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SEXISMIC PEFLECTION RECORDS SHOWING STABLE AND

UNSTABLE SLOPES NEZAR THE SHELF BREAK, WESTERNW

GULF OF ALASKA

by
\\V Monty A. Hampton and Arnold H. Bouma

This Open-File Report supplements a publication by Hampton and Bouma
(1977) that discusses slope instability on the uppermost continental slope
off the Kddiak sh=lf in the western Gulf of hAlaskia {(sees Bppendix). 1In that
paper, only a few examples of seismic reflection recoxrds were shown,
whereas all the records cited in that paper are included on the microfilm
that accompanies the repdrt (available from the U.S. Geological Survey
library in Menlo Park, California)l. The locations of the profiling lines
are given in figure 1. Xerographic copies of the seismic reflection
records available on microfilm are included here as figures 2A-F.

The seisrmic recoxds were collected in June and Julv, 1973 aboard the

- R/V S5EA SOUNDZR (by A. H. Boumz and M. A. Hamootor) ani, for lines numb=ares

greater than 620, abousé the R/V §.P, LEE (b+v R. von Husne). The seismic
systems aboard each ship included 90 and 160 xilojoule sparksr, unidboor, anz
3.5 kilohertz systems.

Only sparker records and a f{ew uniboom xecords are inzludsd ia this
report. The recorxrds from southern and mié&dls Albatross 2ank {13

irnas 63 to
154, Fig. 1) show abundant eviéence of sliding seawaré of the shslf break.
(Lanaslides zre denoteé by § on the seismic records; the shelf brszaX dy

s.b.). Most of the slides appeax to be large-scale rotational slunss, but
the ones on lires 607-608 are relatively sm2ll zand thin; asparently debris-
slides (see the uniboom records of line 607-808).

Along northern Albetross Bank (lines 190 to 31, Fig. 1)}, oniy line 60Z
has evidence of slope instebility, in the form of sm2ll c¢.-bris clides (see the
uniboom record for line 605). Slides are indicated on several of the seiscic
recoxrds off Stevenson Trough and Portlock Bank (lines C vo 801, Fig. 1).

Large rotationzl slides are comteon, but small debris slides occur on line €21
(see the unitoom record for this line).
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SLOPE INSTABILITY NEAR THE SHELF BREAK, WESTERN
GULE OF ALASKA

by

Monty A. Hampton and Arnold H. Bouma
ABSTRACT

The uppermost continental slope in the western Gulf of Alaska, Irom southern
Albatross Bark to Portlock Bank, includes two broad areas wihare large submarine
landslides occur and one intervening area where they are absent. The areas
contalning large slides show evidence for active near-surface folding znd conse-
quent slope steepening, which apparently is the ultimate control on this sliding.
Evidence is absent for sirilar active steepening in the area containing no larce
slides, where slore gradients are relative gentle. :

Relatively small, shallow slides, fundamentally different frem the larger
ones,occur in all three areas on slopes that are rot necessarily actively
steepening. These slides probably are stratigrashically controlled, with
fallure occurring along weak subsurface strata.

Strong earthquakes and the related accelerations crobably are responsible
for the actual triggering of nany of the large and small slides., As long as cthe
tectonic setting remains as it is today, future large-scale slidirng shoulcd
remain confined to the two broad areas in which it now exists. However,
relatively small-scale and shallow slides might occur in any of the three areas.

INTRODUCTION

Slides and related forms of gravity-induced slope instability are wicdespread
features of the continental slope. Seisnic profiles of tne slope reveal areas of
hummocky surface geonmetry, abrupt scarps, deformed and discontinuous supbottom
reflectors, rotated sedimentary units, and/or shallow extensional surface
fractures. Thece areas are interpreted to have experienced slope instability.

The causative factors of instability seldom are evident on seismic reflection
—ecords. The relative steepness of the continental slope-=-an average of 4.7
according to Shepard (1973)--compared to other areas of the ocean floor, and the
typically high rates of fine-grained sedimentation, probably are ultinately
responsible for the abundance of sliding. Earthguakes and abnormally high pore
pressures are thougnht to be common triggering mechanisms (see also Kelling and
Stanley, 1976, p. 412-413).

Seismic reflection records gathered in June and July 1976 aboard the R/V
Sea Sounder and R/V S.P. Lee show several areas of instability on the uppermost
continental slope in the western Gulf of Alaska, off the Kodiak islard group
(Fig. 1). The survey lines, which had been designed mainly for an environ-
mental geologic study of the continental shelf, did not extend far beyond the
shelf break (FPig. 2) (Bouma and Harpton, 1976; Hampton and Bouma, 1976), but
previous records show features interpreted as slides down to the junction of
the continental slope with the Aleutian Trench (von Huene, 1972).



Inspection of our seismic reflection records allows identification of areas
where slides are present on the uppermost slope and other areas where they are N
absent. Two fundamentally Jdifferent tyvpes of slides have been distincuished and
the habitats of each type defined. The records show ample evidence a5 to the major
controls on instability.

Due ©o space and size limitations, seismic profiling records of all lines
that cross the shelf break cannot be presented in this paper. Only a few repre-
sentative records, illustrating important points, are shown. For the interested
reader, copies of all of the records crossing the shelf break, as designated in
Figure 2, are being published in the U, S, Geological Survey Open-File Report 77-xcx
(Hampton and Bouma, in press).

METHODS

Continuous seismic reflection records were collected with intermediate-anc
high-frequencyinstruments including Teledyne 160 kilojoule and 90 kilojoule
sparker, EG&G uniboom and Raytheon 3.5 kilohertz systems. Ship's speeds commonly

were about 5 1/2 knots, but varied between 4 and 8 knots.

Navigation was by Magnavox and Marconi integrated sacellite - Loran C systems.
A Motorola Mini-Ranger unit, using land-based t—ansponders, was the principal
navigational tool where surveying was within 30 to 80 miles of the transponders.

Two grab samples and two gravity cores were collected beyond the shelf breax,
giving limited information as to the nature of the upper slope sediments.

GEOLQOGIC SETITING
General

The western Gulf of Alaska continental margin is located on the edge of
the North hrerica plate near the zone of subduction associated with the Aleutian
Trench. Active tectonism is demonstrated by frequent seismic and volcanic events
in the general area.

The most recent major seismic activity to affect the westernm Gulf was the
1964 nlaska earthquake. A maximum uplift of akout 7 m near the shelf break
wEs computed from pre- and post-eartnguake soundings by von Huene et al., (1972).
Since the turn of the centruy, more than 80 earthquakes of greater than Richter
magnitude 6.0 have occurred in the region from the tip of the Alaska Peninsula
to Prince William Sound (von Huene et al., 1976; John Lahr, U.S. Geological Survey,
unpublished data). Sixteen volcanoes in this same region have been active within
the past 10,000 years.

Structure

The structure of the continental margin reflects major tectonic activity
(von Huene and Shor, 1969; von Huene, 1972; von Huene et al., 1972). A zone of
intense faulting and deformation occurs along and offshore of the Pacific Coast
of* the Kodiak islands. Seaward of this zone is a broad, gently deformed basin
containing middle and upper Tertiary sediments. A broad arch, apparently is dis-
continuous at shallow to moderate depths, exists along the shelf break and forms
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the seaward flank of the basin. The arch is breached in several places, and a
few rocks of Mioccene and@ Pliocene age have been recovered by dredging (von Hus=ne
and Shor, 1969).

Seismic records suggest that the continental slope is composed o= steeply
dipping and folded sediments overlain by a blanket of terrigenous sediments (von

Huene, 1972), but the structure is less well known than for the adjacent shel?Z,

Physiography

The surface physiography of the shelf off the Xodiax islands consists oI
several flat, relatively shallow areas cut by transverse valleys (Fig. 3). T=xis
physiography reflects the erosive action of glaciers and waves as well as sore
bedrock structural control. The shelf-break arch comonly forms a physiogragric
high, with a shallow trough behind it. Hogback ridges, reflecting breaching ¢ the shelf~
break arch occur at several places on the outer paris ol the shallow ZTanks, Suxfi-:ial
scarps, implyinrg recent faulting, occur taroughout the shelf area (Bouma and Zamptcen,
1976; Hampton and Bouma, 1976).

The continental slope can be divided into three broad physiograghic zreas:
the relatively smooth ugper slope, the bencnlike middle slope, ané the staep,
rough lower slope (von Huene, 1972).

Sediments

Surficial sediments on the shallow banks of the shelf are sands that corztain
coarser material, ranging up to boulder size. They rarely contain significanc
quantities 0% silt and clay (Bouma and Hampten, 1976). Foraminifera tasts and
crushed shells of megafauna constitute major portions of these sediments.

The surficial sediments in the transverse troughs typically are finer grainec

than those on the banks, and at a few places are conposed almost entirely of silt-
and clay-size material., Local occurrences of gravel and coarser clasis are cc—mon.
Volcanic ash is an abundant constituent of most surficial trough sedixents.

The two gravity cores collected on the upgperrost continental slooe, seawzrd
of middle Albatross Bank (Figs- 2, 3) consist of silty mud with scattered pec:les.
The cores cane from an area of genzrzal sliding (Fig. 3). The two g ab sarples
collected seaward of the mouth of a transverse valley, in an area that contai-s
only minor evidence of slumping, are corposed of pebbly sand with essentially
no fine-grained material.

DESCIRIPTIONS OF SEISMIC REFLECTION DATA

In the following discussion, the study area is divided into three distinct
parts -~ southwestern, central, and ncrtheastern. Each part is characterized Zy
the types and abundance of sliding occurring within it.

In the southwestern part of the study area, which includes southern and niddle
Albatross Bank, most sparker records (lines 63 throucn 154, Fig. 2) show evicdence
of submarine siiding. Slides are not evident, or are guestiorable, on lines 31
(Fig. 4), 59, 60, and 603. Perhaps some of these lines did not extend far er.ough
onto the continental slope to encounter slides. In the best exarples, such as
lines 64 and 610 (Fig. 4), the slides appear ac high-relief hummocks that reach
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heights of about 60 n. These features have the general appearance of large
rotational slumes (Varnes, 1938), having relatively small éisplacements relactive

to the size of the displaced units and generally curved slide planes, where visible:l
Truncation of strata at the headwall scarps is evident on lines 134, 810 (Fig. +)
and 63, ‘but not on othars such as 55 (Fig. 4).

A minimum thickness of 200 m of slumoed material can be estimated on line 134
(Fig.4) by extending the 5 1/2° gradient of the uprer slope above the headwall,
out over the area of sliding and by measuring the distance down to the inferred
slide plane. Estimates of thickness made on other lines are similar. The slide
block visible in line 134 is about 95 m thick and has moved about 300 m dowrs-oze,

Complexly distorted bedding exists to great depths in some of the slide areas.
Past the major course change marked on line 610, for example, deforxmation is
evident below the surface for about 0.8 sec. of one-way travel time. BAbout 0.38 sec.
of deformed sediment is visible at the end of line 63, and’ about 0.18 sec. on line
55 (Fig. 4). Some irregqular deformation also aprears on line 80, which is parallel
to the slope and crosses the trough between southern and rmiddle Albatross Banxs.
The folding apparently is dbligque to the main tectonic trend. The slope gradisnt
normal to line 60 is about 6 1/2°.

The slides between lines 607-608 are subtle con the sparker records (Fig. =)
but show up well on the uniboom reccrds (Fig. 3). They aprear &s a series of
low-relief hummocks to about 5 m high. Continuous reflectors are visible belcw
the slides, giving a limiting maximum thickness of about 30 m of displaced macerial.
These slides appear to be debris slides or block clides (Varnes, 1938), involving
movement of a few or several units along relatively planar slide surlaces.

The debris slides described above moved over a cradient of about 3°. In contrast,
the larger slumps moved over generally steeper gradients of 3°-9°, averaging about
5-1/2°, Gradients on the upper continental slore wnere sliding is not observed
range from about 2° to 4 1/2°, averaging about 3°.

The nature of the shelf break is highly variable along southern and middie
Albatross Banks. On lines 610 (Fig. 4) and 609, for example, the shelf break
is abrupt whereas it is broad on lines 154 (Fig. 4) and 59. The depth of the
shelf break, measured at the first significant change in gradient, varies fro=
about 45 m (line 59) to about 365 m (line 610). Part of the vaxiation in depth
i5 related to the presence of troughs between the banks. The shape and dep:h
of the shelf break does not seem to vary consistently with the opresence or absence
of slides, except that all abrupt shelf breaks are followed by sliding on the
adjacent upper slope.

The geoclogic structure in this part of the study area shows considerable
evidence of recent tectonics. A large, breached anticline is present near the
shelf break on most lines (e.g., line 61, Fig. 4). An appaxent graben occurs
near the large anticline on line 64 (Fig. 4), and may be present in 2 more sucdued
form on nearby line 63 and in part on line 61 (Fig. 4). Tnhe graben is prodazly
related to extension above the general arching that seems to be taking place.

A smaller anticline appears seaward of the large one on some of the lines.
For example, a small subsurface flexure that is draped by very slightly deformed
slope sediments appears on line 61 (Fig. 4). Line 610, the next line to the
northeast, shows a larger, but analogous anticline, one that has grown sufficiently
to form a new shelf break beyond the landward one. The second crossing of the
seaward anticline on line 610, past the major course change where the ship turmed
and headed back toward land, shows this anticline to be larger and forming a
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shallower shelf break (280 m versus 365 m) than on the previous crossing. The
shelf break is a discontinuous, "en echelon” feature in this area, as depicted
on -Figures 2 and 3.

Ponded sediments occur between the two anticlines on lines 5810 (Fig. 4).
The increased dip of these sediments deeoer in the section implies growth of at
least the seaward anticline during deposition (von Huene, 1972},

The central part of the study area, along northern Albatxoss Banx (lines
190 to 31, Fig. 2), is devoid of slides on the uppernost continental slope,
except for some relatively small features on lines 605-%05 (Fig. 8). As seen
on the uniboom recorxd (Ffig. 7), these slides are similar to the debris slides
on lines 607-608. They occur on a slightlv steeper gradient of about 2-1/2°9,
and appear to be about 25 m thick. Irregular subsurface deformation is aprarent
on lines 605-606 and 130 (Fig. 6) near the bourndary with the sourhwescern parz
of the study area.

The gradient of the upper continental slope is gentle throughout most of
the central area, in the range from 1/4° to 4 )/2°, averaging about 2°. The Cebris
slides occur on the steepest slope obsexved (4-1/2°), where the shelf breax
is also most abrupt. The shelf break throughout the rest of the area rances fronm
sharp (e.g., line 34) to gradual (e.g., line 603). 1Its depth lies between 100 n
and 173 m. )

The geologic structure of the central region is in distinct contrast witn
that to the southwest. The snelf break anticline is present on most lires but
is typically a broad feature with gently dipping limbs {(e.g., lines 31, 34, 39,
604, Pig. 6). The seaward limb nornally conforms to the gentle ¢radient of the
upper slope, and seismic reflectors generally are planar under the sloze ({e.g.
lines 32, 33, 37, and 38, Fig. 6). A tight, breached anticline is present on
line 49 (Fig. 6}, but it is well landward of the shelf brezk. & relatively small
subsurface anticline occurs on line 606 but does not appear on adjacent lines.

Large-scale sliding resumes in the northeastern part of the study area,
which encompasses Portlock Bank and the adjacent trough to the southeast (lines
C to 601, Fig. 2). Large slumps are present on many of the track lines. On line
8l the slide plane is visible below th: slide mass, which is about 175 m thick
and has moved about 950 m downslope (Fig. 8). An older seismic record, nearly
coincident with line 81 but extending to the base of the continental slope (line 6,
Fig. ©), shows this same slide block in its entirety. It is about 3700 m long
and is succeeded dQownslope by at least one more similar slide.

Debris slides, similar to those on lines 607-608, appear on line 60l near
the shelf break (Fig. 10), The continuous reflectors below the slide blocks place
2 thickness of 70 m. as maximum. The gradient is 3°. The analogous location
on the return c¢rossing of the shelf break, beyond the major course change marked
on line 601, shows no slide blocks.

In addition to the presence of large slurps, the northeastern area has many
other similarities to the southwestern area. The shelf break is abrupt in some
places and broad in others. Gradients of the upper slope are 2° to 9-1/2° and
depths of the shelf break are 110 m to 310 m.

The geologic structure near the shelf break is similar to that of the southwestern
area. Broad, breached anticlines appear on many lines (e.g. 77, Pig. 8, and 79),



and a large graben is well shown on line 81 (Fig. 8). Irregular subsurface Zefor==tion
also occurs (e.g. line 6, Fig. 9, and C, 67). *

Multiple shelf breaks, reflecting a pattern similar to that on lines 61 and
610 (Fig. 4), appear on lines 77, 175 and 60)l (Fig. 8). On line 77, a subsuriface
anticline is draped by slope sediments. This anticline daforms the sea floox
to form a new shelf break on the next line to the northeast (line 601) and a shallc-wer,
more pronounced break on the next one (line 175). Large slumps are present on
the steep slope beyond this shelf break.

DISCUSSION AND CONCLUSIONS

The occurrence of large slides in areas where there is evidence for act-ve
growth of structures on the shelf break and udrerrmost continental siore, ari the
absence of such slides where tectonic deformation is relatively minor, indicztes
a’ relationship between slope instability and testcnizz. 7The upper continentzl slize
is being tectonicaily steepened in places by grecwth of structural arches nezx
the shelf break. The tectonic steepening probably is the ultimate control cZ
the large slides in the srtudy area, althougn earthguakes associated wit:h the tectozism
might actually be the triggering mechanism. Von Huene (1972) also has suggeszed
a relationship between tectonic steepening and slidirg in this area.

Active tectonic steepening is perhaps most convincingly demonstrated wrzre
multizle shelf breaks exist. The seaward shelf breax represents the physiographic
expression of a shallow anticlinal fold. As most clearly shown on lines 77, =01,
and 175 (Ffig. 8), the axis of the anticline is inclined gently toward trh2s souzhwesz.
On line 77 the anticline apparently once existed as a physiograpnic high, wizh
slope sediment onlapping it. Present-day slope sediments are unaffected by zhe
anticline, suggesting that its growth at this location is now slow or nonexistent.
On lines 601 and 175, the anticline has higher elevations on crossings successive.x
to the northeast and appears from its physiograshic expression to be active =zt
present. A similar case can be constructed for the seawaré anticline and shelf
break on lines €1 and 610 (Fig. 4). Seismic reflection records of all cross-ngs |
of multiple chelf breaks along the Kodiak shelf (lines 175, 601, ané 610) srow
large slides on the actively steepening seaward flank of the outer anticline.

Irregular subsurface deformation is common in the gene.:l areas where lzrge-
scale slides occur. This deformation (e.g., line 60 on Fig. 4 and lines C, 27,
6, Fig. 9) andoubtedly represents buried slides in some places, but in others
it may be produced by gravity folding, diapirism, or movements along deep siide
planes. All of these processes could be basically controlled by tectonic slzpe
steepening, and in this way the complex deformation might be genetically rel=ted
to the larxge slides.

The debris slides occur in a different environment from the larger slices
and generally are found on more gentle gradients. The debris slides most lixely
are not all principally controlled by slore steepening. On line 601 (Figs. %, 1lC,.
for example, the slides occur near the landward shelf break, beshind the seawzrd
break and its associated rotational slumps. The gradient on which these smzller
slides occuxr is probably decreasing with time, because the seaward shelf break
is apparently being uplifted faster than the landward break, with sediments pondi=g
in the interconnecting depression., Where small slides occur along line 605
(Figs. 6, 7), the gradient probably is not increasing significantly, because this
line is located in the central region of gentle deformation, The small slides
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on line 607 (Figs. 4, 5) are near a zone of rotational slumps (see line 55, Fig.
4), and this 1s one instance where the local slope mayv be steepening. In all

of these examples, the more-or-less planar geometxryv of the slide plane indicates
ultimate stratigraphic of the instability, whereby sliding occurs along

a weak layer of sediment. Failure of the weak layer might be triggered by accelerations
and/or abnormal pressures related to earthguakes, and in this way tectonism

probably does exert some influence.

According to the ideas develored in this Tager, fuzure larce earthgtakes
and the related tectonic steepening will probably continue to generate larxge-
scale slides in the two areas where they occur today (i.e., the urper slope oI:
southernmiddle Albatross Bank and off Portlock Bank). The third area, ofZff northern
Albatross Bank, which does not contain large-scale slides seems unlikely to exgerience
such slope instability as long as tectonic steepening remains doxmant. All three
areas contain smaller, stratigraphically controlled debris slides ancé are thereifore
susceptible to shallow instability.
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