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LAYMAN'S SUMMARY
Marine geotechnical data for North Pacific sediments

By A. F. Richards

This compilation of the geotechnical properties of pelagic sediment from
the North Pacific represents the most complete set of such data for this area
of the world's ocean. The area between So and l6°N and east of lSSOW has
been examined in greatest detail. This area is of great interest to mining
companies that are considering exploration of deep-ocean ferromanganese
nodules. The data should be useful in ascertaining the extent to which the

sea floor may be disturbed during mining.
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ABSTRACT

Geotechnical data from the published and unpublished
literature are compiled in SI units and tabulated in a standard-
ized format. Eight data sets are presented from a geographic
area approximately bounded by 5° and 32° north latitude and 120°
and 170° west longitude. The data exist in machine-readable form
in the data bank of the Marine Geotechnical Laboratory, Lehigh
University.

Individual geotechnical property data from cores collected
from DOMES sites A, B, and C--including cores collected from the
Deepsea Ventures mine site, are grouped and plotted against depth
below the seafloor. A least-squares regression predictor equation
for each grouped property related to depth is presented together
with related statistical data for the equations. Low correlation
coeficients for each of the predictor equations, except for
"undisturbed" and remolded shear strength, suggest that improved
predictor equations may result by grouping geotechnical data only
for similar sediment types, rather than considering data from
several large geographical areas grouped together without regard

to differing sediment types within the areas.



INTRODUCTION

The objective of this investigation was to compile existing published,
and unpublished marine geotechnical data in a standardized format, keypunched,
and entered in the Marine Geotechnical Laboratory (MGL) data bank at Lehigh
University. In addition, results of geotechnical analyses of DOMES and
Deepsea Ventures cores performed in the MGL were synthesized by developing
predictor equations for geotechnical properties of cores, related to a maximum
depth below the seafloor of one meter, collected from DOMES sites A, B, and
C, and from the Deepsea Ventures mine claim, which includes site C.
Geotechnical property data from cores collected on DOMES cruises RP-6-
0C-75 and RP-8-0C-76 and from cores provided by Deepsea Ventures, Inc. are
presented in separate chapters in this open file report. Data from eight
other sources are tabulated in this report. They are from analyses of cores
collected in an area of the deep seafloor approximately bounded by 5° and 32°
north latitude and 120° and 170o west longitude. This large area includes
pelagic clay, calcareous ooze, and siliceous ooze (Frazer et al., 1972).
More specific sediment data, which are related to metal content of pelagic

nodules for the area, are summarized by Hartmann et al., (1973).
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Keller and Bennett (1968) and Keller (1969) have reviewed
the distribution of sediments, shear strength, water content,
and bulk density for the entire North Pacific Ocean basin.
These studies provide a regional review that is useful for
orientation before considering the geotechnical properties of

the more limited area reported in this paper.

DATA SOURCES

Locations of cores from the eight sources of data are
given in Table 1. Some geotechnical properties were calculated in the
Lehigh MGL (Table 2) from the basic data that will be presented
later. Original data, to a depth of one meter below the seafloor, were
converted into the international system of units (SI) and key punched to be
included in the machine-readable data bank of the MGL. Richards
(1974) discusses the use of SI units and symbols in marine
geotechnology.

Geotechnical data from cores raised by the DOMES and
Deepsea Ventures cruises that were used in developing the
regional predictor equations (Table 3), which will be discussed
later, are from Richards (this report), Data from the eight
other sources are presented in Tables 4-11. Methods of core
collection, core storage, time elasping between collection and

testing, and data presentation may vary, sometimes significantly,
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from one data source to the next.

Arrhenius (1952) published geotechnical data resulting from
the Swedish Deep Sea Expedition (Table 4). His relative strength
measurements made by the Swedish fall cone were converted into
convention shear strength using the formula presented by Moore
and Richards (1962). Water content values were calculated from
salinity (chlorinity) measurements by Arrhenius (1952) from the
equation

w = 3,1 (S-26)
in which w is the water content in percent dry salt-free weight
for East Pacific eupelagic sediments and S is the salinity.

Cropper (1968) compiled geotechnical data from cores
collected from the vicinity of the Hawaiian Islands (Table 5).
Shear strength was measured using a motorized Farnell laboratory
vane rotated at 35°/min. Bulk density was calculated by Cropper
from the measured water content. The geotechnical data reported
by Belshé (1968) are included in Cropper's (1968) thesis as well
as in Table 5.

Lair and Sanko (1968) summarize data from cores raised west
of the Hawaiian Islands (Table 6). Shear strength was measured
using the Geonor fall cone. Cone penetration values were
converted into shear strength using the Hansbo (1957) tables.
Bulk density was calculated from the water content and specific

gravity measurements. Both void ratio and porosity were



calculated by Lair and Sanko (1968).

Lee (1973) performed triaxial tests on two box core
samples (Table 7). The core locations, which were not published,
were subsequently provided in a personal communication.

Moore (1962) published vane shear strengths and sensitivity
values from which the remolded strength was calculated in the
MGL (Table 8). The vane speed, and other parameters, was not
cited but assumed to be 6°/min.

Navy strength data obtained from the original National
Oceanographic Data Center (NODC) was presumably acquired using
a Wykeham Farrance laboratory vane rotated at 6°/min; this and
other geotechnical tests are believed to follow procedures
described by Richards (1961, 1962). Data from the tests is
presented in Table 9. Additional marine geotechnical data may
exist in the National Geophysical and Solar-Terrestrial Data
Center of the NOAA Environmental Data Service; however, they
are not yet available in a machine-readable form,

Noorany (1972) made triaxial tests on several box core
samples collected for Kennecott Exploration, Inc. (Table 10).
Two other cores raised about 2° north latitude (Noorany, 1971)
were not included because their low latitude placed them outside
of the area of maximum interest. Additional geotechnical analyses
of box cores collected from the area covered in this report are

understood to exist (Noorany, 1977, personal communication).
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Simpson (1975) summarized results of hand-held vane-shear
tests made at sea on box cores raised during the October-November
1975 DOMES cruise (Table 11).

Several other published data sources exist that have not been
utilized. Hagerty (1974) cites data from the study area, but
provides no locations. Hartmann et al. (1973) summarize geotech-
nical properties from cores raised with the study area, but neither
core locations nor specific properties related to depth are presented.
Horn et al. (1974) tabulate average grain size, bulk density, and
water content data, for different sediment types, but do not list
either properties from individual cores or shear strength data.
Geotechnical data reported by Tsurusaki and Hirota (1976) exist for
cores collected west of 170° west longitude.

PREDICTOR EQUATIONS

Individual geotechnical property data for each core were graphed
by a Calcomp plotter with respect to depth below the mudline, and
data from 40 cores were grouped on one graph for each property (Figs.
1-9). The 40 cores were collected from DOMES sites A, B, and C
(this report) and included data from Deepsea Ventures mine claim
cores (this report),

A least-squares regression line was machine-fitted to the data in
each graph. The equation of the line, and related statistical data,
is summarized in Table 3 for key geotechnical properties. In this
table, the median grain size, ¢, is given in phi units, which are

related to SI units by the equation:
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¢ = -log2 (diam. in mm)

The low correlation coefficient for all of the properties,
except ''undisturbed'" and remolded shear strength, indicates that
this method of analysis is not very satisfactory for most
geotechnical properties. This is probably because the properties
wi;hin large geographic areas are considered together without
regard to the probable different sediment types within each area.
The next logical step in this method of analysis would be to
group together sediments having similar geological prcperties and
then determine geotechnical predictor equations for each similar
sediment type. It is noteworthy, however, that apparently there
is a higher degree of uniformity of shear strength within areas
A, B, and C than for the other measured and computed properties
given in Table 3. At the seafloor surface, the sensitivity
(ratio of "undisturbed to remolded shear strength) computed from
the predictor equations is 3.4, which is a lower value than occurs
in Area A alone but about the same as in Areas B and C (Richards,
1977a and 1977b).
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Table 1. Location of Geotechnical Property Cores

Core No. N. Lat. W. Long. Water Depth, m Domes Site Reference
(uncorrected) Vicinity

51 15° 40°' 5 e 4300 c Arrhenius, 1952
53 15° 34t 1277 A%} 4725 C " "
54 i 5 o8 337" 25 4800 G 1 "
55 31°. 30" 129" 374 4916 " "
661003-1 21", 59+ 156° 59.5° 4750 Cropper, 1968
661003-2 2525 1561 56" 4825 " "
661003-8 22" 21" 155° 43' 4440 " "
661003-10 23" 43.5¢ 185° 25¢ 4133 " "
660622-1 23°. 16t 155° 30! 4425 " "
670123-3 18° 00! 156° 41" 4585 " "
670224-1 21° 40 156 27" 5375 " "
670224-2 21° 291 155° 54.5! 5700 " "
670224-3 20° B8¢ 155° 02" 5750 " "

670313-5 207 3%,8* 157" 271! 3980 & i



Core No.

670504-1

MR-4

MR-5

MR-6

MR-7

11-1

11-2

11-3

16-4

16-5

16-6

17-7

22°
22°
22"
22°
22°
22°
22°
22°
15°
17*
| i

20°

228

25"

- Lat,

31

S

28"

28"

3L

35

S1'

13.5°

42!

10!

105"

05.8"

05.5°

W. Long.

160°
155°
155°
155°
155°
155°
155°
1585°
160°
163°
169°
161°
163°

169°

160°

07’

24!

23!

ad?

28"

18

13!

09'

37!

40"

59"

28"

50"

27 451

20!

Water Depth, m
(uncorrected)

4435
4428
4371
4390
4390
4390
4393
4313
5550
5515
5266
4640
4720

4420

4775

Domes Site
Vicinity

Reference

Cropper, 1968



Core No. N. Lat. W. Long. Water Depth, m Domes Site Reference

(uncorrected) Vicinity
17-8 255 53¢ 1617 35! 4960 Lair & Sanko, 1968
17-9 31° 28" 160° 14! 5600 " "
A : 15% 32 126> 32" 4362 C Lee, 1973
B 15* 39" 126° 00* 4389 C " "
P06 a, b, c, d, e 32> 294 120° 41°' 3680 Moore, 1962
CK-1a 29° 24 153° 06" 5660 " "
N-3 (266702) 29° 55! 157% 58' 5681 NODC, unpublished
N-4 (266702) 30" 92 160° 26! 5542 " "
N-5 (266704) 30° 06' 149° 00' 5362 1 "
N-6 (266704) 29° 585 158% 47.5' 5667 i B
N-19 (31685) 13> 554 139° 56' 4758 B " "
9-4B 2* 36" 158" 37.5' 3164 Noorany, 1971
9-4C vl b & 188% 57.5' 4481 " "
9-5A 8% 36' 154°> 37! 5066 A Noorany, 1972
10-1 25 504 143" 58! 5514 L "

10-1c 23" 25" 144° 04.7' 5505 i i



Core No. N bt W. Long. Water Depth, m Domes Site Reference

(uncorrected) Vicinity
46-1 9° 20.7" 150° 50.7' 5009 A Simpson, 1975
46-2 9° 21.3! 150° 49.5' 5038 A " "
46-4 9 25.8" 150° 52.8* 5004 A " "
46-5 8 1.3 150° 51.4°' 4952 A " "
46-6 9° 24.0" 150° 49.9' 5073 A " "
46-7 9° 19.6" 150° 50.7' 4965 A " "
46-9 9% 20.0" 150° 48.4!' 4700 A " "
47-10 " .5 151° 10.9"' 4958 A " "
47-11 g° 2.5" 151° 10.6' 4905 A " "
47-13 9° 2.3 352 §1.2 4892 A " "
47-12 9° 3.5¢ ¥SL° 11,10 4861 A " "
47-14 9° 4.0' 151° 14.2" 4960 A " "
47-15 9° 4.8' 5 gl & W 4965 A " n
47-18 9° 4.8' I51° 9.4 4978 A " 0
48-19 g8° 16.5' ) gl 4 4896 A " "

48-20 8° 14,3 151° 14.3' 3637 A 2k 1



Core No. N. Lat. W. Long. Water Depth, m Domes Site Reference

(uncorrected) Vicinity
48-22 8° 16.0' 151" 11.3" 4967 A Simpson, 1975
48-23 g8 18.1° 151° 9.5 4993 A " "
49-24 & 279" 150° 46.7° 4881 A iz i
49-25 8" 28.5" 150% 44.5" 4859 A " "
49-26 8" 27.4° 150" 50,27 4826 A 1t "
49-27 8" 30.2 150° 47.8" 4892 A L "
50-28 8" 41.7" 150° 18.7' 3637 A " "
50-29 8° 43.8" 150° 18.7" 4887 A " "
50-30 8% 41.1° 150 15.1° 4786 A " "
50-31 8° 41.4!' 150° 15.0" '5824 A " "
50-32 8" 43.11 150° 14.1' 4806 A " "
51-33 11° 41.6" 139 11.0" 4740 B " "
51-34 11° 42.4! 139° 10.8' 4782 B " "
51-35 11" 4300 139° 8.9' 4771 B " "
51-36 117 43,77 339° 8.2 4771 B " "
52-37 1" 137" 139 9.9’ 4733 B " "

52-38 11° 14.9! 139 5.4 4790 B = "



Core No. N. Lat. W. Long. Water Depth, m Domes Site Reference

(uncorrected) Vicinity
52-40 11" 16.3° 139° 42 4720 B Simpson, 1975
52-41 311" 13.5 5. e e & 4711 B il "
52-42 27 315.5° 139% > 5.3" 4731 B L 0
53-43 11" 42.2° 138° 25.4" 4852 B " H
53-44 11* 43.3° 138° 22.4" 4855 B 0 i
53-45 311° 43.9" 138° 22.2" 4841 B 1 ’
53-46 311° 4.3 138° 21.2" 4788 B - A
54-47 12° 10.4' 137° 44.1° 4788 B % i
54-48 127 13.0" 137° 41.0" 4788 B " i
54-51 ol 137° 44.6" 4791 B o 8
54-52 127 B.67 137° 42.4" 4810 B u" L
55-53 11° 48.6' 137" 28.3" 3637 B # g
55-54 11° 50, B¢ 137" 26. 7" 4693 B H o
55-55 11° 48.2° 157" 26.3° 4715 B " i

55-56 11° 48.6" 137° 24.35" 3637 B i M
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Table 2. Calculated Geotechnical Properties

Property Symbol Calculation Notes
Void ratio e e = SW_ Assumed 100%
100 saturation

Porosit n n= 2

y s (100)
Liquidity index IL IL = wI- Wo

P
Plasticity index i I =w -w
P i B
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Table 3. Geotechnical Predictor Equations: Sites A, B, and C Combined (40 Cores)

1 Standard Exror Correlation Number
Parameter Predictor Equation of Estimate Coefficient of Data
Grain Size, % >62um 8.370 - 6,228 x 2 11.043 -.083 68
Grain Size, ¥ <2um 18.922 - 10.243 x 2 8.514 -.175 68
Median Grain Size, ¢ 8.119 - 0.159 x =z 0.319 -.073 68
Bulk Density, /m3 1.263 + 0.044 x =z 0.061 .089 120
Water Content, % dry weight 219.249 - 57.682 x z 56.694 -.139 520
Liquid Limit, % 146.334 + 27.059 x 2z 36.348 w82 78
Plastic Limit, % 79.935 = 10.857 x z 27:.5602 -.059 78
Shear Strength, undist., kPa 4,432 ¥+ 13.215 % z 4.840 .346 132
Shear Strength, remold., kPa 1.313 + 3.010 x z 1.554 e 332

z = depth below seafloor in meters.
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Arrhenius, 1952
Cote 51

Specific Gravity = -

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mn 2pym 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbenate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, i %
¢ % % kPa kPa
0 1.35 150 4.64 47 2
110 1.26 191 6.42 58 2
170 1:28 187 5.89 57 1
230 1.28 187 4.31 57 1
330 1.28 187 593 57
440 1.28 183 5.08 56
530 1.28 180 5.89 55 1
630 1.28 183 6.89 56 1
730 1.28 187 5.55 55 1
830 1.28 180 5.84 1
920 1350 172 8.43 53 it




Arrhenius, 1952

Core 53

Specific Gravity =

Depth, %< %  Median Bulk
mn 2ym 60um grain
diam.,

¢

100
200
300
400
510
620
720
780
900
1000

Core 54
Specific Gravity = -

0
100
200
390
500
580
690
790
900
980

densi
Mg/m

Pt pd e et e b e pd e

Pt bt b e et e ped ped ped

.28
<25
.26
«25
.28
.26
<23
« 23
<23
«25

.26
. 25
+23
25
52D
i
225
" 23
.23
« 23

gy,

Water Content,

weight ratio ity,
[

?

187
217
202
215
187
151
272
283
239
224

209
254
250
272
242
276
246
235
246
257

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit,

D %

city
index,
%

ity
index,

strength,
undist. ,

kPa

20
45
32
26.
27
23
24.
24
27
23.

Vo lNVoRN T, NN IR, BN S 54 B = e o I S

.68

24

.80

05
91
22
90

32
29

22

.64
S
.98
+55
.64
.84
495
«55
1
.24

Shear Sensi- Salin- Calcium

strength tivity ity, Carbonate,

remolded, " %

kPa

57 60
65 52
61 48
64 57
57 54
58 54
80 38
83 32
71 . 49
67 55
63 1
75 1
74 0
80 1
72 0
81 1
73 1
70 1
73 1
76 1
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;Arrhenius, 1952

Sore

im

20
70
170
190
300
380
450
530
600
700
800
900
1000

55

Specific Gravity = -

diam.,
¢

Jepth, %< %> Median Bulk
2um 60um grain densi
Mg/m

Pod pud fod e ek el (el fond fed et putd ek b fed

« 23
=25
w23
25
- 25
v 23
« 23
.23
235
- 23
- 235
o 25
.23
- 23

EY.

Water Content, Liquid Plastic Plasti- Liquid- Shear

% dry Void Poros- limit, limit, city ity strength,

weight ratio ity, % % index, index, undist.,

% kPa

254 11.63
279 5.84
283 1.48
29% 2.92
346 1.15
276 2.06
279 28912
283 2.78
302 4.40
298 4.84
255 4,12
261 4.64
239 782
246 4.6

Shear Sensi- Salin- Calcium

strength tivity ity,
remolded, ik

kPa

75
82
83
85
99
81
82
83
88
87
70

71
15

Carbonate,

bt b e e © O O = e O e b e
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Cropper, 1968
Core MR-3

Specific Gravity =

Depth, %< % Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain density, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m‘5 weight ratio ity, % % index, index, undist., remolded, g %
) % % kPa kPa

13 -

38 1 .43 193
114 S 6.5 1.60 4.55

190 1 457 6.48

267 16 7.0 1.56 102

336 1.54 13565

362 7 4
400 1.54 92 46 46 15.58

419 40 11 7.4

457 1.48 109 46 63 20.89
#8332 18 6.8
502 1.35 156 153 87 66 120 38.68
B8 17" 31 5.5
572 1.33 168 178 100 78 0.9 99.99
578 4.1

654 L.3E 177 174 137 5 10




Cropper, 1968
{Core MRr-1

| Specific Gravity =

iDepth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
{ mm 2pum 60um grain densi&y, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, Plex %
s % % kPa kPa

13 8.0

38 1.44 139 .83
2114 1.46 119 1.42
| 190 1.51 101 2.50
7267 37 1.4 1.6l 90 5.87

387 7.8 1.55 84 70 34 36 1.4 6.90

259 9 1 6.4 1.57 77 82 36 46 2.0 7.29

590 47 6

718 8.3

| 762 1.44 114 > 37 55 1.4 9.01

794 7.4

| 914 1.42 110 89 35 54 1.4 16.27




Cropper, 1968
| Core MR-6

ZSpecific Gravity =

|

%Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
{ mm 2um 60um g?ain densigy, % @ry Voi§ ?oros- liTit, limit, ;ity @ty strgngth, strength tivity igy, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, /o %
¢ % % kPa kPa

B 7.6

38 1.43 133 2.24
i114 1.49 112 4.34
!190 7 6.4 153 97 4.96
| 267 1.55 94 5.52

356 14 5 A 1l.63 78 83 40 43 0.9 7.80
1470 20 11 7«2 1.48 95 89 39 50 : 1% § 1438
ISSJ 30 10 649 1.51 100 102 43 59 126 Ll 340
‘blﬁ 24 6 6.5 67
| 667 1.32 185 191 32.89

724 1.34 .59 174 172 2 -0.5 85.15




Cropper, 1968
Core MR-5

Specific Gravity =

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2ym 60um g?ain densigy, % qry Voi@ ?oros— limit, limit, gity @ty str?ngth, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, Tas %
) % % kPa kPa

13 7.5

51 1.50 1525 372

114 Y53 115 4.96

190 1.55 2 )15 5.93

203 23 !

267 1.53 92 8.62

318 5 5

356 6.5 1.38 X 88 28 60 UINY 979

457 7 a2 1.68 104 86 35 51 1.4 12.06

495 33 3

559 19 3 6.4 1.50 94 28 36 577 1.0 12.89

610 24 S 6.5 1.50 103 102 33 69 1.0 16.41

673 24 5 5B 1.40 134 54 69.77

762 £.33 228 180 90 90 1.5




Cropper, 1968
|Core MRr-4

Specific Gravity =

| Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
| mm 2um 60um g?ain densigy, % er Voi@ ?oros- li?it, liTit, ;ity %ty strgngth, strength tivity iEy, Carb?nate,
diam., Mg/m weight ratio ity, % % index, index, wundist,, remolded, Love %
) % % kPa kPa
33 7.6 :
64 1.47 116 3237
»ll4 150 103 6.55
i190 1.56 91 Te3d
1267 1.56 95 11.58
336 1.63 71 75 A 48 0.9  EO 255
371 31 1 s,
| 381 92 6.3
1464 3.72 87 37 13.30
498 10 38 7.0
590 1.52 o1 91 39 52 3 15.86

1625 12 6 8
1679 16 10 7.4

1718 1.49 108 116 41 75 0.9 17.37
[ 772 1.44 146 156 48 108 0.9 33.99
784 20 31 5.9

| 52.33

|832 1.33 181 182 163 19 1.0
|

8




‘Cropper, 1968
Core MR~2

Specific Gravity =

—— e

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium

mm 2um 60pm g?ain densigy, % er Voi§ ?oros- limit, limit, gity @ty strgngth, strength tivity iEy, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., Tremolded, - - %
¢ % % kPa kPa

E3 7.4

38 1.50 114 2.55
1114 1.55 96 5.10
1190 13 6.5 1.57 100 6.14

267 1.54 96 7.45

336 78 48 el T2
' 406 7.2 9 45 45 13,17
508 6.8 133 65 68 30.06
%590 6.2 187 135 52 42.06
1648 58 168 160 8




e age

| Cropper, 1968
Core

Specific Gravity =

661003-10

Depth, %<

mm

38
114
| 190
267
343
419
| 495
572
648
724
749
800
876
L 927

54

31

50
29

24

Median Bulk
2um 60um grain densi
diam.,

9

7

(o]
(=]

Mg/m

~ O @
~

o

N o
P
Pod Pt pod ek et ped e fd et e

o

-«
S
B S
.40
«36
.43
.47
«52
w3
v 32

-

§Y:

Water Content,
% dry Void Poros- limit, limit,
weight ratio ity,

98

91

99
149
164
125
108
106
202
214

195

—
O NN N -

wn
=

Liquid Plastic Plasti- Liquid- Shear
strength,
undist.,

kPa

Sy
w O

10
.48
.24
33
.34
.20
S
93
<17
.38
07
.58
16.

L3

Sensi- Salin- Calcium
strength tivity it
remolded, "

Carbonate,



Cropper, 1968

Core

670123-3

Specific Gravity =

Depth, %< %> Median Bulk
mm 2um 60um grain densigy,
diam., Mg/m
¢

38 5.8 1.30
114 37 17 6.5 k2
190 22 1S 16:5
267 25 14 5.6 3.37
343 142
419 19 9 5.8 L.5%
495 1.47
572 20 5 6.0 1.42
648 20 5 6.0 I .38
692

Water Content,

weight ratio ity,

228
269
260
157
146
177
111
148
158

%

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit,

%

%

city
index,

%

ity
index,

strength,
undist.,

N =SS

kPa

.96
.83
.38
.58
s O
.69
.45
.65
293
<96

Shear

strength

remolded,
kPa

Sensi- Salin- Calcium

tivity ity,

o
/OO

Carbonate,
%



|
{

Core

]

mm

38
114
190
| 267
305
343
419
495
| 572
610
L 660

| Cropper, 1968

670224-3

' Depth, %<

29 7
Dl DD
15 47

Specific Gravity =

¢

6.
6.

(U2 o]

(o]

Median Bulk
2ym 60um grain densi

diam., Mg/m

Pt e o el

Pt e fed pd

.26
o) |
.26
.18

«19
.14
2N
.16
« 16

EY;

Water Content,

% dry Void Poros- limit, limit, city ity strength,
weight ratio ity, % % index, index, undist.,
% % kPa
285
300 .24
359 .36
462 & T2
383 1597
478 1.43
413 1.68
473 % 0 )
469 1 a4

= 24 -

Liquid Plastic Plasti- Liquid- Shear

Shear

strength

remolded,
kPa

Sensi- Salin- Calcium

tivity ity,
°
/oo

Carbonate,
%



;
\

Cropper, 1968

Core

670224-2

Specific Gravity =

Depth, %<

mm

64
114
190
267
305
343
419
495
572
648
724
800
876
952

34

28

24

29

18

32

26

10

33

28

48

57

diam.,

¢
6.4

6, 7

Median Bulk
2um 60um grain densi

Mg/m

L I T T R S e e e o S

<35
.30
81,
A
S
.24
.19
219
il
.18
.18
.14
o 2
it

§Ys

Water Content,

weight ratio ity,

170
206
330
333
189
335
349
3535
347
396
387
283
376
365

%

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit,

%

%

city
index,

%

ity
index,

strength,
undist.,

=N W

08 IS R s LY. BN PR IS TR |

kPa

<19
w5
62
SE7

.86
.86
052
$52
.86
.69
.96
. 4

.58

Shear

strength

remolded,
kPa

Sensi- Salin- Calcium

tivity ity,
“Fou

Carbonate,
%



|
|
|
; Cropper, 1968
{

'Core 670224-1
Specific Gravity =

Depth, %< %> Median Bulk

mm 2ym 60um grain densigy,
diam., Mg/m
$
38 23 28 5.1 1.44
114 38 1% &.2 1.24
190 ? 1.23
| 267 22 6.6 1.25
| 343 3 36 5.4 1.19
1419 1.20
495 7 SR o S T 1.24
572 1.27
| 648 1.31
| 724 1.37
' 800 52 6 6.7 1.49
927 &5 30 . 5.7 1.18
|

Water Content,
% dry Void Poros- limit, limit,
weight ratio ity,

134
324
522
340
282
365
274
276
240
193
125
352

% %

]

ARG

city ity
index,

index,
%

PRA NN NN N NW

Liquid Plastic Plasti- Liquid- Shear
strength,
undist.,

kPa

.05
.96
.48
.41
62
.96

82

L7
it D
<52
.90
+90

Shear

strength

remolded,
kPa

Sensi- Salin- Calcium

tivity ity,
)il #%

Carbonate,
%



Cropper, 1968
Core 661003-8

Specific Gravity =

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., Tremolded, o %
) % % kPa kPa
13 6.9
ol Y72
70 ’ 1.52 100
105 3.65
121 1.56 95
159 SRR
178 53 1 78 1.63 79
210 6.14
229 .57 94
260 10.48
283 4 1 7.6 1. S7 92
305 12.41
336 .52 99
356 12.00
400 34 1 Tk 1.40 150
419 36.54
470 ' 99.99
495 5 5 Seid 1.24 194



i

} Cropper, 1968
g .
|Core 661003-2 (continued)

| Specific Gravity =

Depth, %< %> Median Bulk

mm 2um 60pm grain densi&y,
diam., Mg/m
¢
533 19 7 e D 1.50
565
584 1.47
| 597
| 686 36 2 6.9
l 698 1.46
762
| 775 36 i: 70 k.59
‘838
{ 864 E.52
i 914
| 940 32 1 6.4 1.49

| 991

Water Content, Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit, city ity strength,
weight ratio ity, % % index, index, undist.,
% % kPa
106
6.62
112
4.69
11,65
98
20.27
87
12.00
103
11,65
108
TS

Shear Sensi- Salin- Calcium

strength tivity ity,
remolded, it
kPa

Carbonate,
%




Cropper, 1968

| Core  661003-2
Specific Gravity
|

EDepth, %< %

| mm 2uym 60um grain
diam.,
¢
38
64 6.7
i 102
114
152 40 2 il
190 7.4
229 7.4
254
267
292 7.6
305
330 30 2 6.4
343
381
419 T2
444
470

Median Bulk

densi&y,
Mg/m

Water Content,

weight ratio ity,

197
207

244
247

227

189
186

%

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit, city

%

% index,

%

- 20

ity strength,
index, wundist.,
kPa

<62

«55

«55
k31

v 2

Shear Sensi- Salin- Calcium

strength tivity ity,
remolded, i R
kPa

Carbonate,
%




Cropper, 1968
Core 661003-1
Specific Gravity =

Depth, %< %> Median Bulk

mm 2pm 60um grain densigy,
diam., Mg/m
¢
k3 6.0
38
60 ' 1.48
89
108 1.47
140
159 1.48
184
210 1.56
235
248 157

298 5.0

Water Content, Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit, city ity strength,
weight ratio ity, % % index, index, undist.,
% kPa
e
129
1.45
130
1.86
113
4.90
96
4.14
97

Shear Sensi- Salin- Calcium

strength tivity it
remolded, S
kPa

Ys
/oo

Carbonate,
%




Cropper, 1968
lore  660622-1

Specific Gravity =

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
nm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, = %
® % % kPa kPa

13 51 8.0 1.44 126 .76

64 1 .52 106 2.14

114 1.52 97 5. 65

190 1,58 87 4,76

267 15 6.8 L7 93 4.76

343 1.54 95 4.55
419 1.56 92 4.55

495 17 6.8 1 .52 89 6.69

572 1.49 104 7 45

660 Ea50 106 8.82

724 1 .58 105 9.44

800 1.50 15 8.89

876 8 6.3 152 188 9 .24

o ol 1




Cropper, 1968
Core MR-7

Specific Gravity =

Depth, %< %> Median Bulk

mm 2um 60um grain densigy,
diam., Mg/m
¢

13 76

38 L.45
114 1.49
190 16 1 6.7 1.54
267 1.58
343 23 T .56
419 1.54
495 1.54
572 1.51
648 7 6.5 1.50
724 1.50
800 28 1 7.3 ¥..50
876 1356
952

Water Content,

% dry Void Poros- limit, limit, city ity strength,
weight ratio ity, % % index, index, wundist.,

% % kPa
131 62
107 1,58
99 2.14
94 4.69
91 7 20
92 9.65
89 13.03
97 « F1 .17
106 11,65
106 13.24
103 18..27
109 11.65
17 0

oAV

Liquid Plastic Plasti- Liquid- Shear

Shear Sensi- Salin- Calcium
strength tivity ity, Carbonate,
remolded, Lon %

kPa




}Cropper, 1968

|

‘Core 670504-1
?Specific Gravity =

ZDepth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium

| mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
1 diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, “Fou %
) % % kPa kPa

38 18 55 2.8 1.47 125 2.00
. 102 41 19 6.2 1.55 78 27.16
L 152 176 67 15 .72
F 197 1.68 70 1227
E 241 30 28 5.0 1.68 69 26.20
; 279 32 19 5.9 1,52 88 30.61
330 30 24 53 159 69 35.97
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Specific Gravity = 2.56

Depth, %< %> Median Bulk

mm 2um 60um grain densigy,
diam., Mg/m
¢
50 5.6 1.62
250 1.62
350 9.2 1.34
1000 9+2 E.37
4
| Core 11-2
1
l Specific Gravity = 2.60
i
100 8.6 1.34
500 8.8 ¥ .32
! 1000 B 1.35

Water Content,

68
66
141
125

1357
165
145

(08 N BN S

(]

[

weight ratio ity,

.74
.69
.61
.20

.56
29
ST

64
63
78
76

78
81
79

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit,

) )
% %

AN e

city

index,

%

ity strength,
index, undist.,
kPa

9,02

Shear

strength

remolded,
kPa

Sensi- Salin- Calcium

tivity it
o

Ys
/oo

Carbonate,

o,
0



Lair & Sanko, 1968

‘COIG 2%

' Specific Gravity = 5 ¢»
' Depth, %< % Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
| diam., Mg/m weight ratio ity, % % index, index, undist., remolded, A %
¢ % % kPa kPa
50 8.3 L.47 97 2.54 72 5.4
; 500 81 1.48 92 2.41 69 27 .56 0.0
Core 16-4
Specific Gravity = 282
400 9.1 LS8 136 3.84 79 4,22
700 9.8 1.33 160 4.51 82 2.94
' Core 16-5
| Specific Gravity = 2.79
100 73 1.48 100 279 74 5.59
200 6.4 1.61 70 1595 66 2.84
600 B2 1.38 136 5378 79 13.73
| 1000 8.9 1.40 126 3.52 78 8.04

BT 1y



Lair & Sanko, 1968

Eore 16-6
Specific Gravity = 2.76
Depth, %< %> Median Bulk
mm 2um 60um grain densigy,
diam., Mg/m
@
250 10.4 1.43
500 10.3 1.39
1000 8.9 1.41
Core 17-7
Specific Gravity = 2.86
30 7.9 1 15
70 6.5 1.49
130 .51
170 1.41
220 1.42
280 7.6 1.38
320 8.5 1.25

Water Content,
% dry Void Poros- limit, limit,

weight ratio ity,

115
L2
116

127
100

95
126
118
136
221

w1 B

()RR O2 BN TR ST S R ¥y

T
sk
.20

.81
.86
72
.60
.37
.89
oL

76

78
76

85
74
73
78
74
80
86

Liquid Plastic Plasti- Liquid- Shear

0
o

0
o

city
index,
1)

°

gt =

ity strength,
index, wundist.,
kPa
7.94
12.55

Shear

strength

remolded,
kPa

Sensi- Salin- Calcium

tivity ity,
o
/OO

Carbonate,

0,
o



Lair & Sanko, 1968
Core 17-8
Specific Gravity =

Depth, %< %

2.83

Median Bulk

mm 2um 60pm grain densi
diam., Mg/m
¢

50 8.6 1.26
100 8.3 1.25
140 8.5 .25
200 12 k.31
240 7.4 1.38
280 75 <35

Core 17-9

Specific Gravity = 2.49
100 10.8 1.47
500 10.4 1, 32

1000 10.0 1.28

EY:

Water Content,

213
219
224
17%
L3
151

95
152
179

S NSO

S~ W

.03
.63
.34
.84
.88
w2l

S
AT
.46

weight ratio ity,
[4)

86
90
86
83
79
81

70
79
81

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit,

0
% %

city

index,

D
?

- 48 -

ity strength,
index, wundist,,
kPa

38
2
.90
.03
81

55
49

(o]

25
46

40

«26
.02
I

Shear

strength

remolded,
kPa

tivity it
o

Ys
/oo

Sensi- Salin- Calcium

Carbonate,

o
o
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lee, 1973
Core A

‘Specific Gravity =

(o]

76 52
229 56 6

Core B
Specific Gravity =

76 517 5
229 57 4

Depth, %< %> Median Bulk
mm 2um 60um grain densi
diam.,

¢

Water Content,

% dry Void Poros- limit, limit,
weight ratio ity,

%

Liquid Plastic Plasti- Liquid- Shear
strength,

Shear
strength

remolded,

kPa

Sensi- Salin- Calcium
tivity it
-]

Carbonate,
%



| Moore, 1962
wore P06 a, b, c, &, e
Specific Gravity = -

Depth, %< %

Median Bulk

m 2um 60um grain densi
diam., Mg/m
(o
96
287 66 0 9.0 131
476
668 63 0 9.0 1.32
858
Core CK-1A
Specific Gravity = -
75 76 2 5.1 1.45
575 77 5 9.6 1.44

Water Content,
% dry Void Poros- limit, limit,
weight ratio ity,

EY:

Liquid Plastic Plasti- Liquid- Shear
strength,
undist.,

kPa

NN =N -

17
e 22
.63
RS
.48

.54
s 19

Shear
strength
remolded,

kPa

COOOO

)

- 92
.82
.46
.68
$dS)

.50
«30

Sensi- Salin- Calcium

tivity ity,

W LN W

<16
AL
.54
.41
.32

.08
<97

Carbonate,

0,
o
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NODC, unpublished

Core N-3 (266702)

Specific Gravity = -

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mn 2ym 60pm grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist,, remolded, a1 %
¢ % % kPa kPa

95 107

220 104

300 1.42 104 3.24

400 106

500 99

600 1.44 100 2.84

700 105

800 110

900 1.42 106 4,53

975 102

Core N-4 (266702)

' Specific Gravity = -

| 100 1.47 94 2.94
- 200 47
300 107
. 400 1.44 99 3.42
500 . 102
[ 600 104
700 1.44 104 4.12
800 101
900 97
1000 1.44 104

] .



NODC, unpublished

Core N-5 (266704)

Specific Gravity = -

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., Tremolded, *Pox %
) % % kPa kPa
45 121
125 1.43 15 g 0.20
205 108
\ 300 110
| 400 1.43 114 0.20
t 500 121
. 600 105
| 700 1.44 106 0.29
| 800 100
i 900 96
| 1000 1.48 99 0.29
iCore N-6 (266704)
i
Specific Gravity = -
L 50 114
} 135 1.46 99
210 101
300 . 103
400 1.47 105 245
500 80
600 103
700 1.44 105 392
800 116
900 108
1000 1.44 110 : 1.67




NODC, unpublished
Core N-19 (31685)

Specific Gravity = -

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, 1index, wundist., Tremolded, G JAS %
¢ % % kPa kPa

25 1.24 242 .37

125 224

225 L7 204 4.51

330 202

435 213

485 1,27 196 4,22

585 193

700 197

765 L.27 199 5.00

865 211

965 189

A - o
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Noorany, 1975

Core 9-5A
Specific Gravity =  2.66
Depth, %< %> Median Bulk
mm 2um 60um grain densi
diam., Mg/m
¢
305
Core 10-1
Specific Gravity = 2.83
305
Core 10-1c
Specific Gravity = 2.82

305

BYr

Water Content,
% dry Void Poros- limit, limit,

weight ratio ity,

247

123

118

6.

3.

5

57

48

5%

87

78

T4

Liquid Plastic Plasti- Liquid- Shear

%

210

102

- B8 .

city
% index,

%

ity strength,
index, wundist.,
kPa

6.86

3.92

3,92

Shear Sensi- Salin- Calcium
strength tivity ity, Carbonate,
remolded, g’ PN %

kPa

1.96 3.50

1.96 2.0

1o57 2.58



Noorany, 1975

Core 9-4B

Specific Gravity = 2,67

Oepth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, g e %
¢ % % kPa kPa

305 111 2.96 75 43 12.26 15 37 10.48 88
Core 9-4C

Specific Gravity = 2.76

305 88 2.43 7l 56 1573 2, 6.51 93

. -



se010) (5.61) uosduts jo saijxadoxq [BOTUYDS308Y) *TT 9IGRL




Simpson, 1975

Core 1 Core 4
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., -remolded,
kPa kPa kPa kPa
76 3503 1.38 2.20 76 4.38 1,92 2.28
152 6.28 4.69 1.34 152 4,38 1.64 267
229 6.62 2. 24 3.00 229 6.57 1,64 420
305 8.76 1.95 4.49 305 7 .08 1:37 5LlS
381 1206 3.86 12 381 8.41 1.37 6.14
457 8.48 3.03 2.80
Core 5
| Core 2
76 19.58 4.55 4.30
Vg 2%+ 76 0.98 2.82 152 i T (7 372 3.54
| 152 6.07 2.48 2.45
| 229 7.10 2.48 2.86
1305 7.10 2.48 2.86
[ 5205 793 2.48 5520
381 9.58 2.48 3.86
457 11.24 5:3% 3.40

e
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Simpson, 1975

| Core ¢ Core 10
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
| mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa
7 3.09 1522 2.4935 76 2.21 0.76 2.91
152 T-ok9 2 k1 321 152 4.96 1.38 3.59
229 7.93 1.93 4.11 229 T A4S 1.65 4.52
305 I5.44 . 2.76 4.88 305 Tadd 1.38 5.59
| 381 i I 2.48 4.64 381 8.82 1 o7 7.54
457 Ted2 1.38 5.59
Core 7
Core 11
- 76 24.06 6.41 3.75
152 22.:29 6.62 3.35 76 2.41 1.03 2.34
152 4.20 1.38 3.04
229 S 138 4.14
Core 9 305 6.07 0.97 6.26
381 6.69 1452 4.40
76 4.69 2.21 212 457 5.79 1.45 3.99
152 6.62 2.48 2.67
229 758 1.65 4.47
305 9.31 1..65 5.64
381 10.69 2.48 4.3%

T



{ Simpson, 1975
!

' Core 18 Core 20

Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity

undist., remolded, undist. , -remolded,
kPa kPa kPa kPa

| 76 4.41 1.38 3.20 76 3+.03 ka2 2.44

R L 6.07 1.38 4.40 152 6.89 i PR 4.53

! 229 5.79 1.38 4.20 229 6.62 I.58 4.80

| 305 T #2 1.24 6.23 305 9.10 1.65 5.52

. 381 8.17 1.38 5.92 381 10.89 1,79 6.08
457 8.69 1. 79 4.85 457 8.00 1,65 4,85

|

, Core 19 Core 22

| 76 1,52 0.69 2.02 76 2.48 0.69 359

i 152 5.29 10 i 4.52 152 6.48 2a 5123

i 229 5..79 1,65 5.51 229 9.38 1 58 6.80

i 305 7.45 193 3.86 305 10.48 1.65 6.35

| 381 5,79 1.52 3. 81 381 10.75 1.65 6.52

457 9.10




Simpson, 1975

Core 23 Core 25
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa
76 2.34 0.69 3.39 ' 76 6.89 0.97 7.10
152 5. 24 1 10 4.76 152 i L7 1.10 6.52
229 6.34 1.38 4.59 229 6.34 1.38 4.59
305 8.82 1.35 6.39 305 9.30 1.65 5.64
381 8.82 1.38 6.39 381 10.20 1.65 6.18
457 13.16 179 1852 457 Tl 1.65 4.68
Core 24 Core 26
76 3.72 0.97 3.84 76 3.03 0.76 3.99
152 8.55 1.65 5.18 152 6.89 1.24 5.56
229 327 Y I52 5.44 229 6.07 0.97 6.26
305 8.62 1.65 5.22 305 8.82 1.79 4.93
381 5.79 1.38 4.20 381 11.58 1.65 7.02
457 8.55 179 4.78

e



- Simpson, 1975

L Coxe 27 Core 29
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa
76 2::76 0.83 5,33 ; 76 4.83 1,65 2:93
152 6.34 Yk 576 152 6.89 1;79 3.85
229 6.34 1::10 5576 229 6.34 1.52 4 1.7
i, 305 8.82 1.38 6.39 305 8.69 1.79 4.85
381 11.58 1. 65 7.02 381 9.24 L <79 5.16
457 6.83 L. 65 4.14 457 T2 1.79 4,351
' Core 28 Core 30
255 3551 0.62 5,34 76 6.34 1.65 3.84
t 152 5.79 0.97 5.97 152 6.07 2:21 2575
| 229 5452 0.97 5.69 229 9.38 2.07 4.53
{ 305 6.89 1.10 6.26 305 13.51 2.48 5,45
381 8.41 .10 7.65 381 9.24 2.07 4.46
| 457 7251 1.24 6.06




Simpson, 1975

Core 31 Core 33
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa

76 3.03 0.97 56 L2 : 76 12.96 2.90 4.47
152 6.07 1.79 5.39 152 22,20 8,58 6.20
229 7.72 1. 79 4.31 229 200,54 3. 34 6.21
305 9.65 1.65 5.85
381 8.96 1.93 4.64
457 6.20 166 .76 Core 34

76 2.90 11 2.64
Core 32 152 8.00 1.08 i ol
229 7.45 1.65 4,52

76 4.96 1585 2.57 305 .58 .52 4.81
152 6.07 1.65 3.68 381 10.75 1.79 6.01
229 6.34 1.52 4.17 457 i 098 7 2.07 5.40
305 9.24 1.65 5.60

381 10.89 1,95 5.64

457 160.07 1.95 5,22

s e



Simpson, 1975

Core 12 Core 14
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa
76 14.06 303 4.64 76 2.07 0.97 2:13
152 21 .79 3.86 5.65 152 5,79 {18 4.95
229 25.65 4.14 6.20 229 6,55 1 .59 4,12
305 22.34 3.31 6.75 305 6.62 1.24 5.34
381 6.20 1,358 4.49
457 4.96 1.65 SO
Core 13
76 18.75 3.05 6. 19 Core 15
152 26.20 4.41 594
229 26.20 3.86 6.79 76 9. 65 2.48 3.89
: 152 10.07 1.93 5+ 22
229 9.03 1.65 5.47
305 9,36 1.265 5367
381 7 A 1.38 5. 99

P



Simpson, 1975

Core 35 Core 37
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist. , remolded,
kPa kPa kPa kPa
76 2.48 0.83 2.99 : 76 2.34 0.83 2.82
152 Fo27 1.24 3.44 152 552 1.38 4.00
229 5.52 1058 4.00 229 T3S 1.38 5.40
305 2.48 . 1..65 1.. 560 305 10.48 1.93 5.43
| 381 8.96 1.65 5.43 381 1. 75 1.52 7..07
457 12.41 2ok 5.62 457 8.82 179 4.93
{ Core 36 Core 38
76 3.03 0.83 3.65 76 7405 14935 3.64
152 8.27 1.52 5.44 152 6.62 1.65 4.01
229 7.86 165 4.76 229 8.41 1+65 5,40
305 9.65 1593 5.00 305 12.55 2 o 5.68
381 10.62 2257 Sels 381 ST A 1. 52 5.08

S



§5impson, 1975

“ore 40 Core 42
g 'cpth, Shear Shear Sensi- Depth, Shear Shear Sensi-
| strength, strength tivity mm strength, strength tivity
: undist., remolded, undist., remolded,
kPa kPa kPa kPa

76 3.03 1,24 2.44 7 2576 1.10 2.51
?152 6.62 1,52 4,36 152 Tl 7 1,65 4.355
1229 6.62 1.65 4.01 229 813 1.935 4,21
3305 T2 1,65 4.68 305 6.48 1.38 4.70
#3381 Faidd 1.52 5.08 381 192 1.65 4.68

457 758 1.38 5.49
ore 41
Core 43

76 3.1 1,358 2.40

52 v 1.65 4.35 76 1. 70 0.83 2.05
229 7.86 1.79 4,39 152 4. 83 1.358 3.50
305 712 1.65 4.68 229 5.24 )P o 4.76
1381 Tsdid 1.65 4.68 305 6.89 1.24 5.56
457 6.34 165 3.84 381 8.4 110 7.69
: 457 T e 1 1.52 5.08



Simpson, 1975

Core 44 Core 46
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa

76 2.2 0.69 520 76 2.07 0.69 3.00
152 4.41 0.97 4.55 152 5.38 1.24 4.34
229 5458 1.10 4.89 229 6.89 1.38 4.99
305 8.00 . 1.10 7.27 305 6.34 0.97 6.54
381 9.24 1.38 6.70 381 10.89 1.38 7.89
457 8.89 1.45 6.13 457 8.00 1.24 6.45
Core 45 Core 47

76 2.54 0.69 3.39 76 -y, 0.97 5.69
152 6.20 110 5.64 [57 T a5 1.6 6 a8
229 7.72 1.52 5.08 229 T3t 1.24 5.90
| 305 7.58 1.38 5.49 305 8.55 T o24 6.90
381 8.81 1.65 5.34 381 10.07 1.38 7.30

457 8.89 1.65 5..39




. Simpson, 1975

' Core 48 Core 52
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa
76 3.86 0 .55 7.02 76 5 58 0.48 7.04
152 8.27 ) IR 74 107 152 7.03 0.83 8.47
229 10.07 1. 72 5.85 229 6.34 0.90 7.04
305 9.44 1.79 5.27 305 627 0.83 755
| 381 8.96 1.93 4.64 381 e I f 1,83 6.96
‘ 457 6.76 1.10 6.15
| Core 51
l Core 53
76 6.27 0.97 6.46
152 7.86 1.38 5.70 76 S 0.69 5.10
229 7.51 1. 30 6.83 152 15,357 2.90 4.61
305 6.86 0.97 7.18 229 17.58 5.52 4.99
381 7 .45 117 (I 305 155 5.52 4.41
457 8.27 L.58 5.99

e



' Simpson, 1975

Core 54 Core 56
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa
76 4.83 0.76 6.36 76 3.17 0.55 5.76
152 5.52 0.97 5.69 152 6.07 0.97 6.26
229 9.44 1.10 8.58 305 6.76 0.90 7 ok
305 10.62 1.24 8.56 381 751 1. 17 6.42
381\ 9.51 0.97 9.60
Core 57
Core 55
76 5.03 0.76 6.62
76 5.86 0.90 6.51 152 6.20 0.90 6.89
152 7.58 1.03 7 +36 229 6.55 0.83 7.89
229 L+ T2 0.97 7.96 305 8.69 1 [958 (74 7.43
305 10. 15 1..65 6.14 381 9.72 1.86 S923
381 9.03 1..45 6.23 457 .51 172 4.37

S S

.
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Simpson, 1975

Core 59 Core
Depth, Shear Shear Sensi- Depth, Shear Shear Sensi-
mm strength, strength tivity mm strength, strength tivity
undist., remolded, undist., remolded,
kPa kPa kPa kPa

76 2.48 .41 6.05

152 6.62 T 5.66
229 FISE 110 6.83
305 6.41 - 6.97 6.61
381 7.31 1.52 4.81
Core 60

76 4.14 .55 755

J 152 6.69 1.66 4.03

229 6.20 1,03 6.02

305 5.65 0.69 8.19

381 5.65 0.62 9. 11

TR -
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ABSTRACT

Twenty seven cores subsampled from box cores collected on
Deep Ocean Mining Environmental Study (DOMES) cruises 1 and 2 to
Sites A, B, and C were geotechnically analyzed at the Marine
Geotechnical Laboratory, Lehigh University.

Results are reported in three formats: a tabular listing of
measured and computed geotechnical data, plus pore-water salinity,
for each core; a computer-plotter generated graph of geotechnical
and geochemical properties of each core plotted against depth
below the top of the core; and as individual geotechnical
property data, grouped by DOMES site, plotted against depth. In
the latter presentation, linear least-squares regression lines or
predictor equations were machine generated and both plotted on
the graphs and arranged in a table in which related statistical
data are also presented. Predictor equations having the highest
correlation coefficients were the water content, clay-size fraction,
and mean grain diameter in Area A; sand-size fraction, mean grain
diameter, water content, and liquid limit in Area B; and undisturbed
and remolded shear strength in Area C.

A list of publications resulting from this grant is given in

an appendix.

L



INTRODUCTION

The purpose of this report is to present marine geotechnical
data and a limited synthesis of the results of a U.S. Geological
Survey-sponsored Marine Geotechnical Laboratory (MGL) program
testing cores collected on Deep Ocean Mining Environmental Study
(DOMES) cruises 1 and 2, Twenty-seven cores were collected from
locations listed in Table 1, and analyzed in the MGL between
November 28, 1975, and January 28, 1976. Most of the DOMES Site
C geotechnical data were previously published by Richards et al.
(1976b) .

Cores collected on DOMES cruise 1 were subsampled by pushing
small-diameter cellulose acetate butyrate (CAB) tubes into sediment
contained within a box core. These CAB-contained cores were
reported to be of medium to low quality, because the box cores
sampled were not considered of the highest quality (Erickson,
1975, personal communication). The box cores raised on DOMES
cruise 2, which were also sampled using small-diameter CAB tubes,
are believed to be of higher quality.

All cores were shipped by air freight to the MGL carefully
packed to minimize shock and vibration. They were refrigerated
during transit by ice. At the MGL they were stored horizontally
under refrigeration (about 5° C) and high relative humidity

until tested.



LABORATORY PROCEDURES

The cores, within their unopened liners, were x-rayed and
nondestructively analyzed for bulk density, using a fine-focus
industrial-type x-ray machine and the Lehigh nuclear transmission
densitometer. Results of these investigations are not reported.

Geotechnical and geochemical tests were performed using the
methods listed in Table 2, in which ASTM refers to the American
Society for Testing and Materials (1975). Neither triaxial nor
consolidation tests were performed on the cores for two reasons:
It was considered preferable to have the maximum number of other
tests spaced at 50 to 100 mm intervals and the small diameter (as
well as some of the DOMES cores being disturbed) was less suitable
for these kinds of tests compared to other cores tested (Richards,
1977). Some data were calculated; formulas are listed in Table 3.

After laboratory analysis, the data were tabulated and
entered on punched cards in the standardized format of the MGL
marine geotechnical data bank. One method of output was to
generate a CalComp plot of each measured and computed parameter
against depth in the core. The basic computer-plotter program
was described by Mann and Semple (1970); subsequently, the program
was modified and adapted to the Lehigh University CDC 6400 computer.
Symbols used in the individual core plots are listed in Table 4.

A second method of output was to plot individual geotechnical

- 3 -



properties obtained from all cores grouped together against
depth. Data from sites A, B, and C were grouped separately.
In each CalComp plot, a linear least-squares regression line, or

predictor equation, was computer-fitted to the plotted values.
RESULTS

Graphs of geotechnical properties plotted against depth for
each core are grouped according to the DOMES site: A (Figs. 1-2),
B (Figs. 3-4), and C (Figs. 5-8).

The predictor equations and related statistical data also
are grouped according to the DOMES site: A (Table 5 and Figs. 9-17),
B (Table 6 and Figs. 18-26), and C (Table 7 and Figs. 27-35).
Site C tabular and graphical presentations also include Deepsea
Ventures data (this report) from cores raised from the
company's mine site, which approximately corresponds to Site C.

Tabular data for each DOMES core is presented in Appendix 1
for Site A, Appendix 2 for Site B, and Appendix 3 for Site C.
Data in Appendix 3 supercedes data reported by Richards et al.
(1976b) .

A list of publications resulting from this grant is given

in Appendix 4.
DISCUSSION

All of the specific gravity values reported in Appendices
1-3 are believed to be too low because of a test error.

g o



Unfortunately, a faulty aspirator was not discovered until after
the test program had been completed. As a result, water used in
the specific gravity test was not adequately deaired. It is
probable that the average specific gravity of Site C samples is
about 2.70. The specific gravity of Site A and B samples may be
different?

Bulk density values are given in the CalComp plots (Figs.
1-8) in units of kg/m3. Dividing these values by 1000 yields the
appropriate SI unit of Mg/ms, which is dimensionally identical to
g/cmsﬁ

Water content values for many core samples plot substantially
above the 180 percent by dry weight upper limit of the water
content in the CalComp graphs of core properties plotted against
depth. Water content values can be read off scale, however, by
extending the water content scale; for example, "O" shear strength
also is 220 percent dry weight water content. Other properties
plotting off scale can be read in a similar manner.

The predictor equations presented in Tables 5-7 update
similar equations contained in a preliminary report (Richards and
Parks, 1977).

It is of interest to compare relatively high correlation
coefficients for predictor equations of data from the three sites. At
Site A (Table 5) the measured water content, clay-size fractionm,

and the calculated median grain size predictor equations have the

g .



highest correlation coefficients. At Site B, the highest
correlation coefficients are for predictor equations of the sand-
size fraction, mean grain size, water content and liquid limit.
At Site C, "undisturbed'" and remolded shear strength predictor
equations have the highest correlation coefficients.

At Site C, a few of the cores collected on Deepsea Ventures,
Inc. (DVI), cruises (Richards, 1977) were desiccated when tested
in the laboratory. It is believed that these few lower water
content values probably should not affect significantly the
results shown for the Site C water contents (Fig. 31). On the
other hand, at least three groups of water contents versus depth
data appear in Fig. 31. The lowest group may be related to a
differing sediment type or possibly to desiccated samples. The
highest group are believed to be related to the mineralization of
sediment below about 200 mm in core DOMES 18B-37; high water
contents are found above depths of 200 mm in DVI core 54P-8, It
is interesting to note that both of these cores were raised from
nearly identical longitudes, but differing latitudes, which suggests
that the mineralized area in Site C extends north-south. Further,
it is postulated that the mineralization occurs closer to the
surface in the south. (DVI core) than in the north (DOMES core).
Both the DOMES and DVI cores also had high shear strengths, and
the DVI core has a high calcium carbonate content; carbonate was

not measured on DOMES cores at the MGL. The extrusion log for the

o TR



DVI core contains ample indicators of mineralization, which was
first discovered in DOMES core 18B-37,

A wealth of information is contained in the predictor
equations and their associated plots (Figs. 9-35), which will

be synthesized in subsequent publications.
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Core No.

N. Lat.

DOMES Cruise 2: Site A

46-1

46-5

47-10

47-14

48-19

49-25

50-28

DOMES

51-33

52-37

52-39

52-42

53-45

54-51

55-53

90

20.7"

21.3"

00 .3"

04.0"

16.5"

28.5"

41.7'

Cruise 2: Site B

11"
5 g
357
3"
Y.
12°

¥

41.6"

15.7°

14.8"'

¥5.5"

43.91

08.9°*

48.6'

W. Long.

150°
150°
151°
151°
151°
150°

150°

139°
139°
130°
139°
138°
137°

137"

50.
51,
10.
14.
7.
44.

18.

11

09.

04.

03.

22.

44,

28,

7l

41

9'

3'

S'

0t

9'

1!

3'

2!

3'

Water Depth, m

5160

5102

5108

5110

5043

5005

5009

4881

4872

4831

4871

4985

4934

4859

S ey

Date Collected

October 24,
October 26,
October 28,
October 28,
October 30,
October 31,

November 1,

November 4,
November 5,
November 6,
November 6,
November 7,
November 9,

November 9,

5975

1975

1975

1975

1975

1975

1975

1975

1975

1975

1975

1975

1975

1975

Date Analyzed

January
January
January
January
January
January

January

January
January
January
January
January
January

January

16,
16,
16,
17,
18,
19,

21,

23;
24,
23,
24,
26,
28,

28,

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976



€ore No. N. Lat. W. Long. Water Depth, m Date Collected Date Analyzed

DOMES Cruise 1: Site C

3-5 15 15.9" 126® 38.4" 4675 April 26, 1975 January 7, 1976
5-10 15° 14.7° 126° 32.1° 4493 April 27, 1975 January 6, 1976
6-18 14° 15.0* 126" 11.5° 4430 April 29, 1975 January 5, 1976
9-21 35" 16.4* 126° 9.6° 4630 April 30, 1975 January 8, 1976
11-53a 5" 0.7 126° 46.3" 4603 May 29, 1975 January 15, 1976
11-53b §6° BT 126° 46.3" 4603 May 29, 1975 January 8, 1976
18A-36a 15" ¥5.7° 126 0.0 4339 May 21, 1975 January 14, 1976
18A-36b 15" 15.7° 126° 0.0" 4339 May 21, 1975 January 9, 1976
18B-37 157 12,2} 125° 58.6" 4406 May 22, 1975 November 28, 1975
20-27a 15 59.3° 126" 11.6" 4672 May 16, 1975 January 15, 1976
20-27b 15° §59.3%" 126" 11.6" 4672 May 16, 1975 January 14, 1976
24B-29a 15" 15.4° 126"  L.4' 4468 May 19, 1975 January 15, 1976
24B-29b 14° 15.4° 126° 1.4¢ 4468 May 19, 1975 January 9, 1976

S T oy



Table 2.

Parameter

Marine Geotechnical Laboratory Test Methods

Method

Grain Size, Unit Weight, and Consistency

Grain size

Grain specific gravity

Bulk density (wet unit weight)

Water content

Liquid limit

Plastic limit

Shear Strength

Laboratory vane test

Triaxial test

Consolidation

One-dimensional test

Chemical Properties

Calcium carbonate

Pore-water salinity

ASTM 422-63
ASTM 854-28

Weight/volume

ASTM 2216-71

ASTM 423-66

ASTM 424-59

Motorized vane,
1.5 % 255 cm,
rotated at 23 mrad/s

ASTM 2850-70

ASTM 2435-70

Gasometric

Index of refraction

a 12 =

Notes § Reference

ASTM D2217 preparation

Volume = 23 cm3;
no salt correction

No salt correction

Not sieved nor dried;
no salt correction

Not sieved nor dried;
no salt correction

ICU

Back pressure applied
to saturate sample

Muller § Gastner (1971)

A. 0. refractometer



Table 3.  Calculated Geotechnical Properties

Property Symbol Calculation Notes
Void ratio e e = OW_ Assumed 100%
100 saturation

Porosit n n=_%
Y ¥ e (100)
Liquidity index IL IL = !—-—‘!P-

I

P
Plasticity index I I =w -w

p p L p

Ry, . S



Salinity (°/,,)
Calcium carbonate

Organic carbon

Sulfate

Effective overburden pressure

Shear strength/effect. overburden press.(c/p)

AT

Notes

¢ = -log2 diam. in mm

Mg/m3 A measurement

1000 = g/em’

symbol w

symbol T

symbol T

Table 4. List of Symbols Used on Marine Geotechnical
Laboratory Calcomp Graphs
Name Calcomp
Symbol

Test interval =
Yoid ratio L
Porosity +
f6rain size, % >62um z
Grain size, % <2um =
Median diameter, phi A or ¥
Specific gravity X
Bulk density Qor ¢
Kater content (% dry weight) Qor @
liquid limit Y or =%
Plastic limit Hor X
Shear strength (lab vane undisturbed) (U}
Shear strength (lab vane remolded) V)
Sensitivity (undist./remolded) X

not plotted, see text

not plotted

not measured

not measured



Table 5. Geotechnical Predictor Equations:

DOMES Site A (7 Cores)

Standard Error Correlation Number

Parameter Predictor Equation of Estimate Coefficient of Data
Grain Size, % >62um 1.235 - 0.687 x =z 2.466 -.045 12
Grain Size, % <2um 23.623 = 16.039 x 2 5.348 -.435 12
Median Grain Size, ¢ 8.201 - 0.608 x z 0.278 -.333 32
Bulk Density, Mg/m3 1.216 + 0.009 x z 0.027 .044 25
Water Content, % dry weight 297.463 - 135.584 x z 40.168 -.410 95
Liquid Limit, % 182.837 + 41.461L x 2 28.670 «221 13
Plastic Limit, % 99.624 - 62.734 x z 50.886 -.189 i
Shear Strength, undist., kPa 5.081 + 4.699 x 2z 4.876 +L21 26
Shear Strength, remold., kpa 1.242 + 1.108 x z 1.387 .100 26

3

z = depth below seafloor in meters.



Table 6. Geotechnical Equations: DOMES Site B (6 Cores)

Standard Error Correlation Number

Parameter Predictor Equation cf Estimate Coefficient of Data
Grain Size, % >62um 15.222 '+ =35.567 %X % 9.283 -.514 31
Grain Size, % <2um 13.742 + 3.380 x =z 7.243 <073 11
Median Grain Size, ¢ 7.898 + 0.657 x z 0.281 .344 11
Bulk Density, Mg/m3 10208 + 0217 % = 0.054 .264 22
Water Content, % dry weight 288.367 - 163.313 x z 45.079 -.452 82
Liquid Limit, % 169.120 + 83.326 x 2 12,653 « 125 12
Plastic Limit, % ©9.707 + 10.393 % z 5.348 +297 12
Shear Strength, undist., kPa 3. 512 + 6.570 X =z 2.934 «305 26
Shear Strength, remold., kpa 1.685 + 0.220 x z 1.638 .019 26

i)

z = depth below seafloor in meters.



Table 7.

Geotechnical Predictor Equations:
Including Deepsea Ventures Core Data (27 Cores)

DOMES Site C,

1 Standard Errorxr Correlation Number
Parameter Predictor Equation of Estimate Coefficient of Data
Grain Size, % >62um 8.523 ~ 264 x 2 12.264 -.003 45
Grain Size, % <2um 18.994 -~ 12.227 x = 9.342 -.192 45
Median Grain Size, ¢ 8.149 -~ w228 % Z .340 -.097 45
Bulk Density, Mg/m3 1.289 + JOTL x % .048 179 73
Water Content, % dry weight 189.751 - 49.810 x z 39.279 =173 343
Liquid Limit, % 133.459 + 3J.8312 % Z 27.221 .019 53
Plastic Limit, % 77737 = 4,123 % 2 22.794 -.028 54
Shear Strength, undist., kPa 4.493 + 18.517 x 2z 4.948 .459 80
Shear Strength, remold., kpa L.241 % . 4,505 % 2 1 .539 .374 80

z = depth below seafloor in meters.

17 -
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FIGURE 9

SITE A, DOMES 2

EST VALUE = 1256 * -.687 X DEPTH (M)
STD ERROR OF EST =  2.466
CORR COEF = -.045
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FIGURE 10

ol[TE A, DOMES 2
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FIGURE 11

SITE A, DOMES

EST VALUE = 8.201 +
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FIGURE 12

SITE A, DOMES 2

EST VALUE = 1218, #
STD ERROR OF EST = 027
CORR COEF = -044

.008 X DEPTH (M)
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FIGURE 13

SITE A, DOMES 2

EST VALUE = 297.463 + -135.584 X DEPTH (M)
STD ERROR OF EST = 40.168
CORR COEF = -.410
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SITE R, DOMES 2
EST VALUE = 182.837 + 41.461 X DEPTH (M)

STD ERROR OF EST = 28.670
CORR COEF = 221
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FIGURE 15

SITE R, DDMES 2

EST VRLUE = 99.e24 + -62.734 X DEPTH (M)

STD ERROR OF EST =
CORR COEF = ~-.188
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FIGURE 16

SITE R, DOMES 2

EST VALUE = o.081 + 4.693° X DEPTH (M)
STD ERROR OF EST =  4.876

CORR COEF = -121
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FIGURE 17

SITE A, DOMES 2

EST VALUE = 1.242 + 1.108 X DEPTH (M
STD EBROR OF EST =«..1.387

CORR COEF = -100
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SITE B, BDOMES 2
EST VALUE = 15.222 + -35-567 X DEPTH (M)

STD ERROR OF EST = 9.283
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FIGURE 19

SITE B, DOMES 2

EST NALUE = 154042 + 5.3680 X DEPTH (M)
STD ERROR OF EST =  7.243

CORR COEF = 073
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FIGURE 20

SITE B, DOMES 2

EST VALUE = 7.898 + -657 X DEPTH (M)
STD ERROR OF EST = - 281
CORR COEF = -344
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FIGURE 21

SITE B, DOMES 2

EST VALUE = 1.203 + 117 X DEPTH (M)
STD ERROR OF EST = 054
Lo LOEE = -264
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FIGURE 22

SITE B, DOMES 2

EST VALUE = 288.367 + -163.313 X DEPTH (M)
STD ERROR OF EST = 45.079
CORR COEF = -.452
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SITE B, DOMES 2
EST VALUE = 168.120 +

83.326 X DEPTH (M)

STD ERROR OF EST = 12.8653

CORR  COEF (= - 725
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FIGURE 2L

SITE B, DOMES 2

EST VALUE = B9.707 + 10.385 X DEPTH ()
STD ERROR OF EST = 5.348
CORR COEF = 297
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FIGURE 26

SITE B, DOMES 2

EST VALUE =  1.685 + .220 X DEPTH (M)

STD ERROR OF EST = _1.658
CORR COEF = -.018
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FIGURE 28

SITE C,OVI.DOMES]

EST VRLUE = 18.994 + -12.227 X DEPTH (M)
STD ERROR QF EST = 89.342
CORR COEF = -.182
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SITE C.DVI.DOMES!

EST VALUE = 8.149 + -,223 X DEPTH (M)
STD ERROR OF EST = 340

CORR: COEF = '~ =g}

L6



0.0

(M)

DEP4H

BULK DENSITY - WGT/V

MEGAGRAM/CUBIC METER

0.00 40 .80 1.20 1.80
| | n | 1 | 1
FIGURE 30
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Appendix 1,

Tabulated Geotechnical Data for DOMES Site A
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DOMES Site A

ore 46-1
pecific Gravity = 2:18+

lepth, %< %> Median Bulk
m 2um 60um grain densigy,
diam., Mg/m

¢

25

63

75 5 A 8.2

88

125 1.2%
163

188

220 .23
225

263

288

313

325 61 8.2 1.24
368

Water Content,
% dry Void Poros- limit,
weight ratio ity,

293
282
270

250
245
237
244
238
235
228
207
221
223
223

* Values questionable, see text.

*

6.39

6.15
9.39

5.45
5.34
T L
5.52
5.21
5«12
4.97
6.04
4,82
4.86
4.86

*

86

86
85

84
84
84
84
84
84
83
86
83
83
83

Liquid Plastic Plasti- Liquid- Shear

[
K]

166

177

limit,
o,

69

75

city

index,

[
o

97

102

R

ity

index,

2

1.4

strength,

undist.,

kPa

Shear

strength
remolded,

kPa

2

55

Sensi- Salin- Calcium

tivity ity,
o

o0

31
6.1
4.1
3.4
32

Carbonate,
0.

I



DOMES Site A

25
Core 46-5
Specific Gravity = 2.35 *
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60pum g?ain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist,, remolded, Was %
¢ o  * % kPa kPa

13 296 6.96 87

38 357 8.39 89 15.89 5.45 29

70 25 7 8.0 302 710 88 263 251 12 4.3 32

75 3.7 321 7:54 88

120 346 8.13 89 27

138 25.90 2,67 9.0

* Values questionable, see text.
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|

DOMES Site A

3.
Core 47-10
Specific Gravity = 2.29°
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight rag}o ity% % % index, index, wundist., remolded, o Lidig %
¢ ' % % kPa kPa
13 394 9.02 90
3 38 358 820 89 0.70 Q.12 558
75 20 0 8.0 1520 288 6.60 87 174 68 106 2%l 34
133 263 6.02 86
138 260 5.95 86 6.15 1.39 4.4
165 255 5.84 85
203 256 5.86 85
225 1y 23 273 6.25 86
238 288 6.60 87
263 277 6.34 86
288 294 5.82 85 6.94 058l 8.6
325 %, 7.14 88
363 306 70 88 34
i 388 27D 748 315 7+23 88 229 71 158 1S 4.41 0.58 7.6
i 413 306 701 88
1 425 1.18
i 438 317 7«26 88
. 463 210 . 7.10 88

* Values questionable, see text.




DOMES Site A

*

Values questionable, see text.

4.
Core 47-14
Specific Gravity = 2.26 *
Depth, %< % Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Salin- Calcium
mm 2um 60um grain % dry Void Poros- limit, limit, strength, strength tivity it Carbonate,
weight rag}o ity,* undist., Tremolded, > %
kPa kPa

13 344 i s 89
L o8 363 8.20 89 0.46 0.06

75 20 271 6,12 86

113 252 5. 70 85

138 245 5.54 85 4.64 0.46

175 236 533 84

213 247 5.58 85

225 247 5.58 85

238 246 5,456 85 6.61 1.28

2175 241 5.45 84

SL3 229 5.18 84

338 236 5.53 84 6.50 1.04

340 257 5.36 84

365 16 237 5.%6 84

375 218 4.93 83

415 238 5.38 84



DOMES Site A

5
Jore 48-19
Sspecific Gravity = 2.08*
Jepth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
nm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, A %
¢ et ey % kPa kPa

13 368 7.65 88
s 38 357 7.43 88 1,04 0.12

75 28 0 8.5 1.%8 513 6.51 87 181 69 112 2.2 33

113 305 6.34 86

138 270 5.62 85 4.29 0.93

175 1.22 270 5.62 85

200 272 5.66 85

215 268 587 85

238 271 5.64 85 371 i)

275 1.19 276 5.74 85

313 307 6.39 86

328 310 6.45 87 172 80 92 2.5 32

338 313 6.51 87 4.29 0.46

375 15 5 ¥u5 1.18 305 6.34 86

*

Values questionable, see text.



DOMES Site A

-

Jore  49-25

Specific Gravity = 2.23*

Jepth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
n 2um 60pm grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, 1index, wundist., remolded, fr %
$ 3 " % kPa kPa

13 339 7456 88

38 512 6.96 87 L7 Q.55 5.6

75 1.7 0 8.0 1, 22 258 575 85 179 75 104 1.8 32

113 225 5.02 83

138 226 5.04 83

175 1.23 242 5.40 84

213 248 5453 85

238 238 5.31 84 6.38 4.99 143

275 Y. 22 247 5.0} 85

313 239 S5 84

338 242 5.40 84 9.40 2.20 4.3

SiD 12 0 8.0 122 247 T 85

385 255 5.64 85 208 86 122 1.4 24

425 1,22 251 5.60 85

460 245 5.46 85

* Values questionable, see text.



DOMES Site A

7
jore 50-28
Specific Gravity = 2.,21*%
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2pm 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., 7remolded, i TN %
¢ ¥ . % kPa kPa

13 340 7 | 88

38 283 6.25 86 1.51 0.35 4.3

1S Es22 252 5«57 85 167 69 98 8 (-, 33

113 233 5o kS 84

138 209 4.62 82 5.22 151 S5

175 1.26 210 4,64 82

213 206 4.55 82

238 198 4.38 81 4.64 2.90 1.6

275 1.26 207 4.57 82

515 183 4.04 80

338 229 5.06 84 6.15 1.39 4.4

35 30 0 8.5 1.25 236 522 84

383 232 5.13 84 188 79 109 1.4 27

413 242 5030 84

438 2235 4.93 83 5.68 1.62 5.5

458 245 5.41 84

* Values questionable, see text.
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Appendix 2. Tabulated Geotechnical Data for DOMES Site B
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DOMES Site B

8.
Core 51-33
Specific Gravity = 2 16 *
Depth, %< % Med@an Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % er Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, i %
¢ . % kPa kPa
13 288 6 .22 86
38 258 5/ 85 9. 28 3.25 209
50 290 6.26 86 169 74 95 25
A 1.16 522 6.96 87 33
113 392 8.47 89
138 25 8 8.0 397 8.58 90 9.74 7 .89 I
160 394 8.51 89 200 17 125 2.6
175 1 .01 393 8.49 89
220 398 8.60 90

* Values questionable, see text.

=



DOMES Site B

2
upre §72-37
Specific Gravity = 2.18*
Ddepth, %< % Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60pm grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, i W %
¢ o T Ay % kPa kPa

13 355 7 .74 89

38 315 6.87 87 0,935 0,12 7.8

75 18 0 8.2 L. 22 266 5.80 85 162 69 93 A 33

113 250 5.45 84

138 246 S5+36 84 4.29 0.82 5l

175 1.25 239 | 84

215 242 H5eZ8 84

238 248 541 84 2.67 0.58 4.6

250 238 5.19 84

275 ¥ 22 236 5.14 84

S 233 5.08 84

338 230 3. 0% 83 6.38 162 3.9 3d

375 20 0 8.6 1.26 212 4.62 82

380 217 405 . 83 2y SR~ 122 1.2

413 229 4.99 83

438 228 4,97 83 560 1.04 3.5

455 236 5. 14 84

* Values questionable, see text.



DOMES Site B 10'.

Core 52-39 Bag Sample* (No Core)

Specific Gravity =

Depth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist,, remolded, i P %
¢ % % kPa kPa
A 222 138 68 70 2.2 23
B 229

* The depth the sample was collected from the box core is not known.
Two samples were selected from the material in the bag for testing.



DOMES Site B

Core

Specific Gravity =

52-42

Depth, %<

mm

13

38

75
113
138
175
213
238
250
275
313
338
575
405
413
438
475
505

15

¢

8.

298"

.0

3

densi
Mg/m

Median Bulk
2um 60um grain
diam.,

£ 20

Y25

EY.

Water Content,
% dry Void Poros- limit, limit,

weight ratio ity,
o

342
325
288
290
261
239
231
228
236
233
242
250
244
243
242
239
228
233

‘¥ Values questionable, see text.

nHvTnuynnnuTunnuTunn ST oo NdN

.46
.09
.28
s D2
<69
<21
.04
w37
.14
.08
.28
.45
a2
w3
.28
o 2L
97
.08

°

88
88
86
86
85
84
83
83
84
84
84
84
84
84
84
84
83
84

Liquid Plastic Plasti- Liquid- Shear

%

(]

169

187

%

o

78

77

city
index,

)
%

91

110

ity
index,

3]
w

i 1P

strength,
undist,,
kPa

0.81

4.06

6.96

5.34

Shear

strength

remolded,
kPa

0 .23
1.16

2.44

1.+28

1.:39

el

Sensi- Salin- Calcium

tivity ity,

O/OO
58
32
3.5
2.9
3.8
29
3.8

Carbonate,

o.
o



DOMES Site B

* Values questionable, see text.

- 66 -

P
Core 53-45
Specific Gravity = 2.29*
Depth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60pym grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ra&io ity# % % index, index, undist., remolded, s S %
o) % % kPa kPa

13 340 179 89

38 332 7.60 88 0.40 0.05 8.0

15 5 21 758 123 305 6.98 87 185 64 121 2,0 34

113 264 6.05 86

138 233 5.34 84 4.00 1.40 2.9

175 1.24 224 5,13 84

213 236 5.40 84

238 231 5.29 84 5.90 1.60 3.7

275 1.25 239 5.47 85

513 246 5.63 85

338 223 5. 11 84 5,50 1.80 Sl &

375 14 0 8.0 1.25 234 5.36 84 222 76 146 1,1 32

413 219 5.02 83

418 2.70 1.50 1.8

438 245 5.61 85
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Appendix 3. Tabulated Geotechnical Data for DOMES Site C




DOMES Site C

kS
Core 3-5
Specific Gravity = 2.28"
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2vm 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, o AR %
b % % kPa kPa

10 172 3.92 80
L 33 L7 4.04 80

50 14 3 8.0 1.32 171 5.90 80 136 85 51 1.7 34

58 2.90 0.70 4.1

73 165 3.76 9

125 164 5,74 79

163 176 4.01 80 =

188 158 3.60 78 4.06 0235 176

225 1.34 153 3.49 78

263 159 3.63 78 24

268 11 0 8.0 158 3.60 78 123 78 45 1.8

288 157 358 78 2.67 0.58 4.6

318 1.53 150 3.42 77

* Values questionable, see text.

=70 =




DOMES Site C

16.
Core 5-10
Specific Gravity = 2.06"
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densi%y, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, o A %
¢ et L % kPa kPa

17 218 4.49 82
S 2%l 4.35 81

50 13 5 7wl 219 4.51 82 155 89 66 29

73 528 .55 5.6

80 227 4.68 82

125 53 156 S5..21 76

163 137 2.82 74

173 25 2 8.1 134 2.76 73 130 ¥1i% 19 .2 36

188 130 2.68 73 13.46 2.09 6.4

* Values questionable, see text.




DOMES Site C

ore

specific Gravity =

13
38
50
75
125
138
150
175
225
238
260
275
310

*

6-18

<

28

%>

2,64 *

Median Bulk

%
2ym 60um grain densigy,

diam., Mg/m
¢
8.5
e 0
1. 29
8.0
1.28

Water Content,

weight rag}o ityk
D

o

192 507
193 5:10
186 4.91
£79 4.73
186 4.91
182 4.80
185 4.88
192 5.07
198 5.25
185 4.88

Values questionable, see text.

84
84
83
83
83

83
83

84
84
83

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit,

0.
°

136

141

[
°

100

84

city ity strength,
index, index, wundist.,
% kPa
1.74
36 2.4
5.34
6.73
57 1.9

Shear
strength tivity ity,
remolded, Vs
kPa
1.74 1.0
1.51 35
37
2.09 3.2
35

Ml

Sensi- Salin- Calcium

Carbonate,

0,
0




IOMES Site C

ore 9-21

pecific Gravity = 2.37 *

epth, %< %  Median Bulk
m 2um 60um grain densigy,
diam., Mg/m
¢

10
S0 45 0 8.5

73 g 3
125

163

188

225 1255
260 X7 0 8.2

263

288

310

*

Water Content,

% dry Void Poros- limit,
weight ratio ity, %
* % »
201 4.76 83
213 5,05 83
201 4.76 85 110
188 4.46 82
181 4.29 81
171 4.05 80
171 4.05 80
160 5. 719 79
158 ST 79 129
155 3,167 79
157 Sz 79
152 3.60 78

Values questionable, see text.

limit,
0

°

76

74

city

index,

0
o

ity strength,
index, wundist.,
kPa

Sof

1Sk

2.90
1.5

2.67

Liquid Plastic Plasti- Liquid- Shear

Shear
strength tivity ity,
remolded, i 3
kPa
33
0 .35 4.3
035 8.3
32
0.35 76

187

Sensi- Salin- Calcium

Carbonate,
o,
°




DOMES Site C 195

Core 11-53a

Specific Gravity = 2.32*
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60pm grain densiEy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, : 7 %
$ & $ * % kPa kPa
23 180 4.18 81
S8 170 3.94 80 _
745 15 0 8.4 166 3.85 79 125 65 60 157 32
. 85 4.81 1.16 4.1
85 161 3.74 79
125 1.36 145 3 <50 77
163 134 Dol 76
188 138 S 20 76 5.54 152 345
225 1 135 5413 76
263 137 5.18 76
283 138 3.20 76
525 1.38 139 3.22 76
363 145 3.36 e
375 10 0 78 144 3.34 77 121 63 58 1.4 33
388 143 3.32 77 4,52 3.60 | R
413 129 288 75
425 Y37
438 138 3.20 76

* Values questionable, see text.




DOMES Site C

20
-ore 11-53b
Specific Gravity = 2,20 *
Jepth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
nm 2um 60pm grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, o %
¢ R A % kPa kPa

20 187 4. %1 80

S0 20 0 8.4 183 4.03 80 104 58 46 Zind 34

53 178 5.92 80 1439 0.35 4.0

83 170 3.74 79

125 1.35 152 3.34 &7

163 139 3.06 75

188 135 2,97 75 3.36 0.70 4.8

225 1.38 135 2.95 75

263 134 2.95 75 113 58 55 1o i 32

268 18 0 8.0 2.67 1.16 2.3

288 133 2,935 7S

318 i 5 T 136 2.99 75

* Values questionable, see text.

T



DOMES Site C

Core 18A-36a

Specific Gravity =

Depth, %< %

mm 2pym 60um grain

25

63
88
125
163
173
188 7
223
225

diam.,

B

*

Median Bulk
densi
Mg/m

i

26

.28

EY,

Water Content,

% dry

weight ratio ity,
* ) *

215
206
1G7
205
222
190
187
184
192

* Values questionable, see text.

SR SR e~ R ¥4 B ¥ B S 2 B

T4
.05
.83
202
.44
.66
.58
- 5
« 70

84
84
83
83
84
82
82
82
82

0
o

126

178

[}
°

83

114

i e

city
index,
9

(]

43

64

Liquid Plastic Plasti- Liquid- Shear
Void Poros- limit, limit,

ity strength,
index, undist.,
kPa
2.9
4.87
kol
21..58

2%,

Shear Sensi- Salin- Calcium
strength tivity ity, Carbonate,
remolded, . %
kPa
32
116 4.2
35
e | 3.0




DOMES Site C

22
Core 18A-36b
Specific Gravity = 2058 >
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60pm g?ain density, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, . A %
¢ . % % kPa kPa

13 207 4.93 83

38 1 8 8.0 209 4.93 83 1.04 0.70 j 35

50 210 5.00 88 195 68 127 | 5 |

75 1 211 502 83

133 234 D7 85

138 205 4.88 83 6.15 1«97 Fod

170 194 4.62 82 170 139 31 1.8 35

175 183 4.36 81

220 202 4.81 83

* Values questionable, see text.




DOMES Site C 23.
Core 18B-37
Specific Gravity = 2.29*
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2pym 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, 1index, wundist., remolded, g %
¢ LR % kPa kPa

20 209 4.79 83

38 193 4.42 82

50 20 0 7z +9

58 192 4.40 81 3.66 1. 10 355

75 197 4.51 82 114 95 19 5.4

85 12 0 Yok 202 4.63 82

125 1.32 161 3.69 79

188 552 1.37 4.0

190 188 4,31 81

225 1. 25 213 4.88 83

288 345 7.90 89 6.44 1554 4.8

325 1.14 392 8.98 90

390 12 0 8.0 476 10,90 92 275 134 141 2.4 10.04 187 5.1

420 415 9.50 90

* Values questionable, see text.



DOMES Site C

Core 20-27a
Specific Gravity = 2.46 *
Depth, %< % Median Bulk Water Content,
mm 2um 60um grain densigy, % dry Void Poros- limit,
diam., Mg/m weight ratio ity,
¢ * *
13 175 4.31 81
38 168 4.13 81
50 163 4.01 80
63 157 3.86 79
15 25 0 8.5
88 151 S 1 79
125 1.36 135 5..52 77
233 135 3+:32 eF
240 t.38
325 1.38 134 3.30 77
353 8 0 B 131 3, 22 VA
363 127 312 76
390 126 S 10 76

*

Values questionable, see text.

2

(]

122

107

62

69

i

city
index,

%

60

38

Liquid Plastic Plasti- Liquid- Shear
limit,
o

ity strength,
index, undist,,
kPa
i S
3.94
5.45
1.6
4.99

24,
Shear Sensi- Salin- Calcium
strength tivity ity, Carbonate,
remolded, an %
kPa
34
0.87 4.5
1.74 3.1
34
1.28 5.9



DOMES Site C

Core 20-27b
Specific Gravity = 2.24%
Depth, %< %  Median Bulk
mm 2um 60um grain densigy,
diam., Mg/m
b

1S

38

50

63

75

125 1.36
150 4 0 8.1

163

188

225 1.38
258

263

288

308

* Values questionable, see text.

Water Content,
% dry Void Poros- limit,
weight ratio ity,

* o  *

182
176
164

¥52
147

137
140
132
131
129
123
122

(&3]

NN NN W

4.08
S
567

94

.40
v 29

0
.14
.96
935
«89
/0
13

(]

80
80
79

7
77

75
76
75
75
74
73
7D

Liquid Plastic Plasti- Liquid- Shear

o
°

117

107

limit, city ity strength,
% index, index, undist.,
% kPa
70 47 2.0
4.18
5.10
67 40 1.6

- 80 <

Shear

strength

remolded,
kPa

25,

Sensi- Salin- Calcium
tivity ity, Carbonate,
(o]

/oo g
32

3.8

2.9
33




DOMES Site C

~

Lore 24B-29a

specific Gravity =

2,15%

Jepth, %<

m 2um 60um grain densi
diam., Mg/m

13
38
S0
75
138

150 17

175
213
238
268
270
275
318

* Values questionable, see text.

[
>

Median Bulk

¢

1

j

1

30

29

30

Water Content,

EY:

201 4.32
178 5.83
180 5.87
182 3.91
194 4.11
189 4.06
178 3.83
177 3.81
178 383
178 583
180 3.87

% dry Void Poros- limit,
weight ratio ity,
*

*
°

81
79
80
80
80

80
79
79
79

79
79

Liquid Plastic Plasti- Liquid-
limit,

°

7a

58

MR (e

Shear

strength,
undist.,

kPa

6415

7.89

557

Shear

strength
remolded,

kPa

1.86

1.62

L5

26.

Sensi- Salin- Calcium
tivity ity,
o

Carbonate,

/OO 96

3.3
34
3.2
5.2
34
8.0




DOMES Site C

2
Core 24B-29b
Specific Gravity = 2.29%
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, an %
¢ & % " % kPa kPa

13 201 4.60 82

38 189 4.53 81 2455 0.93 2T

50 188 4.31 81 131 63 68 18 34

75 1.29 187 4.28 81

113 187 4.28 81

138 192 4.40 81 3.02 1.04 2.9

x50 18 0 8.8

175 1.30 183 4.19 81

213 184 4.21 81

230 18k ~4.14 81 123 63 58 2.0, 34

238 178 4.08 80 5.02 0.70 4.3

255 178 4.08 80

* Values questionable, see text.
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ABSTRACT

Core subsamples from 12 box cores raised by Deepsea Ventures,
Inc. (DVI), personnel on Deepsea cruises to their mine site
(DOMES Site C) were geotechnically analyzed in the Marine Geo-
technical Laboratory (MGL) of Lehigh University. In addition,
the salinity of pore-water squeezed from the core samples and the
calcium carbonate content was determined.

Results are reported in the MGL computer-plotter graphical
format in which individual measured and calculated geotechnical
and geochemical properties are plotted against depth below the
top of the core. Tabular data are presented in an appendix,
Samples from three cores were tested by isotropically-consolidated
undrained (TCU) triaxial tests, in which a stress-path analysis
yielded an effective cohesion intercept of 5.1 kPa and an effective
angle of internal friction of 21.3°. A one-dimensional consoli-
dation test resulted in the following compressional characteristics
of the sample: a compression index of 3.3, anoverconsolidation
ratio of 49, and a coefficient of consolidation ranging from about

50 to 175 nm2/s. Predictor equations for key .geotechnical

properties were generated from combined DVI core and DOMES Site C

core data.

Mineralization was discovered in core 54P-8, which was geo-

technically characterized by high values of Atterberg limits,

i he
water content, and shear strength. It is postulated that t

mineralized area is located near 125° 58' W. longitude, and

y ! titude;
extends at least from about 14° 58' to 15° 12' N, 1la

: i outh.
1% ocours nearsr the surface of the seafloor im the s

R



INTRODUCTION

This report presents the results of geotechnical analyses
made in the Marine Geotechnical Laboratory (MGL), Lehigh University,
of cores collected by Deepsea Ventures, Inc.; (DVI), personnel on
Deepsea Ventures cruises to their mine site. This location
includes the Deep Ocean Mining Environmental Study (DOMES) Site C.
Through an informal cooperative agreement between DVI and
Lehigh personnel, box cores raised from the DVI R/V Prospector
(Table 1) were subsampled by DVI personnel using polyvinyl
chloride (PVC) core tubes and bronze o-ring core-tube sealers
provided by the MGL. Each 107-mm-I.D. PVC tube was externally
sharpened at one end and very lightly coated inside and out
with silicone grease before it was carefully inserted into the
sediment contained within a DVI box core. After the tube ends
were sealed with the sealers, and the vessel had returned to
port, the cores were wrapped and packed in cases to minimize
shock and vibration together with enough ice to insure refrigeration
for 24 hours while the cases were air freighted to Bethlehem, PA.
At the MGL, the cores were stored in high relative humidity at a

temperature of about 5° C until they were tested.

LABORATORY PROCEDURES

The cores, within the unopened liners, were first x-rayed and

nondestructively analyzed for bulk density, using a fine-focus

- D%



industrial-type x-ray machine and the Lehigh nuclear transmission
densitometer. Results of these investigations are not reported.

Geotechnical and geochemical tests were performed using the
methods listed in Table 2, in which ASTM refers to the American
Society for Testing and Materials (1975). Some data were calcu-
lated, these are listed in Table 3.

In Appendix 1, a number of low specific gravity values are
questionable. A weak aspirator was not discovered until towards
the end of the testing program, with the result that the water
used in this test was not properly deaired. It is highly
doubtful if any specific gravity values less than about 2.65
are valid. The specific gravity values known to be good were
about 2.70.

Three triaxial tests were performed on 54-mm-diameter
samples carefully trimmed from selected core sections. The
isotropically-consolidated undrained (ICU) with pore-pressure
tests were performed under a backpressure of 690 kPa to saturate
the samples and at a constant strain rate.

A one-dimensional consolidation test was made on one sample.
This sample was back pressured and loads were applied every 24 h

for five days. Difficulties in maintaining a constant backpressure

was encountered, which resulted in inaccuracies of consolidation

pressure about *20% of measured values. Although the preconsolida-

i be
tion pressure, op', calculated from the e log p curve may

- &



suspect, it is believed that the values of the coeficient of
consolidation, Cc’ and the compression indices, c,» were
relatively unaffected. The estimated effective overburden
pressure, Oy,, was calculated assuming a seawater density of
1.025 Mg/m3.

After laboratory analysis, the data were tabulated and
entered on punched cards in the standardized format of the geo-
technical data bank. One method of output was to generate a
CalComp plot of each measured and computed parameter against depth
in the core. The basic computer-plotter program was described by
Mann and Semple«(1970); subsequently, the program was modified and
adapted to the Lehigh University CDC 6400 computer. Symbols used
in the individual plots are listed in Table 4.

A second method of output was to plot individual geotechnical
properties obtained from all cores grouped together against depth.
Data from the DOMES Site C cores (Richards, 1977) ere grouped with
the DVI cores. In each CalComp plot, a linear least-squares
regression line, or predictor equation, was computer-fitted to

the plotted values.

RESULTS

Graphs of geotechnical properties plotted against depth for

each core are given in Figs. 1-4. Tabular data for the DVI cores

are given in Appendix 1.

Table 5 lists predictor equations and related statistical

- 4 -



data for the DOMES Site C and DVI cores grouped together.
Graphs showing the data and the regression line are presented
elsewhere (Richards, 1977).

Effective stress paths resulting from the ICU triaxial
tests are shown in Fig. 5, and relevant test data are summarized
in Table 6.

The consolidation void ratio-log of effective overburden
pressure (e log p) plot (Fig. 6) assumes that no excess pore
pressure was present. The overconsolidation ratio, OCR, while
unusually high is fairly typical for samples taken from just

below the seafloor (Richards, 1976).
DISCUSSION

It is believed that the tops of a few cores were desiccated
when they were tested at the MGL. Through the cooperation of Dr.
Hagerty, box core 53P-5 was sampled at close depth intervals at
sea for special water content tests to be performed as soon as
possible after the ship had returned to port. These samples were
sealed and analyzed at the MGL for water content immediately upon
receipt. Comparison of these water content values with values
obtained when the PVC core 53P-C-5 was analyzed in the laboratory

shows that the later samples had lower water contents, particularly

near the top of the core. It is noteworthy that core 53P-C-5 was

analyzed in the laboratory almost one year after it was received.



A second core, 53P-9, also was specially analyzed for water
content, but a regular core was not collected.

It was not possible to obtain three high-quality contiguous
samples from one core for triaxial testing; consequently, one
sample was taken from each of three cores as closely as possible
to the same depth below the top of the core (Table 6). Core
50P-2 was collected at a considerable distance from the other two
cores (Table 1). While core 50P-2 has a lower specific gravity and
somewhat different index properties, it is believed that the data
presented in Table 6 and Fig. 5 are reasonable. The desiccation
previously reported for the top of core 50P-2 is believed not
to extend significantly to the core depths sampled for the
triaxial test.

A discussion of the predictor equations (Table 5) for DVI
and DOMES Site C cores is given elsewhere (Richards, 1977).

Core 54P-8 was found to contain mineralized sediment, which
previously had been discovered in DOMES Site C core 18B-37. The
geotechnical indicators of mineralization are unusually high
water contents, Atterberg limits, and shear strength (Figure
4 and Appendix 1). The sediment appears dry, despite the high

water content, and has a mottled appearance. Just below the

mineralized zone the unusually high, for this region of siliceous

. % ured.
pelagic clay, calcium carbonate value of 66% was meas

It is noteworthy that the mineralized DOMES and DVI cores

o @ -



are located at the same longitude, but have different latitudes.
Because the DVI core is located farther south than the DOMES

core, and has mineralization closer to the surface of the seafloor,
it is speculated that the area of mineralization in this region

extends north-south and occurs closer to the surface in the south,
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raDLe X, rocation or weotecnnical Property Cores: Deepsea Ventures, Inc

Core No. N. Lat. W. Long.

Water Depth, m Date Collected
DVI Cruise 1: Site C e
50P-1 15" 58,5 125° 47.0" 4469 August 29, 1975
S0P-2 14% 58.6" 127" 43.8" 4668 August 30, 1975
50P-3 15° 00.5' 124° 28.0' 4405 August 30, 1975
S0P-5 14° 82.3° 335° 26.9° 4396 September 12, 1975
S0P-6 4" 52,2 328° 1. 4373 September 13, 1975
50P-8 14" 45.8" 128" 27.3" 4370 September 14, 1975
50P-9 14° 45.6" 125° 31 .6% 4479 September 14, 1975
50P-10 14%, 37 B¢ §25° A7.52 4369 September 15, 1975
S50P-11 14° 49.3" 126° 34.3" 4369 September 15, 1975
50P-13 147 51.4°" 25" 5x.28 4407 September 15, 1975
53P-C-5 14° 40.6' 125° 29.2¢ 4440 January 28, 1976
SSPTS. 14° 40.6" 125" 29.2° 4440 January 28, 1976
Sgg:gT-Core) 14° 44.8' 125° 35.9¢ 4442 January 29, 1976
Sggigl-core) 14°158.5" 125° 58.0° 4363 February 27, 1976

Date Analyzed

March 5, 1976
February 9, 1977
March 24, 1976
February 23, 1976
February 20, 1976
March 10, 1976
March 10, 1976
February 19, 1977
February 12, 1977
March 3, 1976
February 19, 1977
February 9, 1976
February 9, 1976

February 21, 1977



Table 2. Marine Geotechnical Laboratory Test Methods

parameter

Method

¢rain Size, Unit Weight, and Consistency

Grain size
Grain specific gravity

Bulk density (wet unit weight)

Water content

Liquid 1limit

Plastic limit

Shear Strength

Laboratory vane test

Triaxial test
Consolidation

One-dimensional test

Chemical Properties

Calcium carbonate

Pore-water salinity

ASTM 422-63
ASTM 854-28

Weight/volume

ASTM 2216-71

ASTM 423-66

ASTM 424-59

Motorized vane,
1.3 X 20 Gl
rotated at 23 mrad/s

ASTM 2850-70

ASTM 2435-70

Gasometric

Index of refraction

w 30 =

Notes § Reference

ASTM D2217 preparation

Volume = 23 cm3;
no salt correction

No salt correction

Not sieved nor dried;
no salt correction

Not sieved nor dried;
no salt correction

U

Back pressure applied
to saturate sample

Muller § Gastner (1971)

A. 0. refractometer



Table 3. Calculated Geotechnical Properties

Property Symbol Calculation Notes
Void ratio e e = OW_ Assumed 100%
100 saturation
Porosit n B,
¥ 1+e (100)
o N e ! R
Liquidity index IL IL wI B
P
Plasticity index I I =w -W
P P L P

e I =



Table 4.
Laboratory Calcomp Graphs
Name Calcomp
Symbol
«t interval —
it ratio ¥
rosity +
ain size, % >62um P2
ain size, % <2um
ian diameter, phi Aor ¥
®ecific gravity »
Ik density Qor ¥
ter content (% dry weight) Qor @
uid limit Y or
lstic 1imit
X or X
tar strength (lab vane undisturbed) uj
4r strength (lab vane remolded) 0
Sitivity (undist./remolded) X

List of Symbols Used on Marine Geotechnical

fective overburden pressure

tar strength/effect. overburden press. (c/p)

linity es
leiun carbonate

‘Tganic carbon

""lfate

»
+

w 12 =

Notes

¢ = -1og2 diam. in mm

measurement

Mg/m3 = DEASWEERET - g/en’®

1000
symbol w

symbol T

symbol T

not plotted, see text

not plotted

not measured

not measured




Table 5. Geotechnical Predictor Equations:
Including Deepsea Ventures Core Data (27 Cores)

DOMES Site C,

1 Standard Error Correlation Number
Parameter Predictor Equation of Estimate oefficient of Data
Grain Size, % >62um 8.523 - .264 x 12.264 -.003 45
Grain Size, % <2um 18.994 - 12,227 x 9.342 -.192 45
Median Grain Size, ¢ 8.149 - 223 x .340 -.097 45
Bulk Density, Mg/m3 1.289 + JO71E % .048 f179 7
Water Content, % dry weight 189.751 - 49.810 x 39.279 -.173 343
Liquid Limit, % - 133.459 + 3,312 x 27.22% - 019 53
Plastic Limit, % 77737 = 4:123 x 22.794 -.028 54
Shear Strength, undist., kPa 4.493 + 18.517 x 4.948 .459 80
Shear Strength, remold., kPa 1.241 + 4.505 % 1.539 374 80
1

z = depth below seafloor in meters.



Table

6. Results of ICU Triaxial Tests on Deepsea Ventures Cores

% | L A :
‘ Core ? Depth, m ‘ w, % dry weight 1 8.,
| l initial final g
| | |
| sop-2 | 0.2 -0.4 163 a2 |
e e __I_, S SRRy S R S TR TS S TR SRS e s é =
50P-11 |  0.25-0.43 157 116 ‘ 95
: L 50P-10 \ 0.2 -0.38 168 aur | 97

9% |

R

-
kPa

01'-03' ]
it s vl I ¥y
KPa kPa degrees |
10.5
16.1 5.1 1.3 l‘
Sl j
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Deepsea Ventures Mining Claim

Core 50P-1
Specific Gravity = 2,22+%

Depth, %< %> Median Bulk

mm 2um 60um grain densigy, % dry Void Poros- limit,
diam., Mg/m weight ratio ity,
¢ * %+

13 196 4.35 81
25

38 183 4.06 80
50 158 3.50 79
75 1553 161 3:57 78
113 25 7 8.4 147 3426 7
138 159 852 78
175 1.38 132 2,93 75
573 141 5,13 76
390 6 2 82

400 1 5 0 2.56 72
420 115 Z.56 72

* Values questionable, see text.

Water Content,

Liquid Plastic Plasti- Liquid- Shear

)
]

121

128

108

limit,
%

76

53

58

city ity strength,
index, index, undist.,

o)

% kPa
45 oS
4.49
10.49
75 Y. E
50 L&
23.55

Shear

strength
remolded,

kPa

e 33

3.45

VAL (!

Sensi- Salin- Calcium
tivity ity, Carbonate,
o

3.38

3.04

5,05

o

oo o
33 0
33 0
32 0



Deepsea Ventures Mining Claim 2.
Core 50P-2
|
| Specific Gravity =  2.59

1Depth, %< %> Median Bulk Water Content,

Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium

| mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
| diam., Mg/m weight ratio ity, % % index, index, undist., Tremolded, i % ’
1 ¢ % % kPa kPa
\

13~ 188  4.87 83
- 174 4.51 82 145 68 77 1.4 2.38 0.91 2,7 <5
{70 1.29 173  4.48 82

138 190 4,92 83 4.57 0.85 5.4

170 18 38 7.86 1.29

190 176 4.56 82

400 174 4.51 82

Y i
!



Jeepsea Ventures Mining Claim

5.
ore 50P-3
specific Gravity = 2,29%
depth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
nm 2uym 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., Tremolded, p %
¢ 3 % kPa kPa

kS~ 192 4.40 81

25 34

38 192 4.40 81 6..55 2.09 Bl S

75 1.28 185 4.24 81

100 6 20 8.1 131 77 54 2.0

113 169 3.8 79 0

138 167 3.82 79 19.60 4.87 4.02

175 .32 166 3.80 79

200 34

213 164 5.76 79

235 164 3.76 79 20.59 4.99 4.13

ZTS 1.32 168 3.85 79

300 128 79 55 1.7 0

338 168 3.85 79 16.37 3.66 4.47

350 167 3.82 79

475 L.82 169 5487 79

480 128 75 53 1.8. 34 0

500 12 <8 7.6

505 170 3.89 80

* Values questionable, see text.

S 98 .



Deepsea Ventures Mining Claim

4.
Core 5SOP-5
Specific Gravity = 2.11*
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist., remolded, ' %
¢ o T % kPa kPa
= 235 4.96 83
20 ' 34
25 128 72 56 2.8 0
38 216 4.56 82 6.09 1.60 381
75 1.26 210 4.43 82
100 5 28 8.2
113 210 4.43 82
138 217 4.56 82 7.43 197 8577
175 1.26 219 4.62 82
200 128 71 S7 2.4 34
213 ; 196 4.13 81 0
238 188 97 80 11.60 3.46 3.355
440 169 3.57 78
475 1.55 168 3.54 78 J52s7 67 60 L7
490 34 0
513 164 3., 57 78
538 164 3.46 78 18.68 3.43 5.45

* Values questionable, see text.




Deepsea Ventures Mining Claim

S
' Core 50P-6
|
' Specific Gravity = 2.31%
- Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid-~ Shear Shear Sensi- Salin- Calcium
. mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
| diam., Mg/m weight ragio ity& % % index, index, wundist., remolded, e %
¢ % % kPa kPa

i > 239 5.52 85

25 18 7§ 8.0 127 78 49 3.1 33

38 220 5.08 84 5.80 1.59 3.65 <5

5 ¥.27 205 4.74 83

1¥3 210 4.85 83 129 66 63 249

138 207 4.78 83 10..85 2«51 4.32 0

175 1.26 209 4.83 83

213 74 7 79 197 4.55 82

238 194 4.48 82 . 9.75 2.55 A

ars 1.30 185 4.27 81

313 180 4.16 81

338 180 4.16 81 18.04 5.65 4.97

350 33 0

35 1.5 182 4.20 81 100 67 33 3.5

413 167 3.86 79

438 167 3.86 79 21,58 10.53 2.05

475 1.29 ErL 3.95 80

513 176 4.07 80 33

D55 125 69 56 1.9 0

558 12 ©0 .8.0 173  4.00 80 13.14 2.5%  5.15

560 i g 3.95 80

* Values questionable, see text.

i




Deepsea Ventures Mining Claim

Core

Specific Gravity =

S0P-8

Depth, %<

mm

15

25

38

75
100
115
138
175
200
213
238
275
300
313
338
375
400
413
438
475
483
505

30

19

| 7

2.34 *

¢

8.6

8.4

Median Bulk
2um 60um grain densi

diam., Mg/m

1.

1 2

Iia

1ig?

30

27

30

31

.30

gy,

Water Content,

205

216
192

204
196
192

192
184
180

179
174
176

179
178
178

177

* Values questionable, see text.

e o = R &~

~ &

.80

.05
.49

= Tl
«59
.49

.49
. 30
s 2

219
+O7
2

«19
3 47
4

.14

83

83
82

83
82
82

82
81
81

81
80
80

81
81
81

81

Liquid Plastic Plasti- Liquid- Shear
% dry Void Poros- limit, limit, city
weight ratio ity,

* *

o

°

127

13T

152

% index,
%
66 61
58 73
70 62

A

ity
index,

s

strength,

undist.,
kPa

8.93

12.48

15.84

18.62

Y. 29

Shear

strength

remolded,
kPa

2.67

3.24

4.99

4.69

4.35

Sensi- Salin- Calcium
tivity ity,
o

3.34

3.76

Sbd

397

3,97

(-]

34

33

Carbonate,

0.
v



Deepsea Ventures Mining Claim

Ts
| Core 50pP-9
i
i Specific Gravity = 2,40 =
' Depth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, undist,, remolded, y AN %
o - A % kPa kPa
13 212 5.01 84 128 76 52 2.6
25 34 0
38 211 5.06 84 6.21 1.80 3.45
75 1.28 197 4.73 83
100 20 10 8.4
113 210 5.04 83
138 200 4.80 83 13 .14 2.85 5491
175 1.28 193 4.63 82
213 180 4.32 81
220 130 65 65 19 34
238 185 4,44 82 10.44 1.63 6.40 0
260 181 4.34 81
280 175 4.20 81
475 1.32 168 .. 3.9% 80
500 25 8 Sy 128 69 59 1.6 33
513 161 3.86 79 4.18 1.74 2.40 0
538 156 3.74 79

* Values questionable, see text.

= 28




Deepsea Ventures Mining Claim

8.
Core 50P-10
Specific Gravity = 2.69
Depth, %< %  Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, 1index, undist., remolded, e %
¢ % % kPa kPa

LA 1754 BB B2

38 1. 27 183 4.92 83

63 j 873 4.73 83

88 178 4.81 83

115 1.27 182 4.90 83

163 35 33 7.06 176 4.73 83 0

188 L7 4.76 83 132 59 75 1.6 8.76 2.90 5.0

413 203 5.46 85

452 E77 4.78 83

490 176 4.73 83

O 0




Deepsea Ventures Mining Claim

9.

Core 50P-11
Specific Gravity = 2.69
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
- mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
| diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, g n %
| b % % kPa kPa

13 167 4.49 82
PSR 179 4.82 83 4.25 1,13 3.8
L 75 1.29 176 4.73 83 137 82 55 17 0
‘ 100 1.26

3 175 4.71 82 5.95 1.00 6.0
\ 170 1..30 161 4,33 81 0
| 173 450 4,38 Bl 137 60 77 .

213 157 4,27 81 7.24 0.91 8.0

238 23 50 7:93 156 4.20 81

350 132 5,55 78

400 130 3.50 78

445 1.23 130 3.50 78 162 97 65 0.5

450 129 3.47 78
| 460 127 3.42 747




Deepsea Ventures Mining Claim

10.
Core 50P-13
Specific Gravity = 2.41*
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
- mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
| diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, g W %
¢ R % kPa kPa

15 193  4.65 82

25 130 62 68 e 35 0
] 38 191 4.60 82 9.74 2.38 4.09
| 5 1. 20 189 4.55 82 '
R 3 205 4.94 83

138 201 4.84 83 10.01 S0 3.28

175 10,27 204 4.92 83
! 200 20 25 8.5 129 86 40 3.0 33
| 213 205 4.94 83 0

238 195 4.70 82 12.58 2.85 4.41

275 1.29 192 4.63 82

G S 181 4.36 81
l 338 173 4.17 81 18.94 4.26 4.45

375 1.30 175 4.22 81

400 20 35 8.4

413 176 4.24 81

438 171 4.12 80 20.16 4.90 4,11

450 3.5

475 172 4.15 81

500 : 33

513 180 4.34 81

* Values questionable, see text.

N




Deepsea Ventures Mining Claim

. 1.
| Core 53P-C-5
{
| Specific Gravity = 2.72
iDepth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
;mm 2pym 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonate,
diam., Mg/m weight ratio ity, % % index, index, wundist., remolded, s a %
¢ # % % kPa kPa

T 161 4.38 81

38 165 4.49 82 7.48 1.12 6.7
¥ 48 165 4.49 82

88 1.38 166 4.52 82
o 168 4.43 82 7.70 1.30 5.9
IF 125 162 4.41 82 132 59 73 1.4 0
l 225 50 166 4,52 82
| 413 8BS 39 7.14 168 4. 57 82
; 438 174 4.73 83 6591 1.46 4.7
|
i

#  Core desiccated; compare water content values from shipboard samples: MINI-CORE 53P-5

- U0 o



Deepsea Ventures Mining Claim

11328
Core MINI-CORE 53P-5 (Special water content samples)
Depth, %< % Med?an Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 6Cum grain densi%y, % dry Void Poros- limit, limit, city ity strength, strength tivity ity Carbonate
dlzm., Mg/m weight ratio ity, % % index, index, wundist., remolded, °/, % !
5 5 5

. Mini-Core Ay g
| 20 233

50 215

60 207

100 197

110 193

150 178

160 181

200 177

210 183

250 174

260 185

350 77

360 179

450 £71

460 178

Bottom 174

Mini-Core, homogenized samples

50 227
100 : 201
150 182
200 177
250 174
350 172
450 175
Bottom 173




Deepsea Ventures Mining Claim

Core MINI-CORE 53P-9 (Special water content samples: no regular core)

Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear
mm 2um 60um grain densi%y, % dry Void Poros- limit, limit, city ity strength,
diam., Mg/m weight ratio ity, % % index, index, undist.,
é % % kPa
Mini-Core
0 2J -
10 216
S0 198
60 19%
100 216
110 210
150 197
160 192
200 197
210 197
250 190
260 186
350 178
360 170
450 172
460 168
Bottom 164
Mini-Core, homogenized sample
0 -
5 205
10 208
15 207
20 195
25 194
35 173
45 173
Bottom 178

A

13.
Shear Sensi- Salin- Calcium
strength tivity ity, Carbonate,
remolded, o %
kPa



Deepsea Ventures Mining Claim

14.
Core 54pP-8
Specific Gravity = 2,82
Depth, %< %> Median Bulk Water Content, Liquid Plastic Plasti- Liquid- Shear Shear Sensi- Salin- Calcium
mm 2um 60um grain densigy, % dry Void Poros- limit, limit, city ity strength, strength tivity ity, Carbonat
diam., Mg/m weight ratio ity, % % index, index, wundist., Tremolded, e %
¢ % % kPa kPa
13 199 5.61 85
38 180 5.08 84 179 81 98 1.0 9.20 1.43 6.4
63 538 9. 33 90
88 1.12 370 10.43 91
. 113 337 ' 9,50 90
138 1850 4.26 81
163 25 36 7351 124 3.50 78
188 M5 5.0 76 15.38 4.13 5.7
213 116 3.27 77 66
225 1.40
238

114 3,21 76

s 35 -
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