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FOREWORD

This report contains the results of shipboard and laboratory tests
to evaluate some index and other physical properties of cores taken by the
Atlantic Margin Coring Project, a 60~day expedition to obtain core samples
by drilling beneath the Continental Shelf and Slope of the eastern United
States. The coring took place in July, August, and September, 1976, aboard

the D/V GLOMAR CONCEPTION, and penetrated as much as 310 meters below the sea

floor at 19 sites (Figure 4) along the continental margin from Georgia to
Georges Bank off New England in water depth ranging from 20 to 300 meters.

A summary containing positions of the sites, shipboard operations,
and field descriptions of the cores recovered is given in Hathaway and
others, 1976, Preliminary Summary of the 1976 Atlantic Margin Coring Project
of the U. S. Geological Survey: U.S. Geol. Survey Open~file Report 76-844,
217 p., obtainable from:

Open~File Services Section
Branch of Distribution

U. S. Geological Survey

Box 25425, Federal Center
Denver, CO 80225

(Telephone: (303) 234-5888)

Sections of some cores were seiected for shore-based laboratory
triaxial and consolidation geotechnical tests. These results are presented
in U. S. Geol. Survey Open-file Report 78-~124s obtainable from the 0pen;File
Services Section.

The data presented in the report that follows below were obtained
from:

(a) shipboard tests including down hole density and on~deck
measurements of bulk density and simple undrained shear strength.

(b) laboratory tests by U. §. Geolocgical Survey personnel to

evaluate soil identification parameters.
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(¢) laboratory tests at the Marine Geotechnical Laboratory,
Lehigh University, where check tests on water content” and bulk density
were done.

Specimens for the tests in (b) and (c¢) above were retained as
disturbed samples from the coring program.

Other data relevant to the engineering properties of Atlantic
Margin sediments have also been collected as part of the Atlantic Margin
Coring Project, including triaxial compression tests, consolidation-
compression tests, response to cyclic loading and some other strength and
compressibility tests. An overall evaluation of all of these data, including
those contained in this report, is presently underway.

Users of this report should be cautioned not to take these test
results out of context. Two factors must be borne in mind. The first is
that these tests were done on somewhat disturbed samples compared with those
obtained through high-quality sampling programs onshore. Much disturbance
is inevitable offshore but the significance of the disturbance on these test
results has not yet been evaluated. The second factor is that these data are
only part of the total set available from this project. A complete analysis
of all data may lead to conclusions different from those based on this set
of data only.

This report was made in fulfillment of Contract 14-08-0001-15689

of the U. S. Geological Survey.

John C. Hathaway’

Dwight A. Sang:rey'lJ

Ly, s. Geological Survey
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INTRODUCTION

This report presents reduced shipboard geotechnical data
collected during the 1976 Atlantic Margin Coring Project; results
of laboratory tests of specific gravity, water content, bulk density,
and Atterberg limits; and sedimentation-compression e log p curves
showing consolidation. A description of the procedures used at
sea and in the laboratory and a short preliminary summary of the
shipboard results also is included.

The involvement of Marine Geotechnical Laboratory (MGL),
Lehigh University, personnel in the 1976 Atlantic Margin Coring
Project can be divided into two phases. In Phase One, the Lehigh
nuclear-transmission densitometer was rebuilt to process cores at
sea more rapidly than previously had been done in the laboratory,

the equipment was assembled and tested aboard the Glomar Conception,

and at-sea geotechnical measurements were made during the duration of
the cruise.

Data sheets were prepared for both unopened core sections
(Appendix III) and split-core samples (Appendix IV). Completed
data forms are on file at the MGL and at the Geological Survey
in Woods Hole.

Phase Two included reduction of the shipboard data, testing
of all geotechnical samples taken from cores split aboard the

ship, and certain other analytical work ashore utilizing the



geotechnical measurements. Water content and weight/volume bulk density .
tests were performed at the MGL. Specific gravity and Atterberg limit tests
and certain calculations were performed by Geological Survey personnel at
the Corpus Christi, Texas, laboratory.

During Phase One, 37 unopened, 1.5-m-long core sections were selected
by Lehigh personnel for subsequent static and dynamic triaxial and consol-
idation testing ashore. The disposition of these cores is controlled by
Geological Survey Project personnel; they are not further discussed in this
report.

A depth convention has been adopted in this report for the convenience
of labeling core sections and analyzing the data. Each 9.2-m-long (30 ft)
core liner had a ﬁaximum penetration depth referenced to the water-sediment
interface; these data are given in Hathaway, et al. (1976). Each 9.2-m-long
core liner was cut into six or fewer sections, each 1.5 m (5 ft) in length,
aboard the ship. To the maximum penetration depth, 0.2 m was subtracted to
obtain the depth at the bottom of the first 1.5 m section above the core
catcher. To obtain values at the bottom of the remaining 1.5 m sections, an
additional 1.5 m was added for each section. The depth of the bottom of each
core section was used for all values obtained using the nuclear densitometer.
Tests within core sections and samples collected from core sections were
assigned depths based on the location of the test or sample within the core
section. It should be clearly recognized that all depths within a 9.2-m-long

core are estimates of the true depth, which cannot be uniquely calculated



because of the uncertainty of the relationship of sediment contained
within the core liner to true in situ depths.

This report is considered to be preliminary because the author has
not had access to the final lithologic logs or paleontological results,
upon which a more accurate description of geotechnical results could be
based. It would be inappropriate to comment on geological hazards until
this information is made available,
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CORE QUALITY EVALUATION

After each 9.2-m~long core liner had been cut into six
1l.5~m-long sections and had caps placed over both ends, the unopened
sections were brought immediately into the ship's laboratory van,
where they were racked horizontally until tested for bulk density.
This nondestructive test preceded all other tests at sea. At the
time of the nuclear bulk-density analysis, the principal geotech~
nical analyst evaluated the core quality for later use when
analyzing the bulk density data. These evaluations may also be
useful to other scientists and engineers.

Four major core-quality categories were subjectively selected:
excellent, good, féir, and bad. "Excellent" denoted a 1.5-m—-long
core, contained in an unopened liner, that completely filled the
liner and appeared to be undisturbed. It should be understood
that many cores, particularly those largely composed of sand-size
materials, may have been severely disturbed in the rotary-drilling
process; nevertheless, if the core fully filled the liner when it
was inspected the core would usually be evaluated as "excellent',
unless it was known to be disturbed in which case a lesser quality
category would be assigned.- "Good" usually was applied to a core
that completely filled or almost filled its liner but showed
evidence of some disturbance. The usual signs of disturbance

were small cracks in the core. Much, but not all, of the core



would probably yield valid bulk density measurements. 'Fair"
was used for a core that only partly filled its liner, may have
had large cracks in the core, and which showed signs of being
severely disturbed. Small, short sections of the core, however,
might yield a valid bulk density measurement. ''Bad" denoted
disturbance sufficiently severe to indicate that only a very
small part of the core might yield a valid bulk density measure-
ment. Some cores were clearly disturbed to the extent that a
nuclear densitometer determination of bulk density would be
worthless; such cores were not tested aondestructively.
Core—quality information was logged on the nuclear densi-
tometer summary sheets that constitute Appendix IX. On these.
sheets, a core-quality evaluation intermediate between the major
categories was indicated by placing an "X" on the dividing-line

between categories.

SHIPBOARD GEOTECHNICAL TESTS

The basic shipboard geotechnical testing program is outlined
in Appendices I and II. The geotechnical flow of tests and
sampling was as follows: Torvane shear strength tests were taken
at the ends of suitable 1l.5-m-long core sections almost immediately
after the sections were cut from a 9.2-m~long core. A length of

about 50 to 100 mm of the core within its liner usually was cut



from the bottom l.5-m~long section, obtained from a 9.2-m~long
core, for salinity measurement and for subsequently water-content
and weight/volume bulk density measurement in a laboratory ashore.
Sediment contained in each unopened liner was nondestructively
analyzed for bulk demsity as rapidly as possible after the core
section was brought into the laboratory van. Each 1.5-m-long
core section was split into two halves along its axis. Laboratory
vane tests were made on suitable materials in the "working" half
and samples were taken for subsequent specific gravity and
Atterberg limit laboratory testing ashore. Methods of geotechnical
sample preparation aboard the ship are given inbAééendix V.
Bulk Density

Lehigh Nuclear-Transmission Densitometer -- The theory behind
the Lehigh laboratory densitometer, which measures the bulk density
of sediments contained within unopened core liners or barrels, has
been given by Preiss (1968) and Meyers, et al. (1974). A compari-
son, using the Lehigh model I densitometer, of bulk density
obtained from weight/volume measurements and derived from nuclear
measurements was made by Chough and Richards (1974). A model III
densitometer system was constructed for this project; general

system data are summarized in Table 1.



Table 1. Lehigh Nuclear-Densitometer System Summary

Source: 10 mCi 137cs

Source lead exit-port collimator: 6 mm diameter

Detector: Harshaw 7.6 cm (3 in.) square NaI(TL)-PM scintillation
detector

Detector lead entry-port collimator: 5 mm wide by 26 mm high

Gamma-ray beam path distance, collimator to collimator: about
230 mm

Multichannel analyzer: Northern NS-710, modified for up to a
10-s MCS dwell time

Analyzer dwell time: 6 s (corresponding to an axial core distance
of about 30 mm)

Spectrum gain stabilizer: Northern NS-409 (electronically
centered over the 137¢Cs photopeak)

X-Y recorder: Hewlett-Packafd 7004A (Legs 1 and 2 and part of Leg 3)
or 7044A (part of Leg 3)

Speed core translated through gamma-ray beam: 5.2 mm/s

Calibration: fluids contained in core liners

(distilled HZO’ CaCl,, ZnCl

p» Z0CLy)

Measurement accuracy: estimated to be a reading obtained from

the X-Y recorder graph T between about 0.03 (estimated best

case) and 0.06 Mg/m3 (estimated worst case)



Figure 1 shows the installation of the system in the laboratory
van. The core-translating carriage was elevated above the bench top
to avoid cutting a hole in the top for the motor assembly. In
operation, a core section was placed on supports in the carriage so
that the gamma-ray beam passed through the center of the core. The
carriage and core section could be translated in either diréction past
the source and detector by means of the rack attached to the carriage
and a geared-drive assembly mounted to a reversible, synchronous
stepping motor. The frequency of the current supplied to the motor
and X-Y recorder was continuously monitored; the frequency remained
almost constant.

Counts from the three calibration fluids contained in short
sections of core liner were stored in three-quarters of the active
memory bank of the multichannel analyzer. One-quarter of the memory
was used to record counts from a core section. This enabled the core
counts and the calibration counts to be inputted to the X-Y recorder
directly from the analyzer. Counts from the calibration fluids were
corrected using the Preiss (1968) formula to correct for the chemical
differences between fluids and sediments. Although the calibration
fluids covered only the range of 0.99 to 1.865 Mg/m3, subsequent to this
Project densities extending in range to well above 2 Mg/m3 were measured
in steel core tubes using the nuclear densitometer. When the densities
of the sediments in these liners were measured by conventional methods,

the higher densities determined by both methods were almost the same.
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Fig. 1. Lehigh model III nuclear-transmission densitometer installed in the Glomar Conception laboratory van.
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On the basis of this latter project, it is concluded that the
calibration can be extended at least to 2.5 Mg/m3.

The system functioned very well. Two problems in use were
encountered. The H-P 7004A recorder malfunctioned during Leg 3
of the cruise and was replaced with the spare H-P 7044A recorder.
The analyzer developed a minor active-memory malfunction that
necessitated reloading the active memory with calibration counts
more frequently than would otherwise have been necessary. Neither
of these problems are believed to have affected the quality of

bulk density measurements.

Test Procedure--Appendix VI outlines the Lehigh model III
nuclear-transmission densitometer test procedure. In brief, a
core was'placed on the carriage tray and the translating motor
started at the same time that the start-analysis switch of the
analyzer was turnéd on. The multiscale count (MSC) mode of the
analyzer was utilized and the logarithm of the count was stored
in the memory. After the core had been analyzed the contents
of the memory of the analyzer were inputted immediately to the
X-Y recorder.

An entire analysis, including set-up time, logging pertinent
data in a log book, and‘identifying the recorder graph, usually

took less than 10 minutes per 1.5-m-long core section.
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Data Reduction--The evaluated core quality was highly
variable, ranging from '"excellent" to 'bad''. More cores were
rated nearer the '"'bad" end of the scale than the ''excellent” end
(Appendix IX). It was assumed, for reasons given previously, that
it was likely that in the '"fair" and higher categories, and
possibly in the 'bad'" category, that at least one or more bulk
densities would have validity. Consequently, since each density
value recorded represented a core-section axial distance of about
30 mm, a single high value should have a relatively high probability
of being valid. As only one bulk density value per 1l.5-m-long core
section could be easily plotted using the 1 inch equals 100 feet
graph scale specified by the Project Director, it was decided to
select only the single highest value for each core section. This
value was recorded at sea on the working log sheet.

Ashore, all original bulk density records were reexamined and
the highest single values considered correct were plotted on the geo-
technical data graphs to be presented later, These data are tabu-
lated in Appendix IX together with the standard depth for the core
section calculated according to the procedure described previously.
In addition, a line was eye-fitted to each graphical record and an average
bulk density value selected. This average value is listed to the

right of the maximum value for each core section in Appendix IX. A
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comparison of the highest and average bulk density values from
"excellent" and "good" core sections would be instructive, but
this analysis has not yet been performed.

The rationale for selecting the maximum rather than the
average bulk density is twofold. (1) An individual density
value represents about a 30 mm length of core, which is consi-
dered to represent an adequate volume.for a valid
nuclear—-density test. (2) Only a portion of the sediment core
section may be of adequate quality to yield a yalid density
measurement in the more disturbed cores, and there is no
acceptable method to select satisfactory and unsatisfactory
sediment core sections for nondestructive analysis. On basis
of these conditions,it was concluded that the higher density
values had the greatest probability of being valid. With
greater analytical time available for data processing, perhaps
alternative methods such as utilizing the average density for
high quality core sections and the maximum density for poor
quality sections, might have been selected? The method chosen,
however, was expedient and is considered the best compromise

commensurate with the existing time and budgetary constraints.
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Shear Strength

Torvane--This device, manufactured by Soiltest, was used
extensively for the estimation of shear strength in materials
predominantly composed of silt-and clay-sized particles with not
too many sand-sized particles. For all tests, the sediment-sample
tested was reasonably confined. When a measurement was taken in
the end of a core»éection the liner contained the sample. When
measurements were made on half of a split core-section, the test
was performed above a core-liner support (Fig. 2) to minimize
lateral sediment movement during the test.

All Torvane measurements, originally made in engineering
units, were converted tb SI units at sea and all conversion data
were checked, and corrected if necessary ashore. In this report,
Torvane measurements on core ends and at right angles to the
core axis (Fig. 2) on split core sections are combined in the
data graphs. The test method is believed to be sufficiently
approximate, when performed by a number of different people, that
it was considered inappropriate to distinguish between axial and

perpendicular to the axis measurements. Data are in Appendix X.
Laboratory Vane——A Wykeham-Farrance vane-shear device,

motorized for a vane-rotation speed of 23 mrad/s (78°/min), was

used for all tests. The vane had the dimensions of 13 x 13 mm

- 13 -
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(0.5 x 0.5 in.); the standard 26 mm high x 13 mm diameter vane
could not be used because of the shallow depth of one-~half of a
core section. The springs furnished by the manufacturer were
calibrated before this investigation. It was not possible to
use a strain-gaged load cell in this study because the MGL load
cell was not designed for the stiff sediments expected, and there
was inadequate time to order or to build a load cell suitable for
the Project sediments. A detailed discussion on the conversion
of applied torque to shear strength is given in Appendix VII.
Test data were recorded on a special form (Appendix VIII).
Operation of the test is shown in Fig. 3. Tests were made
as close as possible to a core-section support, but even so some
lateral displacement of stiff sediments sometimes occurred as the
vane was inserted. Remolded tests were made by rapidly rotating
the vane back and forth a number of times and rerunning the test
as quickly as possible after the vane remolding. None of the
samples were hand remolded.
Very few of the tests can be considered to be of high quality.
The general coarseness of the sediment grain size, the shallow
depth of one-half of the core, and the lack of support underneath
the part of the core being tested all contributed towards generally
poor test conditions. Consequently, most sediment sensitivities
(ratio of the "undisturbed" strength to the remolded strength at
the same water content) probably should be considered conservative

estimates. Data are listed in Appendix X.
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LABORATORY GEOTECHNICAL TESTS

Tests Made by Geological Survey Personnel

Samples were collected at sea for specific gravity and
Atterberg limit tests, which were made by Geological Survey
personnel at the Corpus Christi, Texas, laboratory, The sediments
were not dried prior to testing. The liquid limit device was
motorized, the three-point method was used, and water contents were
adjusted with seawater. These data have been salt-corrected for
the measured salinity of the interstitial water reported in
Hathaway, et al. (1976). Specific gravity data were salt corrected
only where measured water-content data were available; uncorrected
specific gravity values will be about 0.0l or 0.02 units higher
than corrected values,

Replicates were run on limits and specific gravity values
judged to be unusual; apparently aberrant data have been checked
and confirmed according to J. S. Booth (1977, written communicatiom).
All data, relevant calculations, and formulas for salt corrections

are reported in Appendix XI.

Tests Made by Lehigh Personnel

The samples collected at sea specifically for water content
and bulk density were analyzed by Lehigh University personnel to
ensure that a minimum amount of time elapsed between the time
the samples were brought ashore and when they were tested. All

samples were protected against desiccation (Appendix V,
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preparation "B") and refrigerated until tested.

The water—-content tests were run following American Society
for Testing and Materials (ASTM) standard D 2216-71. Water-
content results were salt-corrected by Geological Survey personnel
in Corpus Christi.

The bulk density tests were made using the weight/volume
procedure described by Richards (1973) and Chough and Richards
(1974), in which a thin-wall, stainless-steel, right cylinder
27 mm in diameter and 40 mm long, having a volume of 23 cm3 and
one end sharpened, is forced into the sediment and the excess
material carefully trimmed away. The sediments tested were
sufficiently stiff that it was not usually possible to avoid
trapping a little air together with the sediment in the
tests. Such tests will have densities lower than they should
have. All weight/volume densities are reported, even though
most of them appear to be in error, because an inequivocal
procedure was not adopted to segregate good from poor or bad
tests.

Al]l data are reported in Appendix XI.

DOWNHOLE DENSITY LOGGING

A team from Schlumberger performed downhole logging opera-

tions whenever possible aboard the Glomar Conception. One of

the logs was a compensated-formation density (gamma-gamma) log.
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All density log data were copied by Lehigh personnel directly
from the field prints, plotted at the standardized scale of ome
inch equals one foot, supplied aboard the ship. One exception
was Hole 6002. The log from this hole was not plotted by
Schlumberger at the specified scale; consequently, data from a
field print made at a different scale were converted to the
standardized scale and supplied to Lehigh by Dr. Hathaway.
Determination of the depth scale for all logs was based on data
contained on the field print and water depths reported in

Hathaway, et al. (1976).
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SEDIMENTATION-COMPRESSION CURVE ANALYSIS

This type of void ratio - effective overburden stress or
pressure, or e log p curve is a very useful way of portraying the
state of consolidation in sediments. In ihe curves that will be
presented later, the following analytical procedures were used.

The effective overburden pressure, cgo (also p'), at any

depth was calculated from the general formula

o! =

vO i (Y - st) AZi €q. 1.

[T xc }= ]
o

where v is the measured bulk density, yg, is the density of sea-
water (calculated from the salinity to be 1.02 Mg/m3 for all holes
except 6009, which contained a brine of low salinity and where a
value of 1.01 Mg/m3 was used), Az; is the increment of depth change
between n and n-1 density measurements, and n is the total number
of depth increments in the core above the depth at which ¢, was

computed., Nuclear densitometer bulk density, vy, maximum values were

¥

used without extrapolation from core sections having core-quality
evaluations of '"'good" or "excellent". Void ratio, e, was calculated

using eq. 2, from bulk density

-G
= Y _s eqo
Yow = Y

e 2.

in which Gs is the specific gravity, which was not corrected for

salt content,

In all e log p calculations, it was assumed that the sediments

- 20 -



were normally consolidated, in the geotechnical sense, and did
not contain excess pore pressures above or below hydrostatic
pressure. In the e log p data-graphs presented later, the
equivalant water-content scale, which is related to the void
ratio, is based on eq. 3 calculations using a specific gravity

value representing the average value for each hole
Ge W
S

100 eq. 3.

e =

where w is the water content in precent dry weight, which was
not salt corrected.

There are at least three problems in the construction of
accurate e log p curves from the existing data. One is due to
restrictions imposed by the need to have all measured values, vy,

Gs’ and salinity, available at the same depth. The second is to
select valid density values. The third is to have a sufficient

number of data points to represent the in situ consolidation behavior
of the sediment for interpretative purposes. In this investigation,
only densities from core sections rated ''good" and "excellent' were
used. This probably was an unnecessarily conservative approach

that turned out to be partly self defeating because there were a
minimal number of density values for interpretative purposes. It has

not been possible to reanalyze all of the density data in this report;

this work, however, is underway and will be available at a later date.



RESULTS

Table 2 stipulates where shipboard and ashore geotechnical
data are presented in this report. The location of the holes
is shown in Fig. 4.

The principal data presentation is by data graphs, in which
geotechnical data are plotted with respect to depth for all
holes except 6005, 6006, 6016, and 6-18, where too few data
existed to warrant a graphical presentation. Data from these holes
appear in Appendices IX, and X, and XI. In Appendix XI, test depths
in sections indicated as ''top'" were plotted at O m, in a 1.5-m-long
core section, and 'bottom' values were plotted at 1.5 m, Data graph
figure numbers for individual holes are listed in Table 2, Symbols
used on the data graphs also are explained in Table 3.

The accuracy of the assumed depth below the seafloor assignments
made for all geotechnical data plotted in the data graphs is unknown;
however, all data, except the downhole densities, have a known
location in each core and core-section and thus the depth assignments
for individual values are directly comparable., It is estimated that
the accuracy of the depth assignments made for all of the data, exclusive

of the downhole densities, may be about one core length or * 10 m of the

values plotted on the data graphs. Depth values listed in Appendices
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Hole
6002
6003
6004-4B
6005-5B
6006
6007-7B
6008
6009-9B
6010
6011
6012
6013-13B
6014
6015
6016B
6017
6018
6019-19B
6020

6021-21C

Data
Graph,
Fig,

5

none
none
9
11
13
15
17
18
20
22
23
none
24
none
26
27

28

Table 2,

Sedimentation-
Compression
Curve,

Fig.

6

Nuclear Max.
§ Ave. Bulk
Density,

Appendix IX

X

no hole was drilled

8

none

none

10

12

14

16

none

19

21

none

none

none

25

none

none

none

none

X

none

_23_

Geotechnical Data Presentation

Tabulated
Physical
Property Data,
exclusive of
Shear Strength,
Appendix XI

X

Tabulated
Shear Strength
Data,

Appendix X

X

none

none



ATLANTIC MARGIN
CORING PROJECT
1976

Fig. 4. Location of holes.
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1
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| I W——
Km

Contours in meters

\
72°

Hole 6003 was not drilled.

(From Hathaway et al., 1976)
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Table 3, Explanation of Symbols Used in Graphs

Geotechnical Property Data Graphs

Plotted
Parameter Symbol Notes
Specific Gravity ®
Downhole Density copied from Schlumberger field
print; Hole 6002, see text
Bulk density
Maximum vaiue from core- . see text for discussion
section shipboard analysis
Value from laboratory o see text for discussion of low
measurement values, which are assumed incorrect
Water content
Liquid limit
Plastic limit
Combination water content A
and Atterberg limit
Shear strength
Torvane test e
Torvane test exceeding
value plotted ¢
Laboratory vane test, 0
"undisturbed"
Laboratory vane test, p
remolded
Sensitivity O from laboratory vane tests

Sedimentation-Compression e log p Curves

Data calculated from text

equations 1 and 2 a
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_9Z_

Hole

6002

6004-4B

6005-5B

6006

6007-78B

6008

6009-9B

6010

6011

6012

6013-13B

(1) Values are estimated from the data graphs,.

Data Over
Interval, m

6-180

7-290

Too few data to graph

Too few data to graph

24-231

4-117

9-204

8-235

9-146

7-199

36-233

Table 4,

Specific Gravity

2.38-2.58

2.60-2,75

2.68-270

2,62-2.69
2.65-2,71
2.54-2.75
2.52-2,71
2.66-2,71

2.63-2,70

ole Density,
(1)

Dow
Mg/m

1.50-2.34

1,69-2,32
1.81-2,28
1,56-2,37
1,53-2.34

1.88-2.54

Shipboard Density,
Mg/m3 (1)

Maximum,

1.30-2,16

1.52-1.96

1,32-2,33
1.91-2,24
1.78-2,45
1.81-2,36
1.57-2,30
1.75-2.28

1,73-2.44

Water Content, %

31-95

25-45
27-43
15-43
18-40
35-49
24-60

22-42

Range of Geotechnical Property Data by Hole

Liquid Limit, %

106-203

42-101

39-58
20-59
31-58
33-58
39-97
49-68

26-56

Plastic Limit, %

36-103

40-79

21-28
13-27
10-26
17-24
26-64
15-29

19-29

Shear Strength:
Lab. Vane, kPa

3-54

5-10

11-57

11

5-37

45

20-47

70-75

Shear Strength:
Torvane, kPa

2-67

7>96

5-101

16-27

19>96

7>91

25-45

10>86

14>91

Sensitivity:
Lab. Vane

4-9

3-4

1-5

.12

3-10
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Hole

6014

6015

6016-16B

6017

6018

6019-19B

6020

6021-21C

Specific Gravity

Data Over
Interval, m

62-102 2.63-2,68
42-63 2.66-2.71
Too few data to graph
13-90 2.61-2,72
Too few data to graph
1-70 2.55-2,76
7-43 2.66-2.70

4-196 2.62-2,74

Downhole Density,
Shipboard Density,
Mg/m® (1)

Mg/m3
Maximum,

- 1.77-2.42

- 2.01-2,36

- 1.88-2.41

- 1.21-2,27

- 1.80-2,22

1.75-2.28 1,70-2,29

Water Content, %

27

18

20-55

20-91

19-46

20-68

Liquid Limit, %

30-32

28-64

27-61

47-104

37-59

34-56

Plastic Limit, %

20-25

19-30

14-27

20-44

17-35

16-27

Shear Strength:
Lab. Vane, kPa

2-53

1-35

20-45

3-80

Shear Strength:
Torvane, kPa

5-43

90>91

3-67

11-60

5-91

Sensitivity:
Lab, Vane

3-7

3-5

2-6



IX, X, and XI are presented to the nearest 0.1 m only for ease
of identification; they must not be considered this accurate in
terms of in situ depth. The accuracy of the downhole densities
depth assignmments is not known.

Table 4 reports the range of geotechnical property v#lues
measured or computed for each of the 15 holes'having data graphs.
Caution must be exercised in using Table 4 because (1) some holes
have many data and some holes Have only a few data and (2) the
depths below the seafloor at which data were acquired are highly
variable from hole to hole; consequently, the range of data listed
may be considered indicative but not definitive. Despite these
caveats, several trends can be noted. The Miocene and Oligocene
calcareous silty clays in Hole 6002 have lower specific gravities
and densities and higher Atterberg limits than the non-calcareous
sediments in any of the other holes. The Miocene calcareous
sands and clays in Hole 6004-4B also show high values of water
content and Atterberg limits compared to Pliocene strata above
and Paleocene strata below, although fewer data exist from
this hole to document well this similar trend. Relationships
and geotechnical values of significance from individual holes

will be discussed later.
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occurring below about 183 m, was not geotechnically sampled. The
sediments of this hole (Fig. 5) are characterized by low specific
gravity and bulk density and high Atterberg limits and plasticity
index; water content data are lacking. Bulk density values,
measured by both the nuclear densitometer and the downhole tool,
show moderate scatter in the calcareous sediments. The downhole
tool densities in the limestone were relatively uniform within the
range of about 2.0 to 2.1 Mg/m3. A marked change in shipboard
nuclear density marks the boundary between the Upper and Middle
Miocene and between the Lower Miocene and Oligocene. The slope of
the sedimentation-compression curve (Fig. 6) is variable, following
a similar variation in bulk density. The major inflecti