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INTRODUCTION 

Representative core specimens from each drill site of 
Leg 43 were sampled for physical property testing. 
Tests were typically performed onboard ship with 
equipment that was installed for speed, convenience, 
and due consideration for precision. In addition, three 
core specimens were taken at Site 387 for more de¬ 
tailed strength and compression analyses at a geo-tech-
nical laboratory. 

Discrete shipboard measurements of vane shear 
strength, water content, wet bulk density, and sonic ve¬ 
locity were made. Continuous nuclear bulk density 
measurements were obtained for most core samples 
with GRAPE (gamma ray attenuation porosity evalua-
tor). These data are presented in tabular form in the site 
reports (chapters 2-7) and Appendix V. The techniques 
used to obtain these results have been described by 
other participants in DSDP (Bennett and Keller, 1973; 
Lee, 1973; Boyce, 1974; Rocker, 1974) and additional 
discussion is here not necessary. Equipment precisions 
are well within tolerable limits and ship movement was 
small and had little influence on the measurements 
used for water content and density. Unfortunately, the 
measured properties may vary substantially from their 
in situ values because of poor sample quality. This ef¬ 
fect will be discussed further in subsequent sections. 

Three core samples from Site 387 were taken to ac¬ 
quire more detailed engineering data and some addi¬ 
tional information on sample disturbance. Both triaxial 
compression and one-dimensional compression tests 
were performed on the core samples in addition to the 
standard index properties. The available laboratory 
equipment imposed a sample depth limit of about 100 
to 150 meters below the sea floor; therefore, samples 
were only obtained from the first two cores at Site 387. 

GENERAL SAMPLE DESCRIPTION 
Detailed geological descriptions of the sediment pro¬ 

files for each site are provided in the Site Reports. Ad¬ 
ditional general descriptions are inserted here with 
some comments on factors which influence physical 
property values. 

The sediments tested at Sites 382, 385, 386, and 387 
are predominantly clays with some silt. Small quanti¬ 
ties (less than 10 per cent by weight) of sand-sized 
particles including foraminifers and radiolarians and 
silt-sized nannofossils are frequently present, but they 
are not of sufficient abundance to significantly influ¬ 

ence physical property results or affect engineering be¬ 
havior. Occasional layers with high contents of calcare¬ 
ous and siliceous particles were found at most sites. 
Also, fine sand layers of quartz are observed as part of 
the turbidite sequences found at Site 382 and other 
sites. In general, sand layers are relatively thin and 
constitute only a small portion of each core. The sand 
layers may not be representative of in situ layering be¬ 
cause of the coring method. Interbedded layers of lime¬ 
stone, chert, and breccia were periodically observed. 

At Site 384, the sediments are predominantly nan-
nofossil oozes and chalks with a substantial quantity of 
silt and clay. Carbonate content varies from about 40 
to 75 per cent by weight over the length of core, with 
10 to 20 per cent foraminifers and unspecified or detri-
tal carbonate. The nannofossil particles are typically 2 
to 7 µm in diameter or silt-sized. They are of irregular 
shape and have been observed to exhibit granular be¬ 
havior (Demars, 1975). Also, the nannofossil particles 
have interstices which are capable of storing water; 
consequently, they have water contents based on dry 
weight which are 30 to 50 per cent greater than would 
be estimated by their grain size distribution. 

Turbidities were encountered at Site 383 to a sub-
bottom depth of 120 meters at which point the hole 
was terminated because of unstable side-wall condi¬ 
tions. One core was obtained in the interval from 54 to 
64 meters below the sea floor. It contains a perfectly 
graded sequence of fine to very coarse sand and is ob¬ 
viously a result of sample disturbance. No physical 
property tests were performed on this core sample. 

Many of the cored sequences contain thin layers of 
Eocene chert and strongly cemented sediment at sub-
bottom depths greater than 150 meters. The extent of 
cementation is not certainly known because of the low 
core recovery that is typically less than 20 per cent in 
cemented materials. Both carbonate and silica cements 
were observed, but it is possible that other cementing 
agents, such as oxides or organic material, are also 
present. It is also particularly difficult to distinguish the 
transition from some uncemented to cemented layers, 
as between ooze and chalk at Site 384. Cemented lay¬ 
ers were identified by their resistance to deformation 
by the edge of a fingernail or metal spatula, suggesting 
a stronger and denser structure than adjacent com¬ 
pacted sediment layers. It is probably these cemented 
sediments, cherts, and turbidities which show up as re¬ 
flectors during seismic profiling. The acoustic and other 
physical properties will be discussed subsequently. 
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DISTURBANCE AND SAMPLING PROCEDURES 

Sample disturbance is the single most important fac¬ 
tor influencing the quality of engineering and physical 
property data. As a result, it is necessary to use care 
and judgment in the selection of specimens most repre¬ 
sentative of in situ conditions. The rotary drilling tech¬ 
nique used in this program tends to homogenize the 
sediment samples from the churning action and excess 
back-pressures of drilling muds and cuttings, but fre¬ 
quently blocks or chunks of "undisturbed" or only 
slightly disturbed specimens may be observed among 
highly remolded drilling breccia or muds. 

For shallow samples (<200 m) drilling breccia or 
disturbed mud may be observed over an entire core 
with the least visual disturbance occurring at the lower 
end of each core. The best specimens are, therefore, 
from the core catcher or bottom-most section of core. 
Cores deeper than 200 meters generally contain chunks 
of intact specimens in all parts of a core that are suit¬ 
able for shipboard properties testing. The task is to se¬ 
lect the least disturbed or undisturbed chunks or seg¬ 
ments for properties testing. It is a particularly difficult 
task for homogenized soft sediment cores which are 
most disturbed yet often visibly devoid of disturbance 
signs. 

From a physical properties viewpoint, disturbance of 
two different types is possible during the sample cutting 
process: (a) remolding without a water content change, 
and (b) remolding with the addition of water. The 
former will have less effect on shipboard measurements 
of in situ water content, bulk density values, and acous¬ 
tic velocity than the latter. However, vane shear 
strengths are sensitive to both remolding and water 
content changes, and strength reductions of 75 per cent 
or more from in situ values may be expected. 

Particle size gradation, accessibility of water, and 
corer geometry are among the factors that influence 
disturbance. Since the DSDP samples are of poor ge¬ 
ometry for geotechnical specimens according to 
Hvorslev (1949), highly disturbed cores are expected. 
In general, granular soils are more permeable and 
more susceptible to density change in a short time. As 
expected, the greatest variations in water content occur 
in calcareous (granular) sediments. This conclusion is 
deduced in part from the data shown in Figure 1, 
which indicate a decrease in strength from bottom to 
top in each core. The data suggest that the nanno ooze 
is remolded to a greater degree as it intrudes further 
into the core liner. Water content data (see Site Re¬ 
ports) show the reverse trend, with water contents in¬ 
creasing by 2 to 12 per cent from bottom to top in a 
core. In general, water content change during the core 
cutting process is only significant in high carbonate or 
granular sediments. No significant variations in water 
content are observed over the length of a core contain¬ 
ing homogeneous clay sediments, suggesting that water 
is not added to these sediments during the core cutting 
process. 

During sample retrieval (about one and a half to 
two hours) and sample storage prior to processing (up 
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to ten hours), the samples are expected to swell in vol¬ 
ume and absorb water. This process is possible because 
of the poor sample fit within the liner. The presence of 
a water void or drill mud between sample and liner 
implies that the in situ effective stress has, for practical 
purposes, been reduced to zero and that unconfined ex¬ 
pansion will occur during the core retrieval. This type 
of disturbance will be referred to as drained unloading, 
and it is discussed later in this paper. Drained unload¬ 
ing can have a significant effect on the bulk physical 
properties and strength behavior of sediments. 

Additional disturbance arises in the core splitting 
process and the requirement that specimens be tested 
at room temperature of about 23°C rather than in situ 
temperatures of about 2°C. 

Core splitting by either a wire saw or powered abra¬ 
sive saw appears to have little effect on remolding 
specimens of the size needed for shipboard tests. How¬ 
ever, on the basis of visual observations, temperature 
effects appear significant. These observations include 
the cracking of deeply buried (>300 m), compact 
specimens and the rapid absorption of water on the 
surface of split cores. These changes occur over a span 
of a minute or less and might be due to peripheral 
warming and expansion of the sample which places the 
central cold portion in tension until a crack initiates. 
Because of the dense particle arrangement of deep 
samples, temperature-induced volume changes cause 
specimens to expand and absorb water in the process. 
Thus, the water contents are increased and densities 
decreased. Water is available from voids, drilling mud, 
or breccia that exist between the specimen and core 
liner or by water added in the core-splitting and clean¬ 
ing process. This temperature expansion and subse¬ 
quent change in density and water content is in addi¬ 
tion to the reduction of density from hydrostatic and in 
situ stress unloading. 

Much of the work done on the effects of temperature 
on geotechnical properties of terrestrial soils has been 
summarized by Mitchell (1976). Little, if any, research 
has been directed specifically at marine sediments. Un¬ 
der conditions of constant stress an increase in temper-
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Figure 1. Variation in undrained shear strength with depth 
in core for Site 384 nannofossil oozes. 
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ature can be expected to cause a decrease in volume (a 
decrease in water content). However, high-swelling 
soils have been observed to increase in volume at con¬ 
stant pressure with an increase in temperature. Since 
the cores being analyzed are relatively high in mont-
morillonite (see Table 1), these observations are not in 
conflict with results for terrestrial soils. 

There is also the possibility of thermally induced 
flow (Yong and Warkentin, 1975). Although thermally 
induced flow is not considered important at high satu¬ 
rations, there is too little data to dismiss it in the 
present instance. At the high effective stresses being 
considered, relatively minor changes in water content, 
because of the exponential dependence of strength on 
water content, can cause relatively large changes in 
strength. It is of interest to note that Sherif and Bur¬ 
rows (1969) found that for a campacted kaolinite clay, 
the effect of temperature changes in unconfined shear 
strength could be accounted for by an experimentally 
determined moisture content correction. 

Sampling for land-based engineering and physical 
properties testing was performed with most of this in¬ 
formation at hand. Three short (15 to 25 cm) speci¬ 
mens were selected from the first two cores at Site 387. 
Two samples were taken from the bottom of the last 
two sections, of Core 1 corresponding to sub-bottom 
depths of 39.0 meters and 40.4 meters and one sample 
was taken from the bottom of Core 2, or at 105.8 me¬ 
ters. The samples were cut immediately upon arrival of 
the core on deck to prevent warming and prior to split¬ 
ting, since cylindrical specimens are needed for 
strength and compression testing. All specimens were 
capped immediately, wrapped in moist paper towels 
and polyethylene sheet, and refrigerated until arrival in 
port. The samples were shock-mounted in styrofoam 
beads for return to laboratory refrigerated storage. An 
unknown degree of warming occurred from ship to 
laboratory. The objectives were to sample the least-dis¬ 
turbed portions of the cores and minimize additional 
disturbance from shock and temperature. 

SHIPBOARD RESULTS AND ANALYSIS 

All shipboard data are presented in graphical and 
tabular form in the site reports. Additionally, ship¬ 
board data for Site 387 are reconsidered here since 
both laboratory and shipboard samples were taken at 
this site. The general effects of compaction or lithologi-
cal changes on test results are discussed as well as the 
effects of factors such as disturbance and cementation. 

Porosity and Bulk Density 
Seven lithologic units were encountered above base¬ 

ment at Site 387. These units are summarized in Figure 
2, where the shipboard porosity and bulk density data 
are shown graphically. No corrections have been made 
for unloading or coring and thermal disturbance to re¬ 
construct in situ values. The general trend with sub-
bottom depth is a decrease in porosity and an increase 
in wet bulk density. A trend line has been included for 
sediments to show the effects of compaction or consoli¬ 
dation from overburden. If each lithologic unit is con¬ 
sidered separately, similar trends are observed for 
uncemented units, but the data are disconnected at the 
lithologic boundaries. These data show the importance 
of grain size and mineralogical composition of each 
unit. Also, the data show the significance of other sedi¬ 
mentary processes such as the cementation by silica in 
Unit 3, by carbonate in Unit 7, and possible organic 
cementation in the black shales and chalks of Units 4, 
5, and 6 (about 460 to 490 m sub-bottom). Most test 
results which are displaced to the left of the porosity 
trend line and to the right of the bulk density trend line 
fall into the cemented category based upon field obser¬ 
vations. A small amount of scatter about the trend line 
is attributed to sampling disturbance as evidenced for 
Site 384 (Figure 1). Most scatter, however, is attri¬ 
buted to compositional variations. For example, sam¬ 
ples from Units 2 and 3 contain a large quantity of sili¬ 
ceous materials such as radiolarians and sponge spic¬ 
ules, and they exhibit slightly lower densities and 

Sample 
(Interval 
in cm) 

Sub-
bottom 
Depth 

(m) 

Adjusted 
Dry 

Water 
Content 

(%) 

Liquid 
Limit 
(%) 

TABLE 1 
Sample Data 

Plas¬ 
tic-

Plastic ity 
Limit Limit 

(%) (%) 

Total 
CaCOq 

Sand/ 
Silt/ 
Clay 
(%) 

Bulk 
Unit 

Weight 
(g/cc) 

Soil 
Type 

1-5, 
1-6, 
2-5, 

15 
25 
25 

39.0 
40.4 

105.8 

105.0 
84.0 
96.5 

118.0 
122.0 
181.0 

46.0 
44.0 
59.0 

72.0 
78.0 

122.0 

< 3% 
< 3 % 

0 

0/4/96 

-

1.47 
1.52 
1.47 

CH 
CH 
CH 

Note: Sample 1-5, 15 cm: Very soft plastic pale brown clay - some mottling with distorted 
appearance. Clay minerals (< 2µm) include: 12% Kaolinite, 42% Illite, 7% Chlorite, and 39% 
Montmorillonite. 
Sample 1-6, 25 cm: Soft plastic pale brown clay - no visible signs of disturbance. 
Sample 2-5, 25 cm: Medium to stiff plastic pale olive clay - crumbles when trimmed - several 
hairline cracks through sample. Clay minerals (< 2µm) include: 10% kaolinite, 16% illite, 3% 
chlorite, and 71% montmorillonite. Radiographs show all samples to be homogeneous with 
several small (2-4 mm diameter), dense particles in Sample 2-5, 25 cm. Mineralogy data from 
Koch and Rothe (this volume). 
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Figure 2. Lithology, wet bulk density, and porosity data for Site 387. 
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higher porosities than adjacent units. These trends for 
siliceous sediment agree with the test results of Lee 
(1973). In general, mineralogical and grain size varia¬ 
tions and cementation have a greater influence on bulk 
density and porosity than does disturbance. 

Shear Strength 
Of all physical properties, undrained shear strength 

is perhaps the most sensitive index of sample distur¬ 
bance. Disturbance can result from sampling, core han¬ 
dling, temperature changes, addition of water, degasi-
fication (not a problem on Leg 43), and testing tech¬ 
nique as previously discussed. A thorough remolding of 
a sample will reduce undrained shear strengths to one-
third or one-fourth the in situ values because most ma¬ 
rine sediments have sensitivities of 3 to 4 (Noorany 
and Gizinski, 1970; Demars, 1975). Sensitivity is de¬ 
fined as the ratio of undisturbed strength to remolded 
strength. Also, a small change in water content will 
have a significantly greater effect on strength than 
upon porosity or bulk density values as discussed in the 
previous section. As a result, it is desirable to perform 

laboratory strength or compression tests so that the 
state of effective stress can be controlled or monitored 
during testing. 

Overburden pressure or confining pressure has the 
most significant influence upon the shear strength of 
normally loaded sediments. The ratio 

c/p = 0.11 + 0.0037 PI 

for undrained strength (c) to in situ overburden pres¬ 
sure (p) has been proposed by Skempton (1954), for 
normally loaded clays, and is dependent on plasticity 
index (PI). Kenney (1967) suggests c/p = 0.20, al¬ 
though this is probably a lower limit of c/p values. 
Maximum c/p ratios of 0.3 to 0.4 are common for nor¬ 
mally loaded clays, and minimum ratios of 0.1 or less 
have been estimated for underconsolidated delta-front 
marine sediments. All of these c/p values may vary sig¬ 
nificantly depending on the techniques used to deter¬ 
mine c and p. 

Vane strength data for Site 387 are presented in 
Figure 3 to show the influence of sample disturbance 
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/p = 0.20 (KENNEY, 1967) 

200 400 600 800 1000 1200 

on strength. For comparison purposes, c/p ratios of 0.1 
and 0.2 are shown with effective pressures (p) com¬ 
puted with a buoyant unit weight of 0.50 g/cc that ex¬ 
ists from shipboard density tests. All data fall below 
the c/p = 0.20 relationship and agree favorably with 
c/p ≈ 0.10. Laboratory triaxial test results, which are 
discussed subsequently, suggest that actual c/p ratios 
may be 0.30 to 0.35. Thus, the best DSDP specimens 
available for shipboard strength analyses are highly 
disturbed, although thorough remolding is unlikely 
based on the detailed stratigraphic features of the split 
core samples. 

There has been an attempt to correct for disturbance 
in DSDP samples (Lee, 1973) by measuring residual 
negative pore water pressures for comparison with ex¬ 
pected values. Although this technique has some merit, 
several assumptions are required to correct the strength 
values, and the accuracy is limited to ±50 per cent of 
in situ values. It is unknown if the effects of tempera¬ 
ture changes, degasification, and water content changes 
can be corrected. Consequently, laboratory strength 
and compression testing or in situ investigations are 
recommended for determination of representative in 
situ properties. Even those sophisticated methods re¬ 
quire care in the interpretation of results, and the aged, 
cemented, and thermally altered specimens require ad¬ 
ditional study. 

Acoustic Velocity 

Acoustic velocities were obtained to assist in the in¬ 
terpretation of seismic reflection data for stratigraphic 
analyses. Sedimentary units with contrasting imped¬ 
ances (product of acoustic velocity times bulk density) 
reflect sound from the interface and provide an acous¬ 
tic image of the physical stratigraphy. Acoustic velocity 
and impedance data for Site 387 are shown in Figure 
4. At the sediment-water interface, impedance contrasts 
of about 40 per cent appear to provide excellent re¬ 
flections for the frequency range considered (40 to 640 
Hz). Smaller impedance contrasts within a sediment 
profile also probably provide good reflective qualities. 
Unfortunately, there appear to be little available data 
on the magnitude of impedance contrasts needed for 
good seismic reflection profiles, and more work is 
needed on this topic for improved geological interpre¬ 
tation of seismic data. 

Multiple sedimentary units, each with different 
acoustic impedances, provide very complex reflection 
patterns as is evident from a simple acoustic ray dia¬ 
gram. Sound propagation is also influenced by group 
spreading of each pulse which further complicates seis¬ 
mic profile data. As a result, many acoustic laminations 
occur for each seismic profile. Only a select few of 
these laminae appear to correlate with physical strati¬ 
graphic features. It is, therefore, necessary to couple 
seismic reflection data with bore hole and laboratory 
results for a detailed analysis of the stratigraphy in a 
region. 

The data shown in Figure 4 and the seismic profile 
show several reflective horizons as discussed in the Site 
Report. The seismic interpretation for Site 387 lists six 
reflective horizons: A at 170 meters, Å at 223 meters, 
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Figure 4. Acoustic velocity and impedance data for 
Site 387. 
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Figure 3. Vane shear strength data for Site 387 clays. 
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unspecified at 360 meters, A* at 470 meters, ß at 600 
meters, and basement at 792 meters. Seismic profiling 
results show many more acoustic laminae. Each lami¬ 
nation is not necessarily the result of a lithological 
change or impedance contrast. Impedance contrasts for 
the profile are as small as 20 per cent for horizon A at 
170 meters to over 300 per cent for horizon A at 223 
meters. The six major reflective horizons occur at the 
interface of compacted sediments of low impedance 
and cemented sediments of high impedance. For ce¬ 
mented sediments, the acoustic velocity, bulk density 
and, thus, acoustic impedance appear to increase as the 
cementation strengths of the sediment increases. 

Little variation in the acoustic velocity of compacted 
sediments is observed or expected (Hamilton, 1974). In 
general, the acoustic velocity is influenced slightly by 
effective pressure (Laughton, 1957), which increases 
the density of the sediment. For most sites, the acoustic 
velocity may be expressed in terms of effective pressure 
or more simply a velocity gradient with subbottom 
depth by 

Vz = 1.52 + 0.0004Z (km/sec) 

where the subbottom depth Z is in meters, and the ve¬ 
locity gradient is 0.0004 km/sec/m or 0.4 sec-1. This 
velocity variation with subbottom depth is not very 
sensitive to effective stress changes, and samples from 
great depths have velocities which vary only slightly 
from the velocity of saltwater. An observed gradient of 
0.4 sec1 was noted for all uncemented clays tested at 
room temperature and pressure. This gradient is 
slightly lower than the field gradient of 0.5 sec-1 or 
greater obtained by Hamilton. The low gradients re¬ 
ported here are undoubtedly influenced by sample dis¬ 
turbance including drained unloading as discussed in 
the next section. The work of Laughton (1957) shows 
that drained unloading can reduce acoustic velocity 
and also velocity gradient. 

For calcareous sediments as observed at Site 384, it 
is believed by Schlanger et al. (1973) that oozes con¬ 
vert to chalk below about 200 meters of overburden 
and to limestone at about 600 meters. Diagenetic alter¬ 
ation of the calcareous particles results in cementation 
during this burial process. It is most probable that ce¬ 
mentation is gradual and increases with subbottom 
depth as opposed to being confined to distinct layers as 
observed at other sites where cementing agents are 
present. The cementation process with depth should be 
apparent in the acoustic profile for Site 384 since ce¬ 
mentation influences acoustic velocity. The shipboard 
velocity data for Site 384 are shown in Figure 5 where 
the aforementioned velocity-depth relationship is 
shown for reference. Velocities to a depth of 140 me¬ 
ters fall slightly below the relationship observed for 
compacted clays. This difference in velocities may be 
the result of mineralogical or textural differences, but 
the exact reason is unknown. 

Below 140 meters, the velocities of carbonates are 
slightly greater than those of clays suggesting that this 
velocity increase may be attributable to cementation, 
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Figure 5. Acoustic velocity profile for 
nannofossil ooze/chalk at Site 384. 

although a density increase is noted at the same depth. 
From a depth of 140 to 200 meters, it is important to 
note that the rate of increase in acoustic velocity with 
depth is greater for calcareous ooze-chalk than for 
compacted clays. This trend would be expected as ce¬ 
mentation bonds and densities increase with depth. 
Unfortunately, acoustic velocity is not as sensitive to 
density and cementation variations with depth as other 
properties such as shear wave velocity. For improved 
sensitivity to property variations, shear wave velocity 
should be considered for use in DSDP to better define 
density, disturbance, and cementation changes at a site. 

Laboratory Test Results and Analyses 
Three core samples were taken from Site 387 for 

analysis of laboratory strength, compression, and other 
physical properties. Test techniques suggested by 
Lambe (1951) were used for all tests with only minor 
changes for soft marine clays. The samples vary in 
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length from 15 to 25 cm; therefore, the number of lab¬ 
oratory tests is limited. Summarized in Table 1 are ba¬ 
sic sample information obtained onboard ship and in 
the laboratory. All water content and index property 
data in the table are adjusted for salt content. Samples 
are designated by core and section number; for exam¬ 
ple, Section 1-6 refers to Section 6 of Core 1. Each 
sample comes from the bottom portion of the core. 

All samples are clays of high plasticity (CH) accord¬ 
ing to the Unified Soil Classification System (Terzaghi 
and Peck, 1967). They contain little or no calcareous 
material. The bulk unit weights from trimmed labora¬ 
tory test specimens vary from 1.45 to 1.53 g/cc and 
agree favorably with the shipboard bulk density deter¬ 
minations. Disturbance is a problem with these sam¬ 
ples, although it is not apparent from the radiographs 
which show homogeneous, unlaminated sediments. Vi¬ 
sual observations of trimmed specimens suggest that 
Section 1-5 is highly remolded and Sections 1-6 and 
2-5 are slightly remolded with some hairline cracks ob¬ 
served in Section 2-5. Test results are subject to these 
limitations, and disturbance effects will be discussed as 
they apply to measured engineering properties. 

Compression Results 
Five laboratory compression tests were performed in 

standard laborabory oedometers. Test specimens were 
approximately 2 cm high and 6 cm in diameter. Con¬ 
stant pressures were applied to the specimens for one 
day until the primary compression was complete and 
subsequent pressures were doubled up to a peak pres¬ 
sure of about 20 kg/cm2. Displacement versus time 
was recorded for all pressure increments. Unloading 
curves were also obtained for unloading periods of 
about four hours. 

Compression curves are presented in Figures 6 
through 10 with the void ratio-log effective pressure (e-
log p) format (Lambe, 1951) as used in geotechnics. 
Each curve shows the estimated in situ overburden 
pressure (pQ) and preconsolidation pressure (pc) which 
is reconstructed by the Casagrande (1936) technique. 
The slope of the virgin loading curve or compression 
index (Cc) and slope of the unloading curve or swell 
index (Cs) are shown for each curve. All of these data 
are summarized in Table 2. 

The compression curves show a few interesting fea¬ 
tures regarding the quality of samples and behavior. 
Section 1-5 exhibits a linear virgin loading curve, and 
there is no definitive break in the curve to indicate the 
precompression pressure. This behavior is typical of 
thoroughly remolded specimens (Schmërtman, 1955). 
Remolding tends to obliterate stress history and aging 
effects and provides slightly lower compression indexes 
than those for an undisturbed specimen. Lambe (1951) 
suggests that remolding also reduces the coefficient of 
consolidation. Both coefficients of consolidation and 
compression indexes are slightly lower for Section 1-5 
than for Section 1-6. These samples are from the same 
lithologic unit and suggest a greater degree of distur¬ 
bance for Section 1-5. 

Sections 1-6 and 2-5 exhibit some disturbance based 
upon the well-rounded shape of the compression 
curves; however, disturbance is not as extreme as that 

Cc = 0.94 

C. = 0.31 

Log P ikg/cm2) ×10 

Figure 6. Compression curve for Section 1-5. 

OTEST 1-6 A 

Figure 7. Compression curve for Section 1-6A. 

Figure 8. Compression curve for Section 1-6B. 
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for Section 1-5. Reproducibility may be checked since 
two compression tests were performed on adjacent seg¬ 
ments for these samples. In general, curves 1-6 A and 
B and curves 2-5 A and B are similar when superim¬ 
posed with only small differences in the compression 
parameters. This suggests that the test techniques and 
sample qualities were similar for each pair of samples. 
It does not imply that the samples were undisturbed. 

For perfect sampling, the in situ effective stress can 
be assumed to remain approximately constant, and no 
significant volume changes will occur. However, most 
DSDP core samples contained water voids or drilling 
mud between the sediment sample and plastic liner 
and are not perfect samples. Therefore, it is reasonable 
to assume these samples will expand when the in situ 
effective stress is removed during coring. The sample 
will expand in a drained mode with an uptake of water 
similar to that experienced in laboratory compression 
tests during the unloading stage. The data in Figures 7, 

8, and 10 show that for an effective pressure drop from 
20 to 0 kg/cm2 (equivalent to removal from about 300 
to 400 m sub-bottom) the accompanying volume in¬ 
crease is about 30 per cent. This volume increase will 
result in lower shipboard measurements of bulk density 
and shear strength and higher values of water content 
and porosity. As a result, shipboard physical property 
results should be interpreted with caution. Anticipated 
volume changes from effective stress removal should be 
zero at the sea floor where effective stress is zero and 
increase with effective stress buildup at subbottom 
depths as estimated above. Volume expansion from 
stress removal can only occur when excess water is 
available from coring. 

It has been shown that deep-sea sediments often be¬ 
have like over-consolidated soil. This behavior is not 
for the usual reasons of desiccation or erosional un¬ 
loading (Bryant et al, 1974), but is often explained by 
interparticle cementation. Also, it has been suggested 
that aging of slowly deposited marine clays (Noorany 
and Gizinski, 1970; Demars, 1975) may account for 
this overconsolidated behavior as explained by Bjer-
rum (1973). Overconsolidation is generally inferred 
from the ratio of preconsolidation pressure from oe-
dometer tests to the overburden pressure (estimated 
from sample depth and bulk density). A ratio greater 
than one suggests an overconsolidated soil, and less 
than one an underconsolidated soil. As observed in 
Figures 7 through 10, the ratios for all specimens are 
approximately one, which is typical of normally loaded 
clays. Unfortunately, coring disturbance and tempera¬ 
ture change probably influence the value of laboratory 
preconsolidation pressures, and these effects are un¬ 
known. Based on Bjerrum's work, deep water marine 
sediments should be aged and exhibit overconsolidated 
behavior. More work is therefore needed on the com¬ 
pression and strength behavior of slowly deposited and 
apparently aged clays. Further studies will require bet¬ 
ter quality samples and in situ measurement of engi¬ 
neering properties. 

Empirical correlations have proven useful for pre¬ 
liminary estimates of engineering properties. Several 
correlations exist for estimates of compression index 
from index properties such as liquid limit for land clays 
(Terzaghi and Peck, 1967) and marine clays 
(Herrmann et al., 1972) and plasticity index for marine 
calcareous clays (Demars, 1975). These relationships 
are shown in Figure 11 with the data from this study. 
It should be noted that remolding tends to reduce com¬ 
pression indexes, and this may have a slight influence 
on the test data. In general, there is very good agree¬ 
ment between these data and the relationship proposed 
by Herrmann et al. (1972) and Demars (1975) for ma¬ 
rine clays. The tendency has been for marine clays to 
be more compressible than land clays, which is appar¬ 
ently related to their different sedimentary environ¬ 
ments. 

Shear Strength 
A double-stage triaxial compression test (CIU) was 

performed on each of the three samples obtained at 
Site 387 in an effort to obtain the effective strength pa-
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rameters. It was desirable to consolidate specimens to 
stresses that are equal to or greater than the in situ 
overburden pressures to minimize the effects of distur¬ 
bance (Ladd and Lambe, 1963) and possible overcon¬ 
solidation. This procedure was used for Sections 1-5 
and 1-6; but because of equipment pressure limitations, 
this procedure was not possible for the first-stage test 
of Section 2-5. 

All samples were consolidated isotopically for 
about one day with the aid of radial filter drains. Sub¬ 
sequently, the samples were back pressured overnight 
at 1 kg/cm2 to insure saturation. The specimens were 
then sheared with measurements of deviator stress, 
confining stress, axial displacement, and pore water 
pressure. Following the first stage of testing, this proce¬ 
dure was repeated for a second stage at a higher con¬ 
solidation pressure. All specimens were sheared at a 
rate of about 1 per cent per hour with each stage 
strained to about 5 to 6 per cent. 

From the recorded data, axial strains and major and 
minor effective principal stresses (σλ and σ3) were de¬ 
termined. Using the effective principal stresses, the 
parameters 

and p = 

were determined for each level of axial strain. Thus, 
stress paths were plotted (Figure 12) so that the Mohr-
Coulomb failure envelope and effective strength pa¬ 
rameters could be determined (Lambe and Whitman, 
1969). In addition, the pore pressure parameters A and 
B were obtained, and they are summarized in Table 3 
with other strength information. The subscript / in Ta¬ 
ble 3 denotes failure which was defined as the peak de-
viator stress. 

From prior work (Demars, 1975), a back pressure 
of 1 to 2 kg/cm2 was considered adequate for insuring 
saturation of marine clays from sub-bottom depths of 8 
meters or less. Generally, pore water B parameters of 
0.95 or better and preferably 1.0 are desired to insure 
reliable pore water pressure measurements. As summa¬ 
rized in Table 3, less than desirable B parameters were 
obtained for Sections 1-5 and 2-5. These low B param¬ 
eters suggest that excess pore pressures and effective 
stresses are not accurately known and lend some confu¬ 
sion to interpretation of results. Nevertheless, the ef¬ 
fective friction angles and A parameters at failure for 
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Figure 12. Stress paths for double-stage triaxial compression 
tests. 
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TABLE 2 
Consolidation Test Data 

Sample 

1-5A 
1-6 A 
1-6B 
2-5A 
2-5 B 

Adjusteda 

Water 
Content 

105.2 
85.0 
83.3 
99.8 
92.9 

Void0 

Ratio 

2.86 
2.32 
2.26 
2.70 
2.51 

Comp. 
Index 

C c 

0.94 
0.92 
0.98 
1.70 
1.82 

Swell 
Index 

Cs 

0.31 
0.32 
0.25 
0.20 
0.24 

Precon. 
Pres. 
Pc Λ 

(kg/cmz) 

_ 
1.93 
1.86 
5.77 
6.33 

Overburd.0 

Pres. 
Po 

(kg/cm2) 

1.95 
2.02 
2.02 
5.29 
5.29 

Coef. of, 
Consol.. 4 

Cy X 1(T* 
(cm2/sec) 

0.0006 
0.0014 
0.0012 
0.0012 
0.0010 

aWater content adjusted for salt. 
bVoid ratio computed for saturated soil with specific gravity of solids, G s = 2.72 

(assumed). 
cOverburden pressure computed from Table 1 data with buoyant unit weight of 0.50 g/cc. 
^From average of two loads (on virgin curve). 

TABLE 3 
Double-Stage Triaxial Compression Results 

Section 

1 r 
i-J 

1 <-x 
1 - 0 

2-5 

Stage 

1 
2 
1 
2 
1 
2 

Consol.a 

Press. 
σc(kg/cm2) 

2.22 
3.30 
2.47 
3.16 
3.76 
5.64 

qf~ 
σ l ~ σ 3 

2 
(kg/cm2) 

0.64 
1.03 
0.82 
0.98 
1.61 
1.73 

pr 
σi + σ3 

2 

1.99 
3.13 
2.30 
2.92 
4.22 
6.34 

Pore water 
Parameters 

ßb 

0.75 
0.87 
0.99 
0.00 
0.41 
0.99 

Af 
0.68 
0.58 
0.60 
0.58 
0.35 
0.33 

Effective 
Friction 
Angle 

Φd 

19.2 

19.5 

15.9 

Ratio 
Qf/öc 

0.31 

0.31 

0.31 

aEstimated overburden pressures are listed in Table 2. 
b ß = Au/Aσc 
cAf- Au/∆σi for undrained triaxial test. 
<^The effective friction angle was determined for normally consolidated samples with the 

assumption that effective cohesion, c = 0. 

Sections 1-5 and 1-6 are similar or reproducible, even 
though different degrees of sample saturation were at¬ 
tained. For both samples, the values of A{ and Φ fall 
within the expected range for normally consolidated 
plastic clays. The A parameters are on the low side of 
expected values probably because of sample distur¬ 
bance. 

For Section 2-5, the effective friction angle is some¬ 
what lower than that for Sections 1-5 and 1-6, and this 
trend would be expected because of the greater plastic¬ 
ity of Section 2-5 (Kenney, 1959). The A parameter at 
failure of Section 2-5 is typical for a slightly overcon-
solidated clay; however, the credibility of this measure¬ 
ment is lacking because of sample disturbance and the 
low degree of saturation as indicated by the B parame¬ 
ters. Consolidation test results suggest that stage 2 of 
Section 2-5 should behave in a fashion similar to a nor¬ 
mally consolidated sample, but it actually behaves like 
a slightly overconsolidated clay. 

The ratio of strength (q{) to consolidation pressure 
(σc) can be determined from triaxial compression tests. 
This ratio is similar to the c/p ratio presented in Figure 
3. As shown in Table 3, the ratio 

q{/σc = 0.31 

exist for all three specimens. This compares with values 
of c/p less than 0.20 for shipboard vane shear strength 
values, but is within the expected range of 0.3 to 0.4. It 
is somewhat less than the ratios estimated by Skemp-
ton's relationship 

c/p = 0.11 + 0.0037 (PI) 

These strength values determined in the laboratory are 
considered to be a better, though possibly higher 
(Ladd and Lambe, 1963), estimate of in situ strengths 
than is obtained onboard ship since disturbance effects 
can be reduced with laboratory testing if the effective 
stresses are known. 

CONCLUSIONS 
1. The most significant factors influencing engineer¬ 

ing and physical property data are consolidation from 
overburden, sample disturbance from coring, and par¬ 
ticle cementation. Disturbance may include remolding 
of cohesive sediments or remolding plus water content 
change for granular sediments. Cementation results 
from silica, carbonate, and organic material. 

2. Volume increases of 30 per cent or more are pos¬ 
sible for compacted clays removed from 300 to 400 
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meters sub-bottom. Excess water is available from 
drilling mud or free fluid between sample and liner. 
This water contributes to volume increases from (a) 
drained unloading of samples in liner, (b) temperature 
expansion, and (c) thermal flow. Physical properties 
are determined for these expanded samples. 

3. The unadjusted velocity gradient for compacted 
clays is 0.4 sec1. This gradient is slightly lower than ex¬ 
pected field velocity gradients partly because of vol¬ 
ume expansion of test specimens and sample distur¬ 
bance. 

4. The velocity gradient for nannofossil ooze/chalk 
appears to increase with subbottom depth. This change 
is attributed to increasing cementation bonds with bur¬ 
ial as ooze converts to chalk. 

5. Compression tests reveal the samples to be nor¬ 
mally consolidated and not aged or overconsolidated 
as expected. However, volume expansion and sample 
disturbance possibly destroy aging and secondary com¬ 
pression effects. 

6. Compression indexes for deep marine clays com¬ 
pare favorably with established empirical relationships 
involving liquid limit or plasticity index for shallow 
marine clays. 

7. The ratio of strength to effective pressure (c/p) 
was 0.31 for the three normally consolidated triaxial 
compression specimens. This c/p) ratio is substantially 
higher than that determined from shipboard vane 
shear strengths, and it is typical of normally consoli¬ 
dated clays. 

8. Effective friction angles vary from 16 to 20 de¬ 
grees, and A parameters at failure are about 0.6. These 
values are typical of normally consolidated plastic 
clays. 

RECOMMENDATIONS 
1. Physical properties such as strength and acoustic 

velocity are dependent upon the effective state of stress. 
In situ duplication of effective stress can best be 
achieved in the laboratory, whereas disturbance as ex¬ 
perienced on ship severely influences effective stress 
state. A more vigorous laboratory test program is 
needed for representative in situ physical properties. 

2. Corrections should be made to shipboard physi¬ 
cal properties such as bulk density, porosity, and water 
content that are influenced by temperature expansion 
and drained unloading. It is reasonable at this time to 
suggest that part of the thermal effect may be ac¬ 
counted for by a correction in water content. It may be 
possible to develop tables or graphs for rapid correc¬ 
tions, but more research is needed on this problem be¬ 
fore a program is instituted. 

3. In situ measurement of strength with a penetrom-
eter or water content with a nuclear probe would pro¬ 
vide reliable data and help calibrate shipboard and 
laboratory measurement of these quantities. The elec¬ 
tronics for such a program are available onboard ship, 
and only the wireline tools need to be developed. 

4. A shear wave velocimeter should be developed 
for shipboard use to study disturbance and cementa¬ 
tion with subbottom depth. Shear wave velocity is 

more sensitive to disturbance and cementation varia¬ 
tions than compressional velocity. 
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