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INTRODUCTION

Environmental geologic studies have been conducted on the Kodiak Shelf,

Gulf of Alaska, to evaluate the potential impact and constraints that geology

can impose on offshore industrial operations (Fig. 1; Hampton 1982a,b).  As

part of these studies, cores were taken from the diverse suite of

compositionally distinct and areally  restricted sedimentary deposits on the

shelf and upper continental slope. Physical property measurements were made

on samples from the cores, and geotechnical methods were employed in order to

broadly characterize the behavior of the sedimentary deposits under conditions

of static and dynamic loading. The data and conclusions are meant as a guide

for detailed and site-specific studies that accompany'resource regulation and

development activities.

GEOLOGIC SETTING

The Kodiak Shelf consists of a series of flat banks, generally less than

100 m deep, separated by transversely trending troughs (Fig. 1). Most of the

seafloor is flat to gently inclined; steep slopes are uncommon (Fig. 2).

The banks are largely covered by coarse gravelly debris, typically less

than 100 m thick, although there are broad areas of bedrock outcrop at the

seafloor (Fig. 3). Local thin deposits rich in shells or volcanic ash are

also present. The troughs contain relatively fine-grained deposits, but

sediment composition is different in each. Stevenson Trough contains

terrigenous sand deposits that are molded into large sand waves, as well as

deposits of terrigenous mud and volcanic ash. The floor of Chiniak Trough is

covered with sediment composed predominantly of volcanic ash, with local

outcrops of a terrigenous mud deposit that evidently underlies the surficial

ash-rich material. Kiliuda Trough is blanketed almost entirely by a mixture
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of fine-grained  volcanic ash, diatom tests, and minor terrigenous material.

Samples from Sitkinak Trough contain terrigenous gravelly and sandy mud

(Hampton, 1981).

Most of the unconsolidated sediment was originally emplaced by glacial

processes. Glaciers are believed to have covered the shelf during parts of

Pleistocene time, depositing a cover of till and outwash  (Karlstrom, 1964;

Thrasher, 1979). During the Holocene, no major input of terrigenous sediment

has been made, but volcanic eruptions have spread ash across the seafloor, and

biologic activity has produced carbonate and siliceous shell material

(Hampton, 1981, 1982a, b). Marine currents have reworked the surficial

sediment and created a segregation of sediment types. Fine-grained sediment

particles have been winnowed from the banks and redeposited in the troughs.

The composition of deposits in the individual troughs depends on the locally

available material, with sand-size volcanic ash from the 1912 Katmai  eruption

being abundant near Chiniak Trough and finer ash and diatoms near Kiliuda

Trough. Stevenson and Sitkinak Troughs have had essentially pure terrigenous

material accessible to them.

Much reworking of shelf sediment probably was accomplished by waves

during the Holocene marine transgression. The present-day shelf environment

does not include strong geostrophic or tidal currents (Muench  and Schumacher,

1980), and sediment reworking probably occurs only occasionally when large

storm waves traverse the shelf.

Convergence of the North America and Pacific lithospheric plates a few

kilometers seaward of the Kodiak Shelf causes strong compressional forces that

have warped and faulted the seafloor. Strong earthquakes are frequent (Pulpan

and Kienle, 1979). They range in excess of magnitude 8 and cause strong

ground accelerations.
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METHODS

Geotechnical measurements were made on sediment cores obtained on four

cruises from 1977 to 1980. Cores could only be recovered from four

physiographic areas: Chiniak Trough, Kiliuda Trough, Sitkinak Trough, and the

upper continental slope (Fig. 4; Table 1). Sedimentary deposits in other

areas are too stiff or coarse-grained to be collected with our coring devices.

Both gravity cores and vibracores were collected in 8.5-cm  diameter

plastic liners. Most cores were obtained principally for geological

purposes. Upon retrieval they were cut into 1.5-m-long  sections and then

split lengthwise into replicate halves. Geotechnical index properties were

measured on these core halves. On some, vane shear tests were made at regular

intervals down-core to give measures of undrained shear strength. Subsamples

were taken for determination of water content, bulk sediment density, grain

specific gravity, and plasticity in the shore-based laboratory.

Several cores were taken expressly for geotechnical testing. Onboard

ship, these cores were cut into l- or 1.5-m lengths, and the ends were

capped. Then each section was wrapped in cheesecloth and covered with

microcrystalline wax in order to prevent moisture loss, and then stored

upright in a refrigerator to retard decay of organic matter. These cores were

later subjected to a suite of geotechnical tests in laboratories at the USGS

and at a commercial testing company.

One-dimensional consolidation tests were run on subsamples from

geotechnical cores to determine sub-failure deformational properties. Tests

were run on an oedometer in a stress-controlled mode (Lambe, 1951). The

consolidation tests measure change in volume with change in applied load. The
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results are typically expressed in plots of void ratio (e = volume of

voids/volume of solids) versus the logarithm of effective (buoyant) vertical

stress (p'). Two useful parameters are derived from these curves. The

compression  index  (cc) is the slope of the straight-line, virgin compression

portion of the e-log p' curve and indicates the amount of compression produced

by a particular increase in load. The maximum past pressure a' is the
vm

greatest  effective overburden stress that the sediment has ever been exposed  to

and is determined by a simple graphical construction (Casagrande, 1936). The

ratio of 0' to the calculated effective overburden stress at the time of
vm

sampling 9, is the overconsolidation ratio (OCR), which can be, for example,

a measure of unloading that the sediment may have experienced by erosion. A

third parameter, the coefficient of consolidation (c,),  is determined for each

load increment of the one-dimensional consolidation test and defines the rate

of consolidation.

Static triaxial tests were run on cylindrical samples 3.6-cm diameter and

7.6-cm  long in order to determine strength properties of the sediment. Tests

were run under undrained conditions with pore pressure measurements (Bishop

and Henkel,  1964). Most samples were consolidated isotropically prior to

testing, but some were consolidated anisotropically.

Dynamically loaded triaxial tests were also run on some cores, with the

axial stress on samples varied sinusoidally at 0.1 Hz. Both compression and

tension were applied at a predetermined percentage of the static strength.

These tests can be used to evaluate the failure conditions of sediment under

repeated loading, such as by earthquakes and waves.

Early triaxial tests were run on sediment samples that were consolidated

to somewhat arbitrary stress levels. However, the later testing program
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followed the normalized stress parameter (NSP) approach (Ladd and Foott,

1974), whereby consolidation stresses are chosen on the basis of maximum past

pressure (a;,), as determined from the one-dimensional consolidation tests.

Typically, the triaxial test specimen was consolidated to four

times 0'
vm'

which eliminates some of the disturbance effects associated with

coring. Overconsolidation was artificially induced in some samples by

rebounding to lower stress levels before applying the triaxial load. Measured

values of undrained shear strength (Su)  are normalized with respect to

effective overburden stress (ok). A premise of the NSP method is that the

ratio su/l  is constant for a particular sediment at a particular value of

OCR. Moreover, a relation exists between su/(:  and OCR that allows prediction

of sediment strength at confining stresses that exceed those at the level of

sampling (Mayne, 1980).

RESULTS

Lithology  of sediment cores is fairly uniform in each physiographic area,

with a few exceptions, but major differences exist amongst the various areas

(Table 1). Inspection of the geotechnical data gives consonant results;

physical properties are by-and-large similar within areas, except where

atypical lithology is found, and dissimilar from area to area (Figs. 5-11;

Tables l-5). Therefore, geotechnical characterization is possible for each

area. That is, representative values of physical properties can be deduced,

and general statements can be made about soil deformation in one area relative

to others.
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Index properties: Figure 5 presents index properties for sediment cores.

Individual values are shown graphically at the depths they were measured.

Summary values are also given, as averages for properties that are depth-

independent and as linear-regression estimates at 1 m from the top of the core

for those properties that vary with depth (Fig. 5, Table 2).

Water content is the weight of water relative to the weight of solids,

expressed as a percent and corrected for salt content. Values in excess of

100% are possible; they indicate a greater weight of water than sediment.

Water content typically decreases with depth in a uniform sedimentary

deposit. This is the case for most sediment cores collected from the Kodiak

Shelf, although some increases with depth occur.

Water content is highest for cores from Kiliuda Trough, followed by

slightly lower values in Chiniak Trough, then by substantially lower values in

Sitkinak Trough and on the upper continental slope. Water in the terrigenous

sediment of the latter two areas is interparticulate; that is, it exists in

the interstices between grains. But, the ash grains and diatom tests in

Chiniak and Kiliuda troughs accommodate significant amounts of intraparticle

water within voids and recesses in grains. The coarse ash particles abundant

in Chiniak Trough include pumice shards with thin, pipe-shaped vesicles

(Hampton and others, 1978). Most silt- and clay-size ash particles are flat

to curved plates. Diatom tests are perforate and spherical- to basket-

shaped. These nonterrigenous grains, because of their irregular morphology,

would be expected to pack loosely, in addition to accommodating intraparticle

water. Therefore, the high water contents in Chiniak and Kiliuda Troughs are

related principally to sediment composition.
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Note that anomalously low values of water content were measured in one

core each from Chiniak Trough (station 582) and Kiliuda Trough (station

351). Cores from both stations are of terrigenous composition, and their

water content is similar to the other terrigenous cores.

Values of other index properties also can be explained in terms of

composition. Grain specific gravity is low in samples from Chiniak and

Kiliuda Troughs because the amorphous silica that constitutes the volcanic ash

is of low density (- 2.4 gm/cm3)  as is the hydrous silica (- 2.1 gm/cm3)  that

constitutes the diatom tests. Isolated internal vesicles within the coarse

pumice shards in Chiniak Trough might explain the exceptionally low values of

grain specific gravity there. The values of grain specific gravity in

Sitkinak Trough and on the upper continental slope are in accord with the

density of common terrigenous minerals (2.6 - 2.8 gm/cm3).

Bulk density is calculated from porosity (water content1 and grain

specific gravity. In normal terrigenous marine sediment, differences in bulk

density mainly reflect differences in water content, because the range of

grain specific gravity is relatively small. But, the exceptionally low bulk

density values in Chiniak and Kiliuda Troughs reflect not only high water

content but also the unusually low values of grain specific gravity.

Atterberg limits are used in this study as a measure of the plasticity of

remolded sediment. The plastic limit (PL) is the water content below which

the sediment deforms as a semi-solid when remolded, whereas the liquid limit

is the water content above which the sediment behaves as a liquid. The range

of water content between these limits, where the sediment deforms plastically,

is defined as the plasticity index (PI). The liquidity index (LI) refers to

the relative position of the natural water content (w) to the plastic limit
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and the liquid limit. A negative value (w < PL) implies that the remolded

sediment will act as a semi-solid, a value between &and 1 (PL < w < LL)

indicates plastic behavior, and a value greater than 1 (w > LL) indicates

liquid behavior.

Ash-rich sediment from Chiniak Trough is nonplastic; i.e., it is

noncohesive and does not exhibit plastic behavior at any water content.

Therefore, Atterberg limits cannot be determined for this material. The

sediment in Kiliuda Trough has high values of plastic and liquid limits

relative to terrigenous cores. This may be somewhat misleading, because any

intraparticle water that is present probably is passive with respect to

plastic behavior but is measured in plastic- and liquid-limit tests. However,

the high values of plasticity index, which do not reflect intraparticle water,

show that this sediment is generally more plastic than the terrigenous

sediment. The high plasticity indices might be a reflection of clay

mineralogy. Mitchell  (1976, p. 173) presents data that indicate a higher

liquid limit and plasticity index for illite than for chlorite. Hein and

others (1977, 1979, and unpublished data) report that sediment from Chiniak

and Kiliuda Troughs contains somewhat larger proportions of illite and less

chlorite and kaolinite than sediment from Sitkinak Trough and the upper

continental slope. Smectite abundance is similar in all areas. However,

because the clay content in Kiliuda Trough sediment is minor and the variation

in clay mineral populations is small, this mineralogy factor may not account

for all the differences. Variation in organic matter, which was measured in a

few seafloor sediment samples and is slightly greater than 1% in Kiliuda

Trough and on the order of a few tenths of a percent in Sitkinak Trough and on .

the continental slope, is another possible cause.
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A plot of liquid limit versus plasticity index, called a plasticity

chart, can be used to categorize fine-grained sediment types according to the

Unified Soil Classification System (Casagrande, 1948). Figure 6 shows that

the terrigenous sediment from the upper continental slope covers a range of

sediment types designated as CL to CH (low to high plasticity clay to silty or

sandy clay). The two samples from Sitkinak Trough and the one terrigenous

sample from Chiniak Trough plot similarly to some upper continental slope

sediment, classified as CL and borderline ML (silt,  very fine sand, or sandy

mud). The Kiliuda Trough data plot in an entirely separate region of the

chart, as MH (diatomaceous silt and volcanic ash). Comparison is favorable

between the visual sediment descriptions in Table 1 and  the classification

according to physical properties in Figure 6. Casagrande notes that samples

from the same sedimentary deposit typically fall in a linear zone parallel to

the A-line (an empirical boundary between sediment types). The upper

continental slope data agree well with this concept, whereas the Kiliuda

Trough data are rather dispersed.

Consolidation properties: Table 3 is a listing of the consolidation

properties as determined from laboratory tests. Most sediment from Chiniak

and Kiliuda Troughs shows high maximum past pressure (a' ) relative to the
vm

insitu overburden stress (cio), with consequent high values of OCR. The

implication drawn from traditional theory is that substantial unloading of the

sediment has occurred, by erosion perhaps, but there is no supporting

geological evidence. Instead, the high OCR values might reflect initial

cementation or grain interlocking. Hence, the term "false overconsolidation"

might be appropriate. Terrigenous cores show lower OCR, and in fact some from
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the upper continental slope have values less than 1.0, which indicates

underconsolidation, a condition whereby the sediment has not compacted to an

equilibrium state with the overburden load and some excess pore water pressure

exists. Underconsolidation usually results from high sedimentation rates and

low sediment permeability and can imply low sediment strength.

Compression index (Cc) spans a wide range of values (0.06<Cc<l*06),

beyond the limits computed by Richards (1962) for several marine sediments

(0.20 < cc ( 0.97). The ash-rich sandy core (station 433) from Chiniak Trough

appears to be highly incompressible (low Cc), as are many of the terrigenous

cores (Chiniak Trough and upper continental slope). In contrast, the fine-

grained  ash and diatom-rich sediment in Kiliuda Trough and the terrigenous

sediment from Sitkinak Trough are moderately to highly compressible.

Skempton (1944) demonstrated a relation between compression index and

liquid limit:

Cc = 0.009 (LL-10).

A plot of the Kodiak Shelf data shows a general agreement with this relation,

but with significant scatter  (Fig. 7).

The e-log p' plots for consolidation tests of sediment from station 433

in Chiniak Trough continue to curve downward at high load levels, whereas

common sediment behavior yields a straight-line segment (termed the virgin

compression curve) for loads greater than 0'
vm

(Fig. 8). A likely explanation

for this curvature, which indicates greater than normal settlement under high

loads, is crushing of fragile, void-rich ash grains. Consolidation of most

sediment types involves rearrangement of grains and expulsion of pore water,

with minor grain crushing.
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Coefficient of consolidation (Cv) is variable both within and between

cores, but is generally high compared to reported values for other marine

sediment (Richards, 1962). High cv implies that the sediment is permeable

enough to permit rapid pore water escape and fast consolidation. A value of

cv is calculated in a consolidation test at each load increment from plots of

deformation versus time. The sediment at station 433 consolidated so fast

immediately after loads were applied that the proper construction for

calculating cv could not be made. The obvious implication is high cv and

consequent rapid consolidation.

Static strength properties: Sediment properties derived from static triaxial

strength tests are listed in Table 4. The primary measured property is the

undrained shear strength (S,). It is the maximum sustainable shear stress

within a sample subjected to a particular consolidation stress (1). s, acts

along a plane inclined at 4S" to the axial load. The arcsine  of S, divided by

the effective normal stress across this plane is the effective angle of

internal friction (8'1, whose magnitude is an indication of the strength

behavior of the sediment under slow (drained) loading conditions. In

comparison, the ratio su/oL  gives an indication of the strength behavior

during rapid (undrained) loading 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 sediment is axially

loaded. If a sediment has a high tendency for volume change, the difference

in strength between rapid and slow loading can be substantial.

The terrigenous sediment samples from the upper continental slope,

Sitkinak Trough, and station 582 in Chiniak Trough have values of d' mostly in
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the 30° - 40° range, common values for marine sediment. The ash- and diatom-

rich sediment in Kiliuda Trough has higher values of 8', 40° - 50°,  whereas

the ash-rich core from station 433 in Chiniak Trough has values to greater

than 60°. The ash-rich sediment apparently is stronger under drained static

loading conditions than the terrigenous sediment at equal confining stress.

Lambe  and Whitman (1969, p. 307)  present a relation between 8' and liquid

limit for normally consolidated soil. The comparative plot of the Kodiak

Shelf data in Fig. 9 shows that the terrigenous samples fall within the range

of variability of Lambe and Whitman's data, whereas the ash- and diatom-rich

sediment from Kiliuda Trough does not. The drained strength behavior of this

sediment appears to be atypical. It is relatively strong for sediment with

such high plasticity.

The values of s /cr' are highly variable and require some judgement in
u c

order to characterize the sediment types. The tests run at low levels

of 1 seem to be the most erratic; these are the tests most likely to

incorporate disturbance effects associated with coring. Other tests, except

those at station 433, show fairly consistent values of Su/c' between 0.4 and
C

1.0 for OCR = 1, and higher values for OCR = 6. At station 433, S,/c has

significantly higher values of 3.8 (OCR = 1) and 16.1 (OCR = 5.8). Relatively

high strength under conditions of undrained loading (because of low pore

pressure response) is indicated for the ash-rich sandy material at this

station. Somewhat surprisingly, the finer ash- and diatom-rich sediment in

Kiliuda Trough exhibits undrained loading behavior similar to the terrigenous

sediment.

Figure 10 is a plot of the static triaxial data according to the NSP

approach. The slope A of the line for each sample is an indication of the
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change in strength with OCR. The ash-rich cores from both Chiniak and Kiliuda

Troughs have similar values of A, 0.80-0.84. The terrigenous sediment from

station 445 in Sitkinak Trough has a value of A = 0.68, which is near the

average of A = 0.64 for numerous triaxial data compiled by Mayne (1980). An

implication of the data in Figure 10 is that the ash-rich sediment would

retain a larger portion of its strength after unloading compared to the

terrigenous sediment.

S /a' values were calculated from the vane shear data (Table 2). The
u v

magnitude of strength increase with effective overburden pressure is greater

for the ash-rich sediment from Kiliuda Trough than for the terrigenous

sediment from Sitkinak Trough. This may be related to higher OCR and A for

the ash-rich sediment compared to the terrigenous sediment (Table 3, Fig. 10)

.
and does not necessarily conflict with the Su/uv  values derived from the

triaxial data (Table 4).

Dynamic strength properties: The data from cyclic triaxial strength tests are

given in Table 5. The quantity 'ccyc 4-l
is the cyclic stress level: the

average value of shear stress C'ccyc ) applied sinusoidally at 0.1 Hz as a

percentage of the static undrained shear strength (S,). Pore water pressure

and strain accumulate with repeated application of Tcyc l
At some point, the

pore water pressure approaches the confining stress, strain increases

abruptly, and the sediment fails. In our tests, failure was not a discrete

event, and was arbitrarily defined at 20% strain.

Samples typically fail in fewer cycles at progressively higher stress

levels. Figure 11 shows the number of cycles to failure versus stress level

for Kodiak Shelf samples. All except the sandy ash deposit from Chiniak



Trough (station 433) fall in a range that shows low to moderate dynamic

strength degredation. For example, after 10 cycles of loading (as might be

imparted by an earthquake), these sediments will not fail unless the applied

stress level is at least from 70% to nearly 100% of their static strength.

Tests on terrigenous sediment from other geographic areas have shown similar

results (Lee and others, 1981; Anderson and others, 1980).

In contrast, the ash-rich sediment from Chiniak Trough is highly

suseptible to failure under cyclic loading. Its dynamic strength at 10 cycles

is only about 12% of its static strength. Recall that the static undrained

strength of this material is relatively high, but under repeated loading it

becomes highly suseptible to liquefaction-type failure.

DISCUSSION

Three sediment types have been tested in this study: 1) muddy

terrigenous sediment collected throughout Sitkinak Trough, along the upper

continental slope, and at one station each in Chiniak and Kiliuda Troughs, 2)

muddy ash- and diatom-rich sediment with minor amount of terrigenous minerals

from  Kiliuda  Trough, and 3) ash-rich sandy mud with a minor amount of

terrigenous minerals from Chiniak Trough. Each has a distinctive set of

physical properties, and some differences in deformational behavior can be

expected.

The terrigenous sediment cores have physical properties that by and large

are within normal ranges measured on terrigenous sediment elsewhere, except

that several samples exhibit low compressibility. This implies relatively

small settlement when subjected to sub-failure loads. The reason for this

behavior is not evident.
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Steep seafloor slopes exist in Sitkinak Trough and along the upper

continental slope, soI given the geotechnical properties and the tectonic

activity, slumping of the terrigenous sediment is possible. Large slumps have

in fact been observed in seismic-reflection profiles along the upper

continental slope, and a geotechnical analysis by Hampton and others (1978)

indicates that earthquakes and removal of support by faulting are the likely

triggering mechanisms. Seismic profiles in Sitkinak Trough have not revealed

large slumps, but the existence of steep slopes warrants concern. Static

stability can be crudely evaluated by performing a simple factor of safety

calculation:

F=(S /a') / (Siny.cosy)  where F is the factor of safety and y is the
u v

slope angle of the seafloor. F= 1.0 indicates incipient instability, whereas

higher values indicate stability.

The steepest slopes in Sitkinak Trough are on the order of 50% (270)

(Fig. 2). From Table 4, a minimum value of Su/c:  is about 0.4, which will

give F=l at a slope of 18.4O. This implies that steep slopes are statically

unstable under conditions of undrained loading if underlain by the weakest

sediment. Under conditions of drained loading, the critical slope angle is

equal to d', which is 26O - 37O and greater than slope angles likely to be

encountered in the trough.

The effects of earthquake loading can be evaluated for a simplified two-

dimensional model by the method developed by Lee and others (1981):

k=(y'/y)  (AcADSu/CJi-siny.cosy)/cos2y

where k is the pseudo-static horizontal acceleration (expressed as a percent

of gravity) required to cause failure, A, is a correction factor for the

strength difference between isotropic (laboratory) versus anisotropic (field)
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confining pressure, AU is a correction factor for cyclic strength degredation,

and u'/ is the ratio of buoyant total to bulk densities.
Y

The core from station 445 has enough data for analysis. An

anisotropically consolidated triaxial test was run at a horizontal to vertical

stress ratio of 2, which models the field confining-stress conditions. The

ratio of static strength (51.8 kPa) determined in this test to the static

strength (58.4 kPa) determined for a sample consolidated isotropically to the

same stress level, gives a value of 0.89 for A,* Prom Figure 11, the cyclic

strength degredation is seen to be slight; it is about 0.98 of the static

strength at 10 cycles (a reasonable number of load applications by an

earthquake). Using the bulk density at l-m depth from Table 2,

Y’/,= 0.45.

Determination of k for several values  of seafloor slope are given

in Table 6. Using  the data from Seed and others (1975),  the distances (d6.5)

from an earthquake of magnitude 6.5 that would experience accelerations equal

to k can be estimated (Table 6).

The above analysis of dynamic loading involves many simplifications and

works best where k values can be calculated for an area of known instability

and compared to k values from a nearby area of potential instability (Lee and

others, 1981; Winters and Lee, 1982). Moreover, a state of overconsolidation

was measured in oedometer tests at station 445 (Table 3). If this condition

continues with depth, greater stability than calculated above would exist. On

the other hand, the cyclic strength degredation is exceedingly small, and

values of 0.60 to 0.80 are more typical for terrigenous sediment. Stability

would be reduced as a consequence of greater cyclic degredation.
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Both static and dynamic analysis indicate potential instability in the

steepest areas of Sitkinak Trough. The fact that no large sediment slides

have been observed points to the need for further study.

The fine-grained sediment in Kiliuda Trough, which is composed of

volcanic ash, siliceous diatom tests, and a minor quantity of terrigenous

minerals, plots with sediment of similar composition on a plasticity chart

(Fig. 6; Casagrande, 1948). It has high water content and, because of the low

grain specific gravity, a low bulk sediment density. This indicates a low

increase of overburden stress with depth and a consequent low increase of

dependent properties such as consolidation state and shear strength. However,

values of compression index (Cc) are the highest measured on the Kodiak Shelf

(Table 31, which implies relatively large amounts of settlement under a given

load.

The sediment is highly plastic (Fig. 5) and, compared to other sediment

of similarly high plasticity, it is relatively strong under conditions of

drained loading. Its undrained static loading behavior is similar to the

terrigenous samples that were tested (Table 4). In dynamic, undrained

triaxial tests, the Kiliuda Trough sediment has somewhat more strength

degradation at low numbers of cycles than terrigenous samples, but is by no

means unusually susceptible to repeated loading.

The sandy, ash-rich sediment fron Chiniak Trough (station 433) is

different in most respects from the other sediment types. Clay content is

low, so the sediment classifies as noncohesive according to plasticity

tests. Its water content is lower than that of the sediment from Kiliuda

Trough, but due to low grain specific gravity , the bulk density is comparable

(Table 2). In contrast to the samples from Kiliuda Trough, station 433
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material is highly incompressible, similar to the underlying terrigenous

material sampled at station 582 (Table 3). But, the downward concavity of the

virgin compression curve (Fig. 8) suggests that excessive settlement (perhaps

due to grain crushing) occurs under high loads. Rapid  consolidation also is

indicated by oedometer tests.

High static strength was measured in triaxial tests on samples from

station 433 for both drained and undrained conditions (Table 4). However,

dynamic loading causes severe strength degredation, to 12% of the static

undrained strength at 10 cycles (Fig. 11). Earthquake-induced sediment slides

are not likely, because the seafloor is generally horizontal where the ash-

rich sediment occurs. However, loss of bearing capacity due to liquefaction

is possible, which could cause sinking and failure of pipelines.

Ash-rich material covers most of the floor of Chiniak Trough

(Table 1; Hampton, 19811, but the deposit pinches out near the trough margins

and may only be several meters thick. Seismic-reflection profiles show that

the terrigenous core at station 582 is near the lateral edge of the trough

sediment fill and probably represents a sedimentary deposit that underlies the

surficial ash deposit and extends a few tens of meters to deeper, presumably

strong and stable glacial material. The ash was erupted in 1912 from Mt.

Katmai  on the Alaska peninsula (Hampton and others, 1979), and the fine-

grained  terrigenous section as sampled at station 582 may represent the normal

Holocene sedimentary environment in Chiniak Trough. Buried ash deposits from

earlier volcanic eruptions may be present.

The ash-rich sediment from both Chiniak and Kiliuda Troughs has similar

values of the normalized strength parameter A (0.80 to 0.84) (Fig. 10). The

one terrigenous sample for which determination could be made has a more normal
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value of h = 0.68. Overconsolidated ash-rich sediment would strengthen more

than the terrigenous sediment would. Oedometer tests indicate various levels

of overconsolidation for ash-rich sediment, but there is no geologic evidence

that unloading has occurred. Perhaps the overconsolidation is only present at

shallow depths, or it may reflect a physical phenomenon other than unloading.

It is evident from the geotechnical framework study of Kodiak Shelf that

a variety of fine-grained sediment types with  different physical properties

exists. The deposits cover a minor area of the shelf when compared to the

extent of coarse-grained glacial deposits and sedimentary bedrock that

probably have favorable geotechnical properties. But, where the fine-grained

sediment is encountered, it can present special engineering concern.
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