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| NTRODUCTI ON

Cook Inlet is a large, tidally dom nated embayment extending 300 km
northeast fromthe Gulf of Alaska to Anchorage (Fig. 1 ). From 1976-1979, over
5000 km of seismic reflection profiling lines (Fig. 2) were run in the | ower
Inlet, which is included in ocs lease area 60. Seismic systems used included
30- 160 kil ojoul e sparker, Uniboom, minisparker, 3.5 kilohertz, 12 kilohertz
and side-scanning sonar systems. Mre than 20 hours of underwater television
and 70 nm bottom phot ography were conducted. Sanples of seafloor sedinent
were collected at 116 stations (Fig. 3, Table 1), nostly using a nodified
van Veen sanpler and a few using a gravity corer and a vibracorer. Profiling
current nmeter readings were also taken at 3 |ocations.

This report is a synthesis of geologic information of environmental
importance to resource activities in [ower Cook Inlet.

| NSTRUMENTATI ON° AND PROCEDURES

Navi gation

Navi gati onal systems consisted of integrated Magnavox satellite-Loran C
and Mdtorola Mni-Ranger units. The data from the integrated system was
automatically recorded on magnetic tape, as well as typed out on a keyboard
printer. Times and dates were based on Geenwich Mean Tinme (GMT). Positions
were plotted manually on a 1:250,000-scale chart. Dead-reckoning positions
based on satellite data, the ship's single-axis speed |log and gyro, were
computed every two seconds by the integrated system and stored on magnetic
t ape.

The M ni-Ranger system received its return signals from shore-based
transponders positioned at strategic locations. A maximum |ine-of-sight range
over 80 nautical mles was obtained for some transponder |ocations. The Mni-
Ranger was used as the primary navigation systemin |lower Cook Inlet because
of the high frequency and accuracy of the data. M ni-Ranger positions in
| oner Cook Inlet are probably accurate to within 30 m  Mst shore stations
were within range linits of the Mni-Ranger system making it convenient to
use. LORAN-C was only accurate within snall areas of the inlet and signal
gaps occurred between adjacent sections.

Seismc Profiling and visual Fornmat Systens

Spar ker : Sparker data were recorded using a Teledyne system typically at a
power of 40 to 80 kilojoules. Seismic signals were received on a Tel edyne
100-el ement, singl e-channel hydrophore, and the record was printed on a

Rayt heon nodel 1%vu Precision Recorder. Usually, sweep firing rates were at 2
to 3 seconds. Several different settings were used, but filters generally
were adjusted to receive signals between 50 and 200 hertz. Records were
annotated at 15-nminute intervals with shot-point nunmber, tine (Geenwich Man
Time, @1), and water depth.

Uniboom: The Uniboom system used four EGss nodel 234 power sources of
200 joules, each driving hull-nmounted plates. The hydrophore was an EG&G
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moael 265. Uuata were recorded on an EFC 4100 recorder. Sweep and firing
rates were typically at one-half second, and filter settings at about 500 to
16(10 hertz. Annotations were nade in the sane nmanner as those on the sparker
system

High-resolution: A Raytheon TR109 3.5-kilohertz seismc system wth a
Rayt heon 105 PTR transceiver and CESP-II correlator, Was used to gather high-
resolution shallow penetration seismic data, as well as bathymetry. The
system operated with 12 hull-nounted transducers, and the data were recorded
on an EPC 4100 recorder. Sweep and firing rates were at one-half second.
Annotations were made in the sane manner as those on the Uniboom system

Bat hynetry: A Raytheon TR-73A transducer and a Raytheon 105 PTR transceiver

12-kil ohertz system was used to gather bathymetric data, which were displayed
on a digital readout and recorded on magnetic tape. Sweep and firing rates

typically were at 1/2 second, and annotations were made the sane as for the

other acoustic systens.

Record quality: Four factors that significantly affected quality of the
seismc recode were 1) the typically coarse-grained and hard nature of the
unconsol i dat ed surficial sedinent, 2) the shall ow water depth throughout nost
of the area, 3) acoustic vibrations from the vessel, and 4) rough seas.

Coarse-grai ned and hard sedi nent nost severely effected the uniboom and
3.5-kHz records, causing much of the outgoing energy from these high-frequency
systens to be reflected directly fromthe sea bottomwth only a mnor anmunt
penetrating through to subbottom reflectors, which can be traced and
correlated only with difficulty. Many 3.5-kHz records show no sign of
subbottom reflectors and can be used only as indicators of water depth.

The shall ow water depth caused multiples to appear at small distances
below the initial sea-bottom reflection, partially or totally obscuring
signals from deeper reflectors.

Al t hough these four factors each have a deleterious effect on record
quality, it was found by varying ship speed and filter settings that the
nature of the bottom sediments was the main reason for the seismc systems to
di splay “poor” subbottom acoustic reflections on the records. Depth of
penetration and details in the record consequently varied with type of bottom
and water depth.

Si de- scanni ng sonar: The side-scanning sonar units used were EG&G anal og and
digital mpdels, normally operated at ai125-mscale and towed above the bottom
at 10% of the scale enployed. High quality records were generally obtained.
Al though nost side-scan sonar surveys were run at a ship speed of 4 to

4.5 knots, currents could be responsible for a different speed over the
bottom

Normal |y the uUniboom and 3.5-kHz units were run sinultaneously with side-
scanni ng sonar for depth control and possibl e subbottom information.



Bottom tel evision and bottom canera: A Hydro Products bottom television unit,
underwater mercury lights, and a 70-nmm camera were nounted in a large frane.
Phot ogr aphi ¢ exposures coul d be nade by renote control by the TV-screen
observer. A multiconductor cable, leading to the camera and light, was taped
at 5-m intervals to the w nch cable.

Sampling Devices

G ab sanplers: The normal van Veen grab sanpler proved to be too light for
adequate sanpling of the typically sandy-gravelly bottoms. Cenerally,
successful attempts were obtained with a heavy nodified grab sanpler designed
by Andy Soutar of Scripps Institution of Cceanography.

A four-legged frame housed two vertical rails along which the actual grab
could nmove. The top covers could be opened conpletely for full access. The
addi tion of weight up to4o0pounds on top of the grab provided sufficient
force for the half-round sides to dig into coarse material during the closing
operation. Wen rock fragnents got caught between the jaws of the grab,

i nconplete closure resulted and part or all of the sanple was lost. In
general the results were good, and this instrument retrieved sanples where
other devices failed.

Gravity corer: The gravity corer consisted of a 1500-pound weight to which
one to three 3-m 7.6-cm ID steel core barrels weattached. A clear
polybutyrate |iner was inserted in the barrels, and the sedinent was retained
by a brass-fingered core catcher.

The cores were cut into 1.5-m sections. Each section was x-rayed ana
then split lengthwise into working and archive halves. From the working half,
sanples were taken for grain size and physical properties. The archive half
was described and photographed. Both sections were put into storage tubes
that were capped, taped, labelled, and stored under refrigeration.

Vi bracorer: A kiel vibracore was used to collect up to 2 mcontinuous cores
in areas with coarse-grained sedinment. & gravity core-type barrel was
attached to the head of the vibracore along With a clear polybutyrate |iner.
Penetration normally was less than one neter.

Physi cal Qceanographi ¢ Measurenents

Profiling current neter: Vertical profiles of flow speed and direction were
obtained with a Hydro-Products nodel 950-S Savonius rotor-type profiling
current meter. This neter system has a field performance accuracy estinated
as 15 cm/sec for current velocity, t10® for direction, and £2 m for depth.

Instrunented tripod: Large instrunmented bottomtripod systens, GEOPROBLs

{Cacchione and Drake, 1979), were deployed at three |ocations within the study
region in July of 1978. Details and results of these experinents are reported
el sewhere (cacchione and others, 1979, 1981). These experinents were designed
to gather site-specific bottom boundary l|ayer hydrodynam c and water property

data. Two short-term experinments and one |ong-term experiment were
undertaken.



The GEOPROBE system neasures flow velocities and flow directions at four
levels within one meter of the seafloor (100 cm 70 cm 50 cm and 20 cn) using
spherical electromagnetic flow sensors. The system al so records pressure,
tenperature, light transmissivity and |ight scattering at a height of 2 mfrom
the seafloor. A supplenmental rotor/vane current meter recorded flow
velocities and directions at 1.8 mfrom the bed.

CEQLOE C SETTI NG

Lower Cook Inlet is situated near the convergent margin of the North
America and Pacific lithospheric plates. Mdern tectonismis evident from the
frequent strong earthquakes in the area; 13 events of greater than magnitude 6
have occurred within the lower Cook Inlet area in the last 65 years. The four
active volcanoes along the northwest margin of the inlet are further evidence
of tectonism (Fig. 1). &1l but M. Douglas have erupted in historic tine.

The nmpst recent eruption was that of M. Augustine in 1976. Custers of
shal | ow and deep seisnmicity, with sonme nmgnitudes exceeding 6, have been
recorded beneath 1liamna, Augustine and Dougl as vol canoes {Pulpan and Kiele,
1979).

Basenment rocks underlying |lower Cook Inlet include Mesozoic and Cenozoic
sedinmentary rocks in a northeast-trending belt that extends from the Al aska
Peni nsul a and shelikof Strait to upper Cook Inlet (Fig. 4, see Fisher and
Magoon, 1978, Magoon et al., 1979). The Aleutian Range batholith and Bruin
Bay fault are mmjor geologic features on the northwest side of the inlet, and
the Border Ranges fault on the southwest.

Wthin the inlet a nagjor fold, the Augustine-Seldovia arch, extends
approxi matel y east-west between Augustine Island and seldovia. Basenent rocks
both north and south of the arch are folded into |arge synclines that
generally trend northeast.

PHYSI CAL  OCEANOGRAPHY

Flow of water in |ower Cook Inlet has been described in terms of three
conponent s: 1) nmean currents, 2) lowfrequency fluctuations, and 3) tides
(Muench et al., 1978; Muench and Schumacher, 1980). Mean flow is driven
principally by the baroclinic, westerly flow ng Kemai Current (Schumacher and
Reed, 1980), which enters |lower Cook Inlet through Kennedy and Stevenson
Entrances and follows the 100-m isobath in an arcuate, east-to-west path
(Fig. 5. Speeds of the nmean flow are about 10-15 cm/sec in the summer and
about twice this in the winter. Flow derived from fresh-water input to upper
Cook inlet noves southward down the west side of the inlet and nerges with the
westerly flow near Cape Douglas, producing a strong southerly current there.
Mean flow in the remainder of |ower Cook Inlet is weak and variable.

Lowfrequency fluctuations, with periods on the order of one week,
domi nate over other non-tidal currents in | ower Cook Inlet (Muench and
Schunmacher, 1980). These currents are thought to be related to atnospheric
forcing, in particular local winds and the strong |ow pressure systens that
move through the GQulf of Alaska in winter. The fluctuations tend to follow
the sane path as the mean flow.



Tides are the dominant flow nechanismin |ower Cook Inlet. Tida
currents of 2to 4knots in western portions have been reported (see
Rappeport, 1981). Tidal current directions on the east side of the inlet are
nearly rectilinear, whereas on the west they are nmore rotary (Mench et al.,
1978).

Rappeport (1980) summarized the wave climte of |ower Cook Inlet. Large

swell, both locally generated and propagated into the inlet fromthe Qulf of
Al aska, can exist. Storm waves with heights between 8 and 14 feet and periods
between 6 and 10 seconds are typical. Under these conditions, wave orbita

velocities greater than 20 ecm/sec are estimated to affect the seafloor to
depths of at least 50 m

BATHYMETRY AND PHYSIOGRAPHY

A detail ed bathynetric map of |ower Cook Inlet has been presented by
Bouma et al. (1978c) (Fig. 6), and major physiographic features have been
delineated, described and named by Bouma (1981) (Fig. 7). As can be seen on
the maps, the northern part of lower Cook Inlet contains an elongate trough
that bifurcates around kalgin Island and contains closed depressions. The
trough is flanked by shallow platforns adjacent to |and on the east and west
sides. South of the trough is a triangular-shaped plateau, and farther south
is an arcuate or v-shaped ranp that connects the relatively shallow northern
area with the deeper area to the south. The top of the ranp is at about 70 m
wat er depth, and the base is at about 1 15 m The central part of southern
| oner Cook Inlet slopes rather uniformy into shelikof Strait. To the east,
the bathynmetry contains a conplicated array of local highs and |ows, but the
basi ¢ physi ographic el ements include troughs in Stevenson and Kennedy
Entrances that are separated by a slope around the Barren Islands and a ridge
to the southeast.

SHALLOW STRUCTURES

Shall ow folds and faults in lower Cook Inlet were mapped nostly using
3¢ kilojoule sparker records (Fig. 8. Difficulty was encountered because
shal | ow sub-bottom multiples commonly obscure geology in the records.
Variability of the appearance of structures between adjacent tracklines makes
correlations questionable. Overall, there are few shallow structures that can
be confidently identified regionally.

The general pattern of near-surface folding is parallel to that nearby on
| and (see Magoon et al., 1976). The Augustine-Seldovia arch marks a change in
the nature and direction of folding. North of the arch, folds trend parallel
to the axis of the inlet, whereas south they are oriented nore to the east.
Folds are nore distinct and symretrical north of the arch than south.

Faults in lower Cook Inlet are short and nearly uniformy distributed
except for concentrations near the Barren Islands and between Augustine Island
and ¢ape Douglas. Essentially no correlation of faults can be nmade between
trackl ines, and therefore faults are shown individually in Fig. 8 as they were
enconntered on profiles.



Very few faults offset the seafloor where acoverof unconsolidated
material exists, probably because strong currents rapidly erase such features
in the non-cohesive sedinent. Surface faults mapped in Fig. 8 offset wuncon-
solidated sedinent, but they may not reach the seafloor. Subsurface faults
of fset folded bedrock but not the overlying unconsolidated sedinent.

The activity stateof faults in |ower Cook Inlet is uncertain. Those
that of fset unconsolidated sedi ment have noved since Pl ei stocene time, but
their nost recent novenent is unknown. Recent activity has evidently occurred
on the Castle Muntain fault, a short distance northwest of the inlet, as
shown by lineations and offset of Pleistocene glacial deposits (Evans et al. ,
1972). After the 1964 earthquake, Foster and Karlstrom {1267) mapped an
extensive zone of ground fissures adjacent to the southeast nmargin of upper
Cook Inlet and suggested that the zone might be underlain by an active
fault. Pulpan and Kienle (1979) report sone linear shallow seismic trends in
Cook Inlet, but no correlations with known faults have been nade

STRATIGRAPHY

Basenment rocks underlying |ower Cook Inlet have been studied using cpp
seismc-reflection data [Fisher and Magoon, 1978). Three major reflectors
have been identified, and they have been interpreted as representing
unconformities at the base of the Tertiary sequence, at the base of upper
Cretaceus rocks, and near the base of upper Jurasic strata. These
unconformities separate four cycles of sedinentation and tectonism, occurring
in early Mesozoic, |late Mesozoic, early Cretaceus, and |ate Cenozoic tine.

Baserment rocks are truncated by an erosional unconformity, likely
produced by Pleistocene glaciers. Above the unconfornity are up to 340 m of
Pl ei stocene and Hol ocene unconsol i dated sedi nent conprising several basinal
features that reflect the geonetry of the unconformity (Fig. 9; see Bouma
et al., 1978a).

The unconsolidated sedinentary sequence has been divided into four
seismic-stratigraphic units by Rappeport (1981). The lowermpst unit, up to
75-mthick, is characterized by irregular and discontinuous reflectors in
seismc profiles and is interpreted as being conposed of unsorted glacia
debris (e.g., ground noraine). Overlying this unit is a thin (<3 n unit
thought to be a layer of glacial outwash consisting of poorly sorted coarse
gravel and sand. The |ower boundary of this unit is a strong reflector, but
internally no acoustic structure is seen. Next higher is a unit ranging in
t hi ckness to about 20mand characterized by |arge sandwaves, both on the
seafloor and buried. The sediment type is well-sorted sand with sone
shells. The uppernost unit, ranging to over 75-mthick, is characterized
acoustically by well-defined, continuous horizontal reflectors. The |owest
reflectors conformto the underlying surface as draped cover. Rappeport
(1981) interprets the unit as glaciomarine, glaciofluvial, Or glaciolacustrine
sand and silty sand.



SURFICIAL SEDI MENT

Textures and conpositions of seafloor sedinment sanples have been studied
in order to define sedinment types and to draw concl usions regardi ng sedi ment
dynam cs. This information has environnental applications to engineering
foundati on design and to prediction of pollutant transport pathways and
storage sites.

Textural analysis of surficial sedinent shows the area to be dom nated
by sand- and gravel-size material. Mean grain size generally decreases from
north to south (Fig. 10) and shows certain associations with bathymetry and
physiography. The npbst abundant size class is sand (0.0625 - 2 mm.  Sedinent
covering the central areas, including Cook Platform Cook Trough, Cook Ramp,
North Chinitna Platform and northeast shelikof Trough, contain greater than
80% in the sand size fraction (Fig. 11).

The greatest ampunt of gravel size sedinment (»2 mm) occurs to the north,
in Cook Trough and on its slopes, on North Ninilchik Platform and on the
northern section of North Ninilchik Platform (Fig. 12). Mid sizes
(<0.0625 mm) occur largely in the south and along the inlet’s borders,

i ncl udi ng shelikof Trough, North Barren R dge, Kennedy Ranp, Chinitna Platform
and a snall basin west of Anchor Point (Fig. 13).

Ternary di agrams of grain size percentages were used to classify sedi nent
types (Fig. 14). Divisions within the diagrans and sedi ment type names were
made to fit natural groupings of our data and are nodifications of shepard's
(1954) and Folk's (1954) classification schenes. Sanples with nore than 1%
gravel -size were located on the gravel-sand-mud triangle and all others were
| ocated on the sand-silt-clay triangle. Sedinent types were then plotted on a
map to show their distribution (Fig. 15).

Gavel with mud (gravelly mud, nuddy sandy gravel, and gravelly nuddy
sand) bl ankets the borders of the inlet, occurring on eastern South Chinitna
Platform western North Chinitna Platform chisik Valley, northwest Cook
Trough, South N nilchik Platform Kennedy Ranp, and a portion of Barren Sl ope.

Sand with gravel (gravel, sandy gravel, and gravelly sand) occurs in the
central area, covering part of Cook Trough and its slopes, nuch of Cook
Pl at eau, Cook Ramp, North Barren Sl ope, North winilchik Platform and Kennedy
Tr ough.

Sand and silty sand tend to be nore scattered in their distribution,
appearing on Chinitna Platform Cook Plateau, the southern end of Cook Trough,
Ninilchikx Platform and northern shelikof Trough. Sandy silt, being the finest
sedi ment, is deposited in shelikof Trough, the deepest part of the inlet.

Some Si ngl e-sanpl e anomalies exist within the larger fields of uniform
sedi ment type depicted in Figure 15; for exanple, the small area of silty sand
just off Anchor Point. 1iIn this particular instance, the anonmaly can be
expl ai ned by bat hynetry because this sedi ment occupies a small basin 20 nmeters
deeper than the surrounding sandy gravel platform  Qher single-sanple



anonal ies are not so easily explained and may be due to the existence of local
bedforms (e.g., sanpling of a sand ribbon in an area generally covered with
gravel ), errors in sanpling or analysis, or shortcomings in distinguishing

sedi ment types with ternary diagrans.

Surface microtextures on sand-size quartz grains were studied using a
scanning electron nmcroscope (Hampton et al., 1978). Typical grains show

features indicative of glacial processes, in nost cases nodified by chenical
or mechanical action. Gains froma few areas in northern |lower Cook Inlet
are characterized by nearly unaltered glacial microtextures. Sanples from
within the area of large sand waves are characterized by an abundance of
mechani cal inpact features. O her places, where bedforms are snall or absent,
chem cal alteration of grain surfaces is characteristic.

Compositionally, the distribution of clay minerals (Hein et al., 1979)
and heavy minerals (F. Lee-Wong, USGS, unpublished data) have been mapped.
Two end-menber clay mineral suites can be identified in |ower Cook Inlet.
One is relatively rich in illite and occurs nmostly in the west and north
(Fig. 17). The source is thought to be fromthe susitna River that enpties
into the head of Cook Inlet. The other suite is relatively rich in chlorite +
kaolinite (the two minerals were not distinguished) and is found in the
southern and eastern areas (Fig. 18). This suite is derived from the Copper
River in the eastern Gulf of Al aska.

Heavy m neral assenblages in |ower Cook Inlet are dom nated by
hornbl ende, hypersthene, and clinopyroxene. The nost |ikely sources include
the igneous arc terrane of the northeast Alaska Range, reworked sedinentary
rocks fromwthin the inlet, and |ocal drainage systens.

BEDFORMS

The seafloor of |ower Cook Inlet has been nolded into a wide variety of
bedforms - norphol ogic features created by fluid flow over an unconsolidated
sedi ment bed. Nunerous publications have reported on the classification,
mor phol ogy, distribution, and dynamics of these features (e.g., Bouma et al. |,
1977a,b, 1978,a,b, 1979; 1980; Witney et al., 1979; Rappeport, 1981; Ol ando,
inprep. ). Because they reflect hydraulic conditions and nodes of sedinment
transport that can affect engineering structures, and because they are so
W despread, bedforms have inportant environmental inplications for |ower Cook
Inlet.

Li sted bel ow are descriptions of the major bedform types that have been
observed in |ower Cook Inlet.

Sand waves (Fig. 19) are wavy accunulations of sand with straight or
sinuous crests oriented perpendicular to current flow Wave heights range to
about 14 min lower Cook Inlet, and wave |lengths range to about 950 m  Sand
waves are further classified as small (wave length less than 20 m), medium
(wave length 20-100 n) and large (wave |length greater than 100 nj. Length to
height ratios typically exceed 20 to 1, but ratios as low as 10 to 1 have been
reported (Rappeport, 1981). Small and nedi um waves can be superinposed on
| arge ones, and they are aiso found on other bedforms such as sand ribbons.



Ripples (Fig. 20) are small wavy forns in sand with heights less than
about 10 cm and wave lengths |ess than about 20 cm  These snal|l bedforms are
detectable only with photographic or television systens.

Sand bands (Fig. 21) are fields of bedforms (typically sand waves) that
are elongate in the direction of flow and are relatively sharply bounded by
fields of other bedforms of different size. Boundaries of a sand band may be
straight and parallel, but can also bifurcate.

Sand ribbons (Fig. 22) are narrow, typically thin (<1 n), current-
paral l el bodies of sand overlying hard bottom (see below). Sand within the
ribbon is comonly formed into small, transverse to oblique-trending sand
waves.

Comet marks (Fig. 23)are scour depressions extending down-current from
obstructions to flow, such as large boul ders.

Hard bottom (Fig. 24) is nore-or-less flat seafloor covered with coarse
sedi ment .

The type of bedform occurring at a particular place depends on several
factors, including sedinent size, water depth, and current velocity (Southarg,
1971).  Sedinment availability also is inportant; sand waves and sand bands
form where sand supply is large, whereas sand ribbons and hard bottom occur
where sand supply is restricted.

Figure 25 shows the distribution of bedforms in | ower Cook Inlet as
mapped by Olando (in prep. ). Field boundaries, wave crest orientations,
and inferred nmigration directions are shown. The distribution of bedforms
di stingui shes those areas where sand is abundant from those where it is not.
That is, sand waves and sand bands occur in the central, generally deeper
areas where sand is abundant; for exanple, Cook Trough, Cook Plateau, and Cook
Ranp.  Sand ribbons and hard bottom occur nearer the margins where sand is not
abundant; namely, on the platforns.

The largest sand waves, W th heights up to 14 m are found on upper Cook
Ranp, in water depths fromsgg-110 m Buried |arge sand waves have been
observed in seismc reflection records on the ranp.

South of the Ranp in shelikof Trough, where water depths are greatest,
bedforms are generally absent and the seafloor is snmooth, apparently
reflecting a relatively low energy hydraulic regine. Nunerous conet marks
have been found there (whitney et al., 1979,with orientations indicating
current novenent from east to west, following the arcuate pattern of nean
circulation (Fig. 5).

SEDI MENTARY ENVI RONMVENTS anp MODERN SEDI MENT TRANSPORT
The foregoing information about sedinment, physiography, and oceanography

can be used to draw inferences about sedinent dynamics in |lower Cook Inlet.
hreas over Which sedinmentary processes are simlar can be identified as



distinct sedimentary environments. Speculation can be made about the condi-
tions under which sedinent is moved and the pathways it foll ows.

The present-day distribution of unconsolidated sedinent reflects the
original distribution of Pleistocene glacial deposits as modified by post-
transgressional reworking. Sand and finer material are being renoved from
some glacial deposits, leaving behind a coarse lag. Mst w nnowed sand is
redeposited el sewhere in the inlet, whereas nmobst of the nud is carried into
Shelikof Strait and the Qulf of Alaska. Alnost no new coarse sedinent is
being added, but significant ambunts of fines are supplied, especially by
rivers at the head of Cook Inlet.

Energy levels and directions of fluid nmotion are highly variable. This
results in a conplicated distribution of sedinentary environnents, but
erosional, transportational, and depositional types can be distinguished
Their |ocations are definable, although inprecisely because of the sparsity of
dat a.

Erosional environnents are identified where the sedinment type is coarse
grained and deficient in fines (e.g., gravel and sandy gravel, Fig. 15), and
the sea bed is classified as hard bottomwith the common presence of sand
ribbons (Fig. 25). Erosional environments occur where water depths are shallow
and/or in restricted parts of the inlet where waves and tidal currents inpart
significant stress on the seafloor; strong enough to remove nuch of the nud
and sand sizes and prevent deposition. Most of the bed is immbile. Qartz
sand grains |eft behind are for the large part sheltered from intense
mechani cal or chenical action and retain their original glacial
micromorphology (Fig. 16).

Transportational environments exist where current energies are strong
enough to put sand-size sedinent in motion as bed |oad, at |east periodically,
and to prevent accumulation of fines in the bed material. These areas of
mobil e substrate are identified by the presence of a continuous sandy cover,
medi umto-|arge sand waves and sand bands (Fig. 25), and domi nant mechanical-
i mpact microtextures (Fig. 16). They occur nostly in central |ower Cook
Inlet, generally where sand and gravelly sand appear on Figure 15

Depositional environnents are typified by having significant quantities
of mud in seafloor sediment (gravelly nmud, nuddy sandy gravel, gravelly nuddy
sand, silty sand, sandy silt, Fig. 15) and occur where currents are of |ow
energy and the bed is consequently immobile. Chenical nicrotextures tend ‘to
be dominant on quartz sand grains. Two subenvironment types can be
di stingui shed on the basis of sedinent accunulation rates. Areas of low
accunul ation rate still show evidence of glacial debris on the seafloor (e. g. ,
gravel ly nud, nuddy sandy gravel, gravelly muddy sand), whereas in areas of
relatively high accunulation rate the glacial debris has been conpletely
covered by a blanket of sedinment with sand as the coarsest size grade (silty
sand, sandy silt). Depositional environments occur near the boundaries of the
inlet (low sedinentation rates), where the seafloor is evidently shielded from
intense currents even though water depths are shallow, and in deeper areas
south of the ranp (higher sedinentation rates).
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sedi ment transport in Cook Inlet is of course governed by water motion
Ti des produce the strongest currents {Muench and Schumacher, 1980), but nean
and low frequency circulation are significant, especially with respect to
suspended | oad. Bathynetry and geonetry of the inlet exert a significant
influence on both the strength and direction of currents, and consequently on
sedi ment novenent.

As noted in early studies (sharma and Burrell, 1970), the constriction of
Cook Inlet near Xalgin Island and the forel ands produces strong currents
there. Wnnowing takes place, and sedinent is flushed southward. Sandy
sedi ment accumul ates where the inlet widens and deepens, to form the najor
bedform fields (Fig. 25). These fields termnate at Cook Ranp, which is the
| eadi ng edge of a southerly prograding sand body (Hanpton et al., 1978).

M gration of bedforms has been discussed by Bouma et al. (1978b, 1979),
Wiitney et al. (1979), and Rappeport (1981). Nearly all sand waves and
ripples in |ower Cook Inlet show shape asymmetry in their [ongitudina
profiles, suggesting that movement has taken place in the direction of the
steepest face (e.g., Alen, 1968). Mst larger waves indicate net southerly
moverment, in the direction of ebb currents (Fig. 25). Ripples have been
observed to reverse orientation with the tides, but no simlar behavior has
been detected for the |arger bedforms.

Rappeport (1981 ) analyzed current velocity neasurenents taken over a
period of about three months in the summer of 1978 and reported that maximm
current speeds were in the ebb direction. Also, current speeds were greatest
at the crest of a large sand wave conpared to the trough. Currents exceeded
the theoretical threshold velocity necessary to initiate sediment transport
about 35% of the time. This was supported by television observations nmade at
the start of the study period, which showed that sediment noverment took place
only during 1to 1.5 hour around peak ebb and flood currents (Bouma et al.,
1979).

Sequential bottom photographs recorded net ripple mgration of 10 cmin
the ebb direction at a large sand wave crest and no detectable migration in
the trough over the 3-nonth period of current neasurements. Notably, this
period, being in the sumrer, is relatively quiescent conpared to w nter when
| arge storns occur and conpared to spring when meltwater adds to flow out of
the inlet. Mreover, the period of observation did not include peak spring
tide, the time of greatest energy during a tidal cycle. So, the observed
ri ppl e novenents may be near the annual mininmum

Rappeport (1981 ) calculated sediment transport rates and deduced that the
| argest sand waves (wave heights in meters, wave lengths in hundreds of
neters) might mgrate only 30-40 em/yr, or one wave length in 500-600 years.
This slow rate was corroborated in a study byWitney et al. (1979) by
comparing sand wave positions on side-scan sonograhps taken four years apart
over coincident tracklines. No net novenent greater than 10 m (the precision
of the conparison) could be detected.
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Two al ternative conclusions can be drawn from these studies. Either the
sand waves are nearly inactive under the present hydraulic regime and their
nmor phol ogy is relict froma |ower position of sea level, or the sand waves
move significant anmounts today but only during periods of extrenme current
condi tions, such as during large storns or spring runoff.

The foregoing discussion applies principally to bed-load notion.
Suspended | oad has been studied by Hein et al. (1979), Feely and Massoth
(unpublished data), and Burbank (1977). Cay nmineral suites identify two main
sources for the suspended load: the Susitna River at the head of Cook Inlet
and the Copper River in the eastern Qulf of Alaska. The Copper River suite
moves into Cook Inlet with the Kenai Current (Schumacher and Reed, 1980),
nmovi ng north toward Honer and west toward shelikof Strait. The Susitna River
suite nmoves south along the west side of the inlet, mxing with sone of the
Copper River suite and continuing around Cape Douglas into shelikof Strait.
Concentrations of suspended nmatter are greater on the west side of the inlet
than on the east.

The two clay mineral suites can be identified both in the water colum
and in bottom sedinment. Cbservations by Feely and Massoth (unpublished data)
and by Bouma et al. (1979) show that significant resuspension of this fine-
grai ned sediment from the seafloor occurs during peak ebb and ficed currents.
Storage of suspended-load material on the seafloor is only tenporary at the
| ocations where observations were made (Cook Plateau, in Kachemak Bay, and
near Xalgin | sl and).

ENVI RONMENTAL ~ ASSESSMENT

The available geologic information points out several features and
processes that can affect resource developrment in lower Cook Inlet. However,
oil and gas devel opment has been conducted safely for several years in

adj acent upper Cook Inlet, which shares sinmilar coastal and marine environ-
ments.

Seismic activity certainly poses the major environmental risk. Lower
Cook Inlet is included in seismc risk zone 3, defined as areas susceptible to
earthquakes exceeding nmagnitude 6 and where major structural damage could
occur (Evans et al., 1972). Damage can either be caused directly by ground
shaking, surface faulting, or surface warping and indirectly by ground failure
or tsunams.

The recurrence interval of great earthquakes (M >7.8) in the Cook Inlet
area has been estimated from a mnimum of 33 years (Sykes, 1971) to a maximm
of 800 years (Plafker and Rubin, 1967). These earthquakes are generated in
the shallow thrust zone, less than 30 km deep, associated with plate
convergence. Deeper earthquakes, with frequent events in the magnitude 5-

6 range, show clusters beneath Iliamna, Douglas, and Augustine vol canoes
{Pulpan and Kienle, 1979). Intense shallow events associated with volcanic
eruptions have al so been recorded.

13
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The | ast great earthquake to affect the inlet occurred in 1964, and
considering the mnimm estinated recurrence interval, another from the sane
source area may happen during the lifetime of an oil-producing province. The
Shumagin seisnic gap directly to the west is another source area predicted for
a near-future great earthquake (Pulpan and kKienle, 1979). so, although the
timng of destructive earthquakes cannot be predicted precisely, they nust be
considered a threat during resource devel opnent in |ower Cook Inlet.

The 1964 Al aska earthquake caused tectonic warping of the earth's surface
over a broad region. Mximum uplift of 15 neters was reported in the eastern
Gl f of Alaska (Malloy and Merrill, 1972). CGeneral subsidence occurred in and
around | ower Cook Inlet, to a maxi mumof 1.3 m (plafker, 1972). Al ong Hormer
Spit, sedinent failure and consolidation augmented the subsidence to a total
of nearly 2 m subnerging large areas of land (Wailer, 1965).

Details of the effects of large earthquakes offshore in Cook Inlet are
unknown, but no sedinent slides or major shallow faults have been found in our
surveys, and they are not considered to be a significant problem  Qur
know edge of unconsolidated sedinment types is linmted to near-surface sanples,
and it is possible that engineering test drilling will reveal |ocal subsurface
sedi ment layers that could liquefy during a seismc event. Nevertheless,
ground shaking, tectonic ground warping, and perhaps tsunams appear to be the
maj or of fshore concerns from seismic activity.

The four active volcanoes located in and around |lower Cook Inlet (Fig. 1)
are andesitic and can have violent eruptions. Severe danger fromlava flows,
nuee ardentes, or lahars is probably restricted to land and coastline areas
around the vol canoes, although in the unlikely event of a Krakatoan eruption
of insular M. Augustine, major effects could be felt at sea. Abrasive and
corrosive effects of ash falls from typical eruptions can extend regionally
and be a nuisance, if not a major danger, to offshore operations. A
destructive tsunam associated with the 1883 eruption of Augustine reportedly
hit the east side of the inlet (Evans et al., 1972), and simlar tsunams
could affect coastal areas in the future.

The various sedinent types in lower Cook Inlet appear to possess good
foundation properties. Geotechnical tests have not been run to determ ne
shear strength and consolidation behavior, but the coarse-grained nature of
the sediment (typically with small amunts of clay), the general |ow accunu-
lation rates, and the |low seafloor slopes throughout most of the area inply
favorabl e engineering conditions. No geologic evidence of gravitationally
unstabl e slopes or soft, underconsolidateda sedi nent has been found. As
mentioned previously, subsurface layers of liquefiable silt or fine sand may
exist that could cause strength |oss or abnormal consolidation during an
earthquake, but their presence can only be determned by drilling.

Environnental problems may arise in association with sedinent dynami cs.
Currents are variable in the inlet and can exert strong forces on the seafl oor
during peak periods of tidal activity, especially when augnmented by storm-
generated waves and setup. The sand wave fields are of particular interest.
Mgration of the large sand waves could cause renpval of support from
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structures or application of unexpected loads. Mgration rates are most
likely negligible during normal conditions, as determned by two independent
studi es (Rappeport, 1981; Wiitney et al., 1979), but short-lived extreme
conditions might induce signficiant novenment because sedinment transport rate
increases with the third power of mean current velocity (e.g., See Bagnold,
1963). The latter possibility could be tested by making observations of sand
waves over long tine periods that include high-energy events. observations to
date have not done this.

Irrespective of sand wave migration, erosion and consequent undernm ning
of structural foundations or pipelines is possible in those aras. Peak tidal
currents have been shown theoretically (Rappeport, 1981 ) and by direct
observation (Bouma«al., 1979)to induce general notion of the sandy bed,
even during |ess-than-maxi mum tidal range and cal m weather conditions.
Al'though the normal regine is transportational, with insignificant change in
seaf | oor elevation, constriction of currents around obstacles can lead to
| ocal erosion (see Posey, 1971; WIlson and Abel, 1973). Geopfert (1969)
reported three instances of pipeline failure in upper Cook Inlet when
| ocalized erosion led to vortex shedding and consequent vibration of the pipes
to failure.

Local i zed erosion also can be expected in other areas of |ower Cook
Inlet. Areas of seafloor where water depth is | ess than about 50 m experience
forces from storm waves that can erode sand, according to calculations nade by
Rappeport (1981). Even where the sedinmentary environnment has been classified
as depositional, such as in gshelikof Trough, the presence of conet marks
(Whitney et al., 1979) attests that erosion around obstacles takes place. In
the erosional sedinentary environments comon in northern | ower Cook Inlet,
currents are strong enough to winnow sand and probably some gravel size
grades, but erosion of sufficient nagnitude to cause engineering problems is
likely determined by local grain size. Large clasts might provide general bed
immobility even under severe conditions.

Anot her aspect of high-energy sediment transport is abrasion of
structural components. Visser (1969) reported considerable abrasion due to

high silt concentrations in upper Cook Inlet waters, and simlar effects from
rapidly noving bed load mght be encountered in the |ower inlet.

Mneral grains in the suspended |oad can adsorb pollutants such as

spilled oil. The fate of the adsorbed pollutants thereby is deternmined by the
fate of the suspended |oad. Considering the sources of suspended naterial
(Hein et al., 197S), pollutants originating either fromwthin the inlet or

outside (i.e., the eastern Qulf of Alaska) mght have effects in |ower Cook
Inlet.

Feely et al. (197g¢) determined that suspended particles in |ower Cook
Inlet can accommpdate up to 11% their weight in Cook Inlet crude oil and
concluded that such pollutants could be distributed throughout the inlet
before settling to the seafloor. Sedinent that remamins in suspension |ong
enough woul d be swept into shelikof Strait, where the sedinentary regine is
mai nly depositional (Hanpton et al., 1981) and |ong-term storage woul d
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result. Alternatively, some might experience long-term storage in the quiet
bays along the borders of the inlet. Across nost of the |ower Cook Inlet
seafloor, tenporary incorporation into the sedinment bed mght take place.

But, the periodic resuspension of fines that has been observed by Bouma et al.
(1979)and by Feely and Massoth (unpublished data) indicates eventual renoval

to nore pernmanent storage sites.
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Table 1. Location{(desreesminutes),8rain size (weisht Percent),
and mean size (phi units) fFor lower CeooK Inlet sediment

samPles.

Mean

Sta. Latitude Longitude OBGrav. Sand Silt Clar size
2 88 37.55 -151 18.17 .00 2.46 S5i.B0 45.74 7.72
3 B0 5.36 -152 34.13 40.74 4i.07 13.55 4,684 1.08
4 B0 ©5.45 -152 34.54 4B.66 389.63 .28 Z2.43 0.42
5 6o 4.70 -152 33.83 3B8.28 29.83 25.09 6.80 1.B7
8 59 19.02 -153 41.45 2.31 B2.29 283.08 6.34 3.27
7 59 16.24 -153 32.12 .13 9S51.87 31.87 11.13 3.70
8 59 10.68 —153 44,10 30.15 19.95 40.45 8.4%5 3.07
9 59 41.60¢ -15Z 36.10 S5.77 B8.12 18.82 7.29 2.786
10 59 41.25 ~-132 34.8¢ 52.82 335.5% g9.12 2.95 0.28
i1 58 34.50 -15Z2 35.90¢ 35.07 586.99 5.74 .20 0.72
12 59 34.6¢ -152 36.1¢ 7.33 76.73 11.66 4,26 2.13
13 59 25.75 -15Z S50.08 .23 85.69 3.25 .83 1.71
14 59 30.00 -152 46.01 4.77 8022 3.38 i.B2 1.B82
15 59 31.08 -182 54.00 20.76 66.21 9.24 3.79 1.51
i6 58 23.Z20 -133 bB.G50 89.83 74.74 1{i1.15 4.27 2.02
17 58 20.70 -152 53.50 0,533 84.07 4.43 ¢.91 1.76
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30 59 16.65 -152 21.70 5.42 92.91 0.586 G.1i 1.3i
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Table 1.

Latitude

o9
o8
59
58
39
o8
39
o8
59
o9
58
59
59
o9
59
58
o8
58
o8
58
58
39
59
59
59
39
59
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29
58
28
GO
28
S8
58
59
S9
59
59
o9
S8
33
59
59
S8
59
39
59
58
59
59
59

3¢.12
27.54
25.71
21.893

g.80
13.39
17.64
22.81
31.08
30.88
32.80

33.84
31. 17

28.21
27.42
52.67
52.48
59.62
55.33
53. 89
52.39
27.27
45.30
41,70
38.8B6
3B.85
45.006
49.74
30.14
54.63
58.88
0.62
50.08
48.97
49,88
49.11
0.00
0.00
0.0¢
10.00
B8.00
10.00
10.00
10.30
10.00
10.00
10.00
15.50
i6.00
16.30
16.00
15.80

(continued)

Longitude
-152 31.02
-152 38.32
-183 19.2

-153 13.73
-152 38.54
-132 38.4G
-152 39.99
-152 38.00
-152 38.35
-132 38.886
-1852 25.31
-152 25.41
-183 7.59
-i53 11.82
-152 38.04
-152 55.38
-182 58.02
-152 56.88
-132 57.52
-152 58. 39
-132 57.85
-152 33.23
-152 29.05
~182 26.07
-152 20.861
-152 45. 07
-152 45.22
-152 37.93
-152 28.51
-1532 14.61
-152 9.18
-151 S9. 84
-151 S55.21
-152 B.75
-152 14.63
-152 20.1¢0
-152 0.Q0
-152 30.00Q
~152 40.00
-152 14.00
-1352 Z20.00
-152 24.00
-132 34.00
-152 45.00
-152 54.00
-153 4.00
-153 23.70
-152 10.7CJ
-152 22.5¢0
-152 49.50
-152 2.00
-153 8.50

Sand

93.10
61. 32

38.14
54.85
82.67
80.952
88.z28
89 . 84
90.61
87. 89
71.64
79.55
45. 03
63.18
84.40
22.21
23.52
30.68
22 . B2
26.591
21.83
86.689
13.48
78. 7S
55.15
58.48
88 .74
34. 82
33. 08
88. 09
17.41
44. 85
49. 86
17.13
29.42
965.34
12.982
55.12
894.62
32.98
43.36
45.08
41. 14
04.76
899.45
80.20
98.37
g8 . 81

-3

Silt
1.32
.00
41.12
20.81
3.67
0.824
.28
.14
0.51
1.36
1.19
.56
340,12
15.85
11.18
50.42
S2.08
47.79
52.16
40.7.9
53. 70
0.43
1.71
.61
1.75
0.2
.85
7.03
6.23
0,44
37.52
2.81
1.29
1.97
2,20
0.61
1.38
i8.7%
3.32
47. 30
42.98
43.19
16.G3
0.77
.48
.99
0.55

.03

3 '-«‘7

Clar

0,31
0.00
14,67
12.71
.13
.15
0.02
0.22
0,406
0.31
0,12
23,46
11.65
2.44
27.36
23.88
21.82
24,22
24.435
23.87
.07
0. 37
0.2
0.96
0,08
0.2
3.26
4, 70
.10
10.22
Q.40
G.23
0.34
.94
0.16
0.17
5.82
.79
12.186
12.36
11.64
5.32
0. 38
0. 07
0.35
0.08
.14
.15
0.040
.33
(.86

Mean
si ze
i.490
.15
4.38
3.10
1.81
1. 26
1.36
1.51
1.24
1.549
0.64
0.84
4,84
2.88
2.18
5.089
.86
S5.48
=.B9
9.77
3.92
i.43
-1.358
G.84
o.18
0. 43
1.33
0.21

-
et
L3R SR

1.13
Z2.84
-0.16
-0.12
-1.18
0. 37
1.44
-1.42
2.25
1.67
4* (A
4. 45
4,43
Q.93
1.07
1.53
.93
1.53
1.56
1.66
1.24
1.12

1.68



Table 1. (continued)

Mean
Stare Latitude Longitude Grav. Sand Silt Clary size
c?8 59 15.80 -153 20.00 1.75 36.84 48.17 1i3.24 4.73
c29 58 22.00 -152 10.00 3.23 95.41 1.13 0.23 1.48
C30 59 22.10 -152 22.20 0.00 59.40 32.28 8.32 3.66
C33 589 22.70 -153 7.30 0.00 99.19 <).73 6.0B .54
C34 59 23.00 -153 7.130 0.59 897.40 1.71 0.30 1.58
c40 59 34.00 -151 44.00 1.74 75.51 17.83 4.82 2.B6
c4i 59 33.00 -151 54.00 7.89 B8.95 17.8% 4,35 Z2.40
c42 59 33.00 -152 4.00 7.32 70.09 18.72 3.87 2.42
c43 59 33.00 —1852 Z2.00 G.09 48 .92 43.16 9.83 4s27
c44 58 33.00 -152 14.00 Q.00 58.23 30.93 9.84 3.73
c45 59 33.00 -152 24.00 0,57 85.92 10.49 3.02 2.2t
c4B8 59 33.00 ~152 34,00 0.09 g9, 58 7.99 2.34 2.06
cS6 58 37.00 -153 2,00 0,00 77.11 15.70 7.19 2.82
c57 59 4B.00 -152 2.00 6,00 45.82 37.49 1B.B8 4.6i
c58 59 46.10 -152 13.00 0.00 Bi.40 11.27 7.33 =2.83
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16.
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1B.

Location map, Cook Inlet, Al aska.

Seismc-reflection profiling track lines. a) 1976, b) 1977, c) 1978,
d) 1979,e)detail of 1979.

Sedi nent sanpl e | ocations.

Regi onal geol ogic features. (From Magoon et al., 1979.)

Regi onal mean flow pattern. (From Muench and Schumacher, 1980.)

Bat hynetry. (From Bouma et al., 1978.)

Physiographic features. (From Bouma, 1981.)

Shal low folds and faults.  (From Bouma and Hanpton, 1976.)

Thi ckness of unconsolidated sedinent. Contours in mlliseconds of two~-
way travel time. Acoustic velocity of unconsolidated sedinent has not

been determ ned, but probably is about 1800 nisee. (From Bouma et al .,
1978a. )

Mean grain size of sediment sanples, in phi units.

Percent sand-size (2 - 0.0625 mm; -1 -“4 phi) grains in sedinent sanples.

Percent gravel -size (greater than 2 mm greater than -1 phi) grains” in
sedi ment sanpl es.

Percent nud-size (less than 0.0625 mm; | ess than 4 phi) grains in
sedi ment sanpl es.

Ternary plots of grain-size classes (in weight percents). Upper diagram
includes sanples with greater than 1% gravel; |ower diagram includes
sanples with less than 1% gravel.

a) Distribution of sediment types. Db) Definition of sediment types.

Distribution of microtextures and bedforms. Microtextural types are”
listed in order of decreasing abundance. Capital letter denoted abundant
occurrence of a texture. Underline denotes doninance of a particular
microtexture throughout a sanple. Lower-case letters in parentheses
denote nminor occurence of a microtexture. (From Hanpton et al., 1978)

Wei ght percent illite in clay fraction of sediment sanples. (From Hein
et al., 1979}

Wei ght percent chloritet+kaolinite in clay fraction of sedinent sanples.
(From Hein et al., 1979.)
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20.
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22.

23.

24.

25.

Si de-scan sonographys of a) large sand waves (wave |length greater than
100 111), with secondary snall bed fornms and b) nedium (wave |engths
between 20-100 m) and small (wave lengths less than 20 nm) sand waves.
(From Orlando, in prep.)

Sea-fl oor photographs show ng ripples. (From Orlando, in prep.)

Si de-scan monographs of sand bands, Note bifurcations. (From Ol ando,
in prep.)

Si de-scan nonographs of sand ri bbons. (From Ol ando, in prep.)

Si de-scan nonographs of comet marks. Tails of conet narks point down-
current. (From Ol ando, in prep.)

Si de-scan sonograph (a) and sea-floor photograph (b) of hard bottom
(From Orlando, in prep.)

Distribution of bed forms. (From Ol ando, in prep.)
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EXPLANATION

Smell sand wave fields A > 20 meters \\\\ Send ribbons

Medi um sand wove fields A 20-100 meters s

Comet marks

<=2 Lorge send wave fields A < 100 meters ~*®% Boulders

== Send waves D) Flattield, little relief

wmy  Send waves with superimposed Bedform — Bedform orientation reflecting
net current flow

‘QE Send bonds
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