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INTRODUCTION

The U. S. Ceological Survey's Eastern Gulf of Al aska Environmental Hazards
Proj ect has been investigating the geol ogical history and environnental
hazards of the northeastern Gulf of Al aska since 1974. Noaa/BIM funding and
ship time has supported this work, in part, since 1975. As 1981 was the |ast
year of Noaa/BIM funding and no future investigations are anticipated, this
report is being prepared to summarize the major findings related to
envi ronnental hazards in OCS | ease area 55 that were determ ned during the
life of the project. Therefore, the first objective of this final report is
to delineate, describe, and illustrate the seafl oor geol ogy and geol ogic
hazards in the eastern Gulf of Alaska from west of Yakutat Bay to Cross Sound
Sea Valley that must be considered before any offshore petroleumrel ated
devel opnent activities are undertaken.

The second object of this study is to describe in detail the geol ogy of
t he Alsek Sedinent Instability Study Area, an area offshore of the mouth of
the Alsek River that contains gas pockmarks, craters, and other nultiple
exanpl es of sediment instability. This area, originally designated as a
possi bl e pipeline corridor in BiM's EIS for |ease sale 55 (1980), was the
primary area of field data acquisition during the last field season of this
project, May-June 1980. Lastly, a section is presented on depositional
environnents interpreted from Gstracod type and abundance by Elisabeth
Brewers. Ms. Brewers was funded by NOAA/BIM in the last year of this study to
attenpt to tie together and interpret previously collected sedinment data and
micro-paleonotological studi es.

An explanation of the oversized plates that acconpany this report follows
the Ostracod Section.
Ref er ence
U S Department of the Interior, Bureau of Land Mangenent, 1980, Final
Environnental |npact Statenent, Proposed Quter Continental Shelf Gl and
Gas Lease Sale, Eastern Culf of Al aska.
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Section 1

Seaf | oor Geol ogy and Geol ogi ¢ Hazards
in the Eastern Gulf of Alaska



CEOLOGE C SETTI NG

The eastern Qulf of Alaska is an area of high seismcity and continuing
tectonism because of its proximity to the intersection of the Pacific and
North Anerican crustal plates. To the north and west of this area, the
Pacific plate is being subducted beneath the North Anerican plate along the
Aleutian Trench; to the east, a strike-slip notion persists between the two
plates. The area of lease sale 55 lies in the transition zone between the two
tectoni c regi mes (plafker, 1971). The result is a conplex series of faulted
and folded structures west of Yakutat Sea Valley and sinpler structures to the
east (Bruns, 1979). My of the Tertiary units have been truncated by
erosion, perhaps during glacially controlled changes of sea level. Both
seismc-reflection and sedimentologic evi dence point to glaciation of the
shelf during the Pleistocene (Carlson and others, 1977b; Molnia and Carlson,
1978) . dQacially derived gravel, sand, and nud presently occur on the niddle
to outer edge of the shelf, whereas on the inner shelf the till-like materials
are covered by a wedge-shaped Hol ocene-aged unit that grades from sand to
clayey silt (Molnia and carlson, 1980).

Three major sea valleys, incised into the continental shelf approximtely
per pendi cul ar to shore are, fromwest to east: Yakutat, Alsek, and Cross
Sound Sea Valleys (Fig. 1). Positive-relief features include Pamplona R dge
and Fairweather Gound. Each of these norphologic features has influenced the
erosional or depositional processes and the resulting presence or absence of
sedi ment on the continental shelf.

Onshore, the topography consists of a narrow coastal plain backed by the
tectonically active glaciated Saint Elias Muntains. The main gaps in these
young rugged nountains are valleys carved by seaward-flowing rivers and
glaciers. The Alsek River, originating in Canada, annually carries a large
| oad of sedinent through the coastal muntains to the Gulf of Al aska.
Malaspina d acier, a massive piedmont glacier, extends to the shoreline and
gives rise to numerous meltwater streans that carry significant amunts of
suspended matter into the predom nantly counterclockw se circulation of the
Al askan Gyre (Reimitz and carlson, (1975). Oher smaller valley glaciers
such as Gand Plateau, Fairweather, and La Perouse G aciers are the sources of
smal ler but noteworthy neltwater streams that carry lesser quantities of
sediment to the ocean. Two large bays (lcy and Yakutat), whi ch were once the
sites of large glaciers (plafker and MIler, 1958), are incised into the
coastline on either side of the Malaspina G acier. Lituya Bay, 165 km
sout heast of Yakutat Bay, was al so cut by a coal esced glacier that was fornmed
by the glaciers presently discharging nelt water and glacial flour at the head
of the bay.

Strata, ranging from Pal eocene well-indurated argillite and graywacke to
Pl ei stocene semniconsolidated siltstone and conglonmeratic nudstone (upper part
of the Yakataga Fomation) , crop out in the foothills, on the coastal plain,
and on sonme of the islands and banks of the continental shelf (plafker, 1267,
1971; Pplafker and Addicott, 1976; Molnia and Carlson, 1978). Hol ocene
unconsol i dated nmud, sand and gravel unconformably overlie the wave-, stream-
and gl aci er-planed surface of Paleocene to Pleistocene rocks on the coastal
plain as well as on the continental shelf (Plafker and others, 1975; carlson
and ot hers, 1977b; Molnia and Carlson, 1980).
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During the Pleistocene, the continental shelf was repeatedly covered by
ice sheets that extended at least to the shelf break (Molnia and Sangrey,
1979) . Although no precise date for the |ast deglaciation of the shelf has
been determined, it appears that the outer shelf has been free of a glacial~-
ice cover for about the past 12,000 years (Molnia, Levy, and Carlson, 1980).
Nuner ous Neoglacial advances of coastal glaciers have covered parts of the
i nner shel f.

The Alsek River, which drains an area of alnost 30,000 knf, is the
largest tributary to the @ulf of A aska between Yakutat and Cross Sound and
appears to be this area’s nmgjor source of nodern sediment. In QCctober 1979,
t he suspended-sedi nment | oad of the Alsek River exceeded 1 g/1.

The coastal area adjacent to the continental shelf is a triangular plain
t hat narrows eastward. North of the plain are glacier-covered nountains that
rise to a maximum el evation of about 5,000 m La Perouse d acier, approx-
imately 50 km northwest of Cross Sound, is the only glacier in North Amrerica
whose termnus reaches tidewater in the Pacific Ocean. Qher nmjor glaciers
in this are are Fairweather Gacier, Gand Plateau dacier, and Yakutat
G acier. Each of these glacier systens produces |arge volumes of sediment
that is transported by streams, ice rafted, or dunped directly on the con-
tinental shelf. daciation has been the nmajor sedinent-producing process in
this region since Mocene time (Molnia and Sangrey, 1979).

Onshore Geol ogy

Onshore, a thick sequence (about 15,000 m) of marine and nonnarine
Tertiary and Quaternary sedinentary rocks bound the study area. This se-
quence crops out in a nearly continuous belt as nuch as 180 km w de al ong the
south margin of the Chugach and Saint Elias Mountains (Plafker, 1971). The
sequence can be divided into a lower, well-indurated, intensely deformed unit
made up of Pal eocene and Eocene rocks and a varied sequence of middle Tertiary
to Quaternary rocks that are less indurated and deformed (Plafker, 1971).

M ddle Tertiary rocks are mainly narine mudstone and siltstone with some
sandstone. Plafker (1971) described the local occurrence of interbedded tuff,
aggl onerate, pillow |lava, and glauconitic sandstone, as well as al kaline plugs
and dikes. Mddle Tertiary formations include the xatallia Fornation, parts of
t he Tokun and Poul Creek Fornmations, Cenotaph Volcanics, and Topsy Formati on.

The upper Tertiary and Quaternary section is characterized by a thick
sequence (nmore than 5,000 m of marine and glacial-marine elastic rocks of
M ocene to Holocene age, called the Yakataga Formation. |t consists of
fossiliferous, thick-bedded nmudstone, nuddy sandstone, conglomeratic sandy
nmudst one, and congl onerate (Plafker, 1971).

The Mesozoic Yakutat Goup crops out landward of the coastal plain from
the aAlsek River to Malaspina G acier and consists of graywacke, argillite,
slate, and mnor conglonerate (Plafker, 1967). It is nildly to noderately
met anor phosed and conpl exly def or ned.
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The Chugach-Sai nt Elias Mountains’ crystalline rocks include granitic
rocks, schist, gabbro, gneiss, amphibolite, and marble. They are noderately
to intensely netanorphosed and conplexly deforned.

CLIMATOLOGY AND OCEANOGRAPHY

Weather in the Gulf of Alaska is influenced by two conpeting pressure
systems, the Al eutian Low and the Pacific H gh (Dodi mead and others, 1963;
Royer, 1975). Severe westerly storms nove through the region during the wn-
ter nonths, when the Aleutian Low predoninates. The cyclonic rotation of
these storns creates strong easterly winds in the Qulf of A aska. During the
summer the Pacific H gh beconmes dominant, fair weather frequent, and the pre-
vailing winds nore southwesterly and nore docile. The circulation of shelf
waters as a result of wind stress causes strong downwelling during the wnter
and weak upwelling during the summer (Royer, 1975).

Water circulation in the GQulf of Alaska is forced by the westerly
Subarctic Current, that turns north as it nears the North American continent
and flows into the Gulf as the Al askan Gyre. In response, the nearer shore
Al askan Stream fl ows countercl ockwi se through the Gulf of Al aska at a speed of
16- 20 cm/sec (Dodimead and others, 1963). Large storm waves estinmated to be
at least 15 min height (T.C. Royer, University of Al aska, oral commn. ,

1977), roll across the shelf throughout the winter. These waves undoubtedly
disturb the bottom even at the shelf edge (200 m deep).

Strong bottom currents are believed to be active on highs such as
Fai rweat her Ground and Pamplona Ridge. No current velocity data was obtained
during the life of this study.

Tsunami's, generated either by regional or remte earthquakes, are
frequent visitors to the Al askan shelf. These long (400-km wavel ength) waves
devastate coastal structures (Plafker and others, 1969) and nost certainly may
have sone effect on the surface sedinment on the shelf.

DATA COLLECTI ON

The data incorporated in this report were collected on cruises on USGS
and NOAA ships, and also include 4000 km of high-resolution seismc data
obt ai ned by Nekton, Inc. on contract to USGS Conservation Division. The
cruises, types of data, number of sanples, and kilometers of high-resolution
seismc-reflection lines are listed in Table 1. The cruises have utilized
various neans of navigation, including satellite, Loran A Loran C, Decca Hi-
Fi x, Raydist, Mtorola Mni-Ranger, and radar. The |ocation accuray ranges
from0.25 to 1.5 km and averages about 0.5 km
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Cruises in the eastern @ulf of Al aska in study area

Crui se
NOAA Ship SURVEYCOR

NCAA Ship CRMWELL

MV GREEN (Contract)
NOAA Ship DI SCOVERER

R'V SEA SOUNDER

NOAA Ship DI SCOVERER

R'V GROJLER

R'V LEE

R'V SEA SOUNDER

NOAA Ship DI SCOVERER

NEKTON Inc. (Contract)

NOAA Ship DI SCOVERER

R'V SEA SOUNDER

Dat e

4/ 75 - 5/ 75

6/ 75

6/ 75 - 8/75

10/ 75

6/ 76

10/ 76

577

6/ 78

6/78 - 7/78

5/'79

7179

8/ 79

10/ 79

NOAA Ship MLLER FREEMAN 3/80-4/80

NOAA Ship DI SCOVERER

58 0 - 6/80

TOTAL

Table 1

Type of Data

Hi gh-resol ution seismc

Gavity cores and grab
sanpl es

Hi gh-resol ution seismc
Gab sanples

H gh-resolution seismc
Grab sanples

Grab sanples and cores

Hi gh-resol ution seisnic
Cores and grab sanples

Hi gh-resol ution seismc

Hi gh-resol ution seismc
Cores and grab sanples

Hi gh-resol ution seisnmc
Gab sanples

H gh-resol ution seismc

H gh-resolution seisnic
Cores and grab sanples

Hi gh-resol ution seismc
Cores and grab sanples

Gab sanples

Hi gh-resolution seismc
Cores and grab sanples

17,255 km of seisnmic data

1,051 sanples
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Amount of Data

3200 km

125 sanpl es

1200 km
37 sanples

1100 km
59 sanpl es

25 sanpl es

375 km
12samples

350 km

1400 km
15 sanpl es

1630 km
47 sanpl es

4000 km

2000 km
378 sanpl es

1200 km
36 sanpl es

113 sanpl es

800 km
204 sanpl es



DESCRI PTI ON OF SURFACE SEDI MENTARY UNI TS

Four surface sedinentary units were defined by Molnia and Carlson (1975,
1978) for the continental shelf of the northeastern CGulf of Alaska between
Yakutat and Montague Island. The units were defined from their charac-
teristics in seismc profile and from exam nation of seafloor sedinment
sanpl es. The units originally defined were: Tertiary and Pleistocene
stratified rocks; Quaternary glacial-marine sedinment; Holocene end noraines;
and Hol ocene sediment. Additional data and a better understanding of the role
of glaciation as the dominant sedimentological process shaping this contin-
ental shelf region | ed Molnia and Sangrey (1979) to revise the definition of
t he Quaternary and Hol ocene units.

Their revised units, which are used in extending the mapping of the
stratigraphy to the shelf east of Yakutat are: (1) Tertiary and Pleistocene
stratified rocks; (2) Quaternary till, outwash, and glacial-marine deposits;
(3) Hol ocene end noraines; and (4) Hol ocene glacial-marine sedinment. Seismc
and sedimentologic characteristics of the four units are presented in Table 2.

Table 2. Surface sedinmentary units on the continental shelf of the northeastern
@l f of Al aska

Appearance in Seismc

Uni t Refl ection Profiles Description

Tertiary and Pleistocene \ell-developed reflectors com Sem - to well-indurated

sedi mentary rocks prising folded, faulted and pebbly and sandy nudstone,
truncated lithified sedinmentary siltstone, and sandstone
strata

Quaternary till, out- Very irregular, discontinuous Qive to gray pebbly nud,

wash, and glacial- contorted and angular reflec- sandy pebbly nud, and shelly

mari ne deposits. tors. Stratified in places, mud

but rarely extending nmore than
a few hundred meters.

Hol ocene end norai nes Hi ghly variable reflectors; Oive to gray, unsorted, un-
some stratified but generally stratified, heterogeneous
di scontinuous, high-angle m xture of clay, silt,
reflectors. Very irregular sand and gravel

surface morphol ogy with
relief of as nmuch as 100 m

Hol ocene glacial- Rel atively horizontal and dive to gray, underconsoli-
mari ne sedi ment parallel, continuous reflectors dated clayey silt and silty
except where disrupted by clay; fine sand in nearshore
sl unping and other types of nearshore zone, interlayered
sediment failure sand nud units in transition
zone
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DI STRIBUTION OF THE FOUR SURFACE STRATI GRAPHIC UNI TS

Figure 2 presents the distribution of the surface stratigraphic units on
the entire northeastern @Qulf of Alaska continental shelf from Mntague Island
to Cross Sound. In this section, however, only the newy mapped Yakutat to
Cross Sound segnent will be described. A detailed description of the
distribution of the surface sedinentary units west of Yakutat can be found in
Molnia and Carlson (1978).

Tertiary and Pleistocene Stratified Rocks - Stratified rocks crop out on the
north wall of the Alsek Sea Valley, as hogback ridges, and in numerous

pi nnacl es on Fai rweather Gound, west of Cape Fairweather, southeast of Lituya
Bay, and in a continuous nearshore and coastline belt that extends from west
of lIcy Point to Cross Sound. The Fairweather Gound is conposed of highly
folded strata with nunerous linear trends on the sea floor. Holocene glacial-
mari ne sedinent collects in small basins and anong the hogback ridges in the
Fai rweat her Ground area. Nearshore strata from west of Icy Point to Cape
Spencer are generally flat to slightly folded and show evi dence of glacial
erosion. The area of outcrop on the north wall of Alsek Sea Valley consists
of glacially eroded stratified rock. The valley wall slopes are 30° or

more. The steep slopes may be responsible for the sparse cover of Holocene
glacial -nmarine sedinment.

Quaternary Till, Qutwash, and Glacial-Marine Deposits - This glacially derived
unit covers nuch of the middle and outer continental shelf from Yakutat to
Cross Sound. West of the Alsek River, the unit is exposed 25-35 km from
shore. East of the Alsek, the distance fromshore is less than 20 m  Between
Yakutat and Lituya Bay, Quaternary till is nolded into a series of noraines
having heights of up to 12 m A detailed, nulti-system geophysical survey of
the mddle shelf in 1980 showed that noraines are present in an area of nore

t han 2,500 km?, where wat er depths range from 120 to 180 m  Post-depositiom
modi fication and sedinmentation, and distance between survey lines make
correlation of |obes observed on parallel survey lines inpossible. Generally,
the entire surface of this unit is a pebbly mud. Sandi er glacial-fluvial and
glacial-lacustrine deposits and coarse areas of sedinment wi nnowing are al so
present.  Sedinent thicknesses range from a thin veneer covering ol der rocks
near the shelf edge to nore than 150 m (the limit of nini-sparker

penetration), where deposits fill glacially scoured bedrock channels. This
unit consists of both Pleistocene sedinent deposited when the shelf was

conpl etely ice-covered and much younger sedinent deposited on the inner shelf
by Neoglacial advances during the past few years. Sanples of this unit
generally are overconsolidated and massive. Inner-shelf deposits of this unit
are not exposed at the surface. Rather, they have been observed as subcrop on
hi gh-resolution seisnmic profiles.

Hol ocene End Mbraines - Hol ocene end norai nes deposited by Neoglacial advances
during the past 1,000 years are present at the nouths of Lituya and Yakutat
Bays and at the shoreline in front of Fairweather Gacier. The Lituya Bay and
Fai rweat her d acier noraines have not been studied in detail. The Yakutat Bay
morai ne consists of a series of hard, highly reflective ridges, many having
more than 150 mof relief. Wll-stratified Holocene glacial-marine sediment
has accumulated in small basins between ridges. The wdth of the noraine
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conplex at the nouth of Yakutat Bay is nmore than 5 km  The Yakutat noraine
was deposited between A.D. 900 and 1300 (plafker and M| ler, 1978).

Hol ocene Glacial-Marine Sedinent - Hol ocene glacial-marine sedinent occurs in
a band that extends seaward from the shoreline and ranges in width from about
15 to 35 km  Sedinent in the band is coarse-grained nearshore, and fine-
grained (clayey silt or silty clay) offshore. Two lobes of this unit project
down Yakutat and Alsek Sea Valleys. Sanpling and seismc investigations show
that this unit is well stratified and generally underconsolidated.

Thi cknesses of this unit exceed 100 min nunmerous areas adjacent to the
Fairweather and Grand Plateau G aciers and in parts of alsek and Yakutat Sea
Valleys. If the last nmgjor deglaciation of the shelf was about 12,000 years
ago, then maxi mum Hol ocene sedinentation rates in this area exceed 10 m per
1,000 years.

SEAFLOOR HAZARDS (Plates | and I1)

Four types of seafloor hazard have been nmapped in the study area:
faults, gas-charged sedinent, buried channels, and submarine slides or
sediment gravity flows (Fig. 3). These hazards were identified on high-
resolution seismc-reflection records made with 3.5-kHz, 400-800-J mi ni sparker
or uniboom and suppl emented with medi umresol ution sparker (20-80 J)
syst emns. Seafl oor sanples in the areas of potential hazards were collected
with cores (gravity, dart, wvibra) and grab sanplers. These data have provided
sediment distribution and stratigraphic relations that are reported in detail
by Carlson and others (1977) and Molnia and Carlson (1978, 1980). 1:250,000
scal e maps of these seafloor hazards are presented in Plates I A and B and 11
A and B.

SURFACE AND NEAR- SURFACE FAULTS

The faults discussed in this paper are those that offset the sea floor or
cut strata in the upper few tens of neters of the substrate. The near-surface
faults are probably related to devel opment of deeper structures on the
continental margin, as shown by Bruns (1979), and at |east several of these
faults appear to relate directly to the northwestward convergence between the
Pacific and North American Plates (Lahr and Plafker, 1980).

Near-surface faults are located in four parts of this eastern Qlf of
Al aska region: the Pamplona zone, the Fairweather G ound shel f-edge
structural high, the shelf edge near Alsek Sea Valley, and the seaward
extension of the Fairweather fault systemthat trends southeast from Palma Bay
(Fig. 3).

The Pamplona zone marks the boundary between the structurally sinple
Yakutat segment of the continental margin and the more conplexly folded and
faul ted Yakataga margin to the west (Brums, 1979). This zone extends across
the shelf and the slope fromlcy Bay toward the promi nent north-trending
Pamplona R dge. Pamplona Ridge, a |arge horst-like structure bounded by
north-northeast-trending reverse faults, forns part of a zone of structural
uplift that has been mapped to the base of the continental slope. North of
Pamplona Ridge, nunerous near-surface faults trend north to northeast,
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parallel to the major structural trends of the vakataga shelf that were the
targets of recent exploration activities. The longest of these landward

di pping reverse faults have been traced for about 36 km (Fig. 3) {Bruns,
1979) . Many of these faults are covered by 5 to 10 m of Hol ocene sedi nent.
However, at |east one high-resolution profile shows continuation of a fault
upward into the Hol ocene sedinment, but not rupturing the surface. Nunerous
epi centers of nodern earthquakes plot along the Pamplona zone, thus
docunenting the active nature of these faults (Lahr and others, 1980).

Fai rweat her Ground is a topographic and structural high about 2100 knfin
area, located on the outer shelf east of the Alsek Sea Valley (Fig. 1). This
high is conposed of pre-Tertiary rocks sinmilar to the Yakutat G oup on the
mai nl and (Plafker and others, 1978b). Bruns (1979) suggested that steeply
di pping seismc reflectors within adjacent rocks of |ate Yakataga age which
flank the high indicate significant uplift during late Cenozoic time of this
pre-Tertiary outcrop. Bruns’ conclusion is reinforced by the presence of
steep scarps with relief of up to 60 m comonly occurring where the rugged
pre-Tertiary rocks crop out on the sea floor. These scarps, possibly fault
related, trend nearly parallel to the continental slope and have been mapped
di scontinuously over a total distance of about 60 km (Fig. 3). The alinements
of these scarps suggest at least four individual traces along this Fairweather
Gound zone. The irregularity of the outcrops and the wide spacing of seisnic
lines (approximately 10 km prevent continuous tracing of the possible fault
trends.

A solitary fault w thout surface expression has been mapped at the shelf
edge west of Alsex Sea Valley (Fig. 3). No connection is evident between this
fault and the multiple traces east of the sea valley. This fault extends in a
nearly east-west curvilinear trend for a distance of about 40 km from the
upper slope into Alsek Sea Valley. The fault approximatley parallels the
northwestern wall of the outer one-third of the valley. Mtion on this
probabl e reverse fault is north- or landward-side w. Although the recency of
this alsek Sea Valley fault is not known, indications of active seismicity in
this area south of Yakutat Bay can readily be seenby the presence of
epicenters for 49 small earthquakes of magnitude 1 - 4.4 which occurred
bewtween 1974 and 1978.

The seismically active Fairweather fault borders the northeast part of
the study area (Fig. 3). This major right-lateral strike-slip fault which has
been nmapped onshore from Yakutat Bay to the shoreline of Palma Bay (Plafker,
1967; Plafker and others, 1978a) was first mapped in the offshore in 1975
{(Molnia and others, 1978). During the sunmer of 1978, about 1500 km of
seismic lines were collected across the shelf southeast of Palma Bay to trace
the of fshore extension of the Fairweather fault (Carlson and others, 1979).
These seismc |lines show eidence for two fault traces (Fig. 3). On lines
cl osest to Palma Bay, the eastern fault trace, which is less well defined than
the western, appears to trend directly into the Fairweather fault. The trace
west of Palma Bay seens to aline wWith a fault that has been inferred but never
docunented, on the bases of structural features along the shore, to lie just
of fshore along the coastline at least as far north as Gand Plateau QG acier
(Plafker, 1967; Bruns, 1979). This inferred |ocation of the northwestward
extension of the western trace has been crossed by only two seismc-reflection
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lines because of its proximty to the coastline. Poor record quality, largely
because of the shallowwater nultiples, has prevented identification of this
inferred fault. An abrupt 25° change of strike occurs between the two fault
traces near Palma Bay. The separation between these two subparallel fault
traces ranges from6 kmon the seismc line about 1 kmfrom Palma BSy, to
about 12 km off sout hern Chichagof |sland. The two traces extend across the
shelf in a south-southeasterly direction for about 225 km where they appear
to nerge on the upper slope just southwest of Sitka (carlson and ot hers,

1979) .

The complex fault traces consist of a nunber of splays or slivers. At
several places where a fault bifurcates, the minor trace forns an arc and
appears to rejoin the mpjor trace. One exception to this pattern, however, is
observed in the Fairweather fault extension about 20 km sout heast of Palma
Bay, where the Fairweather fault undergoes a mmjor bifurcation in which one
branch fault splits off at an angle of about 350, This branch fault trends
toward Lisianski Inlet, where it may connect with the Peril Strait fault
(Loney and others, 1975).

The offshore faults vary greatly in appearance on profiles fromline to
line. Sone records show well-defined scarps on the sea floor with reliefs of
25 to 40 m other crossings of the fault traces exhibit no surface offset, but
comonly show broken reflectors or abrupt changes in bedding reflector
attitudes that are best explained by faulting. O the tw traces, the western
trace is clearly the better defined and is considerably straighter than the
eastern.  The nost unequivocal evidence for Hol ocene displacenent, as
mani f ested by seafloor displacenents, is visible in this trace. In nost
crossings of the fault trace where seafloor offsets are well displayed, the
sense of novenent is northeast-side down, showing the same sense of vertical
di spl acenent as that which occurred along the onshore Fairweather fault during
the 1958 Lituya Bay earthquake (Tocher, 1960). The nore sinuous eastern trace
may be an inactive or relatively less active strand of the fault system
several of the profiles, however, also showed some seafloor offset along this
trace.

In addition to the evidence of recent novenment along the Fairweather
fault system seen on the seismic profiles, the epicenters of two recent |arge
eart hquakes coincide very closely with the mapped fault traces. The epicenter
of the 1958 Lituya Bay M-7.9 earthquake (Sykes, 1971) plots just south of
Palma Bay (Plafker and others, 1978a). The epicenter of the 1972 M~7.3
earthquake (Page, 1973), plots about 2 km west of the outermpst fault trace;
the focal region of the earthquake virtually coincides with the active trace
mapped by carlson and others (1979), which extends beyond the nmargin of the
study area.

SEAFLOCR | NSTABI LI TY

Three types of potential seafloor hazards involving instability of
sediment are present on the continental margin in the eastern Qulf of
Al aska:  gas-charged sedinent, submarine slides and flows, and buried
channels. Al three hazards are npost prevalent in areas seaward of those
rivers or streans that carry large quantities of glacially derived sedinent to
the gulf, or seaward of the glaciers that at one tine crossed the shelf.
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GAS- CHARGED SEDI MENT

Six areas of gas-charged sediment have been identified in the
northeastern Gulf of Al aska between Yakutat Bay and Cross Sound: (1) on the
sout heast flank of Yakutat Sea Valley, (2) nearshore between Dangerous and
alsek Rivers, (3) on the west flank of Alsek Sea Valley, (4) southeast of
Lituya Bay, (5) on the northwest wall of Cross Sound Sea Valley, and (6)
sout heast of Palma Bay (Fig. 3).

Five of the 6 gas-charged areas are small, covering 10 knf or less. The
single exception is a nearshore area between the Dangerous area and the area
east of the Alsek River, enconpassing over 200 km?. This is the only one of
the 6 areas with a surface nmanifestation of gas. There, thousands of seafloor
pockmarks and craters, ranging in dianmeter fromsnmaller than 2 mto as large
as 400 m are present. These pockmarks and craters are actively formng today
{Molnia, 1979) and often are the site of gas seepage to the water colum. The
eastern part of this region is the site of the Al sek R ver Sedinment
Instability Study Area (Section 2).

Seismic profiles of the 6 gas-charged areas show comnbinations of
di spl aced reflectors (pull-ups and pull-downs), Wi Peouts and acoustic
transparency in the top 50 m of sedinent and occasional gas plumes in the
water colum. Gas analyzed from sediment cores collected in these gas-charged
areas, and in gas-charged areas to the west, is predom nantly biogenic net hane
(Molnia and others, 1978). The maxinum gas concentration measured in 1979
froma core collected in the nearshore between the Dangerous and Alsek Rivers
was 3 x 107 nl of nethane per liter of wet sedinent, a gas concentration 3 to
4 orders of magnitude greater than background. Simlar high concentrations
were measured in gas-charged sedi ment west of the study area (Molnia and
ot hers, 1978).

In each of the 6 areas, gas-charged sedinent is present in the upper part
of a thick Hol ocene sedinentary section. No evidence of |eakage from deeper
pre-Holocene sources is visible on the high-resolution profiles. This
observation, as well as the biogenic nature of the gas, suggests that
bacterial breakdown of organic material deposited in the rapidly accunulating
Hol ocene sediment may be the source of the gas

Gas-charged sedinent has reduced strength and bearing capacity. As the
gas concentration increases, sediment stability decreases until failure
occurs. Such failure poses a potential hazard to seafloor exploitation
because drilling into gas-charged sedinment, cyclic loading, seismcity, or
spont aneous over-pressurization nmay cause a sudden and catastrophic release of
gas and pore water, and could lead to failure of pipelines and platforms in
the inmediate area

Pockmarks and craters on seismc profiles from the nearshore area between
t he Dangerous and Alsek Rivers closely resenble these in other disturbed areas
where sedinment sliding is active. Only through site specific side-scan sonar
surveys and sedinment coring has the relation between the gas-charged sedinment
and the seafl oor pockmarks and craters been established. This relation
suggests that in other areas where sediment sliding is active, gas in the
sediment may be a mgjor cause for this sediment instability.
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SUBRMARINE SL| DES

Submarine slides and sedinent gravity flows have been found in three
general areas in this section of the Gulf of A aska: in nearshore zones,
especially off the nouths of rivers, on the walls of sea valleys, and along
the continental slope (Fig.3).

The largest slide (1080 knf) on the shelf in the study area is |ocated
seaward of Icy Bay and the Malaspina acier. Here a process of progressive
sl unpi ng of underconsolidated Hol ocene clayey silt is taking place in water
depths of 70 to 160 mon a slope of less than 0.5°. The slunp structures are
about 0.5 kmlong and have relief of 2 to 5 m The slip surfaces extend to a
depth beneath the sea floor of 15 to 40 m and so the volume of the entire lcy
Bay-Malaspina slunp is about 32 kmi. This active |andward-grow ng slunp may
be triggered by prolonged ground shaking resulting from the frequent
earthquakes in the nearby Pamplona R dge zone (Carlson, 1978).

Four other, snaller areas of nmass transport have been napped in the
nearshore zone (Fig. 3) all in water shallower than 100 m« The conbined area
of all four is less than that of the |cy Bay-Malaspina slunp. One slide
sout hwest of Yakutat Bay begins on the north wall of Yakutat Sea Valley and
extends across npst of the valley floor. Ths slide, which covers an area of
about 350 knfand incorporates the upper few meters of clayey silt, appears to
fit into varnes' (1978) classification as a nudflow that failed due to latera
spreading. A second slide, which begins 4 km seaward of the coastline between
Yakutat Bay and Dangerous River, is elongate, about 40 km long, and about
260 kniin area. The gradient of the upper part of the slide is about 1° and
decreases to about 0.5° at the seaward edge of the slide. High-resolution
profiles across the niddle of this slide mass are characterized by a series of
steplike surfaces with a tread length of about 100 m and a riser height of 3
to 4 m Apparent backward rotation of these blocks indicates a true
rotational slunp nmovenent. The effective depth of the rupture surfaces of
these slunp blocks is about 10 m so the volune of slunped material is nearly
3 kmi. The third and smallest of the slide masses (60 knfin area), |ocated
sout heast of the Dangerous River, begins about 2 km offshore in water
shal lower than 20 m This area of seafloor instability and also the fourth
nearshore-slide area seaward of the Alsek River are both associated with gas-
charged sediment. It is likely that the gas in the sediment has resulted in
hi gh pore pressures, thus contributing to the low strength of the sedinent
that may fail when agitated by the poundi ng of stormwaves, or from ground
shaking during earthquakes. The 150-km? area of mass transport just seaward
of the mouth of the Alsek River begins in sand and sandy nmud | ess than 2 km
of fshore in about 25 m of water. This debris flow that has nmoved down the
headwall (approximately 1° slope) to the floor of alsek Sea Valley has
affected the sedinment to a depth of 10 to 20 m

In addition to the slides and flows in the nearshore zone that have
entered the upper ends of Alsek and Yakutat Sea Valleys, six other slides have
been mapped within the three sea valleys. Nunerous areas of sliding and
sl umpi ng have al so been nmapped on the continental slope adjacent to the nouths
of these sea valleys (Fig. 3). The slides that have been found on the walls
of the sea valleys all appear to be nud or debris flow types of mass transport
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affecting the upper 10 to 20 m of seafloor sedinment similar to the debirs flow
at the head of Alsek Sea Vall ey.

Al'though nost of the slides observed on the continental slope in the
study area are inmediately seaward of the sea valleys, sliding appears to be a
wi despread nechani sm for transporting sedinment down the continental slope in
the entire Qulf of Al aska (Hanmpton and others, 1978). Mre than 80 percent of
the U S. Ceol ogical survey's single-channel seismic |ines along 1000km of
continental slope in the eastern Gulf of Al aska show evidence of sone type of
sliding or slunping (Carlson, 1979). Many of these slides are longer than
5 km and occur on slopes with gradients of 30 to go., The slides can range
from discrete mudflows thinner than 50 m to conplex zones of mass transport
several hundred neters thick consisting of nultiple slides, such as in the
area southeast of Cross Sound Sea Valley. The large zone of submarine slides
seaward of the nouth of vakutat Sea Valley enconpasses 3000 knf(Fig. 3).
Profiles across this slide area show evidence of nass transport ranging from
hummocky surface norphol ogy and broken or disrupted internal reflectors, to
downsl ope displacenent of large blocks. The types of sediment contained in
these slides, flows, and slunps are probably of two kinds and two sources.

The sediment on the outer shelf is primarily pebbly nud deposited by glaciers
that covered the shelf during parts of the Pleistocene. This sedinment
conprises many of the debris flows, slunps, and glide blocks. The clayey silt
conprising the mudflows predominates in the mddle shelf and fine sand

predom nates on the innernost shelf. Cores taken in the sea valleys contain
fine sand and silt layers, displaced shallow water organisms, and some land-
derived plant debris indicating the nmoverment of turbidity currents through the
sea valleys. These turbidity currents probably carried sone of the fne sand
and mud onto the slope and contributed to the thick sedinentary sections.

BURI ED CHANNELS

A nore subtle form of gelegic hazard than gas-charged sedi ment or
submarine slides is the buried channel. The presence of a buried channel
often neans facies variations between the channel fill and adjacent sedinent
creating conditions for differential settling and, if self-sorted sand and
gravel are present in the fill, pathways for fluid mgraton. These features
whi ch are consi dered hazards in the North Sea (Fannin, 1979) should al so be
considered in the Qulf of Al aska.

Buried channel s have been identified in the area between Yakutat Sea
Val l ey and Lituya Bay (Fig. 3). Mst of these buried channels are
concentrated in three nearshore |ocations, off the Dangerous and Alsek Rivers
and seaward of the Fairweather Gacier. Qher buried channels have been
identified in Yakutat and Alsek Sea Valleys and on the middle shelf seaward of
Fairweather (GQacier. No attenpt has been nmade to trace or connect the
channel s, but the buried channels within Yakutat Sea Valley evidently are
connected, as are those in the upper part of Alsek Sea Valley. These buried
channel s range in size fromless than 0.5 km wide and 25 m deep to nmore than
2 km wide and over 100 m deep and nost appear to have been cut into
Pl ei stocene and ol der glacial sedinent. As the glaciers retreated, a large
nunber of meltwater streams flowed across the shelf. Some buried channels
show evi dence of scour and fill, and several l|arger channels have small
channel s nested within them
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In addition to the buried channels narked on Figure 3, the three sea
val leys are presently being filled with Hol ocene sedi ment (cCarlson and others,
1977a; Molnia and Carlson, 1980). This sea valley fill also could create
differential settlenent problens and nust be carefully analyzed bewfore any
seafloor structures such as pipelines are built across the fill.

CONCLUSI ONS

Seafl oor hazards identified within and around OCS |ease-sale area 55
include faults, gas-charged sedinment, submarine slides and buried channels.
These hazards must be carefully delineated and understood before drilling and
other seafloor operations related to exploration and production, such as
pi peline enplacement, can be carried out safely. Surface and nearsurface
faults showi ng various degrees of activity occur in the Pamplona Ri dge-lcy Bay
zone, on the shelf-edge structural high on both sides of the Alsek Sea Valley,
and along the seaward extension of the Fairweather Fault system southeast from
Palma Bay. The nearshore zone between Yakutat Bay and Fairweather G acier
contains three types of hazards that result in seafloor instability: gas-
charged sedinent, buried channels, and subnarine slides. Slides and slunps
also are prevalent along the edges of the sea valleys and appear to be
virtually everywhere on the continental slope in the eastern Gulf of Al aska.
Because of the highly unstable nature of the slope deposits, especially in the
tectonically active eastern @ulf of Alaska, this-slope area constitutes the
greatest challenge to successful resource devel opnent.
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Section 2

Ceol ogy of the alsek Sediment Instability Study Area



| NTRODUCTI ON

In May and June 1980, a 20-km? seafl oor area of fshore of the nouth of the
Alsek River that had been previously identified as containing pockmarks
slumps, and other related sedinment-failure features (Molnia and others, 1978;
Molnia, 1979) was mosaicked as part of a detailed maltisystem investigation of
the northeastern GQulf of Alaska continental shelf (Fig. 1 and Plate 4). The
multisystem survey of the area was run at a 100-mline spacing utilizing Mni-
Ranger for navigation, 3.5~ and 12-kHz echo sounders, 400 to BOO J
m ni sparker, and 5- to 25-in’airgun acoustic systems. 1In addition, a
digital -recording and processing side-scan sonar system with slant-range
correction was used to conpile the 100-percent-overlap seafloor nmpsaic of the
area. Sedinent sanples were collected by Van Veen grab sanplers and snall
corers fromwthin the study area. Uniboom seismc profiles were nade between
the study area and the coastline.

Description of the area.- A conplete picture of the sea floor in the 10 x 2 km
mosaicked area was made by assenbling 21 speed-corrected, digitally processed,
si de-scan sonar lines (Plate 4). Analysis of this msaic and related
bathymetric and seisnmic data has delineated four seafloor zones: (1) a

nort hwest zone of nmininmal sedinent disturbance characterized by isolated
pockmarks and fields of ripple marks or featureless nud; (2) a northcentral
zone of nediumdensity slunping with snall slunps and pockmarks; (3) a
southcentral zone of intensive and massive sedinment disturbance characterized
by blocky failures, pockmarks, areas of chaotic multiple scarps, |arge slunps,
accunul ation debris, and nurmerous flow | obes; and (4) an eastern area
characterized by north-south sediment funneling channels. Figure 2 is a
schematic drawing of the area

Zone 1 - The northwestern “undisturbed zone” is characterized by the presence
of either broad expanses of sand covered by ripples with wavel engths of

1- 5 m or large featureless areas where the surface sedinent is a cohesive
mud. Isolated slumps and pockmarks are present but cover |ess than 10 percent
of the zone. Ripple orientation suggests onshore/offshore sedinent novenent.

Sedinent instability is characterized by in-situ collapse features
wi t hout nuch evidence of translational motion. |solated pocks and col | apse
depressions are generally less than 50 m in maximum di mension, wth nmany being
10 mor less in size. Figures 3, 4, and 5 show typical characteristics of the
“undi sturbed” zone.

Zone 2 - The northcentral zone of small-sized, medium density slmping isS
characterized by many snmall slunps, slides, small collapse features, and a
variety of types of flows. Most exanples of sedinent instability have well-
defined boundaries and are not |ayered or superinposed, one slide or slump on
top of another. Many areas are covered by an irregular, blocky surface,
suggestive of differential in situ sedinent volume reduction.

The largest features present are closed collapse depressions up to 300 m
in maxi num di mension, and elongate flows, also up to 300 mlong. Mbst
features, however, are much smaller, with maxi mum di nensions |less than 50 m

In the northwestern part of Zone 2 the relationship between sediment-
failure features and the sand and nud bl anket of Zone 1 is not clear. It
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Nort hwestern “undi st urbed”
zone

ZONE 2 - Northcentral zone of small-sized, medium-density

ZONE 3 - Southcentral zone of intensive and massive
sedi nent di sturbance
o9

ZONE 4 - Eastern area of
10. channel s and chutes

Figure 2. Schematic drawing of the Alsek Sediment Instability Study Area showi ng the four zones, each character-

ized by a different style of sediment instability. Nunbers correspond to the locations of Figures in this section.
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cannot be clearly determ ned whether Zone 2 features are expanding northward
into Zone 1 or whether the nobile sediment blanket of Zone 1 is burying ol der
craters, pockmarks, and collapse features of northern Zone 2. Exanples of
Zone 2 features are shown in Figures 6 and 7.

Zone 3 - The largest of the four zones, Zone 3 (the southcentral zone of
intensive and nassive sedinent disturbance) is characterized by multiple
generations of slides, slums, flows, collapse features and other varieties of
sediment instability. Features are extremely complex wWith nultiple flow | obes
coming froma variety of directions. The size of flows appears to increase at
the southern limt of the area. Topography is complex with many areas of

fl ows bounded by channels with well devel oped sand waves. Exanples of Zone 3
features are shown in Figures 8, 9, and 10.

Zone 4 - The eastern area of channels and chutes occupies about 15 percent of
the entire nosaic area. Here, generally north-south oriented, well-devel oped
l'inear troughs, channels and chutes 3-6 m deep, up to 300-400 m wide, and as
much as 1.5-1.8 km long, occupy nore than half the area. The chutes serve as
active channelways for the funneling of currents and probably sedinent. Mny
sets of trowel narks approach the chutes, disappear within the channel, and
then continue on the far side of the chute.

I nter-channel areas are generally devoid of slides, slunps and other
types of sediment-failure features. They do, however, have much higher surface
reflectivity than channels and chutes. Examples of Zone 4 features are shown
in Figures 11 and 12.

GEOTECHNICAL STUDI ES |N THE AREA

In-Situ Tests.- In-situ cone penetration and vane shear tests were conducted
with the Milti-purpose In-Situ Test System MITS) | eased from Woodward-Clyde
Consultants. TPwo stations were occupied; one in the undisturbed rippled sand
(Zone 1) and the other in an area of disturbance (Zone 3). Cone penetration
tests in the rippled sand area indicate a layer of dense sand with a friction
angle of about 38 degrees and a relative density of near 100 percent,

extending from1-3 m below the sea floor. This material is overlain by a 1-m-
thick | ayer of weak material; generally |oose sand or clayey silt. From3-5 m
below the surface a stratified zone exists that is apparently interbedded
silts and sands. The sands have a relative density of about 80 percent and a
friction angle of about 34 degrees. The silts are relatively dense and have a
strength to overburden pressure ratio of around 1.

Vane and cone tests in the area of disturbance (Zone 3)indicate a rel a-
tively weak material, probably silt, that is interbedded with sands. The
sands conprise 30-40 percent of the 6-m subbottom section that was tested and
occur in beds ranging in thickness from 10-70 cm  The sand is apparently in a
relatively loose state. The occurrence of sand decreases with depth with the
lower 3 m being predominately silt. The silt appears normally- to slightly
underconsolidated and has a strength to overburden pressure ratio of 0.5.

I ndex Property Tests.- Twelve gravity cores from the area of disturbance were
tested for vane shearing strength, water content and Atterberg limts. The
material tested was alnmost exclusively silt. Vane shear strengths ranged from
3-19 kPa with a slight tendency toward |lower strength in the eastern part of
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the nosaic area. Water contents ranged from 27-50 percent dry weight with the
hi gher values occurring in the eastern section. The liquid limt ranged from
2-41 percent and was typically near the natural water content. Such a
condition isgenerally indicative of a very sensitive material

Triaxial Testing.- Four gravity cores from the area of distrubance were
subjected to static and cyclic triaxial tests. The ratio of strength to
overburden pressure for the material in a normally consolidated state was
deternmined to be 0.7. This value can be used to deternmne the consolidation
state of the silts tested in place. The cyclic tests showed a strength
degradation of 70 percent during 10 cycles of loading. This is significantly
greater than the 30-40 percent strength degradation usually found wth
nearshore silts and clays and indicates the material could easily |lose most of
its strength during earthquake or wave |oading

Origin of Sediment Instability.- The upper few neters of sediment are failing
as a result of dewatering and degassing induced by the action of one or nore
of the followi ng processes, all of which are active in this area: «cyclic
wavel oadi ng, earthquake ground shaking, rapid sedinmentation, or saturation of
the sedinment by biogenic nethane gas. Additional factors that nmay contribute
to the sediment instability include high pore-water content and the possible
presence of a slip surface between the present-day Alsek River sediment and an
underlying, dewatered, older silty-sand and clayey-silt layer. The pockmarks
slunmps, and other sedinent-failure features occur on slopes as gentle as 0.4
degrees and in water 35-80 m deep. Sedimentological evidence from the cores
and grab sanples suggests that the regional stratigraphy in the npsaic area
consists of a veneer of sand less than L mthick overlying a 2-4 m thickness
of underconsolidated clayey silt with a high water content. The silt, which
contains thin sand | enses, overlies a much thicker dewatered clayey silt.

M ni sparker and airgun seismc data indicate that the total thickness of

Hol ocene sediment in the mpsaic area, and in the area adjacent to the nosaic,
ranges from 40-120 m and unconfornmably overlies an ol der lithified unit. The
boundary between the two units is characterized by rounded, glacially-eroded
features and by nmany snall U shaped channel s.
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1. SUMVARY OF OBJECTI VES, CONCLUSI ONS, AND | MPLI CATIONS W TH RESPECT TO OCS
OIL AND GAS DEVELOPMENT

The northeastern Gulf of Alaska, from Mntague Island to Cross Sound
(148° to 137° W longitude), was studied to deternine the areas and processes
of significant environmental concernto resource devel opment. M specific
objective in this project was to provide pertinent information of the age,
environnent, and sedinment transport of continental shelf sediments in the
eastern GQulf of Alaska based on the contained ostracode assenbl ages. An
I ntensive exam nation was conducted of selected bottom grab sanples, assessing
the faunal and floral organisns present in each sanple. Very detailed studies
were made of the ostracode assenbl ages in the sanples.

The @ulf of Alaska forns part of the A eutian Zoogeographic Province,
with a cold tenperate (boreal) marine climte. The ostracede species
distribution patterns establish the provincial boundaries - south at Dixon
Entrance and north at the Al eutian Islands. The provincial boundaries are
marked by the term nation of sone species ranges and by the overlap of species
-from -ad jacent faunal -provinces<—The ostracode -assemblages -enable a definitiom
and characterization of the Aleutian Province to be made.

Five distinct ostracode assenbl ages have been defined by means of
Principal Coordinate Analysis (PCOORD). Four of these assenbl ages correspond
to physical and chemcal parameters that change with depth, primrily water
tenperature and salinity; toa | esser extent , oxygen content, turbidity,
substrate, nutrient supply, and wave and stormactivity. These depth
assenbl ages are also reflected in the associated faunal and floral el ements.
The fifth assenblage is conposed of ostracode Species that correspond to

environnents no longer existing in the Qulf of Alaska. Species that presently
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live either in colder or warner waters than are present today and/or species
that require less turbid waters with |ower sediment influx conprise the fossil
assenbl age. The snal |l er sediment iaflux that existed for the fossil ostracode
species can also be seen in the associated presence of |arge nunbers of filter
feeding organi sms.

Ostracode Species presently living in the Gulf of Al aska were eval uated
to determne and characterize distinct biofacies. |Individual species
distributions were correlated to the distribution of major controlling
environmental variables. Specific regions were recognized containing mxtures
of nmodern and Pleistocene species. The exposed of fshore Pleistocene deposits
were defined and characterized. Careful exam nation of nodern species enabled
the recognition of undescribed fossil species in these sediments. The
accurate interpretation of either the nmodern environnents orthe Pleistocene
deposits hinges on recogni zing and deci phering these m xtures.

Detailed counts of adult versus juvenile specinmens of a species allows
the determination of a life assenbl age (biocoenosis) versus a death assenbl age
(thanatocoenosis, conposed of fossil, transported, or reworked speci nens).

The ‘adult: juvenile-ratio provides somé measiré of Sediment transport, both
downslope transport and current novement. Recognition of the preferred depth
habitat of a species enables an assessnment to be nade of the origin of the
transported sedinent, as well as the size range involved.

Establishment of this nodern datum of the environmental factors that
significantly control or contribute to the distributional patterns of nodern
ostracode species occurring on the Al askan continental shelf enables
geol ogi cal applications to be made. This information forms a vital part of
the interpretive aspects of Neogene and Quatermary stratigraphic and

paleoenvironmental studies in this region. The defined depth assenbl ages
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permt reconstruction of pal eobathynetry.

Ostracodes have been shownto be sensitive to oil spills in climatically
simlar environments. Characterization of the present assenblages in ternms of
speci es diversity and abundance provides an environmental datum Any adverse
effects caused by an oil spill can be nonitored by a re-examination of the

assenbl age conposition and conparison to the established datum

1. 1 NTRODUCTI ON

A GENERAL NATURE AND SCOPE OF STUDY

The primary goal of this study has been to provide pertinent information
on the age, environnent, and sedinment transport of continental shelf sedinents
of the northeast CGulf of A aska based on the ostracode assenblages. In
addi tion, these studies provide information tabulating the ostracode species

present aswell as associated faunal and floral elenents. These data on the

patterns of distribution and abundance of benthic or gani sns pro;iée a baseline """
prior to the devel opnent of oil and gas |eases on the continental shelf of the

Gulf of Al aska.

B. SPECIFI C OBJECTIVES
My specific objective in this study has been to document the distribution

and rel ative abundances of the ostracode species occurring in the Qulf of

Alaska and to correlate the distributional patterns to environnental
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paraneters that significantly control or contribute to these patterns. In
addition, all associated fauna and flora were identified and docunented. The
ostracode assenbl ages exam ned permit the definition and characterization of a
maj or zoogeographic province in this region. Detailed analyses of the
ostracode species enabled recognition of distinct biofacies associ ations.

This report provides data on the counts of adult versus juvenile
speci mens, which adds to the docunentation of sedinent transport patterns on
the continental shelf. Finally, the recognition and characterization of

of fshore, outcropping fossil sediments has been acconplished.

C* TAXONOMIC PLACEMENT AND CHARACTERIZATION OF OSTRACODES

The Ostracoda are aclassof the Crustacea, and are characterized by: a)
having a bivalved carapace that is hinged along the dorsal margin (with the
carapace usually being calcified); b) possessing abisegmented body with an

undifferentiated head; and c) the presence of four pairs of cephalic

appendages (antennules, antennae, mandibles”, and naxillae). ~Nbst species are
mcroscopic (0.4-1.5 nm, although some freshwater fornms are larger (up to8
m), and macroscopic pelagic forns can be up to 30 nm long (More, 1961).

The short, laterally-conpressed body is suspended from the dorsal region
as an el ongate chitinous-pouch. The outer epidermal cells of the chitinmous
body wall secretes a calcareocus | ayer over a1l of its surface. The five to
seven paired appendages are greatly diversified according to function; these
differences are used in part to define the extant orders, suborders, and
superfamilies (minor differences in the appendages are al so used to define

famlies, genera, and species).



Most ostracodes reproduce sexually, and the differences between the sexes
is often reflected in the calcareous valves in the form of dinorphic shell
shapes” at the posterior end of the valves. Gowth of ostracodes i S by ecdysis
(molting), with chitinous and calcareous | ayers periodically shed and repl aced
by | arger carapaces (More, 1961; Van Morkhoven, 1962, 1979). Each nolt
i nvol ves an approxi mate doubling in body volume, new appendages are added, and
t he valves becone progressively thicker. Ostracodes molt eight times, wth
each stage (imstar) contributing twovalves to the sedinent.

Each podocopid ostracede provides 18 valves to the sedinment. 1Ideal
preservation of the living population structure in which all ostracodes grew
to the adult stage woul d provide an adult:juvenile ratio of 1:8. |In nature,
effects of predation and destruction of the very early instars causes the
actual adult:juvenile ratio to be about 1:3 to ashigh as 1:5; the laboratory
processing also elimnates the early imstars by sieving. The adultto
juvenile structure provi des an inportant neans of determining a life
assenbl age. In addition, the population structure has inportant ranifications

in determning whether a fossil assenblage has been transported or is in

place. Various juvenile valves and the adult valves -are frequemtly —~ ---- - --------

selectively sorted by size according to the water energy, providing a neans of
determ ning sedinent size fractions noved and water energies involved. The
ontogenetic devel opnent of an ostracode seems to be restricted to one biotope
(Elofson, 1941), so that juveniles and adults occur in the same environnent.
Thi s means that determnations of aspecies habitat applies to the adults and
juveniles. The adult:juvenile Structure provides a key to interpreting
ostracode sedi mentation patterns and various degrees of valve transportation.
Ostracodes occur ia nearly all types and depths of aquatic

environnents. Ia the marine world, they occur from abyssal depths to narginal
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marine inner littoral habitats. Ostracodes are very sensitive to the anbient
environnment. The species are adapted to particular ranges of the scenopoetic
paraneters of their environnment, so that individual species and comunities of
species can be used to reconstruct detailed palecenvironments. The provincial
nat ure of ostracodes further provides that distinctions can be nade between
northern Japanese and southern Al askan assenbl ages from the same climatic
zone. The restricted geographic distribution and well-defined biotopes of
ostracodes makes them ideal organisms for defining and characterizing

particul ar zoogeographic province.

II'l.  CURRENT STATE OF KNOW.EDCGE

The only previous study of ostracodes fromthe Qulf of Alaska is an
unpubl i shed Masters thesis by Painter (1965), done at the University of
Kansas. Painter exam ned 35 sanples fromthe northeast Pacific and Gulf of
Al aska, finding 12 species.

Swai n and -Gilby (1974) described and illustrated 80 species of Holoceme ... . _ |
ostracodes fromthe Pacific Ocean along the coastlines of the United States,
Mexi co, Nicarugua. They found no ostracodes in their sanples off of
Washington state, nor did they exam ne any sanples further north.

A momographic study of the Hol ocene ostracodes from the western United
States (Baja California to Puget Sound, 21° N to 48* N latitude) by Valentine
(1976) treated 341 species in 255 sanples fromthe continental shelf.

Val entine recognized four mgjor faunal provinces based on ostracodes; this

study suggests that the Gulf of Al aska falls within the cold tenperate

Al eutian Province.
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A series of papers treating ostracode species that live in the warner
tenperate waters of Washington, Oregon, and California are useful in
I dentifying species that range to the southeast Pacific as well as warmner
wat er species that are now locally extinct. These papers include Juday
[1907), LeRoy (1943a, 1943b, 1945), Skogsberg (1928, 1950), Triebel (1957),
Hazel (1962), Crouch (1949), Lucas (1931), Smith (1952), and Watling (1970).
Hanai (1957a, 1957b, 1957¢, 1959a, 1959b, 1961, 1970) has published on
Japanese species that occur in the same climatic province, as has Ishizaki
(1966, 1968, 1969, 1971). Ohnert (1968) has studied Chil ean ostracodes from
the mild tenperate climatic zone.

A series of papers have aided in the identification and determination of
the northern geographical linmts of the colder water species include Swain
(1963), Schmidt (1963, 1967), Schmidt and Sellman {1966), Neale and Howe
(1973, 1975), Neale and Schmi dt (1967), Schornikov (1974, 1975), Neale (1959,

1973a, 1973b, 1974), Hazel (1967, 1970), and Lev (1969).

This report is based on 368 sanples collected during three cruises to the
Qul f of Aaska, from 1975 to 1980. Al of the sanples are fromthe
continental shelf, fromdepths ranging fromone neter to 200 meters. Cruise
EGAL-75-KC (F.R.S. Townsend Cromnel |, 1975) included 228 sanples taken between
Mont ague Island and Yakutat Bay (140°-148" W/ ongitude). Thirty-one sanples
were exam ned from cruise DC1-79-E¢ (R/V Discoverer, 1979), with localities
bet ween Dry Bay and Cross Souad (136°-138" w |longitude). Cruise D¢2-80-EG

(R/v Discoverer, 1980) included 109 samples taken between Iecy Bay and Dry Bay
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(138°-1420 W | ongi t ude).

v. SOURCES, METHODS, AND RATI ONALE OF DATA COLLECTI ON

A. FIELD METHODS

Most of the sediment sanples taken in the field were | arge volunme, bottom
grabs (Van Veen, Shipek, and Box Core}. These sanples were anal yzed for
lithology, grain size, bulk mneral ogy, water content, clay nineralogy, and
carbon content. These sanples proved ideal for a reconnai ssance of the
benthic organisns present in the Gulf of Alaska. The large volume of sedinent
enabl ed | arge residues to be exam ned, 8o that, as much as possible, the total
ostracode assenbl ages present were represented. Sanples smaller in size, such
as those obtained fromcore tops, provide information only on the nost
abundant species; the more rare species living at a site arenot
represented. Sanple |ocations were selected to reflect the wide range in

depth;-bathymet ric structures, and sediment types occurring in the eastern

Qulf .

B. LABORATORY METHODS

The micropaleontological subsamples takenm Were aot standardi zed, and
ranged iz size from 200 grams toover one kil ogram (wet wei ght], depending on
the initisl amount of sample available. The bulk grab sanples that were
subsampled had not been kept refrigerated, so that many had dried out. In

terns of preservation of ostracode soft parts, these storage conditions were
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better than being kept cold.

All sanples were washed on a 200-nesh sieve (75 microneter opening). The

washed sedi ment was sorted using a set of nested sieves and examined to a
sieve size of 180 microneters. The tabulation of fauna and flera, therefore, g
does not include any organisns smaller than 180 micrometers in size.
All sanmples were conpletely stripped of ostracode val ves. A1l of the
ostracode adult and juvenile speci nens found i n each sanple were identified
and counted. The percentage each species constitutes of the entire ostracode
assenbl age was cal culated. The counts refer to the total nunber of valves or
recogni zabl e fragments of a species; a carapace is counted as two val ves. Any
speci mens contai ning preserved chitinous soft parts were noted; these
i ndividuals were probably living when coll ected.
Al other organisns present in the washed sediment were identified and
tabul ated. No attempt was made to assess the rel ative abundances of these

associ ated fauna and flora.

VI, ZOOGEOGRAPHY “
A | NTRODUCTI ON

A faunal province may be defined as a region in-which comunities
mai ntain characteristic taxomomic conpositions (Valentine, 1973). Tenperature
is the underlying factor controlling the distribution of organisms, and the
distribution of kinds of organisms determnes the nature and exteat of the
di fferent provinces (Hazel, 1970). The boundaries between provinces forms the

basis for climatic zone boundaries (fromnorth to south, the northern
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hem sphere climatic zones are: frigid, subfrigid, cold tenperate, wmild
tenperate, warm tenperate, subtropical, and tropical). Provincial boundaries
are recogni zed where shelf assenbl ages, diagnostic over a broad area, alter
their conposition because of the ternmination of species ranges and the
appearance of forms ranging in from neighboring provinces. These boundaries
mark distributional discontinuities which are controlled by environmental
factors (Valentine, 1976).

Marine invertebrates cannot control their body tenperature, with the
rates of their physiological processes being directly influenced b§r t he
anbi ent water temperature. \Water tenperature is considered the fundamental
factor limting species distribution (Guater, 1957; Kinne, 1963; Val enti ne,
1973). This can be seen at many provincial boundaries where a steep
tenperature gradient occurs over a short geographic distance. Such a steep
gradient may act as a survival barrier if a species lethal tenperature is
present, or it may act as a repopulation barrier for reproduction or larval
devel opment tenperature requirenents (Hutchins, 1947).

A faunal province is unique; climtic changes, faunal nigrations, and

——evolotionary events Nitigates against the duplication of “successive provinces

through time. Even if only the climate is altered, species will be found in
new associations and constitute different provinces (Valentine, 1976). Hazel
(1970) showed that npdern amphiatlantic ostracode sSpecies form different
speci es associ ations because marine climtes differ on opposite sides of the
same Ocean basin.

The faunal pattern fits the hydrographic pattern closely. \Wenever the
hydrographic regi me changes or is nodified, certain species cannot Overcone
the barrier. \Were a hydrographic regime is nonotonous, the fauna is

simlarly so. In allcases, provincial boundaries are narked by marine
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climatic changes, usually localized by topographic irregularities (Valentine,
1973).  Sout hern boundaries can generally be correlated with sumrer (August)

differences and those in the north correlated with winter differences.

B. FAUNAL PROVINCES OF THE NORTHEAST PACIFIC BASIN

Val entine (1966, 1973) identified six provinces based on molluscan
distributions along the west coast of North America. These are: (a) the
Bering Province, extending fromPoint Barrow to the Aleutian Island arc area,
(b) the Aleutian Province, extending south to Dixon Entrance; {e¢) the
Oregoni an Province, extending south to Point Conception; (d) the Californian
Province, extending south to Punts Eugemia-Cedro |sland; (e) the Surian
Province, extending south to Cabe San Lucas; and (f) the Panamanian Province,
extending south to the equator.

The environnental basis for this provincial pattern is clear for nost of
the boundaries. To the south, the Surian/Panamanian boundary {22° N latitude}
marks the subtropical/tropical marine climates. Two large areas of upwelling

____to the_south of Cabo San Lazaro and Punta Eugenia provide-a-formidable thermal——— —
barrier for the northward expanding tropical species. The Californian/Surian
boundary (27° N latitude) marks the warm tenperate/subtropical narine
climtes. This break correlates with the change from Pacific equatorial water
to the transitional water of the California Current in the sumer. The
Oregoni an/ Cali fornian boundary (34° X latitude) marksthe mild tenperate/warm
tenperate marine clinmates. This boundary is at Point Conception, where a
sharp thernal gradient 1is localized by the semi permanent gyre south of Point

Conception. The Al eutian/Oegonian boundary (54° & |atitude) indicates the

cold tenmperate/mld tenperate marine climtes. This boundary correlates to
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the change from the California Current water to the Alaska Current system
The Bering/ Al eutian boundary (about 62° XN |atitude) marks the subfrigid/cold
tenperate marine climtes. This boundary is nmore subtle, probably

corresponding to the change in water masses fromthe A aska Current to the

Bering Sea water nass.

€. THE ALEUTIAN PROVI NCE

Figure 1 shows the proposed boundary positions for the Al eutian Province
based on twelve different studies, primarily based on nollusk distributions.
Not e thatt he sout hern extent has varied from 48° to 55° N latitude (Puget
Sound to Dixon Entrance) and the northern border from 56° to 62° N |atitude
(Dixon" Entrance to southern Norton Sound) (Valentine, 1966)

Based on the ostracode assenbl ages exam ned fromthe Qulf of Alaska,
these waters fall into a cold tenperate narine climate. Genera commonly found

in the mld tenperate Oregonian Province such as Ambostracon, "Aurila”,

“Hem cythere”, Radimella, and Coquimba do not presently live in the Qulf.

Speci es of Ambostracon and Coquimba have been found in Pleistocene lag
deposits, suggesting a warming interval during the tine of deposition. Some
genera fromthe mild tenperate zone do extend tothe Gulf of Al aska, including

Cyt her opt eron, Loxoconcha, Pontocythere, Cythere, Munseyella, Pectocythere,

and Hemicythere. These are genera that commonly have species existing in the
mld tenperate through subfrigid marine climtes ia other regions of the
northern hemsphere. OQher genera seemto be restricted to this area,

i ncl udi ng Buntonia, Elofsonia, "Leguminocythereis™, Eucytherura, Sclerochilus,

and Bythocythere.

Sampling did not extend farther south than Cross Sound, so that an exact

g



FIGURE 1

TWELVE PROVINCI AL SYSTEMS PROPOSED FOR THE NORTHEASTERN
PACI FI C SHELF, BASED oN MOLLUSKS
(FROM VALENTINE , 1966)
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sout hern boundary for the Al eutian Province could not be determned based on
ostracodes. However, based on scattered studies of ostracodes from Vancouver
I'sland (Lucas, 1931; Smith, 1952), conbined with the general trend of shallow
wat er ostracode faunas to have sinilar faunal boundaries as mollusks, the
sout hern boundary at Di xon Entrance proposed by Valentine (1966) is estinated
to correspond to the ostracode faunal boundary.

The northern boundary ef the Aleutian Province is located to the north of
the Aleutian Islands. A series of sanples exam ned from the north Al eutian
shel f (between Port Heiden and Port Muller) as well as selected sanples from
the Pribilof Islands have a markedly arctic influence. The only cold

tenperate genera present are Cytheropteron, Loxoconcha, Semicytherura,

"Leguminocythereis™, Sclerochilus, and Pectocythere. The frigid to subfrigid

forms present in the south Bering Sea include Fimmarchinella, Normanicythere,

Elofsonella, Eucytheridea, Paracyprideis, and Schizocythere. The cold

tenperate species are kept out of the Bering Sea by a combination of two
factors: a) the change in water mass fromthe Alaska Current to the northwest

Paci fic and Bering Sea waters, and b) by the col der sunmer tenperatures and

-8lightly cool er -winter--tenperatures -preseat on the aledtian shelf. B N

Vil . PRINCI PAL COORDI NATE ANALYSI S

A I NTRODUCTI ON oF TECHNI QUE

The data analyzed in this st‘udy were very large, consisting of 368
sanpl es containing 150 ostracode species. This information is great enoughto
cause conclusions to be based on only part of the available data base.

Multivariate techniques were used to provide a consistent waytosearch for
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patterns in the large data matrix.

Principal coordinates analysis (PCOORD) is a nmethod of relating the
objects in an analysis to major axes (eigenvectors), to reduce the
mul ti di mensional nature of the problem (Hazel, 1977). The eigenvectors and
eigenvalues are extracted froma Qnode matrix of coefficients, in which the
various sanmples areconpared to one another on the basis of the species they
contain (Hazel, 1970b). The output of the PCOORD is scatter plots of the
sanmpl es in reduced dinensions. The eigenvalues of the sanples for the first
t hree coordinate axes were plotted as the first versus second Principal
Coordinate Axes and as the first versus third Coordinate Axes. Principal
Coordi nates Anal ysis provides accurate between-group relationships; however,
wi thin-group rel ationships become distorted in reduced space. Hazel (1977)
notes that PCOORD is practically unlimted as to the nunber of species, and

that PCOORD is particularly advantageous when there is some structure to the

data but when the groups are not conpact.

B. PRI NCI PAL COORDI NATES ANALYSI S A

Appendi x X shows the principal coordinates analysis of selected bottom
grab sanples from crui ses EGAL-75-KC, DC1-79-EG, and DC2-80-EG (Table 1).
Five different ostracode assenbl ages were recogni zed from the PCOORD
analysis:  Assenbl ages I,1I,III,IV, and V. The assenbl ages are gradational in
nature due totwo factors: &) the environnents represented by the assenbl ages
are gradational, and b) the sanples are not standardized in size, and all
species and sanples were included in the analysis, resulting in a considerable
anount of “ noi se”

Assenbl age I represents the inner mneritic depth zone, and is
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characterized by shallow water species of Cytheromorpha, Bairdia, Argilloecia.

Pectocythere, Aurila, Cythere, Elofsonia, Buntonia, Hemicythere,

"Leguminocythereis”™, Eucythere, Pontocythere, and Loxoconcha (Table 4). In

addi tion, occasional non-narine species of__Candona, Cyclocypris and Cyprinotus

are present.
Assenbl age II can be correlated with the mddl e neritic depth zone. It

is characterized by the presence of "Acanthocythereis™ dunelmensis,

Argilloecia, Buntonia, Cluthia, Cytheromorpha, certain species of

Cytheropteron, Eucythere, Eucytherura, "Leguminocythereis”, Loxoconcha,

Palmanella limicola, Paracypris, Pectocythere, and Robertsonites tuberculata.

Assemblage III corresponds to the outer neritic depth zone. It can be *

characterized by the presence of "Acanthocythereis” dunelmensis, Cluthia,

certain species of Cytheropteron, Cytherura, Eucytherura, Loxoconcha,

Macrocypris, Munseyella, Palmanella limicola, Robertsonites tuberculata,

Xestoleberis, Hemicytherura, and Bythocythere.

Assenbl age |V represents the upper bathyal depth zone. Species that

typify this environment include “"Acanthocythereis™ duenlmensis, Loxzoconcha,

Cluthia, certain speci es-of Cythéfopteron, Eucytherura, Krithe, and

Bythocythere.

Assenbl age V does not correspond to a depth zone. This group of sanples
contains |arge numbers of species that are no longer endenmic to the Qulf of
Al aska, and are interpreted to represent fossil species. These species

i ncl ude_Ambostracon, Baffinicythere emarginata, Bythocytheromorpha, Coquimba,

certain _Cytheropteron species, selected_Cytherura species, Finmarchinella,

"Leguminocythereis™ sp. D, several Lozoconcha species, Normanicythere, many of

t he Paradoxostoma species, Patagonacythere, Certain Pectocythere Species, nmany

of the Sclerochilus Species, "Radimella™, several of the Semicytherura
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speci es, _Xestoleberis, and Xiphichilus.

Each sample was assigned to one of the five major ostracode
assenbl ages.  Sanpl es that occurred on theboundary of two depth assenbl ages
and which could not clearly be assigned to one were terned a mxture of the
two assenblages. Mst of the sanples containing fossil species also contained
modern species living on top of the exposed, unconsolidated fossil deposits.
Depending on the water depth at which the fossil deposit occurred, these
samples were termed a mxture of Assenblage V and the appropriate nodern depth
assenbl age.

Exam nation of the plot of Principal Coordinate Axes One and Two shows
that Assenblages I and Il formdistinct groups with very few m xtures.
Assenbl age 111 represents nost of the sanples examned in this analysis, and
shows a consi derabl e amount of scatter. Assenblage 1Iv falls within the
scatter of Assenblage III, mainly because nore species of IV are in comon
with 111 than are different. Assenblage V occupies the northwest quadrant,
formng a fairly conmpact grouping, but with no clear differentiation of the

different nodern m xtures.

Exam nation of the plot of Principal Coordinat e ‘A‘)(.e.s.‘ ‘One and_Three
provi_des addi ti onal infor‘mation that nmore clearly separates the five
assenbl ages and the mixtures. Assenblage | again clearly exists as a distinct
group of sanples. Assenblage I1 becones better segregated from Assenbl age

I. Further, the mxtures of Assenblages 11 and V cluster together with the
samples from pure Assenbl age II. Assenblage 111 remains a |arge grouping of
scattered sanples; the mxture of Assenblages III and V do not cluster
together with III, but they do form a discrete group isolated from the other
fossil mxtures. Assenblage IV shows a nore coherent, separated group in this

plot .
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C. PRINCI PAL COCRDI NATES ANALYSIS B

Appendi x IX shows the Principal Coordinates Analysis of selected bottom
grab sanples from crui se EGAL-75-KC (Table 2). This analysis was run after
PCOORD A had defined the five najor ostracode assenbl ages.

Exam nation of the plot of Principal Coordinate Axes One and Two
corroborates the distinct grouping of sanples formng Assenbl age I.

Assenbl age Il shows a very large amount of scatter, extending over three
quadrants. The m xture of Assenblages II and V forms a more coherent group in
the southeast quadrant. Assenblage III consists of far fewer sanples which
were collected in relatively close geographic proximty; note that these
sanples forma very discrete cluster.

The plotof Principal Coordinate Axes One and Three again provides a
better picture of the sanple grouping. Sanples from Assenblage I remain a
distinct group, although the third axis reveals nore vertical scatter than
PCOORD A showed. Assenblage 1I remmins a scattered, anorphous plot of
sanples, Conparison of Assenbl age II samples to their geographic |ocations
shows three different environments can be correlated to the PCOORD scatter.
Sanpl es of Assenblage Il plotting in the southeast quadrant correspond to
m ddl e neritic environnents off of the Copper River delta. Sanples of
Assemblage II plotting in the northeast quadrant cam be correlated to middle
neritic depths of Icy Bay. Sanples of Assenbl age II plotting 4in the northwest
quadrant correspond to middle neritic depths of Tarr Bank.

Assenbl age 1v forns a scattered group of sanples in the northwest
quadrant. M xtures of Assenblages V and 1 and of V and III tend to cluster

near the groups of Assenblages T and 111, respectively. HNote that mi xtures of
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Assenbl ages V and II formthree groups that cluster with the three different

envi ronments of pure Assenblage I1I.

VIII . AREAL Dl STRIBUTI ON OF THE F| VE MAJOR OSTRACODE ASSEMBLAGES

A YARUTAT To CRoss SOUND

Each sample containing ostracodes was assigned to a major ostracode
assenbl age or mixture of assenbl ages based on the Principal Coordinates
Anal yses and based on the species conposition of the sanple. The areal
distribution of the assenbl ages was then determ ned by plotting these sanples
on maps of the Gulf of Al aska.

The map covering thearea between Yakutat and Cross Sound (Appendix |X)
has the smal | est sanple coverage. The sample series taken from Palns Bay out
to 200 neters depth shows a gradual change in assenbl age type as the different
depth zones are crossed. Two regions contain exposed fossil deposits: a)

Fairweather Gound, and b) eastern Palms Bay. The Palnms Bay exposure covers a

—-nual ativel y-smal | -area. —The Fairweather Groumd exposures, in contrast, form'a

flat bank between 100 and 200 neters water depth, and extend from the Alsek

Sea Valley to the Cross Sound Sea Vall ey.

B. BERI NG GLACI ER TO YAKUTAT BAY

Appendix X'l illustrates the five major ostracode assenbl ages and
m xtures of assenbl ages between the Bering Glacierand Yakutat Bay.
Assenbl age I ispoorly represented in this regi on, comsisting of sonme small

boat collections between Yakutat and Icy Bay and a few sanples collected west
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of Icy Bay.

cne of the three Assenbl age 1II environments separated by PCOORD B is
represented im the group of sanples taken at the mouth of Icy Bay. This
environnent consists of a steep-sided fiord with cold water and a very high
sedi nent influx from Guyot, Yahtse, and Tyndall {d aciers.

The transitional nature of assenbl ages proceeding from one depth zone to
the next is clearly shown in the transect taken off of the Malaspina
Gacier. Three small regions of outcropping fossil sedinents are indicated:
a) just southeast of Ccean Cape, b) at the nouth of Icy Bay, and c) just

seaward of Cape Yakataga.

c. MONTAGUE | SLAND TO RAYAK | SLAND

The nost thorough sanpling was conducted between Mntague Island and
Kayak Island (Appendi x XIII), during crui se EGAL~75-KC. Assenblage | is well
represented as a series of nearshore sanples taken between Cape Suckling and
Hinchinbrook |sland. As docunmented ia PCOORD B, two different environnents of
Assenbl age L| occur in this area: _a)-middle meritic-depths east of the Copper
River, primarily around Kayak Island, and b) middle neritic depths west of the
Copper River, primarily around TarrBank. These different environnents may
reflect the differences in sedinent influx of these two regions, wth a higher
sedimentation rate around Kayak Island and a lower sedinentation rate due tO
bypassing by currents around Tarr Bank.

Assemblage IIL is best represented ia the sanples from this region,
showi ng conparabl e species conposition overthe entire depth zone.

Large regions of outcropping fossil ‘deposits exi st in this region,

consi sting of large banks as well as outcroppings around several of the

-
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islands. Both mixtures of fossil and modern species as well as wholly fossil
sanples are present. The |argest exposure of Pleistocene sedinents is Tarr
Bank, defined by the 100 neter isobath, and croppi ng out between Montague
Island and of fshore of the Copper Riverdelta. Exposures of fossil sedinments
al so occur around the southern and western part of Kayak Island, west of
Wingham | sl and, around Middletom |sland, and al ong the southeastern side of
Mont ague Island. Regions containing primarily nodern species with
transported, eroded fossil species can be seen along the southern end of Tarr
Bank, especially to the north aad south, and along the southern end of Kayak
Island.  Sanples consisting entirely of fossil species occur in the middle of

Tarr Bank, near Seal Rocks, and east of wMiddleton |sl and.

IX. CORRELATION OF OSTRACODE ASSEMBLAGES TO ENVI RONMENTAL PARAMETERS

O the five assenbl ages defined by means of Principal Coordinate Analysis
combi ned with species conposition, four of these can be correlated to depth
zones. Assenblage I corresponds to the inner neritic zone, extending from
shoreline-to about 50-60 neters. Assenblage || comprises the nmiddle neritic
zone, extending from50 to 110 neters. Assenblage IIl corresponds to the
outer neritic zone, from 100 to 200 neters. Assenblage V forms the upper
bathyal zone, extending from 200-350 neters.

The break between Assenbl ages- | and-II occurs at 50-60 nmeters. The
faunal transition between the inner and middle neriticzonescorrel ates
closely with the change in sedinent type fromsand and silty sand of the inner
shelf to the clayey silt of the mddle and outer shelf (fig. 2). The deeper
limit of inner shelf sand reflects the deeper 1limit of intermittent turbul ence

caused by stormwaves and storminduced currents. The 50-60 neter nmark is
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FI GURE 2

DI STRI BUTI ON OF SEDI MENT TYPES AND VERTI CAL PROFILES oF THE ANNUAL
RANGE OF TEMPERATURE , SALINITY , aNp OXYGEN FROM THE
CONTI NENTAL SHELF , GULF OF ALASKA
( FROV ARMENTROUT, 1980)
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FIGURE&. Schematic temperature and salinity

distributions showing structure of the
upper zone in the subartic Pacific
Ocean {after Fleming, 1958).




FIGURE 3

TI ME SERIES OF TEMPERATURE AND SALI NI TY TAKEN BETWEEN DECEMBER 1970
AND OCTOBER 1972, GULF OF ALASKA
( FROM ROYER, 1975)
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consistent with extremely severe winter stormconditions. The inner neritic

zone marks the area with the largest salinity and tenperature fluctuations,

on

an annual basis (figs. 2 and 3). Salinity varies from 26-29 oloo from June to

October up to 31 ofee from January to April. Tenperature can vary from0° t

0]

15° ¢. The ostracodes that characterize Assenblage I consist of species that

can tolerate wide fluctuations in their physical-chemcal environment. Thes

species include “Acanthocythereis” dunelmensis, Argilloecia sp. A Aurila sp.

e

A, Bairdia sp. A, Buntonia Sp. A, Cytherois sp. A, Cytheromorpha sp. B, sp. D

and sp. E, Cytheropteron aff. C. nodoscalatum, Elofsonia, Eucythere,

Hemicythere, "Leguminocythereis", Loxoconcha, and Pectocythere.

The mi ddl e neritic zone is characterized by some tenperature and salini
variations, although on a nmarkedly reduced scale. salinity can vary from 32

33 0/00; tenperature varies from3.5 to12°C. Bottom sedinents are prinari

ty

ly

clayey silt. Species characteristic of this zone include "Acanthocythereis”

dunelmensis, Argilloecia Sp. A, Buntonia, Cluthia, Cytheromorpha,

Cytheropteron Sp. A and sp. D, Eucythere, Eucytherura, "Leguminocythereis”,

Loxoconcha Sp. A4 and sp. B, Palmanella limicola, Paracypris, Paradoxostoma Sp.

I, Pectocythere, and Robertsonites tuberculata. — -

The boundary between Assenbl ages |1 aad III marks the middle/outer
neritic depth zones, and occurs at 100-110 neters. At this point, bottom
tenperature begins to stabilize at 5 to 5.5° C and no |onger undergoes w de
seasonal fluctuations. Oxygen content begins to decrease at 100 neters,
changing from 7 ml/1 at 100 meters and decreasing to 3 ml/1 at 200 neters.
Empirical observations shipboard document a reduction in turbidity and
suspended particul ate.

A small break occurs at 150-170 meters, which does not correspond to a

maj or environnental change, but a noticeabl e faunalchange. At this point,
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FIGURE 4

DI STRI BUTI ON OF DEPTH ZONES DEFI NED BY ASSCClI ATI ONS OF
BENTHIC FORAMINIFERS (FROM ARMENTROUT, 1980)
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FIGURE 5

DI STRI BUTI ON OF MOLLUSK ASSOCI ATI ONS IN TEE GULF OF ALASKA
(FROM ARMENTROUT, 1980)
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Pectocythere aff. P. parkerae. Cytherois Sp. A, Munseyella sp. A

Robertsonites tuberculata, Aurila sp. A, Pectocythere aff. P. quadrangulata,

and Cytheropteron aff. C. latissimum drop out. It is around this depth that

nmost of the suspended sediments settle out. No other major environmental
parameter can becorrelated with this break in fauna.

The boundary between Assenbl ages III and IV narks the outer neritic/upper
bathyal depth zones, occurring at 190-200 neters. Oxygea content is still
declining at this point, but at a nuch slower rate (dropping from4 m/1 at
200 meters and stabilizing at 1 m/1 at 600 neters). The species diversity
drops considerably from Assenblage 111 to Assenblage |V, as does the relative
abundance.  The salinity halocline ends at 200 meters, with a salinity value
of 33.8 ofoo; salinity slowy increases with greater water depth. Bottom
t enperatures show no seasonal fluctuations, ranging from 4* to6° C.

Some of the ostracode sSpecies are restricted to one depth assenbl age,
whil e others range through several depth zones (Table 4). The major ostracode
assenbl ages are defined by the total assenbl age species conposition and

rel ative abundance of the various species.

The four depth assenbl ages based on ostracodes correlates well with the “--’
distributions of foraminifers and mollusks determned for this area
(Armentrout, 1980; Echols and Arnentrout, 1980; figs. 4, 5). Sinilar

environmental parameters restrict these organisns distributions.

X. SEDI MENT TRANSPORT PATTERNS

Each ostracode adult has undergone ei ght wmolts; adding in the adult, an
i ndi vidual has the potential of leaving 18 valves in the sediment. The adult

to juvenile ratio is ideally 1:8. However, the delicate nature of the early
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FIGURE 6

H STOGRAM OF THE ADULT:. JUVENILE RATI O OF OSTRACODES FROM
SAMPLES OF CRU SE DC1-79-EG, BETVWEEN DRY BAY AND CROSS soUND
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ins tars, conmbined with sanple preparation techniques reduces this ratio to
about 1:3 to 1l:4. Exam nation of the adult to juvenile structure provides a
measure of whether the ostracode assenblage is a |ife assenbl age ordeath
assenbl age.

Figure 6 illustrates histogranms of the adult:juvenile rati o of ostracodes
at each locality of eruise DCl-79-EG, between Dry Bay and Cross Sound. The
species diversity drops faster where there are steep gradients, as off of Dry
Bay. 1Im areas containing broad gentle slopes, such as southwest of Dry Bay,
the species diversity and nunber of individuals progressively decreases
seaward In a regular, linear pattern. These latter patterns suggest various
degrees of ostracode valve transportation from the onshore areas where
ostracodes are diverse and conmon to deeper water where |iving ostracodes are
| ess common and apparently |ess diverse. The deeper water facies are
therefore a sum of transported shall ow water species and deeper water
species. This distribution of ostracedes is readily seen when the ostracode
adult: juvenile ratios are examned. The juvenile stages are nore easily

transported than the adults, and when the adult:juvenile ratios are plotted

—-—-for—the-Alsek Sea Valley and Cross Sound Sea valley, a consistent pattern of
decreasi ng adult:juvenile rati os energes. These ostracode sedi nentation
patterns also correspond to an increase in siliceous organisns (sponges and
diatoms) in offshore sanples. The fact that the distributional patterns of
ostracodes have a sedimentological conponent as well as am ecol ogi ¢ conponent,
is one of the nore interesting results of this study.

A series of plots were nmade Of selected species showing abundance versus
water depth. Appendix XIV illustrates the 33 nost abundant ostracode species
found inthe Gulf of Alaska. The relative abundance of the species clearly

indicates the preferred depth habitats. A1l of thespeciesillustrated reveal
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a long “tail” of rare occurrences in deeper waters. These “tails” denonstrate

the active downslope transport that is occurring with the shelf sedinents,

nmovi ng fine-grained sedinents of the littoral zone into slope deposits.
Figures 7 to 26 illustrate 20 species show ng absol ute nunbers of valves

versus water depth. The nunber of valves is high in the depth zones a species

lives in. At both the shallow end and the deep end of a species range, the

abundance drops. All of the species illustrated show the effects of downslope

transport as a ‘tail” of rare occurrences in deeper water.

Xl.  OSTRACODES AS MONITORS OF O L SPILL EFFECTS AND BENTHIC RECOVERY

A recent detailed study of the macro- and meiofauna froma cold tenperate
to subfrigid marine climatic zone was conducted by Ankar and Elmgren (1976) at
Asko, Sweden, along the northern Baltic coastline. M ninum water tenperatures
of the Asko study area are sonewhat lower than in the Qulf of Al aska (reaching
0° C, but many simlarities exist between the two regions. The geographic

[ ocation of the southern Baltic is at about 54"-60" N latitude, with simlar

‘---incom ng solar radiation as southern Alaska. ~~Many of the macrobenthic and

microbenthic species are the same or have closely related counterparts.
Exam nation of the abundance, wet weight biomass, and species diversity

of macro- and meiofauna was conducted at various Asko stations with different
bottom lithologies. The deeper muddy substrates were found to contain the
richest meiofauna and the |owest biomass. Ostracedes forned 41% of this
meiofauna bi omass, being nore than ‘tw ce as largeasthe nenatode biomass
(17%). Many of the colder water ostracodes were found to have a long life
cycle (2 years).

In 1977 the Soviet tanker Tsesis struck a rock in the Asko region and
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FI GURE 7

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE | NNER- M DDLE NERITIC SPECI ES
"LEGUMINOCYTHEREIS SP . A

3al



FI GURE 7

0s¢

S¥313W NI Hid3¢

00¢ ) ool

V "dS _SI3¥IHLAIONIWNDIT,

{S3ATVA) STIVKIIAIGKI 40 4¥38WNN

3-42



FIGURE 8

ABSOLUTE ABUNDANCE VS. WATER DEPTH OPTHE | NNER- M DDLE
NERITIC SPECI ES LOXOCONCHA SP. A
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FI GURE 8
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FIGURE 9

ABSCLUTE ABUNDANCE VS. WATER DEPTH OF TEE | NNER-M DDLE
NERITIC SPEC| ES PECTOCYTHERE SP. D
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FI GURE 10

ABSOLUTE ABUNDANCE Vs. WATER DEPTH OF THE INNER-OUTER
NERITIC SPECI ES PALMANELLA LIMICOLA
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FI GURE 10
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FI GURE 11

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE NERITIC
SPECI ES BUNTONIA SP. A
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FI GURE 12

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE NERITIC
SPECI ES CYTHEROPTERON SP. A
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FIGURE 13

ABSCOLUTE ABUNDANCE VS. WATER DEPTE OF THE M DDLE NERITIC
SPECI ES CYTHEROPTERON SP. D
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FI GURE 13
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FIGURE 14

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE NERITIC
SPECI ES PECTOCYTHERE AFF . P. PARKERAE
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FI GURE 15

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE MIDDLE-OUTER
NERITIC SPEC|I ES "ACANTHOCYTHEREIS “ DUNELMENSIS
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FIGURE 16

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- QUTER
NERITIC SPECI ES AURILA SP. A
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FIGURE 17

ABSCLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- QUTER
NERITIC SPECI ES CLUTHIA SP . A
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FIGURE 18

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- QUTER
NERITIC SPEC|I ES CYTHEROPTERON AFF. C. LATISSIMUM
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FIGURE 19

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE MIDDLE-OUTER NERITIC
SPECI ES CYTHEROIS SP. A

365



FIGURE 19
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FIGURE 20

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- QUTER
NERITIC SPECI ES CYTHEROPTERON SP. B
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FIGURE 20
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FIGURE 21

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- OUTER
NERITIC SPECI ES LOXOCONCHA SP. B
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FI GURE 22

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- QUTER
NERITIC SPECI ES PECTOCYTHERE AFF. P. QUADRANGULATA
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FI GURE 22
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FI GQURE 23

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- QUTER
NERITIC SPECI ES ROBERTSON TES TUBERCULATA

3173
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FI GURE 24

ABSCLUTE ABUNDANCE VS. WATER DEPTH OF THE M DDLE- OUTER NERITIC
SPECI ES MUNSEYELLA SP. A
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cIGURE 24
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FI GURE 25

ABSOLUTE ABUNDANCE VS. WATER DEPTH OF THE MIDDLE-OUTER
NERITIC , UPPER BATHYAL SPEC| ES EUCYTHERURA SP . A
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FIGURE 25
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FI GURE 26

ABSCLUTE ABUNDANCE VS. WATER DEPTH OF TEE QUTER RERITIC ,
UPPER BATHYAL SPECI ES KRITHE SP. A
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FIGURE 26
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spilled a large amount of oil. Conparison of the post-spill meiofauna With
the 1976 baseline provided an excellent monitor of the effects on the benthos
(Kineman et. al., 1976). The ostracodes showed a particular sensitivity to
the oil, with a dramatic drop in abundance that can be correlated directly to
the oil spill (figs. 27-29). Ostracodes are primarily benthic in nature,
capabl e of clumsy novement in the form of short, non-sustained, “'"sw mmng
motions and slow craw ing through the sedinment. As such, they cannot rapidly
escape from an environnental catastrophe such as an oil spill as can nore
mobile crustaceans (amphipods, for exanple).

Continued sanpling of the Asko bottom sediments up to 10 nonths fol | owi ng
the spill showed selected recovery anong the macrofauna and meiofauna. The
ostracodes, however, continued show ng |ow abundance throughout this interval,
reveal ing no evidence of recovery. Because of the long life cycle (up to 2
years) and non-mgrating behaviour of the cold water ostracodss, the effects
of the Tsesis oil spill on the soft bottoms remained for at |east two years.

In the Gulf of Al aska, active longshore currents, storm-and w nd-driven
waves, and tidal activity would cause rapid dispersal of any oil spill in
wat er depths of less than 50 -meters. —However; in Wwater—greater-than 50— — ——— - —
meters, the substrate is forned of fine-grained silt and clayey silt, with a
| arge meiofauna present. O to reach these environments would cause a
simlar devastating effect on the ostracode popul ations such as occurred as
Asko, especially to the species that are nore environnentally restricted
(table 3).

The baseline datum that has been established for the Gulf of Al aska
ostracodes i ncl udes species diversity and relative abundance, as well as
detail ed geographic distributions of the species. Any oil spill that affects

the bottom sedinents will profoundly affect the ostracode popul ations, ‘as
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FI GURE 27

ABUNDANCE OF NEMATCDES, OSTRACODES AND OTHER GROUPS AT
STATI ON 15, ASK0, SHOW NG THE DROP | N ABUNDANCE WITH
THE TSESIS OIL SPILL (FROM KINEMAN, ET. AL., 1976)
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FI GURE 27
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Abundance of nematodes, ostracods and other groups
(excluding nemat odes and ostracods ) at station 20

(3) and station 15 (¥). Data in 1976 from station
21 (A). Arrows indicate grounding of Tsesis.
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FI GURE 28

NUMBER OF LIVE VS. DEAD OSTRACODES BEFORE (FEB. 17) AND AFTER
(MARCH 9) THE TSESIS OIL SPILL (®Rom ®7 NEMAN, ET. AL., 10128
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FI GURE 29

ABUNDANCE OF OSTRACODES VS. ABUNDANCE OF OTHER MEIOFAUNA GROUPS
(FROM KINEMAN, ET. AL., 1976)
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shown by Kineman et. al. (1976). The ostracode Speci es conposition and
rel ative abundances of the species will provide a sensitive nonitor for
adverse oil spill effects on the beathic environnent, as well as providing a
guide to the total re-establishment Of the pre-spill beathiec community

structure.
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BC- 4
BC-5
BC-6
BC-11
BC-16
W- 17
w-18
s-19
W 20
s-22
vv-24
W- 26
W 27
S-32
w- 39
W- 41
W 46
W 52A
W 53
Vv-54
W- 55
vv-58
W 59A
W-59B
V¥V-63B
S-65B
S- 66
vv-70
W71
Vv-83
W 84
Vv-86

LI ST OF THE SAMPLES ANALYZED IN PRI NCI PLE COORDI NATE ANALYSIS A

TABLE 1

CRUl SE EGAL-75-KC

vv-90 vv-259
W 92 w2 60
vv-107 S- 263
W1 08 W 282
S-170A vv-283
S 171 W 285
s$-173 yv-286
$-176 W 288
$-179A S-289
S 180 S-290
S-183 S- 296
W1 84 w2 97
S- 202 yv-308
w2 04 w3 12
vv-205 vv-313
S- 208 W3 14
S-209 W- 316
S-210 w3 17
— s/ V=319
S 212 W 320
S-213 vv-324
s-2 14 W 325
S 215 S-328
S-216 vv-330
yv-217 vv-332
S 224 W 333
S- 226 vv-336
S 246 W 338
W 247 W- 339
s-2 51 VV-341
S- 256 s- 344
vv-257 s- 347

345

S-420
S-421
S-426
S-430
s-434



TABLE 2
LI ST OF TEE SAMPLES ANALYZED I N PRI NCI PLE COORDI NATE ANALYSIS B

CRUl SE EGAL-75-KC

S-68 $-120 S- 166 S-427
vV-69 S-122A S-167 S-428
W72 $-123 BC~170B S-429
vv-73 BC-124B S 174 S-431
V=74 BC-124A S-175 S-432
VALY S Vv-125 S-181 s-433
VV-76 BC-127 W-219
Vv=-77 BC-128 S-221
W78 S-129 BC-223
W 80 s-1 30 S-225
W 87 S-132 s-227
s- 88 s-1 33 W2 29
S-89 S-134 W- 231
vv-91 S138 W 232
VV-94 VV-141 vv-233
vv-95 w-1 44U W-237
VV-96 5-145 W-239
vv-97 S146 w2 49
W 98 s-147 VyvV-258
vv-99° s-149 5264 |
S-103 vv-1 50 S-265
s-1 04 vv-1 53 S-266
BC-105 VV-154 S-268
yv-1 06 W 155 W-2 84
_ YV-109 VV-157 s$-294
S-no W 158 W-306
s-111 §-159 W-307
wl 12 vv-1 61 W-326
5-113 W 162 vv-331
S-115 VV-163 S-406
s-117 VV-164B S422
5-118 S-165 s-625
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CRU SE pC1~-79-EG CRUl SE DC2-80-EG

5-1 VV-14
5-5 W1 6
S-6 V-1 8
s-7 W 24
s-9 W- 27
s-10 Wi 1
S-12 VV-48
S 13 W 60
S 17 yV-62
S-19 W 63
s-23 vV-67
S-24 W 70
S 25 VV-73
S-28 W 82
S-29 VV-86
S-3® W 89
5~31B vV=-91
$-32B W94
s-35 W 97
S- 36 W 99
S 37 W 155
8§38 -"-" - V=167
s-39 VV-168
S-40 vv-1 69
S-41 vV-170
S-42 W174
S-43 vv-177
s-44 vv-180
s-45 vv-183
S 46 yv-1 86
S 4T W 189
W 192
vV-195
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TABLE 3
LI ST oF SELECTED SPECI ES FROM THE NORTHEAST GULF OF ALASKA,

SHOW NG THE DEPTH ASSEMBLAGES THEY OCCUR IN AND THEIR MODERN
DEPTH RANGE
[Note that an asterisk (*) indicates that some of the specinens of this
speci es have been found with soft parts in this depth zone]

SPECI ES DEPTH ASSEMBLAGE MODERN DEPTH RANGE
"Acanthocythereis” dunelmensis I* II* III IV Neritic, bathyal
Acuminocythere sSp. A III v Qut er neritie
Ambostracon Sp. A Vv Fossi |
Argilloecia sp. A I* 1II* III Neritic
Argilloecia sp. B I1* II1 1V v M ddl e- out er
neritic, bathyal
Aurila sp. A I* II 111 v Neritic
"Australicythere” sp. A IT* 11X v M ddl e- out er
neritic
Baffinicythere emarginata Vv Fossi |
Bairdia sp. A I* 11* v | nner-m ddl e
neritic
Buntonia sp. A I* JII* TIII#* Neritic
Bythocythere Sp. A II v M ddl e neritic
Bythocythere Sp. B IT III IV vV M ddl e- out er
neritic, bathyal
—Bythocythere sp. € --—--— ——— "IIIT T T Quter neritic
Bythocytherormopha sp. A v Fossil
Bythocytheromorpha Sp. B v Fossil
Bythocytheromorpha Sp. € v Fossgil
Cluthia cluthae II v M ddl e neritic
Cluthia sp. A II* III%x IV* M ddl e- out er
neritic, bathyal
Coquimba sp. A v Fossil
Cythere aff. C. alveolivalva 1 i1 v | nner-m ddl e
neritic
Cythere sp. A II  IIX v M ddl e- out er
neritic
Cytherois sp. A I* I III Neritice
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SPECI ES

Cytherois sp. B
Cytheromorpha sp. A

Cytheromorpha sp. B

Cytheromorpha Sp. C

Cytheromorpha sp. D

Cytheromorpha Sp. E

Cytheropteron aff. C

latissimum
Cytheropteron aff. ¢.

nodosoalatum

Cytheropteron Sp. A

Cytheropteron Sp. B

Cytheropteron sp. C

Cytheropteron Sp. D

— Cytheropteron Sp. E

Cytheropteron Sp. F

Cytheropteron sp. G

Cytheropteron Sp. H

Cytheropteron sp. I

Cytheropteron sp. J

Cytheropteron Sp. K

Cytheropteron Sp. L

DEPTH ASSEMBLAGE

11
I II III
II* III*
i1
II* 1II1
IT* 1III*
II III 1V

I* II III

II* III* IV
I1 III IV
III IV
II* III IV
ST
II IIX
II  III IV
II III IV
11
i1
I1I
II 111 |V
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MODERN DEPTH RANGE

Middle neritic
Neritic

M ddl e- out er
neritic

M ddl e neritic
M ddl e- out er
neritic

M ddl e- out er
neritic

M ddl e- out er
neritic, bathyal
Reritic

M ddl e- out er
neritic, bathyal
M ddl e- out er
neritic, bathyal
Qut er mneritic,
bathyal

M ddl e- out er
neritic, bathyal

M ddl e- out er
neritic

M ddl e- out er
neritic

M ddl e- out er
neritic, bathyal
M ddl e- out er
neritic, bathyal
M ddl e neritiec
Middle neritic
Outer neritic
Middle-outer
neritic, bathyal



SPECI ES DEPTH ASSEMBLAGE MCDERN DEPTH RANGE

Cytheropteron sp. M II1 1III v M ddl e- out er
neritic
Cytheropteron sp. N N ay v M ddl e- out er
neritic
Cytheropteron sp. O 11 v M ddl e neritic
Cytheropteron 8p* P 11 ] v M ddl e- out er
neritic
Cytheropteron sp. Q [ III |V M ddl e- out er
neritie
Cytheropteron sp. R 11 111 v Neritic
Cytheropteron sp. S v Fossi
Cytheropteron sp. | 1I v M ddl e neritic
Cvtheropteron sp. U | v M ddl e neritic
Cytheropteron &p. V v Fossil
Cytheropteron sp. W 11  III v M ddl e- out er
neritic
Cytheropteron sp. X Iv Bathyal
Cvtheronteron sp. Y \Y Fossil
Cytheropteron sp. Z v Fossil
Cytheropteron_sp. AA 111 Middle neritic
—— Cytherura sp. € —— — 1T 111 ¥V __ Middle-outer
neritic
Cytherura sp. D I 11 v I nner-mddl e
neritic
Cytherura sp. E \ Fossil
Cytherura sp. F Il v M ddl e neritic
Cytherura sp. G Vv Fossil -
Cytherura sp. & Vv Fossil
Cytherura sp. | III v Outer neritic
Cytherura sp. J v Fossil
Elofsonia SP. A I* 1II I nner-mddl e
neritic
Eucythere Sp. A I* II* [ nner-mddl e
neritic
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SPECI ES DEPTH ASSEMBLAGE

Eucytherura sp. A

Bucytherura sp. B

Eucytherura sp. C
Finmarchinella (Barentsovia)

angulata

Fimmarchinella (Barentsovia)

bar ent sovoensi s

Finmarchinella (Barentsovia)

sp. A
Finmarchinella (Barentsovia)

finmarchinella

Hemiczthere aff. E& I*
quadrinodosa

Hemicytherura sp. A

Hemicytherura sp. B

Hemicytherura sp. C
Krithe sp. A

i1

11

11

11

11

"Leguminocvthereis” sp. A I*

"Leguminocythereis” sp. B 1%

"Leguminocvthereis”™ sp. C

"Leguminocythereis™ sp. D

Loxoconcha sp. A I*
Loxoconcha sp. B

Loxoconcha s8p. D
Loxoconcha sp. E

Loxoconcha sp. F

Macrocypris sp. A

2-10l

I1*
I1*

iI*

I1*

II

1 Iv

111

111

111

111

MODERN DEPTH RANGE

M ddl e- out er
neritic, bathyal
Middle neritie
Qut er neritic

v Fossi |
Vv Fossi |
v Fossi |
v Fossi |
Neritic

v M ddl e- out er
neritic
M ddl e- out er
neritic

Vv M ddl e neritic

III* |V ¥ Qut er neritic,

bathyal

111

III

I11I* IV*

III* Iv*

III=*

Neritic
Inner-middle
neritic
Quter neritic
v Fossi |
M ddl e- out er
neritic, bathyal
Middle~-outer
neritic, bathyal
v Fossi |
v Fossi
M ddl e neritic
Quter meritic



SPECIES

DEPTH ASSEMBLAGE

MODERN DEPTH RANGE

Munseyella sp. A T Il M ddl e- out er
neritic
Munseyella sp. B 11 111 M ddl e- out er
neritic
Normanicythere Sp. v Fossil
Palmanella limicola II* [[1* |V M ddl e- out er
neritic
Paracypris sp. A II* M ddl e neritic
Paracypris sp. B 11 M ddl e neritic
Paracytheridea sp. A v Fossi
Paradoxostoma aff. P. brunneatum v Fossi
Paradoxostoma aff. P. flaceidum v Fossi
Paradoxostoma aff. P. honssuensis v Fossi
Paradoxostoma aff. P. japonicum v Fossil
Paradoxostoma Sp. A \% Fossil
Paradoxostoma sp. B 111 v Quter neritic
Paradoxostoma sp. C 111 Vv Qut er neritic
Paradoxostoma sp. D v Fossi
Paradoxostoma sp. G i1 v | nner neritic
Paradoxostoma sp. H [l v | nner neritic
Paradoxostoma Sp. I 11 Vv _Lnngrﬁgcggg;g""
Paradoxostoma sp. J v Fossil
Patagonacythere sp. A V " Fossi |
Pectocythere aff. P_ I* II* III v Reritic
parkerae
Pectocythere aff. P_ I* II* III Vv Neritic
quadrangulata
Pectocythere sp. C v Fossi
Pectocyt here sp. D I* II* I nner-m ddl e
neritic
Pectocythere Sp. v Fossi |
Pectocythere Sp. F v Fossi
Pectocythere sp. G v Fossi |
Pontocypris sp. A Vv Fos sil
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——---Xiphichilus sp. 4

SPECI ES

Pontocythere sp. A

Pseudocythere sp. A

Pseudocythere sp. B
“"Radimella” jollaensis

Robertscnites tuberculata

Schizocythere sp. A

Sclerochilus sp. B

Sclerochilus sp. €

Sclerochilus sp. D

Sclerochilus Sp. F

Sclerochilus sp. G

Semicytherura aff.

Semicytherura sp. D

Semicytherura sp. E

Semicytherura sp. F
Xestoleberis sp. A

Xestoleberis sp. B

Xiphichilus Sp. B

S. undata

ASSEMBLAGE ZONES

I*
11
I* II*
11
I
11

I11

111

III* IV

111
I11

111

111

III
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MODERN DEPTH RANCGE

| nner neritic
M ddl e- out er
neritic

Qut er neritic
Fessil
Neritic, bathyal
Fossi |

Qut er neritic
M ddl e- out er
neritic

Qut er neritie
Fossi |

Fossi |

Fossi |

Qut er neritic
M ddl e neritie
Fossi |

Fossi |

M ddl e- out er

neritic

-Fossi | -- -

Fossi |



TABLE 4

TABULATI ON OF THE OSTRACODE SPECI ES OCCURRING | N EACH MAJOR OSTRACODE
ASSEMBLAGE , | N ALPHABETI CAL oRpER.

[An asterisk indicates that some of the specinens ¢ pa¢ speci es cont ai ned
soft parts, which is interpreted to indicate that {pose spec, n"ens were living

insitu when collected. Note that in Assenbl age V many O of the fossi| species
are presently living in the depth assenbl age not ed after the species binomen.]

OSTRACODE ASSEMBLAGE |

"Acanthocythereis" dunelmensis * Candona sp.
Argilloecia sp. A ¥ Cyclocypris sp.
Aurila sp. A ¥ Cyprinotus sp.
Bairdia sp. A *

Buntonia Sp. A *

Cytherois sp. A *

Cythere aff. C. alveolivalva

Cytheromorpha sp. A

Cytheromorpha Sp. B *
Cytheromorpha sp. C

Cytheromorpha Sp. D *
Cytheromorpha Sp. E %
Cytheropteron aff. C. nodosoalatum *

Cytheropteron Sp. R

Cytherura sp. D

Elofsonia sp. A *
Eucythere sp. A *
Hemicythere aff. H quadrinodosa *
"Leguminocythereis” sp. A * —_
"Leguminocythereis™ Sp. B )
Loxzoconcha sp. A %
Pectocythere aff. P. parkerae *
Pectocythere aff. P. quadrangulata *
Pectocythere Sp. D *
Pontocythere Sp. A *
Bobertsonites tuberculata *
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OSTRACODE ASSEMBLAGE II

“"Acanthocythereis”™ dunelmensis *
Argilloecia sp. A *

Argilloecia sp. B
Aurila sp. A

“Australicythere” sp. A *
Bairdia sp. A *
Buntonia sp. A *

Bythocythere Sp. B

Cluthia cluthae

Cluthia sp. A *
Cythere aff. C. alveolivalva

Cythere sp. A

Cytherois sp. A
Cytherois sp. B

Cytheromorpha sp. A
Cytheromorpha sp. B *
Cytheromorpha sSp. D
Cytheromorpha Sp. E *

Cytheropteron aff. C. latissimum

Cytheropteron aff. C. nodosoalatum

Cytheropteron Sp. i

Cytheropteron sp.

Cythercpteron Sp.

Cytheropteron Sp.

Cytheroptercn Sp.

A
B
D
Cytheropteron Sp. E
F
G
H

Cytheropteron sp.

Cytheropteron Sp. |

Cytheropteron Sp.

Cytheropteron sp.

Cytheropteron sp.

Cytheropteron Sp.

J
L
M
Cytheropteron Sp. N
@)
P

Cytheropteron Sp.
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Cytheropteron sp.

Cytheropteron_Sp.

Cytheropteron Sp.

=

Cytheropteron Sp.

Cytherura sp. C

Cytherura sp. D

Cytherura sp. F
Eucythere sp. A

Elofsonia sp. A

Eucytherura sp. A

Fucytherura sp. B

Eucytherura sp. C

Hemicythere aff. H. quadrinodosa

Hemicytherura sp. A

Hemicytherura sp. B

"Leguminocythereis™ sp. A
"Leguminocythereis: sp. B

Loxoconcha sp. A

Loxoconcha Sp. B
Loxoconcha Sp. F
Munseyella sp. A
Munseyella sSp. B
Palmanella limicola

Paracypris sp. A

Paracypris Sp. B

Paradoxostoma sp. G

Paradoxzostoma SpP. H

Paradoxostoma Sp. I

Pectocythere aff. P. parkerae

Pectocythere aff. P. quadrangulata

Pseudocythere Sp. A

Pectocythere sp. D

Robertsonites tuberculata

Sclerochilus sp. €
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OSTRACODE ASSEMBLAGE 111

"Acanthocythereisg: dunelmensis

Acuminocythere sp. A

Argilloecia sp. A

Argilloecia sp. B
Aurila sp. A

Buntonia Sp. A *

Bythocythere sp. B

Bythocythere sp. C

Cluthia cluthae

Cluthia sp. A *
Cythere sp. A

Cytherois sp. A
Cytheromorpha Sp. A

Cytheropteron aff. C_ latissimum

Cytheropteron aff. C. nodosoalatum

Cytheropteron Sp. A *

Cytheropteron sp. B

Cytheropteron Sp. €

Cytheropteron Sp. D

Cytheropteron sp. E e e

" Tytheropteron sp. F

Cytheropteron Sp. G

Cytheropteron §p.

Cytheropteron Sp.

Cytheropteron sp.

Cytheropteron Sp.

Cytheropteron sp.

Cytheropteron Sp.

Cytheropteron sp.

Cytheropteron sp.

txg:U«Ozgl—x

Cytheropteron sp.

Cytherura sp. C
Cytherura Sp. I
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Eucytherura sp. A

Eucytherura sp. C
Hemicythere aff. H. quadrinodosa

Hemicytherura sp. A

Hemicytherura sp. B
Rrithe sp. A *

"Leguminocythereis™ sp. A

"Leguminocytherels™ sp. ¢

Loxoconcha sp. A *
Loxoconcha Sp. B *
Macrocypris sp. A *
Munseyella sp. A *
Munseyella Sp. 3

Palmanella limicola *
Paradoxostoma sp. B

Paradoxostoma Sp. C

Pectocythere aff. P. parkerae
Pectocythere aff. P. quadrangulata
Pseudocythere Sp. B

Robertsonites tuberculata *

Sclerochilus sp. B

Sclerochilus sp. C

Sclerochilus sp. D

Semicytherura sp. D

Xestoleberis sp. B

OSTRACODE ASSEMBLAGE |V

"Acanthocythereis”™ dunelmensis
Argilloecia sp. B

Bythocythere sp. B
Cluthia sp. A *
Cytheropteron aff. C.latissimum

Cytheropteron Sp. A

Cytheropteron Sp. B
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Cytheropteron sp. C

Cytheropteron sp. G

Cytheropteron sSp. B

Cytheropteron sp. L

Cytheropteron sp. Q

Cytheropteron sp. X

Eucytherura sp. A
Krithe sp. A
Loxoconcha sp. B
Palmanella limicola

Robertsonites tuberculata

OSTRACODE ASSEMBLACE V

Acuminocythere sSp. A

Ambostracon sp. A
Argilloecia sp. B
Aurila sp. A
"Australicythere™ sp. A

Bafiinicythere emarginata
Bairdia sp. A
Bythocythere sp. A

‘Bythocythere sp. B

Bvthocvtheromorpha sp. A

Bythocytheromorpha sp. B

Bythocytheromorpha sp. C
Cluthia cluthae

Coquimba SD. A

Cythere aff. C _alveolivalva
Cythere sp. A

Cytheromorpha sp. A
Cytheropteron aff. C latissimpum

Cytheropteron aff. _C.nodosozalatum

/111
/11

/11

Cytheropteron Sp. A

Cytheroptercn sp. C

/11

/11

/111

3-109



Cytheropteronsp. E

Cytheropteron

sp. 6

Cytheropteron sp. G

Cytheropteron sp. H

Cytheropteron sp.

Cytheropteron

Cytheropteron sp.

Cytheropteron

Cytheropteron

Cytheropteron

Cytheropteron gp.

Cytheropteron

Cytheropteron

Cytheropteron

Cytheropteron

Cytheropteroan

Cytheropteron

Cytherura sp.

Cytherura Sp.
Cytherura sSp.
Cytherura Sp.

Cytherura sp.

Cytherura sp. F _

Cytherura Sp.

Cytherura sp.

Cytherura Sp.
Cytherura Sp.

sp.

sp.
sp.
sp.

sp.
sp.
sp.
sp. W
sp. Y
sp. Z
A

< & 4 W X1 UV O 2=

m o O @

G
H
1
J

/111
7111
281
/1I,II1

/111
/11

/11
/11,111

/11
/11
/11
/111
/111
/11

/S1
/11
/11

/11
/111
/11

Finmarchinella (Barentsovia) barentzovoensis

Fiomarchinella (Barentsovia) angulata

Finmarchinella )Bareatsovia) sp. A

Fimmarchinella (Fiomarchinella) fimmarchica

Hemicytherura

sp. A

Hemicytherura Sp. C

Krithe Sp. A

"Leguminocythereis™ sp. D

Lozoconcha Sp. D

/11
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Loxoconcha Sp. E
Loxoconchs sp. F

Normanicythere sp.

Paracytheridea sp.

Paradoxostoma aff. brunneatum

flaccidum

Paradoxostoma aff.

A
P.

Paradoxostoma aff. P.
P. honssuensis
P.

jaggnicum

Paradoxostoma aff.

Paradoxostoma Sp.

Paradoxostoma Sp.

Paradoxostoma Sp.

Paradoxostoma Sp.

Paradoxostoma Sp.

Paradoxostoma Sp.

H T O v O w >

Paradoxostoma Sp.

Paradoxostoma Sp. J

Patagonacythere sp. A

Pectocythere aff. P. parkerae

Pectocythere aff. P. quadrangulata

Pectocythere sp.

Pectocythere sp.

C
Pectocythere sp. E
F
G

Pectocythere sp.
Pontocypris sp.

Pontocythere sp. A

Pseudocythere sp. A
"Radimella” jollaensis

Robertsonites tuberculata

Schizoeythere sp.

Sclerochilus sp.

Sclerochilus sp.

m O O

Sclerochilus sp.
Sclerochilus sp. G

Semicytherura aff. S. undata

Semicytherura sp. D

Semicytheruyra sp. E

/11

/11

/11,111
/11

/11

/11

34




Semicytherura sp. F
Xestoleberis sp. A
Xestoleberis Sp. B
Xiphichilus sp. A

Xiphichilus Sp. B

/11
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LIsT OF THE LOCATION, WATER DEPTH, AND OSTRACODE ASSEMBLAGE TYPE

TEE SAMPLES
SAVPLE
NUVBER LATITUDE
BC-4 59° 39.3 N
BC- 5 59° 36.5 N
BC-6 597 32.3 N
BC-11 59" 55.9° N
vVvV-16 59° 45.9° N
vv-17 59* 38.1 N
VV-18 59° 33.5 N
S-19 59° 31.8 N
Vv-20 59° 28.5 N
s-22 59° 27.2° N
vv-24 60° 01.2° N
Vv-2¢ 59° 56.6° N
vv-27 59" 53.8" N
S-32 59° 28.7 N
vv-39 59° 28.0° N
‘VV-41 “80°09.05 N
VV-46 60° 00.0" N
VV-524 59° 59.0' N
¥V-53 60" 07.7' N
VV-54 60° 06.1' N
VV-55 60° 14.5" N
VvV-58 60° 13.8' X
VV-59A 60° 12.1' N
VV-598 60° 11.8*' N
VV-63B 60" 01.8 N
S-658 59* 49.4' N
s- 66 59° 46.6" N
S- 68A 59° 42.6° N

EXAMINED FROM THE GULF OF ALASKA

CRU SE EGAL-75-KC

WATER
LONG TUDE DEPTH
147° 40.1 w Unknown
147" 32.8 W  Unknown
1477 21.1%' w 143 neters
147° 25.4 W 49 neters
146° 49.4 W 91 meters
146° 43.5 W 97 meters
146° 42.4 W 113 neters
146° s51.0*' W 113 neters
146° 41.8 W 88 neters
146" 41.1' W 106 neters
147° 15.0° W 143 neters
147° 06.1' W 205 neters
146° 59.2" W 163 neters
146° 29.1 W 53 neters
145° 59.7 w 148 neters
TI47 9703 Ty 212 neters
146° 45.5 W 126 neters
146° 27.5 W 71 neters
146° s52.8' W 156 neters
146° 49.4' W 112 meters
146° 50.6' W 220 neters
146° 44.25 w 221 neters
146° 41.2* W 192 neters
146° 41.5 W 183 meters
146° 14.6' W 64 neters
146" 14.9* W 53 neters
146° 15.9' w 75 nmeters

146° 15.0' W 81 meters

3-\3

ASSEMBLAGE

TYPE

V/III
III
I1I
V/i11
111
V/i11
I1I
I1II
V/i11
11
111
v
111
V/11
v

\'
V/II1
v/1I
V/II1
IIL

I11
v/11
v/1

v/1iI



SAVPLE

NUVBER LATI TUDE LONG TUDE
VV-69 59° 42.6" N 146° 14.6' W
VV-70 60" 12.6" N 146° 15.3° W
vVv-71 60° 10.1" N 146° 15.0' W
vv-72 60” 15.3' N 146° 00.8 W
VvV-73 60° 10.45°' N 146° 01.35' W
W- 74 60° 09.2" N 146° 01.5' W
VV¥-75 60° 07.4" N 146° 02.3' W
vVVv-76 60° 02.0' N 146° 00.5 W
vv-77 59" 56" N 146° 1.5' W
vv-78 59° 51.6" N 146° 00.9 W
VV-80 59° 46.7' N 145° 59.5 w
Vv-83 59° 39.0" N 145° 59*5’ w
VV-84 59° 32.2" N 145° 59.5' w
VV-86 60° 14.0" W 145° 34.5 W
vv-87 60" 06.9 ¥ 145° 34,4 W
S- 88 59" 59.2° N 145° 34*0 w
S- 89 59° 58.5 N 145° 34.2° W
vv-90 59° 52.6' N 145° 34.5 w
vv-91 59° 50.5' N 145° 39.6° W
VvV-92 59° 45.9' N 145° 34*5 w
VV=-94 60" 07.7 N 145° 21.0° W
Vv= 95 60° 03. 3- TN 14° “19.8" W
YV~96 59° 59.2* N 145° 19.3' w
Yv-97 59° 55.7' N 145 19*5" w
vv-98 59° 52.5° N 145° 19.8 W
vV-99 59° s50.4"' N 145° 206.6' W
§-1 03 60° 09.4" N 144° s58.2' W
$-104 60° 08.1' N 144° 54,9 w
BC-105 59° 57.1' w 144° 55. 4" w
vV-106 59° 57.0' N 144° 57.4" w
W- 107 59° 46.5' N 145° 03.2' w
VV-108 59° 44.2* N 144° 56.2' W
VV-109 59° 43.4' N 144° s52.7* W

3-1\d

49
108
84
90
95
90
84
77
86
101
91
91
157
48
126
88
84
88
97
119
97

119
101
101
110

35

53
183
192
185
192
102

WATER
DEPTH

neters
meters
neters
neters
neters
neters
neters
neters
neters
neters

meters
neters
neters
neters
neters
neters
neters
neters

meters
meters
neters

132

neter-s
neters
meters
neters
meters
neters
neters
neters
meters
neters
neters
neters

ASSEMBLAGE
TYPE

V/II1
111
11
11
Il
11
11
vV/11
V/II
111
II
Il
II1
11
II1
11
Vv
V/11
111
111
IT1/111
IIL -
111
111
III
II1
1
X
111
111
111
V/I1I
I1/111



SAMPLE

NUMBER LATI TUDE
S-no 59° 41.5' N
s-111 59° 38.9 N
yv-112 59° 37.6° N
S-113 59° 34.9° N
S-115 59° 46.0 N
S-117 59° 43.0 N
S-118 59° 40.7 N
S-120 59° 48.8 N
S-122A 59° 55.6' N
s-123 59° 56.7° N
BC-124B 59" 57*5 N
BC-1244A 59° 57.5° N
vv-125 59”7 59.8 N
BC-127 60° 02.8 N
BC~-128 60” 00.6" N
s-129 60° 04.9 N
§-130 60° 07.8 N
s-132 60° 07.1 N
S- 133 60° 03.8 N
S-134 59”7 59.0" N
S-138 59°°38s27 N
VV-141 60° 06.8 W
VV-1440 59° 57*3 ¥
S- 145 59" 37.4" N
S-146 59° 35.6" N
S- 147 59° 34.2" N
S 149 60" 03.2" N
vv-150 60° 10.4" K
vv-153 60° 12.5' N
VV-154 59° 51.4" R
VV-155 59" 55.2*' N
vv-157 60° 01.4' N
VV-158 60° 06.0*' N

144c
144"
1447
144°
144°
144°
144°
144~
144°
144°
144°
144°
144°
144~
144"
144°
144°
144~
144°
144°

146°
146°
146°
145°
145°
145°
145°
146"
145°
145°
146°
146°

LONG TUDE

4'7.2
41. 0
37*0
30.0'
47. 7’
38. 1
33. 3
41. 0
31. 4
40. 2’
43. 2’
43. 2
44* O
43. 5’
40. 0’
40. 4’
39*5’
31. 2
26. 2’
24. 0

Ssssss=ssssss5sss 555 s

°730.%7W

14.5"
19. 6
09.0
54.8'
45. 7'
34.5
34.5
27. 0’
28. 5’
42. 0’
08.5"
40. 5’

=S === =2 222
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WATER ASSEMBLAGE
DE PTE TYPE
97 meters 1X
148 nmeters 111
145 neters 111
139 meters V/IIL
64 neters v/ xi
119 meters IT/III
137 meters II/IIX
66 neters 11
55 neters V/1I
210 neters |V
234 neters v
234 neters |V
232 nmeters II/I1I
210 neters |V
227 meters V/il
146 nmeters 1
31 meters I/111
20 neters I
17 meters |
20 meters v/ |
168 meters - "III
71 meters V/ 11
64 meters V/11
101 meters 111
143 neters 111
165 meters 111
104 neters 111
104 meters II/I1X
137 neters V/I1I
.95 neters 11X
82 neters 11
73 meters vV/11
117 neters 111



SAVPLE WATER ASSEMBLAGE

NUMBER LATI TUDE LONG TUDE DEPTH TYPE
S- 159 60" 10.2' N 146° 52.1' W 165 neters V/I11
Vv-161 60° 17.4' N 146° 23.77 W 22 neters I
VV-162 60° 19.2" N 146° 13.2° W 24 neters 1
VV-163 60° 19.5 N 146° 07.0° W 22 meters I
VV-164B 60" 19.5 N 146* 00.0° W 22 meters I
S- 165 60° 18.3' N 145° 53.5 w 33 meters I
S- 166 60° 17.7 N 145° 45.6° W 20 meters I
S 167 60° 16.4" N 145° 38.4' W 26 neters I
S-170A 60° 16.9" N 145° 42.0° W 20 neters 1
BC-170B 60° 16.9° N 145° 42.0° W 20 neters I
S-171 60° 14.25* N 145° 28.0" W 24 neters I
S-173 60° 10.4" N 145° 13.6' W 24 neters 1
S-174 60° 09.6' N 145° 06.4" w 35 meters 1
S- 175 60° 09.4" N 145° 00.0" w 33 neters I
S-176 60° 10.0" N 144° 48.0 w 31 neters I
S-179A 60° 14.75 N 145° 27.1" W 18 meters I
S- 180 60° 09.1*' N 144° 44.7 w 26 meters I
§-181 60° 01.0' N 144° 24.0" W 33 meters v/
S-183 59° 55.5' N 144° 34.6° W 91 meters [11
vv-184 59° 54.8 N 144° 54.6" W 188 meters 111
§=202 _  59° 31,4' N = 144° 36.6' W _187 meters L2 /IT T .
VV-204 59° 34.8 N 144° 35.8 W 141 meters V/I11
VV-205 59° 3700" N 144° 35.3 W 145 neters 111
S-208 59° 33.25" N 144° 31.3° w 156 meters V/I11
S-209 59° 35.1' N 144° 31.7* w 139 meters V/III
$-210 59" 36.9" N 144° 30.5 W 146 meters I1I
s-211 59° 40.1' N 144" 28.4' W 146 neters III
S-212 59° 46.1" N 144° 33.1' w 91 meters 11
S-213 55" 44.7' N 144° 30.2' W 113 meters I1X
s-214 59° 43. 7" N 144° 28.6° W 55 meters IL
$-215 59° 42.9" N 144° 27.0' W 134 neters 111
S-216 59° 42.1' N 144° 23.0°' W 152 meters 171
vv-217 59° 39.8 W 144° 21.2° W 154 meters 111
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SAVPLE
NUMBER

vVv-219
S-221
BC-223
S-224
S-225
S-226
S-227
vv-229
vv-231
vv-232
Vv-233
vv-237
vv-239
S- 246
VV=-247
Vv-249
S-251
S- 256
vv-257
Vv-258
V.V-239
Vv-260
S-263
S-264
S- 265
S- 266
S- 268
Vv-282
vv-283
Vv-284
vv-285
vv-28¢6
vyv-288

WATER

LATI TUDE LONG TUDE DEPTH

59° 36.3" N 144° 17.4' w 475 nmeters

59° 50.1' N 144" 27.4 W 29 meters

59° 52. 4’ & 144° 18.7' w 51 nmeters

59° 50.0' N 144° 16.0" w 64 neters

59° 46.2" N 144° 11.5 w 101 meters

59° 43.0" N 144° 07.25 W 128 neters

59” 39.4' N 144° 04.9° w 161 neters

59° 34.0" N 144° 01.2° w 1189 nmeters
59° 56.9" N 144° 09.7° w 33 neters

59° 57.25" N 144° 09.9" w 49 neters

59° s51.6' N 143° 53.25" W 106 meters

59° 51.7" N 143° 42.5° W 225 nmeters

59° 55.6° N 143° 32.4 W 252 nmeters

59° 41.9" N 142° 55,8 W 198 neters

59" 52.2" N 143° 20.5' W 214 neters

59° 58.4" N 143° 23.0° W 152 neters

59° 44.5 N 142° 54.0° W 188 neters

59° 48.2" N 142° 46.2° W 190 neters

59° 57.3" N 142° 46.5° W 119 meters

59° 57.5" N 142° 41.0* W 108 neters

592 58.1L1N—142°38+2 W —91 meters
60° 00.0*' N 142°43.0'W 88 neters

59° 50.8' N 142° 31.0* W 95 neters

59° 49.5 N 142° 36.0' W 134 neters

59°46.2" N 142° 29.9' W 181 meters
59° 42.5" N 142" 34.0° W 262 neters

"59° 40.7" N 142° 21.6° W 174 meters

59" 54.5 N 142° 20.0" w $2 neters

59° s1.0* N 142" 14.5' W 84 meters
59° s50.0' N 142° 14.2' % 86 meters
59° 47.4 N 142° 14.27 W 115 neters

59° 43.0" W 142° 13.1''w 157 neters

59° 36.0' N 142° 13.7' w 238 neters

307

ASSEMBLAGE
TYPE

v
v/1
1/ 11
I1
III
I1I
V/i111
[V

1

I

II/I1I

v

iv
I11

v
111
111
111
III

II/III

TUTTIITTTT T

I1I
V/I1I
I1I
11T
iv
111
11
11
Iz
I11
i1t
iv



SAMPLE WATER ASSEMBLAGE

NUVBER LATI TUDE LONG TUDE DEPTH TYPE
S- 289 59° 53.1" N 142° 03.8' w 55 meters 'l
S-290 59° 54.6° N 141" 52.3 W 31 neters
S-294 59° 48.7' XN 141° 25.0' W 29 neters
S- 296 59° 45.5" N 141° 43*5 w 49 neters 11
vv-297 59° 32.9° N 141° 46.77 W 165 neters 11
YV-306 59° 30.4'N 141° 30.0' W 161 neters 111
yV=-3907 59° 28.9" N 141° 27.8 W 165 neters 1]
vVv-308 59° 25.8' N 141° 21.1' w 201 neters 'V
vv-312 59° 31.7 N 141° 14.3 u 156 neters I1I
vv-313 59° 29.5 N 141" 11.0° w 256 neters IV
vv-314 59° 28.5' N 141" 06.3° W 311 neters “lv
Vv-316 59° 22.8 N 140° 51.7' w 163 neters I11
vv-317 59° 27.2° N 140° 49.4 w 274 neters | v
vv-319 59° 33.8 ¥ 140° 50.5 w 247 meters |V
vv-320 59" 36.4" XN 140° 50.5 w 163 neters III
Vv-324 59° 32.3 N 140° 14.0° w 192 neters 1]
vv-325 50" 29.0° N 140° 14.1* w 241 neters IV
Vv-326 59° 24.6° N 140° 14.5 w 183 meters 11
S- 328 59° 43.2° N 144" 33.6° W 134 neters 111
vv-330 59" 58.2" N 144" 02.8 W 24 neters I
— _¥V=331_  59° 56.1' N 143° 53,4 4 66-ameters—— ¥fII ——— "
VvV-332 59° 54.3 N 143" 53.2* W 73 meters 11
W- 333 59° 47.1' N 143° 51.5° w 128 neters I1I
Vv-336 59° 48.4° N 144° 38.0* W 274 neters IV
vv-338 60° 01.0° N 143° 09.3' w 101 neters 11
vv-339 60° 00.8° 142° 56.6° W 102 neters 11
VV=-341 59° 57.7 = 143° 04. 7" w 137 meters 111
s-344 59° 39.2" N 142" 22.2° W 210 neters iv
s- 347 59" 41.0* N 142° 39.7" W 333 neters | v
VV-360 59° 39.7 N 140° 31.1' W 48 neters 1
S- 406 59° 53.0° N 141° 36.5° W 26 neters 11
§-420 59° 55.1" N 141° 32.9° W 64 meters 11
S-421 59° s55.2' N 141° 34.4 w 59 neters 11

3-\\



SAMPLE WATER ASSEMBLAGE

NUMBER LATI TUDE LONG TUDE DEPTE TYPE
S-422 59° 55.8' N 141° 35.6° W 68 neters V/i11
S- 425 59°56.7 N 141° 35.1' W 59 neters 11
S- 426 59° 56.1 N 141° 33.5" w 71 neters I
S- 427 59° 55.45 N 141° 32.7 W 71 neters 11
S-428 59° 54. 7 N 141° 30.1' w 49 neters Vi1l
S- 429 59° 55.5" N 141° 30.6' W 60 neters v
S- 430 59° 56.0" N 141° 31.6° W 59 neters 11
S-431 59° 56.5 N 141° 33.3 w 59 neters I1
S-432 59° 57.2° N 141° 31.6° W 68 neters Il
s-433 59° 57.5' N 141° 30.8 W 68 neters II
s-434 59° 57.1" N 141° 29.6" W 68 neters Iz

CRUI SE DC1-79-EG

s-1 59° 05.0" N 138" 39.9° W 77 neters I
s-5 58° 52.1* N 138" 58.6' W 205 neters I11
S-6 58" 46.8 N 138° 59.77 W 220 neters IV
s-7 58° 48.2' N 139° 07.9" w 188 neters 1]
s-9 58" 43.1*' N 139° 10.3 w 240 neters 1v
s-l1o 58* 44.9° N 139° 19.1' w 183 neters 111
S12 98° 39.0° N 139° 22.3; W_ 251 meters .1V -,
S-13 58° 45.2" N 138° 38.4" W 108 neters v/1i1i1
S-17 58° 26.4" N 138° 26.4° W 123 neters V/11I
S-19 58” 33.6" N 138° 17.5° w 122 neters V/III
S-23 58° 26.0" N 137° 48.3 W 167 neters 111
s-24 58° 20.7 N 137° 55,77 w 156 meters II1
S- 25 58° 13.9' N 138° 01.9 w 138 neters V/III
S-28 58° 11.2* N 137° 39.1' w 161 neters I1I
S-29 58° 16.4" N 137° 32.5° W 154 neters I1I
$~-308 58° 23.0° N 137° 27.9 W 196 neters I11
S-31B 58° 18.6" N 137° 08.2" w 154 neters 111
S-32B 58° 10.9 1377 19.8 W 121 meters V/III
s-35 58° 22.7 N 136 59.9" w 70 meters 1
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ASSEMBLAGE

TYPE

I1
I11
111
IIl1
111
I1I
[11
11
II1

VI 111
V/I1I
11

SAVPLE WATER

NUVBER LATI TUDE LONG TUDE DEPTH

S-36 58° 21.7' N 137° 00.7 W 111 meters
s-37 58" 21.0' N 137° 01.5' W 137 neters
S-38 58" 20.2" N 137" 02.3* W 159 neters
s-39 58° 19.2' N 137° 03.1' w 173 neters
S-40 58° 17.2° N 137° 01.8' W 186 neters
S-41 58° 15.7' N 137° 00.4" w 187 neters
S-42 58° 13.6" N 136° 58.9° W 174 nmeters
s-43 58° 12.1' N 136° 57.9° W 185 meters
s-44 58° 11.0' N 136° 57.3 W 111 neters
s-45 58" 14.6 N 136° 47.8 W 119 neters
S- 46 58° 50.1' N  136° 50.1' W 93 meters
s-47 58° 12.6'" N 136° 53.2° W 133 neters

CRU SE DC2-80-EG

VV-14 59° 19" 10" N 139° 19' 50" w <20 meters
VV-16 59° 18.81' N 139° 18.6" w 35 neters
Vv-18 59° 06.99' N 138° 48.28 W 44 neters
VV-24 59" 06.99' N 138° 44.02° W 42 neters
vv-27 59° 06.99'N 138° 43.97 W 43 neters
W- 41 59° 06.89" N 138° 42.96° w 40 neters
Vv=48 59°706.927 N 138° 42.59° W 37 meters
VV-60 59° 28.46' N 139° 47.9%' W 58 neters
VV-62 59° 28.50" x 139° 48.35 w 64 neters
VV-63 59° 28.16* N 139° 48.90° W 62 neters
VV-67 59° 28.01' N 139° 49.29° W 82 neters
VV-70 59° 28.89" N 139° 49.81' W 98 neters
vv-73 59° 27.73 N 139" 50.20'W 104 neters
vv-82 59° 28.18' N 139° 48.38' W 74 neters
vV-86 59° 27.48 N 139° 50.48 W 110 neters
VV-89 59° 28.64" N 139° 48.16' W 55 peters
VV-91 59° 00.16" N 139" 54.01' w 128 neters
VV-94 59° 36.6" w 141° 23.3 w 99 neters

3-120
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SAMPLE

NUMBER

vv-97

vv-99

VvV-155
Vv-167
Vv-168
Vv-169
vv-170
Vv-174
vv-177
vv-180
vVVv-183
Vv-186
vv-189
vv-192
VVv-195

59"
59°
59°
59°
59"
59"
59"
59°
59°
59"
59°
59"
59°
59°
59°

LATITUDE

41.8'
41. O
26. 05’
40.1"
40. 1
39.2
38. 1
37.2
36. 1
35.2
34. 4
33.3
32.5
31.2°
36. 5’

N
N

Z zzzz2=zZ2

=z 2 2 2

3-12)

WATER
LONG TUDE_ DEPTH
141" 20.1" w 60 neters
141° 20.7° W 60 neters
140° 47.35 W <20 neters
141° 21.6' W 68 neters
141° 21.6° W 68 meters
141° 22.1' w 73 meters
141° 225 W 84 neters
141° 23.1' W 91 neters
141° 23.5° W 102 neters
141° 24.5 W 111 neters
141° 25.1* W* 121 meters
141° 25.3° W 132 neters
141° 26.4° W 139 neters
141° 26.8 W 150 neters
140° 19.2° W 82 neters

ASSEMBLAGE
TYPE

11
11
I
Il
11
II
Il
Il
II1
[l
111
111
III
[l
vV/11




