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| NTRODUCTI ON

St udi es have been conducted by the U S. Geological Survey to ‘identify
geologic conditions that might inpose constraints on offshore industrial
activities 1in shelikof Strait, Alaska, an area designated for petrol eum
leasing (Fig. 1; Hanpton and others, 1981; Hanpton and Wnters, 1981). as
part of these studies sedinment cores were collected throughout the strait
(Fig. 2), and physical properties of sedinment sanples were neasured by
| aborat ory geotechnical testing methods. The geotechnical data are presented
in this report and are evaluated from a regional perspective to infer the
reformational reponse of the sedinentary deposits to static and dynam c | oads.

Application of the test data to a regional analysis is restricted by the
degree to which core sanples are representative of the sedinentary deposits.
Interpretive geologic studies indicate that the cores used for geologic
testing cover the range of surficial sedi ment types in the Shelikof Strait
| ease area, but analysis of seismc-reflection profiles reveals the existence
of buried stratigraphic units that were not sanpled because they lie beneath
the maxi mum core length of 3 m (Hanpton and others, 1981, Hanpton and Wnters,
1981) . Therefore, the conclusions reached in this report apply directly to
the uppernost deposits in the stratigraphic section, only. Ext rapol ation
beyond the depths of sanpling is limted by the vertical uniformty of

sedi ment type.

GEOLOG C SETTI NG
shelikof Strait is a nearly parallel-sided nmarine channel situated
between the Kodiak Island group and the Al aska Peninsula (Fig. 1). The strait

mar ks the l[ocation of a northeast-trending inner forearc basin that is |ocated
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near the convergent margin of the North Anerica plate where it is being
underthrust by the Pacific plate (von Huene, 1979). Large earthquakes are
common t0 the region; at least 95 potentially destructive events (magnitude
>6) have occurred since recording began in 1902. Twel ve vol canoes have
erupted within the |ast 10,000 years al ong the Al aska Peninsul a adjacent to
the strait.

The seafl oor of shelikof Strait consists of a gently sout hwest-sl oping
central platform bordered by narrow margi nal channels parallel to the Kodiak
islands and the Alaska Peninsula (Fig. 3). Shal | ow shel ves trend al ong the
adj acent | andnmasses, and they are connected to the marginal channels by
steeply sloping seafloor. \Water depth in the northeast part of the strait is
generally less than 200 m whereas in the southwest it generally exceeds 200 m
and is as much as 300 m Superinmposed on the platformare some |ocal highs
and | ows that have as nuch as 100 mrelief. Along the axes of the margina
channel s are several closed depressions on the order of 30 mrelief

Sedi nentary deposits of presumed Pleistocene and Hol ocene age overlie an
irregular unconformty above Tertiary and ol der bedrock. Thi ckness of the
sedi ment above bedrock, neasured from seismic-reflection profiles, is about 80
to 100 min the northeast half of the strait and increases abruptly to nore
than 800 min the southwest (Fig. 4). The thickening reflects a deepening of
the unconfornmty.

Four seismc-stratigraphic units can be distinguished above bedrock (Fig.
5). The lowest unit (unit 1 in Fig. 5) fills the bedrock depression and
reaches a thickness of 800 m This unit is interpreted as being of glacia
and glaciomarine origin (Witney and others, 1980 a, b). The next hi ghest

unit (unit 2 in Fig. 5) is relatively thin (<60 nm) and occurs mainly in the
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central part of the strait. Sediment of this unit was deposited within [ ow
areas on the upper surface of bedrock and the glacial unit, and it apparently
was enpl aced by marine processes during the Hol ocene sea-level rise. The
third unit (unit 3 in Fig. 5), which covers essentially all of the seafloor in
the central part of the strait (platformand margi nal channels), is up to 180
mthick (Fig. 6) and was deposited by the nodern-day oceanic current regine of

sout hwesterly baroclinic flow from Cook Inlet and the eastern @Qulf of Al aska

(Muench and Schumacher, 1980). Unit 4 in Figure 5 underlies the shallow
shel ves and interfingers seaward with unit 3. It is conposed of sedinent
eroded from the adjacent |andmasses. The cores subjected to geotechnical

testing and discussed in this paper were taken fromunit 3.

METHODS

Sedi ment cores were collected at 65 stations on two cruises in Shelikof
Strait, in June 1980 aboard the USGS rR/v s.p, LEE and in July and August 1981
aboard the NOAA ship DI SCOVERER (Fig. 2). A gravity coring systemwth 8.5-cm
di anmeter plastic liners in steel core barrels was used on the 1980 crui se,
whereas a vibracering system with a 10-cm square cross-section plastic liner
in thin-wall stainless steel barrel was enployed on the 1981 cruise. Some
grab sanples were taken at |ocations of coarse sedinent where the coring
devices were ineffective.

TW0 cores were taken at nost stations. One was designated nainly for
geol ogi cal anal ysis. It was cut into l-mor 1.5-mlong sections, then split
lengthwi se for geological description and vane-shear strength testing.

Subsamples were taken for index property determ nations.
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The second core was taken expressly for geotechnical testing. It was cut
into |-mlong sections, wapped in cheesecloth, covered with mcrocrystalline
wax, and stored upright in a refrigerator. These cores were |ater subjected
to a suite of geotechnical tests in |aboratories at the USGS and at a
commercial testing conpany.

Several index properties were determ ned for subsamples Of the sedinment
cores. Gain size was neasured by sieving and pipetting into four size
cl asses: gravel (>2 nm, sand (2-0.062 mm, silt (0.062-0.004 nm, and clay
(<0.004 m). Water content, as a percentage of dry sedinent weight, was
determned from the weight of sediment sanples before and after even drying at
105"C. Acorrection for salt content of sea water (3.5% was nade to the
wei ghi ngs. Atterberg limts were determned according to standard procedures
(American Society for Testing and Mterials, 1976), except that sanples were
not sieved prior to testing. Carbon content was neasured with a LECO carbon
determnator wth induction furnace and acid digestion. Vane shear
determ nations of undrained shear strength were nade on split core halves wth
a notorized device at a vane rotation rate of 90°/min. The vane is 1/2 inch
diameter by |/2 inch high and was inserted into the sediment to a depth tw ce
the height of the vane.

Consolidation tests were run on subsamples from geotechnical cores to
determ ne sub-failure reformational properties. Most tests were run on an
oedometer in a stress-controlled node (Lambe, 1951). QG hers were run in a
triaxial | oading cell under constant rate of strain conditions (wissa and
others, 1971). The consolidation tests neasure change in volume wth change
in applied |oad. The results are normally plotted as void ratio (e = vol une

of voids/volunme of solids ) versus the |logarithm of effective (buoyant)
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vertical stress (p'). Two useful paraneters are derived from these curves:
the conpression index and the maxi num past pressure. The conpression index
(Cc) is the slope of the straight-line portion of the e-log p° curve and
i ndi cates the amount of conpression produced by a particular load increnment.
The nmaxi mum past pressure (o:,m) is the greatest effective overburden stress to
whi ch the sedinent has ever been exposed and is determined fromthe e-log p’
curve by a sinple graphical construction (Casagrande, 1936). The ratio
of ow; to the effective overburden stress at the tinme of sanpling (ov;) is the
overconsolidation ratio (OCR), which is a nmeasure of unloading that the
sediment nmay have experienced, by erosion for exanple. A third paraneter, the
coefficient of consolidation (cy), is determned for each load increnent of
the one-dinensional consolidation test and is related to the rate of
consol i dati on.

Static traxial tests were run on cylindrical sanples 3.6-cm diameter and
7.6-cmlong in order to determ ne strength properties of the sedinent. Tests
were run under undrained conditions with pore pressure neasurenents (Bishop
and Henkel, 1964) . Most sanples were consolidated isotropically prior to
testing, but some were consolidated anisotropically.

Dynamically loaded triaxial tests were also run, with the axial stress on
sanpl es vari ed sinusoidally at 0.1 Hz. Both conpression and tension were
applied at apredeternmined percentage of the static strength. These tests can
be used to evaluate the failure conditions of sedinment under repeated |oading,
such as by earthquakes.

A first set of triaxial tests was run on sedi nent sanples that were
consolidated to sonewhat arbitrary stress levels. However, the later testing

program fol |l owed the normalized stress paraneter (NSp) approach (Ladd and
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Foott, 1974), whereby consolidation stresses are chosen on the basis of

maxi mum past pressure (ovm), as determned from consolidation tests.
Typically, the triaxial test specinen was consolidated to four tines cvr:l ,
which elimnates sonme of the disturbance effects associated with coring.
Overconsolidation was artificially induced in sonme tests by rebounding the
specimen to |lower stress levels before applying the triaxial |oad. Measured
val ues of undrained shear strength (S) are nornalized with respect to
effective overburden stress (o:’). A premise of the NSP nethod is that the
ratio SU/O\; is constant for a particular value of OCR. Mreover, a relation

exi sts between Sl/J U\’/ and ocr that allows prediction of sedinment strength at

depths below the | evel of sanpling (Mayne, 1980).

RESULTS

Sedi ment description, index properties: Sedi nent sanples could only be
collected to shallow depths (<3 m) beneath the seafloor. Therefore, nost are
fromthe highest stratigrapnic unit (unit 3, Fig. 5). However, judging from

seismc-reflection profiles over sanpling stations, a few outcrops of other
units were also sanpl ed. Seismc-reflection profiles also show that unit 3
has a typical thickness of about 80 to 100 m (Fig. 6). The appearance of
acoustic reflectors within this unit indicates sone litholegic variability
with depth, but there is no reason to suspect radical changes in sedinent
type, except for possible thin beds of volcanic ash. The physical properties
for the cores should therefore be representative of the terrigenous conponent
of the unit as a whole, but drill-hole sanples would be necessary to confirm

this.
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The texture of surficial sediment on the central platformand in the
adj acent narginal channels grades from gravelly and sandy material in the
northeast part of the strait to nmud in the southwest (Figs. 7 and 8;
Appendi X) . A general fining trend from northwest to southeast across the
platform al so exists.

The two grab samples of coarse sediment recovered from Stevenson Entrance
appear to have been taken from outcrops of unit 1. Mst of the coarse clasts,
which range to boul der size, are angular to subangular, and some are faceted.
This supports the hypothesis that unit 1 was deposited by glacial processes.

A few grab sanples of coarse material were also recovered from the
shal | ow shelves and from the adjacent slopes. They probably are from unit
4. Coar se clasts have similar norphology to those fromunit 1, perhaps
reflecting glacial transport at some point in their history.

Sedi ment cores fromthe platform and nmargi nal channels in the central
portion of the strait have a fairly uniform stratigraphy with depth. Sandy
sediment in the northeast end of the strait is predomi nantly greenish-gray,
with variations from black to yellow sh brown. Sand-filled burrows, pebble
clasts, and whol e or broken shells are comon. In progressively finer-grained
cores to the southwest, color remains greenish-gray but is less varied, and
shell's and clasts are rare.

A layer of volcanic ash occurs in many cores. Maximm thickness of the
layer is nearly 20 cm It is size-graded, with the coarsest basal fragments a
few millimeters dianeter. The color is fromtan to white with a pink cast.
The refractive index of the ash is 1.485 & 0.002, which in this region is
unique to the outfall fromthe 1912 Katmai eruption (Nayudu, 1964; Pratt and

others, 1973). Depth of the ash beneath the seafloor was used to calculate
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val ues of post-1912 sediment accumulation rate (Fig. 9). Accunulation rate
varies significantly throughout the strait. It is greatest near the Al aska
Peninsula at the southwest end of the strait, whereas it is near zero at
places in the marginal channel along the Kodiak island group.

Water content of sedinent is shown in Figure 10 as interpolated val ues at
| -m depth in cores. It is calculated as a percentage ofdry sedi nent wei ght,
and therefore, values in excess of 100% are possible if the weight of water
exceeds the weight of sediment grains. \ater content generally decreases to
the northeast, inversely correlating with grain size. Mreover, water content
increases across the strait, fromthe A aska peninsula to Kodiak Island. Bulk
sedi ment density at |-mdepth, which is calculated fromwater content and
grain specific gravity, correspondingly decreases down and across the strait
(Fig. 11). Average grain specific gravity itself shows no discernible trend
(Fig. 12).

Atterberg limts describe the plasticity of sedinent, in terns of the
liquid Iimt (water content that separates plastic and |iquid behavior) and
the plastic limt (water content that separates senmi-solid and plastic
behavi or). Useful derivatives are the plasticity index (difference between
the liquid and plastic limts), and the liquidity index (position of the
natural water content relative to the liquid and plastic linmts). Certain
trends in plasticity are evident in Shelikof Strait. Average liquid limt,
plastic limt, and plasticity index increase down the strait toward the
sout hwest, and al so generally across the strait, toward the southeast (Figs.
13, 14, and 15; Appendix). These properties also generally increase with
decrease in nmean grain size (Figs. 16, 17, and 18), although the data for
plastic limt are quite scattered. Plastic limt is less variable than liquid

limt, which is typically the case (Mtchell, 1976; Richards, 1962).

659



0£048

0008S

0€086

Ave
NEININD /r\lr‘\.(
£ LN

00066

wwiren .

puo(s|

woulbo) vy

*

wnire 4

WILIWON WOIVIRTN IETIMAVES .

SN I o F 2 [J

00056

100€6!

000bGi

Sedi nent accurul ation rates, in cm 100 yr.

Figure 9.

660



Are
NTININD
awxv <

e .

00085

woubo}y

[O£086

(LI
ningg

pupisy ..

A01POX
\d
N,

9°c-1@

are
Rivn 4

S hol1®

L'66 e

MMLINERS BAVIIW FIIIMAYEL |

TN O & 3

[AA: R

00066}

,000£61 Uuovu

| -m depth in sedinent

dry weight) at

Water content (percent

Fi gure 10.

cores.

661



.0€0.9

00,89

0€ .89

LI

A\

AvE
“ NUININD

pen

9q° 1@ 96 1@

WNLOMEE WAV SITIARYEL

1s°1@

(1] e 3

£

[ ¢

1RLLNOTIR 0 [} o []

0008

x 8 L4

000v5T

+
.0005ST

Bulk sediment density (gm/cm3) at 1-m depth in sediment cores

Figure 1.

662



% Q‘\l\!&

wsipe

00086

‘e ng ¢ @

-8'C®

are
waive 4

cores.

Average grain-specific gravity in sedinent

Figure 12.

663



0€alS

00088

0£086

Ave
] HEININD

wirey

R S

9¢ *

8¢ *

L9~

ANV WOAYIEI TREASTRL

SR Y L] ]

Lo

cores.

dry weight) in sedi nent

Average liquid 1limit (percent

Figure 13.

664



0o}

0008S} we

d0murm

08085

Ave
wesre 4

BTSN VOIVITIN DITIATRVED

SN IV & £

WUor Nl MOV

P L1

Average plastic limit (percent dry weight) in sedinment cores.

Figure 14,

665



N01POY

\

0%olS|

“ Qsits.u

wwwen

00088

e:e,_-_ .

woubo} vy

0%086

\ RMTLYNORE VOLVIURE TEEIGVIS

TR TEILN o x .

NI e S AN R S S

ne o o€

An . el : d L —_ .OOODB_

Average plasticity index in sedinment cores

Fi gure 15.

666



100

90 o’
"o:o
°
80 I A
.o‘to
70 F .‘0% °
n%'
*ce e
~ 60 | ‘e
B -3,
> ‘:o: ¢
Esof .
E ° .. ° * -
E * De0e0 *
= 40 } ° o ':.
[ ) .O
30 = ° .
20
10

1 | 1 ] |

10 9 8 7 6
mean grain size (@)

Figure 16. Liquid linmt versus grain size.

667

5

o

LN

ke—]
4 3



50 1«

40 p

plastic limit (%)

N
o

10 |-

W
o
Y

| 1 [ 1

10

9

Figure 17.

8 7 6 5
mean grain size (@)

Plastic linmit versus grain size.

668



plasticity index (%)

50

40

30 |

20 I

10

10 9

Figure 18.

8 7
mean grain size (@)

Plasticity index versus grain size.

669



Correlations have been nmade between liquid limt and conpressibility
(Herrmann and others, 1972; Skenpton, 1944). The mpjority of Shelikof Strait
samples fall wthin the medium (30 < liquid limt < 50) and high (liquid limt
>50) compressibility ranges.

Nearly all measured liquidity indices in Shelikof Strait are greater than
1 (Appendix), which is usual for near-seafloor nmarine sediment. Sedinent with
a liquidity index greater than one behaves as a liquid when renol ded.

A plot of liquidity index versus plasticity index - termed a plasticity
chart (Casagrande, 1948) shows a trend parallel to the A-line that divides
basic soil types (Fig. 19). Mst sedinent sanples from shelikof Strait plot
bel ow the A-line, which is typical of inorganic silt and silty clay of high
conpressibility. The linear trend of data points is expected for sanples
taken throughout the sane sedinmentary deposit (Terzaghi, 1955; R chards,
1962)

Undr ai ned shear strength of sedinment sanples (S), as neasured with a
| aboratory miniature wvane shear device, generally decreases toward the
sout hwest end of the strait, and thus correlates with the water content trend,
al though there is nuch scatter (Figs. 20 and 21; Appendix). The consi stency
of nost of the near-seafloor sedinment can be classified as very soft (S,< 12
kilopascals), but some is soft (12 kPa < Sy < 24 kPa) t0 medium (24 kPa < Sy~
48 kPa) (Terzaghi and Peck, 1948). Hanpt on and others (1981) showed t hat
shear strength is anisotropic in shelikof Strait sedi nent cores. Values of
shear strength neasured with the axis of vane rotation perpendicular to the

axis of core sanples exceed the values of strength nmeasured with the axis of

vane rotation parallel to the core axis. The magni tude of sediment strength

t hereby depends on the orientation of the applied stress
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Sedi ment samples from Shelikof Strait are characterized by low to
intermediate content of organic carbon, conpared to other nmarine areas

(Bordovskiy, 1965, 1969; Gardner and others, 1980; Lisitzin, 1972; Rashid and

Brown, 1975). Most values are between 0.40% and 1.50% Organic carbon
generally increases down the strait toward the southwest, as well as across
the strait toward the southeast (Fig. 22;  Appendix A). Correlations wth

other physical properties were shown by Hanpton and others (1981). Organic
carbon content correlates positively wth water content and plasticity index,
whereas an inverse «correlation is found wth grain size and vane shear
strength. Correlations simlar to those described above have been reported by
others for |ow organic-carbon content sedinent (Bordovskiy, 1965, 1969; Bush
and Keller, 1981; Keller and others, 1979; Lisitzin, 1972; Mtchell, 1976;
Cdell and ot hers, 1960).

Percent cal cium carbonate is typically low in shelikof Strait sedinent
(Fig. 23; Appendix). Most values are less than 3.50% Two locations with
anomal ously hi gh values, off shuyak Island and in Stevenson Entrance, are near

the boundary of the strait.

Consol idation properties: Consol i dation properties as determined from

| aboratory tests are listed in Table 1. Al'l tests indicate a maxi num past

pressure (ovm) greater than the present overburden pressure (ovo) . The

ratio o_ /o is the overconsolidation ratio (OCR) and is greater than 1.0

vm® VO
for all tests. The usual inmplication is that the sedinent has experienced
unl oadi ng as a consequence of erosion. However, there is no geol ogi cal
evidence for erosion, in fact, sedinent is accumulating at high rates

t hroughout nost of the strait (Fig. 9. The hi gh val ues of ocr probably
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Table 1. Consolidation test results.
Dept h .

Sati in %, %m o <y ;2< 10-2

atl on core (

numbe 1 (cm (kPa ) (kPa ) frUrct:ll“—Lto OCR

507 39 1.1 6.0 0.94 0.17 1*10 5
171 5.0 32.0 0.76 0.22 1.13 6

509 89 3.7 20.0 0.86 0.27 2.67 5

94 3.7 23.0 0.88 0.12 0.81 6

511 64 2.8 15.0 0.52 0.05 2.17 5
111 4.6 9.0 0. 66 0.09 1.10 2
191 9.8 12.0 0. 45 0.18 1.38 1

649 41 2.0 56.0 0.33 0.04 1.30 28
116 6.1 30.0 0.54 0.12 0.97 5
167 8.9 29.0 0. 60 0.08 1.40 3

525 45 3*3 26.0 0.30 0.30 1.52 8

96 6.9 28.0 0.26 0.35 1.68 4

165 13.8 64.0 0. 26 0.54 2.23 5

528 64 4.7 43.0 0.28 0.18 1.57 9
144 10. 4 45.0 0.29 0.31 3.59 4

540 47 2.8 20.0 0.50 0.11 0.50 7
131 6.1 48.0 0.54 0.20 0.67 8
201 11.6 65.0 0. 37 0.16 0.98 6
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represent initial cenmentation of sediment particles or grain interlocking and
are not indicative of overconsolidation in the strict sense of the term

Conpression index (Cc) is a neasure of the ampunt of consolidation that
occurs for a given increment in |oad. The coarse sedinment at the northeast
end of the strait is less conpressible than the progressively finer sedinent
to the southwest, as indicated by a southwest trend of increasing Cc (Table
1). Richards (1962) reported a range of 0.20 to 0.87 for Cc measured on
sanples of narine sedinment from many areas, and nobst val ues from Shelikof
Strait fall within this range.

Conmpression index commonly shows a linear relation to liquid limit
(LL). The data from shelikof Strait, when plotted in this mnner, exhibit a
general trend, but with nuch scatter (Fig. 24). Skenpton (1944) found that
the relation can be expressed as

CC = 0.009 (L - lo),
and the regression equation for Shelikof Strait sediment is sinilar:
cc = 0.006 (LL + 5.7).

The rate at which consolidation occurs in response to loading deternnes
the coefficient of consolidation (c,). It is directly related to perneability
of a sedinment and inversely related to the conpressibility. Tne coefficient
is calculated for each load increment during a |aboratory consolidation test
fromplots of deformation versus tine. as shown in Table 1, C,commnly
vari es through one to two orders of mmgnitude fora single test. No general
trend in the data is evident, although the high expected pernmeability and | ow
conpressibility of coarse-grained sedi ment woul d suggest a decrease of Cto
t he sout hwest. Measur ements of ¢y for clay sedinent from various marine
| ocations by Richards and Hamilton (1967) are in the range 3.2 - 6.0 X

10“cni/ see, which are lower than typical values in Shelikof Strait.
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Static strength properties: Sedi nent properties derived from static triaxial

strength tests are listed in Table 2. The primary measured property is the

undr ai ned shear strength (S). It is the maxinum sustainabl e shear stress
t

within a sanple subjected to a particular consolidation stress (o)) . S acts

along a plane inclined at 45° to the axial |oad. The arisen of s, divided by

the effective normal stress across this plane is the effective angle of
internal friction (¢'), whose magnitude is an indication of the strength
behavior of the sedinent uncler slow (drained) |oading conditions. In
conparison, the ratio Su/o(; gives an indication of the strength behavior
during rapid (undrained) |oading conditions. The difference in drained and
undrained strength behavior depends on the pore water pressure generated in
response to the tendency for volume change when the sedinent is axially
| oaded. If a sediment has a high tendency for volume change, the difference
in strength between rapid and slow | oading can be substantial.

The effective angle of internal friction for the nornally consolidated
sedi nent sanples (OCR = 1) in this study is relatively high (35° - 460).
Conpare with values given by Lambe and VWitman (1969, p. 149 and 306). The
hi gher values (> 40°) are in the finer sedinent cores fromthe southwest half
of the strait (Table 2). Therefore, sediment from shelikof Strait appears to
be atypically strong under conditions of drained loading, wth the finer

sediment exhi biting higher strength. Sanples tested at OCR > 1 tend to have

¢' conparable to that of normally consolidated sanples, except for station 649

where sone overconsol idated sanples have significantly higher values. The

data indicate simlar drained behavior of nornmally consolidated and

overconsolidated sedinent in the strait.
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Table 2 Static triaxial strength test resul t s.

D_epth .
Station clorlje " I nduced u s/ ‘ $
number (cm) (kPa) OCR (kPa) we (deqr ees)
507 30 53.9 1 18.8 0.3 39
130 140.0 1 73%5 0.5 46
509 120 172.4 1 73.4 0.4 40
170 47.0 4.1 68.9 1.5 <42
511 17 20.7 3 25.4 1.2 39
28 2.8 8.8 3.1 64
44 1.4 9.6 6.3 64
180 48.2 1 27.0 0.6 43
121 8.3 5.8 18.6 3.2 41
649 86 24.0 5.9 57.6 2.4 <40
86 46.7 3 52.3 1.1 <54
109 0.3 13.0 43.3 <57
109 142.3/70.7 1 58.3 0.4 39
127 4.4 8 12.3 2.8 <69
132 160.5 1 76.5 0.5 41
525 8 1.4 18.5 13.2 48
73 19.3 6 47.5 2.5 34
85 6.9 25.2 3.6 45
152 282.5 1 121.6 0.4 37
528 37 1.4 18.6 12.8 50
80 179.2 l 79.8 0.4 35
94 6.9 19.0 2.8 43
122 30.3 3.6 77.4 2.5 38
139 178.8/89.6 | 66. 7 0.3 a1
540 29 15.2 6 24.2 106 40
69 1.4 15.4 11.0 60
120 10.3 16.7 1.6 47
140 199.8 l 79.9 0.4 35
159 114.0 18 82.8 0.7 40
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Lanbe and Wiitman (1969, p. 307, Figs. 21-24) detected a relation between
¢' and nplasticity index for normally consolidated soil. Triaxial data for
which there are plasticity index values in Shelikof Strai t plot wthin the
range of Lambe and Witman’s data, except for the core at station 511, which
is abnormally strong for sediment with such high plasticity (Fig. 25).

Evaluation of undrained strength, in terns of Su/%' , requires sone
judgnent in order to detect trends. In particular, the tests run at low
consol i dation stress (cc') seemto give erratic values of su/cl c" This was
al so shown to be the case for triaxial data from nearby Kodiak Shelf (Hanpton,
in press). Tests run at high values of consolidation stress (which corrects
some of the effects of disturbance) and OCR = 1 have val ues of Su/oc'between
0.3 and 0.6, with no areal trend (Table 2). The val ue of §,/ 0, increases with
or for each core tested.

The static triaxial test data are plotted according to the NSP approach
in Figure 26. The slope (A) of the line for each core is a neasure of the
change in undrained strength witn OCR.  Mpst cores have Avalues between 0.79
and 0.97. Mayne (1980) conmpiled the results of nmany triaxial tests and found
a mean value of A = 0.64with a standard deviation of 0.18. The sediment in
Shelikof Strait, wth its relatively high values of A would tend to retain
nore of its strength after unloading conpared to nost sedi ment exam ned by
Mayne (1980). The A = 1.43 calculated for the sedinment of station 528 1is
greater than the theoretical limt of A= 1.0, and further testing is required

to resolve this conflict.

Dynanmic strength properties: The data from triaxial strength tests are given

in Table 3. The quantity Teyc /S, 1S the cyclic stress level, the average
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Tabl e 3.

Dynami ¢ triaxial strength test results.

Dept h
in u T /8 Cycl es
St ation core ¢ | nduced cye to
nunber (cm (kPa) OCR (% failure
509 137 173.6 1 49 145
137 175.0 1l 66 64
511 152 46.9 1 70 10
167 46.9 1 47 48
649 96 153.1 1 70 22
96 146.0 1 « 56 450
140 30.2 4.4 79 17
140 139. 8 1 72 39
525 135 282. 4 1 47 30
117 282. 4 1 70 7
528 23 27.5 4 32 51
178 179.1 1 70 13
193 179.1 1 46 110
540 152 199. 8 1 71 12
227 199. 8 1 43 900+
238 299. 8 1 56 28
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value of shear stress (T.,.) applied sinusoidally with full stress reversal at

0.1 Hz, expressed as a percentage of the static undrained shear strength

(Su). Pore water pressure and strain accunmulate wth repeated application of
Teye® At sone point, the pore water pressure approaches the confining stress,

strain increases abruptly, and the sedinent fails. In our tests, failure was

chosen when 20% strain was reached.

Sanples typically fail in fewer cycles at progressively higher stress
| evel s. Figure 27 shows the nunber of cycles to failure versus stress |evel
for shelikof Strait sanples. Although there is sone scatter, the data fall

within the range of test results on terrigenous sedinent from other areas (Lee
and ot hers, 1981; Anderson and others, 1980; Hanpton, in press). Moder at e
cyclic strength degradation is i ndicated; that is, after 10 cycles of |oading
(as might be inparted by an earthquake, for exanple), the sanples fail at

stress levels bet ween 60% and 80% of their static strength.

DI SCUSSI ON

The primary geotechnical concerns in Shelikof Strait include settlenent
of structures, bearing capacity wunder static and cyclic loading lateral |oad
capacity, and anchor breakout resistance. Natural slope failures are not a
serious probl em because only one smmll sedinment slide has been docunented
(Hanpton and others, 1981). There is sone evidence for gas-charged sedinent,
but the problemof |low strength that might exist in sedinment of this type was
not addressed in the present study.

Quarternary sediment in shelikof Strait covers bedrock to a thickness of
from20 mto nore than 800 m(Fig. 4). The sequence consists of Pleistocene

gl acial and glaciomarine sedi ment at the base, overlain by Hol ocene marine
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deposits. The highest stratigraphic unit, deposited by oceanic currents as
exi st today, has accumulated to a thickness of 80-100 m over nost of the
strait; the total range is about 20 mte 180 m Geotechnical testing was
performed only on sanples fromthis uppernost unit. A geotechnical anal ysis
based on these data probably addresses npbst situations of engineering
concern. Deeper stratigraphic units appear from interpretive geologic studies
to be relatively coarse-grained (Hanpton and Wnters, 1981; Wiitney, Holden,
and Lybeck, 1980; Wiitney, Hoose, Smith, and Lybeck, 1980), and they probably
are stable, but deep drill-core sanples would have to be obtained in order to
confirmthis by geotechnical testing.

The pattern of grain-size variation (Figs. 7 and 8) evidently reflects
progressive sorting by the southwesterly flow ng barotropic current tnat
dom nates circulation in the strait. The present study and the previous
report by Hanpton and others (1981) show that some index properties vary in
relation to grain size. Properties that show a direct correlation and
therefore increase to the southwest down the strait and to the southeast
across the strait include water content, liquid linmt, plastic limig,
plasticity index, and organic carbon content (Figs. 10, 13, 14, 15, and 22).
Properties that correlate inversely with grain size include bulk sedinent
density and undrained (vane) shear strength (Figs. 11 and 20).

Consolidation tests indicate that sedinment sanples are overconsolidated,
but this probably is a near-seafloor diagenetic or fabric phenonenon rather
than a result of erosion, because net sedinent accunulation is presently
occurring throughout the strait (Table 1, Fig. 9). The fine-grained sedinent
to the southwest has high values of conpression index (Cg), which indicates
that it is nmore conpressible than the coarser naterial to the northeast. The

rate of consolidation, as shown by the coefficient of consolidation (cyl)s is
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highly variable for each consolidation test and does not show an areal trend
(Table 1). Intuitively, a higher value of ¢, would be expected for the
coarser-grai ned sedinment because of its normally higher perneability and | ower
conpressibility, but apparently this is not the case.

Anot her unexpected result is that the static drained strength, in terns
of the effective angle of internal friction (¢), is higher for the fine-
grained sedinment than it is for to the coarser-grained samp-es (Table 2).
Drained strength does not vary appreciably with OCR Undrai ned static
strength behavi or does not exhibit significant areal variation. Values
of su/oc' for tests run at OCR = 1 are between 0.3 and 0. 6. This paraneter
increases with OCR for each core that was tested. The NSF pore-pressure
paraneter (A) varies from 0.79 to 0.97, which inaicates significant static
strength increase with OCR (Fig. 26). Again, no areal trend is apparent.
But, because few data points were used to plot the lines in Figure 26 and
because |l arge scatter of data exists for sone individual cores, additional
strength testing at nore levels of OCR would add precision to the plots and
perhaps reveal sone systematic variation.

Test data for npst cores define sinilar response to cyclic loading over a
broad range of nunber of cycles required to cause failure (e.g., cores 511,
525, 528, and 540 in Fig. 27). Dynamic strength degradation varies over a
limted range at |ow nunber of cycles; for instance, it is between about 60%
and 80% for 10 cycl es.

Geotechnical properties of Shelikof Strait sedinment can be conpared with
data fromother studies to deternmine if the sedinent has normal reformational
behavi or. However, few data exist for sone properties, which nmakes the

eval uati ons tentative.
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Mst val ues of conpression index fall within the range of 0.20 to 0.87
reported by Richards and Hamilton (1967) for silty clay to highly colloidal
clay; one test on the core from station 507 has a high value of 0.94 (Table
1). Skenpton’s (1944) classification of conpressibility based on liquid limt
i ndi cates that Shelikof Strait sanples are noderately to highly conpressible
(Appendi x) . Substitution of the class-boundary values of liquid limt
(noderate conpressibility: 30 < L. < 50; high conpressibility: LL > 50) into

the regression equation for shelikof Strait data (Fig. 24),

€C = 0.006 (LL + 5.7),

i ndicates that the range of noderate conpressibility is 0.21 < Cc < 0.33 and
the high range is Cc < 0.33, which is consistent with classifying the sediment
as noderately to highly compressible (Table 1).

Effective friction angle (¢') for sedinment in shelikof Strait is high
(35" - 46°) conpared to the range (20° - 40°) reported by Lanbe and Wit man
(1969, p. 149 and 306) for normally consolidated sedinent. Apparently, no
conpi l ations of ¢' exclusively for terrigenous marine sedinment have been
made. Hampton (in press) reports ¢' nostly in the 30° - 40° range for
terrigenous sanples fromthe Kodi ak Shel f. Shelikof Strait terrigenous
sediment is relatively strong under drained |oading conditions.

Lanmbe and Whitman (1969, p. 452, Fig. 29.19) present data on the
undrained strength of nornal |y consolidated nmarine clay, and val ues
of su/aC “are between about 0.2 and 0. 4. The range for normally consolidated
Shelikof Strait sanples is 0.3 to 0.6, so they are relatively strong under

conditions of wundrained |oading. su/c ‘“for normally consolidated terrigenous
C
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sedi ment from the Kodiak Shelf are also high, fromO0.4 to 1.0 (Hampton, in
press ) .

Val ues of the NSP factor A are high (0.79 - 0.97) conpared to the average
value of 0.64 (standard deviation = 0.18) in the extensive conpilation by
Mayne (1980). The inplication is that the increase of strength wth
overconsolidation i s higher than normal.

The low to noderate cyclic strength degradation of Shelikof Strait
sanples is simlar to the behavior of clay sedinent reported in other studies
(Lee and others, 1981; Anderson and others, 1980; Hanpton, in press).
Sedinent failure in response to large earthquakes certainly is a possibility,
but the potential is not as great as has been predicted for some deposits of
silt in the northeast Qulf of Alaska (cyclic strength at 10 cycles as |ow as
40% of the static strength; Lee and Schwab, in press) and vol canic ash on the
Kodi ak Shelf (cyclic strength at 10 cycles is 12% of the static strength;
Hampton, in press). The deposit of Katmai ash in Shelikof Strait was not
subj ect ed to geotechnical testing. However, its in situ density is so great
that normal gravity coring devices could not penetrate the layer. The
relative density appears to be high and therefore the liquefaction potential
is |ow The possibility that nore deeply buried ash layers are present and

m ght be highly susceptible to Iiquefaction cannot be evaluated with the

information presently avail able.
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APPEND! X:

I NDEX PROPERTY CHARTS FOR SEDI MENT CORES

FROM SHELIKOF STRAIT
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(weight %) ; deng ty Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
g (gin/cm+) Atterberg limitsi— Index Index specific carbon (%dryweight) strength
(% dry weight) i
Depth 0 20406080 D 15 20 0 50 100 150 0 50 01.02.0 2,°54"" 5"0"1"';‘3"? 01234 ¢ P g
50
#silt cl ay
100/ H - |
1 —
150-
—
2 00}-
Ly v
2501
300 .
Bulk density Water content Average  Liquidity  Average Average Average Vane shear
at lIre.:_1.46 at Im._104.5 plasticity index grain specific organic carbonate: strength
Average plastic index: atlm.: gravity: carbon 0.990 at tm.:
limit: 40 34 3.56 2.81 1.009 6.34

Average liquid
limit: __"/5
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i

i
Depth
(cm)

80
100

150(

200

il

250}

300

P

limit_’0

Station 510 Location _57°39.22'N155°17.18'W  \Water depth_395m
Grain size Bulk dengl Water content. Plasticity Liauidity Grain Organic Carbonate  Vane shear
(weight %) (gin/cm ) Atterberglimitsk— index index - specific carbon (%dryweight) strength
% dry weight) gravit % dryweigh! (kPa)
0 20 40 60 80 0 15 20 0 50 100 1500 50 )10:.0 20 2.5y § ( g 01234 0
T 1 LI I | TYTTY ) MR LARAS MAR L & I B
- J s
silt [ clay
— l
— «
b ()
Bulk density Water content Average dquidit y werage Average Average Vane shear
atlm.1.51  at Ire..99.7 plasticity  index grain specific orgat\)nic ca_rb%ré%te: strength
Average plastic index: at Ire.: gravity: carbon _u.8J06 at .
A 31 1. 87 5. %0 0. 839 652
Average liquid
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Station_s11 Location_57 °39.08'N154°50.14'"W  Water depth_214m

Grain size Bulk denglty Wwater content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm3J) Atterdberg Iimit)st——c index Index specific carbon (%dryweight) strength
(% dry weight ravit %dryweigh P
DepthF 0 20406030 D 15 20 0O 50 100 1500 50 o0 1.020 2)g 25 ya.é 0 Y 28 01234 0@ (kPa)
(Cm) [ LB NN BB LSS N t T T { UL | M MM LAALS M R - , T T T 1 T
I b ’ {
S50
A silt € clay —
100 *
150F | | # —+—
C
2001 l
- — [ ) .
2s0
300
Bulk density Water content rerage Iquidit y Average Average Average Vane shear
at im.: 1,49  at Im.:_1006 plasticity index grain specific organic carbonate: strength
Average plastic index: atlm. gravity: carbon. 0874  at im:
limit; 36 36 1.74 2.84 1.075 6.70
Average liquid
Vit __72



0L

Station_si2 Location _s7°s2.s'n1s4°14.9'w . Water depth_i9sm

Grain size Bulk dengity Water content « Plasticity Liquidity Grain Organic Carbonate £ shear
(weight %) (gin/cm®) Atterberg limits+— index index specific carbon (%dryweight; "sirangth
% dry weight) gravity (9 drrwelgm)

Depth | 20406080 ‘0 15 20 O 50 100 1500 50 01.02.0 2.0 25 3.001 234 01234 05 0
(cm)_ YT T tTTTr b laaad 1 T T T L JE e ) | [ N A M
[ silt® clay . F— o . . . »

7
50t
100¢-
150
-
-
200:
250f
300 . iquidi A A
Bulk density Water content Average  Liquidity Average verage verage Vane shear
at 1 m.: . atlm:____ plasticity index grain specific organic ca(;bgggte. strength
Average plastic index: at 1m.: gravitgfz ca(r)bgr%.g —:20%Y  atim.
Woit: 41 30 2.81 :

Average liquid
fimit: _71
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Depth
(cm)

50

100

150

200

250

300

)

Station_513 Location 57°54.8'N154°19.8'w Water depth 205m
Graln size Bulk donalty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm Atterberg limits— index index - specific carbon (%dryweight) strength
@ dry weight) gr av ity 6$dr¥wolgh (kPa)
0 20 40 60 80 )15 20 O 50 100 150 0 50 0 102a (% 3pod 2 01234 0,
T VvV 1 Trrorr T T T il hidAd LadAS 48 IIIT]_I . J ; | I "
Sllt Clay [] H [ ] ° ° ° ®
Buik density Water content Average iquidity  Average Average Average Vane sheai
at1m.: at Im.: plasticity  index grain specific organic carlbonate strength
lastic index: attm.: ravity: carbon: : atlm.:
Average o % gty ogRes
Average liquid

limit:



veol

Station—sia— Location_s7°ss.3'n154°25.0'w Water depth2zom

Grain size Bulk dengity Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm*) Atterberg limits— index = index - specific carbon (%dryweight) strength
(% dry weight) gravity S! drrwelghl (kPa)
Depth 0 20406060 015 2.0 0 50 100- 1150 QO 50 0 1.020 20 25 300 2 ¢ 01234 0
(Cm) — T | ad RARAS W T [ TT 17 B A [ LI L
i silt \cla
i y . (T . . o
50 Hi
100}
150
-
-
200
250
300 Bulk density Water content Average  Liquidity Average \verage Average . Vane shear
at Ire.___ atlm:____ plasticity index grain specific organic carlb%réllate. strength
Average plastic index: at Ire. gravi%: carbon: =02 atlre.:
27 2.35 0.856
limit: 36

Average liquid
limit: 63
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Station _515 Location_57°59.0'N154°27. 3" Water depth _238m

Gra_in size Bulk dengity ~ Water content . Plasticity Liquidity Qrain Organic Carbonate Vane shear
(weight %) (ginfcm %) Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) ravit %dryweigh kPa
Depth 0 20406050 D15 20 o0 50 100 150050 0 1.02.0 : 0° 25 yel.é 01 2%, 0 234 o( ) 50
50p
-
h [} [ ] [ ] [
100
150[‘
N
200
2501
300— —
Bulk density Water content Average Liquidity Average A age Av ge Vane shear
at 1_m.: atlm:_____  plasticity index grain specific organic carb strength
Average plastic index: atlm, gravity: carbon e — at Ire.:
limit: : 2.65 0.721

Average liquid
limit:
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Station __SL6 Location 58°00.3'N 154°10.6'W Water depth_zo0s

Grain size Bulk denlgity Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm ) Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) gravity 1dr¥welgh1 (kPa)
Depth 0 20405050 ) 15 2.0 0 50 100- 150 0 50 )102¢C 20 25 357 0 2 ¢ 01 2 3. o 50
cm) [ . ; ey T T T ——
- silt clay
b . . o o
50
100F
1501
200}
250
300— . —
Bulk density Water content Average Liquidity Average Average Average Vane shear
at 1 M at 1 m.: plasticity index grain specific organic carbonate:  grength
Average plastic index: at Ire.: gravity: carbon: 1.05 at Ire.:
limit: 2.65 0.898

Average liquid
limit:
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Station _517 Location_57°55.3'N 154 °00.9'W Water depth_1som

Grain size Bulk dengity Water content «  Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/fcm ™) Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) g ravité/d%dr_rweigh (kPa)
Depth 0 20 40 60 80 1.0 15 2.0 0 50 100 1500 &0 0102( ¢ 25 3Uo 23. 01234 0
(cm) LLAILEN [N A B BB S 0 n o o TTVTTY T L LI v T LI
silt clay . — e ° e .
m
50]-
100}
150}
200}
250]-
800™ Bulk density Water content Average  Liquidity Average Average Average . Vane shear
atlm. atlm.:.___ plasticity index grain specific organic c%rbsod%:lte. strength
Average plastic index: at 1m.: gravity: carbon: —o) at Ire.:
fimit: 39 33 2.78 0.967

Average liquid
imit: _7_2
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Station 518 Location_58°00.3'N153°51.6'W Water depth_180m

Grain size Bulk denglty Water content . Plasticity Liquidity Grain Organic Carbonate Yan® shear
(weight %) (gm/cm Atterberg limitsk— index ~ index specific carbon (%dryweight) ~strength
% dry weight) gravity (9 drrweighi (kPa)
Depth 0 20 40 60 80 10 15 20 ) 50 100 1500 50 o 1.020%0 25 390 2 4 01234 O
(cm)— ‘TFFT LA I e e e ™1 T 'I'r'r'rr'r"ﬁ“ —r T - T
: silt p
i
50
100}
150+
"
2001
250
300 _ —r n oo
Bulk density Water content verage Liquidity Average verage verage Vane shear
at 1 m.: atlm:___ plasticity index grain specific organic carbonate: strength
" Average plastic index: at Im.: gravity: carbon —0.940  4t1m.
limit: 2.62 1.104

Average liquid
limit:
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Depth
(cm)

50

100

150

200}

250}

300

Station_s19 Location_58°05.5'N 154°01 .3'W Water depth_200m
Gra_!n size Bulk denglty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (ginfcm9) A(E)/teuéberg li_rrlLtts)H index index specific carbon (%dryweight) strength
6 dry weig ravit %dryweigh kP
0 20 40 60 80 ) 1.52.0 o 50" 100 1500 80 0 1020 20 25 58%MYEP 01234 o *PY 4
) TT 117 LI B I B L e i LI B I M AAALE A2 Ty Ty Ty bl AN e ma T TTT7
silt clay . i e ® ) ®
Bulk density Water content Average iquidity Average Average Average Vane shear
at |m .- atlim: plasticity index grain specific organic carbonate strength
Average plastic index: at im.: gravity: carbon: —0.920  at 1m:
24 2.70 0.829

limit: 39

Average liquid
limit: 635
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Depth _

(cm)

100

150

200

250

300

sof”

rvyrqJrriy i

Station _520 Location _58°13.2'N153°56. 21y Water depth_213m
Grain size Bulk den:;lty Water content « Plasticity Liquldity Grain Organic Carbonate Vane shear
(weight %) (gin/cm*) A};el('jberollmlr]ts)H index - index specific carbon (%dryweight) strenqth
. ry weight gravity (% dryweighi (kPa)
0 20 40 60 8 0 1.5 2.0 0 50 100 150 0 50 01020 0 25 3§0¥284 01234 0
T ™Iy \hd hbiAd AAALS A4 TLI LI N ’ T T L |
silt ycl —
| A D 1 3
Bulk density Water content Average iquidity Average Average Average Vane shear
at 1m.: at 1m.: plasticity index grain specific organic carbonate: strength
Average plastic index: at Ire.: gravity: carbon 1458 4t Im.
limit: 24 2.72 0.704

Average liquid
limit: _58_
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Depth
(cm)

S|

50|-

100

150}

200}

250

300

Station __521 Location_58°07.93'N 153°45.4'w  \Water depth_i18sm
Grain size Bulk denglty Water content «  Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm Atte:’berglimita;l—-i index index specific carbor (%dryweight) strength
(% dry weight ravity —(%dryweigh (kPa
0 20 40 60 80 215 2.0 0 §0 100 1500 50 01.02.0:092.5y500128 01234 0 )
A ¥ T T [ T T TTTY T T . T 1
silt clay
Bulk density Water content Average iquidit y Average Average Average Vane shear
at Im.: at 1m.: plasticity index grain specific organic carbonate strength
Average plastic index: =~ at Tm. gravity: Ca(;bgg:;l _1.07 atlm.:

limit:

Average liquid

fimit;
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Station 522 Location_58°05.5'N153°41,1'wW Water depth_18sm

Graln size Bulk denglty Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm¥) Atterberg limitst— index Index specific carbon (%dryweight) strength
(% dry welght) oravity, (adryweigh (kPa)
Depth 0 20 40 60 80 “) 15 20 0 5 100 1500 80 )1.02C 20 25 3p o 2 q 01 234 0 50
(cm) | ‘SiIt b'C'l'a)"‘ ) H— “d” 1y LAY AL " R T A pT T 7
b
60}
100}
150
200}
250}
300 Bulk density Water content verage Liquidity  Average Average Average Vane shear
at 1 m.: atlm. — plasticity  index grain specific organic carbonate: strength
" Average plastic index: atlm. gravity: carbon 0950  atIm.
limit: 45 41 2.60 1.046

Average liquid
limit: 86
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Station __s23 Location_ 58 °01.7'N 153°34.2'w Water depth_1i3om

Grain size Bulk dengity Water content e Plasticity Liquidity i i
: Grain
(weight %) (gmlcmf;) Atterberg limits— index index specific ?;?82}? (:3:53:?;:3“)Va:50::3‘ar
(% dry weight) gravity (%dryweigh )
Depth 020400060 (0 15 20 0 50 100 1500 80 0102020 " 25 g0 1" %4 01234 o %
(cm) URBLELELELELE T Ty HMS I B | AAREE YT [(TYTYTTTTY | e r—r— T ‘
50f
L ’ T * ®
100f
150_'
N
200
250~
i 3 ® ) )
300%m —
Bulk density Water content Average Liquidity Average Average Average Vane shear
at Im.: _1.84  at Im.._43.0  plasticity index grain specific organic carbonate:  sirength
Average plastic index: at Ire.: gravity: carbon —0.560 I
mit: 2.77 0.472 at 10.08
Average liquid

limit:
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Depth
(cm)

50

100

150

200

260

rTl'l[llrrll'll[rlll|Iflt|fﬁvﬂ'

300

Station_s24___________

Location _58°15.94'N153°41.87'W

Water depth_17sm

Grain size Bulk dcnglt y Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm ™) Atterberg limits— index Index specific carbon (%dryweight) strength
(% dry weight) gravity ds dryweigh (kPa)
0 20403030 10 1.6 220 O 50 100 150 O so 01.02.0 2.0 2.5 3.l 0 %298, 0123. o 50
A T TV T T LI B I ey T R —
silt clay
Bulk density Water content Average  Liquidity Average Average \verage Vane shear
at lre..  atitm:____ plasticity index grain specific organic carbonate: strength
Average plastic index: atlm.: gravity: carbon S at Ire.:
timit:

Average liquid
limit:



S1¢

Station =23 Location 58°23.7'N153°37 .2y Water depth_issm

Grain size Bulk dengity Water content «  Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm 9) Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) gravity, %drrwelgh (kPa)
Depth 0 20 40 60 80 D 15 2.0 0 50 100 15 0 50 D 1020 2.0 25 i D 2 01234 0 50
(Cm) | LELALALS ILALEL L I L o LALELILE I 4 pdddd Ml o T T T T T T
50|- sandj silt
100}
la) b
150}
m
200(-
250+
300t— PR A Average
Bulk densgit Water content Average  Liquidity Average verage verage Vane shear
at 1m.:1-_§2_ at 1m:_45.2  plasticity index grain specific organic carbonate: strength
Average plastic index: at 1m.: gravity: carbon: 1034 gt e
limit;:—27_____ 13 1,41 2.79 0.882 _22.59

Average liquid
limit: 29
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Station526_ Location_58°29.0'Njs3°27.1'w_ ~ Water depth_i3sm___

Grain size Buik donglty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm ¥) Atterberg limitsi— index - index - Specific carbon (%dryweight) strength
(% dry weight) gravity S! dr‘rwelghi (kPa)
Depth 0_20 40 60 80 0 15 20 o0 50 100 1500 50 31020 2025 "3§01 23+ 01234 0 ' 50
(cm) ' e v ‘ T T T T
so}l
100}
150}
7] i
200F
250}
300 : —— A A
Bulk density Water content Average  Liquidity Average verage verage Vane shear
at lIre._1.79  at 1m.:_46,1  plasticity index grain specific org%nic ca{bfgfte strength
lastic index: atlm. ravity ; carbon —aJs atlm.
,‘,\:,,etmgegas 13 PR 0.561 11.13
Average liquid

fimir:



L1l

Station 527 Location 58°34.2'N 153°17.6'W Water depth _153m

Grain size Bulk den;lty Water content « Plasticity Liquidity Grain Organic Carbonate Yane shear
(weight %) (gm/cm9) Atterberg limitst— index index specific carbon (%dryweight} * strength
(% dry weight) gravity 6*’7\"9'8" (kPa)
Depth 0 ) 15 20 0 50 100 1500 50 0 1.020 20 25 &g O 23, 01234 0
(cm) I RARAS RS ARS T L ad i T T T T T 1
®
so}
100}
I
150}
200}
250}
300 - PO A Average
Bulk density Water content Average  Liquidity Average verage . Vane shear
at Im._1.94 at Im.:_31.2  plasticity index grain specific organic Carblog%tg. strength
e index: at 1m.: ravity : carbon: —=222_ at 1m:
o 36, §rastic § 201 T2 0.528 —2dr2
Average liquid

limit, 232
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Station_>528 Location_58°39.4'N_153°0.7'W Water depth_159m
Grain size Bulk den ;ny Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm") Atterbergllmitsl—i index index specific carbon (%dryweight) strength
% dry weight gravlty 9 dryweigh (kPa)
Depth 0_20 40 60 80 0152.0 0__50 100 )1500 50 01.02.0 10 25 Y 8 0123« _0
(Cm) Y ”'l" L LB B S B I B B | LABEEEE ™ T 'TT'ITI"'T'I'T T v
| silt !
50}
sand 4 H 14
100}
150} la) H
200} l\
; %
250pn
3007 Bulk density Water content Average Liquidity Average A erage Average Vane shear
atim.:1.79 . at 1m:_46 9  plasticity index grain specific organic carbonate: strength
Average plastic index: atim.: gravity7: carbon 2197 4t im.
limit: 26 1 2.23 2.74 0.643 1691
Average liquid

limit; _37



61.

Depth
(cm)

50|

100

150

200

250}

300

Station_529 Location_sg°®44.4'N152°57 4w Water depth_izen
Grain size Bulk dengity Water content «  Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm¥) A(to}er:erg liimhl:)sl—l index index specific carbon (%dryweight) strength
v dry weig gravity (% iryweigh kP
0 20 40 60 80 10 15 20 0 50 100 150 0 50 01020 20 25 30 0 ‘r 2 g 0123 0 (kPa) 50
T T 1 Y T s MaAAd LARAS LN R L LELELA
Siillt ]
S and
¢
Bulk density Water content Average iquidit y Average Average Average Vane shear
at 1m.: 1.97 atlm:_29.9 plasticity index grain specific organic carlbona;e: strength
Average plastic index: at im.: gravity: carbon: _— 99 at 1m.:
limit: 2.69 0.551 ~18.50

Average liquid
Himit:
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Station_ss o Location_58°49.7'N152°47.6'w Water depth_165m

Grain size Bulk dongity Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(Weight %) (ginfcm¥) Atterberg limitsik+ Index = index - specific ~_ carbon (%dryweight) strength
% dry weight) gravity éidqweight)
I(Dep;h_ 0 20 40 60 80 0 1s 20 0 50 100 1990 50 01020 20 25 300 2 4 01234 0 “"5 0
cml ] I LI WL d Tt T T T T
sand 2 , { }
| |0
60
100f
150}
200}
250}
300— .
Bulk density Water content Average  quidity  Average Average Average Vane shear
at1m.: atim:___ plasticity index grain specific organic carbonate: strength
Average plastic index: at1m. gravity: carbon 3. 049 at Ire -
limit: —______ 2.79 0.462

Average liquid
limit:



12¢

Station_s31 Location 58 °54.9'N 152 °37.3'W Water depth_i61m

Grain sige Bulk dengity \Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm*®) A(g/teléjberg ll.m:]tSH Index index - specific carbon {%dryweight) strength
o dry weig ravit %dryweigh
Depth _ 0 20406080 > 15 20 0, 80’ 100 1500 80  0iozc :0° 55 365 1's %4 01234 0 "V so
(Cm) ? Sand ] LI B I "’mvrrﬂ'rrl -1 e e T
50
}.
100
150 ,
2001
|
L
250
300~
Bulk density Water content Average  Liquidity Average Average Average Vane shear
at 1 m.: _ atim:_—__ plasticity index grain specific organic carsb%nate strength
Average plastic index: at Im.: gravity: carbon: : at Ire.:

fimit: 0.388

Average liguid
limit:
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Station _532 Location _58°45.85'N 152°27.98'Ww  Water depth _195m____

Grain size Bulk dengity Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm9) Atterberg limitsi— index index specific carbon (%dryweight) strength
% dry weight) gravitg (9 drrwelgm ?
Depth 0 20 40 60 850 ‘018 2.0 0 50 100 1500 50 01.02.0 2.0 2.5 3.0 0 23« 0123« 0 . 50
(Cm) - LI B frrrrrrvory T ""T"'""T"'"T"' TTVITT (7 T T T ) T T »-- T T T
- coarse sand
7
50}
100}
150}
200[
250]-
300 i iquidi Avera Average
Bulk density Water content Average Liquidity Average verage g Vane shear
at tm: _ atim:_—_—_____  plasticity index grain specific organic ga%bonilteS strength
Average plastic index: at Ire.: gravity: carbon £ - - - > at 1 m.:
hoit: 0.335

Average liquid

[} SN 7 W
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Depth

(cm)

80|

100}

150}

200Q-

2501

300

Station __533 Location 58°50.4'N152°23 91y Water depth 120m
Graln size Bulk dengity Water content « Plasticity Liquidity Qrain Organic Carbonate Vane shear
(weight %) (gin/cm*) Atterberg liim:‘ts)l—-i Index index specific carbon (%dryweight) ‘s;ren%th
% dry weight ravity (%drywei kPa
0 20403030 1.0 15 20 oE 50" 100 150 0 50 01.02.0 20° 253004 28 01234 0
coar se’ i ™ T i A i L T T
>
Bulk density Water content Average  Liquidity Average Average Average Vane shear
atlm.: atlm. plasticity index grain specific organic carbonate: strength
Average plastic index: at Ire. gravity: carbon: at tm.
limit:

Average liquid
limit",
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Station_534 Location_58°39.6'N152°47,1'w Water depth_issm

Grain size Builk denglty Water content «  Plasticity Liquidity Qrain Organic Carbonate Vane shear
(weight %) (gm/cm¥) Atterberg limitsl— Iindex index specific carbon (%dryweight) strength
(% dry weight) gravity 61 dryweigh! (kPa)
Depth 020406080 |0 1.5 20 0 50 100 1509 50  01.02.0 200 25 3004 23, 0123. o0
(Cm) i LINLEL B B LR BB N LA A L B T B A | IERAREBRE T Y T T T T T T
L
sol sand H
m
100}
150
200}
250}
300 —
Buik density Water content Average Liquidity = Average Average Average Vane shear
at1m. atlm:___ plasticity index grain specific organic carbonate: strength
Average plastic index: at 1m.: gravitg: carbon: — 317 atlre:
limit__30 11 2.66 0.424

Average 1Ik:mid

limi¢.
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Depth
(cm)

50

100

150

200

250

300

i
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Station_sas Location _58°37.0'N152°42.0'w Water depth_ssn
Gra_in size Bulk donlgzty Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm ) Atterberg limitsi—~ index index specific carbon (%dryweight) strength
(% dry weight) ravity {%dryweigh kP
0 20406030 D15 2.0 0O 50 100 1500 &0 01.0 24 2og 2.5 gd 0 Y 2 g 4 012 34 0( 2) 50
T YT L e 1aaas o) T TTTT Py T | ®= =
§ilt ¢fCla . . . *
Bulk density Water content Average Liquidity Average Average Average Vane shear
at1m.: atlim.: plasticity index grain specific organic carbonate: strength
Average plastic index: at Im.: gravity: carbon: 2167  a1im:
limit: 2.76 0,200

Average liquid
fimit:
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Depth
(cm)

80

100

150

200

250

300

Station _536 Location _58°31.4'N 152°52.6" water depth_190m
Grain size Bulk denglty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm ™) A}terberg limitsi— index index specific carbon (%dryweight) strength
% dry we g gravity 6! drrwelgh' (kPa)
0 2040 BOW 0 15 20 0 50 100 50 &0 (0 1.02020 25 300 23., 01234 0
I | LA REARE B LA L B | LR R [ LR wrrTrrT LA | T 1T 1
H
an
i H
- silt| cla
[7:
—
Bulk densit Water content Average Jquidity Average Average Average Vane shear
at Im.: at 1m.:61.4 plasticity index grain specific organic carbonate: strength
Average plastic index: atlm.: gravity: carbon at 1L.m.
oits S 19 1.73 2.78 0.785 folay

Average liquid
fimit %01
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Station_537 Location_58°29. 0'N 153°07.6'w Water depth_ieom

Grain size Bulk denglty Water content Plasticity LI ' '
) . y Liquidity Grain Organic Carbonate Vane shear
0, H . [
(weight %) (gm/cm ) A(:)/toezjl:;revgg:]tsi-l index index spe::tlflc 6’dcarb0{1 " (%dryweight) strength
Depth 0 20406030 D152.0 0 50 100 150 0 50 0102020 ° 35 ‘3o " (kPa)
(Cm) r LI AL A I B L e g o 'l"lT"T1 4 Saaad BAdAs o l'll'l!lll o'{'?g‘l 01 23“ ol 1 ) ]
H °
50}-
—
100}
150+
777
200[-
250
300 —
Bulk density Water content Average  Liquidity- A e g Average Average Vane shear
at Mm;_1.69 at tm.: 615 plasticity index grain specific organic carbonate: strength
Average plastic index: atlm.: gravity: carbon: 2775 at am ;
limit:_32 24 2.78 1.973 i

Average liquid
limit: 56
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Depth _

(cm)

80

100
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200

250
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I’l[ll[‘rgll[fﬁf'rllfl[Trrr['

Station_538

Location_58°25,2 'N153°00,2'W

Water depth_i9om

Graln size Bulk dengit y Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm3) A(t()}erberg;l'm:‘tts;l—l Index =~ Index speci'ftic ’dcarbo‘n " (%dryweight) strength
o dry weig ravity rywe P
020400080 01520 o 0% oo s0 0 1020 2858 8 ETE 01234 o %P 4
LI UL S ) i MiaA] AAALT M T TrTT B B | T Ty T N |
and —
silt® clay H
H
H
Bulk density Water content Average Liquidity Average Average Average Vane shear
at Im.; 1.61  at 1m.:_74.7 _  plasticity index grain specific organic caflbzga“’: strength
A lasti index: =~ at Ire. ravity: carbon T LN at Ire.:
e o0 P '033 29 _  _1.46 i 0.871 16.09

Average liquid
fimit: 62
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Station_539 Location 58°21.3'N 153°12.4'w  \Vater depth 17sm

Grain size Bulk dengity \Water content. Plasticity LI
i . Yy quidity Grain ;
weiaht % (’ ) i n Organic Carbonate Yane shear
(weight %) (gm/cm ) Ag/tel(;borg IimLtsH Index index specific carbon  (%dryweight) - strength
Depth 0 20406060 (% dry weight) gravity {(%dryweig! (kPa)
0o 15 20 o 50 100 150 © 50 01.020 20 25 100 4 012340 50
cm) |T RARAA RS MR rrrTrTTerTYTYTYY AR rprerpYenY BB RERRN | ——
50l- silt| cla;
L
100}
o c/
15Q-"
200}
2501
3004
Bulk denasit Water con_tggt Average Liquidity Average Average Average Vane shear
at 1m:1.48  at _Am: 7 . plasticity index grain specific organic carbonate  gtrength
Average plastic index: at tm.: gravity: carbon: _1.70 at 1m.;
limit: 2.82 1.102 9.07

Average liquid
I i m_ i t :
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Station_340 Location 58°21.5'N153°07.6'W Water depth_210m

Grain size Bulk denglty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm9) Atterberg limitsi— index index specific carbon (%dryweight) strength
% dry weight) gravity (9 drrweigm (kPa)
Depth 0 20406080 1015 2.0 0_ 50 100 1800 50 O 1020 20 25 3001 23. 01234 0 |
(cm) — X LA LR BB ‘ M bbid L M T Bl Tt ——T
- sily/ clay
sol-
100
150t
-
=
2001
2807 .
300" ——
Bulk densit Water content Average Liquidity Average \verage Average Vane shear
at tm:1.61  atIm: 74,0 plasticity index grain specific organic carlbolnate: strength
Average plastic index: at tm.: gravity: carbon _ atlm.
fimit: 2.76 0.799 _15.86

Average liquid
limit:
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Depth
(cm)

o
(=)

,l"l'lllrllll['ll’ll[llrllrg"v

100
150
200

250

300

Station_s41 Location _58°15.8'N 153 °22.0'y Water depth 167m
Grain size Bulk denn;’ty Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm ™) Atterberg limitst— index index specific carbon (%dryweight) strength
% dry weight) gravity (% iryweigh kPa
0 20403030 ) 15 20 0( 50 100 1500 50 O 10202) 25 3.6 0 f 28 0123 0( , ) 50
™7 Fr'"Trrﬂ'l'rﬂ T R ) T T T T T
silt ®cla) — o . ] B
Bulk density Water content Average Liquidity Average Average A rerage Vane shear
at Im.: at Im.: plasticity index grain specific organic carlb%r;%te strength
Average plastic index: atlm. gravity: carbon: —2cf  at1im:
limit: _39 24 1.082

Average liquid
limit: ___6_
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Station _>42 Location _8°18.6'N 153°26.9'W Water depth _155m

Grain size Bulk donglty Water content -_ " ?lasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm Atterberg limit3— Index index specific  carbon (%dryweight) strength
(% dry weight) gravity (sdqwelght) (kPa)
Depth 0 20 40 60 80 10 15 20 0 §0 100 1500 50 01020 20 25 30 234 01234 0

ll.ll L) LALBELE LEEEE RE LIS N LA ALEN BLEL BLELAN | LELLILIE I iy A B | v L) T 1 1
(cm) r'\511t clay — e ° ° I I .

80
100
150
200

250

rﬁrllﬁllv|llll|uu|||....
o

300 Bulk density Water content Average  Liquidity Average Average Average Vane shear
at 1m.: at 1m.: plasticity index grain specific organic carbonate: strength
Average plastic index: at 1m.: gravity: carbon: 1.292 at tm.
fimit: _35 o 0.998
Average liquid

limit: _S6
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Station_343 Location 58 °10.77'N 153 °31.97'w  \Water depth_180m

Grain size Bulk dengity Water content « Plasticity Liquidity Grain Organlc Carbonate Vane shear
(weight %) (gm/cm¥) Atterberg limitsk— index index specific carbon  (%dryweight) strength
(% drv weight) ravit %dryweigt kP
Depth 2040,6060 )15 2.0 0 50 100- 1500 50 01.02.0 : .OgI 25 yaé o { 2 g 4 01234 0( a) 50
(Cm) r s 2 T L | hhd hASAJ LARLS M U R R LA LA B | 1 i i LI
17
50}
100}
150}
200F
250F
300 —
Bulk density Water content Average Liquidity  Average Average Average Vane shear
at1m.: atim.: _—__plasticity index grain specific organic carbonate: strength
Average plastic index: =~ at Ire.: gravity: carbon —  atire:
limit:

Average liquid
limit
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Station—s4s Location 58 °22.5'N 153°53.5'W Water depth 175m
Grain size Bulk denglty Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (ginfcm ) Atterberg limitsi— index Index specific carbon (%dryweight) strength
% dry welght) b0 50 01.020 207 S a8 TS 01034 oY
. . 50 100 1 . . . d .
l()ce':)‘;h 0 20 40 60 80 0'.,1l§'..2.|0-. 0, ™r o aaad Laasd T [-',., T er—Tr—1 |
i | ¢
80t
—
100}
silt Yclay
1sol
| » H
200}
{
2 50| |
L ® — ® L ]
7
300* Bulk density Water content Average  Liquidity Average .\verage Average Vane shear
at Ire.; 1.64 at 1m:69,1____  plasticity index grain specific orggnic c%rk%ci%ate sttringth
astic index: atim.: gravity: carbon: —_— at 1m.:
ﬁ;ﬁia"% 20 2.02 5,79 _0.663

Average liguid
limit: é
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Station _346 Location 58°28.8'N153°37 0y Water depth omm

Grain size Bulk donglty Water content « Plasticity Liquidity Grain Organic Carbonate ¥are shear
(weight %) (gm/cm ) Atterberg limitsk— index index specific carbon  (%dryweight) ‘strength
(% dry weight) gravity (%dqwelgh (kPa)
Depth 0 20 40 60 80 0 1.5 20 0 5|0 100 1500 50 01.024 0 25 300 2 0_1' 234 0 50
[ YT TTTTTY —_— | — YT T —T T v —
(cm) d silt ® ° He ° ° ' y
4
50}
100}
150
200}
250
300t - - — A
Buik density Water content verage Liquidity Average Average verage . Vane shear
at Ire.: atim:_________plasticity index grain specific organic carbonate:  trength
Average plastic index: atim. gravitg: carbon: 102  s1im:
limit: 28 20 2.08 0.565

Average liquid
fimit: 45
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Station 547 Location 58°33. 0'N 153°34.4'wW Water depth_som____

Grain size Bulk den glty Water content « Plastici  Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm™¥) Atterberg limits— index index specific carbon (%dryweight) strenath
% dry weight) 50 0 L02.0 2§razvéty3 (%drrwelglﬂ 1234 0 (kPa)
I(Dcerﬁt)h_ (] 20406030 *DTJ'.?”?'Q' 0 50 100 1500”'“ ———
: H /'
i sifit |clay ‘/
50 H
i
100+
150t
2001
250
300t Bulk density Water content Average LI Average Average A o Qet . Vane shear
: : lasticity index grain specific organic carbonate: strength
at lre.: _. atlm:— P y i carbon 1.05 at 1 m.
Average plastic index: at Im. grawty. 0.591 _— -
limit: _28 14 2.79 '

Average liquid
limit: 42
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Station_sas Location 58 °37.9'N 153 °25.1 'W Water depth_san

Grain size Bulk denigity  Water content Plasticity LI i
: . y Liquidity QGrain
(weight %) (gmlcm:’) Atterberg limitsi— index index specific ‘3;?{;‘2}1‘3 (:::szztézt)va:t?esgtiar
% dry weight) it
Depth 0 20406030 0152.0 0( 50° 100 1%0 0 50 gravity (%dryweigt (kPa)
— . . 01020 20 25
(cm) - Eanan s SR LU + 3'60-.r.—,-_._¥zg"°__£2,3,4 o
. (|
siifit  lclay ‘ .\
sof | |\
] |
100 Y
15Q-
200]-
250}
300t—
Bulk density Water content Average Liquidity = Average A 'erage Average Vane shear
at Im.: at Tm.: plasticity index grain specific organic carbonate: strength
Average plastic index: at Ire.. gravity: carbon 1.0s at Im.:
limit: .24 10 2.72 0.671

Average liquid
fimit: 35
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Station 342 Location s8°43.3'n 153°15. 0'w . Water depth__sm

Graln size Bqu denglty Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) gravity ldrrweigm (kPa)
Depth 0 20 40 60 80 0 15 20 o 50 100 1500 &0 31.020 20 25 31 O 23, 01234 0
(CM) L"'Il I""I""l"L T 1T Ty T T T T =TT
{ " L >
50
100}
150}
200
-
L
250
|
300~ - — A
Bulk density Water content Average Liquidity Average Average verage Vana shear
at1m.: attm:_—__ plasticity index grain specific organic carJt_:oSfte: strength
Average plastic index: at Im.: gravity: carbon: : at 1m.:
limit: _25 4 2.76 0.517

Average liquid
limit; _29
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Station 339 Location 58°50.8'N 153"10.3Iw Water depth 16s5m

Grain size Bulk deigity Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm ) Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) gravity (%dryweigh kPa
Depth 0 204060[80 0 152.0 0 50 100 150 0 50 01.02.0 20 25 560 r 2 g 4 01 234 0( ) 50
(Cm)[- T T T T L M hadAs Laas | UL L B 4 ——w-reT T 1 1T 7T
sol-
H 0
100}
150} !
7.
200-
250
{ M-
300 Bulk density Water content Average  Liquidity Average Average Average Vans shear
at Ire.;_1.88  at Ire._375  plasticity index grain specific organic carbonate:  grength
Average Elastlc index: atim.: gravity: carbon 107 8 Jm.:
limit: 1 4 2.72 0.631 20.40

Average liquid
limit: __23__
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Depth
{cm)

80

100

150

200

250

300

fIITl[ITIlllI'I[[lTIrI

Station 351 Location_58°53.6'N152°54.4'w—  Water depth_issm
Grain size Bulk denglty Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm®) Atterberg limitsi— index index specific carbon (%dryweight) strength
% dry weight) gravity é%drivwelgm (kPa)
0 20 40 60 80 0 1s 20 0 50,.,1 00JSO0 50 0102a 20 25 300 23. 01234, 0
T Lo TTTTT [rrrTT T I T T 1 1 1
H '\
4 . N
Bulk density Water content Average  Liquidity Average Average \verage Vane shear
at lIre.: atlm.: plasticity index grain specific organic garborlat(z strength
Averag éalastic index: atlm. gravity: carbon £ . - 7 at 1 m.:
fimit: _3______ 10 2.76 0.801

Average liquid
limit:_36
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Station_552 Location 58°47.2'N153°02.5'w Water depth_135m

Grain size Bulk denglty Water content «  Plasticity Liquidity Grain Organic Carbonate Vune shear
(weight %) (gin/cm*) A(t;erbero limitsi— Index index specific carbon  (%dryweight) ‘"strength
dry weight) ravity (%dryweigt (kPa)
Depth 0 20406030 01.s 2.0 0O 50 100 1500 &0 0102( 20 %.,5, :50"?’ Zg 01234 0o D)
(Cm) - ™rrT YT LB L L ——rTT ™rTT
i !
6 0]- L
100}
H
150
I
200|-
250
300'- | |
Bulk density Water content Average  Liquidity  Average Average Average Vane *hear
at Im.._1.78 at Ire.._47.5 plasticity index grain specific orgte)anlc ca]l:bzgate: strength
Average plastic index: at 1m.; avity : carbon: —20 __  at Im;
e 26 13 150 T 0.655 {80

Average liguid
fimit: _3gu_
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Station—s64o Location 58 °15.3'N 153 °59.26'W Water depth27am—__

Grain size Bulk don:;lty Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm*) Atterberg limits+— index index specific carbon (%dryweight) strenqth
(% dry weight) gravity {(%dryweigh! (kPa)
Depth 0 20408080 O 15 20 ( 50 100 160Q 60 01020 20 25 MY 01230 (Y
(Cm) ! e v ] II"' l I ll T [ T L A | ) T 1
e
50t
silt | clay
100}
®
150}
200}
i
250]-
300- - — =
Bulk density Water content Average Liquidity Average Average verage Vane shear
at 1m:.1.60 at 1m: 74.2 __ plasticity index grain specific orgabnic garb%negezo strength
i : at tm. ravity. carbon 2.040  atlm.
ﬁ,:,’,f.rage jastlo e Mes %% 0.771 8.90

Average liquid
limit:
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Station _a4z3 Location 58 °05.7 ‘N _154°09.1'w = Water depth_2ssm___

Grain size Bulk denglty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm¥) Atterberglimits— index index specific carbon (%dryweight) strength
(% dry weight) ravit 9 dryweigh kPa
Depth  © 20406060 [0 15 20 o0 80 100 1500 s0  0102( (0255 Yad '@V 61234 0" g
(Cm)' LI L B I LA B T T ™TTY e L L ML N LB LI )
'silt @ clay / \ t.
50| H '
U
100}
150}
200
250t
300 — : —
Bulk density Water content Average  Liquidity Average Average Average ) Vane shear
at 1_m.: atim:___ plasticity index grain specific organic carbonate: strength
Average plastic index: at 1m.: gravitg: carbon 0.966 4 1m.
limit: _37 32 2.64 0.796

Average liquid
fimit: _ 69
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Depth
(cm)

SO

100

150

200[°

250

300

Station _644

Location_57°54.6'N 154°33.9'W

Water depth 278

Grain size Bulk denalty Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm™) Atterberg limits— index index ; specific carbon (%dryweight) strenqth
% dry weight) gravity ;%dr‘rwelght (kPa)
0 20 4060 80 01s 2.0 0 50 100 1500 50 J1.02C 20 25 °3p O 2 (1 01234 0
LOBLEL T ‘ v | MalAd LiRAS WA LI e B | B AR T T T ™ T
H 1
silt\ cllay E
H t
Bulk density Water content Average  Liquidity Average Average Average _ Vane shear
at Ire.: at 1 m.: plasticity index grain specific organic carbonate: strength
Average plastic index: atlm.: gravity: carbon 0.837 atim:
fimitt 34 26 2.54 0.684

Average liquid
limit: 60
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Depth

(cm) H
{

80
100

150

lvlll[lrll[ll

200
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300 -—-J

Station _645

Location 57°47.0'N_ 154°58.8'w Water depth _315m

Grain size Bulk donalty Water content s Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm3) A(t';egberg Ilmlt;ﬂ-—l index index specific carbon  (%dryweight) strength
ry weight ravity (%dryweight (kPa)
0 20 40 60 80 10 15 20 0 50 100 1500 50 0 1020 2.0g 25 3.0(0 ¥284) 01234 O 50
L TTrTryYy %.-.-'uulvlqnul I MM RAAAS LARLE Lin LA A § 13 T T ] T "1
silt\ clay
Bulk density Water content Average Liquidity Average Average Average Vane shear
at 1m:_1.65  at1m:65.9 plasticity index grain specific organic carbonate:  girength
Average d)lastic index: at 1m.; gravity : carbon: _ at 1m.;
limit: _3 26 2.70 _14.11

Average liquid
limit: _56
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Station _46 Location _57°55.3'N_154°17.5'W  Water depth 216m

Grain size Bulk donglty Water content o Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm*®) Atterberg limitsi— index index specific carbon (%dryweight) strength
(% dry weight) gravity é%dqwelght) (kPa)
Depth © 20 40 60 80 10 15 20 0O 50 100 1500 50 01020 20 25 300 234 01234 0
(cm) I'I'r"l_‘"f-m—ﬁ— A28 S AL B B AR AL AN HLA TYyrol?t Ml LAALE hid LI BRI T T J T Al L 1 1
30
100}
o W -
150k silt | clay
- P -
200
250
30 Bulk densit Water content Average Liquidity  Average Average Average Vane shear
at 1m.: _1.55 at 1m. 78.6 plasticity index grain specific organic carbonate:  gtrength
Average plastic index: at 1m.: gravity : carbon: - at 1m.:
imit: 37 07 2.58 g
Average liquid

Hmit:
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Station __647 Location 57°59.8'N 154" 10.7' w Water depth22om

Grain size Bulk denglty Water content « Plasticity Liquidity Grailn Organic Carbonate ¥ ne shear
(weight %) (gin/cm9) Atterberg lluft}lt)s#—i index index specific carbon (%dryweight) ~s(trength
[% dry weight gravity (%dryweighi kPa)
Depth 0 20 40 60 80 ) 15 20 O 50 100 1500 50 01.0 2« ¢#2 25 KéofagA 01234 0
(Cm) L L L A B TY?* LI B I 4 L padad Lakad o T T =TTy l ™11
—
sol- _
silt cla
100} L
150} ®
b
771
200]-
2501
300 - —
Buik density Water content Average  Liquidity Average Average Average Vane shear
at Im_._1.57 at tm:_ 764 _  plasticity index grain specific organic carbonate strength
Avera lastic index: =~ atlm. gravity: carbon: —— at 1m.;
it 35 31 1.11 548 _8.81

Average Jigud
limit: ggu
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Station _649______ Location_58°04.7'N154°01.9'W Water depth _209m

Grain size Bulk donglt Yy Water content. Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm ) Atte:‘berg limits—4 Index ~ index specific zarbon (%dryweight) strength
(% dryweight) gravity (9 dryweight (kPa)
Depth 0204006080 ‘) 1s2.0 O 50 190 150 O__ 50 ) k02,0 2.0 25 3001294 01234 0 |
(Cm) 1 Ty 'l"“r'rl- LIRS LI B ) It 1 |
H ® (
|
60[
silt clay
100}
[
] {
150
Y
200}
250}
300 -
Bulk density Water content Average  Liquidity Average Average Average . Vane shear
at Im.; 1.57  at 1m.:_77.6 plasticity index grain specific organic carbonate: strength
Average flastic index: — gravity : carbon: —_— at_img
it 36 27 at m 2.61 _7.97
Average liquid

fimi _ 63
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Station _650 Location 57 °5s.0 'N154°01.1'W Water depth 199n
Gra?n size Bulk donglty Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm ) Atter:erg :lr;:lt)sl—l index index specific carbon (%dryweight) strength
(% dry weight ravit dryweigh
Depth 020408080 0 15 20 0 80 100 1500 50 ©0102¢ :0° 25 a8 1 "s %4 01234 0" 5o
(Cm)r yryrryeyvrrey YT T L L L T ™7 -
— .
50|- silt clay &
i I
100}
F —
150} II I i
)
200F
250
300
Bulk density Water content Average  Liquidity Average Average Average Vane shear
at lre.- 1,51 at Im:86.8 plasticity index grain specific organic carbonate: strength
Average plastic index: at1m.: gravity: carbon t ’m-
limit: 37 1.73 2.61 alt7.%
Average liquid

imit:
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Station _651

Location _58°00.1'N

153°52.6'W Water depth _194m

Grain size Bulk den glty Water content ¢ Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm?>) Atterberg limits—~ index index specific carbon (%dryweight strength
(% dry weight) gravity éidrrwelght) (kPa)
Depth 0 20 40 60 80 10 15 20 0 S50 100 1500 50 0 1.020 20 25 01234 0
(cm) llll'l'l 'l'1|lll'|IIll T"l'l’ ]“"|""l" lllllllll 1 L A | 1 1 1 ]
801
. silt | clay
100} —
i
150f
200 -
250{—
oot | |
Bulk density Water content Average Liquidity  Average Average Average Vane shear
at im: 1.48 atim:85.4 plasticity index grain specific organic carbonate: strength
Average Aplastic index: at 1m.: gravity : carbon: at 16"}
limit; 42 1.89 2.52 _4.07
Average Ilquid

limit:
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Station _as4 Location 57°07.4'N154°09,0'W water depth 232m

Grain size Butk donglt y Water content « Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cmJ) Atterberg limits— index index specific carbon (%dryweight) strength
(% dry weight) gravityd‘ldrivwelgh‘ (kPa)
Depth 0 2040.5050 9 15 20 0 50 100 150 0 50 21.020 20 25 3.U0 2 « 01234 0 50
(cm) _ [ - y TT7T [T LI | T 1 1 1
silt clay
. e O . LJ
m
50|-
100}
150}
200}
250}
300 Bulk density Water content verage iquidit y Average Average Average . Vane shear
at Lm .- attm:______ plasticity index grain specific organic carbonate: strength
Average plastic index: at 1m.: gravity: carbon: _0.870 atlm.:
limit: 2.61 1.006

Average fiquid
limit:



(A7 A

Station _655 Location_57°51.8'N 154 °09.0'w water depth 204

Grain size Bulk donglty Water content . Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm9) A’t.;’e(rjberg Iim:]tgl—-i index - index - specific carbon (%dryweight) s(tron()lth
{ ry weight gravity (9 dryweigh! kPa
Depth 0 20 40 60 80 01520 0O 50 100 1500 50 D 1.020 40 25 300?281 0123« O
(Cm) ¥ Lans a4 e 2 L e T shd hAAM AARdd \ad L A 4 T L-I' T
- . }—-‘ [} . . .
i
so}
100}
150+
200} b
250/
300 - \ Avera
Bulk density Water content Average Jquidity Average verage verage . Vane shear
at 1 m-.___ atlm:____ plasticity index grain specific organic carbonate: strength
Average plastic index: at Im.: gravity: carbon 0750 atre.:
limit: _38 41 2.67 1.101

Average liquid
limit: 79
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station _ss6 Location_58 °05.7'N 153°43.8'w Water depth_194m___

(weight %) (gm/em 3) Atterberg lim <4 index index specific carbon (%dryweight) ° strength
% dry weic gravity (%dryweigh kPa
Depth 0 20 40 60 80 D 15 20 o( 50- 100 500 50 0l.0O2+ 2) 25 eéofzg 01234 o( )50
(Cm) i . | ¥ T Ty L A MR R BRI LI e e - -
X silte Clay .x |-——|:/o ° . ; :
sof
100
i
150f
-
L
200}
250
SOOL — A
Bulk density Water content Average  Liquidity Average Average verage Vane shear
atlm.: atlm:________ plasticity index grain specific organic carbonate strength
Average plastic index: at tm.: graviég carbon —_— at Ire.:
lmit: 46 49 Z.

Average liquid
limit:
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Station 857 Location _58°12,9'N153°57.4'W Water depth_2zzm___

Grain size Bulk d.glty Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm Atterberg limitsi~4 index index specific carbon (%dryweight) strength
% dry weight) gravity dldrrweighl (kPa)
Depth 02040 6080 ‘0152.0 0O 50 100 150 Q 50 11.02.0 2.0 01234 O
(Cm)l_ TTT 7 W hiddd LA M Illlllll T T 7T
i
sot
H
silt /clay
100}
1
150} —
71
200}
250}
300~ Bulk density Water content Average .quidity  Average Average Average Vane shear
at 1m:_1.59 at Im.:_70.0 plasticity index grain specific orgabnic carbonate: strength
Average plastic index: atlm.: gravity ; carbon - at1
i 5 30 1.28 2.36 Moo

Average liquid
limit:
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station _sss Location 58°10.6'N 153 °32.6'W water depth _19og

Grain size Bulk denglty Water content « Plasticity Liquidity Grain i
: . Organic Carbonate Vane shear
(weight %) (gin/cm¥) A(tte;berg"im::s)'—! Index Index specific carbon (%dry weight) strength
% dry weight gravity (% iryweigt
Depth 020406080 (D 15 20 0 50 100 150 0 ' (kPa)
(cm)_’_ Trrrrr o T ' UALALLI SRR § ”'.5?' '1"'"7""1"01-0 U 2.5"360.‘_{.?3“ 012,?:‘ DL T T |FD
silty clay
“ i A0 ) "
SO/ q
100}
C
150
200
2501
300%—
Bulk density Water content Average Liquidity = Average Average Average Vane shear
atim.: atlm:______ plasticity index grain specific organic carbonate: i engih
Average plastic index: at Im.: gravity: carbon: _ atlm:
limit: 50 40 2.55
Average liquid
B(e) qu

limit;
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Station 1559 Location 58°01.8'N 153 °28.5'w Water depth_ii2m

Grain size Bulk donglty Water content e Plasticity Liquidity Qrain Organic Carbonate Vane shear
(weight %) (gm/cm A}terberg ll_mitsl—-l Index index specific carbon (%dryweight) strength
% dry weight) gravit 6’ dqweigh (kPa)
Depth 0 20 40 60 80 0 1*520 0 50 100 150 0 50 01.02.0 20 25 3. 01234 0 50
(Cm) oo T YT T YT b Mdd LAALS ll,\‘|ll Ty TV 1T
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Bulk density Water content Average Liquidit y Average Average Average . Vane shear
attm: . — atim:__ plasticity index grain specific organic carbonate: strength
Average plastic index: at1m.: gravity: carbon. _0.340 _ atIm.:
fimit: 21- 16 2.47 0.228

Average liquid
limit: .
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Station _660 Location_$8°03.9'N 153 °32.9'w Water depth_146m

Grain size Bulk donglty water content Plasticity Liquidity Gr
: ; . : ain Organic Carbonate Vane shear
(weight %) (gin/cm?¥) A(g/tel(;berg Ii.m:]tgl-—l index index specific carbon  (%dryweight) strength
ry weight ravit % iryweigh )
Depth 0 20405050 ~ D 16 20 0 50 100 150 50 01020 20° 25" ad%" (kPa)
e[| [T R R 00 0 hroz0 20,23 900 TEY, 01204 0 T s
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Bulk density Water content Average  Liquidity Average Average Average Vane shear
at 1_m.: atlm:___ plasticity index grain specific organic carbonate: strength
Average plastic index: at 1tm.: gravity: carbon 0.270 at 1m.:
limit: _27 8 2.53 0.231

Avera e liquid
fimit: 235
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Station_661

Location 58°06.50'N 153 °34.20'W

Water depth 238m

Grain size Bulk denalty Water content e Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gm/cm9) Atterberg limitsi— index index specific carbon (%dryweight) strength
% dry weight) gravit  (%dryweigh! (kPa)
0_20 40 60 80 )15 2.0 O 50 100 150 0 50 71.02.0 20 25 ‘3003'28‘ 01234 0 50
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Bulk density Water content Average  Liquidity Average Average Average Vane shear
at 1 m.:, atim:______ plasticity index grain specific organic carbonate: strength
"~ Average plastic index: at Ire.: gravity: carbon 0590 4t Im.:
fimit: _4_8____ 3 9 2.62 0.397

Average liguid
limit:
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Station_%62 Location_58°15.80'N153°33 oo'w  water depth_1zém

Grain size Bulk den;ity Water contente Plasticity Liquidity Grain Organic Carbonate V¥ na shear
(weight %) (gm/cm ) A(g/telc;bergliim:‘tts)l—i index index specific <:arbo'nh (%dryweight) ‘ strength
o dry welg ravit %dryweigh
Depth 0 2040 60 80 D1.520 o 50 100 1500 50 0102( :0° 25 Yo Ny vsigh 01234 o kPa)
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Bulk density Water content Average  Liquidity Average Average verage Vane shear
at1m. atim:_______ plasticity index grain specific organic carbonate strength
Average glastlc index: im: gravity: carbon: _ at 1m.:
Wmit: _ 4> 39 at 2.51
Average liquid
fimit: __84
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Station—664

Location_sa°®55.00N__153°36.90W

Water depth 174m

Grain size Bulk dengity Watercontente Plasticity Liquidity Grain Organic Carbonate Vane shear
(weight %) (gin/cm") Atterberg timits+— index - index specific carbon (%dryweight) strength
% dry weight) gravity él drrwel h (kPa)
Depth 0 20 40 00 80 ‘0 15 20 0 500 100 150 0 SO 1020 20 25 300 2 «¢|] D 1234 ¢ |
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Bulk density Water content Average Liquidity Average verage verage Vane shear
at Im.: at 1 m. plasticity index grain specific organic carbonate strength
Average plastic index: at Ire. gravitg: carbon at1m.
limit: 2.69

Average liquid
fimit:



