SE = ñ0o15, 
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In this study, Vp and V s are measured for waves prop- 
agated in each of three orthogonal directions. Horizon- 
tal velocities are generally faster than vertical veloci- 
ties. Anisotropy is calculated with the following equa- 
tion: 

- [ - x 

where A =velocity anisotropy (Ap or As), •h = average 
__ 

horizontal velocity, Vv = average vertical velocity, and 
V = average velocity. 

For shear waves, both direction of propagation and di- 
rection of particle motion must be considered. For 
waves propagated in each of the three orthogonal axes, 
Vs is measured with particle motion parallel to the two 
perpendicular axes (six Vs measurements for each sam- 
ple). An additional shear velocity anisotropy is related 
to the direction of particle motion. Horizontally prop- 
agated shear velocities are larger when the particle mo- 
tion is horizontal rather than vertical. An implication 
of shear velocity orientation anisotropy (Aso) is that 
shear waves propagated in the same direction but with 
different particle motions will travel at different speeds 
and will therefore tend to disperse. Aso is calculated 
with the following equation 

= x 00%, 

where Aso = shear velocity orientation anisotropy, Vs 
= average velocity of horizontally propagated shear 
waves with horizontal particle motion, V•'s•V=average ve- 
locity of horizontally propagated shear waves with verti- 
cal particle motion, and V s = average velocity of all hor- 
izontally propagated shear waves. 

Table II lists average anisotropy values as a function 
of lithology for sites 210, 288, and 289. Anisotropy val- 
ues for sites 288 and 289 increase with increasing dia- 
genesis throughout the ooze-chalk-limestone sequence; 
the largest increase is between chalk and limestone. 
Carbonate limestones, siliceous limestones, and cherts 
have similar velocity anisotropy values, suggesting that 
silica (chert) content does not contribute significantly to 
velocity anisotropy. Aside from noncalcareous clays of 

site 210, anisotropy increases with increasing clay 
content. Velocity anisotropy in clay-bearingto clay-rich 
oozes and chalks is twice as large as in carbonate oozes 
and chalks at sites 288 and 289. Both A s and Aso are 
larger than A• for clay-enriched sediments, whereas A• 
is larger for more calcareous sediments. In addition, 
Aso is consistently larger than A s. These findings are 
not clearly understood and warrant further investiga- 
tion. 

Carlson and Christensen x3 suggest that velocity aniso- 
tropy in carbonate sediments is due to alignment of the 
calcite c axes perpendicular to bedding. Peselnick and 
Robie, x6 among others, measured ultrasonic velocities 
in single crystals of calcite and determined that veloc- 
ites are slowest parallel to the c axis (V•=5.62 
km/s and V s = 3.54 km/s) and fastest parallel to the a 
axis (V•=7.34 km/s and V s =4.01 km/s). Therefore pre- 
ferential vertical alignment of c axes could produce the 
observed anisotropies. 

In discussing the pressure regime of the deep-sea 
floor, Hamilton x7 suggested that sediments at the sedi- 
ment-seawater interface, following deposition, are in 
hydrostatic equilibrium and are not subject to any uni- 
axial stresses. Buried sediments, however, are sub- 
jected to an overburden pressure, which increases with 
depth of burial and must be supported by underlying sed- 
iments. Increasing overburden pressure may align coc- 
coliths and discoasters, which could produce velocity 
anisotropy. According to Gartner and Bukry, x8 discs of 
the Calyptrasphaera papillifera, a modern coccolitho- 
phore, are composed of crystallites arranged with their 
c axes perpendicular to the plane of the disc. Bukry x9 
and Black "ø indicate that discoasters and the upper 
shields of the Coccolithus and Cyclococcolithina placo- 
liths are composed of calcite crystals with vertically 
aligned c axes. If either normal sedimentation or over- 
burden pressure causes coccoliths and discoasters to 
become aligned with their long dimensions in the hori- 
zontal plane, then more c axes will be aligned in the 
vertical and the sample will be anisotropic. 

Alignment of calcite crystals in crushed foraminifera 

TABLE II. Lithologic variations of average anisotropies (standard deviation of individual measure- 
ments in parentheses). 

No. of 

Lithology samples A•, % As, % Aso , % 

Site 210 

Clay-bearing ooze and chalk 8 6.2(1.4) 
Clay-rich chalk 8 6.8 (2.6) 
Calcic-rich clay 7 8.1(1.2) 
Noncalcareous clay 3 3.3(1.2) 

Sites 288 and 289 

Carbonate ooze 48 2.0 (2.1) 
Carbonate chalk 57 2.9(3.3) 
Carbonate limestone 23 8.0 (4.7) 
Siliceous limestone 15 8.6(3.7) 
Chert 4 8.3(2.3) 
Basalt 4 2.5(1.0) 

6.6(3.7) 9.6(4.5) 
14.2(5.9) 9.2(6.4) 
17.4(5.0) 23.0(5.6) 
-0.4(2.4) 12.2(6.7) 

0.5(4.7) 2.7 (4.2) 
6.2(4.9) 7.9(4.7) 
5.6(3.4) 5.9(4.0) 
6.3(2.0) 6.2(3.7) 
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may also produce anisotropy. Most of the foraminifera 
from sites 288 and 289 belong to the superfamily 
Globigerinacea s that are composed of "double walls of 
lamellar radial hyaline calcite" crystals. •'x Compaction 
and crushing of foraminifera increases with depth of • 
burial and may result in differential alignment of c axes. 
This would cause anisotropy with increasing depth. 

The overburden pressure would also result in dissolu- 
tion and/or precipitation and enlargement of differen- 
tially aligned calcite crystals. Schlanger and Douglas 22 
found that smaller coccoliths and weaker planktonic 
foraminifera are dissolved differentially to provide cal- 
cite for growth of larger crystals. They suggested that 
the driving force behind this dissolution-precipitation 
process is the decrease in surface area and thus a de- 
crease in Gibbs' free energy. If dissolution is a func- 
tion of c-axis alignment as well as crystal size, then 
dissolution may cause crystal alignment. Calcite over- 
growths and cementation can also produce differential 
crystal alignment. Kamb •'3 found that the stablest crys- 
tal orientation has the weakest axis aligned parallel to 
the axis of greatest compressive stress. Precipitated 
calcite crystals will therefore favor vertical c-axis 
orientation. Increasing overburden pressure and depth 
of burial will dissolve smaller coccolith and weaker 

foraminifera tests, especially those with horizontal c 
axes, whereas crystals with vertical c axes will be dif- 
ferentially precipitated and/or enlargedø 

Anisotropy may be caused by: (1) alignment of dis- 
coasters and coccoliths, (2) crushing of foraminifera, 
and/or (3) differential crystal overgrowth and cementa- 
tiono These processes may work together to produce 
vertical alignment of calcite c axes. Alignment of 
anisotropic calcite crystals wilh increasing depth of 
burial can account for the increase of anisotropy ob- 
served in the ooze-chalk-limestone sequence. 

C. Effects of clay enrichment on anisotropy 

Clay enrichment in calcareous sediments causes an 
increase in velocity anisotropy. On the other hand, non- 
calcareous clay sediments show lesser anisotropy (see 
T.able II). The observed increase of anisotropy with in- 
creasing clay content may be associated with a process 
recognized by Weyl. 24 In this process, clay-size par- 
ticles act as a catalyst in the pressure solution of car- 
bonate sediments. As clay particles form a film be- 
tween larger calcite grains, they increase the rate of 
diffusion by reducing the point-to-point contacts and in- 
creasing the total reactive surface of carbonate grains. 
The pressure-solution process should result in calcite 
c axes being preferentially oriented in the vertical di- 
rection, i.e., parallel to the overburden pressure. 
Thus an increase in the clay content of carbonate sedi- 
ments will increase the pressure-solution process, and 
consequently increase the velocity anisotropy. Noncal- 
careous clays have a smaller velocity anisotropy due to 
the fact that no carbonate material is present and the 
pressure-solution process does not oc'cur. Velocity 
anisotropy of noncalcareous clays is a result of prefer- 
red orientation of the clay particles parallel to the sea 
floor. 
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reflection measurements of 

D. Comparison with seismic reflection data 

Figure 9 compares the laboratory measurements to 
the velocity-depth curves Maynard •'• and Johnson et al. 
calculated for the Ontong-Java Plateau from seismic 
wide-angle reflection techniques. The averaged labora- 
tory measurements (+2%) are minimum values that are 
lower than in situ values because of relief of intergran- 
ular (overburden) and hydrostatic pressure, elastic re- 
bound of the samples in porosity, and temperature dif- 
ferences. Still, the laboratory measurements show a 
close fit to the seismic v.elocity-depth curves. 

E. Geoacoustic model 

Schlanger and Douglas TM presented a model to account 
for the aliagenetic transformation of carbonate sediments 
from ooze to chalk to limestoneø The model takes into 

account the following observations: (1) rapid reduction 
of porosity from 80% to 65% in the first 200 m followed 
by more gradual reduction to 400/0 by 1000 m; (2) break- 
age, dissolution, and gradual disappearance of foram- 
inifera, particularly thin-walled, porous, planktonic 
foraminifera; (3) disaggregation and dissolution of 
smaller coccoli.'ths; (4) reprecipitation of this dissolved 
calcite as overgrowths of calcite crystals on discoasters 
and larger coccoliths, or interstitial cement, and/or 
calcite infillings of more robust benthonic foraminifera; 
and (5) an increase of both density and compressional 
velocity with depth. 

A geoacoustic model (Fig. 10) was developed to match 
the experimental data from site 289. The Schlanger and 
Douglas •'•' model was based on the carbonate sequence of 
the Magellan Rise sampled at DSDP site 167. The onset 
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OOZE OOZE TO CHALK 

(0 m) (200 m) 

( . cc) 

CHALK 

(60o m) 

water 1•• (0.46 cc) 

LIMESTONE 

(1000 m) 

water 1•• (0.18 cc) 

Density, g/cc 1.35 1.60 1.82 1.95 

Compressional velocity, 
km/s 1.56 1.64 2.01 2.33 

Shear velocity, km/s 0.06 0.42 0.82 1.07 

Porosity, % 80 65 52 44 

Poisson's ratio, 
dimensionless .499 .465 .400 .366 

Shear modulus, kilobars 0.1 2.8 12.2 22.3 

A , % 0.0 2.0 2.9 8.0 
P 

As, % 0.0 0.3 0.5 6.2 
Aso , % 0.0 1.9 2.7 7.9 

FIG. 10o Geoacoustic model 

for carbonate sediments. 

of the chalk and limestone phases occurs at shallower 
depths at site 167 than at site 289. Our shallowest sam- 
ple was at 217 m (subbottom), so we assume the same 
volume and densities at 0 and 200 m as in the Schlanger 
and Douglas •'2 model. Densities at 600 and 1000 m were 
calculated by carrying out a linear regression of labora- 
tory P versus depth data between 600 and 1000 m [p 
= 1.66 + 2.88x 10-4d(m); r 2 - 0.49]. From these densities, 
the appropriate volumes and amount of expelled water 
were calculated by using a carbonate conservate model. 

Vp and V s are calculated from density values using 
the regression equations of site 289, relating Vp and V s 
to pø 

V• = 10.04 - 13.32p + 6.13p •' - 0.68p 3; SE + 0.19 
Vs = -0.58 - 0.38p + 0.63pz; SE+ 0.15. 

Note that the shallowest V• and Vs measurements were 
at 217 and 430 m, respectively. V• and V s values at 0 
and 200 m are extrapolated. Porosities (qb) are calcu- 
lated from the Nafe and Drake z? equation: 

p= 2.68- 1.65qb. 

Both Poisson's ratio (a) and shear modulus (•) are cal- 
culated from the isotropic elasticity equations. Pre- 
dicted values of A•, As, and Aso are 0% at 0 m, which 

•.s who de is in agreement with results of Johnson et al., - 
termined A, to be essentially 0• for the surface sedi- 
ments of the Ontong-Java Plateau. Anisotropy values 
for 200, 600, and 1000 m are based on the measured 
averages (Table II). The volumes of chalk and lime- 
stone produced by diagenesis of an original ooze are 
calculated from porosity. 

IV. CONCLUSIONS 

A general progression, with depth, from ooze to chalk 
to limestone within a carbonate section is consistent 

with general increases, with depth, in average P from 

1.69 to 1.90 to 2.24 g/cc, Vp from 1.72 to 2.21 to 3.19 
km/s, and A• from 2.0 to 2.9 to 8ø0% (Tables I and II). 
In grading from chalk to limestone, Vs varies from 0.91 
to 1.63 kin/s, As from 0ø5 to 6.2%, and Aso from 2.7 to 
7.9%. Silica enrichment results in larger average val- 

ues for p, V•,, and Vs but does not significantly affect 
velocity anisotropy. Clay enrichment causes significant 
increases in anisotropy, possibly because of a catalytic 
effect on the pressure solution of calcite. A more de- 
tailed study of changes in fossils, chemistry, and min- 
eralogy is needed to determine exact relationships be- 
tween lithification, silica enrichment, clay enrichment, 
and changes in acoustic properties. 

In addition to accounting for the state of fossil preser- 
vation and textural changes discussed by Schlanger and 
Douglas, z•' the geoacoustic model for pure carbonate 
sediments (Fig. 10) accounts for the following: Decrease 
in qb and increases in p, V•, and Vs with depth, and in- 
creasing velocity anisotropy (A•, As, and Aso) with 
depth caused by vertical alignment of calcite c axesø 

The geoacoustic model proposed can predict values of 
p, Vp, Vs, density and velocity gradients, qb, (y, g, A•, 
As, and Aso down to a depth of burial of 1000 m for the 
Ontong-Java Plateau, and possibly for other areas of 
high carbonate sedimentation. The geoacoustic model 
can also be used to predict approximate depths of re- 
flectors from reflection records. 

Many widespread reflectors are revealed by air gun 
seismic surveys. 9'8 If P and V, values in the sediment 
sequence below the Ontong-Java Plateau increase 
smoothly with depth of burial, as predicted by the geo- 
acoustic model, there will be no reflectors. The mea- 
sured values, however, deviate from the model values. 
These deviations are caused by variations in the dia- 
genetic potential of carbonate layers that result from 
paleo-oceanographic changes. •'n•'9 The numerous re- 
flectors are due either to large impedance mismatches, 
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or to frequency dependent interference patterns result- 
ing from small changes in p and V,. A valuable experi- 
ment would be one in which frequencies are varied to 
see how the reflection profiles change and to determine 
if the reflectors are interference patterns. If the re- 
flectors are interference patterns, then the small 
changes in p and V, are uniform and very widespread. 
It would also be valuable to do a more detailed, sys- 
tematic study of carbonate sections responsible for the 
observed reflections. 
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