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Unloading oil barrels at the Chilcat Oil Company
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from the field from 1901 to 1932. This picture was
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transported and sold in barrels to the Copper River
railroad project. The refinery also supplied fuel to the
fishing fleet. The light, paraffinic oil was reportedly so
clean that it did not stain wooden barrels.
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Cable tool rig drilling in the Katalla Oil Field, Gulf of
Alaska. The walking beam that raised and dropped the
bit extends through the wooden wall protecting the
derrick floor.

Credits:

The historical photographs on the covers and on pages
144, 153, and 181 are from the Barrett Willoughby
Collection and are reprinted with the permission of the
Alaska and Polar Regions Department of the Elmer E.
Rasmuson Library at the University of Alaska
Fairbanks. The photograph of Alaska’s first oil well
(page 229) is used by permission of the Cordova
Historical Society of Cordova, Alaska. Florance
Barrett Willoughby was a noted Alaskan author who
wrote novels, short stories, biographies, travel books,
and magazine articles. Her father, Martin Barrett, was
captain of a coastal trading schooner. One of her
historical/romance novels, Spawn of the North, was
made into a movie in 1937. Her book on Ben Eilson,
the pioneer Alaskan aviator, was published in 1959, a
year after her death.

The photographs may have been taken by Florance
Willoughby, by her father, by her husband, W. T.
Prosser, a mining engineer who wrote several papers
on the petroleum industry at Katalla, by O. L.
Willoughby, an oil well driller who may have been
related to her stepfather, or by the Sitka photographer,

The photographs may also have been taken by
R. W. Moss, a photographer noted for his superb

N

E. W. Merrill, who was the subject of one of her books.

studies of Gulf of Alaska Indians. Mr. Moss worked in
both Katalla and Cordova as a draftsman for The
Copper River and Northwestern Railroad, and may
have worked for Clark Davis, manager of the Alaska
Petroleum and Coal Company. He spent several days at
the Chilcat oil camp in September 1908. The
photograph of the first well was probably taken by
Einar Evans (1902).

The masthead of “The Katalla Herald,” published from
1907 to 1909, proclaimed Katalla to be “the coming
merropolis of Aluska, where the ruils meet the sails”
(p. 154, 230, 246, 301 and 302). Abundant fish,
timber, coal, copper, and gold, and the promise of
significant accumulations of oil made such claims quite
plausible. F. J. A. Strong, the editor and a tireless and
flamboyant promoter, was later appointed Territorial
Governor of Alaska by President Woodrow Wilson.
“The Katalla Herald” is available on microfim from
the University of Alaska Archives, as are “Alaska’s
Magazine” and “Alaska-Yukon Magazine,” additional
sources of the historical clippings used in the collages
(v 2, 44, 62, 182, 188, 271, and 274).

The history of the Gulf of Alaska area is discussed in
The Copper Spike by Lone E. Janson (1975) and The
Alaska Journal—a 1981 Collection, Virginia McKinney,
editor. John F. C. Johnson of the Chugach Alaska
Corporation provided a great deal of historical data
concerning Thomas George White.

The pen and ink illustrations on pages 4, 244-245, and
272 were drawn from slides by Jean Thomas of the

U.S. Minerals Management Service. The composite
drawing (p. 142-143) of the Katalla Oil Field at
Katalla Slough is based on photographs provided by
the Cordova Historical Society of Cordova, Alaska,
and the Elmer E. Rasmuson Library, University of
Alaska Fairbanks. The log cabin, tents, derrick, and
sailboat (left page) are from the earliest period of
development, the oil storage tank and barge are from a
later period. The Katalla field produced from 1901 to
1932. Production at the Chilcat Oil Company Refinery
ceased after the refinery was destroyed by fire.
Petroleum exploration, onshore and offshore, continues
in the area today.
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Introduction

This report is a summary of the regional geology,
geologic history, petroleum potential, and environmental
characteristics of the Gulf of Alaska Planning Area

(fig. 1). The interpretations are based on offshore
seismic reflection lines, subsurface data obtained from
onshore and offshore wells, dredge samples, shallow
corc holcs, and geologic investigations of outcrops
onshore. The primary emphasis, however, is on

13 wells drilled offshore between 1975 and 1983.

Despite the lack of exploration success thus far, industry
interest in the Gulf of Alaska area as a potential
petroleum province remains high. A proposed offshore
lease sale (Sale 158) is scheduled for 1995 and another
in the Middleton Island area may be added to the next
5-year lease sale schedule.

Figure 1. Location of the Gulf of Alaska Planning Area. Figure 68 shows the planning area in more detail.
Figures 67-69 show lease sale areas and proposed lease sale areas.
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1. Framework Geology

Introduction

The Gulf of Alaska Planning Area includes an 800-mile
segment of the offshore continental margin from the
Amatuli Trough southwest of Montague Island on the
west, to Dixon Entrance at the U.S.-Canada border to
the southeast (fig. 2). Within this region, the continental
shelf ranges from less than 15 miles in width adjacent to
Baranof Island to greater than 60 miles near Middleton
Island. Seaward of the shelf margin, the planning area
includes a portion of the bathyal Pacific basin.

The present geologic setting of the northern Gulf of
Alaska involves three types of tectonic regimes: (1) an
area of convergence west of Kayak Island where the
Pacific plate is subducting beneath continental crust of
the North American plate at the Aleutian megathrust, (2)
translation along southeast Alaska where the Pacific
plate is being transported northward with respect to the
North American plate, and (3) a transitional margin
from Kayak Island to Cross Sound, intermediate
between the zones of convergence and transform (fig. 2).

Geologic Setting

The geologic setting of the northern Gulf of Alaska
continental margin and the adjacent onshore area of
southern Alaska is the result of a complex history of late
Mesozoic and Cenozoic crustal plate interactions. South
of the Denali fault, the Alaska continental margin is
composed of amalgamated allochthonous
tectonostratigraphic terranes (fig. 3). The principal
terranes consist of, from north to south, the (1)
Wrangellia and Peninsular terranes, (2) Alexander
terrane, (3) Chugach terrane, (4) Ghost Rocks terrane,
(5) Prince William terrane, and (6) the recently defined
Yakutat terrane.

The Wrangellia, Peninsular, and Alexander terranes are
situated north of the Border Ranges fault and are
composed of variably metamorphosed rocks of Mesozoic
and older age (fig. 3). Strata within these terranes were

Opposite page. Minerals Management Service geologist

sampling steeply dipping sedimentary rocks, Gulf of Alaska.

intruded by Paleozoic and younger plutonic rocks (Jones
and others, 1986). These terranes, termed “microplates”
by Plafker (1987), are made up predominantly of older
oceanic plateaus and arcs that were accreted to the
continent prior to the Cenozoic to become the backstop
against which younger terranes were accreted (Bruns,
1988).

The Chugach terrane in southern Alaska is bounded by
the Border Ranges fault to the north and the
Resurrection and Contact fault systems to the south, and
is represented by an arcuate belt of accretionary rocks
comprising three distinct assemblages (Plafker and
others, 1977; Plafker, 1987): (1) a coherent
volcaniclastic flysch assemblage of Late Cretaceous age,
(2) a Late(?) Jurassic to Early Cretaceous melange
assemblage containing volcanic, metasedimentary, and
plutonic rocks, and (3) minor Early(?) Jurassic or older
blueschist-greenschist facies metamorphic rock. The
Chugach terrane has been highly folded and faulted and
forms the core of the rugged Chugach-St, Elias
Mountain Range.

The Ghost Rocks terrane comprises a narrow sliver of
rocks situated between the Chugach and Prince William
terranes and extending southwestward from the
Resurrection Peninsula area of the Kenai Peninsula
(fig. 3). The Ghost Rocks terrane is composed of
extrusive and intrusive rocks, deep-water oceanic
sediments, and highly disrupted melange (Byrne, 1982,
1984; Plafker, 1987). These rocks represent a
Cretaceous to Paleocene subduction complex that
originated at a more southerly latitude and was accreted
to the continental margin by about 62 Ma (early
Paleocene) (Byrne, 1984; Plafker and others, 1989b).

The Prince William terrane lies seaward of the Ghost
Rocks and Chugach terranes, between the Contact fault
system and the Aleutian subduction zone (fig. 3). To the
northeast, it is bounded by the Kayak zone and its
onshore extension. The Prince William terrane consists
of a basement complex composed of the Orca Group and
an overlying offshore sequence of Cenozoic clastic
sedimentary strata. The Orca Group is a deformed and

Framework Geology, 5
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metamorphosed late Paleocene to middle Eocene
deep-sea fan complex that is interbedded with oceanic
volcanic rocks and pelagic sediments (Winkler, 1976;
Winkler and Plafker, 1981; Dumoulin, 1987).

The Yakutat terrane, the most recently arrived
allochthonous terrane, is situated seaward of the
Chugach-St. Elias and Fairweather fault systems

(fig. 3). It is bounded to the west by the Kayak zone and
its onshore extension, and on the south by the Transition
fault system. The Yakutat terrane is believed to be
presently moving north with the Pacific plate and is
colliding with and subducting beneath southern Alaska
(Rogers, 1977; Plafker and others, 1978a; Bruns,
1983a, b, 1985b; Plafker, 1987). Basement rocks of the
Yakutat terrane consist of upper Mesozoic flysch and
melange east of the Dangerous River zone, a probable
Paleogene shelf edge (Bruns, 1985b). West of the
Dangerous River zone, the basement is composed of
early Eocene and possible Paleocene oceanic crust.
Rocks overlying the basement are predominantly
Paleocene(?) through Quaternary clastic sedimentary
strata.

Structural Segments of the Gulf of
Alaska Continental Margin

For discussion purposes, the continental margin within
the Gulf of Alaska Planning Area is subdivided into four
segments along fundamental geologic and tectonic
boundaries (fig. 2). These segments are, from west to
east, the Middleton, Yakataga, Yakutat, and Southeast
structural segments of the continental margin.

Middleton Segment

The Middleton segment of the Gulf of Alaska
continental margin reflects convergence of the Pacific
plate and the overlying Yakutat terrane with the eastern
end of the Prince William terrane (figs. 2 and 3). The
Middleton segment is bordered on the east by the Kayak
zone, on the south by the Aleutian megathrust, and
merges with strata of the Kodiak planning area to the
west.

The Kayak zone, the boundary between the Middleton
and Yakataga segments of the continental margin,
denotes a major zone of convergence and structural
shortening (Bruns, 1979, 1982b). To the east, the
leading edge of the Yakutat terrane is colliding with the
Prince William terrane and inboard terranes of southern
Alaska. Vertical displacement of Cenozoic strata on
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adjacent sides of the Kayak zone is estimated to be
greater than 3.5 miles (Bruns, 1985b).

The Middleton continental shelf shows evidence of
extensive Pleistocene glaciation. South of Montague
Island, the Hinchinbrook Seavalley exhibits steep-sided
walls and a U-shaped cross section, reflecting seaward
scouring and erosion by a major glacial lobe (Atwood
and others, 1981) (fig. 2). The Kayak Trough, located
adjacent to the west coast of Kayak Island, provides
additional evidence for large-scale Pleistocene glaciation
on the continental shelf. However, neither the
Hinchinbrook or Kayak Seavalleys have associated
canyons seaward of the shelf break, suggesting that the
deposition of glacial sediments was primarily limited to
the continental shelf.

At Middleton Island, approximately 3,900 fect of carly
Pleistocene and possibly latest Pliocene glaciomarine
strata are exposed on a structural high near the shelf
edge (Plafker and Addicott, 1976; Mankinen and
Plafker, 1987). Middleton Island has undergone
significant faulting, tilting, and uplift during the late
Pleistocene, and reflects the effects of compressional
tectonics on this segment of the continental margin. The
presence of uplifted marine terraces (Plafker and Rubin,
1978) and the uplift of the island during the 1964 Alaska
earthquake (Plafker, 1969) indicate that tectonic
deformation continues to the present.

Yakataga Segment

The Yakataga segment of the continental margin,
situated between the Kayak zone and the Pamplona
zone, is the more structurally complex portion of the
Yakutat terrane (fig. 2). Strata are deformed by
northeast-trending folds and associated thrust faults.
This deformation is part of a larger zone of tectonically
controlled folding and thrusting extending from the
Fairwcather fault in the vicinity of Yakutat Bay to the
southern end of the Kayak zone proximal to the Aleutian
subduction zone.

The eastern boundary of the Yakataga shelf segment, the
Pamplona zone, marks the boundary between
structurally deformed Cenozoic strata to the west and
rocks of the Yakutat segment to the east. Folds and
faults of the Pamplona zone reflect the easternmost limit
of deformation and structural shortening as the Yakutat
terrane collides with inboard terranes of southern
Alaska. Folded strata within this zone disrupt the
seafloor and are expressed as a prominent bathymetric



high. To the northeast, the Pamplona zone extends
onshore to the Samovar Hills area (Plafker, 1987).

The continental shelf between the Kayak zone and Icy
Bay dips gently seaward, with an average gradient of
0.3 degrees (Atwood and others, 1981). A single
bathymetric feature, the Bering Trough, transects this
portion of the shelf margin. This broad, U-shaped
trough begins about 3 miles seaward of the Bering
Glacier and extends to the continental shelf break

35 miles to the south. Meltwater streams draining the
Bering Glacier are presently transporting glacial flour
into the trough, which has accumulated a veneer of
Holocene glaciomarine sediment (Carlson and others,
1982).

Yakutat Segment

The Yakutat segment of the northern Guif of Alaska
continental margin, extending from the Pamplona zone
eastward to Cross Sound, encompasses the eastern,
predominantly undeformed portion of the Yakutat
terrane (fig. 2). This portion of the Yakutat terrane,
termed the “Yakutat block” by Rogers (1977) and
Plafker and others (1978d), falls within the eastern half
of the tectonic transition zone. The Yakutat block is
bounded by the Chugach-St. Elias and Fairweather-
Queen Charlotte fault systems to the north and east, the
Transition fault system to the south, and thrust faults and
folds of the outer Pamplona zone to the west (fig. 2).

The southern boundary of the Yakutat block, the
Transition fault system, separates Mesozoic and younger
rocks of the Yakutat terrane from the Oligocene age
oceanic crust of the Pacific plate (Naugler and
Wageman, 1973; Schwab and others, 1980; Plafker,
1987). The Transition fault is proposed to have been an
active tectonic boundary largely prior to Pliocene time,
and was probably created by transform tectonism
(Bruns, 1983a). Fairweather Ground, a shelf-edge high
along the southeastern margin of the Yakutat block, may
bave been uplifted during Pliocene and Quaternary time
in response to minor compressive stress along the
adjacent segment of the Transition fault system (Bruns,
1985b) (fig. 2).

Onshore, between Icy Bay and Cross Sound, rugged,
glaciated mountains reflect tectonic convergence
between the leading edge of the Yakutat terrane and
previously accreted terranes. Piedmont glaciation during
Pleistocene time resulted in the formation of two large
U-shaped valleys that extend seaward across the

continental shelf to the shelf edge (Carlson and others,
1982) (fig. 2). The largest of these glacially carved
valleys, the Yakutat Valley, extends offshore from
Yakutat Bay for a distance of 87 miles. To the east, the
smaller, narrower Alsek Valley begins seaward of the
Alsek River and extends southwestward to the shelf
break.

Southeast Segment

The Southeast segment of the Alaska continental margin
extends from Cross Sound southeastward 300 miles to
Dixon Entrance in the eastern Gulf of Alaska. This
segment of the continental margin is located adjacent to
and within the late Cenozoic transform zone between the
Pacific and North American lithospheric plates. The rate
of movement along this transform boundary, the
Fairweather-Queen Charlotte fault system, is estimated
to be approximately 6 cm/yr at the present time (Minster
and Jordan, 1978).

Southeast Alaska Islands and the adjacent continental
mainland are underlain by an assemblage of
lithologically diverse tectonostratigraphic terranes that
have been displaced along major Cenozoic transform
zones (fig. 3). Included in this assemblage are the
Chugach, Alexander, Wrangellia, Taku, Tracy Arm,
and adjacent Yakutat terranes (Monger and Berg, 1987).
Rocks composing these terranes are dominantly
Paleozoic and Mesozoic in age. The geology and
tectonostratigraphy of rocks underlying the offshore
continental margin of southeast Alaska must be inferred
predominantly from nearby exposed onshore geology.
Basement strata underlying the shelf may be correlative
with rocks of the displaced terranes exposed on the
adjacent onshore margin (Bruns and Carlson, 1987).
West of Chichagof and Baranof Islands, the bascment
probably consists of Chugach terrane rocks. South of the
Chatham Strait fault, the Alexander terrane likely
composes the basement under the inner shelf, and
Wrangellian strata are inferred to underlie the outer
shelf.

The continental shelf between Cross Sound and Dixon
Entrance is from 15 to 30 miles wide. North of the
entrance to Chatham Strait and south of Yakobi Valley,
a glacially carved seavalley located seaward of Cross
Sound, the shelf is essentially flat with a dip of 0.2° to
0.4° toward the shelf break. Between the southern tip of
Baranof Island and Dixon Entrance, the undulating shelf
topography is incised by a deep seavalley and displays
numerous linear fault scarps (see chapter 4).

Framework Geology, 9
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2. Geologic History

Introduction

Southern Alaska and the Canadian Cordillera are
composed of allochthonous tectonostratigraphic terranes
that arrived at their present positions along the
continental margin of North America during the
Mesozoic and Tertiary (Jones and others, 1978; Coney
and others, 1980; Jones and others, 1986; among
others). Various courses of travel and arrival times have
been proposed for these exotic terranes based on
paleomagnetic, structural, petrologic, biogeographic,
and plate movement studies. Since accretion, the
terranes have been altered by structural deformation,
volcanism, plutonism, and regional and local
metamorphism. An understanding of the geology and

history of the terranes underlying the Gulf of Alaska
continental margin is necessary for a thorough
assessment of the hydrocarbon potential of the area.

The following geologic model for the late Mesozoic and
Cenozoic evolution of southcentral and southeastern
Alaska is based in part on studies by Bruns (1983a,
1985b), Nye (1983), Plafker (1987), Plafker and others
(1989b), and Wallace and others (1989) (figs. 4 and 5).

Mid-Cretaceous through Late
Cretaceous (120-65 Ma)

By mid-Cretaceous time, rocks composing the
Wrangellia, Alexander, Peninsular, and Taku terranes,

Figure 4. Inferred geologic evolution of southcentral and southeastern Alaska, 120-65 Ma (A), and 65-52 Ma (B).
The tectonic setting and evolution were modified from Plafker and others (1989b). The tectonostratigraphic terranes
shown are YT, Yukon-Tanana; TA, Tracy Arm; TU, Taku; AX, Alexander; WR, Wrangellia; PE, Peninsular; KH,
Kahiltna; CG, Chugach; GR, Ghost Rocks: and PW, Prince William. Terrane boundaries and divisions are adopted
from Jones and others (1987), Monger and Berg (1987), and Plafker (1987). Relative plate motions and rates are
from Engebretson and others (1985). The time scale is from Harland and others (1990). The coastline of Alaska is
displayed for reference purposes only and does not imply the actual location of the terranes with respect to the
present-day coastline of North America for the time period represented. The rates of plate movement are expressed

in centimeters per year (cm/yr).
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and part of the Chugach terrane were amalgamated into
a composite “superterrane” located south of the North
American continental margin (Hillhouse and Gromme,
1984; Plafker and others, 1989a, 1989b; Wallace and
others, 1989). A reorganization of oceanic plates in the
northwest Pacific basin occurred during Aptian to
Campanian time, resulting in the fragmentation of the
Farallon plate and the formation of the Kula plate at
about 85 Ma (Engebretson and others, 1985). The
movement of the Kula plate displaced the composite
superterrane northeastward and resulted in the docking
of this terrane against the North American continent
during Late Cretaceous time (fig. 4, part A). This
docking is documented by extensive coeval magmatism
(Kluane Arc) and metamorphism along the suture
between the superterrane and inboard terranes in
southern Alaska and British Columbia (Plafker and
others, 1989b). Arc-derived volcanogenic sediments,
possibly in part from the Kluane Arc, were deposited in
deep water seaward of the continental margin during
Campanian to Maastrichtian time (83-65 Ma).
Subsequent accretion of these deep-water trench
sediments to the continental margin is recorded in strata
of the Valdez Group and its correlatives (Little and
Naeser, 1989), which comprise the outboard, younger
component of the Chugach terrane.

Paleocene to late early Eocene
(65-52 Ma)

The early Paleogene along the northern and eastern Guif
of Alaska continental margin was marked by rapid
northeastward underthrusting of the Kula plate beneath
North America (Engebretson and others, 1985) (fig. 4,
part B). A consequence of this rapid underthrusting was
extrcme uplift and crosion of thc Coast Mountains of
British Columbia (Hollister, 1979). In western Alaska,
two adjacent magmatic belts developed, possibly in
response to oblique underthrusting of the margin by the
Kula plate (Moll and Patton, 1982; Plafker and others,
1989b). The Ghost Rocks terrane, a Cretaceous to
Paleocene subduction complex consisting of volcanics,
intrusives, and mélange (Byrne, 1982), was accreted to
the southern margin of the Chugach terrane by 62 Ma
{(Moore and others, 1983). Paleomagnetic studies
suggest that rocks of the Ghost Rocks terrane were
transported northward up to 25° from their site of origin
(Moore and others, 1983; Plumley and others, 1983).
Outboard of the Ghost Rocks and Chugach terranes, the
Prince William terrane was formed during the late
Paleocene to middle Eocene by progressive accretion of
deep-sea fan sediments and interbedded volcanics (Orca
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Group) (Winkler, 1976; Plafker and others, 1985).
Studies by Winkler and Plafker (1981) indicate that
accretion of basement rocks of the Prince William
terrane was completed by about 51 Ma.

Western Alaska experienced counterclockwise rotation
beginning in early Eocene time (fig. 4, part B) (Moore
and Connelly, 1977; Winkler and Plafker, 1981; Little
and Naeser, 1989). The rotation resulted in the oroclinal
bending of terranes in central and southern Alaska, and
may have caused dextral strike-slip faulting on several
major interior faults (Little and Naeser, 1989). The
early to middle Eocene was a time of active transcurrent
faulting on the Tintina, Kaltag, Denali, and possibly
other inboard intracontinental faults (Lanphere, 1978;
Fuchs, 1980; Gabrielse, 1985).

Late early to early middle Eocene
(52-48 Ma)

The counterclockwise rotation of western Alaska
continued through middle Eocene time (fig. 5, part A)
and was accompanied by sustained strike-slip movement
on major intracontinental faults (Lanphere, 1978;
Plafker, 1987; Plafker and others, 1989b). Plafker
(1987) suggested that up to 112 miles (180 km) of
dextral offset occurred on the Chatham Strait fault
during this period, which initiated the formation of the
proto-Dangerous River zone along the outer continental
margin. East of Kodiak Island, a major early Eocene
(5113 Ma) geothermal event resulted in extensive
plutonism and high-temperature metamorphism of
sediments of the Chugach and Prince William terranes
(Winkler and Plafker, 1981; Winkler and others, 1981;
Nelson and others, 1985; Plafker and others, 1985).
This thermal cpisode may have been initiated by
subduction of the Kula-Farallon ridge (Marshak and
Karig, 1977; Helwig and Emmet, 1981; Moore and
others, 1983). However, this docs not agrec with platc
reconstruction models for the North Pacific basin by
Engebretson and others (1984, 1985), which place the
Kula-Farallon ridge farther to the south during the carly
Eocene, probably adjacent to Washington or British
Columbia.

By the beginning of the middle Eocene, accretion of
deep-marine sediments and associated oceanic volcanic
rocks composing the basement complex of the Prince
William terrane was essentially complete (Plafker and
others, 1985). Early Paleogene clastic sediments were
deposited locally as fans and turbidites in deep water
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along the continental margin in the northern and eastern
Gulf of Alaska.

Early middle Eocene to middle
late Oligocene (48-25 Ma)

A major change in plate motion occurred in the north
Pacific basin at 43 Ma when the Pacific-Kula spreading
center ceased being active (Engebretson and others,
1985; Lonsdale, 1988). The direction of convergence
between oceanic crust and adjacent onshore terranes
shifted from predominantly northeastward to
northwestward, in part reflecting seafloor spreading
away from the Pacific-Farallon ridge (fig. 5, part B).
The Transition fault, north of the Queen Charlotte fault
system, developed as a ridge-trench transform system as
a result of the change in plate motion in the eastern Gulf
of Alaska from obliquely convergent to nearly parallel to
the shelf margin (Plafker, 1987).

The Alaska Peninsula and Aleutian Arc were sites of
andesitic volcanism beginning by middle Eocene time
(Wallace and Engebretson, 1984; Wilson, 1985; Scholl
and others, 1987) (fig. 5, part B). Magmatism escalated
during the late Eocene and Oligocene, expanding to the
adjacent Alaska Range (Wilson, 1985). This volcanic
activity may have been initiated by the subduction of the
Pacific plate benéath the western margin of the central
Gulf of Alaska and the newly emplaced Aleutian Arc
farther to the west (Wilson, 1985; Plafker, 1987;
Plafker and others, 1989b). However, the kinematics,
timing, and rates of displacement for tectonic plates in
the northern Pacific basin remain uncertain, and
individual studies have often reached contradictory
conclusions (e.g., Grow and Atwater, 1970; Hayes and
Pitman, 1970; DeLong and others, 1978; Byrne, 1979;
Engebretson and others, 1984, 1985; Rea and Duncan,
1986; Lonsdale, 1988).

Minor oroclinal bending of southern Alaska during the
middle to late Eocene and possibly into the early
Oligocene is recorded by deformation of rocks of the
Prince William terrane (Plafker and others, 1989b). The
Tintina fault and associated transcurrent faults in eastern
Alaska and British Columbia experienced a high degree
of dextral offset during this time (Gabrielse, 1985).
Along the Pacific margin of North America, the Zodiac
decp-sea fan of middle Eocene to late(?) Oligocene age
was deposited seaward of a plutonic and/or metamorphic
provenance. The site of deposition may bave been as far
south as British Columbia (Stewart, 1976; Harbert,
1987) (fig. 5, part B). However, other proposed
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provenances for the Zodiac fan include (1) a northward
drifting landmass that presently underlies the Alaska
Peninsula and parts of southern Alaska (Stevenson and
others, 1983), (2) the southern Alaska continental
margin northward of the present location of the fan
(Hamilton, 1973), and (3) rocks from the vicinity of
present-day Washington State and British Columbia (von
Huene and others, 1985).

East of Kodiak Island, Paleogene clastic sediments were
deposited on the eastern Prince William terrane as
deep-water fans and turbidites. Still further east, strata
of middle Eocene to Oligocene age deposited on oceanic
crust inboard of the Transition fault reflect a variety of
depositional environments, including coastal plain, shelf,
and deep-water marine.

Middle late Oligocene to middle
early Miocene (25-20 Ma)

The Yakutat terrane probably broke away from the
Pacific continental margin of North America during the
late Oligocene by dextral offset on the Fairweather-
Queen Charlotte transform system (Plafker, 1983;
Bruns, 1985b; Richter and others, 1990) (fig. 5, part C).
The Yakutat terrane may have originated adjacent to
southeasternmost Alaska and British Columbia (Nye,
1983; Plafker, 1983, 1987; and Plafker and others,
1989b), a location that is supported by petrographic
studies of Yakutat terrane Paleogene sandstones, which
appear to have been derived from the igneous and
high-grade metamorphic rocks of the Coast Range
plutonic complex of British Columbia (Hollister, 1979;
Plafker and others, 1980; Chisholm, 1985). A British
Columbia and southeastern Alaska origin is also
compatible with paleomagnetic data from the OCS
Y-0211 Yakutat No. 1 well (Van Alstine and others,
1985), which indicate a 13°43° post-early Eocene
northward displacement of the Yakutat terrane.
However, this requires a significant Paleogene dextral
offset on intracontinental transcurrent faults within
Canada (8°+3° of northward displacement), with a
resulting northward component of displacement on the
Fairweather-Queen Charlotte fault system of
approximately 5° (Plafker, 1987).

Other tectonic evolution models place the origin of the
Yakutat terrane as far south as California (Bruns, 1983a;
Keller and others, 1984). These models agree with
preliminary microfaunal data from deep-sea core and
dredge samples from the Gulf of Alaska and western
U.S. continental margin, which indicate 30° of



northward migration of the terrane over the last 50 m.y.
(Keller and others, 1984). However, a California origin
for the Yakutat terrane is not consistent with the 13°43°
of displacement indicated by paleomagnetic data. A
second disadvantage of the distant origin model for the
Yakutat terrane is that it requires the terrane to have
migrated past a variety of source areas. This is not
supported by petrologic studies of Paleogene sandstones,
which, as previously discussed, suggest a single plutonic
and metamorphic source terrane.

The discrepancy between the microfaunal data and the
paleomagnetic and petrologic data could be a result of
(1) the preliminary understanding of Paleogene
microfossils as paleolatitude indicators (especially at
high latitudes) in the north Pacific, (2) the poorly
preserved nature of Eocene planktonic foraminifera from
onshore California (Poore and others, 1977) to which
the Yakutat species were compared (Keller and others,
1984), and (3) possible northward extensions of warmer
zones along the Pacific margin during the early Eocene
(Wolfe and McCoy, 1984). Studies of Eocene
molluscan, microfaunal, and palecbotanical assemblages
in the Puget Sound area of Washington by Wolfe and
McCoy (1984) suggest that the Yakutat terrane was
located at a latitude north of Puget Sound during the
Eocene.

Collision and oblique underthrusting of the northern
portion of the Yakutat terrane beneath the North
American plate during the late Oligocene and early
Miocene was marked by arc volcanism in the Wrangell
Mountains (Richter and others, 1990). Lavas from this
event exhibit medium-K, calc-alkaline bulk
compositions, typical of continental volcanic arcs
situated adjacent to convergent plate margins (Skulski
and others, 1991). The frequency of Wrangell Mountain
volcanic activity was apparently low during the late
Oligocene and early Miocene, possibly because of the
oblique, low angle of convergence between the Yakutat
terrane and the North American plate and the
consequent low relative down-dip velocity of the
subducting crust (Richter and others, 1990).

Late Oligocene through early Miocene sedimentation on
the Yakutat terrane in the eastern Gulf of Alaska
consisted largely of fine-grained clastic sediments
deposited in a deep-water marine environment during a
period of regional marine transgression (see chapter 5).
Depocenters and upwelling current systems shifted
progressively shoreward, causing basinward sediment
starvation and local development of restricted,
organic-rich sediments. To the east of Kodiak Island on

the Prince William terrane, deep-water clastic
sedimentation, typically in the form of turbidites or fan
complexes, continued through the early Miocene.

Middle early Miocene to Present
(20-0 Ma)

From approximately 20 Ma to 5 Ma, northwestward
movement of the Pacific plate relative to the continental
margin of North America was almost equally
accommodated by dextral offset and oblique subduction
on the Transition fault outboard of the Yakutat terrane,
and by dextral displacement on faults within the Queen
Charlotte-Fairweather transform system (Plafker, 1987)
(fig. 5, part D). The Yakutat terrane continued to be
transported northward, although at a slower rate than the
adjacent Pacific plate, with underthrusting of the
continental margin along the northern, leading edge of
the terrane.

The collision and subduction of the Yakutat terranc
beneath the North American continent initiated rapid
uplift of the Chugach and St. Elias mountain ranges in
the northeastern Gulf of Alaska. This uplift is inferred to
have increased regional precipitation, initiated alpine
glaciation, and resulted in local climatic cooling
(Marincovich, Jr., 1990). Subsequent glaciomarine
sedimentation, in part a consequence of episodic climatic
cooling and regional glaciation of North America,
resulted in the deposition of the Yakataga Formation of
middle Miocene to Holocene age in continental margin
basins on the adjacent Yakutat and eastern Prince
William terranes. The deposition of the Yakataga
Formation was characterized by very high sedimentation
rates, creating a fairly complete sedimentary record of
Cenozoic glaciation in the northern Gulf of Alaska.

The Yakutat terrane began rotating counterclockwise in
the late Miocene(?) (Bruns, 1985b), possibly in response
to subduction-related tectonic processes along the
northern, leading edge of the terrane. Plafker (1987)
calculated the magnitude of rotation to be about 20° on
the basis of the present trend of the Dangerous River
zone with respect to the Chatham Strait fault. This is in
agreement with paleomagnetic data from the OCS
Y-0211 No. 1 well, which indicate that early to middle
Eocene and Oligocene sedimentary rocks from the
Yakutat terrane have been rotated up to 20° (Van Alstine
and others, 1985).

Seaward of the Yakutat terrane, the Transition fault
remained active as an oblique subduction margin that
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separated Pacific oceanic crust from Cretaceous and
Tertiary strata of the Yakutat terrane until at least early
Pliocene time (Bruns, 1985b). Since about 5 Ma, the
Transition fault has been either inactive (Bruns, 1985b),
or a site of only minor relative displacement. Along the
base of the Yakutat continental slope, the fault is
overlain by undeformed Pliocene and Quaternary
sediments. Evidence of an accretionary wedge is
lacking. Nevertheless, observed seismicity from the
Transition fault zone suggests that some dextral oblique
slip is presently occurring (Page, 1975; Perez and
Jacob, 1980). On the basis of observed seismicity and
relative plate motions, the magnitude of oblique
convergence is estimated to be about 0.4 cm/yr (Lahr
and Plafker, 1980; Plafker and Jacob, 1986).
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Northward displacement of the Yakutat terrane with the
Pacific plate since 5 Ma has largely been accommodated
by subduction along the northern and western leading
edges of the terrane (Wrangell Wadati-Benioff zone and
Kayak zone, respectively) by crustal shortening and
thickening within the block (Bruns, 1985b), and by
mountain-building processes (von Huene and others,
1979; Perez and Jacob, 1980; Hudson and Plafker,
1983). In southeast Alaska and British Columbia, the
Fairweather-Queen Charlotte transform system is
presently accommodating differential motion between
the Pacific and North American lithospheric plates.



3. Seismic Stratigraphy

Introduction

The seismic and stratigraphic framework of the Gulf of
Alaska Planning Area was developed by the
interpretation of a database of both public and private
multichannel seismic-reflection profiles (fig. 6), and the
intcgration of thesc data with other types of gecophysical
and geologic data. For ease of discussion, the planning
area is subdivided into four segments along geologically
distinctive boundarics according to the scheme of
Plafker and others (1978a). These are, from west to
east, the Middleton, Yakataga, Yakutat, and Southeast
segments of the continental margin. Previous studies that
have helped define the regional seismic framework of
the offshore northern Gulf of Alaska continental margin
include Plafker and others (1975, 1980), Rogers (1977),
von Huene and others (1979), Bruns (1979, 1982a,
1982b, 1983b, 1985b), Bruns and Schwab (1983), Bruns
and Carlson (1987), and Plafker (1987).

Middleton Segment

Shelf Stratigraphy

Seismic-reflection profiles across the offshore Middleton
shelf and slope provide insight into the stratigraphic
framework, structure, and depositional history of the
western convergent-margin segment of the Gulf of
Alaska geologic province (plate 1 and fig. 7). Key
seismic horizons selected on the basis of regional
chronostratigraphic and structural significance were
tentatively identified by correlation to the Tenneco
Middleton Island No. 1 well and to surface exposures on
Middleton Island, Kayak Island, and onshore areas
adjacent to the shelf segment. Time-depth conversion of
seismic-reflection data was accomplished by
constructing a single depth curve from averaged stacking

velocities by use of the Dix equation (Dix, 1955) (fig. 8).

Seismic Horizons
Six seismic horizons, designated from youngest to oldest
M1 through M6, were identified and correlated across
the Middleton platform (plate 1).

Horizon M1, present only in the eastern portion of the
basin, unconformably underlies the youngest sequence
of strata recognized on the shelf (lines MI-1, MI-2).
Stratigraphic projection of horizon M1 with respect to
early(?) Pleistocene strata in the Tenneco Middleton
Island No. 1 well and to early Pleistocene marine
sediments of the Yakataga Formation on Middlcton
Island (Plafker and Addicott, 1976) indicates that the
time of development of the unconformity significantly
postdates the carly Pleistocenc. Strata overlying horizon
M1 display continuous, high-amplitude reflections that
display onlap against pre-M1 sediments. Where present,
post-M1 strata delineate areas of probable Holocene and
latest(?) Pleistocene subsidence. Differential subsidence
associated with recent movement along the Pinnacle
fault is evident on profile MI-1 (north end) where
pre-M1 reflections exhibit a basinward divergent
configuration.

Horizon M2 is mapped on a prominent basin-wide
unconformity that projects stratigraphically above the
early Pleistocene strata identified on Middleton Island
and in the nearby Tenneco Middleton Island No. 1 well
(plate 1). Based on this constraint, and its stratigraphic
position below horizon M1, horizon M2 is tentatively
assigned an age of middie to late Pleistocene.
Reflections above horizon M2 display internal sigmoid
progradational configurations adjacent to and inclined
away from the Kayak zone (line MI-1, center; line
MI-2, south end). This progradational seismic facies
was developed in response to middle to late Pleistocene
uplift and erosion along the Kayak zone, and probably
consists of deltaic and prodeltaic clastic sediments
deposited during basinward shifting of delta systems
along the northwestern margin of the uplift.

Reflections within strata bounded by horizon M2 and the
seafloor typically display some degree of thinning by
internal convergence towards and onlap against major
thrust zones (plate 1, lines MI-1 to MI-5). Below
horizon M2, the sequences are generally consistent in
thickness across thrust structures (line MI-2, sequences
M2-MS5S, M5-M6). This relationship, confirmed by
structural flattening to horizon M2 (Bruns, 1985b)

Seismic Stratigraphy, 17
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indicates that the formation of unconformity M2
corresponds to the initiation of thrust faulting on the
Middleton shelf during middle to late Pleistocene time.

Horizons M3, M4A, and M4B (plate 1) all represent
local unconformities within the Yakataga Formation that
are not traceable basinwide. The origin of
unconformities M3 and M4A appears to be related to
differential subsidence in the vicinity of the Southeastern
thrust zone (line MI-1, center), although these
unconformities clearly pre-date this thrust feature.
Horizon M4B occurs within a scaward-thickening
stratigraphic section along the outer shelf (line MI-5,
south end) and probably formed in conjunction with an
episode of rapid subsidence of the shelf margin.
Horizons M3, M4A, and M4B are probably middle
Pleistocene based on the estimated ages of the bounding

sequences.

Horizon MS5 is a largely conformable basin-wide surface
separating moderately to semi-continuous reflections
from underlying strata displaying poorly to moderately
continuous reflections (plate 1, lines MI-1 to MI-5).

Reflections overlying horizon M5 onlap the underlying
surface in areas where post-M35 strata display basinward
thickening, indicating that the deposition of post-M5
sequence strata was in part controlled by tectonic
subsidence of underlying strata (line MI-3, center). A
tentative correlation of horizon MS5 to strata of the
Yakataga Formation within the uppermost section of the
Middleton Island No. 1 well yields an age of probable
early Pleistocene.

The oldest mapped horizon on the Middleton shelf,
horizon M6, represents a regional unconformity that, at
the Middleton Island No. 1 well, separates early
Miocene strata from overlying late Miocene
glaciomarine sediments of the lower Yakataga
Formation (Keller and others, 1984)(fig. 7). Reflection
configurations change abruptly across horizon M6
(plate 1, all lines), with pre-M6 strata commonly
exhibiting a chaotic reflection pattern that suggests the
sequence has been significantly deformed. This is
corroborated by a change in seismic-refraction
velocities, which increase from 14,750 to 16,050 feet
per second across the boundary (Bruns, 1985b). Strata

Figure 8. Time-depth
relationships for the major

geologic provinces within
the Gulf of Alaska Planning
Area. The time-depth
curves were constructed
using interval velocities
derived both from seismic
reflection stacking velocities
(Dix, 1955) and from
borehole-compensated sonic
logs.
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immediately underlying unconformity M6 in the
Middleton Island No. 1 well consist predominantly of
siltstone and shale that are tentatively correlated to
rocks within the Sitkinak Formation on the Kodiak shelf.

Unconformities that appear chronologically and/or
stratigraphically equivalent to horizon M6 are
recognized on seismic profiles and in wells throughout
the northern Gulf of Alaska. To the east, wells
penetrating the fold-and-thrust regime of the Yakataga
shelf encounter a late Miocene regional unconformity
(Yakataga Segment, this chapter). Further east, in the
ARCO OCS Y-0211 No. 1 well, late Miocene age rocks
unconformably overlie early to middle Miocene strata
(Yakutat Scgment, this chapter). On the Kodiak shelf,
southwest of the Middleton platform, three stratigraphic
test wells that penetrated the Miocene section show
evidence of a time-transgressive erosional surface
underlying early or middle Miocene age rocks (Turner
and others, 1987).

The formation of this regional Miocene unconformity is
likely related to two separate events. East of the Kayak
zone, beginning during the late Oligocene or early
Miocene, rocks composing the Yakutat terrane were
uplifted during collision and subduction of the terrane
with the North American plate (Plafker, 1987; Plafker
and others, 1989b). Nondeposition and subaerial erosion
were subsequently responsible for formation of the
unconformity across the Yakataga and Yakutat shelf
margins. On the Prince William terrane, west of the
Kayak zone, the mechanism responsible for
development of the Miocene unconformity is unclear.
Fisher and Holmes (1980) attributed the unconformity
to uplift and erosion related to the growth of an
anticlinal structure near the present Kodiak shelf break.
Byrne (1986) proposed that vertical uplift of the Kodiak
shelf began in late Eocene time in response to
underplating of sediments along the Pacific-North
American convergent shelf margin. The absence of
Oligocene and early Miocene(?) strata in the offshore
Kodiak COST wells suggests that regional uplift of the
Kodiak area persisted through middle(?) Miocene time
(Turner and others, 1987).

-Slope and Base-of-Slope

Seismic horizons underlying the slope and base-of-slope
adjacent to the Middleton shelf are visible on line 425
(fig. 9). Horizon M6, correlated at the Middleton Island
No. 1 well with the base of the Yakataga Formation,
underlies a sequence of relatively undeformed strata that

extends across the upper and middle areas of the slope.
Seismic profiles of the lower one-third of the slope
display numerous diffractions, suggesting that the strata
have undergone significant deformation. Dredge
samples collected along the lower slope consist of
siltstone and sandstone of probable Paleogene age, and
poorly consolidated siltstone and mudstone of late
Cenozoic age (Plafker and Bruns, 1982; Plafker, 1987).

Strata overlying oc#anic basement at the base of the
continental slope are relatively undeformed (fig. 9).
Horizon Al, base of Pleistocene, and horizon A3, top
of oceanic basalt (Bruns, 1985b), can be traced
landward beneath disturbed strata of the lower slope.
The undeformed configuration of base-of-slope
reflections indicates that subduction of the Pacific plate
at this site is occurring without underplating or other
forms of sediment accretion that are normally associated
with plate convergence along the Pacific-North
American plate boundary to the west (chapter 4, this
report).

Yakataga Segment

Shelf Stratigraphy

The stratigraphic framework of the offshore Yakataga
shelf and shelf margin was developed from the
interpretation of multichannel seismic-reflection data
which were correlated to the Gulf of Alaska COST

No. 1 well and 10 offshore exploratory wells. The
correlation of seismic horizons and sequences was
complicated by the structural complexity of this segment
of the continental margin. Four regional seismic
horizons, designated K1 to K4, were correlated in order
to establish an areal and temporal stratigraphic and
structural framework (plate 2; figs. 10, 11, and 12).

Velocity analysis of Yakataga shelf strata utilizing
borehole-compensated (BHC) sonic data obtained from
exploratory wells and interval velocities derived from
seismic-reflection stacking velocities revealed that the
relationship between interval velocity and depth is
highly variable with respect to both the structural setting
and the geologic age of the strata. Because of this,
precise time-depth conversion of seismic-reflection data
would require knowledge of the local velocities at all
points. As this is impractical for a regional study, the
somewhat less precise method of utilizing a single
representative velocity function was applied. The single-
function method appears to have provided satisfactory

Seismic Stratigraphy, 21
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Interpretation of Line 425 modified from Bruns, 1985b.
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results for purposes of regional structural analyses of the
Yakataga shelf.

For this study, integrated BHC sonic data from the
Exxon OCS Y-0080 No. 1 well were used to construct a
representative velocity curve (fig. 8). The OCS Y-0080
No. 1 well is located in a less structurally deformed area
of the Yakataga shelf, and provides a time-depth
function that correlates closely with curves derived from
seismic-reflection stacking velocities from less severely
deformed areas of the platform. The use of a constant
velocity function for time-depth conversion should not
affect the stratigraphic or structural interpretation of the
area. However, absolute depth values in more
structurally complex areas, especially those that have
undergone a large amount of uplift, may be in error up
to approximately 10 percent.

Horizon K1
Horizon K1 represents a regional unconformity
separating late Pleistocene sequences I and II strata of
the Yakataga Formation (figs. 10 and 11, plate 2).
Horizon K1 typically appears as a medium-amplitude,
semi-continuous to continuous reflection. It is best
recognized over structural highs, where overlying basal
sequence I reflections terminate progressively updip at
the horizon by onlap. West of Icy Bay, horizon K1 was
uplifted over thrust-faulted anticlines and truncated at
the seafloor.

Sequence I
On the western Yakataga shelf margin, sequence I is
represented in the OCS Y-0080 No. 1 well by 2,300 feet
of late Pleistocene glaciomarine sandstones, siltstones,
shales, and conglomerates of the upper Yakataga
Formation (fig. 10). Sequence I generally increases in
thickness from west to east, where maximum
thicknesses occur in structural lows situated on the
downthrown side of high-angle reverse faults. Angularly
discordant reflections at the upper boundary of the
sequence, the seafloor, indicate widespread erosional
truncation of upper sequence I strata (plate 2, all lines).
A wide range of seismic facies and the presence of
numerous local and sub-regional unconformities within
sequence I suggest a complex depositional and structural
history. A partial list of internal reflection patterns
includes parallel, subparallel, divergent, and clinoform
configurations. Divergent reflections and clinoform
configurations indicate the progradation of sediments
into rapidly subsiding or pre-existing structurally
controlled depocenters. Mounded reflection
configurations are locally observed on strike profiles,
and are interpreted to represent deep-water fan/slope
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deposits. Basal reflections within sequence I commonly
terminate by onlap against underlying structural highs.

Horizon K2
Horizon K2 is mapped on a prominent medium- to
high-amplitude, generally continuous reflection that
represents the lower boundary of sequence 1I (fig. 10
and plate 2). Reflections above and below horizon K2
are commonly concordant, although locally
unconformable relationships are present. Onlap of
overlying basal reflections can be noted adjacent to the
Kayak Island platform (plate 2, line YG-3, NW end)
and over isolated structural highs within the subbasin
(line YG-4, center). Reflections directly beneath horizon
K2 display little or no discordance, suggesting that the
sequence boundary may represent a hiatus rather than an
erosional surface.

Sequence I v
Sequence II, bounded unconformably above by horizon
K1 and below by horizon K2, is represented in the OCS
Y-0080 No. 1 well by more than 1,750 feet of late
Pleistocene glaciomarine clastic sediments (fig. 10 and
plate 2). Reflections within sequence II are
characterized by variable amplitude and moderate
continuity. Internal reflection configurations are
predominantly parallel to occasionally divergent.

A rather extensive mounded facies is displayed on
oblique-strike profiles YG-1 and YG-2. This facies has
been mapped as a broad mound with a depositional axis
that strikes east-northeast. Reflections within this
structure exhibit gently sigmoid to divergent patterns.
Basal reflections downlap against horizon K2. The
geometry and internal reflection configurations of this
mounded facies are consistent with either a fan complex
deposited on a subéiding deep-water shelf, or a slope or
basinal fan or fan complex (Sangree and Widmier,
1977).

Horizon K3
Horizon K3 is a generally conformable contact between
overlying early Pleistocene sequence III strata and the
underlying Pliocene and early Pleistocene strata of
sequence IV (figs. 10 and 12, plate 2). However,
unconformable relationships are apparent locally, as can
be seen on line YG-4 (center) and line YG-3 (NW end),
where syndepositional faulting and subsidence have
resulted in termination by onlap of overlying reflections
against subbasin flanks. Reflections directly beneath
horizon K3 are predominantly concordant with the
sequence boundary.



Sequence ITI
In the OCS Y-0080 No. 1 well, sequence III
corresponds to more than 1,300 feet of early Pleistocene
shale and sandstone of the Yakataga Formation
(fig. 10). Reflection characteristics within the sequence,
including amplitude, frequency, and continuity, are all
highly variable, suggesting that the seismic unit
represents a range of depositional processes. On the
western Yakataga shelf, sequence III reflections display
poor continuity and medium- to low-amplitude, which
are characteristic of laterally discontinuous lithofacies
with low internal acoustic impedance contrasts (plate 2,
lines YG-1, YG-2). Sequence III reflection continuity
increases from west to east (lines YG-5, YG-6), which
may indicate deposition in a progressively more uniform
environment. Reflection configurations within sequence
I are predominantly parallel to subparallel, except
where local subsidence has resulted in increased
sediment accumulation. At such locations (plate 2, line
YG-4, center), the reflections diverge basinward as a
result of contemporaneous fault movement and
differential subsidence rates.

Horizon K4
Horizon K4 is a variable amplitude, semi-continuous
reflection that, in the vicinity of the OCS Y-0080 No. 1
well, separates overlying sequence IV strata of the
Yakataga Formation from underlying Miocene clastic
sediments of the upper Poul Creek Formation (fig. 10
and plate 2). Horizon K4 cannot be traced east of the
Bering Trough, where it is masked beneath a thickening
overlying stratigraphic section. On the western
Yakataga shelf, horizon K4 truncates underlying angular
reflections (plate 2, lines YG-1, YG-2), indicating that
the sequence boundary is at least in part erosional.
Seaward of the shelf break, a prominent high-amplitude
reflection is apparent beneath horizon K4 (plate 2, lines
YG-1, YG-2, YG-4, horizon U). This local horizon,
designated horizon U, is erosionally truncated updip at
horizon K4 (lines YG-1, YG-2). Where present, horizon
U may delineate the base of the Yakataga Formation,
and horizon K4 may represent an intraformational
unconformity. '

Sequence IV
Sequence IV, bounded above by horizon K3 and
unconformably below by horizon K4, is represented in
the OCS Y-0080 No. 1 well by more than 2,500 feet of
early(?) Pliocene to early Pleistocene shale,
conglomerate, and sandstone of the lower Yakataga
Formation (fig. 10 and plate 2). Reflections within
sequence IV are generally semi-continuous and of
variable amplitude. Reflection configurations within the

unit are parallel to subparallel and, less commonly,
divergent. Reflections at the base of sequence IV are
generally concordant with the lower bounding horizon,
although local onlap is apparent on the flanks of
pre-existing structural highs. As previously noted, the
base of sequence IV, horizon K4, cannot be identified
with certainty east of the Bering Trough. Consequently,
it is unclear whether the base of sequence IV
corresponds to the base of the Yakataga Formation on
the eastern Yakataga shelf, as depicted in figure 10
(OCS Y-0014 No. 2 and OCS Y-0007 No. 1 wells) or
occurs here as a shallower, unconformable
intraformational boundary. If the base of sequence IV
on the eastern shelf is a horizon within the Yakataga
Formation, as seismic correlation suggests (plate 2),
then the basal Yakataga section is terminated by erosion
and/or nondeposition from east to west.

Sequence V
In the OCS Y-0080 well, sequence V is represented by
over 5,000 feet of middle to late Miocene age siltstone,
shale, and rare sandstone of the Poul Creek Formation
(fig. 10). The lower boundary of sequence V is not
resolvable on available multichannel seismic-reflection
profiles (plate 2), but on the basis of onshore
sedimentary sequences, it is believed to correspond with
the base of the Poul Creek Formation. Reflections
within the sequence typically display poor continuity
and variable amplitude, and are in part obscured by
reflection multiples from shallower portions of the
section. West of the Bering Trough, reflections in the
upper part of the sequence exhibit angular discordance
with the upper sequence boundary, indicating
widespread truncation by erosion of upper sequence V
strata (plate 2, lines YG-1 through YG-3). To the east,
reflections are predominantly concordant with horizon
K4. Identification of distinct seismic facies and
associated depositional environments within sequence V
is restricted by the resolution of available reflection
profiles. However, paleontological and electric-log data
suggest that the strata were deposited in a deep-marine
basinal setting.

Sub-Sequence V Strata
The geologic nature of sedimentary strata underlying

~ sequence V is inferred from marine seismic-refraction

data. Studies by Bayer and others (1978) suggest that
the continental shelf between Icy Bay and Kayak Island
may be underlain by as much as 35,000 feet of probable
Tertiary age sedimentary rock. Velocities within the
lower portion of the sedimentary section (pre-sequence
V) range from about 12,500 to 18,000 feet per second.
The section is presumed to consist of strata equivalent to
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the Eocene and early Oligocene(?) Kulthieth and
Stillwater Formations. Viewed in three dimensions, the
pre-sequence V. section resembles a wedge that thins
toward the shelf margin. Southeast of Kayak Island, a
16,000-foot-thick interval of relatively high-velocity
strata (15,500 to 18,000 feet per second) is present near
the base of the section, and most likely represents
Paleogene (Stillwater Formation or equivalent?)
metasedimentary rock. This high-velocity unit is not
present to the east (Bayer and others, 1978). The
deepest layer resolved by the refraction study has a
seismic velocity of approximately 23,000 feet per
second, typical of the Paleogene oceanic basalt that
composes acoustic basement beneath the eastern Gulf of
Alaska.

Slope and Rise

The continental slope off the Yakataga shelf margin is
underlain by complexly faulted and folded Yakataga
Formation and older strata (fig. 13). Seismic horizons
K1 through K4 can be traced from the shelf seaward
onto the upper slope, where reflections appear to
terminate against a highly thrust-faulted and anticlinally
deformed zone. This zone underlies the central area of
the slope and is most likely underlain by repeated
down-faulted sections of the Yakataga Formation
(sequences I-IV). Unfortunately, seismic correlation in
this zone is hampered by the presence of numerous
diffractions and, at depth, by the first seafloor multiple.

The base of the slope is marked by a bathymetric high,
the Khitrov Ridge, a linear zone of relatively recent
anticlinal deformation (fig. 13). Dredge sampling along
the seaward slope of the Khitrov Ridge yielded
siliciclastic and calcareous sediments of early Pliocene
through Pleistocene age that are similar to the onshore
Yakataga Formation (Plafker and Claypool, 1979;
Plafker, 1987). Some of the samples collected from the
Khitrov Ridge may be accreted trench deposits that have
been rapidly lithified by forces associated with oblique
subduction along the Pacific-North American plate
boundary (Plafker and others, 1978d; Plafker, 1987).

Seaward of the Khitrov Ridge, 5,000 to 10,000 feet of
relatively undeformed strata overlie Paleogene oceanic
basalt adjacent to the base of the continental slope

(fig. 13, lines 922, 928). Horizons within the
base-of-slope section are identified from correlation of
multichannel seismic-reflection data to Deep Sea
Drilling Project (DSDP) hole 178 east of Kodiak Island
(T. R. Bruns, unpublished data, 1978). Reflections
within the upper Pleistocene sequence are typically flat
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lying and continuous, indicating areally uniform
deposition. The underlying sequence (Oligocene(?) to
Pliocene) exhibits varied reflection configurations,
ranging from generally parallel to moderately chaotic.
Reflections within the base-of-slope section terminate at
the seaward base of the Khitrov Ridge (fig. 13, lines
922 and 928).

Yakutat Segment

Shelf and Slope

Seismic reflectors underlying the Yakutat segment of the
continental shelf and slope were correlated to the ARCO
OCS Y-0211 No. 1 well (Yakutat well) by the use of
synthetic seismograms (fig. 14). Three seismic horizons,
designated Y1 to Y3, were mapped over the area using
a network of multichannel seismic-reflection profiles.
Structure contour and isopach maps were prepared from
the interpreted data (figs. 15 and 17 through 20).
Seismic time was converted to depth using integrated
borehole-compensated sonic data obtained from the well
down to 3.5 seconds two-way time; below 3.5 seconds,
an averaged time-depth curve was constructed from
interval velocities derived from seismic-reflection
stacking velocities by using the Dix equation (Dix,
1955)(fig. 8).

Horizon Y1
Horizon Y1 corresponds to a regional unconformity
that, in the vicinity of the OCS Y-0211 well, separates
the early Pliocene to Pleistocene age glaciomarine
sediments of sequence I from underlying sequence II
strata (figs. 14 and 15, plates 3A and 3B). Horizon Y1
is mapped on a medium- to high-amplitude, moderately
continuous reflection. Seaward, horizon Y1 terminates
at the shelf seafloor (plate 3A, lines YT-1, YT-2; plate
3B, lines 909, 911), or is truncated along the continental
slope (plate 3A, lines YT-3, YT-4). South of Lituya
Bay, at the eastern limit of the Yakutat shelf, horizon
Y1 onlaps acoustic basement.

Sequence 1
Sequence I, bounded by the seafloor and by horizon Y1,
consists of medium- to high-amplitude reflections
displaying poor to moderate-continuity (plates 3A and
3B, all lines). These characteristics suggest laterally
discontinuous and lithologically variable strata.
Correlations of the Yakutat OCS Y-0211 well (fig. 14)
to onshore wells and with dredge samples from the shelf
margin (Plafker and others, 1980) suggest that
sequence I strata are equivalent to the glaciomarine
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sediments of the Yakataga Formation. Strata within
sequence I thin seaward away from the coastal margin
(plate 3A, YT-1 through YT-4; plate 3B, lines 909,
911), and from the Pamplona zone southeastward to
Fairweather Ground (plate 3B, line YT-5). This
thinning is accomplished primarily by onlap against the
lower boundary, and to a lesser extent by internal
convergence of reflectors. At the seafloor,
progressively older strata are exposed from north to
south, away from the present-day coastline. Strata at the
seafloor appear to have been terminated primarily by
erosion.

Numerous local unconformities are present within
sequence I (plate 3B, linc 909, NE end at 1 second).
These are expressed by seaward onlap of younger strata
against underlying sediments. The unconformities
appear to have devcloped in responsc to episodic
Neogene uplift along the outer shelf, and in conjunction
with contemporaneous regional subsidence inland
adjacent and parallel to the coast between Yakutat Bay
and Cross Sound (plate 3A, YT-1 and YT-2, NE ends;
plate 3B, lines 909, 911).

A well-developed channel system is present in the
middle to upper section of sequence I (fig. 16). The
channels are steep walled and have an average apparent
width of 1 to 1.5 miles. Individual channels range in
depth from less than 500 feet to approximately

1,000 feet. Channel lengths cannot be determined from
the present seismic coverage grid. The acoustic
signature from within the channel fill is typically
discontinuous to chaotic, and in some instances
transparent, suggesting variable lithology and degree of
stratification. The interval velocity of the channel fill is
occasionally lower than that of adjacent sediment,
resulting in pull-downs in underlying reflections

(fig. 16, line A, south end, lower channel).

Many of the channels underlie two locally
unconformable horizons. These horizons are interpreted
to represent erosional surfaces formed during Pliocene
and Pleistocene sea level lowstands. During the
lowstands, glacial and glacial-fluvial processes eroded
the channels in underlying glaciomarine sediments.
Analogous channels of glacial-fluvial origin have been
recognized in the Yakataga Formation onshore in the
southern Alaska Coast Range (Armentrout and others,
1979; Armentrout, 1983b) and on Middleton Island
(Plafker and Addicott, 1976; Eyles, 1987).

Horizon Y2
Horizon Y2 represents an unconformity or its
correlative conformity and separates the late Eocene to
middle Miocene clastic sediments of sequence II from
the underlying Eocene sequence III strata (figs. 14 and
17, plates 3A and 3B). Horizon Y2 appears as a highly
variable reflection throughout the Yakutat shelf. In
some areas it is a prominent high-amplitude reflection,
whereas in other areas it is difficult to distinguish from
surrounding conformable reflections, or is masked by
multiples. Horizon Y2 can most easily be recognized
just south of the OCS Y-0211 well location, where
discordant basal sequence II strata terminate by onlap
(plate 3A, line YT-2, SW end). Horizon Y2 shallows
from northwest to southeast across the Yakutat shelf,
and is truncated by erosion at the seafloor northwest of
the Fairweather Ground uplift (fig. 17).

Sequence IT
Sequence II, bounded unconformably by horizons Y1
and Y2, is characterized by low- to medium-amplitude,
moderately continuous to occasionally discontinuous
reflections (plates 3A and 3B, all lines; fig. 18).
Sequence II reflections are frequently obscured by
multiples generated within the overlying section (plate
3A, line YT-1, right of center). Reflections at the top of
the sequence are generally concordant with horizon Y1.
Within sequence II, the reflections are parallel to
subparallel, suggesting uniform deposition in a stable
platform setting. Basal reflections are typically
concordant with horizon Y2, -although in areas of local
subsidence (plate 3A, line YT-2, left of center) or
structural uplift (plate 3A, line YT-1, YT-2, SW ends)
the reflections display prominent onlap.

Based on correlations with the OCS Y-0211 well and
with dredge samples collected from the shelf margin
(Plafker and others, 1980), sequence II strata are
equivalent to the Poul Creek Formation of late Eocene
to middle Miocene age.

Horizon Y3
Horizon Y3 is a prominent high-amplitude reflection
that delineates the top of acoustic basement (plates 3A
and 3B, all lines; fig. 19). At the OCS Y-0211 well,
horizon Y3 unconformably separates Paleogene clastics
from underlying igneous intrusive rocks (fig. 14). On
the Yakutat shelf west of the Dangerous River zone,
horizon Y3 is believed to represent the top of an
equivalent igneous unit. East of the Dangerous River
zone, where acoustic basement consists of
metamorphosed sediments of the Yakutat Group (Bruns,
1982a), horizon Y3 represents the unconformity
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separating the basement from overlying early Paleogene
strata. Along the northern margin of the Fairweather
Ground uplift (fig. 19), horizon Y3 is truncated at the
seafloor by a combination of faulting and erosion. West
of this uplift, horizon Y3 is terminated on or at the base
of the slope.

Sequence I
At the OCS Y-0211 No. 1 well, sequence HI is
composed of late early to late Eocene deltaic marine
clastic sediments (fig. 14). Sequence III strata are
limited primarily to the west subbasin, west of the
Dangerous River zone, except for a thin inlier section
south of Dry Bay (fig. 20). Reflections within this
sequence display poor to moderate continuity, and
locally the section appears almost reflection free
(plate 3B, line YT-5, SE end), which may indicate
either a lithologically homogenous section or poor
acoustic response. In other areas, reflections appear
relatively strong (plate 3B, line YT-5, NW end),
although some of these high-amplitude events appear to
be multiples of earlier reflections. Reflections near the
upper boundary of sequence Il commonly display

concordance or, less frequently, toplap with horizon Y2.

Within the sequence reflections are generally parallel,
although locally oblique progradational patterns occur
(plate 3A, line YT-3, center). At the base of sequence
I, reflections terminate by onlap and, less often,
apparent downlap onto horizon Y3 (acoustic basement).
This combination of reflection patterns and terminations
indicates that sequence III strata were deposited by both
progradational processes and more uniform sedimentary
processes in a subsiding shelf or basinal setting.
However, because of the poor seismic response and
predominance of multiples within sequence III,
interpretations based solely on seismic characteristics
are tentative.

Sequence IV
Sequence IV corresponds to acoustic basement beneath
the Yakutat continental margin (fig. 14). As previously
stated, east of the Dangerous River zone the basement
consists of moderately to complexly deformed and
metamorphosed sediments of the Mesozoic Yakutat
Group. West of the Dangerous River zone, igneous
rocks unconformably underlie the Tertiary clastic
section. Sequence IV reflections are typically
disordered. Local high-amplitude reflections occurring
below acoustic basement are not interpreted to be
primary reflections (e.g., plate 3A, line YT-4, near
shelf break).

36, Guif of Alaska Geologic Report

Base-of-Slope

A relatively thick sedimentary section overlies acoustic
basement at the base of the continental slope seaward of
the Transition fault zone (plate 3B, lines 909, 967,

SW ends) (fig. 21). Three seismic horizons within this
sequence have been correlated using a multichannel
seismic-reflection data network tied to DSDP hole 178,
located east of Kodiak Island (Bruns, 1983b). Horizon
A, the youngest of the mapped reflections, appears to
represent basal Pleistocene. Horizon B correlates
approximately to the base of Pliocene strata. Horizon C,
the deepest reflection, is characterized by variable
amplitude, discontinuous, and frequently hyperbolic
reflections generated from the sediment-oceanic basalt
interface.

In the vicinity of the slope margin, reflections from
Pleistocene and younger strata overlying horizon A are
typically parallel to subparallel and continuous, although
locally they appear wavy and/or mounded. Bruns
(1983b) attributes the wavy and/or mounded facies to
deposition in a turbidite fan with buried channels and
levees. The underlying sequence, bounded by horizons
A and B, displays reflections of moderate amplitude and
continuity. Reflections within this Pliocene unit are
predominantly parallel to subparallel, indicating fairly
uniform sedimentation in a stable basinal setting. The
lowermost sequence, consisting of pre-Pliocene strata
overlying acoustic basement, is variable in appearance.
Reflection-free zones within this sequence suggest areas
of nonstratification or lithologic homogeneity (plate 3B,
line 967, SW end).

Southeast Segment

Shelf Platform

The offshore stratigraphy of southeast Alaska is not well
known. Because there is little or no geological data from
this area, the stratigraphic framework of the region is
based heavily upon geophysical studies.

Acoustic basement underlying the southeast Alaska
continental shelf is likely composed of well indurated,
compositionally diverse Paleozoic and Mesozoic rocks
that are stratigraphically equivalent to sedimentary,
metamorphic, and igneous rocks exposed on nearby
islands and the adjacent mainland. Refraction velocities
obtained from the basement sequence in shallow
intrabasinal shelf areas are relatively fast, generally
greater than 16,400 feet per second (Bruns and Carlson,
1987), and are indicative of a highly indurated rock.
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adjacent to the Yakutat shelf margin.

.Acoustic basement reflections vary greatly in amplitude,
cycle breadth, and lateral continuity. Basement
reflections from shallow intrabasinal platform areas tend
to be moderate to high in amplitude and relatively
continuous, expressing the high velocity-density contrast
between younger glaciomarine sediments and older,
more highly indurated basement rock. In deeper basinal
areas, acoustic basement is represented by low-
amplitude, poorly to moderately continuous reflections
(e.g., Southeast Alaska subbasin, plate 4, line SE-2,
center).

Strata overlying acoustic basement offshore of southeast
Alaska were mapped utilizing a network of multichannel
seismic-reflection profiles (fig. 22). Interval velocities
derived from seismic-reflection stacking velocities were
used to convert two-way reflection time to depth

(fig. 8). The continental shelf between Cross Sound and
Dixon Entrance is covered by a thin veneer of
sediments, and is underlain in areas by small,

asymmetric, fault-bounded subbasins. The age of strata
overlying acoustic basement is inferred largely by
correlation with adjacent stratigraphic systems. West of
Cross Sound (fig. 22), shelf strata bordering the Yakutat
terrane are correlated tentatively with nearby
Pliocene(?) through Pleistocene glaciomarine sediments
of the Yakataga Formation. However, strata on the
southeast Alaska shelf are in part disjoined from rocks
of the Yakutat terrane by the Fairweather fault (fig. 22
and plate 4, line SE-6). Seaward of Dixon Entrance,
along the southern portion of the shelf margin, strata
overlying acoustic basement are tentatively correlated
with a late Miocene to Pliocene nonmarine facies of the
Skonun Formation of the Queen Charlotte Basin
(Shouldice, 1973; Yorath and Chase, 1981).

West of Prince of Wales Island, the southeast Alaska
shelf is underlain by a small, structurally isolated
subbasin containing approximately 20,000 feet of strata
(fig. 22 and plate 4, line SE-2). Strata within the

Seismic Stratigraphy, 39
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subbasin have been truncated by at least four major
unconformities (line SE-2, UNC-1 through UNC-4).
The margins of the subbasin were uplifted prior to
deposition of post-UNC-3 sequences. Wrench
deformation, which appears to have offset strata within
the central subbasin, ceased before or coincident with
the development of unconformity UNC-2. Strata
between UNC-4 and the seafloor appear to be coeval to
strata of the Neogene Yakataga Formation on the
Yakutat terrane to the north. The age of strata below
unconformity UNC-4 cannot be determined by seismic
correlation, although interpretations based on seismic
velocity and gravity data suggest a pre-Neogene age for
these sediments. Interval velocities derived from CDP
seismic-reflection data through this sequence are 10 to
30 percent greater for corresponding depths than typical
Neogene values derived from Yakutat shelf sediments,
suggesting a greater degree of induration. Sediment
depocenters within the southeast Alaska shelf are
normally expressed by a corresponding low free-air
gravity anomaly (fig. 23). However, the shelf area west
of Prince of Wales Island displays an associated gravity
anomaly of only limited amplitude, much less than

42, Gulf of Alaska Geologic Report

would be predicted for the mapped volume of Neogene
basin fill. This relationship further enforces the proposal
that basin strata underlying UNC-2 are of pre-Neogene
age.

Slope and Rise

Seaward of the Fairweather-Queen Charlotte fault, the
sedimentary section ranges from approximately

5,000 feet thick on the upper shelf, where reflections
are largely obscured by near-surface faulting, to greater
than 14,000 feet thick along the inner rise (figs. 22 and
24). Slope and rise strata are deformed along two linear
structural zones that probably were generated by wrench
tectonism (fig. 24) (see chapter 4). The sedimentary
section along the base of the slope is middle Miocene
and younger in age, based on correlation of seismic-
reflection profiles to DSDP hole 178, Kodiak shelf (von
Huene and others, 1979; Bruns, 1983b, 1985b; Bruns
and Carlson, 1987), and on the middle Miocene age of
oceanic magnetic anomalies on the adjoining Pacific
plate (Naugler and Wageman, 1973; Berggren and
others, 1985).
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4. Structural Geology

Middleton Segment

The Middleton segment of the Gulf of Alaska
continental margin is underlain by rocks of the Prince
William terrane and reflects convergence of the western
end of the Yakutat terrane with the inboard terranes of
southern Alaska (fig. 25). The Kayak zone, an area of
uplift and structural shortening, bounds the Middleton
shelf to the east. Seaward, the Pacific plate is subducting
beneath and truncating the shelf margin along the active
Aleutian subduction zone.

Shelf Structure

The continental shelf of the Middleton segment is
characterized by zones of faulted and anticlinally folded
strata that trend northeastwardly, and separate areas of
local synclinal deformation (figs. 7 and 25, and plate 1).
The faults typically display high-angle reverse or thrust
offset, with the upthrown side to the northwest.
Antithetic faulting is less common and not as well
developed. Anticlines associated with the thrust and
reverse faults are asymmetric and typically display
stratal truncation along the bounding fault.

The central Middleton shelf can be subdivided into five
principal zones based on structural associations and
orientation of fold and thrust features (fig. 25). Within
each zone, strata have been uplified along parallel axes
by reverse faulting and anticlinal folding. The crests of
the uplifted zones are commonly truncated, exposing
late Miocene and possibly older strata at the seafloor. At
three locations, Wessels Reef, Middleton Island, and
Fountain Rock, strata within the uplifted zones are
subacrially cxposed. Structural deformation of all five
zones occurred predominantly during the middle to late
Pleistocene and later. This deformation appears to have
occurred rapidly and simultaneously throughout the
Middleton shelf area, with the later deformation
continuing to the present time, though at a decreased
rate.

Evidence of active tectonism on the Middleton shelf is
apparent at Middleton Island, where uplift is occurring
at a rate of approximately 1 cm/yr (Plafker, 1969;

Plafker and Rubin, 1978). Seafloor offset is apparent
across faults at the crests of zones of deformation,
indicating many of the reverse and thrust faults are or
have been recently active (plate 1, all lines). Along the
flanks of the thrust zones even the youngest strata
display thinning and/or uplift.

A structurally positive linear feature located southeast of
Montague Island, informally designated the Middleton
transverse high, trends in a southeasterly direction
across the shelf nearly perpendicular to the principal
zones of deformation (figs. 7 and 25). Tertiary strata on
the flanks of the transverse high have been uplifted and
erosionally truncated at the seafloor. Along other
portions of the high, strata terminate against the uplift
by reverse or thrust faulting. Seismic-reflection profiles
across the margins of the high show thinning of late
Miocene and younger strata, suggesting ongoing uplift
since at least that time. Poor acoustic response from
strata beneath the base of the Yakataga section precludes
an interpretation of events occurring before the late
Miocene. The mechanism of uplift for the Middleton
transverse high has not been determined, although it
may be related to subduction at the Aleutian trench of a
detached piece of the southwest margin of the Yakutat
terrane. The southeast end of the high crosses the
continental slope at a point where the Aleutian
subduction zone disappears beneath the slope, and
east-west oriented anticlinal deformation prevails to the
east along the base of the Yakutat terrane (fig. 25).

Extending from Wingham and Kayak Islands southwest
across the continental shelf and slope, the Kayak zone
represents the offshore boundary between the Prince
William and Yakutat terranes (fig. 25) (Bruns, 1985b;
Plafker, 1987). On seismic-reflection profiles, the
Kayak zone appears as a tectonically uplifted region,
often reflection free, bounded by and incorporating
predominantly up-to-the-northwest high-angle reverse
faults (plate 1, line MI-1, south end). The absence of
reflections and the widespread presence of diffractions
in parts of the Kayak zone suggest that the strata are
steeply dipping and intensely deformed, analogous to
strata exposed on Kayak Island (Plafker, 1974).
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Geologic mapping on Kayak and Wingham Islands
revealed a steeply dipping or overturned sedimentary
section imbricated by numerous en echelon
up-to-the-northwest reverse faults (Plafker, 1974;
Winkler and Plafker, 1981). The high degree of reverse
faulting and deformation displayed along the Kayak zone
suggests that this region is a major zone of structural
shortening.

Onshore, the boundary between the Prince William and
Yakutat terranes is the Ragged Mountain thrust fault
(fig. 25; plate 1, line MI-1, north end). The Ragged
Mountain fault separates the highly deformed pillow
basalts and deep-water sediments of the Orca Group
from deformed Paleogene marine strata to the east
(Winkler and Plafker, 1981). The Ragged Mountain
fault extends offshore in a southwesterly direction for
about 40 miles, eventually merging with structures
within the central thrust zone (fig. 25). Seismic profiles
across the offshore segment of the fault display
high-angle, up-to-the-northwest reverse offset. The
timing of thrusting on the offshore extension of the
Ragged Mountain fault is difficult to determine.
However, the offset of reflections at or near the seafloor
along portions of the fault suggests that tectonic
movement may have occurred as recently as the
Holocene. Onshore, a minimum of 4 miles of
eastward-directed thrusting has been documented
(Bruns, 1985b).

The Pinnacle fault juxtaposes a thick section of Neogene
and Pleistocene glaciomarine strata against rocks to the
east that are interpreted to be intensely deformed
Paleocene and Eocene rocks of the Orca Group (fig. 25;
plate 1, line MI-1, north end). The fault is characterized
by high-angle, up-to-the-east reverse offset. The uplifted
volcanics and deep-marine strata of the Orca Group east
of the fault are defined by a large positive acromagnetic
anomaly (fig. 26). To the north, the Pinnacle fault is
abruptly truncated by the Ragged Mountain thrust fault.
Late Pleistocene and Holocene strata adjacent to the
western downthrown side of the fault display internal
thickening in the direction of the fault (line MI-1, north
end), indicating that significant offset along the fault
occurred during this period.

Middle to late Cenozoic strata of the Middleton shelf are
largely terminated to the north and northwest by the
North Boundary fault, which exhibits up-to-the-north
high-angle reverse offset (plate 1, line MI-4, north end;
fig. 25). Rocks underlying the shallow acoustic
basement landward of the North Boundary fault and
south of Hinchinbrook and Montague Islands are highly

magnetic (fig. 26) and have high seismic-refraction
velocities (13,125 ft/sec; Bruns, 1985b), which are
indicative of the well-indurated and altered volcanic and
sedimentary strata of the Orca Group.

Filtered aeromagnetic data from the central Middleton
shelf display numerous negative anomalies that appear to
correlate geographically to elongated areas of recent
uplift within the principal zones of structural
deformation (fig. 26). A. Griscom of the U.S.
Geological Survey (written communication, 1991)
interprets these magnetic lows as originating from
reversely magnetized Pleistocene glaciomarine
sediments of the upper Yakataga Formation. Uplift
within the structural zones has exposed rocks deposited
during the Matuyama/Brunhes magnetic reversal (older
than 730,000 years) that possess reverse remanent
magnetization.

Slope and Base-of-Slope Structure

The basc of the Middlcton contincntal slopc is marked
by the Aleutian subduction zone, the site of the
convergence of the Pacific and North American
lithospheric plates (figs. 9 and 25). The convergence
vector between the plates is calculated to be N16°W
(Engebretson and others, 1985), or nearly normal to the
shelf margin. A seismic-reflection profile across the
slope and base-of-slope reveals relatively undisturbed
Neogene and younger strata overlying oceanic basalt and
extending shelfward beneath sediments of the lower
slope (fig. 9). Underthrusting of bedded oceanic
sediments beneath the continental slope appears to be
occurring along a low-angle decollement, with only
minor deformation of overlying strata (Bruns, 1985b).
No appreciable accretion of offscraped sediment is
apparent along this portion of the subduction complex.

Yakataga Segment

The western portion of the Yakutat terrane, located
between Icy Bay and the Ragged Mountain-Kayak zone,
is overlain by intensely folded and thrust-faulted
Tertiary strata (fig. 27). The complex structure
displayed in this region is the result of oblique
compression between the Pacific and North American
plates. Seismicity suggests that the major present-day
component of convergence is being accommodated along
northward-dipping thrust faults and associated folds
within the onshore margin of the Yakutat terrane (Lahr
and Plafker, 1980; Perez and Jacob, 1980). The zones
of complex faulting and anticlinal deformation that trend
across the Yakataga shelf and shelf margin can be traced
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communication, 1991).
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to the west, where they merge with the Aleutian
subduction zone south of Kayak Island.

Shelf and Slope Structure

The Yakataga shelf and slope are characterized by
northeast-southwest-striking thrust faults, large
compression folds, and linear zones of complex fault
and anticlinal deformation (fig. 27). The average strike
of the structures is approximately N65°E, which is
reasonably consistent with the present-day (0-5 Ma)
relative convergence vector of N16°W calculated for the
region (Chase, 1978; Minster and Jordan, 1978;
Engebretson and others, 1985). Interpretation of
seismic-reflection profiles reveals a complicated history
of southeastwardly progressive structural growth across
the Yakataga shelf and shelf margin. The deformational
history of each anticlinal zone is unique, but typically
involves an initial episode of rapid uplift followed by a
period of quiescence or, less commonly, subsidence.
Subsequent periods of reactivation have modified many
of the observed structures. An extensive study of the
structural growth of selected anticlinal structures on the
Yzikataga shelf is presented in Bruns and Schwab (1983).

Anticlines underlying the Yakataga segment of the
continental shelf are typically elongate and doubly
plunging (fig. 27). Individual anticlines range from

6 miles to greater than 20 miles in length and 2 to

4 miles in width. The anticlines are commonly bounded
on the seaward side by high-angle, northwestwardly
dipping thrust faults. Antithetic faults are present locally
on the landward side of the anticlines. Dips on the flanks
of the anticlines are generally less than 15 degrees,
although dips of greater than 30 degrees have been
recognized (Bruns, 1985b).

The eastern and southern boundaries of the Yakataga
segment are marked by a zone of relatively young
anticlinal structural deformation, the Pamplona zone,
and its seaward extension (figs. 13 and 27; plate 2, lines
YG-5, 6). The Pamplona zone is underlain by
northwestward-directed thrust faults, and represents the
most southerly and eastwardly migration of the Yakataga
fold-and-thrust belt. Deformation within the Pamplona
zone appears to have originated in the middle to late
Pleistocene and continues into the present. At the
western margin of the Yakataga segment, the Kayak
zone separates strata of the Yakataga fold-and-thrust belt
from sediment overlying the Middleton shelf to the west
(fig. 27). The Kayak zone, exposed on Wingham and
Kayak Islands, consists of Kayak Island and its
structural extension offshore to the southwest, the Kayak

Island platform (Bruns and Schwab, 1983), and
delineates an area of complex thrust faulting and intense
folding (Plafker, 1974).

The greatest degree of deformation on the Yakataga
shelf and slope appears to have occurred in latest
Pliocene and Pleistocene time (Bruns and Schwab,
1983). However, the limited resolution of seismic-
reflection profiles inhibits the recognition of structure
within Miocene and older strata. Seismic mapping
reveals a pattern of time-transgressive deformation on
the Yakataga shelf, with the oldest deformation in the
northwest and progressively younger deformation to the
southeast. Deformation appears to have occurred as a
continuous transgressive process across the shelf and
shelf margin, rather than as a series of independent
tectonic events. Structural deformation along the outer,
southeastern margin continues to the present, as is
evidenced by uplifted and truncated strata at the
seafloor. Numerous older anticlinal structures to the
northwest appear to have undergone one or more
periods of structural reactivation. Structural deformation
during the periods of reactivation was modest, however,
compared to the initial structural development.

Structural shortening across the Yakataga fold-and-thrust
belt is a consequence of relative convergence between
the Pacific plate, the Yakutat terrane, and inland
terranes of the North American plate. A measurement of
structural shortening across the Yakataga segment
provides an estimate of the extent and rate of
convergence of the plate margin. The amount of
shortening on horizon K4 (late Pliocene) on the central
Yakataga shelf was calculated along several seismic
profiles by restoring the strata to a horizontal position
and removing apparent slip along thrust faults. From
this restoration, it is estimated that 1 to 1.25 miles of
structural shortening is attributable to folding, and 1 to
1.75 miles of shortening is the result of thrust faulting.
This is generally consistent with values derived by Bruns
(1985b) of 2 km (1.2 miles) of shortening due to folding
and 4 km (2.5 miles) attributed to faulting. The
inconsistency in calculated values for shortening due to
overthrusting may be caused by different assumptions of
dip values on thrust faults. Values calculated for
shortening due to thrust faulting are minimum estimates,
as substantial imbrication may exist along the fault
planes at a scale not resolvable on available
seismic-reflection data (Bruns and Schwab, 1983).
Although the magnitude of structural shortening on the
slope adjacent to the Yakataga shelf is difficult to

‘determine because of complex faulting and folding
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within anticlinal deformed zones (figs. 13 and 27), it is
estimated to be in excess of 2 miles.

Base-of-Slope Structure

The base of the continental slope adjacent to the
Yakataga shelf is marked by an abrupt zone of late
Pleistocene and recent anticlinal deformation (fig. 13,
lines 922, 928). This zone, which includes Khitrov
Ridge and the off-shelf extension of Pamplona Spur, is
expressed at the seafloor as a linear bathymetric high.
On the seaward side, this linear anticlinal zone is
bounded by one or more landward-dipping thrust faults,
and may be underlain by uplifted oceanic strata (Bruns,
1985b). Seaward of the deformed zone, relatively
undeformed abyssal fan sediments overlie Paleogene
oceanic basalt.

Yakutat Segment

The Yakutat block, that portion of the Yakutat terrane
cast of the Pamplona zone, is overlain by relatively
undeformed strata that are absent the compressional
folds and thrusts that characterize equivalent Cenozoic
sediments within the Yakataga segment. Sedimentation
on the Yakutat shelf reflects various types of structural
controls, including regional and local basement
subsidence, uplift, paleotopography, and, to a lesser
degree, faulting. Seaward of the shelf area, tectonic
plate reorganization has juxtaposed Oligocene oceanic
crust with the Mesozoic and younger rocks of the
Yakutat block (Naugler and Wageman, 1973; Bruns,
1982b).

Shelf Structure

Major structural features of the Yakutat segment of the
shelf include: (1) the Dangerous River zone, a possible
Paleogene shelf edge, (2) the Fairweather Ground
uplift, an elongate structural high along the shelf margin
southwest of Lituya Bay, (3) the “Fairweather Ground
rift zone,” adjacent to and north of the Fairweather
Ground uplift, (4) the Yakutat fault zone, a narrow zone
extending from east of Icy Bay south across the shelf,
and characterized by numerous small discontinuous
basement-controlled faults, and (5) two subbasins,
herein referred to as the West Yakutat and East Yakutat
subbasins, separated by the Dangerous River zone

(fig. 28).

The Dangerous River zone is identifiable on
seismic-reflection profiles and structure contour maps
by a rapid shallowing of acoustic basement from west to

east and a change in structural trends (fig. 19). Across
most of the shelf, the Dangerous River zone is
coincident with a Paleogene basement high, a
northwest-southeast-trending structural high separating
the West Yakutat and East Yakutat subbasins (figs. 28
and 29). Seismic profiles over the Paleogene basement
high reveal that sequence III and basal sequence II strata
are terminated by faulting and progressive onlap against
this positive structural feature (fig. 29). Little, if any,
stratal deformation is apparent adjacent to or above the
Paleogene basement high, which suggests that the high
was formed before deposition of sequence III strata
(pre-Eocene?). This high was a positive structural
element until late Eocene or early Oligocene, when it
was buried beneath sequence II sediments.

The Dangerous River zone crosses the Fairweather
Ground uplift and is truncated at the Yakutat shelf
margin (fig. 28). In the vicinity of the Fairweather
Ground uplift, the Dangerous River zone is not well
defined. The Paleogene basement high to the north may
have extended south to the shelf margin, but subsequent

~ uplift centered near Fairweather Ground resulted in

erosion and loss of both Tertiary and upper pre-Tertiary
section and structure. However, the southern extension
of the Dangerous River zone has been recognized on the
continental slope, where dredge samples indicate an
abrupt lateral east-west transition from Yakutat Group
metasediments to probable Paleogene basalt (Plafker
and others, 1980; Plafker, 1987).

The northwest extension of the Dangerous River Zone
appears to underlie the Colorado Oil and Gas Yakutat
wells on the Yakutat foreland southeast of Yakutat Bay
(Bruns, 1982b). Here, the Paleogene section is thin,
typically less than 1,000 feet. In a distance of only 6
miles, the Paleogene section thickens from 750 feet
onshore in the Yakutat No. 2 well to greater than
10,000 feet in the offshore basinward of the Dangerous
River zone (plate 3A, line YT-2, NE cnd). Farther
northeast, at the entrance of Yakutat Bay, the
Dangerous River zone is expressed on seismic-reflection
profiles by rapid shallowing of acoustic bascment and
truncation of Paleogene strata by erosion, faulting, and
onlap (plate 3A, line YT-3, NE end). Uplift to the north
of and along the Dangerous River zone near Yakutat
Bay prior to horizon Y1 time (early Miocene?) appears
to have resulted in landward termination of sequence II
by onlap and erosion. Thinning of sequence Il on the
flank of the basement high suggests uplift may have
been initiated during early Paleogene time. However,
detailed structural interpretation in this area is difficult
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because of poor acoustic response from the underlying
sedimentary section.

In summary, the Dangerous River zone appears to
represent the eastern and northern shelf margin of a
Paleogene basin (Bruns, 1982b, 1985b; this study).
Infilling of this basin occurred largely, if not entirely,
after the formation of the shelf-margin paleoslope.
Studies by Bayer and others (1978) and Plafker and
others (1980) utilizing seismic-refraction and dredge
data indicate that the Dangerous River zone is a
fundamental boundary between underlying Mesozoic
continental crust to the east and oceanic basalt to the
west.

The Fairweather Ground uplift is centered roughly on
the Fairweather Ground bathymetric high near the
continental shelf margin south of Dry Bay and west of
Cross Sound (fig. 28). Structural uplift along this
segment of the margin has exposed sequence IV
(acoustic basement) strata at the seafloor (plate 3B,
lines 909, 967). Dredge data obtained by Plafker and
others (1980) indicate that acoustic basement at
Fairweather Ground is composed of pre-Tertiary -
metasediments, apparently genetically equivalent to
rocks of the Yakutat Group exposed onshore.

Seismic-reflection profiles over Fairweather Ground
provide insight into the structural framework and the
timing of the shelf-margin uplift (plate 3B, lines 909,
967, and YT-5). Seismic sequences Il and I (early
Eocene-middle Miocene) and lower sequence I (early
Pliocene) have been uplifted, but do not thin over the
high, thus predate formation of the structure. However,
upper sequence I strata, from north to south,
progressively onlap underlying strata, establishing the
initiation of shelf-margin uplift as post-early Pliocene
(plate 3B, lines 909, 911). The magnitude of late
Cenozoic uplift along Fairweather Ground calculated by
Bruns (1982b) is in excess of 2 km (6,500 feet).

Along the northern margin of the Fairweather Ground
uplift and immediately west of the Dangerous River
zone lies an elongate, block-faulted subbasin, the
Fairweather Ground rift zone (figs. 28 and 30).
Bounding faults and structural features within the zone
are oriented northwest to southeast, parallel to the shelf
margin. Strata within the rift are probably Eocene,
based on seismic correlation to the OCS Y-0211 No. 1
well. Strata dip northeast (fig. 30, line A-A’; plate 3B,
line 909), in part owing to post-early Pliocene regional
uplift at Fairweather Ground. Timing of faulting within
the rift sequence appears variable. Intra-rift faults
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appear to post-date lower rift sequence strata and, in
some cases, the entire rift sequence. It is also possible
that faults within the rift zone may have been reactivated
during the Pliocene and Pleistocene in conjunction with
uplift of Fairweather Ground. Based on structural style,
timing, and stratigraphic relationships, the Fairweather
Ground rift zone probably originated as a small rift
basin during the early to middle Paleogene in response
to local and/or regional extension normal to the present
basin axis.

The Yakutat fault zone traverses the continental shelf
from north to south, seaward of the Malaspina Glacier
(fig. 28). This narrow zone is characterized by short,
discontinuous, en echelon, basement-involved normal
faults (fig. 19). In the southern half of the zone, fault
offset is minimal, and appears to disrupt the basement
horizon and, less commonly, lower sequence III strata.
Direction of offset is typically down to the east or
northeast. Along the northern segment of the zone,
faulting affects progressively younger strata (plate 3A,
line YT-4, NE end), and displacement is down to the
southwest. Fault planes are typically steep, often
approaching vertical, and in some instances bifurcate
upward. Lateral offset along some of the faults is
suspected due to variations in reflection characteristics
and dip displacement.

The linear distribution of en echelon faults across the
shelf and the characteristics of faults at the northern
margin of the zone are both indicative of
wrench-controlled tectonics. The pattern of faulting
observed on horizon Y3 (acoustic basement, fig. 19) is
consistent with left-lateral coupling, in which the
direction of coupling strikes north-south (Lowell, 1985).
Based on this model, the discontinuous, en echelon
faults (fig. 19) represent synthetic, or Riedel, shears.
The larger tectonic significance of the Yakutat fault
zone is uncertain. It is plausible that the portion of the
Yakutat terrane to the west of the fault zone is moving
northward slower than the adjacent eastern section, in
which case the Yakutat fault zone may act as a
transform boundary. This is consistent with the observed
pattern of deformation in which faulting within the zone
is more extensive and better developed along the
northern, leading margin of the shelf.

The East and West Yakutat subbasins are two Cenozoic
depocenters located on either side of and separated by
the Dangerous River zone (fig. 28). The East Yakutat
subbasin contains up to 15,000 feet of late Eocene and

younger sediment overlying metamorphosed basement
rocks of the Yakutat Group. The axis of deposition in
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the basin is adjacent to, and parallel with, the coastline
from Dry Bay to near Lituya Bay. The Icy Point-Lituya
Bay fault, the northern extension of the western trace of
the Fairweather-Queen Charlotte fault system, in part
bounds the basin to the east. Strata within the basin thin
to the south and west by onlap against the Paleogene
basement high and Fairweather Ground uplift. A late
Neogene (Pliocene?) uplift is present near the mouth of
Dangerous River (plate 3A, line YT-1, NE end), where
acoustic basement rapidly shallows from 12,000 feet to
less than 7,000 feet over a distance of 5 miles. The areal
extent of the uplift is unknown, but well data indicate
that it extends onshore to the northwest as far as Yakutat.

West of the Dangerous River zone, the West Yakutat
subbasin contains up to 36,000 feet of Paleogene
through Pleistocene strata. The sedimentary section
thickens from southeast to northwest, and attains a
maximum thickness south of Icy Bay (fig. 19). The
basin is truncated to the south at the continental slope,
and merges with strata of the Yakataga segment to the
west along the Pamplona zone. Structure and isopach
maps provide insight into the depositional and structural
history of this basin (figs. 15, 17, 18, 19, and 20). The
axis of Paleocene-Eocene deposition swings from south
of Icy Bay southeastward across the shelf in a broad arc,
ending northwest of the terminus of the Fairweather
Ground uplift (figs. 20 and 28). Paleogene strata thin by
onlap and erosion over an apparent Paleogene high near
the present-day shelf edge at the mouth of Yakutat
Seavalley. During Oligocene-early Miocene time, local
basement subsidence allowed the accumulation of 8,000
feet of sediment in a structural low on the outer Yakutat
shelf south of Yakutat Bay (fig. 28). The general pattern
of deposition shifted by the beginning of the Neogene
Period in response to regional tectonism, with increased
accumulation of sediment in the northwest, adjacent to
the folds and thrust faults of the Pamplona zone. This
depositional pattern continued through Pleistocene time.

Slope and Base-of-Slope Structure

Tertiary strata and Mesozoic hasement rock beneath the
Yakutat shelf crop out at the seafloor along the length of
the continental slope (plates 3A, 3B; Plafker and others,
1980). West of the Yakutat fault zone, Tertiary strata
extend seaward down the slope, apparently terminating
at the Transition fault zone (plate 3A, line YT-4, SW
end). A progressive thickening of lower Tertiary
sedimentary units downslope indicates a history of
subsidence along this segment of the shelf margin.
Between the Yakutat fault zone and the mouth of the
Alsek Valley, the Tertiary shelf sequence is exposed on
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the slope and, where uplift has occurred, on the outer
shelf seafloor (plate 3A, lines YT-1 through YT-3, SW
ends). In the vicinity of Fairweather Ground, where
substantial Neogene and Pleistocene uplift has occurred,
both seismic-reflection (plate 3B, lines 909, 967) and
dredge data (Plafker and others, 1980) reveal that the
continental slope and outer shelf are underlain primarily
by metasediments of the Mesozoic Yakutat Group.

The Transition fault, situated at the base of the slope, is
a fundamental tectonic boundary. The fault separates the
truncated Mesozoic and Paleogene basement rocks and
overlying Tertiary strata of the Yakutat block from
Oligocene oceanic crust of the Pacific plate to the south
(fig. 28 and plates 3A and 3B). The juxtaposition of
dissimilar strata and the presence of slickensides on
pre-Tertiary to late Oligocene rocks dredged from the
contact zone (Plafker and others, 1980; Plafker, 1987)
suggest large-scale displacement along the fault system.
However, the timing and relative sense of displacement
across the Transition fault remain unclear.

Bruns (1985b) suggested that the Transition fault has not
been active as either a transform or subduction boundary
since at least Miocene time based on the following
observations: (1) undeformed Pliocene and Quaternary
strata overlie the fault at several locations, (2) a -
sedimentary fan seaward of, and apparently sourced
from, the Yakutat Valley does not appear to be offset
(fig. 21), (3) evidence of an accretionary wedge is
absent, (4) seismic reflections representing oceanic crust
cannot be traced landward past the fault zone, as is
characteristic of many subduction zones, and (5) base-
of-slope sediments of Pliocene and Quaternary age
appear to be in place.

Alternatively, Plafker and others (1978b), Perez and
Jacob (1980), and Plafker (1987) proposed that dextral
oblique slip has occurred on the Transition fault system
during the last 5 million years. Evidence to support this
conclusion includes the following: (1) the orientation of
folds and probable thrust faults in late Quaternary strata
southwest of Fairweather Ground reflect oblique
compression (fig. 28), (2) in the vicinity of Yakobi
Valley, focal-mechanism solutions for selected
earthquakes occurring along the fault trace indicate
northward-directed thrusting (Page, 1975; Perez and
Jacob, 1980), (3) sheared late Pliocene (?) to Holocene
strata are present along the shelf margin, and

(4) orientation of the Transition fault system relative to
present-day Pacific plate motion suggests, and is
compatible with, a model of dextral oblique slip. The
magnitude of oblique convergence at the Transition fault



zone is estimated from relative plate motions and
observed seismicity to be about 0.4 cm/yr (Lahr and
Plafker, 1980; Plafker and Jacob, 1986).

Seaward of the Transition fault, a sedimentary section
up to 20,000 feet thick overlies oceanic basalt in an
elongate asymmetric trough adjacent to the base of the
continental slope (figs. 21 and 28). This section is
thickest near the base of the slope and thins rapidly
seaward. Shor (1965) describes the deeper part of this
trough as a filled trench comparable in depth to the
modern-day Aleutian Trench. Based on correlation of
seismic horizons to DSDP hole 178 near Kodiak Island
(von Huene and others, 1979; Bruns and Plafker, 1982;
Bruns, 1985h), the lower half of the stratigraphic
section is pre-Pliocene and the upper sequence Pliocene
to Quaternary. The maximum age of the basin fill is
probably middle to late Oligocene, based on the age of
nearby ocean-floor magnetic anomalies (Naugler and
Wageman, 1973).

Strata along the base of the continental slope are
undeformed except near the slope and rise adjacent to
Fairweather Ground, where a series of probable thrust
faults and related folds trend obliquely to the shelf
margin (plate 3B, lines 909, 967, SW end; figs. 21 and
28) (Bruns, 1982b, 1983a; Plafker, 1987). Deformation
of abyssal strata may be related to Pliocene and
Quaternary uplift centered on Fairweather Ground
(Bruns, 1982b) and/or to oblique convergence across
this section of the Transition fault (Plafker, 1987).
Bathymetric data (Atwood and others, 1981) suggest
that substantial growth has occurred on the youngest
structures during Quaternary time. Additional features
present at the base of the continental slope include two
Pliocene to Quaternary sedimentary fans located
seaward of the mouths of Alsek and Yakutat Seavalleys
(fig. 21) (Atwood and others, 1981; Bruns, 1985b) that
are composed of up to 9,000 feet of mounded strata.

Southeast Segment

The southeast Alaska margin is dominated by strike-slip
tectonism associated with the Fairweather-Queen
Charlotte fault system. The Fairweather-Queen
Charlotte fault system separates the Mesozoic and
Paleozoic continental basement rocks of the North
American plate from the adjacent Miocene oceanic crust
of the Pacific plate (Plafker and others, 1978b), and
appears to be currently accommodating the displacement
generated by relative motion between the plates. This is
supported by observed seismicity (Page, 1969; 1975),

Holocene offset along the onshore segment of the
Fairweather fault (Plafker and others, 1978b), and
surface and subsurface fault expression on offshore
seismic-reflection and bathymetric data (von Huene and
others, 1979; Atwood and others, 1981; Carlson and
others, 1985; and this study).

Fairweather-Queen Charlotte Fault System

The Fairweather-Queen Charlotte fault system as
discussed herein follows the definition and usage of
Carlson and others (1985) and Bruns and Carlson
(1987). 1t includes, from northwest to southeast, (1) the
onshore Fairweather fault, (2) the Icy Point-Lituya Bay
fault, a proposed reverse fault adjacent to the coastline
northwest of Icy Point, and (3) the southeastward
extension of these faults, a sub-parallel pattern across
the outer shelf and upper slope of the southeast Alaska
margin that eventually merges and connects with the
Queen Charlotte fault offshore of British Columbia
(fig. 31).

Onshore, the Fairweather fault is defined by offset
geomorphic features and, commonly, by a prominent
linear trench that reflect a late Quaternary history of
right-lateral strike-slip (Plafker and others, 1978b). The
Fairweather fault can be traced offshore onto the shelf
near the Yakobi Valley, where it appears to align with
the eastern set of two relatively continuous, sub-parallel
sets of fault traces that extend south-southeast across the
shelf and upper slope of the southeast Alaska continental
margin (fig. 31). The two sub-parallel sets of fault
traces appear to merge on the upper continental slope
south of Chatham Strait and west of Prince of Wales
Island. The western set of traces is better defined, more
continuous, and exhibits evidence for accommodating
the majority of the fault system activity. Seafloor scarps
and offsets of shallow seismic reflections (plate 4, lines
SE-3 through SE-6) indicate Holocene displacement
along the western trace.

The eastern fault trace is complex. The dominant traces
are sinuous, often bifurcating and converging, and
locally are ill-defined. The eastern set may connect with
the onshore Fairweather fault (Carlson and others,
1985), although the paucity of seafloor scarps and
near-surface faults suggests less Holocene activity on
this sub-system.

South of Chatham Strait, the merged fault sets extend as

a continuous, well-defined system along the upper
continental slope (fig. 31 and plate 4, lines SE-1
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through SE-2), eventually merging with the Queen
Charlotte fault west of Dixon Entrance.

Shelf Structure

The southeast Alaska continental shelf is 15 to 20 miles
wide between Cross Sound and the southern tip of
Baranof Island, and increases to 30 miles or more in
width between Chatham Strait and Dixon Entrance. The
topography is relatively flat along the northwestern
segment, from Cross Sound to Chatham Strait, and is
disrupted only in a few places by low-relief fault scarps
associated with the active Fairweather-Queen Charlotte
transverse fault system (plate 4, lines SE-4, 5, and 6).
Sediment thickness varies from a thin veneer on the
shoreward portion of the shelf, to approximately

7,000 feet in the narrow, transverse-fault-bounded,
asymmetric subbasins situated along the outer shelf
(fig. 22). These subbasins are areally limited and
typically offset or deformed by secondary transverse
faulting. Relict transverse faults that do not offset
Holocene reflections are cvident on seismic-reflection
data shoreward of the active Fairweather-Queen
Charlotte fault traces (plate 4, line SE-4). None of the
fault-bounded subbasins extend seaward of the western
trace of the Fairweather-Queen Charlotte fault system.

The continental shelf between Chatham Strait and Dixon
Entrance is a relatively horizontal platform mantled by a
thin cover of Pleistocene(?) and Holocene sediments that
is offset by numerous fault scarps (fig. 31). The
Southeast Alaska subbasin underlies the shelf west of
Prince of Wales Island and contains up to 20,000 feet of
Tertiary(?) and Quaternary strata (plate 4, line SE-2).
Two relict wrench zones bisect the lower sequence of
Tertiary(?) strata in the central part of the subbasin.
South of the Southeast Alaska subhasin and west of Dall
Island and Dixon Entrance, the shelf platform is
underlain by numerous isolated, elongate, asymmetrical
subbasins, all bounded to the west by northwest-
southeast-trending transverse faults (fig. 22; plate 4, line
SE-1). The maximum sediment thickness in these
smaller wrench-related subbasins rarely exceeds 8,000
feet. The presence of seafloor fault scarps and offset
Holocene reflections indicates recent activity along
transverse faults in the vicinity of Dall Island and Dixon
Entrance.

Slope Structure

Multichannel seismic-reflection profiles across the
continental slope of southeast Alaska reveal sediment
thicknesses varying from less than 6,000 feet along the
upper slope, to 14,000 feet or greater along the
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slope-rise transition zone (fig. 32). Exact sediment
thicknesses beneath the slope are difficult to determine
because acoustic basement is masked by water-bottom
multiples and, less commonly, by diffractions associated
with near-surface faults. Studies by von Huene and
others (1979) utilizing seismic-refraction data and
gravity modeling predicted more than 30,000 feet of
sediment infilling an oceanic crustal flexure beneath the
slope adjacent to Dixon Entrance. Subsequent studies by
Snavely and others (1981) employing multichannel
seismic-reflection and sonobuoy methods were unable to
confirm the existence of this basement trough.

The continental slope between Dixon Entrance and Sitka
Sound is structurally deformed along two linear zones
(figs. 31 and 32). Strata within these zones are buckled
into broad, en echelon, fault-bounded folds, with the
magnitude of deformation diminishing from south to
north. Folds and faults in the western, outer structural
zone appear to disrupt near-surface strata, suggesting a
Quaternary age of deformation (Bruns, 1985b; Bruns
and Carlson, 1987). To the east, folded and faulted
strata in the inner zone are overlain locally by as much
as 1,500 feet of relatively undisturbed section,
suggesting an earlier period of deformation, possibly in
Pliocene or early Pleistocene time (Bruns, 1985b; Bruns
and Carlson, 1987). Locally (fig. 32, line 951),
deformed strata of the inner zone breached the seafloor
and trapped Pleistocene(?) sediments between the two
structural zones and, to a lesser degree, shelfward of the
inner zone. The en echelon pattern of folding and
faulting reflected in the inner and outer structural zones
suggests deformation in a strike-slip tectonic regime,
possibly developed along splays of the
Fairweather-Queen Charlotte wrench-fault system (von
Huene and others, 1979; Snavely and others, 1981;
Bruns, 1985b; Bruns and Carlson, 1987).

North of Sitka Sound, strata beneath the continental
slope appear relatively undeformed (fig. 32, lines 959,
961). Minor faulting may be present deep within the
section (pre-Pliocene?) (Bruns, 1985b), but interference
by the water-bottom multiple precludes a definitive
interpretation of the lower portion of the
seismic-reflection profiles.

Continental Rise

A wedge of mid-Miocene and younger strata thickens to
the east beneath the continental rise seaward of the
Southeast Alaska shelf margin. Between Dixon Entrance
and Sitka Sound, relatively undeformed rise strata
terminate abruptly against the outer structural zone at
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the base of the continental slope (fig. 32, line 951, SW
end). North of Sitka Sound, reflections appear to grade
laterally into strata of the lower slope (fig. 32, line
959). The maximum thickness of rise sediments
adjacent to the base of the slope is difficult to discern

from seismic-reflection data because acoustic basement
reflections are obscured by the water-bottom multiple.
However, west of Kruzof Island the sediment thickness

appears to exceed 14,000 feet.
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S. Lithostratigraphy

Introduction

The Cenozoic stratigraphic section on the Gulf of Alaska
continental margin consists of marine and nonmarine
clastics with a maximum thickness that exceeds
36,000 feet. All of the Tertiary and Quaternary epochs
are represented by strata within the region (fig. 33).
Three major subdivisions that are present in Cenozoic
onshore outcrops can be correlated with three offshore
seismic sequences:
(1) An upper Tertiary and Quaternary stratigraphic
sequence of glaciomarine and marine clastic sediment
of middle(?) to late Miocene, Pliocene, and
Pleistocene age that reflects both the uplift and the
glaciation of the Chugach and St. Elias Mountains.
The tectonism resulted from the collision and partial
underthrusting of the Yakutat terrane with the North
American plate. This sequence is represented by the
Yakataga and Redwood Formations (fig. 33).

(2) A middle Tertiary stratigraphic sequence of late
Eocene, Oligocene, and middle to late Miocene
transgressive-marine clastic sediments. On the
Yakutat terrane, the sequence is represented by the
deep-marine glauconitic shales and siltstones of the
Poul Creek Formation; and on the very eastern part
of the terrane by the shallow-marine Topsy
Formation and Cenotaph Volcanics (fig. 33). On the
Prince William terrane, this sequence is represented
by deep-marine siltstone and shale equivalents of the
Sitkinak(?) Formation.

(3) A lower Tertiary sequence of nonmarine to
deep-water marine strata of late Paleocene(?),
Eocene, and early Oligocene(?) age. The sandstones,
siltstones, shales, and coals of this sequence exhibit a
generally regressive lithofacies pattern and represent
deltaic, prodeltaic, and basinal sediments of a
progradational depositional system. On the Yakutat
terrane, the sequence includes the Tokun, Kulthieth,
Stillwater, and Haydon Peak Formations, and an
informal siltstone unit referred to by Plafker (1987,
p- 244) as “the siltstone of Oily Lake,” hereafter
referred to as the Oily Lake siltstone in this report.

On the Prince William terrane, this sequence is
represented by fore-arc, deep-marine and trench-fill
clastics of the Sitkalidak Formation.

The upper Tertiary and Quaternary sequence forms an
overlap sequence that depositionally crosses both the
Yakutat and Prince William terranes. The mineralogy of
the Neogene sediments demonstrates a nearby
provenance in the adjacent Chugach and St. Elias
Mountains (Plafker and Addicott, 1976) and indicates
that sedimentation occurred after docking of the Yakutat
terrane. Neogene depocenters on the Yakutat terrane lie
slightly offshore and subparallel to the modern coastline,
and the Neogene section thins toward the Transition
fault, which marks the seaward edge of the basin

(plate 5). The distribution of Neogene sediment on the
Prince William terrane is complex and has been more
strongly controlled by tectonic deformation than on the
Yakutat terrane.

The principal accumulation of Paleogene strata (lower
and middle Tertiary sequences) along the Gulf of Alaska
is on the Yakutat terrane. On the Prince William
terrane, much of the Paleogene section is complexly
deformed and has undergone low-grade metamorphism.
Paleontologic, paleomagnetic, and petrologic data from
Paleogene sediment and basaltic basement of the Yakutat
terrane suggest that deposition occurred hundreds of
miles to the southeast, when the terrane was adjacent to
uplifted sediment sources in the crystalline complex of
the Coast Mountains in British Columbia and
southeastern Alaska (Hollister, 1979; Plafker and others,
1980; Chisholm, 1985; Van Alstine and others, 1985;
Davis and Plafker, 1986; Plafker, 1987). The main
Paleogene sedimentary basin is on the western segment
of the Yakutat terrane that is floored by Eocene oceanic
basalts. Paleogene strata thin or wedge-out across the
Dangerous River zone onto the eastern continental
segment of the Yakutat terrane, which is floored by the
low-grade metasediments of Jurassic(?) and Cretaceous
age of the Yakutat Group (fig. 34a, b).

Lithostratigraphy, 63



0day 1301039 vysvIY Jo finD ‘P9

Q £) 08
< 19| & |2z
5|z S | %g LITHOSTRATIGRAPHY EXPLANATION
o ..
0 u ¢ g Characteristic
7 . .
—HOLOCERE -~ Lithologies
S |PLEIS-
< | TOCENE Conglomerate
1.6
|
W Diamictite
Ll
8] I
wi
E, T w
5} Sandstone
2 5.2
z -
W
g~ Siltstone or shale
O |=
9 | —
= lw
23.3 .
I Glauconite
Wi
r} Cenotaph
8 ] Volcanics Coal
o e
= )
g O w AVAA VIRV
3 350 VVVT Volcanic rock
[
-
w JJJ_'J—’ Metamorphic rock
2 — _Fr
&
S
Yl Y= m Hiatus
g3
S
W V
% No data
L ?
56,5 5 v Oceanic Easalt-vv v v v vvv v v ubassql{?e v
ﬂc’ ’ EVMYVVVVVVVVVVVVVVYVVYVVVVYVYVYV VYV Y COF\tOCtS
g1 8 // ‘ : ,
8 — @ prp—t—
P |w 0 . £ L eposttiona erosional
a B~ NI NN
- 0 % ST
%)
3 & § Yakutat C"OUPJJ_ gradational
e

Figure 33. Generalized lithostratigraphic chart of the
areas (modified from Plafker, 1987, and the

Chart, Schaff and Gilbert, 1987).

Yakutat terrane on the Gulf of Alaska margin between the Katalla and Lituya Bay
Correlation of Stratigraphic Units of North America—Southern Alaska Region Correlation




Upper Tertiary and Quaternary
Sequence

Yakataga Formation

The Yakataga Formation (Taliaferro, 1932) is a glacially
influenced marine clastic sedimentary sequence of
middle(?) Miocene to Holocene age (fig. 33) that may
reach a thickness of over 16,000 feet (Plafker and
Addicott, 1976). The Yakataga Formation represents
one of the longest and most complete sedimentary
records of late Cenozoic glaciation in the world (Plafker
and Addicott, 1976). The Yakataga Formation is
exposed along the Gulf of Alaska coast from Kayak
Island to Cross Sound and outcrops offshore as far west
as Middleton Island (plate 5). Principal exposures of the
Yakataga Formation are in the Yakataga and western
Malaspina districts (figs. 34a and 34b). The Yakataga
Formation floors most of the Gulf of Alaska continental
shelf on the Yakutat and eastern Prince William
terranes. All of the offshore exploratory wells in the
Gulf of Alaska encountered the Yakataga Formation and
6 of the 13 wells drilled entirely through the formation
into the underlying Poul Creek Formation or equivalent
rocks (plate 6).

The Yakataga Formation rests either conformably or
disconformably on the Poul Creck Formation westward
from Yakataga Reef on the mainland and west of the
Dangerous River zone in most offshore wells (figs. 34a
and 34b, plate 6). Along the flanks and crest of the
Dangerous River zone structural high in the Malaspina
and Yakutat districts, the Yakataga Formation
discordantly overlaps the Poul Creek and Kulthieth
Formations and the Cretaceous metasedimentary rocks
of the Yakutat Group (Plafker and Addicott, 1976). East
of the Dangerous River zone in the Yakutat and Lituya
districts, the Yakataga Formation apparently
disconformably overlies the Topsy and Cenotaph
Formations and unconformably overlies the Yakutat
Group.

Yakataga Formation sediments were mainly eroded and
transported by glaciers that flowed from the
metamorphic and igneous terranes of the Chugach and
St. Elias Mountains. Striated boulder pavements in
Yakataga exposures on Middleton Island near the edge
of the continental shelf indicate that glacial ice extended
far offshore (Eyles, 1988). Sediment depocenters
trended along an axis that lies slightly offshore and
generally parallel to the present coastline (plate 5).
Sedimentation rates were high: average rates for the

entire formation calculated from onshore and offshore
wells are generally 2 to 3 feet (0.6 to 3.0 meters) per
1,000 years, and sedimentation rates during glacial
periods were doubtless even higher than these overall
formation averages. Holocene sedimentation rates
adjacent to the Malaspina Glacier, for example, are

16 millimeters/year, or equivalent to 16 meters (52 feet)
per 1,000 years (Molnia, 1983b). Fifty-six paleocurrent
measurements from Yakataga sandstone cross-beds
between Icy Bay and the Bering Glacier yielded a
northwesterly trend and suggest that sedimentation has
been controlled by the counterclockwise flow of the
Alaskan Gyral marine current system since the late
Miocene (Lyle and Palmer, 1976).

The Yakataga Formation consists of both marine and
glaciomarine clastic sediments. The glaciomarine
lithofacies that characterize the Yakataga Formation
include tillite-like diamictite (conglomeratic sandy
mudstone) and laminated marine siltstones and
mudstones that contain accessory floating sand grains
and striated and faceted pebble-to-boulder dropstones
indicative of ice-rafting (Plafker and Addicott, 1976).
Nonglacial lithofacies represent shallow-shelf to deeper
marine turbidite deposits and include mudstones,
siltstones, and sandstones that are tabular, thinly to
thickly bedded, moderately to well sorted, and
frequently bioturbated (Lyle and Palmer, 1976;
Armentrout, 1983b; Zellers, 1990). Nonmarine glacial
till and glaciofluvial sandstone and conglomerate are
locally abundant in the younger, upper part of the
section, but represent a minor component of the
formation overall (Armentrout, 1983b).

Armentrout (1983b) subdivided the Yakataga Formation
(fig. 35) into a predominantly glaciomarine upper
section and a lower section of alternating marine and
glaciomarine strata that presumably represent glacial and
interglacial periods. He correlated the boundary between
the upper and lower Yakataga sections with the climatic

‘deterioration that began near the middle of the Pliocene.

Continental glaciation began over vast areas of the
northern hemisphere just after the beginning of the late
Pliocene (Poore, 1979; Shackleton and others, 1984;
Raymo and others, 1986; Einarsson and Albertsson,
1988). The boundary separating the upper and lower
sections of the Yakataga Formation was generally
difficult to define using wireline logs and drill cuttings
from offshore wells. Because of this, the Yakataga
Formation was subdivided in this report at the late-early
Pliocene boundary (plate 6) on the basis of
biostratigraphic data.

Lithostratigraphy, 65
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(1978a), Rau and others (1983).




The upper section of the Yakataga Formation (late
Pliocene, Pleistocene, and Holocene age) is
characterized by glaciomarine sediment that infills
fiord-like mega-channels (fig. 36) that incise underlying
Yakataga strata (Armentrout, 1983b). The
mega-channels are 160 to 1,600 feet deep with
maximum widths of about 10,000 feet, and have
steep-walled margins that are sometimes grooved and
striated (Armentrout 1983b). These glacial
mega-channels are manifested on offshore seismic
profiles by U-shaped features in the upper Yakataga
Formation (fig. 16). Striated boulder pavements and
glaciomarine channel-fill sediments from early
Pleistocene exposures on Middleton Island near the edge
of the continental shelf also indicate that glacial ice
extended far offshore (fig. 37) (Eyles, 1987, 1988).
Upper Yakataga strata attain thicknesses in excess of
10,000 feet in the offshore (plate 6).

The lower section of the Yakataga Formation is
middle(?) to late Miocene, early Pliocene, and earliest
late Pliocene in age. The lower Yakataga Formation
contains a smaller percentage of glaciomarine lithofacies
than the upper section, although the base of the
Yakataga Formation is defined by the first appearance of
glaciomarine lithofacies (Plafker and Addicott, 1976).
For example, along Icy Bay, the exposed Yakataga
Formation (mid to late Pliocene) contains a lower
section that was deposited under normal marine
conditions with little or no glaciomarine influence
(Zellers, 1990). In exposures at Munday Peak west of
Icy Bay, Armentrout (1983b) identified three interglacial
normal-marine intervals that alternate with four thinner
glaciomarine intervals (fig. 35).

Geographically, variable amounts of the lower Yakataga
Formation are thin or missing, probably as a result of an
intraformational unconformity or unconformities.
Onshore in the Yakataga and Malaspina districts,
angular discontinuities between folded and

channelled Yakataga strata indicate

contemporaneous structural growth and erosion
in the Pliocene (Plafker and Addicott, 1976;
Armentrout, 1983b). Offshore, the lower
Yakataga Formation is over 5,000 feet thick in
the Texaco OCS Y-0032 No. 1 well, but thins
westward to less than 100 feet in the Exxon OCS
Y-0080 No. 1 well (plate 6; Lattanzi, 1981).
Offshore seismic lines also show that lower

Yakataga strata thin or wedge out in this area. It
is highly probable that the Yakataga Formation
experienced numerous large shifts in sediment
progradation, sedimentation rates, and

paleobathymetry, given the active tectonics of the
region and the wide fluctuations in sea level and
crustal downwarping from ice loading that
accompany glacial advances and retreats.

The maximum age of the basal Yakataga
Formation is of special stratigraphic interest

Figure 35. Composite stratigraphic section of the
Yakataga Formation at Munday Peak, Robinson
Mountains. Rock types include shale (dash),
siltstone (dash-dot), and sandstone (dot). Circular
blocks are clasts floating in a finer grained

matrix. Intervals of glacially influenced deposits
are noted by diagonally ruled column to the left
of the measured section. Water depth is based on
benthic foraminiferal paleoecology (fig. 56).
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Depositional environments interpreted from
lithofacies and biofacies (modified from
Armentrout, 1983a, fig. 4).
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Armentrout, 1983b, fig. 21).

because it marks the inception of coastal piedmont
glaciation along the Gulf of Alaska. The glaciation
recorded by the Yakataga Formation is generally
attributed to orogenic uplift and increased precipitation
resulting from the collision of the Yakutat terrane with
the North American plate (von Huene and Kulm, 1973;
Plafker and Addicott, 1976; Plafker, 1987; Eyles and
others, 1988; Eyles and Lagoe, 1989). Uplift associated
with the collision probably began in the late Oligocene,
as attested to by volcanism in the Wrangell Mountains
that began about 26 Ma (Richter and others, 1990).
Plafker (1987) suggests that after collision along the
leading western edge of the Yakutat terrane, uplift
spread progressively eastward, so that the basal
Yakataga Formation becomes progressively younger to
the east.

The maximum age of the Yakataga Formation is
controversial and is interpreted to be as old as late
Oligocene(?) and early Miocene (Plafker, 1987;
Marincovich, 1990) to as young as late Miocene
(Armentrout, 1983b; Lagoe, 1983; Lagoe and Eyles,
1988; Eyles and others, 1988). The older (late
Oligocene to early Miocene) dates are based mainly on
the biostratigraphy of mollusks and benthic foraminifera

(Allison, 1978; Addicott and others, 1978; Ariey, 1978;
Rau and others, 1983; Marincovich, 1990), whereas the
younger, late Miocene dates are based mainly on the
biostratigraphy of plimktonic foraminifera and
radiometric dates from glauconite (Armentrout and
others, 1978; Armentrout, 1983b; Lagoe, 1983).

The oldest rocks that have been included in the Yakataga
Formation are at Kayak Island (Plafker, 1974, 1987).
The section included in the Yakataga Formation there is
dated by mollusks as early as middle Miocene in age
(Marincovich, 1990). In addition, a cross-cutting dacite
intrusion radiometrically dated at 6.2 Ma establishes a
minimum late Miocene age for this Kayak Island locality
(Plafker, 1987). However, the lower 500 feet of this
section is nonglacial in origin and was deposited prior to
the first appearance of the glaciomarine lithofacies that -
are interpreted as middle Miocene (Marincovich, 1990).
The early Miocene nonglacial lithofacies reflects uplift
resulting from the docking of the Yakutat terrane, but
predates the initial Neogene glaciation. These early
Miocene nonglacial rocks are correlative with nearby
exposures of equivalent nonglacial marine rocks of the
Redwood Formation in the Katalla area rather than the

Lithostratigraphy, 69
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Figure 37. Block diagram showing depositional modes of glaciomarine sedimentation of the Yakataga Formation

(modified from Eyles, 1987, fig. 15).

glaciomarine Yakataga Formation (see discussion of
Redwood Formation).

The age data from the glaciomarine lithofacies of the
Yakataga Formation on Kayak Island indicate that
glaciation began earlier than 6.2 Ma (late Miocene), but
no earlier than 15-16 Ma (early middle Miocene)
(Marincovich, 1990). However, the early middle
Miocene date is based on molluscan biostratigraphy,
which is generally held to be less reliable than that based
on planktonic foraminifera; no planktonic foraminifera
older than late Miocene are known from Yakataga
glaciomarine rocks (see chapter 6). Furthermore, as
noted by Armentrout (1983b) and Marincovich (1990),
the early middle Miocene coincides with a global peak

70, Gulf of Alaska Geologic Report

in Neogene climatic warming (Wolfe and Poore, 1982;
Hagq, 1982). This seems an unlikely time for the onset of
glaciation in temperate latitudes, and we suspect that the
initial glaciation occurred after this time.

Paleoceanographic oxygen-isotope studies (fig. 38)
indicate that shortly after the early middle Miocene
warming event, one of the most abrupt episodes of
global climatic cooling in all of the Cenozoic occurred at
about 14 to 15 Ma (Woodruff and others, 1981; Miller
and Fairbanks, 1985; Miller and others, 1987). In the
temperate latitudes of southern Alaska, glaciation would
likely have occurred after establishment of the climatic
effects of this middle Miocene cooling episode. This
assumption is consistent with the planktonic




biostratigraphy of the Yakataga Formation as well as
maximum ages of isolated stratigraphic occurrences of
Neogene glacial or periglacial deposits in other areas of
southern Alaska. None of these other glacial deposits
appear to be older than late Miocene. Diamictite
outcrops on the northeastern flank of the Wrangell-St.
Elias Mountains contain glacially faceted and striated
clasts (Denton and Armstrong, 1969; Eyles and Eyles,
1989). The diamictites are interbedded with volcanic
flows that have been radiometrically dated from 2.7 to
10.2 Ma (Denton and Armstrong, 1969). Along the
eastern flank of upper Cook Inlet, tillites have been
identified in exploratory wells in the late Miocene
Beluga and late Miocene to Pliocene Sterling Formations
(Boss and others, 1976).

This evidence suggests that the onset of glaciation and
subsequent deposition of the glaciomarine Yakataga
Formation in the Gulf of Alaska began considerably
later than the docking of the Yakutat terrane with the
North American plate in the late Oligocene (26 Ma).

The conditions necessary to establish regional glaciation
apparently included not only mountainous uplift, but
also global climate cooling in the middle Miocene.

In summary, the glaciomarine deposits of the basal
Yakataga Formation are older than 6 Ma (latest
Miocene) and younger than 15 to 16 Ma (early middle
Miocene). Evidence from surrounding regions of the
Gulf of Alaska suggests that these glaciomarine deposits
are probably at least as old as the middle-late Miocene
boundary (10.4 Ma).

Redwood Formation

The Redwood Formation (Taliaferro, 1932) outcrops in
the Katalla arca (plate 5), where it consists of as much
as 4,500 feet of marine conglomerate, sandstone,
siltstone, and mudstone (fig. 39). The formation is
named for the noted British petroleum geologist Sir
Boverton Redwood, who also worked in the area in
1903. The Redwood Formation is described by Miller

Figure 38. Cenozoic paleo-
! climate as indicated by composite
- global deep-sea oxygen isotope

(160) is preferentially evaporated
from the oceans and concentrated in
glacial ice, whereas the ocean water
is relatively enriched in the heavier
isotope 130. The relative abundance
of %0 (expressed as 6180) in
CaCO3 of benthic foraminifera tests

pa&eotcmpcraturc, and sca level.
5'%0 values greater than 1.8 parts
per thousand (%o) provide evidence
for significant ice sheets (Miller and

the middle Miocene. It is probable
that glaciation in the Gulf of Alaska
dates from or subsequent to this time.
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(1975) as consisting of a basal 400- to 500-foot-thick
unit of thick-bedded, fine- to medium-grained, marine
sandstone with subordinate siltstone interbeds, and an
upper 3,700-foot-thick unit of interbedded siltstone,
mudstone, conglomerate, and sandstone (fig. 39) that
was deposited in neritic to bathyal depths. The top of the
Redwood Formation is not exposed; the lower contact
with the Poul Creek Formation varies from sharp to
gradational and is apparently conformable.

The Redwood Formation has yielded a sparse, poorly
preserved molluscan fauna that suggests an age of late
Oligocene(?) to Miocene, and a sparse foraminiferal
assemblage from the upper third of the formation that
suggests a late Miocene to Pliocene age (Miller, 1975;
Addicott and others, 1978; Rau and others, 1983).
Redwood strata appear to be laterally equivalent to
upper Poul Creek strata and lower Yakataga strata, and
may represent a transitional rock unit between the deep-
marine Poul Creek Formation and the glaciomarine
Yakataga Formation.

The conglomeratic marine sediments of the Redwood
Formation range from clast-supported conglomerate to
conglomeratic mudstone. The Redwood conglomerates
and diamictites are similar to those of the Yakataga
Formation, except that no angular boulders or striated
clasts indicative of glacial ice-rafting have been
observed in the Redwood Formation (Plafker and
Addicott, 1976). Redwood conglomerate clasts are
subrounded to well rounded and reflect abrasion by
fluvial and/or beach processes prior to their deposition
in marine waters (Miller, 1975).

Plafker and Addicott (1976) suggest that the Redwood
conglomerates are beach-worked glaciofluvial outwash
that was deposited along the coast at the onset of
glaciomarine sedimentation. However, Redwood
conglomerates appear to be largely older than the onset
of glaciation, and so they may instead be deposits of
braid and fan deltas and submarine fans formed at the
onset of coastal uplift associated with the initial docking
of the Yakutat terrane that appears to have occurred in
the late Oligiocene (26 Ma) (Richter and others, 1990).
Coarse-grained braid and fan deltas are commonly
formed along active continental margins (Wescott and
Ethridge, 1980; McPherson and others, 1987).
Furthermore, as Anderson (1983) and Zellers (1990)
point out, scattered dropstones may be evidence of
ice-rafting by shore-fast ice rather than glacial icebergs.

The Redwood Formation has not been recognized in the
geologic literature elsewhere than in the Katalla area.

However, at Kayak Island, the basal 500 feet of the
section that has been included in the Yakataga
Formation consists of nonglacial, coarse marine clastics
of early Miocene age (Plafker, 1974; Marincovich,
1990). Because these rocks appear to have been
deposited prior to glaciation, we do not consider them to
be part of the Yakataga Formation, but rather correlate
them with the Redwood Formation.

Middle Tertiary Stratigraphic
Sequence

Poul Creek Formation

The Poul Creek Formation was originally assigned by
Taliaferro (1932) to a 3,000-foot-thick sequence of
deep-water marine, reddish-brown-weathering,
glauconitic mudstone, siltstone, and minor sandstone,
mainly of Oligocene and Miocene age, that crops out
along the Gulf of Alaska coast between the Bering and
Malaspina Glaciers. Miller (1957) redefined the
formation to include all of the approximately 6,100 feet
of lithologically and genetically similar marine strata of
late Eocene, Oligocene, and Miocene age between the
Yakataga and Kulthieth Formations. Because the
stratigraphy of the Yakutat terrane extends westward to
the Kayak Island zone, Winkler and Plafker (1981)
extended the stratigraphic nomenclature of the Yakataga
district to the Katalla district and reassigned the strata of
the former Katalla Formation (Martin, 1905; Miller,
1975) to the Poul Creek Formation. Thus defined, the
Poul Creek Formation (fig. 33) extends from the Kayak
Island zone in the west to the Dangerous River zone in
the east (fig. 34a).

Onshore, the Poul Creek Formation is truncated by an
unconformity at the Yakataga—Poul Creek contact along
the western flank of the Dangerous River zone beneath
the Malaspina Glacier (Plafker and others, 1978a;
Larson and others, 1985a). East of the Dangerous River
Zone in the Malaspina, Yakutat, and Lituya districts
(fig. 34a, b), the Poul Creek Formation is absent.
Offshore, however, strata age-equivalent to the Poul
Creek Formation (seismic sequence II) are continuous
over the Dangerous River high and represent a thin unit
offshore of the Yakutat and Lituya districts (fig. 18).
Seismic sequence II appears to represent the
shallow-marine, coarser grained lithofacies of the Topsy
Formation and Cenotaph Volcanics that crop out in the
Lituya district (figs. 33 and 34a) (Miller, 1961b;
Plafker, 1967).
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A facies change in the strata of seismic sequence II
occurs across the offshore segment of the Dangerous
River zone. This change reflects the transition from the
proximal shelf facies of the Topsy Formation and the
Cenotaph Volcanics on the eastern continental segment
of the Yakutat terrane to the basinal facies of the Poul
Creek Formation on the western oceanic segment of the
Yakutat terrane. During deposition of the Poul Creck
and Topsy Formations, the Dangerous River zone
apparently represented a basin-margin paleoslope
(Bruns, 1983b; 1985b). Poul Creek strata basinward of
this paleoslope contain benthonic foraminifera that
indicate deposition in deep-marine, bathyal
environments (Lagoe, 1983; Rau and others, 1983; and
chapter 6, this report).

In the Katalla area, the Poul Creek Formation was
thoroughly described by Miller (1975) because of the
considerable interest attracted by numerous oil seeps and
the shallow Katalla oil field that was developed from
fractured Poul Creek strata. Miller (1975) subdivided
the Katalla Formation (now considered the Poul Creek
Formation) into three members with a combined
thickness of about 5,200 feet (fig. 40). These three
members characterize the vertical succession of Poul
Creek lithofacies in most onshore exposures, and also
appear representative of Poul Creek strata offshore
based on the few offshore wells that penetrated the
formation.

The upper Poul Creek Formation in the Katalla area
(Burls Creek Shale Member of the former Katalla
Formation) consists of as much as 2,800 feet of gray to
dark-gray siltstone, dark-green pyritic and glauconite-
rich sandstone, dark organic-rich shale, and lenticular
limestone. This upper Poul Creck member appears to be
mostly late Oligocene to late middle or early late
Miocene based on planktonic foraminiferal assemblages
and on radiometric dates of glauconite from the
Yakataga district (Armentrout and others, 1978;
Armentrout, 1983a, 1983b; Lagoe, 1983; Marincovich,
1990; and chapter 6, this report).

The glauconitic sandstones of the upper Poul Creck
member consist of angular to subround grains of
glauconite in a brownish-green silt to clay-sized matrix
with common pyrite. The glauconitic sandstone beds are
massive and exhibit rapid lateral changes in thickness
from 3 to as much as 60 feet, and in some areas are
absent altogether (Miller, 1975). At the Yakataga Reef
locality, an equivalent sandstone consists of over

80 percent pelletal glauconite (Lagoe, 1983). The
pelletal morphology of the glauconite suggests a
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biogenic origin, although at Kayak Island the glauconite
is interpreted by Plafker (1974) to have formed by the
alteration of basaltic detritus. The Poul Creek Formation
locally contains abundant, interbedded, water-laid
volcanic flows and pyroclastic rock (Miller, 1957, 1975;
Plafker, 1974).

The organic-rich shales and mudstones of the upper Poul
Creek member are described as brown to black, pyritic,
and massive to finely laminated (Miller, 1975;
Armentrout, 1983a). These organic shales and
mudstones occur in onshore exposures as one or more
horizons with a total thickness varying from 50 to

800 feet, with the thickest and organically richest section
occurring to the west at Kayak Island (Plafker, 1974;
Miller, 1975). Total organic carbon (TOC) contents
from onshore samples of the organic-rich units are
generally between about 1.5 and 8 percent, and the
kerogen is predominantly of marine-algal origin
(Plafker, 1974; Lagoe, 1983; Armentrout, 1983a; Mull
and Nelson, 1986). The marine origin of the kerogen in
the upper Poul Creek organic shales contrasts with most
other Tertiary strata (including most of the Oligocene
section of the Poul Creek Formation) in which the
preserved kerogen is predominantly terrestrially derived
(Armentrout, 1983a; and chapter 10, this report).

The middle Poul Creek member (Basin Creek Member
of the former Katalla Formation) is mainly early
Oligocene in age (Plafker, 1987) and consists of 550 to
1,000 feet of locally glauconitic gray shale or siltstone
with interbeds of very fine-grained sandstone that are
locally glauconitic. Concretions of silty limestone, many
of which contain fossil crabs, are common in the middle
member near Katalla (Miller, 1975), although limestone
concretions and thin beds are common throughout the
formation (Miller, 1957, 1975; Plafker, 1967, 1974).

The lower Poul Creek member (Split Creek Sandstone
Member of the former Katalla Formation) is late Eocene
to early Oligocene in age (Rau and others, 1983;
Plafker, 1987) and consists of about 700 to 1,400 feet of
massive- to thin-bedded, fine- to coarse-grained,
brownish-gray sandstone with minor amounts of
interbedded siltstone or shale. In the Yakataga district,
the equivalent basal lower sandy section of the Poul
Creek Formation varies from 900 to 2,500 feet in
thickness.

Offshore, the Poul Creek Formation was encountered in
5 of the 12 exploratory wells that were drilled on the
Yakutat terrane (plate 6). Three of these offshore wells,
the Shell OCS Y-0014 No. 2, Texaco OCS Y-0032
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Figure 40. Stratigraphic column of the Poul Creek Formation (formerly the Katalla Formation) in the
Katalla district (after Miller, 1975).
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No. 1, and Exxon OCS Y-0080 No. 1, were either
abandoned after penetrating the upper part of the Poul
Creek section or failed to reach underlying formations
because of steeply dipping and possibly fault-repeated
sections (plate 6). The ARCO OCS Y-0007 No. 1 well
encountered upper Eocene strata in the basal 1,970 feet
of the well, which Plafker (1987) correlated with the
Tokun Formation. As a result, the OCS Y-0007 No. 1
well may have penetrated through the entire Poul Creek
Formation. However, this correlation is uncertain
because both the Tokun and Poul Creek Formations
have late Eocene sections and the two formations are too
similar lithologically to distinguish using drill cuttings
and logs in the OCS Y-0007 No. 1 well.

The only offshore well that is known with certainty to
have penetrated the entire Poul Creek Formation is the
ARCO OCS Y-0211 No. 1 well (plate 6). This well was
drilled in a relatively undisturbed structural setting east
of the Pamplona zone and penetrated essentially
flat-lying strata. The well (plate 7) encountered a
3,765-foot section of upper Eocene, Oligocene, and
lower to middle Miocene strata containing characteristic
Poul Creek lithofacies: dark, pyritic and glauconitic
siltstone and shale, glauconitic sandstone, and occasional
shaly limestone or calcareous concretions. Microfossil
assemblages indicate deposition in bathyal environments
(see chapter 6).

The contact of Miocene Poul Creek strata with the
Yakataga Formation in the OCS Y-0211 No. 1 well was
picked from wireline logs near the first downhole
occurrence of abundant glauconite in drill cuttings. Dip
patterns from the dipmeter log exhibit a much wider
scatter in the overlying poorly stratified glaciomarine
strata of the Yakataga Formation than in the nonglacial,
deep-water marine strata of the Poul Creck Formation
(fig. 41). The lower contact of the Poul Creck
Formation was identified from the wireline logs at the
top of the underlying sandstonc scquence of the
Kulthieth Formation. A local, slightly angular
discordance that may correspond to the Poul
Creek-Kulthieth contact was interpreted by Bruns
(1983a) from seismic data over the broad structure that
was tested by the OCS Y-0211 No. 1 well.

The Poul Creek Formation in the OCS Y-0211 well can
be subdivided into three lithologic units that we interpret
to be approximately equivalent to those described by
Miller (1975) in the Katalla area. The upper Poul Creek
unit (4,805 to 5,770 feet) is late Oligocene to early or
middle Miocene in age and can be differentiated from
the other two units by more frequent SP log deflections
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(plates 6 and 7) that reflect sandstone beds. Near the top
of the upper unit, a zone of higher radioactivity on the
gamma ray logs reflects abundant glauconite and
associated sediments. The middle Poul Creek unit
(5,770 to 7,350 feet) is mostly early to late Oligocene in
age and is predominantly shale and siltstone, as attested
to by the flat response of the SP and resistivity logs.
The lower Poul Creek unit (7,350 to 8,570 feet) is late
Eocene to possibly early Oligocene in age and is
distinguished from the overlying shaly middle unit by a
higher resistivity log response that indicates the lower
unit is siltier and sandier than the middle unit. A 32-foot
conventional core (core 1, appendix F-2) from this
lower unit consisted of gray, massive, silty to
occasionally sandy mudstone that was locally burrowed
and bioturbated and contained traces of pyrite,
carbonaceous fragments, mica, and glauconite (Barnes
and others, 1983).

Sandstone in the upper section of the Poul Creek
Formation in the OCS Y-0211 No. 1 well is relatively
abundant compared to that encountered in other OCS
wells that penetrated the formation (plate 6). The OCS
Y-0211 No. 1 well site may have been closer to the
paleoshoreline than the other OCS wells during
deposition of the upper Poul Creck Formation. We
interpret the late Oligocene to middle Miocene
paleoshoreline to have been located to the east-northeast
of the OCS Y-0211 well site, probably parallel with the
trend of the Dangerous River zone (see discussion of the
OCS Y-0211 No. 1 well data in the Kulthieth Formation
section of this chapter).

The uppermost Poul Creek strata of Miocene age in the
OCS Y-0211 No. 1 well are particularly rich in
glauconite and contain several beds composed almost
entirely of glauconite pellets that are interbedded with
thin units of dark-brownish-gray to black organic-rich
siltstone or mudstone. The glauconitic beds were
identified from drill cuttings and from gamma ray
spectral and lithodensity well logs (figs. 41 and 42). The
anomalously higher uranium levels displayed by the
gamina ray spectral log (6 to 8 ppm uranium) appear to
result from associated organic shales and marine
phosphatic minerals (carbonate fluorapatite), which we
tentatively identified in the form of cements associated
with glauconite pellets. Phosphatic or apatite group
minerals are commonly uranium bearing and frequently
occur in association with glauconitic facies (Pettijohn,
1957, p. 474; Adams and Weaver, 1958; Serra and
others, 1980; Pettijohn and others, 1987, p. 189). We
also tentatively identified phosphatic minerals in
conventional core samples of the OCS Y-0080 No. 1
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Key to Figure 41. Lithologic interpretation of OCS Y-0211 No. 1 well logs at the Yakataga—Poul

) ) Creek formational contact. The base of the Yakataga Formation at 4,805 fect is marked by a
Lithologic Chart change from widely scattered dip magnitudes in the poorly stratified glaciomarine sediment to

more consistent dips in the Poul Creek marine sediments. In the Poul Creek section, four

Diamictite glauconitic beds are apparent between 4,850 and 5,000 feet. Glauconitic beds are indicated by
zones of higher radioactivity on the gamma ray (GR), uranium (URAN), and potassium

Sandstone (POTA) log traces, and higher values on the photoelectric factor (PEF) log trace. The
glauconitic zones represent condensed sections formed when clastic deposition was very slow

Glauconitic and sedimentation was dominated by slowly accumulating authigenic glauconite.
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5 repeated strata. The same may be true of
the Miocene Poul Creek section in the

well from the Miocene glauconitic lithofacies of the
upper Poul Creek section.

Glauconitic-phosphatic sediments are generally
interpreted as having formed in marine environments
where clastic sedimentation rates were low and biogenic
activity was high, and phosphate in particular is often
linked to upwelling nutrient-rich currents and restricted,
anoxic bottom-water conditions (Cloud, 1955; Pettijohn,
1957; Porrenga, 1967; Odin, 1972; Kolodny, 1981;
Pettijohn and others, 1987). That restricted
environments occurred in the Miocene during deposition
of the Poul Creck glauconitic-phosphatic lithofacies is
also evidenced by an impoverished microfauna
containing shark teeth recovered from a core in the
upper Poul Creek section of the OCS Y-0080 No. 1 well
(see chapter 6). In a study of onshore localities,
Armentrout (1983a) also interpreted Miocene Poul
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OCS Y-0014 No. 2 well, which is faulted
and may contain a repeated Miocene
section (plate 6). The sandy interval beneath the fault in
the OCS Y-0014 No. 2 well (between about 13,400 and
14,400 feet) is similar in lithology and log response to
Yakataga Formation strata, and may be a fault-repeated
section of the Yakataga Formation within the Poul Creck
Formation. However, this is not confirmed by
biostratigraphic data from the well.

In some areas, the thin or missing Miocene section of
the upper Poul Creek Formation may be a result of the
post-depositional erosion manifested by an unconformity
at the base of the Yakataga Formation. However, at
Yakataga Reef a middle Miocene hiatus occurs within
the Poul Creek Formation, even though deposition was
apparently continuous through the overlying upper
Miocene interval which spans the Yakataga-Poul Creek
contact (Lagoe, 1983). Therefore, the hiatus at Yakataga
Reef is not a result of erosion at the Yakataga-Poul



Creeck formational boundary, rather it is most likely a
result of nondeposition. The middle Miocene hiatus is
also evident offshore in the Texaco OCS Y-0032 No. 1
well (fig. 63). A middle Miocene hiatus was also
encountered on the adjacent Prince William terrane in
the Tenneco Middleton Island No. 1 well and in oceanic
sediments from the Deep Sea Drilling Project (DSDP)
site 178 on the adjacent Pacific plate (Keller and others,
1984).

The regional occurrence of a middle Miocene hiatus in
the Yakutat and Prince William terranes and the adjacent
Pacific plate suggests that this hiatus may have resulted
from a paleoceanographic eustatic event. Depositional
hiatuses and subsequent condensed stratigraphic sections
are interpreted to result from abrupt sea-level rises that
produce regional transgressions that shift depocenters
shoreward and cause basinward sediment starvation
(Loutit and others, 1988). A mid-Miocene marine
transgression is consistent with the global oxygen
isotope record (Miller and Fairbanks, 1985; Miller and
others, 1987) and eustatic cycles inferred from seismic
stratigraphy (Vail and others, 1977) which suggest a
trend of rising sea level in early and early middle
Miocene time (fig. 38).

Armentrout (1983a) also suggested that the Miocene
upper Poul Creek Formation was deposited during a
marine transgression and hypothesized that the
organic-rich sediments resulted from an upwelling
system that moved shoreward and depressed the oxygen
minimum zone along the basin margin (fig. 43). He

further postulated that the deposition was a consequence
of a climatically induced oceanographic system similar
to that which is thought to have influenced deposition of
the Monterey Formation and equivalent Miocene rocks
around the north Pacific margin (Ingle, 1981;
Summerbayes, 1981).

The organic shales of the Poul Creek and Monterey
Formations correlate with an early to middle Miocene,
ocean-wide carbon isotope (613C) anomaly, termed the
Monterey carbon excursion, that is interpreted to
indicate increased extraction of organic carbon from the
oceans and a probable decrease in atmospheric CO,
(Berger and Mayer, 1987). The timing of the Monterey
carbon excursion just prior to the middle Miocene polar
cooling event suggests a cause-and-effect link between
the inferred atmospheric CO; reduction and the
subsequent climate cooling indicated by the 81%0 record
(fig. 44). The paleoceanographic events influencing the
deposition of the Poul Creek organic shales may also
have set the stage for climatic cooling and the resulting
glaciation that occurred along the Gulf of Alaska
subsequent to the docking of the Yakutat terrane in the
late Oligocene.

Topsy Formation and Cenotaph Volcanics

The Topsy Formation and Cenotaph Volcanics (Miller,
1961b; Plafker, 1967) are exposed in a few areas
between Lituya Bay and Cross Sound (plate 5). This
sequence unconformably overlies Yakutat Group
basement rocks and is unconformably overlain by the

Figure 43. Interpretative hydrographic profile for middle Miocene deposition of the upper Poul Creek Formation.
Organic-rich sedimentation is interpreted to have occurred during a period of transgression when upwelling
currents and resulting organic blooms depressed the oxygen minimum zone to the sea floor, possibly within a
shelf-margin basin (after Armentrout, 1983a, fig. 7).
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Yakataga Formation (figs. 33 and 34a). These two rock
units are interpreted to be post-early Oligocene to
pre-middle Miocene in age and are largely age-
equivalent to the Poul Creck Formation (Plafker, 1967).

The Topsy Formation consists of over 3,700 feet of
sparsely fossiliferous, calcareous marine siltstone and
sandstone (fig. 45). The underlying Cenotaph Volcanics
consist of about 1,250 feet of andesitic breccia or
agglomerate, tuff, and flows that are interbedded with
tuffaceous siltstone, glauconitic sandstone, pebble-
cobble conglomerate, and minor coal (fig. 45).
Depositional environments range from shallow marine to
nonmarine. The Topsy strata intertongue with and, in
part, unconformably overlie the Cenotaph Volcanics.

Cenotaph and Topsy strata have not been identified in
the onshore exploratory wells drilled east of Yakutat
Bay. Most of those wells encountered a relatively thin
section of Yakataga Formation unconformably overlying
either Kulthieth strata or Yakutat basement rocks, or
bottomed in Yakataga strata. However, the Colorado Oil
and Gas No. 2 Core Hole (well No. 22, plate 5 and

fig. 34a, b) penetrated about 2,000 feet of lower
Neogene and Paleogene strata beneath the Yakataga
Formation that consist of sandstone, conglomerate,
mudstone, and, locally, coal. Plafker and others (1975)
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include these strata with the Poul Creck Formation and
tentatively with the Kulthieth Formation. However,
some of these strata should probably be included with
the Topsy rather than the Poul Creck Formation. The
nonmarine to marginal marine lithofacies in the well are
analogous to those of the Topsy Formation, but not to
the generally deep-marine facies of the Poul Creek
Formation. Furthermore, the location of Core Hole No.
2 is east of the Dangerous River zone on the continental
segment of the Yakutat terrane (plate 5) where the
Topsy Formation crops out, whereas the Poul Creek
Formation appears to be restricted to the oceanic
segment of the Yakutat terrane.

The Colorado Oil and Gas Dangerous River No. 1 well
(well No. 23, plate 5 and fig. 34a, b) encountered a
550-foot section of sandstone, siltstone, conglomerate,
and basaltic volcanics between the overlying Yakataga
Formation and the underlying Yakutat Group basement
rocks that may be correlative with the Topsy Formation
and Cenotaph Volcanics. However, the volcanics in the
Dangerous River No. 1 well are undated and, based on
lithology, have been correlated with the basalt of Hubbs
Creek (Plafker, 1987). Neither correlation is certain
without age data on the volcanics or interbedded
sediments.
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Sitkinak Formation

On the Prince William terrane, the Sitkinak Formation
(early Oligocene) and an unnamed shallow-marine
siltstone sequence (late Oligocene to early Miocene) are
largely age-equivalent to the Poul Creek, Topsy, and
Cenotaph Formations on the Yakutat terrane. Outcrops
of these strata in the Kodiak Island area consist of
coal-bearing nonmarine to marine clastics that
apparently represent fan-delta, shelf, and subsea-fan
deposits of a forearc basin (Moore, 1969; Moore and
Allwardt, 1980).

The Tenneco Middleton Island No. 1 well (plate 6)
drilled through a lower Miocene to Oligocene section
that has been correlated with the Poul Creek Formation
(Rau and others, 1983; Larson and others, 1985b).
However, because this well was located across the
Kayak Island zone on the Prince William terrane, the
strata deposited there before the early to middle
Miocene probably were not contiguous with coeval Poul
Creek strata deposited on the Yakutat terrane.
Consequently, these strata are interpreted as correlatives
of the Sitkinak Formation and related strata of the
Kodiak Island area rather than the Poul Creek
Formation.

The Oligocene to lower Miocene section penetrated by
the Middleton Island No. 1 well is 4,175 feet thick
(plate 6) and consists predominantly of deep-marine
(lower to middle bathyal) siltstone and mudstone, with
minor sandstone, conglomerate, and interbedded
volcaniclastics. Shallower water species mixed with the
predominantly deep-marine microfossil assemblages 3
suggests downslope transport of sediment from nearby
slope and shelf regions (Keller and others, 1984).

Lower Tertiary Stratigraphic
Sequence

Tokun Formation

The Tokun Formation (Martin, 1908) is exposed only in
the Katalla-Bering Glacier area and on Kayak and
Wingham Islands where it consists of up to 3,500 feet of
Eocene and early Oligocene mostly marine clastic
sediments (Miller, 1961a, 1975; Plafker, 1974). Tokun
sediments consist predominantly of gray concretionary
siltstone with variable amounts of interbedded micaceous
sandstone (Miller, 1975; Tysdal and others, 1976;
Winkler and Plafker, 1981). In the Bering River
Coalfield in the northern part of the outcrop area, the
Tokun Formation consists of greenish-gray, micaceous
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and glauconitic sandstone and siltstone with subordinate
carbonaceous shale and coal that occur predominantly as
stacked, fining- and shoaling-upward sequences (Turner
and Whateley, 1989). Fossils from the Tokun Formation
indicate depositional environments ranging from inner to
outer neritic (Miller, 1975; Tydsal and others, 1976;
Wolfe, 1977; Marincovich and McCoy, 1984). Recent
study suggests that Tokun strata may represent tidal-inlet
and back-barrier lagoon and marsh deposits of a
mesotidal barrier island-estuarine complex (fig. 46)
(Turner and Whateley, 1989).

The upper contact of the Tokun Formation with the Poul
Creek Formation varies from sharp to gradational and is
considered conformable (Miller, 1975; Winkler and
Plafker, 1981). The base of the Tokun Formation in the
Bering River area is defined by a laterally extensive
shale-pellet conglomerate that displays a diachronous
relationship with underlying Kulthieth strata (Turner and
Whateley, 1989). This conglomerate is thought to mark
a marine transgression that moved eastward across the
fluvio-deltaic sediments of the Kulthieth Formation
(Turner and Whateley, 1989). Tokun strata appear to
represent a transitional depositional phase between the
progradational deltaic sediments of the Kulthieth
Formation and the deep-water basinal shales and
siltstones of the overlying Poul Creek Formation.

The only onshore exploratory well that encountered the
Tokun Formation was the Richfield Bering River No. 1
well in the Katalla district (well No. 1, plate 5). The
Bering River No. 1 well drilled Tokun strata beneath a
thin mantle of Quaternary deposits to the total depth at
6,175 feet. The Tokun section encountered in the well
was a monotonous sequence of dark siltstone and shale.
The dipmeter log indicated that some of the strata were
steeply dipping and possibly faulted in two places.
Because of this, the 6,100-foot-thick Tokun section
penetrated in the well does not represent true
stratigraphic thickness.

Tokun Formation lithofacies are not recognized east of
the Katalla district in either outcrops or onshore wells.
In the Yakataga district, all of the shaly marine strata
between the Kulthieth and Yakataga Formations,
including any of the basal strata of possible late Eocene
age, are assigned to the Poul Creek Formation (Miller,
1957; Plafker, 1967).

Offshore, only the ARCO OCS Y-0211 No. 1 and OCS
Y-0007 No. 1 wells penetrated strata that are old enough
to be equivalent to the Tokun Formation. The age-
equivalent section of the Tokun Formation in the OCS
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Figure 46. Generalized Tokun Formation fining-upward sequence, interpretation of depositional environments,
and block diagram of mesotidal barrier island—estuarine depositional setting (from Turner and Whateley, 1989).

Y-0211 No. 1 well is a predominantly sandy lithofacies
that correlates with the Kulthieth Formation (Plafker,
1987). The OCS Y-0007 No. 1 well (plate 6), as
previously indicated in the Poul Creek Formation
discussion, penetrated 1,970 feet of upper Eocene strata
in the bottom of the well that could be age-equivalent to
either the upper Tokun Formation or the basal Poul
Creek Formation. It is uncertain to which formation
these upper Eocene strata correlate because there is no

apparent lithologic break in logs or drill cuttings in this
part of the well.

Kulthieth Formation

The Kulthieth Formation (Miller, 1957) is exposed on
the southern flanks of the Chugach and St. Elias
Mountains from approximately Kayak Island to Yakutat
Bay (fig. 34a, b). The exposed section is Eocene in age
(fig. 34a), at least 9,000 feet thick, and consists of
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nonmarine and shallow-marine sandstone, siltstone, and
mudstone with interbedded coal (fig. 47). In the
offshore, seismic sequence I, interpreted to mainly
represent the Kulthieth Formation or its equivalents, is
locally over 14,000 feet thick (fig. 20).

Exposures of Kulthieth strata are interpreted to represent
fluvial and paralic sediments that were deposited as a
complex of coalescing deltas (Plafker, 1987). In the
Katalla area, equivalent coal-bearing strata formerly
referred to as the Kushtaka Formation (Martin, 1905,
1908) are now included with the Kulthieth Formation
(Winkler and Plafker, 1981; Plafker, 1987). Fossil
fauna and flora from the Kulthieth Formation indicate a
middle to late Eocene age, with the youngest strata
possibly being early Oligocene (Wolfe, 1977; Addicott
and others, 1978; Rau and others, 1983). An isolated
outcrop of coal-bearing strata north of the Samovar Hills
cuntains late Paleocene mollusks (Addicott and Plafker,
1971), but the relationship of this older unit to the
Kulthieth Formation is uncertain (Plafker, 1987).

The Kulthieth Formation is characterized by sandstone
generally described as arkosic to feldspathic, micaceous,
with significant admixtures of volcanic rock fragments
(Miller, 1957, 1971; Plafker and Miller, 1957; Winkler
and others, 1976). Kulthieth sandstone provenance
studies indicate a predominantly plutonic and high-grade
metamorphic source terrane that differs significantly
from the metavolcanic and metasedimentary terranes of
the surrounding Chugach and St. Elias Mountains. It is
thought that the Kulthieth and Poul Creck sediments
were deposited when the Yakutat terrane was farther
south and adjacent to coastal uplifts along southeastern
Alaska and British Columbia (Hollister, 1979; Plafker
and others, 1980; Plafker, 1983, 1987; Chisholm,
1985). Other paleomagnetic, paleontologic, and
petrologic studies also place the Yakutat terrane farther
south during the Eocene, but disagree as to how far
south, and variously place the Yakutat terrane from
southern California to British Columbia (Bruns, 1983a;
Keller and others, 1984; von Huene and others, 1985;
Van Alstine and others, 1985; Davis and Plafker, 1986).

The Kulthieth Formation was deposited in a Paleogene
basin that was formed along a continental-oceanic
margin when transform faulting along the Transition
fault isolated oceanic crust (Plafker, 1987). During
deposition of the Kulthieth Formation, the Dangerous
River zone (fig. 34) apparently represented a paleoslope
along the northeastern margin of the basin (Bruns,
1983b, 1985b; Plafker, 1987). Onshore well and
offshore seismic data indicate that the Kulthieth section
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thickens rapidly westward away from the Dangerous
River zone (figs. 20 and 34a). Basal Kulthieth
conglomerates unconformably overlie the Jurassic(?) to
Cretaceous metasedimentary rocks of the Yakutat Group
along the western flank of the Dangerous River zone in
the Colorado Oil and Gas Yakutat No. 3 well (well

No. 20, fig. 34b), and at the Samovar Hills (plate 5).
The Samovar Hills are thought to mark the continuation
of the Dangerous River zone after it trends beneath the
Malaspina Glacier (Plafker, 1987). Farther northwest
along this trend in the Haydon Peak area (plate 5),
shaly, deep-water marine equivalents of the Kulthieth
Formation also overlie Yakutat Group basement rocks
with angular unconformity (Plafker and Miller, 1957).

The Kulthieth fluvio-deltaic complex prograded
southwesterly to possibly southeasterly away from the
northeastern to northern continental margin of the basin.
Paleocurrent measurements from cross-bedding in
sandstones northwest of the Bering River area indicate
southwestérly flowing streams (Turner and Whateley,
1989). In the Katalla area, Kulthieth fluvio-deltaic
sediments intertongue to the southwest with tidally
influenced marine sediments of the overlying Tokun
Formation and the prodelta marine sediments of the
underlying Stillwater Formation (Miller, 1951, 1961a;
MacNeil and others, 1961; Plafker, 1987; Turner and
Whateley, 1989). A few paleocurrent measurements
from Kulthieth sandstones in the Grindle Hills along the
eastern side of the Bering Glacier suggest southeasterly
streamflow in the Eocene (Lyle and others, 1976).

Kulthieth deltas appear to have been deposited in a
moderately deep-water marine basin. Deep-water marine
environments are known to have been present on the
seaward, southwestern side of the Yakutat terrane during
Kulthicth time because middle and late Eocene
sedimentary rocks containing bathyal microfaunas were
dredged from strata that subcrop along the continental
slope (plate 5; Plafker and others, 1980). Kulthieth
strata penetrated in onshore exploratory wells along the
Gulf of Alaska coast contain both coal-bearing
lithofacies and marine scdiments with a sparse benthic
microfauna indicative of deposition in outer neritic to
upper bathyal environments (Rau and others, 1983).
This vertical mixture of shallow-shelf to deep-marine
environments is suggestive of rapid lateral changes in
paleobathymetry.

Lithostratigraphic data on offshore Eocene strata
equivalent to the Kulthieth Formation are largely limited
to the ARCO OCS Y-0211 Yakutat No. 1 well. The well
was drilled near the Paleogene basin axis or depocenter
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(plate 5) and penetrated a complete 7,860-foot-section of
middle and late Eocene, marine sandstone and shale
(plate 7). The Kulthieth benthic microfauna in the well
(fig. 64) indicate deposition in outer neritic to upper
bathyal water depths (300 to 1,500 feet). The Kulthieth
section of the OCS Y-0211 No. 1 well (plate 7) is
divisible into an upper sandstone unit (8,570 to 11,650
feet), a middle predominantly siltstone and shale unit
(11,650 to 15,360), and a basal sandstone unit (15,360
to 16,430).

The upper Kulthieth sandstone unit in the OCS Y-0211
No. 1 well consists of 3,080 feet of late Eocene
sandstone, siltstone, and mudstone. The sandstone is
feldspathic, micaceous, very fine to fine grained and
occasionally medium to coarsc graincd, with frequent
interlaminae of carbonaceous and micaceous siltstone.
The sand-shale ratio increases upward in this unit,
suggesting an overall regressive or progradational
vertical sequence. The abundant carbonaceous plant
detritus and a leaf fragment recovered from core 2
(appendix F-3) suggest that these marine sediments
originated from deltaic depositional systems, which are
typically the source of terrigenous carbonaceous detritus
in offshore marine environments (Selley, 1984).

Wireline log patterns in the OCS Y-0211 No. 1 well
indicate that the upper Kulthieth sandstone unit has two
different lithofacies associations that subdivide the unit
approximately in half. The lower half of the unit consists
of relatively large scale (about 50 to 300 feet),
thickening- and coarsening-upward shale-sand
progradational sequences. An interpretation of
sedimentological data from conventional core 4 (fig. 48)
of the basal coarsening-upward sequence (11,450 to
11,650 feet) (plate 7) indicates that it is built of
aggradational, fining-upward beds that appear to reflect
deposition by sediment-gravity flows. The sandstone bed
capping this sequence contains cross-bedding near the
base that indicates traction transport processes and
possibly channelized flow. This lithofacies association,
in combination with the outer neritic to upper bathyal
microfauna, suggests that it represents a submarine-fan
depositional lobe sequence (fig. 49).

In contrast, the lithofacies association of the upper half
of the upper Kulthieth sandstone unit of the OCS Y-0211
well consists of sandstone of mixed bedding styles
indicative of a variety of depositional processes

(fig. 50). The stratigraphic position of this mixed
sandstone lithofacies above inferred submarine-fan
depositional lobes suggests middle to upper submarine-
fan sedimentation. The diverse depositional processes
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indicated by the mixed-sand lithofacies are consistent
with the variety of channel, channel-mouth, and
interchannel depositional environments that are found in
the upper to middle portions of submarine fans
(Shanmugam and Moiola, 1991; Pickering and others,
1989). On the other hand, conventional cores 2 and 3
from this upper sand facies association are extensively
bioturbated (fig. 51), a common, although not
diagnostic, characteristic of shallow-marine
environments (Pettijohn and others, 1987, p- 118-122;
Bottjer and Droser, 1991). However, interchannel areas
of submarine fans that receive largely pelagic
sedimentation are also commonly bioturbated (Pickering
and others, 1989). It may be that both shelf and upper
submarine-fan deposits are represented in the
mixed-sand lithofacies association of the upper half of
the upper Kulthieth sandstone unit in the OCS Y-0211
well.

The middle Kulthieth unit of the OCS Y-0211 well
(plate 7) consists of 3,710 feet of middle Eocene
siltstone and mudstone with subordinate beds of
fine-grained sandstone. A conventional core (core 5,
appendix F-6) from the lower part of this unit recovered
dark-gray, carbonaceous, micaceous, slightly silty
mudstone with local plant detritus and interlaminae of
siltstone (Barnes and others, 1983). These finely
laminated sediments indicate quiet-water deposition and
show no bioturbation. Overall, the middle Kulthieth unit
may represent deposition mainly in basinal environments.

The basal Kulthieth unit of the OCS Y-0211 well
consists of 1,070 feet of middle Eocene sandstone with
subordinate siltstone and mudstone (plate 7). The
microfauna of these sediments, like that of the upper and
middle Kulthieth units, indicates deposition in an outer
neritic to upper bathyal marine environment. Wirclinc
logs display a large-scale vertical thickening- and
coarsening-upward succession that suggests a
progradational sequence like that of the upper Kulthicth
sandstone unit. Depositional processes in this unit were
probably analogous to those of the upper sandstone unit,
although this is uncertain, as no cores were recovered to
allow sedimentological interpretation.

Data from stratigraphic high-resolution dipmeter logs
(SHDT) of the OCS Y-0211 No. 1 well suggest that
marine-current trends during deposition of the Kulthieth
Formation were generally northwest to northeast

(fig. 52). Dipmeter logs indicate that the Kulthieth strata
at the OCS Y-0211 well site generally dip about

6 degrees or less northwest to northeast. These shallow
structural dips reflect the regional northwesterly axial
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Figure 49. Depositional-lobe model of a submarine fan showing large-scale thickening-upward trends, and distribution
of turbidite facies and small-scale bedding sequences in turbidite deposits (modified from Pickering and others, 1989;
and Shanmugam and Moiola, 1991).

plunge of the eastern part of the Paleogene basin that is
evident on seismic structure contour maps (fig. 19). Dip
azimuth frequency plots (rose diagrams) constructed
from relatively high-angle dips (10 to 40 degrees) also
indicate a predominant northwesterly trend, generally
parallel or subparallel to the plunge of the Paleogene

basin axis (fig. 52). These high-angle dips are
interpreted to primarily represent high-energy
sedimentary features such as cross-bedding, foreset

bedding, channel fill, and current scour surfaces.
Removal of the shallow, structural-dip component from
the high-angle dips by dip vector rotation was not found
to have a significant effect on the inferred sedimentary
dip directional trends. Distortion of sedimentary
directional trends generally does not become significant
until structural dip exceeds approximately one-third of
the magnitude of sedimentary dips (Hocker and others,
1990).
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No. 1 well. The variety of log signatures indicates diverse bedding styles and depositional processes occurred in outer shelf to moderately deep-water
environments.



North to northwesterly paleoflow trends in Kulthieth
rocks have also been reported by Chisholm (1985), who
suggested that the present-day counterclockwise marine
gyre of the Gulf of Alaska region has persistently
influenced coastal sedimentation on the Yakutat terrane
since at least the early Eocene. He postulated that during
deposition of the Kulthieth and Poul Creck Formations,
rivers flowing from continental source areas to the east
supplied sediment to paralic and marine environments
which dispersed sediment to the north and northwest as
a result of a prevailing counterclockwise marine system.
The northwesterly paleocurrent trends reported by
Chisholm (1985) are controversial because they
apparently contradict the southwesterly to southerly
paleocurrent trends of onshore data and because
Chisholm (1985) provided no supporting data or
references for his conclusions (Bruns, 1985a).
However, his northwesterly trends are consistent with
the OCS Y-0211 well data and with reconstructions of
Paleogene oceanic surface-circulation patterns that
indicate north to northwesterly flow along the Pacific
Northwest coast of North America (Pickering and
others, 1989, fig. 4.11).

In order for northwestern progradation of marine
Kulthieth sandstone sequences at the OCS Y-0211 well
site to have occurred there must have been substantial
influxes of terrigenous sediment along the eastern end of
the basin upcurrent and upslope from the well site. This
suggests that Eocene fluvio-deltaic complexes
represented by Kulthieth exposures on the mainland
probably also were present along the segment of the
Dangerous River zone that is currently offshore. These
inferred deltaic or paralic deposits, like those
represented by Kulthieth exposures onshore, probably
also prograded southwestward down the slope of the
western flank of the Dangerous River zone, but marine
environments at the delta margins apparently dispersed
the bulk of sediment northwestward along the basin axis.

Similarities in sediment dispersal patterns, areal
distribution of lithofacies, and tectonic setting of the
Tokun-Kulthicth Formations suggest that the modern
Copper River delta may provide a crude depositional
analogue for Eocene deltaic and marine sedimentation
on the Yakutat terrane. Deltaic depositional systems are
classified by the relative influence of fluvial sediment
input versus wave and tide energy flux (fig. 53;
Galloway, 1975). The Copper River delta, at least in its
Jower reaches, is a high-energy marine, mixed tidal and
wave dominated deltaic depositional system (Galloway,
1975, 1976; Hayes, 1989). The Copper River delta
progrades into an open-marine basin along a mesotidal

coastline, a depositional setting similar to that inferred
for the Tokun-Kulthieth depositional sequence. The
continental shelf offshore of the Copper River delta is
relatively deep (100 to 200 meters) and is comparable to
the outer neritic to upper bathyal paleobathymetry (100
to 450 meters) inferred from Kulthieth marine
microfaunas. The sediment dispersal pattern of the
Copper River delta system consists of southwesterly
trending distributaries and tidal channels that transport

. sediment to the delta margin, where the sediment is then

diverted west-northwestward into the marine
environment by longshore drift and marine currents
(Galloway, 1976; Hayes, 1989). This pattern is similar
to that inferred for the Kulthieth marine sandstone
sequences from the dipmeter data of the OCS Y-0211
well. The high bed-load content of the Copper River and
high marine energy combine to produce deltaic and
deltaically derived marine sediments that are sand-rich
(Galloway, 1976). Such an Eocene depositional system
would have had the capacity to transport and deposit
sand-rich sediments to the relatively deep-water marine
basinal environments seen in the Kulthieth section of the
OCS Y-0211 well.

To summarize, onshore and rather limited offshore data
indicate that Tokun-Kulthieth sedimentation occurred in
a moderately deep-marine basin along an active
continental-oceanic margin. A schematic Eocene
paleogeographic reconstruction is shown in figure 54.
Terrigenous sediments including feldspathic-quartzose
sands with varying admixtures of volcanic detritus were
transported by rivers flowing from a continental,
predominantly plutonic-metamorphic terrane to the
northeast and east. The coastal plain complex consisted
of coal-bearing alluvial plain, delta-plain, delta-front,
and mesotidal barrier island-estuarine systems that
prograded southwestward into marine prodelta, shelf,
and basinal environments. Marine sedimentation was
apparently influenced by a counterclockwise, coastal
paleoflow pattern which resulted in northwestward
dispersal of sediments along the basin axis. The
Kulthieth section of the OCS Y-0211 well documents
two major Eocene progradational cycles of subsea
sand-rich sedimentation at about the early middle and
late Eocene that are separated by a period of mud-rich
sedimentation in the middle Eocene.

Stillwater and Haydon Peak Formations
The Stillwater and Haydon Peak Formations appear to
be largely equivalent on the basis of probable age,

lithologic similarities, and stratigraphic and structural
relationships. These rock units probably represent shaly
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Figure 51. Evaluation of bioturbation in the upper Kulthieth sandstone unit from conventional cores, OCS
Y-0211 No. 1 well. A) Schematic diagram showing a ranking of varying amounts of disruption of original
sedimentary bedding by bioturbation, termed ichnofabric (after Droser and Bottjer, 1986; Bottjer and Droscr,
1991). The ichnofabric indices are semi-quantitatively defined as follows: 1) no bioturbation; 2) up to 10% of
bedding disturbed; 3) bedding 10-40% disturbed; 4) bedding 40-60% disturbed; 5) bedding completely
disturbed, but sediment fabric not mixed; 6) homogenized sediment (not shown). B) Histograms, termed
“ichnograms,” of ichnofabric indices of cores 2 and 3 from the upper Kulthieth Formation. The ichnofabric
indices were estimated visually from photographs of split cores utilizing diagram A. The ichnograms illustrate
the extensive bioturbation that occurred in the sediments of the cores and indicate that the environment was
characterized by well-oxygenated bottom waters and a dynamic benthic fauna.

prodelta and basinal marine equivalents of the Kulthieth The Stillwater Formation (Martin, 1908) is exposed in
Formation, as they appear to intertongue with the lower the Katalla and Bering Glacier area (figs. 33 and 34a),
Kulthieth Formation (Plafker and others, 1978a; Plafker, where it consists of approximately 5,000 feet of hard,
1987). dense, dark-colored marine shaly siltstone that varies

from carbonaceous to calcareous. The carbonaceous
siltstone has a coaly appearance, and the calcareous
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Figure 52. Rose diagrams (dip azimuth frequency plots) of dipmeter data from the upper and lower Kulthieth
sandstone units in the OCS Y-0211 No. 1 well. Rose diagrams to the left are plots of all dips irrespective of
inclination. The majority of dip inclinations in these diagrams are less than 5 or 6 degrees and indicate that the
strata gently dip northwest to northeast. Rose diagrams to the right are plots of the more steeply inclined dips
(=10 degrees) that are interpreted to primarily reflect higher angle sedimentary features such as cross-bedding.
The azimuths of higher angle dips are interpreted to indicate paleocurrent directional trends rather than the
regional structural dip of the strata. Although these rose diagrams of higher angle dips exhibit greater scatter in
dip directions, the predominant modes suggest that paleocurrent flow was predominantly northwest and
secondarily northeast.
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Figure 53. Triangular process classification of deltaic depositional systems (after Galloway, 1975). The Copper
River delta in its lower reaches is a mixed wave-dominated and tidal-marine-dominated delta system.
Tokun-Kulthieth deltaic depositional systems may have been similar to that of the Copper River delta system.

siltstone is variegated reddish-brown to pale green and
usually contains foraminifera (Tysdal and others, 1976;
Winkler and Plafker, 1981). Fossil data indicate ages
ranging from Palcocenc(?) or early Eocene 1o middle
Eocene in older sections of the formation, and middle or
early-late Eocene in younger parts (Tysdal and others,
1976). Stillwatcr strata arc complexly folded and
sheared and their relationships with underlying and
overlying rock units are often obscured (Plafker, 1971).
The Stillwater Formation appcars to reprosent regressive
deposition. Lower Stillwater strata were deposited in
outer neritic to upper bathyal depths, and the upper part
of the formation was deposited in shallower marine
environments (Winkler and Plafker, 1981).

The Haydon Peak Formation (Winkler and others, 1976;
Rodgers, 1987) is a 3,000-foot-thick sequence of marine
siltstone and shale that crops out in a belt along the
northern parts of the Yakataga and Malaspina districts.
This siltstone and shale sequence, until recently
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unnamed, is thought to range from Paleocene to middle
Eocene age on the basis of sparse, poorly preserved
fossils and general stratigraphic and structural
relationships (Miller, 1957, 1971; Plafker and Miller,
1957; Plafker, 1967; Addicott and Plafker, 1971;
Winkler and others, 1976). Haydon Peak strata are
predominantly dark-gray slaty siltstone and shale with
thin interbeds of fine-grained sandstone. Subordinate
lithologies include silty pebble conglomerate, basaltic(?)
tuff, and wffaceous sandstone (Plafker and Miller,
1957). Haydon Peak strata are relatively incompetent
and are highly contorted and sheared in some areas
(Addicott and Plafker, 1971). Tongues of coal-bearing
nonmarine strata similar to the Kulthieth Formation
occur locally in the upper part of the Haydon Peak
Formation and suggest a gradational, interfingering

- relationship between the two formations (Miller, 197 1).

The Haydon Peak Formation rests with angular
unconformity on the Yakutat Group in its easternmost
exposures along Haydon Peak (Plafker and Miller,




1957). This area may mark the northwestern extension
of the Dangerous River zone, as it lies along the trend of
the zone from the Samovar Hills. East of the Dangerous
River zone structural high, the Haydon Peak Formation
and equivalent strata appear to be absent.

Stillwater and Haydon Peak strata have not been
reported in onshore wells (Plafker, 1967; Rau and
others, 1983; Larson and others, 1985a, 1985b).
Offshore, only the Y-0211 well drilled deeply enough to
encounter strata of this age, but the Eocene strata in the
well have been correlated with the Kulthieth Formation
and the Oily Lake siltstone (Plafker, 1987). However,
stratigraphic relationships between the poorly dated
Stillwater-Haydon Peak strata and the Oily Lake
siltstone are uncertain, and it is possible that these rock
units are equivalent.

QOily Lake Siltstone

The Oily Lake siltstone (Plafker, 1987) occurs in the
Samovar Hills north of the Malaspina Glacier as isolated
exposures near Oily Lake (plate 5). The rock unit
consists of 300 to 600 feet of dark siltstone and thin,
locally graded, very fine-grained sandstone beds and
minor basaltic and vitric tuffs. The sediments contain a
sparse fauna of middle Eocene marine foraminifers
(Plafker, 1987). The large oil and gas seeps in the Oily
Lake area appear to be associated with the outcrop
distribution of these rocks, which have been interpreted
to be their source (Plafker and Miller, 1957; Plafker,
1987). The upper and lower contacts of the siltstone unit
are not exposed, but the outcrop distribution suggests
that the Oily Lake siltstone is unconformably overlain by
the Kulthieth Formation and conformably overlies the
Hubbs Creek basalt (Plafker, 1987).

The Y-0211 well penetrated a 1,115-foot-thick section of
deep-water marine (middle to lower bathyal), early to
middle Eocene calcareous and tuffaceous shale and
siltstone from 16,430 to 17,545 feet (plate 7) that
Plafker (1987) tentatively correlated with the Oily Lake
siltstone. Offshore dredging along the southern
continental-slope edge of the Yakutat terrane between
the Dangerous River and Pamplona zones recovered
Paleocene(?) and Eocene outer shelf to bathyal marine
sedimentary rocks (Plafker and others, 1980) that
probably represent the Stillwater-Haydon Peak-Oily
Lake section. These shaly rock units may represent most
of the Eocene section along the distal southern to
southwestern margins of the terrane.

Sitkalidak Formation

On the Prince William terrane, sedimentary rocks that
are partly age-equivalent to the lower Tertiary sequence
of the Yakutat terrane are included in the Eocene to
early Oligocene Sitkalidak Formation that is exposed in
the Kodiak Island area (Moore, 1969). The Sitkalidak
strata consist of massive sandstone, conglomerate,
siltstone, and mudstone that represent deformed
trench-fill deposits and forearc-basin-subsea-fan
sediments (Moore and Allwardt, 1980).

The Tenneco Middleton Island No. 1 well, located on
the Prince William terrane (plate 6), drilled through an
Eocene to early Oligocene section (fig. 58) that has
previously been correlated with the Tokun Formation
(Rau and others, 1983; Larson and others, 1985b).
However, as previously discussed in the Sitkinak
Formation section, strata encountered in this well that
are older than middle Miocene were probably not
contiguous with coeval strata on the Yakutat terrane.
Consequently, these strata are interpreted as correlatives
of the Sitkalidak Formation of the Kodiak Island area
rather than the Tokun Formation. The Sitkalidak
Formation was also drilled farther to the west on the
Prince William terrane in the basal parts of the deeper
Kodiak Shelf stratigraphic test wells (Turner and others,
1987), and can be correlated in the subsurface across the
terrane to the exposures in the Kodiak Island area.

The section interpreted to be correlative with the
Sitkalidak Formation in the Middleton Island No. 1 well
(plate 6) is 5,220 feet thick and consists predominantly
of fine- to very fine-grained silty sandstone and gray to
varicolored, argillaceous siltstone or silty claystone that
is occasionally bentonitic. Subordinate interbeds of
siliceous shaly limestone and sandy conglomerate or
conglomeratic sandstone containing pebbles of chert,
quartzite, and metasiltstone are also present. The strata
are interpreted as bathyal marine; a mix of occasional
shallower water species with the predominant
deep-marine microfossil assemblages suggests
downslope transport of sediment from nearby slope and
shelf regions (Keller and others, 1984, p. 486). The top
of this section is poorly constrained biostratigraphically
(Rau and others, 1983) and was picked from wireline
logs at the top of a section that is sandier and more
resistive than the overlying siltstones and shales of the
Sitkinak Formation-equivalent section (plate 6).
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shown for reference only; the actual position and orientation of the Yakutat terrane during the Paleogene is uncertain.




Lower Tertiary and Mesozoic
basement rocks

Basalt of Hubbs Creek and offshore equivalents

Eocene oceanic basalts are thought to form the basement
of the western segment of the Yakutat terrane between
the Kayak Island zone and the Dangerous River zone
(Plafker, 1983 and 1987; Davis and Plafker, 1986). The
ohly onshore exposures of similar volcanics are in the
Samovar Hills near exposures of the Oily Lake siltstone.
The main outcrop consists of about 1,000 feet of
volcanics exposed along Hubbs Creek in a fault-bounded
block between the Kulthieth Formation and the Yakutat
Group (Plafker and others, 1980, p. 40-42; Plafker,
1987, fig. 1). These rocks consist primarily of volcanic
agglomerate with subordinate basalt flows and tuff, that
are intruded by diabase sills and dikes (Plafker, 1987, p.
243). Potassium-argon radiometric age dates of about 50
Ma from the basalt flows indicate correlation with the
oceanic volcanics that have been dredged from the
present continental slope of the Yakutat terrane (Plafker
and others, 1980; Plafker, 1987).

The oceanic basalt flows and pyroclastic rocks that were
dredged from the continental slope are interbedded with
marine sedimentary rocks of late Paleocene(?) to middle
Eocene age (Plafker and others, 1980). Potassium-
argon dates from the volcanics indicate an age of 50 to
55 millon years (Plafker and others, 1980). Seismic and
offshore dredge data suggest that the basaltic unit
underlying the western Yakutat terrane is over

4,200 feet thick (Bruns, 1983b; Plafker and others,
1980, p. 11). Petrologic and geochemical data suggest
that these basalts erupted on mid-ocean ridge segments
and seamounts of the Kula-Farallon spreading center,
and, as a result, they may be correlative with coeval and
geochemically similar basalts that occur in a linear belt
from Vancouver Island to southern Oregon (Davis and
Platker, 1986).

The OCS Y-0211 and Malaspina No. 1A wells, which
were drilled between the basalt outcrdps of Hubbs Creek
and the oceanic basalts dredged from the continental
slope (fig. 33), both penetrated mafic igneous rock. The
Y-0211 well bottomed in a 265-foot-thick section
(17,545 to 17,810 feet) of mafic igneous rock
intercalated with mudstone (plate 6). In the Yakutat Bay
area, the Malaspina No. 1A well (fig. 66) drilled
undated mafic volcanic or metavolcanic rock in the basal
500- to 600-foot section that overlies the
metasedimentary rocks of the Yakutat Group. The mafic
igneous rock in both of these wells is interpreted to be

correlative with the Hubbs Creek basalt (Plafker, 1987,
p. 243). The Dangerous River No. 1 well also drilled
undated basaltic rocks that have been correlated with the
Hubbs Creek basalt (Plafker, 1987). However, as
previously discussed, this correlation is uncertain and
stratigraphic relations suggest that the volcanics in the
Dangerous River No. 1 well may be correlative with the
Cenotaph Volcanics rather than the Hubbs Creek basalt.

Some of the lower and middle Eocene rocks dredged
offshore consist of bioclastic sandstone that contains
fossil debris characteristic of shallow-water tropical
carbonate reefs (Plafker and others, 1980). Similar
calcarenite clasts are contained in tuffs and ’
volcaniclastic sandstones of the onshore Hubbs Creek
basalt (Platker, 1987, p. 243). Evidently carbonate reef
formation occurred either during or just prior to the
early stages of the deposition of the lower Tertiary
stratigraphic sequence (Plafker, 1987, fig. 13).

Orca Group

The Orca group is exposed throughout the Prince
William Sound region and represents the basement rock
of the Prince William terrane west of the Kayak Island
zone (fig. 34a). The Orca Group contains an aggregate
thickness of over 20,000 feet of complexly folded and
faulted, deep-sea fan sediments and interbedded oceanic
volcanics of Paleocene to early middle Eocene age that
have been metamorphosed to zeolite and greenschist
facies (Tysdal and others, 1976; Helwig and Emmet,
1981; Winkler and Plafker, 1981).

In the Katalla area, the Orca Group consists of a lower
volcanic unit made up of about 2,500 feet of marine
tuff, tuff breccia, basalt and pillow basalt; a middle
volcanic and sedimentary unit made up of about

1,000 feet of interbedded sandstone, siltstone,
volcaniclastic sandstone, agglomerate, and tuff; and an
upper sedimentary unit of about 5,000 feet of flyschoid
sandstone, siltstone, and pebbly sandstone (Tysdal and
others, 1976). Recent petrographic studies of sandstone
from the Orca Group and the Upper Cretaceous Valdez
Group of the adjacent Chugach terrane to the north
suggest that the two groups may represent a single
stratigraphic sequence (Dumoulin, 1988).

The Middleton Island No. 1 well is the only offshore
test in the area that may have penetrated the Orca
Group. In the basal section of the well (11,460 to
12,000 feet) (plate 6), high resistivity, density, and
sonic-velocity well log responses are suggestive of
highly compacted sedimentary rock approaching
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metamorphic grade. Drill cuttings from the interval
consisted of pebbly sandstone, siltstone, and shale with
abundant slickensided, mylonitized zones. Microfossils
from the zone indicate a middle to possibly early Eocene
age (Rau and others, 1983). Although this basal section
of the well has been previously interpreted as probable
Tokun Formation or equivalent (Rau and others, 1983;
Larson and others, 1985b), it appears that it may
correlate with the Orca Group on the basis of age,
lithology, and induration.

Yakutat Group

The Yakutat Group forms the basement of the eastern
continental segment of the Yakutat terrane between the
Dangerous River zone and the Fairweather Queen
Charlotte fault (fig. 34a, b). The Yakutat Group consists
of Jurassic(?) to Cretaceous flysch and melange
metasediments (zeolite to lower greenschist facies) that
are exposed in the coastal foothills of the St. Elias and
Chugach mountain ranges between Icy Bay and Cross
Sound (Hudson and others, 1977). The Yakutat Group is
also exposed offshore on the continental shelf along the
Fairweather Ground structural high and along the
continental slope south and east of the Fairweather
Ground (Plafker and others, 1980, fig. 3). The Yakutat
Group is highly deformed and typically occurs in
outcrop as fault-bounded slices that internally are steeply
dipping, locally overturned, tightly folded, and highly
sheared (Nilsen and others, 1984).

The Yakutat Group flysch facies consists of dense, bard,
poorly sorted sandstone, black argillite, and pebble and
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cobble conglomerate and conglomeratic debris flows that
represent turbidite and submarine-fan, forearc, or
trench-fill deposits (Nilsen and Zuffa, 1982; Nilsen and
others, 1984). The melange facies consists of
greenstone, volcanic graywacke, and minor argillite,
chert, and limestone, and contains blocks of mafic
volcanics (Plafker, 1967; Plafker and others, 1977). The
Yakutat Group sandstones contain abundant
quartzofeldspathic detritus indicative of a dominantly
plutonic provenance, whereas coeval sandstones of the
Valdez Group of the Chugach terrane contain lithic
detritus indicative of a volcanic provenance (Lull and
Plafker, 1985; Dumoulin, 1988). The closest suitable
provenance for the Yakutat Group sandstones is the
plutonic and high-grade metamorphic crystalline
complex of the Coast Mountains of British Columbia
and southeastern Alaska (Plafker and others, 1980;
Zuffa and others, 1980; Lull and Plafker, 1985).

The Yakutat Group was drilled in four of the onshore
exploratory wells in the Malaspina and Yakutat districts.
In three of the wells, the Colorado Malaspina No. 1A,
Yakutat No. 2, and Dangerous River No. 1 (fig. 66),
typical Yakutat Group flysch facies metaclastics were
encountered. In the Colorado Yakutat No. 3 well, a
carbonate section, possibly of the melange facies, was
drilled in addition to metaclastics. The carbonate
section, which was cored in the basal 580 feet of the
well, consisted of hard, dense, locally highly fractured,
sucrosic to cryptocrystalline limestone, that was locally
oolitic and fossiliferous.



6. Biostratigraphy

Introduction

The Gulf of Alaska Planning Area (fig. 68) has been
penetrated by 13 offshore wells (fig. 66, table 3, and
plate 5). One of these, the Tenneco Middleton Island
State No. 1 well, was drilled on a State lease less than 3
miles offshore from Middleton Island. Another, the
ARCO COST No. 1 well, was a stratigraphic test well
drilled to a total depth of 5,150 feet (Bolm and others,
1976). The remaining 11 wells were exploratory wells
drilled on Federal leases on the Outer Continental Shelf
(0CS).

Seven of the offshore wells encountered sediments at
least as old as late Miocene and these wells were
selected for detailed discussion in this report. One of
these, the Shell OCS Y-0011 No. 1 well, bottomed in
the lower portion of the glaciomarine Yakataga
Formation. The other six wells drilled through the
Yakataga Formation and penetrated underlying older
sediments that had potential to provide more complete
information about the geologic history and the petroleum
potential of the area. These other wells include the
Tenneco Middleton Island State No. 1, the Exxon OCS
Y-0080 No. 1, the Shell OCS Y-0014 No. 1 and 2, the
ARCO OCS Y-0007 No. 1, the Texaco OCS Y-0032
No. 1, and the ARCO OCS Y-0211 No. 1 wells

(fig. 66, table 3, plate 5).

The strata encountered in these wells range in age from
Holocene/Pleistocene to early to middle Eocene and are
discussed in the order in which they were penetrated in
each of the wells studied. The stratigraphic column east
of Kayak Island where most of the wells were drilled
(fig. 66, plate 5) includes, in descending order, the
middle Miocene to Pleistocene glaciomarine Yakataga
Formation, the late Eocene to Miocene Poul Creek
Formation, the Eocene Tokun/Kulthieth/Stillwater
Formation sequence, and older formations. The
Yakataga Formation also lies at the top of the section
west of Kayak Island, but the underlying section is
similar to the sequence in the Kodiak Island area, which
includes the Oligocene to Miocene Sitkinak Formation
and the Eocene to Oligocene Sitkalidak Formation. The

deepest section penetrated in the offshore area west of
Kayak Island resembles outcrops of the Paleocene to
late(?) Eocene (Plafker and others, 1985) Orca Group
found along shore from Prince William Sound to the
Katalla area (plate 5). The stratigraphy of the Gulf of
Alaska area is discussed in detail in chapter 5
(Lithostratigraphy) and is summarized there in

figures 33 and 34a.

The relative time scale used in this study is shown in
figure 55, which also includes absolute ages of epoch
boundaries. Because the ages of many of the benthic
foraminifera occurring in the Gulf of Alaska section are
inferred from their ranges in the California, Oregon, and
Washington stratigraphic sections, figure 55 also shows
the California Cenozoic stages and relates them to the
standard time scale.

Several microfossil groups were used in the
biostratigraphic analysis of these wells. Of primary
importance were foraminifera, followed by calcareous
nannofossils, dinoflagellates, and siliceous microfossils
(diatoms, ebridians, and silicoflagellates). Pollen and
spores were useful for paleoenvironmental analysis.
Radiolaria and rare ostracodes were present but of
limited biostratigraphic usefulness.

Benthic foraminifera are the most abundant and
persistent microfossils present in all of the wells.
Individual benthic species proved useful for determining
some of the biostratigraphic tops, particularly in the
Eocene section. The benthic foraminifera assemblages
were of primary importance in determining
paleobathymetry. The paleobathymetric divisions used in
this report (fig. 56) are inner peritic (0 to 60 feet),
middle neritic (60 to 300 feet), outer neritic (300 to

600 feet), upper bathyal (600 to 1,500 feet), middle
bathyal (1,500 to 3,000 feet), and lower bathyal

(3,000 to 6,000 feet).

Planktonic foraminifera assemblages in the Pleistocene
section are characterized by abundant, low-diversity

populations consisting primarily of Neogloboquadrina
pachyderma. This species also dominates the Pliocene
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section, but in lesser abundance, and is present in the
late Miocene section as well. Trends in the coiling
directions of Neogloboquadrina pachyderma populations
were used to establish the biostratigraphy of most of the
Pliocene and Pleistocene sections. The coiling direction
of the shell (test) of this species is either a clockwise,
right-coiled trochospiral or a counter-clockwise,
left-coiled trochospiral. The direction of coiling is
related to the temperature of the water column in which
the individual foraminifera lived. At temperatures above
7 to 9 degrees Centigrade (45 to 48 degrees Fahrenheit),
right-coiled forms make up 90 percent or more of the
population; below this temperature, left-coiled forms
compose 90 percent or more of the population (Ericson,
1959; Bandy, 1960; Kennett, 1976). Through time, the
history of coiling-ratio trends of medium- to
high-latitude populations of this species track oceanic
warm- and cold-water oscillations caused by late

Miocene, Pliocene, and Pleistocene glacial-interglacial
paleoclimate changes. Because of this, Neogloboquadrina
pachyderma coiling-direction trends can generally be
used to determine age by comparing them with a
standardized coiling-trend curve (fig. 57), as was done
for the Pliocene and Pleistocene sections of the Gulf of
Alaska wells.

Although planktonic foraminifera in the Gulf of Alaska
section are generally scarce below the Pliocene, they are
more taxonomically diverse. They were important in
subdividing the Miocene and Eocene sections, and were
also used in determining the boundaries of the Oligocene

section.

A listing of the foraminifera species observed in this
study is provided in appendix A.
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Figure 57(below). Idealized paleoclimatic curve
showing the predominant coiling directions of
Neogloboquadrina pachyderma through time in
the North Pacific. Adapted from Keller and Ingle
(1981) and Lagoe and Thompson (1988).
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unidentifiable pyritized pseudomorphs, altogether absent
deeper in the section.

The general scarcity of siliceous microfossils in the Gulf
of Alaska section may be related to a variety of factors.
Diatom productivity may have been relatively low
throughout the Gulf of Alaska area during much of the
deposition of the Yakataga Formation because of factors
such as glacio-eustatic fluctuations of sea level, high
turbidity, and the variable presence of ice cover over the
continental shelf. In addition, the siliceous microfossils
that are initially preserved in a glaciomarine
environment such as this area of the Gulf of Alaska are
probably volumetrically insignificant in the rapidly
accumulating glaciomarine sediments. It also appears
possible that some of the siliceous microfossils originally
present in the lower parts of the Yakataga Formation
and in underlying older rocks may have been lost as
increasing burial depth resulted in heat- and
pressure-related diagenesis that destroyed their opaline
wall structure (Hein and others, 1978). This may have
been what happened in the Miocene and older section in
the Bering Sea (Turner and others, 1984).

Where noted in the text, the abundances of microfossil
specics observed in the well samples are referred to as
absent (none), isolated (1 specimen of a given species
per sample), rare (2 to 10 specimens per sample),
frequent (11 to 32 specimens per sample), common
(33 to 100 specimens per sample), abundant (101 to
320 specimens per sample), and very abundant (more
than 320 specimens per sample).

Several types of well sample material were examined for
micropaleontologic analysis. Aggregate samples of
rotary drill bit cuttings (cuttings or ditch samples)

PLEISTOCENE |

} early

late

PLIOCENE
I
|

early

MIOCENE
late

recovered from circulating drilling mud were examined
for each 30-foot interval in the OCS Y-0007 No. 1 and
OCS Y-0032 No. 1 wells. Cuttings samples from the
OCS Y-0080 No. 1, OCS Y-0014 No. 1 and 2, and
OCS Y-0211 No. 1 wells were examined at 30- to
90-foot intervals. Cuttings samples from the Middleton
Island State No. 1 well were examined at 60- to 180-foot
intervals (Rau and others, 1983; Keller and others,
1984). Conventional core samples were also available
for study in the OCS Y-0080 No. 1, OCS Y-0011
No. 1, and OCS Y-0211 No. 1 wells. Sidewall cores
provided some micropaleontological data for the OCS
Y-0011 No. 1 well.
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The depths given for all samples were measured from
the rotary kelly bushing on the drill rig floor. The depth
at which a particular microfossil is first encountered in
the course of drilling is termed its highest occurrence in
the well; the deepest point at which it is encountered is
termed its lowest occurrence. In cuttings samples,
highest (also referred to as latest or last) occurrences are
the most stratigraphically reliable because they are more
likely to consist of material that was in place. Lowest
occurrences, on the other hand, are less reliable because
they may represent loose material that has fallen, or
caved, from a point higher up in the hole to a well depth
that is below its actual lowest stratigraphic (earliest or
first) occurrence. Highest occurrences can also be
unreliable, however, if specimens have been eroded
from older rocks and re-deposited, thereby indicating an
erroneous (older) age for the sediments in which they
are now found. Such specimens are referred to as
reworked. Specimens recovered from conventional
cores, and to a slightly lesser degree from sidewall
cores, are generally considered to be the most
biostratigraphically reliable because their actual
stratigraphic depth is known.

The top several hundred feet of each of the offshore
wells was not sampled because of rapid drilling rates
and caving of poorly consolidated material from the
walls of the upper portions of the borehole. Collection
of cuttings generally began at a depth where the upper
part of the well was first stabilized by the insertion of a
casing that reduced the possibility of sample
contamination by caving.

Unprocessed material from the wells examined for this
study, including cuttings samples, mud loggers’
samples, and core samples, are stored at the State of
Alaska Geologic Matcrials Center in Eagle River,
Alaska. These samples are available by appointment for
examination on the premises.

In this study, the Gulf of Alaska Pleistocene section is
subdivided into early and late intervals only, as opposed
to the early, middle, and late divisions of some authors
(Harland and others, 1990). This is because the
microflora taxa (diatoms, silicoflagellates, and
calcareous nannofossils) needed to differentiate the
middle Pleistocene section either were not recovered, or
provided conflicting evidence because of caving or
reworking. The early-late subdivision of the Gulf of
Alaska Pleistocene section that is used here is principally
derived from the coiling curves of the planktonic
foraminifera Neogloboquadrina pachyderma (fig. 57).
Neogloboquadrina pachyderma populations underwent a
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change of coiling directions from dextral (warm water)
to sinistral (cold water) during a paleoclimatic transition
in the mid-Pleistocene (fig. 57) near the top of the
Matuyama magnetically reversed epoch, at
approximately 0.8 million years before present (Lagoe
and Thompson, 1988). This coiling change is apparent
in the Neogloboquadrina pachyderma populations in the
Gulf of Alaska wells and is used to divide the Gulf of
Alaska Pleistocene section into early and late intervals.

This planktonic-foraminifera-based division roughly
corresponds with mid-Pleistocene biostratigraphic
divisions based on some of the other microfossil groups.
In the zonation of calcareous nannofossils, it is
approximately equivalent to the top of the Crenalithus
doronocoides zone (Bukry, 1975) and the top of the
Pseudoemiliania lacunosa zone (Perch-Nielsen, 1985a),
possibly falling within the lowermost portion of the
overlying Gephyrocapsa oceanica zone (Bukry, 1975;
Perch-Nielsen, 1985a). In the diatom zonation, it is
approximately equivalent to the top of the Actinocyclus
oculatus zone, possibly falling within the lowermost
portion of the overlying Rhizosolenia curvirostris zone
(Barron, 1980, 1985). In the zonation of
silicoflagellates, the planktonic-foraminifera-based
division is approximately equivalent to the top of the
Distephanus speculum zone of the North Sea (Martini
and Muller, 1976) and the top of the Mesocena
quadrangula zone (Perch-Nielsen, 1985b), or falls just
within the lower portion of the overlying Distephanus
octangulatus zone (Martini and Muller, 1976) or its
equivalent, the Dictyocha aculeata aculeata zone
(Perch-Nielsen, 1985b).

In addition to the information gained from examination
of well samples and identification of benthic and
planktonic foraminifera, bryozoans, and calcareous,
siliceous, and phosphatic biotic fragments, data for this
chapter were also gathered from Minerals Management
Service reports, consuitant reports, and a wide range of
geological literature. Identification and primary
interpretation of the foraminifera in the OCS Y-0007
No. 1 and OCS Y-0032 No. 1 wells was done by Ronald
F. Turner (1977, 1978) of the Minerals Management
Service, Alaska OCS Region. The identification of
siliceous microfossils in the OCS Y-0080 No. 1, OCS
Y-0007 No. 1, OCS Y-0032 No. 1, and OCS Y-0211
No. 1 wells was done by Donald L. Olson, also of the
Minerals Management Service, Alaska OCS Region.
Identifications of dinoflagellates and pollen in a large
group of samples from the OCS Y-0080 No. 1 well were
provided in a report done by the Bujak Davies Group
(1988). Identifications of calcareous nannofossils from



selected intervals in the OCS Y-0080 No. 1, OCS
Y-0007 No. 1, and OCS Y-0032 No. 1 wells were
provided in a report by W. H. Akers (1988). Jacobson
and Akers (1985) provided identifications of
dinoflagellates and calcareous nannofossils in a large
suite of samples from the OCS Y-0007 No. 1, OCS
Y-0032 No. 1, and OCS Y-0211 No. 1 wellsand a
smaller grouping of samples from the OCS Y-0080

No. 1 well (Jacobson Consulting, Inc., 1985).
Identifications of foraminifera, siliceous microfossils,
and calcareous nannofossils in the OCS Y-0011 No. 1
well were provided by Shell Oil Company in a report by
Anderson, Warren, and Associates, Inc. (1977a). R. S.
Boettcher of Micropaleo Consultants, Inc., provided
identifications of foraminifera from selected intervals in
the OCS Y-0080 No. 1 and OCS Y-0211 No. 1 wells
(personal commun., 1990). Identifications of
foraminifera and calcareous nannofossils in the
Middleton Island State No. 1 well were taken from Rau
and others (1983) and Keller and others (1984). The
data from all of the supplementary sources were to some
degree interpreted or reinterpreted by the author. A
sizeable portion of the author’s identification of
foraminifera and other biotic constituents from the OCS
Y-0211 No. 1 well was done from picked slides of
foraminifera reposited at the Alaska State Geological
Materials Center in Eagle River, Alaska.

The means for identification and determination of age
ranges of microfossil species encountered in the offshore
Gulf of Alaska well samples were provided by several
principle references. Identifications and
paleoenvironmental determinations of Oligocene to
Recent Gulf of Alaska benthic foraminifera were
dependent in part upon Bergren and O’Neil (1979),
Echols and Armentrout (1980), and Lagoe (1983).
Planktonic foraminifcra identification and age
determination was facilitated by reference to Postuma
(1971), Stainforth and others (1975), Kennett and
Srinivasan (1983), Bolli and Saunders (1985), Jenkins
(1985), Toumarkine and Luterbacher (1985), and
Hornibrook and others (1989). Ages for calcareous
nannofossils were largely based on Bukry (1973, 1975)
and Perch-Nielsen (1985a). Diatom age ranges were
derived from Barron (1980, 1985), and age ranges of
silicoflagellates were determined largely from Martini
and Muller (1976) and Perch-Nielsen (1985b).
Dinoflagellate age ranges were determined by referring
to Bujak (1984), Williams and Bujak (1985), Matsuoka
and Bujak (1988), Lentin and Williams (1989), and
other literature sources.

Tenneco Middleton Island State
No. 1 well

The Tenneco Middleton Island State No. 1 well is
located in State of Alaska waters less than 3 miles
offshore from Middleton Island on the Middleton shelf
segment of the western part of the Gulf of Alaska study
area (figs. 2 and 66, plate 5). It is the only offshore well
in the western part of the area and is reviewed here to
develop a better overview of the Middleton shelf
subsurface stratigraphy for comparison with the Gulf of
Alaska OCS wells farther to the east.

The Middleton Island State No. 1 well was drilled in

60 feet of water to a total depth (TD) of 12,000 feet. All
well depths were measured from the kelly bushing (KB),
71 feet above mean sea level. The well encountered
glaciomarine tillites, sandstones, and siltstones
characteristic of the late Miocene to Pleistocene
Yakataga Formation from the seafloor to 2,065 feet

(fig. 58). Below this (figs. 34a and 58), the well
penetrated strata that appear to be more related to the
stratigraphic section of Kodiak Island and the Kodiak
shelf COST wells (fig. 67 and table 2; Turner and
others, 1987) than that of the central Gulf of Alaska
section to the east (see chapters 5 and 3). Accordingly,
Kodiak Island/Kodiak shelf stratigraphic nomenclature is
used to describe the Middleton Island State No. 1 well
stratigraphic section below 2,065 feet (fig. 58). From
2,065 to 6,240 feet, the well encountered Oligocene to
Miocene sediments similar to those of the Sitkinak
Formation; from 6,240 to 11,460 feet, lithologic,
paleontologic, and well log data suggest the sediments of
the Sitkalidak Formation. From 11,460 feet to 12,000
feet (TD), the well encountered well-indurated siltstones

that appear to be equivalent to the early Paleogene Orca

Group that forms the base of the Tertiary seciion
throughout most of the Middleton shelf segment/Prince
William Sound area of the Prince William terrane (fig. 2
and plate 5).

The Middleton Island State No. 1 well was drilled over
20 ycars ago and sample material from it was not
available to the Minerals Management Service for
examination. Because of this, the biostratigraphic
interpretation shown here for this well is derived from
data presented in Rau and others (1983) and Keller and
others (1984). Most of the biostratigraphic tops are
based on planktonic foraminifera and calcareous
nannofossil data from Keller and others (1984), and
most of the paleobathymetric interpretations are based
on benthic foraminifera data from Rau and others
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(1983). Paleobathymetric terms used and their depth-
range equivalents are shown in figure 56.

On the basis of rare benthic foraminifera, Rau and
others (1983) concluded that the well was Narizian
(middle Eocene) from 8,590 to 10,560 feet, and
Penutian(?) and Ulatizian (early to middle Eocene,

fig. 55) from 10,560 to 12,000 feet (TD). Planktonic
foraminifera and calcareous nannofossil assemblages
identified by Keller and others (1984) indicate a younger
age for the lower part of the well, however, and these
assemblages are the provisional basis for our age
interpretation. One other well in this study, the OCS
Y-0211 No. 1 well, contained a planktonic foraminifera
assemblage that was useful for the subdivision of the
Paleogene section. There is little in common, however,
between the Paleogene planktonic assemblages in the
two wells: the Middleton Island State No. 1 well lacks
an Oligocene fauna, the late Eocene species present in
the OCS Y-0211 No. 1 well (Globigerina sp. cf. G.
eocaena and Globorotalia insolita) are absent in the late
Eocene section of the Middleton Island State No. 1 well,
and the Middleton Island State No. 1 well did not
penetrate the middle Eocene and early to middle Eocene
sections that contained the most diverse planktonic
assemblages in the OCS Y-0211 No. 1 well.

Late Miocene to Pleistocene

The unsampled interval from the seafloor to 720 feet in
the Middleton Island State No. 1 well is late Miocene to
Pleistocene in age based on the age of the underlying
interval. From 720 to 2,065 feet, the section is late
Miocene to Pleistocene in age based largely on the
lithology (glaciomarine Yakataga Formation). Above
1,725 feet in this interval, the section is nearly barren of
microfossils. Only rare benthic foraminifera, including
Cassidulina californica, Elphidium clavatum, Elphidiella
oregonense, Epistominella pacifica, and Uvigerina
yabei, were described from 1;725 to 2,050 feet. These
species are common in the Yakataga Formation
throughout the study area.

The meager fauna from 720 to 1,725 feet suggests
possible inner to middle neritic paleodepths (fig. 58).
From 1,725 to 2,065 feet, paleodepths may have been
outer neritic.

Probable Early to Middle Miocene

From 2,065 to 3,060 feet, the section is probably early
to middle Miocene based on the occurrence of the
planktonic foraminifera Globorotalia pseudokugleri (no
younger than early early Miocene) at 2,920 feet, and on
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a benthic foraminifera fauna typical of the Saucesian to
Relizian (early to early middle Miocene; see fig. 55 for
California stage names and equivalent ages). This fauna
includes species such as Anomalina glabrata,
Cassidulina sp. cf. C. crassa, C. crassipunctata,
Cibicides sp. cf. C. elmaensis, Glandulina laevigata,
Gyroidina soldanii, Melonis zaandamae, Oridorsalis
umbonatus, Pullenia salisburyi, and several arenaceous
taxa (Rau and others, 1983). Also present is Bulimina
inflata alligata (Keller and others, 1984).

Paleodepths for the interval were upper bathyal (fig. 58).

Oligocene

The section from 3,060 to 7,700 fect is undifferentiated
Oligocene (Zemorrian, fig. 55). There were no
age-diagnostic planktonic foraminifera or calcareous
nannofossils recorded for the interval.

The benthic foraminifera fauna present is a long-
ranging, deep-water, Refugian-Zemorrian (latc Eocenc
to Oligocene, fig. 55) assemblage that includes
Anomalina californiensis, Buccella mansfieldi
oregonensis, Buliminella subfusiformis, Cibicides sp. cf.
C. elmaensis, C. hodgei, Elphidium sp. cf. E. minutum,
Globobulimina sp., Globocassidulina globosa,
Gyroidina orbicularis planata, Quinqueloculina sp. cf.
Q. imperialis, Quinqueloculina sp. cf. Q. weaveri,
Uvigerina garzaensis, and several arenaceous species.
Rau and others (1983) also noted the occurrence of
Cassidulina sp. cf. C. galvinensis and Uvigerina sp. cf.
U. cocoaensis. These latter species are normally
associated with early to middle Refugian (late Eocene)
sediments, although Rau and others (1983) contend that
since a large number of the species in the assemblage
were of Zemorrian (Oligocene) age, the section was
most likely Zemorrian.

Paleodepths for the interval were upper to middle
bathyal (fig. 58).

Late Eocene to Early Oligocene

The section from 7,700 to 10,520 feet is late Eocene to
early Oligocene (Refugian to earliest Zemorrian) in age.
The upper boundary is loosely based on the occurrence
of a “bloom” of the calcareous nannofossil
Braarudosphaera sp. reported by Keller and others
(1984) at 7,700 feet. According to Keller (1983), this
event has been noted in the early early Oligocene of
deep-sea sequences and may be indicative of that part of
the section. No additional age-diagnostic planktonic
occurrences were noted within this section of the well.
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Figure 58. Biostratigraphy and
paleodepth curve for the
Tenneco Middleton Island State
No. 1 well. All depths are
measured from the kelly
bushing (KB), 71 fect above
mean sea level. Interpretation
based on data published by Rau
and others (1983), Keller and
others (1984), and Plafker and
others (1985). The well
location is shown in figure 66.

Additional benthic foraminifera species in the interval
include Cibicides spiropunctatus, Spiroplectammina sp.
cf. S. tejonensis, and Uvigerina churchi, along with

Alabamina sp., Globobulimina sp., Gyroidina

orbicularis planata, Oridorsalis umbonatus, and

Uvigerina sp. cf. U. cocouensis, and scveral-arcpaceous
species. Also present were the neritic species

Asterigerina crassiformis and Discorbis sp., which were
probably transported downslope (Rau and others, 1983).

Below 8,770 feet, Eggerella elongata,
Praeglobobulimina pupoides, Sigmomorphina schenki,
and Spiroplectammina directa are also present (Keller

and others, 1984).

Paleodepths for the interval were upper to middle

bathyal (fig. 58).

Late Late Eocene

The section from 10,520 feet to 11,260 feet is late late
Eocene (Refugidn) in age based on the highest
occurrence (10,520 feet) of the planktonic foraminifera
Globigerina linaperta, which ranges no higher than the
‘top of the Eocene. Other planktonic species in the
interval include Catapsydrax dissimilis, Globigerina
angiporoides, and Globigerina praebulloides.
Globigerina utilisindex, a species that is restricted to the
latest Eocene and early Oligocene (Keller, 1983), is also
present.

Also occurring in the interval are the calcareous

nannofossils Dictyococcites bisectus (10,600 feet) and
Reticulosphaera umbilica (10,620 feet).
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Several additional benthic foraminifera occur in this
interval, including Allomorphina sp., Ammodiscus
incertus, Ammodiscus sp. cf. A. turbinatus, Anomalina
sp. cf. A. danvillensis, Cibicides sp. cf. C.
martinezensis, Eponides sp. cf. E. minuta, Glomospira
charoides corona, Karreriella chapatoensis, K.
monumentensis, Lenticulina spp., Pullenia sp. cf. P.
bulloides, Pullenia sp. cf. P. eocenica,
Spiroplectammina directa, and Valvulineria sp. cf. V.
childsi.

Paleodepths for the interval were upper to middle
bathyal from 10,520 to 10,560 feet and middle to lower
bathyal from 10,560 to 11,260 feet (fig. 58).

Early Late Eocene

The section from 11,260 feet to 12,000 feet (TD) is
early late Eocene (early Refugian) in age based on the
highest occurrences of the planktonic foraminifera
Globorotaloides carcoselleensis (11,260 feet), which
ranges no higher than the early late Eocene. Also
present is Globigerinatheka semiinvoluta (11,950 feet),
which is restricted to the early late Eocene. Other
-planktonic foraminifera in the interval include
Catapsydrax dissimilis, Globigerina angiporoides, G.
linaperta, G. praebulloides, G. utilisindex (caved?), and
Globorotalia opima nana.

The calcareous nannofossil Chiasmolithus grandis at
11,940 feet ranges no higher than the early late Eocene.
Discoaster barbadiensis (11,920 feet), which is
restricted to the late Eocene, also supports an age no
older than early late Eocene. Other calcareous
nannofossils in the interval include Dictyococcites
bisectus, D. scrippsae, and Reticulosphaera umbilica.

The benthic foraminifera assemblage is similar to that of
the overlying interval.

Paleodepths for the interval (fig. 58) were middle to
lower bathyal from 11,260 to 12,000 feet (TD).

According to Rau and others (1983), the benthic
foraminifera fauna of the interval from 10,520 to

12,000 feet (TD) indicates a possible early to middle
Eocene age (Penutian to Narizian, fig. 55). However,
the presence of planktonic species with published age
ranges that are no older than the late Eocene, such as the
foraminifera Globigerina angiporoides, or that are
restricted to the late Eocene, such as the foraminifera
Globigerinatheka semiinvoluta and the calcareous
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nannofossil Discoaster barbadiensis (Keller and others,
1984), indicates a late Eocene age for the interval.

The section from 11,460 to 12,000 feet (TD) appears to
be part of the Orca Group based on lithology (see
chapter 5). Paleontologic and radiometric age data from
onshore outcrops show the age of the Orca Group to be
Paleocene to early middle Eocene (Plafker and others,
1985). However, radiolarians and calcareous
nannofossils from various onshore outcrops assigned to
the Orca Group have indicated ages as young as late
Eocene and possible Oligocene (Plafker and others,
1985), which is compatible with the age of the section in
the lower part of the Middleton Island State No. 1 well. -
These onshore outcrops and the early late Eocene “Orca
Group” section in the well may be part of a younger
Orca Group facies or an as yet undescribed late Eocene
(to possible Oligocene) sequence.

Exxon OCS Y-0080 No. 1 well

The Exxon OCS Y-0080 No. 1 well was drilled in

448 feet of water to a TD of 13,507 feet. All depths
were measured from the kelly bushing (KB), 82 feet
above mean sea level. The well encountered the
Yakataga Formation from the seafloor to 8,470 feet, and
penetrated the Poul Creek Formation from 8,470 feet to
TD (fig. 59).

Pleistocene

From the seafloor to 6,120 feet the section is Pleistocene
in age, with the late Pleistocene section extending from
the seafloor to 4,560 feet and the early Pleistocene
section extending from 4,560 to 6,120 feet. Ages for the
Pliocene and Pleistocene sections in this well are based
on diatom occurrences and on coiling-direction trends of
the planktonic foraminifera Neogloboquadrina

pachyderma.

Late Pleistocene

No samples were recovered in the interval from the
seafloor to 2,090 feet, which is assigned to the late
Pleistocene on the basis of its stratigraphic position
above the underlying interval. From 2,090 to 4,560 feet,
the section is late Pleistocene in age based on 98 to

100 percent sinistrally coiled populations of
Neogloboquadrina pachyderma that indicate the cold-
water conditions of the late Pleistocene (fig. 57). The
planktonic foraminifera assemblage of this interval also
includes frequent to abundant Globigerina bulloides and
rare occurrences of Neogloboquadrina dutertrei,



Globigerinoides conglobatus, and Globigerina
quingueloba.

Two diatom species within this interval, Thalassiosira
sp. cf. T. nidulus at 2,400 feet and Rhizosolenia sp. cf.
R. curvirostris at 3,120 feet, range only as high as the
early late Pleistocene (Barron, 1980, 1985). These
occurrences are used to subdivide the late Pleistocene

the exception of these diatom species, the Pleistocene
section contains no age-diagnostic microflora. Rare to
common discoidal (spongodiscid) and spheroidal
(cenosphaerid) radiolarians are also present in the late
Pleistocene.

Benthic foraminifera in the late Pleistocene section
include Bolivina interjuncta, B. spissa, Buccella frigida,
Buccella sp. cf. B. inusitata, B. tenerrima, Cassidulina
californica, C. cushmani, C. delicata, C. islandica, C.
limbata, C. minuta, C. norcrossi, C. reflexa, C. teretis,
Cibicides fletcheri, C. lobatulus, Cibicides sp. cf. C.
mckannai, Cyclammina cancellata, Cyclammina sp. cf.
C. pacifica, Dentalina californica, D. frobisherensis, D.
baggi, Eggerella sp., Elphidium bartletti, E. clavatum,
E. frigidum, E. incertum, Elphidiella arctica, E.
oregonense, E. sibirica, Epistominella pacifica,
Eponides subtener, Globobulimina pacifica, Gyroidina
sp. cf. G. soldanii, Haplophragmoides spp.,
Hyperammina sp., Karreriella sp., Lagena sulcata,
Martinottiella communis, Nonionella auricula, N.
labradorica, Protelphidium orbiculare, Quinqueloculina
sp. cf. Q. akneriana, Q. seminula, Trifarina fluens,
Triloculina trihedra, Uvigerina sp. cf. U. auberiana, U.
cushmani, U. juncea, U. peregrina, and Valvulineria
glabra. Also present in the assemblage near the base of
the late Pleistocene interval are Bulimina sp. cf. B.
subacuminata, B. tenuuta, Cassidulina lomitensis,
Elphidium sp. aff. E. incertum, Elphidiella
groenlandica, and Lenticulina sp. cf. L. cultratus.

Benthic foraminifera did not serve as the basis for any of
the biostratigraphic tops in the Pliocene and Pleistocene
sections of the well, although they werce uscful for
paleobathymetric determinations.

Dinoflagellates are sparse throughout the Pleistocene
section, with rare occurrences of Achomosphaera
ramulifera, Filisphaera filifera, Impagidinium
Japonicum, Operculodinium sp. cf. O. centrocarpum,
Spiniferites membranaceous, and S. ramosus ramosus.

Molluscan shell fragments, echinoid spines and
fragments, and rare barnacle plate fragments are also

present in the late Pleistocene section. Fragments of the
erect bryozoan Myriozoum subgracile, a neritic to upper
bathyal species that has been reported from Recent
sediments on Albatross Bank east of Kodiak Island
(Cuffey and Turner, 1987), were also found at

3,210 and 3,750 feet.

Paleodepths in the late Pleistocene section were outer
neritic to upper bathyal from 2,090 to 3,090 feet, and
outer neritic to upper bathyal, upper to middle bathyal,
and upper bathyal between 3,090 and 4,560 feet

(fig. 59).

Cool temperate, possibly humid terrestrial climates
during vegetated intervals in the late Pleistocene section
are indicated by the presence of pollen from birch
(Betulaceoipollenites or Trivestibulopollenites), spruce
(Piceapollenites), pine (Pinuspollenites), and hemlock
(Tsugaepollenites).

Early Pleistocene

From 4,560 to 6,120 feet, populations of frequent to
abundant Neogloboquadrina pachyderma generally
include 10 to 20 percent dextrally coiled forms, possibly
indicating warmer water. Because this is the only
interval in the well that consistently contains elevated
proportions of dextrally coiled Neogloboquadrina
pachyderma it is assigned an early Pleistocene age (fig.
57). Although the assemblages in this interval do not
contain the 90 percent or greater proportion of dextrally
coiled forms observed in temperate waters of modern
oceans (Ericson, 1959; Bandy, 1960; Kennett, 1976), it
is possible that they reflect sporadic encroachments of
early Pleistocene warmer water masses into the Gulf of
Alaska area along a fluctuating warm water—cold water
front.

The remainder of the planktonic foraminifera
assemblage in the early Pleistocene interval is similar to
that of the late Pleistocene, along with isolated
occurrences of Globorotalia humerosa humerosa. A
specimen morphologically transitional between the
Globorotalia sp. cf. G. pseudopima and
Neogloboquadrina dutertrei is also present at 5,640 feet.

The benthic foraminifera assemblage in the early
Pleistocene section is also similar to that of the late
Pleistocene, but includes the additional species Bulimina
sp. cf. B. exilis, B. mexicana, Cassidulina sp. cf. C.
laevigata carinata, C. subglobosa, Cibicides sp. aff. C.
conoideus, Elphidium sp. cf. E. discoidale, Gyroidina
sp. cf. G. condoni, Melonis barleeanum, Melonis sp. cf.
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M. zaandamae, Nonion sp. cf. N. incrassitas,
Nonionella basispinata, N. fimbriata, Oolina sp. cf. O.
apliopleura, Oolina melo, Planulina sp. cf. P.
alaskense, Pseudoglandulina laevigata, Pullenia
bulloides, P. salisburyi, and Trifarina hughesi.

Rare diatoms and rare spongodiscid and cenosphaerid
radiolarians are also present.

Paleodepths in the early Pleistocene were mainly outer
neritic to upper bathyal, with shorter intervals of upper
to middle bathyal (fig. 59).

Below 4,650 feet in the early Pleistocene interval, the
addition of Sequoia group pollen
(Taxodiaceaepollenites), blue beech (Carpinipites sp. cf.
C. spackmaniana), and Quercoidites microhenrici to the
assemblage indicates a somewhat milder climate.

Pliocene

The interval from 6,120 to 8,470 feet is Pliocenc in age
on the basis of coiling-direction trends in populations of
the planktonic foraminifera Neogloboquadrina
pachyderma, with the division between early and late
Pliocene placed at 8,400 feet.

Late Pliocene

The section from 6,120 to 8,400 feet is late Pliocene in
age on the basis of predominantly sinistrally coiled,
cold-water populations of Neogloboquadrina
pachyderma (fig. 57) that are common to abundant from
6,120 to 6,570 feet and sparse from 6,570 to 8,400 feet.
Additional planktonic foraminifera present in the late
Pliocene section include Globorotalia sp. cf. G.
pseudopima at 8,280 feet, and Neogloboquadrina sp. cf.
N. asanoi at 7,560 feet. The latter species ranges no
higher than the Pliocene in the Ventura Basin section of
California (Lagoe and Thompson, 1983).

Additional benthic foraminifera appearing in the
Pliocene section include Cassidulina sp. cf. C.
quadrata, Cribrononion sp., Cribrustomoides sp.,
Epistominella sp. cf. E. pulchella, E. smithi, Fissurina
Ppelucida, Haplophragmoides spp., Pullenia malkinae,
Quinqueloculina sp. cf. Q. arctica, Uvigerina sp. aff.
U. hootsi, and Uvigerina juncea. Elphidiella simplex, a
species noted by Voloshinova and others (1970) in the
Miocene section of Sakhalin Island (eastern Russia), was
found at 8,280 feet, along with Cribroelphidium
crassum, Elphidiella sp. cf. E. arctica, and Nonionella
sp. cf. N. stellata.
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The pollen assemblage in the Pliocene section is similar
to the early Pleistocene assemblage, with the addition of
rare specimens of elm (Ulmipollenites undulosus),
Pachysandra sp., and willow (Salixpollenites
discoloripites), along with decreased populations of
hemlock (Zsugaepollenites) and the Sequoia group
(Taxodiaceaepollenites).

Paleodepths in the late Pliocene section were mostly
outer neritic to upper bathyal, with middle to outer
neritic conditions at 7,020 to 7,290 feet and 7,920 to
8,100 feet (fig. 59).

Early Pliocene

The interval from 8,400 to 8,470 fect may be late early
Pliocene on the basis of rare dextrally coiled
Neogloboquadrina pachyderma (fig. 57). Lattanzi
(1981) reported dextrally coiled populations in the
interval from 8,400 to 8,470 fect, and the only
planktonic foraminifera recovered from MMS samples
in the interval, single specimens of Neogloboquadrina
pachyderma at 8,430 and 8,460 feet, were also dextrally
coiled. Dextral coiling at this depth suggests the warmer
water conditions prevalent in the early Pliocene

(fig. 57). On this basis, the division between late and
early Pliocene is placed at 8,400 feet. Because of its
unconformable base, possibly indicating a missing early
Pliocene section, the short interval from 8,400 to

8,470 feet is assigned to late early Pliocene.

Paleodepths in the late early Pliocene section were outer
neritic to upper bathyal (fig. 59).

Miocene

Well-log curves and rotary drill bit cuttings at 8,470 feet
and below indicate a lithologic change from the
sandstones, siltstones, and glaciomarine diamictites of
the Yakataga Formation to the marine glauconitic
siltstones and sandstones of the Poul Creek Formation.
The contact at 8,470 feet marks an unconformity at the
base of the Yakataga Formation (see chapter 5). The
section is late Miocene from 8,470 to 9,660 feet and
middle Miocene from 9,660 to 11,360 feet. The late
Miocene section is fault-repeated from 11,360 to

12,210 feet. From this depth to TD, the well remained
in a Poul Creek section interpreted to be Miocene in
age, with middle to late Miocene section from 12,210 to
12,960 feet, and middle Miocene from 12,960 to TD at .
13,507 feet (fig. 59).

Lattanzi (1981) described the Yakataga—Poul Creek
Formation contact at 8,470 feet, but concluded that the
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underlying section was Pliocene in age because of its

stratigraphic position beneath a very thin section of early |

Pliocene Yakataga Formation, and because it contained
scattered specimens of Neogloboquadrina pachyderma,
which ranges from late Miocene to Recent. A Pliocene
age determination for the Poul Creek Formation is at
variance with the late Eocene to early Miocene age of
Rau and others (1983) and the up-to-late Miocene age
Lagoe (1983) observed for the Poul Creck Formation in
onshore wells and stratigraphic sections. Although rare

specimens of Neogloboquadrina pachyderma recovered
from MMS samples below 8,470 feet were brownish

and weathered like other planktonic and benthic
foraminifera present, most of the specimens of
Neogloboquadrina pachyderma from this deeper section
had a fresh, white crystalline appearance similar to

_specimens found above 8,470 feet. Such “fresh”

specimens were interpreted as caved from the
Pliocene-Pleistocene section uphole. Ample opportunity
for caving existed in this part of the well because the
well bore was uncased throughout the process of drilling
from 4,098 to 11,610 feet.
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Late Miocene

The section from 8,470 to 9,660 feet is late Miocene in
age on the basis of dinoflagellate occurrences and the
age of the subjacent interval. The abrupt change in
lithology, paleodepth, and the foraminiferal assemblage
at 8,470 feet support this interpretation (fig. 59).

Dinoflagellates present in this section include
Systematophora ancyrea at 8,580 feet and
Achomosphaera spongiosa at 8,670 feet, both indicating
an age no younger than late Miocene, and Impagidinium
sp. cf. I. patulum at 8,580 feet, which indicates an age
no older than late early Miocene. Core samples taken
from 9,021 to 9,045 feet (conventional core 2,

Appendix E-3) also contain scvcral dinoflagellates that
are characteristic of the late Miocene
Hystrichosphaeropsis variabile zone of Bujak (1984) and
Matsuoka and Bujak (1988) and range no higher than
that interval. These species include Hystrichosphaeropsis
obscura, Litosphaeridium parvum, Reticulosphaera
actinocoronata, and Tuberculodinium rossignoliae. Also
recovered from the core were Spiniferites hexatypicus,
Spiniferites ramosus, and Tuberculodinium vancampoae,
which have slightly less restricted individual ranges but
are also representative of the Hystrichosphaeropsis
variabile zone.

The monolete spore Polypodiisporonites sp. at
8,580 feet indicates an age of late Miocene or older. The
angiosperm pollen ?Ericipites also occurs at 8,580 feet.

The lowest stratigraphic occurrence of the diatom
species Thalassiosira antiqua at 8,940 feet also supports
a late Miocene age for this interval.

Most of the rare planktonic foraminifera present in the
late Miocene section (8,470 to 9,660 fect), including
Globigerina bulloides and G. venezuelana, are not age
diagnostic. Three sinistrally coiled specimens of
Neogloboquadrina pachyderma found in the interval had
a brownish, weathered appearance and were judged to
be in place, supporting a late Miocene age.

The late Miocene section (8,470 to 9,660 feet) contains
an abundant assemblage of light-colored arenaceous
benthic foraminifera, along with many additional species
of calcareous benthic foraminifera. The arenaceous
assemblage is similar to that recovered from the Poul
Creek Formation section onshore and in the OCS
Y-0007 No. 1, OCS Y-0014 No. 1 and 2, OCS Y-0032
No. 1, and OCS Y-0211 No. 1 wells. Arenaceous
species include Alveolophragmium rotwndidorsata,
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Bathysiphon arenacea, Bathysiphon spp., Budashaevella
sp., Cornuspira byramensis, Cribrostomoides spp.,
Cyclammina cancellata, C. pacifica, C. incisa, Dorothia
sp., Gaudryina sp., Haplophragmoides trullisata,
Martinottiella sp., M. communis, Reophax sp.,
Rhabdammina sp., Spirosigmoilinella sp.,
Spirosigmoilinella sp. cf. S. compressa, Trochammina
globigeriniformis, and a conically coiled species
resembling Arenoturrispirillina sp.

Also present are rare specimens of Liebusella sp., an
arenaceous species that begins with triserial trochospiral
coiling and ultimately becomes a relatively large
uniserial form. Several broken specimens of Liebusella
sp. revealed the characteristic eross-sectional internal
structure of 8 to 16 radially arranged, regularly shaped
alveolar cavities per chamber (Sieglie and others, 1986).
Lattanzi (1981) identified this species as Liebusella
Pliocenica, which is restricted to the Pliocene in the
California section (Wissler, 1943). Our late Miocene
age assignment conflicts with this age. Because the
genus Liebusella ranges from late Eocene to Recent
(Sieglie and others, 1986), the specimens in the OCS
Y-0080 No. 1 well could be compared with other
species within this range. One comparable species is
Liebusella laevigata from the middle and upper Miocene
section of Sakhalin Island (Voloshinova and others,
1970). We refer the form present in the OCS Y-0080
well to Liebusella sp. because we lack specimens good
enough for specific identification and lack comparative
material. In addition, some of the Liebusella-like
specimens in the interval may belong to the genus
Alveovalvulinella, which has a more irregularly alveolar
internal structure and ranges from the Oligocene to the
Miocene (Loeblich and Tappan, 1964). Both Liebusella
laevigata and Alveovalvulinella sp. are compatible with
the Miocene age interpretation for the section below
8,470 feet. Anderson, Warren, and Associates, Inc.,
(1977a) also describe occurrences of both
Alveovalvulinella sp. and the related, higher-ranging
Alveovalvulina sp. (early Miocene to mid-Pliocene;
Sieglie and others, 1986) in the probable late Miocene
section of the OCS Y-0011 well.

Calcareous benthic foraminifera present in the late
Miocene section include Anomalina glabrata,
Asterigerina crassiformis, Cassidulina sp. cf. C. crassa,
Chilostomella sp. cf. C. cylindroides, Cibicides sp. cf.
C. elmaensis, Cibicides sp. cf. C. perlucida, Elphidium
sp. aff. E. californicum, Elphidium sp. cf. E. minutum,
Epistominella pacifica, E. pulchella, Gyroidina sp. cf.
G. condoni, G. soldanii, Lagena strumosa, Lenticulina
inornata, Marginulina sp. cf. M. adunca (reworked



early Miocene?), Melonis sp. cf. M. pacificum,
Nodogenerina sp. aff. N. sanctaecrucis, Nodosaria sp.
cf. N. longiscata, Nonionella sp. cf. N. costiferum,
Oolina melo, Oridorsalis umbonatus, Pullenia
miocenica, Quinqueloculina sp. cf. Q. weaveri,
Uvigerina auberiana, Uvigerina sp. cf. U. hannai,
Uvigerina sp. cf. U. gallowayi (reworked late Eocene to
earliest Miocene?), and Uvigerina sp. cf. U. obesa.

A species of Uvigerina that is present throughout the
Miocene section of the well posed several problems in
identification. It was initially assigned to Uvigerina sp.
cf. U. subperegrina because it is similar to a specimen
with that name from the lower Yakataga Formation
figured by Lagoe (1983, plate 2 and figure 16).
Although many of the specimens in the OCS Y-0080
No. 1 well resemble this species in ornamentation,
subsequent study showed most specimens to be slimmer,
with more chambers. Rare individuals have subdued
surface ornamentation resembling that of Uvigerina
Juncea. The species also bears a strong resemblance to
Uvigerina yabei, a species originally described from the
Pliocene of Japan (Asano, 1938) and more recently
reported from the Middleton Island State No. 1 well
(Rau and others, 1983), but the specimens in the OCS
Y-0080 well appear to have more costae per chamber
than are shown on the specimens in the type illustration.
On the whole, most of the specimens bear a stronger
resemblance to Uvigerina cushmani, a species originally
described from Recent ocean sediments from neritic to
upper bathyal depths off the coast of southern California
(Todd, 1948). Accordingly, the specimens from the well
are referred to as Uvigerina sp. cf. U. cushmani. This
species is present throughout the Miocene section of the
well, but is rare in the late Miocene interval.

Several worn specimens of reworked Eocene to early
Oligocene benthic foraminifera were found in samples
near the top of the late Miocene section, including
Quinqueloculina sp. cf. Q. goodspeedi at 8,470 feet,
Plectofrondicularia packardi at 8,520 feet, and Cibicides
spiropunctatis at 8,640 feet. In addition, a small
assemblage of reworked Eocene dinoflagellates is
present in the upper part of the interval, including
Deflandria eocenica, D. heterophlycta, D.
phosphoratica, Hafniasphaera septata, and
Impagidinium californiense. These elements indicate that
some of the sediments of the upper Poul Creek
Formation in the well were derived from the erosion of
Eocene marine strata.

Paleodepositiona\l environments for this interval were
upper to middle bathyal (fig. 59). Fragments of light

brown micritic limestone at 8,520 feet suggest a pelagic
carbonate ooze, or perhaps a distal facies of fringing
carbonate sediments shed from a positive open-marine
feature such as a seamount that has since collided and
subducted along the southern Alaska margin.

The late Miocene interval also contains small shark and
teleost fish teeth, common triaxon and
fused-desmid-form sponge spicules, and pyritized
cenosphaerid radiolaria. Shark teeth and and sponge
spicules are particularly numerous in conventional core
samples of dark-brown siltstones taken from 9,024 to
9,045 feet (core 2, Appendix E-3). The foraminifera
recovered from the core are almost exclusively
arenaceous and include rare to frequent occurrences of
Spirosigmoilinella sp. cf. S. compressa.

According to geochemical analysis (Tybor, 1979),
cuttings from thermally immature sediments between
9,100 and 9,160 feet have the most favorable
hydrocarbon source rock potential in the well. Total
organic carbon (TOC) in this sample interval was
recorded at 1.97 percent, and total bituminous extract
measured 1,897 ppm (with estimated 488 ppm
extractable hydrocarbon). In addition, amorphous-
herbaceous organic components exceeded woody
components, a condition that could favor liquid
hydrocarbon generation if the thermal maturity of the
section were greater. The predominance of arenaceous
foraminifera and sponge spicules, along with the
preservation of numerous phosphatic vertebrate elements
(shark teeth, teleost fish teeth) in an organically rich
siltstone suggests a depositional environment resembling
the silled, organic-rich, sediment-starved basin paradigm
postulated by Armentrout (1983a) for the dark shales of
the upper Poul Creek Formation onshore.

Middle Miocene

The section from 9,660 to 11,360 feet is middle
Miocene in age based on planktonic foraminifera. This
interval, a middle Miocene section in the OCS Y-0014
No. 1 and 2 well, and an early to middle Miocene
section in the OCS Y-0211 No. 1 well (this chapter) are
the first middle Miocene sediments described from the
Poul Creek Formation onshore or offshore. However,
unpublished data (R. S. Boettcher, personal commun.,
1991) have indicated that a deep-water section of late
early to early middle Miocene (Relizian to possible
Luisian, fig. 55) Poul Creek Formation exists onshore
on Kayak Island, 22 miles to the northwest (fig. 66 and
plate 5). This age is based on the presence of the middle
early to early middle Miocene planktonic foraminifera

Biostratigraphy, 111



Globorotalia archaeomenardii and the benthic
foraminifera Siphogenerina sp. cf. S. branneri and
Siphogenerina sp. cf. S. Kleinpelli.

Planktonic foraminifera species indicating a middle
Miocene age for this section of the OCS Y-0080 No. 1
well include Globorotalia sp. cf. G. continuosa at
9,660 feet and below, Globorotalia sp. cf. G. conica at
9,840 and 10,260 feet, and Globorotalia sp. cf. G.
obesa at 11,040 feet. Other planktonic species present
include Globigerina bulloides, Globigerina sp. cf. G.
venezuelana, Globigerina sp. cf. G. woodi,
Globigerinoides sp. cf. G. bolli, Globigerinoides sp. cf.
G. trilobus, Globoquadrina dehiscens, and Globorotalia
conoidea.

Also present from 9,750 feet downward are rare to
frequent Orbulina universa. The typical spherical form
is dominant, but rare bilobate and trilobate forms occur
in the lower part of the interval. Orbulina universa
ranges from middle Miocene to Recent and is most
common in temperate and warmer water. Orbulina
universa has been described from the uppermost (late
Miocene) Poul Creek Formation and the lower Yakataga
Formation onshore at the Yakataga Reef section (Lagoe,
1983), but has not been recorded previously in other
offshore wells. A single specimen of Orbulina universa
also occurs at 13,510 feet in the middle Miocene section
of the OCS Y-0014 No. 1 and 2 well.

The dinoflagellate Dapsilidinium pastielsi is also present
from 10,020 to 10,500 feet in the middle Miocene
section. This species has not been observed above the
early Miocene in the Bering Sea stratigraphic section
(Matsuoka and Bujak, 1988), but its world-wide range
extends into the middle Miocene (Bujak-Davies Group,
1988). Reworked specimens of the Oligocene
dinoflagellates Deflandria phosphoritica and
Trinovantedinium boreale also occur in the interval.

Additional benthic foraminifera in the middle Miocene
section include Anomalina sp. cf. A. californiciensis,
Bulimina sp. cf. B. alsatica, B. ovama, B. subcalva,
Cassidulina sp. cf. C. laevigata, Cibicides sp. cf. C.
perlucidus, Eponides sp. cf. E. subtener, Globobulimina
pacifica, Hoeglundina elegans, Karreriella sp. cf. K.
baccata, Lagena laevis, Pseudoglandulina inflata,
Sphaeroidina variabilis, Triloculina tricarinata,
Uvigerina sp. cf. U. hispida, U. senticosa, and
Uvigerina sp. cf. U. senticosa adiposa. Uvigerina sp.
cf. U. cushmani, which was present but rare in the
overlying late Miocene section, is common to abundant
at the top of the thick sandy sequence that begins at
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9,750 feet and remains plentiful down to 10,740 feet.
Liebusella sp. is rare to absent throughout the middle
Miocene interval. Also present in the interval are sponge -
spicules, shark teeth, pyritized cenosphaerid radiolaria,
and ostracodes.

Paleodepths in this interval were upper to middle bathyal
(fig. 59).

Late Miocene: Repeated Section

The interval from 11,360 to 12,210 feet is late Miocene
in age and is part of a fault-repeated Miocene section
that extends to the bottom of the well. The lithology
changes from a predominantly sandstone sequence to an
underlying siltstone sequence at 11,360 feet. This
lithologic change may mark a thrust fault that has
displaced and repeated the stratigraphic sequence. The
steep dips seen on dipmeter logs throughout the
underlying Miocene section indicate significant
structural deformation and support the possibility of a
fault. Several instances of stuck drilling pipe were
reported in the interval, where the well was sidetracked
three times. Such problems are often encountered in
fault zones, although these operational difficulties may
have had other causes.

A late Miocene age for the section from 11,360 to
12,210 feet is indicated by the occurrence of in-place,
brownish-colored specimens of Neogloboquadrina
pachyderma (which ranges no older than late Miocene)
at 11,430, 11,580, and 11,610 feet. Occurrences of
other planktonic foraminifera, including Globorotalia
acostaensis at 11,970 feet, Globorotalia sp. cf. G.
sphericomiozea at 12,090 feet, and Globorotalia sp. aff.
G. pseudopima at 11,580 feet, further support this age.
Also present in the section are Globorotalia sp. cf. G.
conoidea, Globigerina bulloides, and Orbulina universa.
A late Miocene age is also indicated by the presence at
12,150 feet of the benthic foraminifera Rotalia sp. <f. R.
garveyensis, a species that is characteristically found in
the Mohnian stage (late Miocene, fig. 55) of the

California section.

YArenoturrispirillina sp., Spirosigmoilinella sp. cf. S.
compressa, and Uvigerina sp. cf. U. hannai, benthic
foraminifera that were present in the late Miocene
section above the fault, reappear in the repeated interval.
Liebusella sp. also reappears and is common in some
samples. Benthic foraminifera new to the assemblage
include Anomalina sp. cf. A. salinasensis, Bulimina sp.
cf. B. alligata, Cassidulina pulchella, Cibicides sp. cf.
C. conoideus, Conicospirillina sp., Epistominella sp. cf.



E. peruviana, Gyroidina sp. cf. G. healdi, G. soldanii
altiformis, Marginulina sp. cf. M. subbullata, and
Oolina globosa. Uvigerina sp. cf. U. cushmani was
frequent to common in the interval.

Other elements in the fauna include rare ophiuroid
fragments, fish bones, and barnacle plate fragments,
along with rare sponge spicules and pyritized
cenosphaerid radiolaria.

The monolete spore Polypodiisporonites sp. and the
angiosperm pollen ?Ericipites sp., present in the late
Miocene section above the fault, were also noted in this
interval at 12,120 feet.

Paleodepths were upper to middle bathyal from
11,360 to 11,520 feet, deepening to include middle to
lower bathyal intervals from 11,520 to 12,210 feet
(fig. 59).

Middle to Late Miocene

The section from 12,210 to 12,960 feet is considered to
be middle to late Miocene in age primarily on the basis
of its stratigraphic position. Poorly preserved specimens
of planktonic foraminifera such as Globorotalia sp. aff.
G. conica at 12,210 feet and Globorotalia sp. aff. G.
continuosa at 12,390 feet suggest a possible middle
Miocene age. Other planktonic foraminifera within the
interval include Globorotalia sp. cf. G. scitula,
Globorotalia sp. cf. G. conoidea, Globigerina bulloides,
Globigerina sp. cf. G. venezuelana, Globigerinoides sp.
aff. G. bolli, Globigerinoides sp. cf. G. trilobus,
Globigerinita uvula, and Orbulina universa.

Additions to the benthic foraminifera fauna in this
interval include Cassidulina laevigata carinata,
Cornuspira byramensis, Fissurina marginata, Pullenia
bulloides, P. salisburyi, Quinqueloculina sp. cf. Q.
lamarckiana, Spiroplectammina sp. aff. S. directa. and
Uvigerina sp. cf. U. hispidocostata. Also present are
Liebusella sp., which is very rare in the interval, and
frequent to abundant Uvigerina sp. cf. U. cushmani.
Similar abundance trends were observed for these latter
two species in the middle Miocene section above the
fault.

Other faunal elements include fish bone fragments,
ostracodes, and pyritized cenosphaerid radiolaria.

Paleodepths for the interval were middle to lower
bathyal (fig. 59).

Middle Miocene

The interval from 12,960 to 13,507 feet (TD) is middle
Miocene. This age is indicated by the planktonic
foraminifera Globorotalia sp. cf. G. conica at 12,960,
12,990 and 13,500 feet, and Globorotalia sp. aff. G.
lata (as figured in Lipps, 1964) at 13,020 and

13,200 feet. Other planktonic species in the interval
include Globigerina bulloides, Globigerina sp. cf. G.
nepenthes, Globigerinoides sp. cf. G. trilobus,
Globorotalia sp. aff. G. conoidea, Orbulina suturalis,
and Orbulina universa, including spherical, bilobate,
and trilobate forms.

Additional benthic foraminifera in the interval include
Nonion goudkoffi, Uvigerina sp. cf. U. niodeloensis, and
Uvigerina senticosa ssp. cf. U. senticosa adiposa.

Other faunal elements include pyritized cenosphaerid
radiolaria and rare ostracodes.

Paleodepths for the interval were middle hathyal
(fig. 59).

Shell OCS Y-0011 No. 1 well

The Shell OCS Y-0011 No. 1 well was drilled in

541 feet of water to a TD of 13,565 feet. All well depths
were measured from the kelly bushing (KB), 85 feet
above mean sea level. The well penetrated the Yakataga
Formation from just below the seafloor to TD (fig. 60).

Pleistocene

The interval from the seafloor to 8,940 feet is
Pleistocene in age on the basis of coiling-direction trends
in populations of the planktonic foraminifera
Neogloboquadrina pachyderma and diatom occurrences.
The section from the seafloor to 5,700 feet is late
Pleistocene in age, and is further divided into late late
and early late Pleistocene intervals at 2,910 feet. The
section from 5,700 to 8,940 is early Pleistocene.

Late Pleistocene

The interval from the seafloor to the first sample at
1,650 feet is late Pleistocene in age based on the age of
the underlying section. From 1,650 to 5,700 feet the
section is also late Pleistocene, based on predominantly
sinistrally coiled populations of the planktonic
foraminifera Neogloboquadrina pachyderma (fig. 57).
Population coiling ratios approach 100 percent sinistral
between 1,650 and 3,840 feet, and are 90 percent or

Biostratigraphy, 113



more sinistral from 3,840 feet to the base of the interval
at 5,700 feet.

Siliceous microfossils are rare but relatively continuous
throughout this section. The highest occurrence of the
diatom Rhizosolenia curvirostris at 2,910 feet marks the
top of the early late Pleistocene and is used to divide the
late Pleistocene section into late and early intervals.
Other siliceous microfossils appearing in the late late
Pleistocene interval include the diatom species
Chaetoceros sp., Coscinodiscus excentricus, C.
marginatus, C. lineatus, C. oculis iridis, Denticulopsis
seminae, D. seminae fossilis, Navicula sp., N. optima,
Rhizosolenia hebetata, Stephanopyxis dimorpha, S.
turris, Thalassiosira decipiens, T. excentrica, T.
gravida, T. oestrupii, Thalassiothrix longissima, and
Xanthiopyxis sp. Also present are the silicoflagellate
Distephanus octangulatus and the radiolarians
Spongodiscus sp. and Spongotrochus glacialis.

The early part of the late Pleistocene interval includes
the additional diatom species Actinocyclus sp. cf. A.
curvatulus, A. divisus, A. ochotensis, Actinoptychus
splendens, A. undulatus, Arachnoidiscus ehrenbergii,
Biddulphia aurita, Cocconeis costata, C. scutulum,
Coscinodiscus nodulifer, Melosira sulcata, Roperia
tesselata, Rhabdonema sp., Rhaphoneis amphiceros,
Thalassionema nitzschioides, and Thalassiosira sp. aff.
T. antiqua (reworked late Pliocene), and the
silicoflagellate species Distephanus octonarius and D.
speculum at 3,990 feet. Dictyocha aculeata and
Distephanus boliviensis at 5,660 feet (sidewall core)
support an earliest late Pleistocene age for the base of
the late Pleistocene interval. Distephanus stauracanthus
(reworked middle Miocene) is also present at 5,660 feet
(sidewall core).

The siliceous endoskeletal dinoflagellate(?) Actiniscus
pentasterias also occurs in the late Pleistocene at
4,440 and 4,578 feet (sidewall core).

The late Pleistocene section also contains a sparse but
persistent population of calcareous nannofossils. The late
late Pleistocene portion of the interval includes
Coccolithus carteri, C. pelagicus, C. pliopelagicus,
Cycloccolithina leptopora, and Gephyrocapsa
caribbeanica. The early late Pleistocene portion of the
interval also contains Braarudosphaera bigelowi.
Coccolithus (Crenalithus) doronicoides occurs at

3,540 feet (reworked?), 4,530 feet, and 4,578 feet
(sidewall core).
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Several reworked specimens of calcareous nannofossils
are found in the Pleistocene section, including the
Mesozoic species Watznaueria barnesae; the Eocene to
Oligocene species Dictyococcites scrippsae,
Reticulofenestra hillae, and R. umbilica; and the
Paleogene to middle Miocene species Coccolithus
miopelagicus, Dictyococcites bisectus, and
Helicopontosphaera euphratis. Reworked specimens of
Cyclicocargolithus floridanus (Eocene to late Miocene)
are found from 2,370 feet to a sample from conventional
core 1 at 9,375 feet, and reworked specimens of
Reticulofenestra sp. cf. R. pseudoumbilica (middle
Miocene to middle Pliocene) occur in the upper parts of
the well.

The late Pleistocene section of the OCS Y-0011 No. 1
well contains a boreal foraminiferal assemblage very
similar to that seen in the Pliocene-Pleistocene section of
the OCS Y-0080 No. 1 well and the Pliocene section of
the OCS Y-0211 No. 1 well (sec appendix A).
Planktonic foraminifera present in the late Pleistocene
include Globigerina bulloides and Neogloboquadrina
pachyderma. Globigerina quinqueloba occurs at

3,150 feet and Globigerina woodi var. (reworked middle
Miocene?) at 4,079 feet in the early late Pleistocene
section.

Some additional benthic foraminifera species occurring
in the late late Pleistocene section include Astrononion
gallowayi, Cassidulina nakamurai, Rotalia
subcorpulenta, R. umbonata teneris, and
Silicosigmoilina groenlandica. Epistominella exigua and
Virgulina complanata are present in the early late
Pleistocene section at 3,840 feet.

Paleodepths in the late Pleistocene were middle to outer
neritic from 1,650 to 2,070 feet, outer neritic to upper
bathyal from 2,070 to 2,340 feet, middle to outer neritic
from 2,340 to 3,840 feet, and outer neritic to upper
bathyal from 3,840 to 5,700 feet (fig. 60).

Early Pleistocene

The section from 5,700 to 8,940 feet is early Pleistocene
based on the highest occurrence of the diatom
Actinocyclus oculatus and on coiling ratios of the
planktonic foraminifera Neogloboquadrina pachyderma.
Populations of Neogloboquadrina pachyderma from
5,700 to 6,570 feet are 10 percent or more dextrally
coiled, similar to the proportion observed in the early
Pleistocene section of the OCS Y-0080 No. 1 well. This
proportion increases downward in the section to 20 to
30 percent dextrally coiled from 6,570 to 8,550 feet,



SHELL OCS Y-0011 NO. 1 WELL
= PALEOBATHYMETRY
3 o | = WELL DEPTH T TS
= < o ] ud (feet) QWO |2 eI (YT e
x| S| 5|&]% Y |oE |ERIEE|BE |32
S o ks z¥9 |34 (3¥|55|35198
85-Sea Level O
/ 4 626—Sea Floor
- 1,00 |
ef— 1.650-First Sample r- i -
2L 2,000 - I :
o 2810 3,000
o
>—
x | ¥ F 4000 |
zZ Lt =
o Q St L
G|
~ é @ = 5,000 | _
O a L | )
< 5,700 -
zZle = 6,000 | - - :'
(&4
2|5 i i
< Z
g ] Nis 7,000
< s |
X (1]
<
> - 8,000
F——f————f 8940 9,000
o
2ol
no
'g % 8= | 10,000
<O F——+ 10,470
w |85
z |50
o |Fa|exr 11,000
8 25| Figure 60. Biostratigraphy and
W a paleodepth curve for the Shell
= 12,030 12,000 OCS Y-0011 No. 1 well. All
Pt | depths are measured from the
MIOCENE kelly bushing (KB), 85 feet
possible | 12,960 J\/ 13,000 above mean sea level. The well
p,_.'o"cgNE L 13565 10 location is shown in figure 66.
and 50 percent dextrally coiled from 8,550 to The radiolarian species Sphaeropyle langii and Xiphosira
8,940 feet, further supporting an early Pleistocene age circularis occur between 5,700 and 5,790 feet.
(fig. 57). Acanthodesmia sp. occurs at 7,250 feet (sidewall core),
and Cenosphaera sp., Sphaeropyle sp. cf. S. robusta,
The diatom Nirzschia sp. cf. N. reinholdii and the and Spongaster sp. cf. S. pentas (reworked
silicoflagellate Dictyocha sp. cf. D. subarctios are both mid-Pliocene) occur between 8,580 and 8,670 feet.
present at 6,420 feet, supporting an early Pleistocene
age. Additional diatoms include Actinocyclus Siliceous microfossils are rare below 8,670 feet, and no
ehrenbergii, Asteromphalus decorus, Biddulphia aurita, additional species were found below this depth.
and Porosira glacialis. The silicoflagellate Distephanus
speculum is also present. Several additional calcareous nannofossil species occur

in the early Pleistocene section. Among these are
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Helicopontosphaera sp. cf. H. sellii at 5,716 feet
(sidewall core), Discolithina sp. cf. D. japonica

(5,880 feet), and Coccolithus sp. cf. C.
(Dictyococcites?) productus (6,600 feet). Emiliania sp.
cf. E. annula (Pseudoemiliania lacunosa, round form) at
6,440 feet (sidewall core) ranges no higher than early
early Pleistocene. Cyclococcolithina sp. cf. C.
(Calcidiscus?) macintyrei at 7,250 feet (sidewall core)
and 7,680 feet also supports an early Pleistocene age.

Calcareous nannofossils are scarce below 7,250 fect. No
additional unreworked species are found below that
point.

Additional planktonic foraminifera occurring in the early
Pleistocene section include Globigerina quadrilatera
(equivalent to Globigerina bulloides according to
Kennett and Srinivasan, 1983) at 5,970 feet and
Globigerina sp. cf. G. parabulloides at 6,180 feet.
Globigerinita uvula occurs at 8,550 feet.

Additional benthic foraminifera present in the early

Pleistocene section include Bolivina interjuncta, Bolivina
‘ sp. aff. B. numerosa, B. spissa, B. subadvena,
Bolivinita sp., Bulimina exilis, Cibicides (Planularia)
wuellerstorfi, Elphidium sp. cf. E. discoidale, Gyroidina
sp. cf. G. soldanii, and Uvigerina hispidocostata. Also
present at 8,550 feet are Eponides sp. cf. E. tener and
Valvulineria auracana.

Other faunal elements present include shell fragments,
unidentified radiolaria, and sponge spicules.
Unidentified ostracodes were recovered between
8,550 and 8,670 feet.

Paleodepths alternated between outer neritic to upper
bathyal and upper to middle bathyal from 5,700 to

8,370 feet (fig. 60). Middle to outer neritic conditions
prevailed from 8,370 to 8,490 feet. Below this, the
paleodepth curve fluctuates from upper bathyal (8,490 to
8,550 feet) to middle bathyal (8,550 to 8,670 feet), back
to upper bathyal (8,670 to 8,730 feet) and outer neritic
(8,730 to 8,940 fect).

Probable Pliocene

The section from 8,940 to 12,030 feet is probable
Pliocene, and is further subdivided into early and late
intervals at 10,470 feet. Neogloboquadrina pachyderma
is rare from the top of the section down to 10,830 feet,
and very rare to absent below that, providing little
evidence of Pliocene paleoclimate trends or
biostratigraphy (fig. 57). No other age-diagnostic
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planktonic foraminifera and no additional species of
siliceous microfossils or calcareous nannofossils were
recovered from this section. Because other Gulf of
Alaska OCS wells have shown a decrease in planktonic
species abundances in the Pliocene section, the
sparseness of planktonic microfossils in this interval is
the basis for placing the upper boundary of the probable
Pliocene section in the OCS Y-0011 No. 1 well at
8,940 feet (fig. 60).

Possible Late Pliocene

The section from 8,940 to 10,470 feet is possible late
Pliocene in age. The lower boundary of the interval is
arbitrarily placed at the midpoint of the probable

Pliocene section.

Benthic foraminifera in the interval include Buccella
JSrigida, B. tenerrima, Cassidulina californica, C.
islandica, C. minuta, Cibicides fletcheri, Elphidium
bartletti, E. clavatum, E. discoidale, E. frigidum,
Epistominella pacifica, Glandulina laevigaia,
Globobulimina auriculata, Haplophragmoides deformes,
Nonionella auricula, N. digitata, N. labradorica,
Protelphidium sp. cf. P. orbiculare, Quinqueloculina
sp., and Uvigerina cushmani.

Planktonic foraminifera include rare Globigerina
bulloides, G. quinqueloba, and sinistral
Neogloboquadrina pachyderma.

Additional faunal elements in the interval include shell
fragments and unidentified ostracodes and radiolaria.

Paleodepths for the possible late Pliocene interval
average some of the shallowest in the well (fig. 60),
varying between middle to outer neritic (8,940 to

9,240 feet), outer neritic to upper bathyal (9,240 to
9,390 feet), outer neritic (9,390 to 9,630 feet), middle
neritic (9,630 to 9,810 feet), middle to outer neritic
(9,810 to 10,260 feet), and outer neritic to upper bathyal
(10,260 to 10,470 feet).

Possible Early Pliocene

The section from 10,470 to 12,030 feet is possible early
Pliocene, with the top of the interval arbitrarily placed
midway in the probable Pliocene section. Generally
outer neritic to bathyal paleodepths are encountered, in
contrast with the shallower. paleodepths of the overlying
possible late Pliocene interval (fig. 60). The top of the
interval also marks the highest occurrence of the benthic
foraminifera Haplophragmoides trullissata (10,470 feet).



The planktonic foraminifera assemblage includes rare to
very rare Globigerina bulloides and Neogloboquadrina
pachyderma. Globorotalia sp. cf. G. crassaformis ronda
(early Pliocene to Recent) and Globorotalia pseudopima
(latest Miocene to Recent) occur at 11,940 feet.

Additional benthic foraminifera species in the interval
include Bulimina subacuminata, Cassidulina sp. cf. C.
transluscens, Elphidium sp. cf. E. poeyanum,
Martinottiella communis, and Pullenia sp. cf. P.
salisburyi.

Additional faunal elements include shell fragments,
sponge spicules, and unidentified ostracodes and
radiolaria.

Paleodepths were upper bathyal from 10,470 to

10,830 feet, outer neritic from 10,830 to 11,610 feet,
outer neritic to upper bathyal from 11,610 to

11,940 feet, and upper to middle bathyal from 11,940 to
12,030 feet (fig. 60).

Probable Late Miocene

The section from 12,030 to 12,960 feet is probable late
Miocene, based on occurrences of the planktonic
foraminifera Globorotalia sp. cf. G. sphericomiozea
from 12,030 to 12,420 feet. Globorotalia
sphericomiozea is thought to be restricted to the late late
Miocene (Jenkins, 1985; Hornibrook and others, 1989),
although others mention its possible occurrence in the
earliest Pliocene (Keller, 1978). Other planktonic
foraminifera present include Globorotalia pseudopima
(latest Miocene to Recent) at 12,030 and 12,890 feet,
Globorotalia acostaensis (late Miocene to Recent) at
12,670 feet, Globorotalia sp. aff. G. conoidea (late
middle Miocene to earliest Pliocene) at 12,830 feet, and
Globorotalia sp. cf. G. humerosa (late late Miocene to
Recent) at 12,950 feet. All support, or are compatible
with, a late Miocene age. Globorotalia sp. cf. G.
crassaformis ronda at 12,240 feet and a deformed
specimen of Globigerinoides sp. aff. G. conglobatus
(12,670 feet) may be caved from uphole. Brown,
weathered specimens of other planktonic species
present, including Globorotalia sp. aff. G. opima and
Globorotalia sp. cf. G. continuosa, appear to be
reworked.

The benthic foraminifera species Alveovalvulina sp. and
Alveovalvulinella sp. at 12,420 feet also support a
Miocene age (Loeblich and Tappan, 1964), although
some species of Alveovalvulina have been reported in
the Pliocene (Sieglie and others, 1986). Liebusella sp., a

similar-appearing species with a somewhat different
internal structure, and possible Alveovalvulinella sp.
occur also in the late Miocene section of the OCS
Y-0080 No. 1 well.

Additional benthic species in the interval include
Bulimina sp. cf. B. inflata, Cassidulina subglobosa,
Eponides sp. cf. E. healdi, Eponides sp. aff. E.
subtener, Haplophragmoides sp., Lenticulina sp. cf.
L. strongi, Melonis barleeanum, M. pompiliodes,
Uvigerina sp. cf. U. hispidocostata, and Virgulina sp.

Other faunal elements present include sponge spicules
and unidentified radiolaria and ostracodes.

Paleodepths for the interval were probable upper to
middle bathyal from 12,030 to 12,210 feet and middle to
lower bathyal from 12,210 to 12,960 feet (fig. 60).

Faulted(?) Section-Possible Late Pliocene

From 12,960 to 13,565 feet (TD), the well may have
penetrated a late Pliocene section that was overthrust by
an older (late Miocene) section (fig. 60). The sparse
assemblages of indigenous foraminifera from cuttings
samples and from conventional core 2 (12,998 to
13,023 feet; Anderson, Warren, and Associates, Inc.,
1977a) suggest that paleodepths were much shallower
below 12,960 feet (fig. 60). Middle neritic depths are
indicated from 12,960 to 13,320 feet, and possible outer
neritic depths from 13,320 to 13,565 feet (TD). The
sparse foraminifera assemblage includes the benthic
species Buccella frigida, B. tenerrima, Cassidulina
californica, Cassidulina sp. cf. C. limbata, C.
nakamurai, Cassidulina sp. cf. C. transluscens,
Cibicides fletcheri, Elphidium sp. cf. E. bartletti, E.
clavatum, Elphidium sp. cf. E. discoidale. Elphidiella
oregonense, Epistominella pacifica, Glandulina
laevigata, Nonionella labrodorica, and Protelphidium
sp. aff. P. orbiculare.

The neritic depths are a marked departure from the
downhole deepening trend in the early Pliocene and
Miocene sections of this well (fig. 60), the OCS Y-0080
No. 1 well (fig. 59), and other Gulf of Alaska OCS
wells. The bathymetric change (1,500 to 2,000 feet or
more) seems too large to be related to late Miocene
shoaling events. There is no evidence of older sediments
below 12,960 feet, which should be the case if this were
an unconformity. Indeed, the foraminifera assemblage
and paleobathymetric trends present in the interval do
not resemble those of other Miocene sequences in the
Gulf of Alaska area, but are reminiscent of those seen
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higher in the well in the late Pliocene interval. It appears
most likely that the interval from 12,960 to 13,565 feet
(TD) is a deeper repetition of the late Pliocene, lying
beneath an overthrust late Miocene section.

Shell OCS Y-0014 No. 1 and 2
(redrill) well

The Shell OCS Y-0014 No. 1 and 2 (redrill) well was
drilled in 485 feet of water to a combined TD of

15,390 feet. All well depths were measured from the
kelly bushing (KB), 90 feet above mean sea level. The
well encountered the Yakataga Formation from just
below the seafloor to 12,250 feet, and penetrated the
Poul Creek Formation from 12,250 feet to TD (fig. 61).

The OCS Y-0014 well was drilled in two segments: the
OCS Y-0014 No. 1 well was drilled to a depth of
approximately 11,900 feet, where the hole collapsed and
the drill stem was stuck, whereupon the OCS Y-0014
No. 2 (redrill) well was kicked out laterally from the
original hole at approximately 8,700 feet. It was drilled
essentially vertically and parallel to the OCS Y-0014
No. 1 well to a total depth of 15,390 feet. Because they
share the same hole down to 8,700 feet and are proximal
and parallel below that, the two wells are treated
together here as a single continuous entity, with samples
down to the arbitrary depth of 8,910 feet coming from
the No. 1 well, and samples below that depth coming
from the No. 2 well.

Pleistoceﬁe

The section from the seafloor to 6,480 feet is
Pleistocene on the basis of planktonic foraminifera. The
late Pleistocene section extends to a depth of 4,440 feet.
From 4,440 to 6,840 feet, the section is early
Pleistocene.

Late Pleistocene

The upper portion of the well from the seafloor to the
first sample at 2,220 feet is considered to be late
Pleistocene in age on the basis of its stratigraphic
position above the subjacent late Pleistocene interval.
The interval from 2,220 to 4,440 feet is late Pleistocene
in age based on the presence of a planktonic
foraminifera population consisting predominantly of
sinistrally coiled Neogloboquadrina pachyderma. This
probably represents the late Pleistocene cold-water
interval (fig. 57). Globigerina bulloides is also common
throughout this section. Other planktonic species present
include Globigerina quinqueloba, Globigerinita sp. cf.
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G. naparimaensis, Globigerinita sp. cf. G. uvula, and
Neoglogoquadrina dutertrei.

The boreal benthic foraminifera assemblage is very
similar to that found in the Pliocene and Pleistocene of
the Exxon OCS Y-0080 No. 1 well and the Pliocene of
the OCS Y-0211 No. 1 well (see appendix A).
Additional species present in the late Pleistocene section
of the OCS Y-0014 No. 1 and 2 well include Bolivina
sp. cf. B. beyrichi, Buliminella elegantissima,
Frondicularia sp. cf. F. gigas, Lenticulina sp. cf. L.
strongi, Saidovella sp. cf. S. okhotica, and Trichohyalis
ornatissima (small form). Rotalia columbiensis appears
at 3,060 feet.

Other faunal elements in the section include
cenosphaerid and spongodiscid radiolaria, ostracodes,
decapod fragments, fish hone fragments, teleost fish
teeth, bivalve and gastropod fragments, barnacle
fragments, and sponge spicules. Myriozoum subgracile,
an erect bryozoan that occurs today in onter neritic
environments on the Albatross Shelf off the coast of
Kodiak Island (Cuffey and Turner, 1987), was found
from 2,220 to 2,520 feet, and again at 4,260 feet.

Calcareous nannofossils are sparse and generally not
biostratigraphically useful in the well. Several samples
throughout the well were analyzed for dinoflagellate
content, but either yielded no dinoflagellate material or
contained reworked or caved specimens. There were no
samples processed for diatoms and silicoflagellates.

Paleodepths for the late Pleistocene interval were middie
to outer neritic from 2,220 to 2,820 feet, and outer
neritic to upper bathyal from 2,820 to 4,440 feet

(fig. 61).

Early Pleistocene

The interval from 4,440 to 6,480 fect is carly
Pleistocene in age based on the occurrence of dextrally
coiled populations of Neogloboquadrina pachyderma
(fig. 57). Globigerina bulloides was also common in the
interval. Deformed specimens of one additional
planktonic species, Globigerinoides sp. cf. G.
conglobatus, were found at 5,940 and 6,030 feet.

Additional benthic foraminifera in the interval include
Cyclammina cancellata, Dentalina sp. cf. D. decepta,
Elphidiella groenlandica, Lenticulina sp. cf. L.
occidentalis, Nonion sp. cf. N. goudkoffi, Nonionella sp.
cf. N. auricula, N. basispinatum, and Triloculina
tricarinata. A large form of Trichohyalis ornatissima



occurs at 4,440 and 4,620 feet. Poorly preserved
pyritized diatoms are present, in addition to ostracodes
and other faunal elements similar to those present in the
late Pleistocene.

Paleodepths for the early Pleistocene interval were
middle to outer neritic from 4,440 to 5,670 feet and
outer neritic to upper bathyal from 5,670 to 6,480 feet
(fig. 61). These conditions are shallower than in the
overlying late Pleistocene section.

Early Pleistocene warm-water conditions should have
resulted in deeper water depths due to global melting
and the resulting eustatic sea level rise during a
relatively warmer interval (fig. 57). The fact that
paleodepths appear to have been shallower in the
warmer water early Pleistocene interval of the OCS
Y-0014 No. 1 and 2 well than during the more glaciated
late Pleistocene interval presents an interesting problem.
The lack of a direct correspondence between water
depth and paleotemperature changes in the Gulf of
Alaska was also noted by Zellers (1989, 1990) in a swudy
of outcrops of the middle and upper Pliocene section of
the Yakataga Formation onshore at Icy Bay (fig. 66 and
plate 5). Zellers suggests several possible reasons for the
discrepancy, some of which might be acting together.
Tectonic uplift and subsidence of the continental shelf
may have produced paleodepth changes that were
superimposed on eustatic sea level changes. Such
changes in turn may have been locally overprinted by
glacial loading and post-glacial isostatic rebound.
Glacial scour and reworking of diamictite on the
continental shelf during glacial stages may also have
transported and mixed the faunal assemblages used in
paleobathymetric interpretations. An additional
possibility, not mentioned by Zellers, is that large
increases in runoff and sediment supply during warm-
cycle glacial melting phases may have covered portions
of the continental shelf with sediments rapidly enough to

maintain shallow water depths as eustatic sea level rose.

Although the OCS Y-0007 No. 1 well (fig. 62) also
shows a shallowing trend in the early Pleistocene,
similar trends are not readily apparent in the Pleistocene
section of other Gulf of Alaska OCS wells.
Contra-eustatic trends are not obvious in the Gulf of
Alaska OCS Pliocene section, although they may be
reflected by slight shallowing in the early Pliocene
section of some wells (OCS Y-0011 No. 1, OCS Y-0032
No. 1, and OCS Y-0211 No. 1). The poor correlation of
these events across the Gulf of Alaska OCS suggests that
local tectonic movements and perhaps local depositional

factors may have been the principal elements in
generating contra-eustatic paleobathymetric trends.

Pliocene

From 6,480 to 10,410 feet, the section is Pliocene in
age, based principally on planktonic foraminifera. The
late Pliocene extends from 6,480 to 8,820 feet. The
section from 8,820 to 10,410 feet is early Pliocene.

Late Pliocene

The interval from 6,480 to 8,820 feet is late Pliocene in
age based on sparse planktonic foraminifera populations
containing sinistrally coiled Neogloboquadrina
pachyderma. Additional planktonic species present
include Globorotalia sp. cf. G. acostaensis at

6,480 feet, Globorotalia sp. cf. G. crassaformis at
7,200 feet, and Globorotalia sp. cf. G. puncticulata at
8,100 feet. Globigerina bulloides is present throughout
the interval, along with intermittent occurrences of
Globigerinita uvula.

Additions to the late Pliocene benthic foraminifera
assemblage include Astacolus sp., Bulimina sp. cf. B.
subacuminata, Cibicides conoideus, Cibicides sp. aff. C.
perlucida, Cibicides sp. cf. C. refulgens, Elphidiella sp.
aff. E. simplex, Guttulina sp., Melonis barleeanum,
Melonis sp. cf. M. pacifica, Melonis sp. cf. M.
zaandamae, Nonionella basispinatum, Nonionella sp. cf.
N. miocenica, Planularia sp., Plectina sp.,
Protelphidium orbiculare, Sigmomorphina sp., and
Sigmomorphina sp. cf. S. fenestrata. Rotalia
columbiensis, Buccella inusitata (large), and Buccella
sp. aff. B. mansfieldi are present at 6,840 fect. Benthic
foraminifera were slightly more worn and corroded
below 7,200 feet.

Other faunal elements in the interval include teleost fish
teeth and bone fragments, echinoid and molluscan
fragments, and sponge spicules. The bryozoan
Microporina sp., an articulated upright form that occurs
today in inner and middle neritic environments on
Albatross Bank off Kodiak Island (Cuffey and Turner,
1987), is present at 7,920 and 8,010 feet. This zoarial
form is typical of environments characterized by
moderate to high currents.

Paleodepths for the late Pliocene section were outer

neritic to upper bathyal, with a middle to outer neritic
interval from 7,830 to 8,100 feet (fig. 61).
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The section from 8,820 to 10,410 feet is early Pliocene

in age as indicated by sparse, dextrally coiled, warm-
water populations of Neogloboquadrina pachyderma
(fig. 57). Other planktonic species present include
Globigerina bulloides, Globigerina sp. cf. G.
venezuelana, Globigerinoides sp. cf. G. conglobatus,
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preserved specimens of Globorotalia spp.

Additional benthic foraminifera present include
Lenticulina sp. cf. L. simplex and Sphaeroidina sp. cf.
S. variabilis. Other faunal elements present include
teleost fish teeth and molluscan and echinoid fragments.



Paleodepths in the interval were outer neritic to upper
bathyal from 8,820 to 10,050 feet and upper to middle
bathyal from 10,050 to 10,410 feet (fig. 61).

Miocene

The section from 10,410 to 15,390 feet (TD) is Miocene
in age, on the basis of planktonic foraminifera. The late
Miocene section extends from 10,410 to 13,480 feet,
while the section from 13,480 to 15,390 feet (TD) is
middle Miocene.

Late Miocene

The section from 10,410 to 13,480 feet is late Miocene
based on sparse populations of sinistrally coiled
Neogloboquadrina pachyderma and occurrences of
Globorotalia sp. cf. G. juanai (12,220 feet) and
Globorotalia acostaensis (12,280 feet). Other planktonic
foraminifera present include Globigerina bulloides and
Globigerinita sp. cf. G. naparimaensis (13,290 feef).

Late Miocene-Yakataga Formation

The base of the Yakataga Formation at 12,250 feet is
within the late Miocene section. Additions to the benthic
foraminifera fauna in the late Miocene section of the
Yakataga Formation include Anomalina sp. cf. A.
glabrata, Bulimina subacuminata, Cassidulina sp. cf. C.
laticamerata, Cibicides sp., and Uvigerina sp. cf. U.
hannai. Cribroelphidium sp. cf. C. crassum, which is
known from the Mohnian and Delmontian (late Miocene
and early Pliocene, fig. 55) of California (Kleinpell and
others, 1980), occurs at the top of the interval

(10,410 feet).

Other faunal elements present include ostracodes and
molluscan and echinoid fragments. A specimen of the
early Miocene to Recent diatom Actinocyclus sp. cf. A.
ehrenbergii occurs at 12,160 feet.

Paleodepths in the interval were middle to lower bathyal
from 10,410 to 11,610 feet, and upper to middle bathyal
from 11,610 to 12,250 feet (fig. 61).

Late Miocene-Poul Creek Formation

The top of the Poul Creck Formation is at 12,250 feet,
within the late Miocene section. The formation boundary
is marked by a change from mixed-lithology, coarse- to
medium-grained Yakataga Formation sandstones, to the
gray siltstones typical of the Poul Creek Formation. This
contact is also identified on electric-well-log data (see
chapter 5). It appears to be conformable at this location,
similar to the late Miocene contact between the two

formations at the Yakataga Reef section onshore (Lagoe,
1983).

Additions to the benthic foraminifera fauna in the late
Miocene portion of the Poul Creek Formation include
Anomalina sp. cf. A. californiensis, Anomalina glabrata,
Anomalina sp. cf. A. salinasensis, Bulimina sp. cf. B.
alligata, Bulimina sp. cf. B. subcalva, Dorothia sp.,
Epistominella parva, Pullenia malkinae, Trochammina
sp., Uvigerina sp. cf. U. hootsi, Uvigerina peregrina
hispidocostata, and Valvulineria sp. cf. V. auracana.
Arenaceous species, including Cyclammina spp.,
Haplophragmoides spp., Cribrostomoides sp., and
others, are abundant below 13,260 feet.

Other faunal elements present include bivalve and
echinoid fragments, teleost fish bone ﬁ'agments and
teeth, and ostracode fragments.

Paleodepths in the late Miocene section of the Poul
Creek Formation were upper bathyal from 12,250 to
13,260 feet, and upper to middle bathyal from 13,260 to
13,480 feet (fig. 61).

Between 13,200 and 14,250 feet, the well encountered a
medium- to coarse-grained sandstone unit containing
lithic clasts of varying lithologies. Below 14,250 feet,
the lithology is indurated gray siltstone more typical of
the Poul Creek Formation. Although the sandstone unit
could be a section of Yakataga Formation that has been
overthrust by Poul Creck Formation, we interpret it to
be a (submarine fan?) sand facies within the Poul Creek
Formation on the basis of the gray siltstone (Poul Creck
Formation lithology) immediately above and below it,
and its middle to early late Miocene age.

Middle Miocene

The section from 13,480 to 15,390 feet (TD) is middle
Miocene based on the highest occurrence of the early to
middle Miocene planktonic foraminifera Globorotalia
sp. cf. G. continuosa. This species appears at 13,480
feet and occurs sporadically below this throughout the
interval. A single specimen of Orbulina universa
(middle Miocene to Recent) at 13,510 feet and
Globorotalia sp. cf. G. mayeri (late Oligocene to late
middle Miocene) at 15,010 feet also support a middle -
Miocene age. Globigerina sp. aff. G. nepenthes at
15,160 fect indicates an age no older than middle
Miocene. Other planktonic species in the interval
include Globigerina bulloides, Globigerina sp. cf. G.
venezuelana, and Globigerina quadrilobatus triloba.
Globigerinita sp. aff. G. uvula is present at 14,200 feet.
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Additional benthic foraminifera present include
Cassidulina sp. cf. C. crassaformis, Cibicides perlucida,
Dentalina sp. cf. D. pauperata, Dorothia sp. cf. D.
bulletta, Plectina sp., and Sigmoilina sp.
Spirosigmoilinella sp. cf. S. compressa, which was
present in the late Miocene section of the OCS Y-0080
No. 1 well, occurs in the middle Miocene of the OCS
Y-0014 No. 1 and 2 well at 13,900 feet. Anomalina
glabrata and Anomalina sp. cf. A. salinasensis, which
were both observed in the late Miocene interval, are also
present in the middle Miocene section.

Other faunal elements present in the middle Miocene
section consist of bivalve fragments, including prismatic
shell layer fragments at 13,510 and 13,540 feet,
echinoid spines, and ostracodes. A barren interval from
13,560 to 13,590 feet contains nothing but small siderite
nodules and may represent an interval of slow
sedimentation or nondeposition.

Paleodepths in the middle Miocene interval were upper
to middle bathyal from 13,430 to 13,590 feet and upper
bathyal from 13,590 feet to 15,390 feet (TD) (fig. 61).

ARCO OCS Y-0007 No. 1 well

The ARCO OCS Y-0007 No. 1 well was drilled in

250 feet of water to a TD of 17,920 feet. All well depths
were measured from the kelly bushing (KB), 95 feet
above mean sea level. The well penetrated the Yakataga
Formation from the seafloor to 11,580 feet, and
encountered the Poul Creek Formation from 11,580 feet
to TD (fig. 62).

Pleistocene

The interval from the seafloor to 5,370 feet is
Pleistocene in age based on planktonic foraminifera and
diatoms. The section is subdivided into late Pleistocene
from the seafloor to 2,770 feet and early Pleistocene
from 2,770 to 5,370 feet.

Late Pleistocene

The unsampled interval from the seafloor to 1,410 feet
and the sampled interval from 1,410 to 2,380 feet,
where no planktonic foraminifera were found, are late
Pleistocene based on the age of the underlying interval.
From 2,380 to 2,770 feet, the section is late Pleistocene
in age based on the occurrence of sinistrally coiled
populations of the planktonic foraminifera
Neogloboquadrina pachyderma (fig. 57). Globigerina
bulloides is present in the planktonic population below
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2,380 feet, occurring throughout the remainder of the
Neogene section.

The benthic foraminifera assemblage present is similar
to the boreal assemblage in the Plio-Pleistocene of the
OCS Y-0080 No. 1 well and the Pliocene of the OCS
Y-0211 No. 1 well (see appendix A).

Other faunal constituents include bivalve and gastropod
fragments, echinoid spines and fragments, bryozoan
fragments, and rare shark teeth, salmonid tecth,
pyritized diatoms, and ostracodes.

Paleodepths in the late Pleistocene were inner to middle
neritic from 1,410 to 2,380 feet, middle to outer neritic
from 2,380 to 2,740 feet, and outer neritic to upper
bathyal from 2,740 to 2,770 feet (fig. 62).

Early Pleistocene

The interval from 2,770 to 5,370 feet is early
Pleistocene based on the highest occurrence of the
diatom Actinocyclus oculatus at 2,770 feet. The presence
of dextrally coiled populations of the planktonic
foraminifera Neogloboquadrina pachyderma at

2,860 feet and below also indicate an early Pleistocene
age (fig. 57). Other planktonic foraminifera in the
interval include Globigerinita glutinata at 2,770 feet and
Globigerinoides trilobus at 4,780 and 5,310 feet.

Warmer water early Pleistocene conditions are also
suggested by a small, broken delphinid (porpoise) tooth

at 2,920 feet. The tooth is conical in shape and circular

in cross section. It apparently comes from a warm-water
species that lives today off the coast of California and
does not range any farther north than Point Conception
(D. Calkins, Alaska State Department of Fish and
Game, personal commun.).

Additional benthic foraminifera in the early Pleistocene
interval include Buccella subperuviana, Rosalina
ornatissima, Silicosigmoilina groenlandica, Trichohyalis
bariletti, Trifarina sp. cf. T. baggi, and Uvigerina
cushmani. Rotalia columbiensis occurs from 5,190 to
5,310 feet.

Additional faunal elements present include molluscan
fragments, ostracodes, echinoid spines, and rare
ophiuroid fragments.

Paleodepths were outer neritic to upper bathyal from
2,770 to 3,490 feet, middle to outer neritic from



3,490 to 5,310 feet, and outer neritic to upper bathyal
from 5,310 to 5,370 feet (fig. 62).

Pliocene

The interval from 5,370 to 11,580 feet is Pliocene in age
based on planktonic foraminifera. The section is
subdivided into late Pliocene from 5,370 to 7,290 feet
and early Pliocene from 7,290 to 11,580 feet.

Late Pliocene

The section from 5,370 to 7,290 feet is late Pliocene
based on the presence of colder water, predominantly
sinistrally coiled Neogloboquadrina pachyderma

(fig. 57) throughout the interval. Minor warming
episodes or incursions of warmer water are indicated by
short intervals containing dominantly dextrally coiled
populations. Other planktonic species include
Globigerinoides trilobus at 5,370 feet and Globorotalia
sp. cf. G. inflata at 5,670 feet.

The benthic foraminifera assemblage is similar to that of
the Pleistocene with the addition of Epistominella
pulchella, E. smithi, Pyrgo vespertilio, Quinqueloculina
agglutinata, Q. seminula, and Quinqueloculina sp. cf.
Q. stalkeri. Rotalia columbiensis occurs at 5,880 feet.

Additional faunal elements include molluscan fragments,
echinoid spines and fragments, and rare ophiuroid
fragments, crustacean fragments, and ostracodes.

Paleodepths were outer neritic to upper bathyal
throughout the interval (fig. 62).

Early Pliocene

The section from 7,290 to 11,580 feet is early Pliocene
based on the presence of predominantly dextrally coiled
populations of Neogloboquadrina pachyderma (fig. 57).
Other planktonic species in the interval include rare
Globigerina quinqueloba and Neogloboquadrina
dutertrei.

Additional benthic species appearing in this interval
include Cyclammina pusilla, Melonis barleeanum, and
Nonionella miocenica stella. Nonion sp. aff. N.
goudkoffi appears at 8,460 feet, while Uvigerina hootsi
appears at 8,640 feet and U. excellens appears at

8,760 feet.

Other faunal elements present in the interval include
molluscan fragments, echinoid spines and fragments,
and rare ostracodes and pyritized diatoms.

Paleodepths for the entire interval were probably upper
bathyal (fig. 62).

Miocene

The entire Miocene section appears to be missing in the
OCS Y-0007 No. 1 well. There is no indication of late
Miocene sinistrally coiled, cold-water populations of
Neogloboquadrina pachyderma in the section above
11,580 feet. Below 11,580 feet, there is a long-ranging,
typically late Eocene (Refugian, fig. 55) to early
Miocene (Saucesian) benthic foraminifera assemblage
present. However, none of the species typical of the
early Miocene section onshore are present.

Oligocene

The section from 11,580 to 15,950 feet is Oligocene
(Zemorrian, fig. 55) based on benthic foraminifera. The
Oligocene age, along with lithologic and electric-well-
log analyses (see chapter 5), indicates that the interval
probably corresponds to the middle part of the Poul
Creek Formation.

The benthic foraminifera assemblage in the top part of
the interval (11,580 to 12,000 feet) contains several
species (including Cassidulina margareta, Cibicides
elmaensis, Gyroidina orbicularis planata, and
Valvulineria menloensis) that have been recorded as high
as the early Miocene Saucesian stage, but are much
more commonly found in the Oligocene and late Eocene
in Washington and California. Species characteristic of
the early Miocene section were absent. Below

12,000 feet, the assemblage does not contain species
ranging higher than the Oligocene (Zemorrian stage,
fig. 55).

Rare, poorly preserved calcareous nannofossils are
present in the lower part of the Oligocene section. A
single occurrence of Reticulofenestra hillae (1ate middle
Eocene to mid-early Oligocene) at 15,530 feet suggests
an age no younger than early Oligocene. Also present
are rare Cyclococcolithus neogammation (equivalent to
Cyclicargolithus floridanus) at 15,574 feet (conventional
core 8, appendix B-9), and Dictyococcites bisectus at
15,710 feet. The former species ranges from latest
Eocene to middle Miocene, the latter from middle
Eocene to late Oligocene.

There is also an occurrence of frequent specimens of
calcareous nannofossils identified as Coccolithus sp. cf.
C. orangensis at 15,710 feet (Jacobson and Akers,
1985). This species, which is now referred to
Pyrocyclus sp. cf. P. orangensis, ranges from late
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Oligocene to middle Miocene. The poorly preserved .
specimens do not appear to be caved (none were found
anywhere higher in the well). If the identification of this
species is correct, the interval (11,580 to 15,950 fect)
may be no older than late Oligocene, conflicting with
the early Oligocene age of Reticulofenestra hillae
mentioned above, and implying that R. hillae is
reworked. This would suggest that much of the early
Oligocene section could be missing, and that there could
be an unconformity at 15,950 fect between the late
Oligocene section and the late Eocene section. However,
because the preservation of Pyrocyclus sp. cf. P.
orangensis was poor, this species may have been
misidentified, and the species present may be a related
form such as Pyrocyclus hermosus (early Oligocene to
early Pliocene). If the species at 15,710 feet is
Pyrocyclus hermosus, then a more complete early(?) to
late Oligocene section is probably present, R. hillae is
probably in place, and an unconformity between the
Eocene and Oligocene sections is less likely. This is the
interpretation that is depicted in figure 62, where the
possibility of an unconformity at 15,950 feet is noted
with question marks. Possible faults were noted on
dipmeter logs at approximately 14,000 feet and at the
base of the interval at 15,950 feet (see chapter 5), but
they could not be detected with the biostratigraphic data.
Lithologic and well log data revealed no evidence
supporting an unconformity at 15,950 feet.

Several dinoflagellate species common in the late
Eocene and Oligocene are also present in the section.
These include Lejeunecysta hyalina (Eocene to early
Miocene) at 12,540 feet, Cordosphaeridium
microtriainum (Eocene to Oligocene) at 15,389 feet
(conventional core 8, appendix B-9) and 15,710 feet,
and Deflandria phosphoritica (Eocene to Oligocene) at
15,710 foct. The longer-ranging Hystrichokolpoma
rigaudiae (Eocene to Pleistocene) occurs at 13,389 feet
in a sample from conventional core 5 (appendix B-6).

Numerous additional benthic foraminifera species occur
in the Oligocene section. These include Cibicides
elmaensis (11,580 fect), Cassidulina crassipunctata,
Cassidulina sp. cf. C. margareta and Gyroidina
orbicularis planata (11,610 feet), Elphidium minutum
and Valvulineria sp. cf. V. menloensis (11,700 feet),
Epistomina sp. cf. E. eocenica and Uvigerinella obesa
impolita at 12,000 feet, Cassidulina galvinensis
(12,420 feet), Nonion blakeleyensis (12,510 feet),

- Cibicides pseudoungerianus (12,240 feet),
Ellipsonodosaria sp. aff. E. cocoaensis (fragments) at
15,000 feet, Gaudryina alazanensis (15,380 feet), and
Anomalina californiensis (15,470 feet). Other species
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present include Anomalina sp. cf. A. loweryi,
Bathysiphon sp. cf. B. eocenica, Bathysiphon sp. cf. B.
sanctaecrucis, Biloculina sp. aff. B. cowlitzensis,
Bulimina sp. cf. B. ovata, Cassidulina sp. cf. C.
californica, Cassidulina sp. cf. C. modeloensis,
Ceratobulimina washburnensis, Cornuspira byramensis,
Cyclammina sp. cf. C. clarki, C. incisa, C. pacifica, C.
pacifica obesa, Dentalina sp. cf. D. nasuata, Eggerella
sp., Elphidium sp. aff. E. californicum (fragments),
Elphidium sp. cf. E. clavatum, Epistomina sp. cf. E.
ramonensis, Epistominella parva, Eponides minimus,
Glandulina sp. cf. G. laevigata, Guttulina franki, G.
irregularis, Haplophragmoides obliquicamerata, H.
trullissata, Hyperammina sp. cf. H. elongata,
Karreriella washingtonensis, Lagena sp. cf. L.
substriata, Lenticulina becki, Lenticulina sp. aff. L.
budensis, L. inornata, L. limbosa hockleyensis, L.
miocenica, L. nickobarensis, Lenticulina sp. aff. L.
welchi, Martinottiella communis, Nodosaria sp., N.
longiscata, Nonion sp. cf. N. planatum, Oridorsalis
umbonatus, Plectofrondicularia? sp., Pseudoglandulina
inflata, P. nallpeensis, Pyrgo lupheri, Quinqueloculina
goodspeedi, Q. imperialis porterensis, Q. weaveri,
Sigmoilina tenuis, Sigmomorphina sp. aff. S. schenki,
Siphonodosaria sp. (fragments), Textularia sp. cf. T.
adalta, Trochammina globigeriniformis, T. parva, and
Verneuilina? sp. Planktonic foraminifera were not
found in the section.

Other faunal elements present include molluscan
fragments, echinoid fragments, ophiuroid ossicles,
pyritized diatoms, and rare ostracodes and radiolarians.

Paleodepths in the Oligocene section were upper to
middle bathyal and middle bathyal from 11,580 to
12,600 feet. Middle bathyal conditions probably
prevailed from 12,600 to 15,950 feet (fig. 62).

Late Eocene

The section from 15,950 to 17,920 feet (TD) is late
Eocene. The top of the interval is based on the highest
occurrences of Eponides kleinpelli, Uvigerina
cocoaensis, and other species characteristic of the lower
Refugian stage (late Eocene, fig. 55) of California,
Oregon, and Washington. Also occurring in the top
sample of the interval (15,950 fect) are Uvigerina sp. cf.
U. gallowayi, Uvigerina sp. cf. U. vicksburgensis, and
Valvulineria willapaensis. Other benthic species in the
late Eocene section include Anomalina californiensis,
Bathysiphon spp., Bathysiphon sp. cf. B. eocenica,
Cassidulina crassipunctara, C. galvinensis, C.
modeloensis, Ceratobulimina washburni, Cibicides
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Figure 62. Biostratigraphy and
paleodepth curve for the ARCO
OCS Y-0007 No. 1 well. All depths
are measured from the kelly
bushing (KB), 95 feet above mean
sea level. The well location is
shown in figure 66.
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elmaensis, C. pseudoungerianus, Cyclammina
cancellata, C. cancellata obesa, C. clarki, C. incisa, C.
pacifica, Dentalina communis, Ellipsonodosaria sp. cf.
E. cocoaensis, Epistomina eocenica, Gyroidina
orbicularis planata, Haplophragmoides
obliquecamerata, H. trullissata, Karreriella
washingtonensis, Lagena strumosa, Lagena sp. cf. L.
vulgaris, Sigmoilina tenuis, Sigmomorphina schencki,
Siphogenerina? sp. aff. S. smithi, Sphaeroidina
variabilis, Uvigerina sp. cf. U. churchi, and
Verneulina? sp. Allomorphina sp. cf. A. macrostoma
and Uvigerina atwilli occur at 16,140 feet. Planktonic
foraminifera in the interval were scarce, poorly
preserved, and problematic.

A’late Eocene age for this section is also supported by
dinoflagellate occurrences. Impletosphaeridium
implicatum (17,600 feet) indicates an age no younger
than Eocene. Other dinoflagellates present, including the
Eocene to Oligocene species Cordosphaeridium
microtriainum and Deflandria phosphoritica, and the
longer ranging Paralecaniella indentata, are all
compatible with a late Eocene age.

An assemblage of calcareous nannofossils indicating a
late Eocene to Oligocene age range also occurs in the
interval. It includes Chiasmolithus altus, Coccolithus
eopelagicus, Dictyococcites bisectus, D. scrippsae,
Reticulofenestra hillae, and Sphenolithus moriformis.
Also present are Discolithina vigintiforata,
Transversopontis pulcher, and Cyclococcolithus sp. cf.
C. neogammation (Cyclicargolithus floridanus).

Other faunal elements present include molluscan and
echinoid fragments. Glauconite is an important
accessory mineral.

Paleodepths in the late Eocene interval were probably
middle bathyal (fig. 62) based on frequent to common
occurrences of arcnaccous foraminifera such as
Cornuspira byramensis and various species of
Cyclammina and Bathysiphon, and on calcareous species
such as carinate forms of Cassidulina, costate species of
Uvigerina, and large specimens of Epistomina,
Gyroidina, and Anomalina.

Texaco OCS Y-0032 No. 1 well

The Texaco OCS Y-0032 No. 1 well was drilled in

240 feet of water to a TD of 15,638 feet. All well depths
were measured from the kelly bushing (KB), 86 feet
above mean sea level. The well encountered the
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Yakataga Formation from just below the seafloor to
13,580 feet, and penetrated the Poul Creek Formation
from 13,580 feet to TD (fig. 63).

Pleistocene

The interval from the seafloor to 6,380 feet is
Pleistocene based on planktonic foraminifera. The
section is divided into late Pleistocene from the seafloor
to 3,590 feet and early Pleistocene from 3,590 to

6,380 feet.

Late Pleistocene

The interval from the seafloor to the first sample at

475 feet is late Pleistocene based on the age of the
underlying interval. From 475 to 3,590 feet the
sediments are late Pleistocene based on the presence of
predominantly sinistrally coiled populations of the
planktonic foraminifera Neogloboquadrina pachyderma
(fig. 57) and a boreal assemblage of benthic
foraminifera. This cold-water assemblage is very similar
to that encountered in the Plio-Pleistocene section of the
OCS Y-0080 No. 1 well and the Pleistocene section of
the OCS Y-0211 No. 1 well (sec appendix A), with the
addition of Rotalia columbiensis at 2,090 feet and
Polymorphina charlottensis at 3,020 feet. Globigerina
bulloides was also present in the planktonic foraminifera
assemblage.

Paleobathymetry in the late Pleistocene interval was
inner to middle neritic from 475 to 590 feet, middle to
outer neritic from 590 to 1,130 feet, outer neritic to
upper bathyal from 1,130 to 2,300 feet, middle to outer
neritic from 2,300 to 2,900 feet, and outer neritic to
upper bathyal from 2,900 to 3,590 feet (fig. 63).

Early Pleistocene

An early Pleistocene age is indicated by warmer water
populations of predominantly dextrally coiled
Neogloboquadrina pachyderma (fig. 57) from 3,590 to
6,380 feet. Also present are Globorotalia? sp. and
Globigerina bulloides. Globorotalia sp. of. G.
puncticulata (reworked late early to early late Pliocene)
is present at 5,720 feet, and Globigerinita humilis is
present at 5,990 feet.

The benthic foraminifera assemblage is very similar to
that in the late Pleistocene section.

The paleobathymetry of this interval was outer neritic to
upper bathyal, with short intervals of middle to outer



neritic from 3,920 to 4,130 feet and from 4,700 to
4,970 feet (fig. 63).

Pliocene

The interval from 6,380 to 13,460 feet is Pliocene in age
based on planktonic foraminifera and siliceous
nannofossils. The section is divided into late Pliocene
from 6,380 to 8,000 feet, and early Pliocene from

8,000 to 13,460 feet.

Late Pliocene

Cold-water conditions characteristic of the Late Pliocene
are indicated by the recurrence of predominantly
sinistrally coiled populations of Neogloboquadrina
pachyderma (fig. 57) from 6,380 to 8,000 feet.
Globigerina bulloides is also present. Globorotalia sp.
cf. G. puncticulata at 7,640 and 7,850 feet supports an
early late Pliocene age for the lower part of the interval.

Additional benthic foraminifera found in the late
Pliocene interval include Elphidiella arctica,
Haplophragmoides sp. cf. H. trullisata, Trifarina
angulosa, T. fluens, and Uvigerina hootsi.

Paleodepths were middle to outer neritic from 6,380 to
7,640 feet, and probably upper bathyal from 7,640 to
8,000 feet (fig. 63).

Early Pliocene

Early Pliocene warm-water faunas characterized by
predominantly dextrally coiled populations of
Neogloboquadrina pachyderma (fig. 57) are present
from 8,000 to 13,460 feet. Other planktonic species
present include Neogloboquadrina dutertrei and
Globigerina quinqueloba. Specimens of Globigerinita
glutinata and G. uvula occur at 8,570 feet, and
Globorotalia sp. cf. G. inflata occurs at 8,660 and
10,250 feet.

Additional benthic foraminifera species occurring in this
interval include Cribrostomoides veleronis, Cyclammina
cancellata, and Dentalina ittai at 8,420 feet and below;
Dentalina frobisherensis, D. pauperata, Elphidium
incertum, Lagena laevis, Oolina lineata, O. squamata,
O. striatopunctata at 10,460 feet and below; and
Anomalina sp. cf. A. californiensis, Marinottiella
communis, Uvigerina auberiana, and U. peregrina at
13,160 feet and below. Polymorphina charlottensis is
once again present at 10,280 feet.

The silicoflagellates Dictyocha sp. cf. D. fibula and
Distephanus speculum, which are known from the early
Pliocene (Perch-Nielsen, 1985b), occur at 8,990 feet.
The diatom Denticulopsis kamtschatica, also
characteristically present in the early Pliocene (Barron,
1980), occurs at the same level.

Paleodepths were outer neritic to upper bathyal from
8,000 to 10,250 feet, and probably upper bathyal from
10,250 to 10,880 feet. From 10,880 to 11,060 feet,
paleodepths were outer neritic to upper bathyal. Sparser
faunas with decreased planktonics from 11,060 to
13,160 feet suggest possible middle to outer neritic
conditions. From 13,160 to 13,460 feet conditions were
outer neritic to upper bathyal (fig. 63).

Miocene

The interval from 13,460 to 13,760 feet is Miocene is
age. The section is divided into possible late Miocene
and possible early Miocene segments by an
unconformity surface at 13,580 feet.

Possible Late Miocene

Rare occurrences of sinistrally coiled Neogloboquadrina
pachyderma in the interval from 13,460 to 13,580 feet,
if not caved, indicate the cold-water conditions
characteristic of the late Miocene (fig. 57). Also present
are Globigerina bulloides and Globigerinoides sp. cf.

G. trilobus. The benthic foraminifera assemblage was
similar to that of the overlying section.

Paleodepths were outer neritic to upper bathyal (fig. 63).

Possible Early Miocene-Poul Creek Formation

The top of the Poul Creek Formation is placed at

13,580 feet based on well log data and lithology (see
chapter 5). The age of the uppermost part of this interval
is uncertain, but the presence of a broken specimen of
the benthic foraminifera Siphogenerina sp. aff. S.
kleinpelli at 13,640 feet suggests a Saucesian age (early
Miocene, fig. 55) from 13,580 feet to the top of the
underlying interval at 13,760 fect. Siphogenerina
kleinpelli has been described in Saucesian sediments
onshore in the Gulf of Alaska area, where it occurs in a
stratigraphic section on the north and west side of Kayak
Island and (Siphogenerina sp. cf. S. kleinpelli) in the
White River No. 3 well (Rau and others, 1983; fig. 66
and table 1).
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L S Figure 63. Biostratigraphy and

paleodepth curve for the
Texaco OCS Y-0032 No. 1
well. All depths are measured
from the kelly bushing (KB),
86 feet above mean sea level.
The well location is shown in
figure 66.

The apparent absence of middle Miocene sediments in
the well suggests that the contact at the top of the Poul

Creek Formation (13,580 feet) is unconformable.

Planktonic foraminifera in the interval include
Globigerina sp. and G. bulloides. Additional benthic
foraminifera in the interval include Bulimina sp.,
Cassidulina laevigata carinata, C. margareta, C.

128, Gulf of Alaska Geologic Report

pulchella, Epistominella parva, Nodosaria? sp.,
Sphaeroidina? sp., Textularia? sp., and Uvigerina
montesanensis.

Paleodepths for the possible early Miocene section were
upper bathyal (fig. 63).



Oligocene

The section from 13,760 to 15,638 feet (TD) is
Oligocene in age based on the presence of deep-water
calcareous foraminifera (species of Gyroidina,
Anomalina, Cibicides, and Cassidulina) and arenaceous
foraminifera typical of Oligocene (Zemorrian) and older
sediments of California, Oregon, and Washington (fig.
55). The planktonic foraminifera Globigerina sp. cf. G.
sellii at 14,210 feet and below also supports an
Oligocene age. Other planktonic foraminifera include
Globigerina sp. and Globigerina sp. cf. G. bulloides.

The benthic foraminifera assemblage includes
Allomorphina macrostoma, Anomalina californiensis,
Anomalina sp. cf. A. loweryi, Bathysiphon eocenica,
Bulimina alligata, B. blakelyensis, B. ovata, B.
pupoides, B. pyrula, B. rinconensis, Buliminella
subfusiformis, Cuassidulina sp. cf. C. galvinensis, C.
kernensis, C. modeloensis, Cassidulinoides sp.,
Cibicides elmaensis, C. pseudoungerianus, Cornuspira
byramensis, Cyclammina clarki, C. incisa, C. obesa, C.
pacifica, Dentalina spp., D. communis, D. consorbina,
Discammina eocenica, Eggerella sp., Elphidium sp. cf.
E. californicum, E. minutum, Epistomina eocenica,
Eponides gaviotaensis, E. healdi, E. minimus,
Gaudryina sp., G. alazanensis, Globobulimina sp. cf.
G. hannai, Guttulina irregularis, Gyroidina condoni, G.
orbicularis planata, G. soldanii, Haplophragmoides
deflata, Hyperammina elongata, Karreriella
washingtonensis, Lagena strumosa, L. vulgaris,
Lenticulina crassa, Lenticulina sp. cf. L. chehalensis,
Lenticulina sp. cf. L. texanus, Martinottiella eocenica,
Nodosaria sanctaecrucis, Nonion blakleyensis, Nonion
sp. cf. N. californiensis, N. incisum, Oridorsalis
umbonatus, Plectina garzaensis, Pseudoglandulina
inflata, Pseudoglandulina sp. cf. P. nallpeensis,
Pseudopolymorphina sp., Pullenia eocenica, P.
multilobata, Pullenia sp. cf. P. quinqueloba, Pyrgo
cowlitzensis (large), P. lupheri, Quingueloculina
imperialis, Q. imperialis porterensis, Quinqueloculina
sp. cf. Q. goodspeedi, Quinqueloculina weaveri,
Rhabdammina eocenica, Trochammina sp. cf. T.
globigeriniformis, Trochammina sp. cf. T. parva,
Sigmoilina tenuis, Sigmomorphina undulata,
Sphaeroidina variabilis, Uvigerina sp. cf.

U. carmeloensis, Uvigerina sp. cf. U. garzaensis,
Upvigerinella obesa impolita, Vaginulinopsis saundersi,
and Verneuilina sp. aff. V. compressa. Ellipsonodosaria
sp. aff. E. cocoaensis (fragment) occurs at 14,000 feet.

The late Eocene to middle Miocene calcareous
nannofossil Cyclococcolithus sp. cf. C. neogammation

(equivalent to Cyclicargolithus floridanus) was noted at
15,070 feet. No age-diagnostic dinoflagellates were
identified.

Other faunal elements in the section include molluscan
fragments, gastropods, ostracodes, echinoid spines and
fragments, and pyritized radiolaria. Glauconitic
sandstone is present from 14,030 to 14,120 feet.

Paleodepths for the Oligocene section were upper to
middle bathyal (fig. 63).

ARCO OCS Y-0211 No. 1 well

The ARCO OCS Y-0211 No. 1 well was drilled in

450 feet of water to a TD of 17,810 feet (fig. 64). All
well depths were measured from the kelly bushing (KB),
86 feet above mean sea level. The well encountered the
Yakataga Formation from the seafloor to 4,805 feet, the
Poul Creek Formation from 4,805 to 8,570 feet, the
Kulthieth Formation from 8,570 to 16,430 feet.
sediments equivalent to the Oily Lake siltstone (Plafker,
1987) from 16,430 to 17,545 feet (see chapter 5), and
volcanics and minor amounts of shale and siltstone that
are possibly equivalent to the Hubbs Creek basalt (see
chapter 5) from 17,545 feet to TD.

Late Pliocene to Pleistocene

The upper 4,805 feet of the ARCO OCS Y-0211 No. 1
well consists of glaciomarine siltstones, conglomerates,
and sandstones of the Yakataga Formation. The boreal
foraminifera assemblage in this section of the well is
similar to the assemblage in the Plio-Pleistocene section
of the OCS Y-0080 No. 1 well and other OCS wells in
the Gulf of Alaska (see appendix A), and is only broadly
age diagnostic. The intcrval from the seafloor (536 foct
below KB) to 1,580 feet in the well was not sampled for
microfossils, but is probably late Pliocene to Pleistocene
in age bascd on the age of the underlying interval

(fig. 64) and the cross-sectional geometry of the
continental shelf structure. Seismic evidence suggests
that the Pleistocene sequence in the vicinity of the OCS
Y-0211 well is thin. Seismic profiles show that shelf
edge uplift centered in the Fairweather Ground area
(fig. 28) has tilted the shelf landward, causing the
Pleistocene section to be thicker nearshore and to thin
seaward in the direction of the well (see chapter 4 and
plate 3A, lines YT-1 and YT-2). As a result of this
uplift, the upper part of the tilted section is truncated at
the seafloor landward of the OCS Y-0211 No. 1 well,
and a significant portion of the Pleistocene section has
probably been removed at the well site.
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Pliocene

The section from 1,580 to 4,805 feet is Pliocene in age.
The section is divided into late Pliocene from 1,580 to
2,120 feet and early Pliocene from 2,120 to 4,805 feet.
The age of the interval and its division into early and
late Pliocene are based primarily upon the coiling-
direction trends of sparse populations of the planktonic
foraminifera Neogloboquadrina pachyderma (fig. 57),
and on siliceous microfossil occurrences.

Late Pliocene

From 1,580 to 2,120 feet, scant but persistent
populations of Neogloboquadrina pachyderma are
composed entirely of sinistrally coiled forms, indicating
cold water. From 2,120 to 4,805 feet, the sparse
populations of Neogloboquadrina pachyderma range
from 25 to 100 percent dextrally coiled, indicating
warmer water. When compared to the generalized
Neogloboquadrina pachyderma coiling curve (fig. 57),
this sequence resembles the pattern of either the early
and late Pleistocene warm and cold intervals or the early
and late Pliocene warm and cold intervals. Because of
the probable truncation of the Pleistocene section
mentioned above, this is most likely the Pliocene
section, with the change in Neogloboquadrina
pachyderma coiling ratios at 2,120 feet marking the
division between early and late Pliocene.

Other planktonic foraminifera in the late Pliocene
section include Globigerina bulloides, G. quinqueloba,
and Neogloboquadrina dutertrei.

A late Pliocene age for the upper portion of the well is
supported by rare occurrences of the diatoms
Thalassiosira usatschevii (which ranges no higher than
late Pliocene) and Denriculopsis seminae (late Pliocene
to Recent) at 1,760 feet. Additional siliceous
microfossils in the late Pliocene section include the
diatoms Thalassiosira gravida (1,760 feet and below)
and T. nidulus (1,910 feet and below).

Benthic foraminifera in the latc Pliocene section include
Buccella frigida, B. inusitata, B. tenerrima, Cassidulina
californica, C. cushmani, C. islandica, C. limbata, C.
norcrossi, C. reflexa, C. subglobosa, C. teretis, C.
transluscens, Cibicides fletcheri, C. lobatulus, C.
mckannai, Dentalina baggi, D. decepta, D.
Jfrobisherensis, Elphidium bartletti, E. clavatum, E.
Jrigidum, E. hughesi, E. incertum, Elphidiella sp. cf. E.
arctica, E. oregonense, Epistominella sp. cf. E. narai,
Fissurina lucida, Glandulina sp., Karreriella baccata,
Lagena sulcata, Lenticulina sp. cf. L. occidentalis, L.
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sp., Nonionella labradorica, Oolina costata, O.
globosa, Pyrgo lucernula, P. murrhina, P. rotalaria,
Quinqueloculina akneriana, Q. seminulum, Triloculina
tricarinata, T. trihedra, Trifarina angulosa, T. fluens,
Uvigerina cushmani, U. juncea, and U. peregrina. Also
present are Elphidiella nitida and Marginulina sp. cf. M.
glabra (1,730 feet), Polymorphina charlottenensis
(1,760 feet), and Rotalia columbiensis (1,880 feet).

Other faunal elements in the late Pliocene section
include barnacle fragments, bivalve and gastropod
fragments, echinoid spines and plates, ostracodes, and
serpulid worm tube fragments. A shark skin denticle
was found at 2,030 feet. Bryozoan fragments are also
present, including the erect bryozoan Myriozoum
subgracile at 1,820 feet. This species is known from
Recent neritic environments on Albatross Bank, near
Kodiak Island (Cuffey and Turner, 1987).

‘Paleodepths in the late Pliocene interval were middle to

outer neritic (fig. 64). Sinistrally coiling

Neogloboquadrina pachyderma indicate cold-water
conditions.

Early Pliocene

The section from 2,120 to 4,805 fect is early Pliocene in
age. The top of this interval is marked by the highest
occurrence of elevated percentages of dextrally coiled
Neogloboquadrina pachyderma, indicating early
Pliocene warmer water conditions (fig. 57). Other
planktonic foraminifera in the early Pliocene section
include Globigerina bulloides, G. quinqueloba, and
Neogloboquadrina dutertrei, with the addition of
Globigerinoides? sp. cf. G. trilobus at 3,350 feet,
Globorotalia sp. cf. G. acostaensis at 4,450 feet, and
very rare to rare occurrences of 50 to 100 percent
dextrally coiled Neogloboquadrina pachyderma variety
“incompta” (Kennett and Srinivasan, 1980) at 2,930,
3,820, and 4.780 feet.

The silicoflagellate Mesocena diodon, which ranges no
higher than the early Pliocene Distephanus boliviensis
zone (Martini and Muller, 1976), occurs several times
between 2,120 and 2,870 feet, supporting an early
Pliocene age for the section below 2,120 feet.
Additional siliceous microfossils in the early Pliocene
section include the diatom Actinocyclus oculatus at
2,660 feet, and the silicoflagellate Stephanopyxis
horridus at 3,560 fect. Specimens of the diatoms
Rhizosolenia curvirostris, Denticulopsis seminae, D.
seminae var. fossilis, and the silicoflagellate Distephanus
octonarius are also present in the early Pliocene section,



but these are considered to be caved from uphole or to
represent contaminants from recirculated drilling mud.

Additional benthic foraminifera species appearing in the
early Pliocene section include Cassidulina sp. cf. C.
laevigata, Cribroelphidium sp. cf. C. paromaense,
Elphidiella sp. cf. E. arctica, E. groenlandica,
Epistominella pacifica, E. pulchella, Fissurina
marginata, Glandulina laevigata, Haplophragmoides
sp., Lagena sp. cf. L. striata, Protelphidium orbiculare,
.Pullenig malkinae, P. salisburyi, Quinqueloculina
lamarckiana, Quinqueloculina sp. cf. Q. oblonga,
Quinqueloculina sp. cf. Q. subrotunda, Trifarina sp. cf.
T. hughesi, Trochammina sp. cf. T. globigerinoides,
Uvigerina sp. cf. U. hootsi, and Uvigerina sp. cf. U.
subperegrina.

Additional faunal elements appearing in the early
Pliocene section include barnacle fragments, bivalve and
gastropod fragments, echinoid spines and plates,
bryozoan fragments, and serpulid worm tube fragments,
plus siliceous sponge spicules and additional species of
ostracodes. Also present is the erect, articulated
bryozoan Microporina articulata (4,430 feet), a species
that also occurs in littoral to neritic, moderate- to
strong-current environments in Recent sediments on

Albatross Bank (Cuffey and Turner, 1987).

Paleodepths for the early Pliocene were middle to outer
neritic, deepening to outer neritic to upper bathyal
conditions from 4,250 to 4,805 feet (fig. 64).

Early to Middle Miocene

Changes in well log characteristics at 4,805 feet (SP,
resistivity, and dipmeter curves) and the presence of
glauconitic sand at 4,820 feet are used to define the top
of the Poul Creek Formation (see chapter 5). An early to
middle Miocene age (Saucesian to Relizian, possibly
Luisian, fig. 55) for the interval from 4,805 to

5,360 fect is suggested by the presence of the benthic
foraminifera Siphogenerina sp. cf. S. branneri at

4,910 feet. There is also an occurrence of Siphogenerina
sp. cf. S. branneri? in a late early to early middle
Miocene section on Kayak Island (R. S. Boettcher,
personal commun., 1991; see also the discussion of the
middle Miocene section in the OCS Y-0080 No. 1 well,
this chapter). Sphaeroidina bulloides is present at

4,820 feet.

Paleodepths in this interval were probably upper to
middle bathyal (fig. 64) based on a foraminiferal fauna
that includes Gyroidina soldanii, Melonis pompilioides,

Pullenia salisburyi, Siphogenerina sp. cf. S. branneri,
Sphaeroidina bulloides, Uvigerina sp. cf. U. peregrina,
and several arenaceous taxa including Cyclammina
cancellata, Cyclammina sp. cf. C. pacifica,
Haplophragmoides spp., Karreriella sp. cf. K. baccata,
Martinottiella communis, and Psammosphaera sp.

Oligocene

The interval from 5,360 to 7,250 feet is Oligocene in
age. The section is divided into late Oligocene from
5,360 to 6,800 feet and early Oligocene from 6,8(!) to
7,250 feet.

Late Oligocene

The interval from 5,360 to 6,800 feet is late Oligocene
(late Zemorrian, fig. 55). The top of the interval is in
part based on the lowest occurrence of Miocene
microfauna and microflora, including pollen of the
group Compositae at 5,180 feet and the foraminifera
Siphogenerina sp. cf. S. branneri at 5,276 feet. The top
of the Oligocene section coincides with a transition to
middle to lower bathyal paleodepths (fig. 64). This
depth (5,360 feet) also marks the highest occurrence of
the planktonic foraminifera Globigerina sp. cf.

G. euapertura, a species that is characteristic of the
Oligocene, but also ranges into the early Miocene (Bolli
and Saunders, 1985). Additional planktonic foraminifera
include the long-ranging species Globigerina
praebulloides and Globigerina sp. cf. G. venezwuelana.

Isolated specimens of the calcareous nannofossil
Reticulofenestra hillae occur at 5,630 feet. This species
is generally considered to be early Oligocene, and may
be reworked.

Benthic foraminifera in the scotion include Adercotryma
sp., Anomalina glabrata, Buccella mansfieldi
oregonensis, Buccella sp. cf. B. parkerae, Bulimina
ovata, Cassidulina sp. cf. C. crassipunctata, C.
galvinensis, Cassidulina sp. cf. C. modeloensis,
Cibicides sp. aff. C. elmaensis, C. floridanus, C.
mckannai, Cibicides sp. cf. C. perlucida,
Cribroelphidium sp. cf. C. vulgare, Cyclammina
cancellata, C. pacifica, Elphidiella sp. cf. E.
californica, Globobulimina pacifica, Glomospirella sp.,
Gyroidina sp. cf. G. condoni, Gyroidina orbicularis
planata, G. soldanii, Haplophragmoides
obliquecamerata, H. trullissata, Melonis pompilioides,
Oridorsalis sp. cf. O. umbonatus, Quinqueloculina sp.
cf. Q. imperialis, and Quinqueloculina sp. cf. Q.

weaveri.

Biostratigraphy, 131



Other faunal elements present include echinoid spines
and fragments, teleost fish tooth fragments, ostracodes,
and cenosphaerid radiolaria.

Paleodepths for the late Oligocene were probably middle
to lower bathyal (fig. 64).

Early Oligocene

The section from 6,800 to 7,250 feet is early Oligocene
(early Zemorrian), with the top of the interval being
placed at the highest occurrence of the dinocyst species
Spiniferites sp. cf. S. membranaceous. The Oligocene
calcareous nannofossil Dictyococcites bisectus is present
at 6,800 feet.

Planktonic foraminifera present include Globigerina sp.
and Globigerina sp. cf. G. bulloides. The benthic
foraminifera assemblage is similar to that in the scction
above, with the addition of Ellipsonodosaria sp.,
Guttulina sp., Lenticulina sp., Marginulina? sp.,
Pseudoglandulina sp. of. P. laevigata, Sphaeroidina
variabilis, Trochammina sp. cf. T. globigeriniformis,
Uvigerina sp. cf. U. subperegrina, and Valvulineria sp.

Spongodiscid and cenosphaerid radiolaria and pyritized
diatoms are also present.

Paleodepths were probably middle to lower bathyal
(fig. 64).

Late Eocene to Early Oligocene

The interval from 7,250 to 8,270 feet is late Refugian in
age (probable latest Eocene to earliest Oligocene,

fig. 55). The top of the interval is based on the highest
occurrence of the benthic foraminifera Epistomina
eocenica. Other benthic foraminifera such as Uvigerina
cocoaensis (7,880 feet) and U. arwilli and Uvigerina sp.
cf. U. jacksonensis (8,150 feet) support a Refugian age.
Alabamina sp. <f. A. wilcaxensis occurs at 7,700 feet.

Calcareous nannofossils, including Dictyococcites
bisectus (latc middle Eocenc to carly late Oligocene)
below 7,250 feet and Discolithina vigintiforata below
7,550 feet, are relatively common. Consistent
populations of Cyclococcolithus neogammation
(equivalent to Cyclicargolithus floridanus, late Eocene to
middle Miocene) occur below 7,640 feet. The late
Eocene to early Oligocene species Reticulofenestra
hillae is present at 7,730 and 7,910 feet. Also present at
7,910 feet are Chiasmolithus oamaruensis (late Eocene

132, Gulf of Alaska Geologic Report

to early Oligocene), Zygrhablithus bijugatus (late
Eocene to late Oligocene), and common Dictyococcites
scrippsae (middle Eocene to late Oligocene). A worn
fragment of Polycladolithus operosus (early to late
Eocene) at 7,910 feet may be reworked.

Populations of the dinoflagellate Cordosphaeridium
microtriainum, an Eocene to Oligocene species, are
congsistently present at 7,160 feet and below. There is a
single occurrence of Areosphaeridium diktyoplokus, a
predominantly Eocene species that ranges into the early
Oligocene, at 7,550 feet. A solitary specimen of the
Paleocene to middle Eocene palynomorph
Pistillipollenites mcgregori at 7,640 feet is probably
reworked.

Additional benthic foraminifera present include
Alabamina sp. cf. A. kernensis, Ammodiscus sp.,
Bathysiphon sp., Cassidulina sp. cf. C. galvinensis,
Cyclammina spp., Eggerella sp., Ellipsonodosaria sp.
cf. E. cocoaensis, Eponides sp. cf. E. frizzelli, E.
8aviotaensis, Guttulina sp. cf. G. hantkeni, Gyroidina
orbicularis, Karreriella sp., Lagena sp., Lagena sp. cf.
L. costata, Lenticulina sp. cf. L. inornata, Lenticulina
sp. cf. L. weaveri, Martinottiella? sp. (fragment),
Orthomorphina? sp., Plectofrondicularia? sp.,
Rhabdammina sp. cf. R. eocenica, Uvigerina sp. cf. U.
Yazooensis, and Valvulineria sp. cf. V. tumeyensis. Also
present are Cyclammina pacifica, Haplophragmoides
spp., and Melonis pompilioides. Planktonic foraminifera
present include Globigerina sp. aff. G. bulloides.

Paleodepths were middle to lower bathyal from 7,250 to
7,340 feet. From 7,340 to 8,270 feet, paleodepths were
upper to middle bathyal (fig. 64).

Eocene

The section from 8,270 to 17,810 feet (TD) is Eocene in
age, and includes strata assignable to the Poul Creek and
Kulthieth Formations, the Oily Lake siltstone, and,
possibly, the Hubbs Creek basalt. The section is late
Eocene from 8,270 to 11,750 feet, middle Eocene from
11,750 to 16,430 feet, and early to middle Eocene from
16,430 to 17,810 feet (TD).

Late Eocene

The section from 8,270 to 11,750 feet is late Eocene
(Refugian, fig. 55) in age based on dinoflagellates and
benthic and planktonic foraminifera.
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Late Eocene-Poul Creek Formation

The upper part of the late Eocene section from 8,270 to
8,570 feet consists of Poul Creek Formation sediments.
The top of the interval is marked by the highest
occurrence of several late Eocene dinoflagellate species,
including Adnatosphaeridium patulum at 8,270 feet and
Cordosphaeridium funiculatum and Impletosphaeridium
implicatum at 8,360 feet. A late Eocene age is also
supported by the presence of several specimens of the
planktonic foraminifera Globorotalia insolita (late
Eocene; Jenkins, 1971) at 8,420 feet, and by the benthic
foraminifera Uvigerina sp. cf. U. vicksburgensis at
8,510 feet. Other planktonic foraminifera present in the
Poul Creek Formation section from 8,270 to 8,570 feet
include Globigerina sp. cf. G. eocaena (late early
Eocene to early Oligocene).

Additional benthic foraminifera present include
Biloculina sp., Lenticulina weaveri, Melonis sp. aff. M.
umbonatus, Pseudoglandulina sp., and Valvulineria sp.

Paleodepths in the late Eocene part of the Poul Creek
Formation section were upper to middle bathyal
(fig. 64).

Late Eocene - Kulthieth Formation

The late Eocene section continues from 8,570 to

11,750 feet. At 8,570 feet, well log data (SP, gamma
ray, and sonic logs) indicate a change to sandier
lithologies defining the top of the Kulthieth Formation
(see chapter 5 and plate 6). Below 8,600 feet, the sand
fraction increases in cuttings samples and coal fragments

are frequent.

The foraminifera assemblage consists almost entirely of
benthic species. It is similar to that of the overlying
interval, but becomes sparse below 8,690 feet. Several
of the species support a Refugian age, including
Uvigerina vickshurgensis (8,690 feet), Uvigerina sp. cf.
U. gardneri (8,960 feet), Bulimina corrugata (9,770
feet), Epistomina sp. cf. E. eocenica and Osangularia
tenuicarinata (10,940 feet), and Epistomina sp. of. E.
ramonensis (10,850 feet). Other species include
Ammodiscus incertus, Ammodiscus sp. cf. A. macilentus,
Bathysiphon sp., Bulimina sp. cf. B. ovata, Bulimina sp.
cf. B. pupoides, Cibicides elmaensis, C. perlucidus,
Cyclammina sp. cf. C. cancellata, C. pacifica,
Discammina? sp., Eponides sp., Globobulimina
pacifica, Gyroidina sp., Karreriella? sp., Lenticulina
Spp., L. alato-limbata, L. convergens, L. inomata,
Plectofrondicularia sp., Quinqueloculina imperialis,
Saracenaria sp., Spiroloculina texana,
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Spiroplectammina? sp., Textularia sp.,
Trochamminoides sp., Uvigerina atwilli, U. cocoaensis,
Vaginulina sp., and Vaginulinopsis sp. cf. V. saundersi.
Planktonic foraminifera present include Globigerina sp.
(crushed).

Rau and others (1983) refer to a similar Refugian
foraminifera assemblage from the Gulf of Alaska
onshore section as indicating “cold, deep-water
conditions.” However, they also maintain that the
presence of species such as Quinqueloculina imperialis
may indicate shallower depth. Furthermore, Robinson
(1970) suggested that the bathymetric range of the
Cyclammina may have extended into shallower depths in
the Eocene. These observations, taken together with the
sandy, more terrigenous sediments in which the
foraminifera assemblage occurs, suggest outer neritic to
upper bathyal paleodepths in the late Eocene part of the
Kulthieth Formation (fig. 64).

Middle Eocene

The section from 11,750 to 16,430 feet also consists of
Kulthieth Formation lithologies (see chapter 5). It is
middle Eocene in age (Narizian, fig. 55) on the basis of
the highest occurrences of the benthic foraminifera
Lenticulina chirana at 11,750 feet and Lenticulina sp.
cf. L. welchi at 11,930 feet. This age is also supported
by the planktonic species Globigerina tripartita at
13,640 feet, and “Turborotalia” sp. cf. T. wilsoni
(Toumarkine and Luterbacher, 1985, fig. 27.1, middle
Eocene occurrence) and Globigerina eocaena at 14,270
feet. A Narizian age is also indicated by other elements
of the benthic foraminifera assemblage, including
Budashaevella sp. cf. B. multicostata, Eponides
mexicanus, Plectofrondicularia sp. cf. P. jenkensi, and
Uvigerina sp. cf. U. garzaensis at 12,110 feet: Boldia
hodgei at 12,200 feet; Bulimina sp. cf. B. microcostata
at 12,830 feet; Chilostomella sp. cf. C. cylindroides at
12,920 feet; Uvigerinella sp. cf. U. obesa impolita at
13,010 feet; Lenticulina insueta at 13,550 feet;
Pleurostomella sp. cf. P. paleocenica at 14,000 feet;
Dorothia sp. cf. D. bulletta at 14,360 feet; Bolivina sp.
cf. B. scabrata at 14,540 feet; Reticulophragmium
(Alveolophragmium) sp. cf. R. amplectens at 15,890
feet; Bulimina sp. cf. B. instabilis, Cibicides sp. cf. C.
Jortunatus, and Tritaxilina sp. aff. T. zealandica at
16,250 feet; and Bulimina sp. cf. B. ampla, Bulimina
sp. cf. B. corrugata, Bulimina sp. cf. B. lirata,
Bulimina sp. cf. B. pyrula, and Polymorphina sp. cf. P.
ovata at 16,340 feet.



Other benthic species present include Allomorphina sp.
cf. A. macrostoma, Bulimina ovata, Cassidulina sp. aff.
C. globosa, Ceratobulimina sp. cf. C. washburni,
Chilostomella ovoides, Cibicides sp. aff. C.
spiropunctatus, Cribrostomoides sp., Cyclammina sp.
cf. C. clarki, Cyclammina sp. cf. C. simiensis,
Globobulimina pacifica, G. pacifica oregonensis,
Glomospira? sp., Haplophragmoides sp., Lenticulina sp.
cf. L. inornata, Lenticulina sp. aff. L. vortex,
Martinottiella? sp., Reophax sp., Sigmoilina sp.,
Spiroplectammina sp., Textularia sp., Trochammina sp.,
Uvigerina sp., Uvigerina sp. cf. U. churchi, Uvigerina
sp. cf. U. yazooensis, Valvulineria sp., Valvulineria sp.
cf. V. tumeyensis, and Virgulina sp.

The spore Pesavis tagluensis occurs at 12,050 feet,
supporting a middle Eocene age. Dinoflagellates present
at 12,330 feet include Wilsonidinium intermedium,
which ranges from early to middle Eocene, and
abundant specimens of Areosphaeridium diktyoplokus.

Paleodei)ths throughout the middle Eocene interval were
outer neritic to upper bathyal (fig. 64).

Late Early to Early Middle Eocene

The section from 16,430 to 17,810 feet (TD) is late
early Eocene to early middle Eocene (Ulatizian, fig. 55)
based on benthic and planktonic foraminifera. A change
in lithology accompanied by a relatively large change in
paleobathymetry from outer neritic/upper bathyal to
middle to lower bathyal at the top of this interval
suggests an unconformity (fig. 64). The section from the
possible unconformity at 16,430 feet to 17,545 feet
consists of dark-gray siltstone. Plafker (1987) described
a dark-gray “Siltstone of Oily Lake” sequence (referred
to as the Oily Lake siltstone in this study) of probable
Ulatizian age that outcrops onshore in the Samovar Hills
area, where it is separated from the overlying Kulthieth
Formation by an apparent unconformity. Well log
characteristics (SP, density, and sonic logs), lithology,
stratigraphic position, age, and the possible
unconformity at the top of the siltstone interval in the
well suggest that it is probably equivalent to the Oily
Lake siltstone sequence onshore (see chapter 5).

This interval is no younger than late early Eocene to
early middle Eocene on the basis of the highest
appearance of the benthic foraminifera Vaginulinopsis
mexicana vacavillensis at 16,430 feet, V. mexicana kerni
at 16,520 feet, and V. verruculosa at 16,610 fect. This
age is supported by the presence of the planktonic
foraminifera Acarinina primitiva (late Paleocene to

middle Eocene) at 16,520 feet, and by the occurrence of
Acarinina bulbrooki and Turborotalia griffinae (no
younger than early middle Eocene) at 16,610 feet. Also
at 16,610 feet are the middle Eocene species Acarinina
broedermani, Globigerina sp. cf. G. inaequispira,
Planorotalites pseudoscitula, and Turborotalia
cerroazulensis. Morozovella sp. cf. M. aragonensis at
16,700 feet suggests an early to early middle Eocene
age. Also present at 16,700 feet are Globigerina sp. cf.
G. boweri, Globigerina sp. cf. G. cryptomphala,
Truncorotaloides topilensis, and Turborotalia
cerroazulensis frontosa. Acarinina sp. cf. A.
spinuloinflata occurs at 16,790 feet, while Acarinina sp.
cf. A. pentacamerata (no younger than early middle
Eocene) and Globigerina hagni appear at 17,330 feet.

Other benthic foraminifera in the interval include
Alveolophragmium sp., Amphimorphina sp. aff. A.
californica, Anomalina sp. aff. A. packardi, Anomalina
sp. aff. A. tennesseensis, Anomalina? sp. cf. A.
umbonata, Bulimina sp. cf. B. guayabilensis, Bulimina
sp. cf. B. macilenta, Cibicides sp. cf. C. howeili,
Cibicides pseudoungerianus lisbonensis, Cibicides
(Cibicidoides) sp. cf. C. subspiratus, Cibicides
(Cibicidoides) sp. cf. C. tuxpamensis, Cibicides sp. cf.
C. venezuelensis, Clavulinoides californicus,
Cyclammina clarki, C. incisa, Cyclammina sp. cf. C.
pacifica, Cyclammina samanica, Dentalina sp. cf. D.
catenula, Dentalina delicatula, Dentalina sp. cf. D.
Jacksonensis, Dentalina sp. cf. D. oolinata, Dorothia
sp. cf. D. oxycona, Dorothia sp. cf. D. trochoides,
Eggerella sp., Ellipsoglandulina sp. cf. E. subobesa,
Eponides sp. aff. E. dorfi, Eponides sp. cf. E. ellisorae,
Gaudryina sp. cf. G. laevigata, Gaudryina sp. cf. G.
pyramidata, Gavelinella? sp., Gonatosphaera? sp.,
Gonatosphaera eocenica, Gyroidina sp. aff. G.
Slorealis, Gyroidina orbicularis, Karreriella sp., Lagena
sp. cf. L. vulgaris, Lenticulina sp. cf. L. coaledensis,
Lenticulina alato-limbata, Lenticulina arcuato-striata,
Lenticulina sp. cf. L. insueta, Lenticulina sp. cf. L.
limbosa, Lenticulina sp. cf. L. pseudocultrata,
Lenticulina sp. cf. L. pseudovortex, Lenticulina sp. cf.
L. theta, Nodosarella constricta, Nodosaria deliciae,
Nodosaria sp. aff. N. latejugata, Nonion? sp. cf. N.
micrum, Oridorsalis umbonatus, Osangularia sp. cf. O.
culter, Osangularia sp. cf. O. tenuicarinata, Ramulifera
sp. cf. R. globulifera, Rotorbinella collicula, Tritaxillina
sp., Uvigerina sp. cf. U. rippensis, Vaginulinopsis sp.
cf. V. asperuliformis, Vaginulinopsis mexicana
nudicostata, Valvulineria sp. aff. V. cooperensis,
Valvulineria sp. cf. V. peruviana, and Vulvulina sp.

Ostracodes are present at 17,330 feet.
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Paleodepths from 16,430 to 17,545 feet were probably
middle to lower bathyal (fig. 64).

Foraminifers are quite rare from 17,545 feet to

17,810 feet (TD), where basaltic rock fragments
dominate the sample lithologies in a section that may be
equivalent to the Hubbs Creek basalt (sce chapter 5 and
plate 6). Rare planktonic foraminifera recovered from
the sample at 17,600 feet include Acarinina sp. cf. A.
pentacamerata and Pseudohastigerina wilcoxensis. If
these specimens are in place, an age of no younger than
early middle Eocene is indicated.

No age-diagnostic microfossils were recovered below
17,600 feet. The section is dominantly basaltic down to
.the interval from 17,799.5 to 17,805 feet, where
conventional core 6 (appendix F-6) recovered dark-gray
shales with minor amounts of brown siltstone and
fine-grained quartz sandstone. No age was determined
for these lowermost samples, but presumably they are
early middle Eocene or older. The few benthic
foraminifera found from 17,600 to 17,810 feet (TD)
appear to be part of the same assemblage found in the
overlying interval, indicating similar deep-water
conditions (fig. 64).

Although planktonic foraminifera were useful in the
biostratigraphic zonation of the Paleogene section of the
Tenneco Middleton Island State No. 1 well also, there
was little basis for comparison with the Paleogene
planktonic foraminifera fauna in the OCS Y-0211 No. 1
well (see the discussion of the Tenneco Middleton Island
State No. 1 well, this chapter).

Correlation and summary

Correlation

Seven of the 13 wells drilled in the offshore Guif of
Alaska Planning Area (fig. 68), including the Middleton
Island State No. 1 well and the OCS Y-0080 No. 1,
OCS Y-0011 No. 1, OCS Y-0014 No. 1 and 2, OCS
Y-0007 No. 1, OCS Y-0032 No. 1, and OCS Y0211
No. 1 wells (fig. 66, table 3, and plate 5), bottomed in
Miocene or older sediments. The other six wells did not
penetrate deeper than the Plio-Pleistocene section of the
glaciomarine Yakataga Formation. The seven wells that
penetrated at least into the Miocene section were
selected for examination in this study. Figure 65 shows
the locations and biostratigraphic correlation of these
wells.
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Although a biostratigraphic correlation can be made
between the pre-Yakataga Formation section of the
Middleton Island State No. 1 well and the section to the
east (see the corresponding interval in the OCS Y-0211
No. 1 well), there is probably little lithologic
correlation. In addition to the distance between the two
locations (fig. 65 and plate 5), a terrane boundary—a
structurally complex feature called the Kayak zone—
parallels Kayak Island and continues to the southwest
(fig. 25 and plate 5), separating the pre-Yakataga
Formation section of the Prince William terrane on the
west (including the Middleton shelf and Kodiak shelf
areas) from the Yakutat terrane to the east (figs. 3 and
25, plate 5). The convergence of the two terranes took
place approximately during the middle(?) Miocene (see
chapter 2); therefore only middle(?) to late Miocene and
younger deposits, which include the Yakataga
Formation, appear likely to be very closely related
across the terrane boundary. Nevertheless, the
pre-Yakataga stratigraphic sections of the Middleton
Island State No. 1 well and the OCS Y-0211 No. 1 well
at the opposite ends of the cross-section shown in fig. 65
show a generally similar sequence of depositional
events, with comparable Oligocene, late Eocene to early
Oligocene, and late Eocene sequences. The planktonic
foraminifera faunas in the pre-Miocene sequences of
these two wells were not directly comparable because
none of the intervals containing relatively abundant or
diverse planktonic foraminifera were age-equivalent
between the two wells.

The Yakataga Formation in the Middleton Island State
No. 1 well is considerably thinner (2,065 fect) than it is
to the east, due principally to tectonic uplift and
disturbance of the Middleton shelf segment of the Prince -
William terrane during Neogene and Quaternary times.
The distance from major glacial sediment sources
onshore may also have been a factor, although the
presence of striated cobbles in the Yakataga Formation
section on Middleton Island (Eyles, 1988) suggcsts that
glaciers may have extended a considerable distance
offshore and/or that grounded ice shelves fed by the
glaciers have considerably influcnced sca bottom
morphology and sedimentation in the area (Eyles and
Lagoe, 1990).

East of Kayak Island (figs. 65 and 66, plates 5 and 6),
the Yakataga Formation is considerably thicker,
exceeding 8,400 feet at the OCS Y-0080 No. 1 well and
reaching 13,500 feet in thickness at the OCS Y-0032
No. 1 well (fig. 65). It thins to 4,805 feet at the OCS
Y-0211 No. 1 well, where Neogene basin development
seems to have been less and where Quaternary shelf
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edge uplift resulted in the truncation of an appreciable
portion of the Pleistocene section.

Within the Yakataga Formation, biostratigraphic
correlation shows that the Pleistocene section is thin or
missing in the east at the OCS Y-0211 No. 1 well

(fig. 65). It thickens west of this in the OCS Y-0032
No. 1 well, and thins slightly in a shoreward direction at
the OCS Y-0007 No. 1 well. It is thickest in the west
central portion of the area in the OCS Y-0014 No. 1 and
2 well, and especially in the OCS Y-0011 No. 1 well.
The Pleistocene section thins somewhat in the OCS
Y-0080 No. 1 well at the west end of the Yakutat
terrane (figs. 3 and 65, plates 5 and 6). It is thin to
absent in the Middleton Island State No. 1 well on the
Prince William terrane.

The late Pliocene section is relatively uniform in
thickness from the OCS Y-0080 No. 1 well to the OCS
Y-0032 No. 1 well, and may be of similar thickness at
the OCS Y-0211 No. 1 well. In contrast to the
Pleistocene section, the early Pliocene section shows
considerable thinning from east to west (fig. 65),
especially between the OCS Y-0007 No. 1 and OCS
Y-0014 No. 1 and 2 wells and between the OCS Y-0011
No. 1 and OCS Y-0080 No. 1 wells. The westward
thinning of the early Pliocene section followed by at
least local westward thickening of the Pleistocene
section may have resulted from an eastward shifting of
tectonic compression and uplift activity between Kayak
Island and Icy Bay from early Pliocene to early
Pleistocene times, accompanied by a westward shifting
of Yakataga Formation depocenter development.

The Miocene section is quite thin in the eastern part of
the area. An unconformity marks the removal and/or
nondeposition of the middle Miocene section in the OCS
Y-0032 No. 1 well. The Miocene section appears to
have been removed altogether in the OCS Y-0007 No. 1
well. Unconformitics also indicate the crosion of the late
Miocene section in the OCS Y-0211 No. 1 well, and
possibly in the Middleton Island State No. 1 well in the
west (fig. 65). There is also an unconformity prescnt at
the top of the Miocene section in the OCS Y-0080 No. 1
well that appears to have removed more of the early
Pliocene than the late Miocene. In contrast, no Miocene
unconformity was discerned in the OCS Y-0011 No. 1
or OCS Y-0014 No. 1 and 2 wells, where an
uninterrupted Miocene section may be present. From
zero thickness in the OCS Y-0007 No. 1 well, the
Miocene section thickens considerably to the south and
west in the OCS Y-0014 No. 1 and 2 well. The
thickness of the Miocene section is uncertain in the OCS

Y-0080 No. 1 and the OCS Y-0011 No. 1 wells because
it is faulted and possibly steeply dipping, but it was
probably several hundred feet thick and may have been a
few thousand feet thick. The western half of this area
may have been a Miocene depocenter that subsequently
shifted eastward in the early Pliocene and westward
again in the Pleistocene.

The middle Miocene intervals of the OCS Y-0080 No. 1
and OCS Y-0014 No. 1 and 2 well (fig. 65) are the first
definite middle Miocene sections described in the area.
The presence of apparently uninterrupted middle and
late Miocene and early Pliocene sections in some of the
Gulf of Alaska offshore wells suggests that the
widespread middle Miocene erosional episode
(unconformity) indicated by Plafker and others (1975)
and Plafker (1987), and/or the early to middle Miocene
hiatus described in the Yakataga Reef section (Lagoe,
1983), are not uniformly present throughout the Gulf of
Alaska OCS area.

Oligocene strata were encountered in the OCS Y-0007
No. 1, OCS Y-0032 No. 1, OCS Y-0211 No. 1, and
Middleton Island State No. 1 wells, where erosion
and/or nondeposition produced a thin or missing
Miocene section and resulted in a shallower Paleogene
section that could be reached by drilling. None of the
other OCS wells was drilled deeply enough to penctrate
Paleogene section.

The OCS Y-0211 No. 1 well sampled the most complete
Eocene section encountered in the Gulf of Alaska
offshore (fig. 65). The section there comprises late,
middle, and early to middle Eocene intervals. Eocene
rocks are probably present not far below TD at the OCS
Y-0032 No. 1 well. Late Eocene strata are present in the
bottom of the OCS Y-0007 No. 1 well and also occur

"farther west in the bottom of the Middleton Island State

No. 1 well.

Additonal Observations

The indicated paleodepths of some of the intervals
within the Yakataga Formation seem to be decper or
shallower during times when opposite trends are
indicated on eustatic sea level curves. This trend was
also noted onshore in the Pliocene section of the
Yakataga Formation by Zellers (1989, 1990), who
postulated a possible regional trend. However, these
contra-eustatic trends do not appear to occur consistently
within any given offshore well, nor do they appear to
occur contemporaneously between wells. The well
sections exhibiting contra-custatic paleodepth curves
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may have been influenced by local tectonism and/or
isostatic-crustal rebound resulting from local
deglaciation (see the discussion of the early Pleistocene
section of the OCS Y-0014 No. 1 and 2 well, this
chapter).

A 60-foot section of dark-brown siltstone in the late

Miocene section of the OCS Y-0080 No. 1 well
contained an impoverished microfauna consisting mostly
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of arenaceous foraminifera, sponge spicules, fish bone
fragments, and small shark teeth. It also had some of the
most favorable source rock potential measured in the
offshore wells (see discussion of the late Miocene
section of the OCS Y-0080 No. 1 well). The
characteristics of this interval suggest the possibility of a
relatively organic-rich, silled Miocene basin similar to
the one postulated by Armentrout (1983a).
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Katalla Oil Field at Katalla Slough, Gulf of Alaska. The log cabin, tents, derrick, and
sailboat (left page) are from the earliest period of development; the oil storage tank
and barge are from a later period. The Katalla field produced from 1901 to 1932 (see
inside front cover for additional information).
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7. Regional Petroleum Exploration History

Coastal Plain

Petroleum exploration in the Gulf of Alaska has taken
place along the coast, mostly from Controller Bay to
Dry Bay (fig. 66). Gold prospectors discovered oil and
gas seeps near Katalla on the north side of Controller
Bay about 1896 (Martin, 1921). Forty-four wells were
drilled in this area between 1901 and 1932. None of
these wells exceeded 2,350 feet in depth. Production in
the Katalla district, which amounted to approximately
154,000 barrels of oil, ceased in 1933 because of a fire
that partially destroyed the refinery.

Twenty-threc othcr wells were drilled along the coastal
plain of the Gulf of Alaska between Controller Bay and
a point just east of Dry Bay. The General Petroleum
Company Sullivan No. 1 well was completed to a depth
of 2,005 feet in 1927 about 10 miles west of Icy Bay.
The other 22 wells, some with redrills to greater depths,
were drilled between 1954 and 1963. Total depths
ranged from 3,230 feet in the Colorado Oil and Gas
Company Core Hole No. 1 well, to 14,699 feet in the
Richfield Oil Corporation Kaliakh River No. 1 well.
No producible hydrocarbons were found in any of these
wells. Table 1 (next page) lists pertinent data on the
Gulf of Alaska onshore wells (fig. 66).

Kodiak Shelf

Six deep stratigraphic test (DST) wells (commonly
referred to as COST wells) were drilled on the Kodiak
shelf in 1976 and 1977. Their locations, operator, water
depths, and completion dates are shown in table 2.

These wells, and the geology of the Kodiak Shelf, are
discussed in considerable detail in OCS Report MMS
87-0109, Geological and Operational Summary, Kodiak
Shelf Stratigraphic Test Wells, Alaska (Turner and
others, 1987).

Opposite. Setting casing in the Chilcat Oil No. 20 well.
The well was drilled using a cable tool rig. The Chilcat
Oil Company was the last to commercially operate in the
Katalla field, selling most of the oil produced locally as

fuel for fishing boats.

Deep Sea Drilling Project

In July of 1971, the Deep Sea Drilling Project (DSDP)
of the Joint Oceanographic Institutions for Deep Earth
Sampling (JOIDES) drilled 5 core holes in the slope and
abyssal plain of the Gulf of Alaska from the drill ship
Glomar Challenger. Penetration depths beneath the
seafloor ranged from 358 to 2,607 feet. Sites 178
through 182, drilled in water depths from 4,705 to
16,152 feet, are discussed in volume XVIH of the Initial
Reports of the Deep Sea Drilling Project (Kulm and .
others, 1973) and in OCS Report MMS 89-0097,
Geologic Report for the Shumagin Planning Area,
Western Gulf of Alaska (Horowitz and others, 1989).

Offshore Gulf of Alaska

Thirteen wells have been drilled offshore in the Gulf of
Alaska to date (fig. 66). In 1969, the Middleton Island
well was drilled by Tenneco Oil Company at

lat 59°25’ N, long 146°17° W, in State waters about

3 miles east of Middleton Island. No producible
hydrocarbons were found. :

In 1975, the ARCO Gulf of Alaska COST No. 1 well
was drilled to a depth of 5,150 feet in the Lease Sale 39
area southeast of Kayak Island and southwest of Icy Bay
(fig. 66). U.S. Geological Survey Open-File Report
76-635 (Bolm and others, 1976) discusses this COST
well in some detail. Six exploratory wells were drilled
in this area in 1977 and 4 more were drilled 1978. In
1983, onc cxploratory well was drilled south of Yakutat
Bay in the Lease Sale 55 area (fig. 67). No producible
hydrocarbons were discovered in any of these
cxploratory wells. Table 3 lists pertinent data
concerning the 13 Gulf of Alaska offshore wells.

Geophysical Exploration

Geophysical exploration in the Gulf of Alaska has
produced 116,015 miles of common-depth-point (CDP)
data and 10,075 miles of high resolution (HRD) data.
The Minerals Management Service Alaska OCS Region
has collected 31,099 miles of CDP data and 3,911 miles
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Table 1. Wells drilled in the Gulf of Alaska coastal plain.

Location Copper Well Depth Completion
Ref. No. Well Name River Meridian Operator (feet) Date
1 Bering River No. 1 T18 S R7 E Sec 32 Richfield 6,175 Dec 2, 1962
2 Bering River No. 2  T19 S R7 E Sec 22 Richfield 6,019 Jan 20, 1962
3 Kaliakh River No. 1 T20 S R14 E Sec 34 Richfield 14,699 June 6, 1960
4 Kaliakh River No. 2 T20 S R14 E Sec 28 Richfield 9,675 Aug 30, 1960
5 Kaliakh River No. 2 T20 S R14 E Sec 28 Richfield 12,135 Sept 17, 1961
RD
6 Duktoth River No. 1 T20 S R15 E Sec 24  Richfield 10,390 Aug 18, 1961
B 7 White River No. 1 T21 S R18 E Sec 19 British Petroleum 7,928 Oct 31, 1961
8 White River No. 2 T21 S R19 E Sec 27 British Petroleum 12,417 Oct 31, 1962
9 White River No. 3 T21 S R19 E Sec 20 British Petroleum 6,984 July 10, 1963
10 Sullivan No. 1 T22 S R21 E Sec 7 General Petroleum 2,005 Oct 20, 1927
11 Sullivan No. 1 T22 S R21 E Sec 10 Phillips 10,013 Oct 28, 1955
12 Sullivan No. 2 T22 S R21 E Sec 10  Phillips 12,054 March 21, 1957
13 Sullivan Strat No. 1 T22 S RZi E Sec 19 Phillips 4,837 May 19, 1954
14 Riou Bay No. 1 T23 S R23 E Sec 26 Standard California 14,107 Sept 2, 1962
15 Chaix Hills No. 1 T22 S R25 E Sec 4 Standard California 10,015 Nov 10, 1961
16 Chaix Hills No. 1A T22 S R25 E Sec 9 Standard California 10,121 March 3, 1962
17 Malaspina Nos. 1 & T24 S R32 E Sec 31 Colorado Oit & Gas 13,823 Oct 21, 1962
1A RD
18 Yakutat No. 1 T27 S R34 E Sec 33 Colorado Oil & Gas 9,314 May 19, 1957
19 Yakutat No. 2 T28 S R34 E Sec 1 Cotorado Oil & Gas 11,765 ~ March 1, 1958
20 Yakutat No. 3 T28 S R34 E Sec 3 Colorado Oil & Gas 10,494 April 23, 1959
21 Core Hole No. 1 T27 SR36ESec 17  Colorado Oil & Gas 3,230 June 2, 1961
22 Core Hole No. 2 T29 S R36 E Sec 34 Colorado Oil & Gas 5,690 July 21, 1961
23 Dangerous River T29 S R37 E Sec 16 Colorado Oil & Gas 8,634 Nov 19, 1960
No. 1
24 Core Hole No. 3 T31 SR39 E Sec 6 Colorado Oil & Gas 5,484 Sept 11, 1961
25 Core Hole No. 4 T32SR41 ESec 36  Colorado Oil & Gas 5,326 Nov 5, 1961

of HRD data. The petroleum industry has also collected
13,349 flight-line miles of gravity and magnetic data.

eastern Gulf of Alaska, was held October 21, 1980, and
leased 35 tracts. Figure 67 shows the location of OCS
lease sale areas 39 and 55. A reoffering sale (RS-1) was
held on June 30, 1981, and resulted in the leasing of one
tract in the eastern Gulf of Alaska. Figure 68 shows the
location of the planned OCS Gulf of Alaska Yakutat
Lease Sale 158 area. This sale is scheduled for August
1995.

Sale History

Three Federal offshore lease sales have been held in the
Gulf of Alaska. Sale 39 was held April 13, 1976, and
resulted in the leasing of 76 tracts. Sale 55, for the
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The State of Alaska Department of Natural Resources, offer about 350,000 acres of onshore and offshore land
Division of Oil and Gas, is proposing to schedule a lease within the 3-mile limit between Katalla and Icy Bay.
sale in this area on State land during May 1994. It has Figure 69 shows the location of this proposed lease sale.
been designated as the Cape Yakataga Sale 79 and will

Table 2. COST wells drilled in the Kodiak Shelf.

Location Water Depth Well Depth  Completion
Well Name N lat W long Operator {feet) {feet) Date
KSST No. 1 56°24’ 152°68’ Exploration 162 4,225 Aug 1, 1976
Services, Inc.
KSST No. 2 57°00’ 151°45". Exploration 237 4,307 Aug 23, 1976
Services, Inc.
KSST No. 4A 5R°12’ 150°20" Exploration 307 1,391 Sep 19, 1976
Services, Inc.
KSSD No. 1 57°60° 150°29’ Sun Oil Company 526 8,617 “July 17, 1977
KSSD No. 2 58°32’ 148°49’ Sun Oil Company 375 10,460 Sep 8, 1977
KSSD No. 3 56°657' 151°56’ Sun Oil Company 265 9,357 Oct 25, 1977

Table 3. Wells drilled in the Gulf of Alaska.

Location Water Depth Well Depth  Completion
Well Name N lat W long Operator {feet) (feet) Date

Middleton lsland 59°25’ 14617’ Tenneco 60 12,002 Aug 11, 1969
COST No. 1 58°48° 143°06' ARCO 570 5,150 Oct 10, 1976
OCS Y-0007 No. 1 59°57° 142°23° ARCO 250 17,920 Jun 3, 1977
OCS Y-0011 No. 1 59°52° 143°18’ Shell 541 13,565 Jan 28, 1977
OCS Y-0014 No. 1 59°53’ 143°53" Shell 485 13,598 Jun 19, 1977
OCS Y-0014 No. 2 59°53' 142°63’ Shell 485 15,390 Sep 12, 1977
0CS Y-0032 No. 1 59°51° 142°17° Texaco 240 15,638 Feb 20, 1978
0CS Y-0035 No. 1 59°52' 142°01’ Exxon 184 11,731 Jul 1, 1978
OCS Y-0046 No. 1 59°4¢6’ 142°cg’ Texaco 599 15,013 Jul 15, 1977
OCS Y-0050 No. 1 59°42° 143°07" Exxon 585 12,995 Jul 8, 1977
OCS Y-0059 No. 1 59°40° 142°59° Gulf 623 12,170 Aug 16, 1977
OCS Y-0072 No. 1 59°36° 143°15° Exxon 873 9,835 Mar 17, 1978
OCS Y-0080 No. 1 59°40° 144°02" Exxon 448 . 13,507 Jan 4, 1978
OCS Y-0211 No. 1 59°04' 140°20° ARCO 450 17,810 Oct 22, 1983
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Opposite. Thomas George White (center), the
“Sourdough Driller,” was noted for narrow escapes and
deeds of derring-do (see p. 154, “The Katalla Herald”
newspaper of August 17, 1907). A fisherman, hunter,
trapper, sawyer, miner, mariner, musher, and builder,
he discovered oil in 1894 and drilled the first oil well in
Alaska (1902), at Katalla Slough. When not actively
exploring for oil, he found time to supervise the building
of the Cape St. Elias lighthouse, serve as foreman at the
Clear Creek water plant, and briefly act as a bodyguard
Jor Gifford Pinchot, President Theodore Roosevelt’s
controversial chief forester. In the late 1940's, he worked
as a camp cook for Don Miller, the U.S. Geological
Survey geologist responsible for much of the modern
mapping of the Gulf of Alaska Tertiary Province. M.
Tom White, a peak in the Chugach Mountains north of
Bering Glacier, is named in his honor. Mr. White’s white
house on White Slough, a local landmark that boasted
the first bathtub in Katalla, was heated by natural gas
piped in from nearby seeps. During the boom of 1907 in
which the population of Katalla grew from a few hundred
to more than 10,000, Mr. White was involved in a

152, Gulf of Alaska Geologic Report

number of diverse entrepreneurial enterprises, including
hotels, bars, pool rooms, sawmills, commercial docks,
and building construction. In addition to his pioneering
drilling activities, he was an elected school board official
and also served for a time as the town “doctor,” once
successfully sewing his son'’s severed fingers back on
after a sawmill accident. The woman pictured is his
second wife, Susie Duval, a Yakutat/Tlingit Indian. The
newspaper clipping of January 23, 1909 (see p. 62),
recounts this wedding (his first wife, an Athabascan
Indian from Eyak, died September 19, 1908). As this
picture from the Barrett Willoughby Collection clearly
shows (see front cover for credits), she soon shed her
satin wedding gown for far less glamorous garb. The boy
pictured is one of White’s two sons who drowned in a
tidal whirlpool on Christmas Eve, 1929, when their boat
overturned returning from a drilling rig. Some of Mr.
White's descendants still live along the Gulf of Alaska
coast according to John F. C. Johnson of the Chugach
Alaska Corporation, who generously provided much of
the historical data about this remarkable pioneer.
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8. RESERVOIR ROCKS

Tertiary sandstones are the principal rocks in the Gulf of
Alaska stratigraphic section that appear suitable as
potential reservoirs for commercial hydrocarbon
accumulations. Sandstone or conglomerate occurs in all
or most of the Tertiary units onshore, but offshore, only
the Yakataga and Kulthieth Formations appear likely to
contain coarse-grained strata of sufficient thickness and
areal distribution to represent prospective reservoir
targets. Other types of potential reservoir rock include
fractured rock along faults and folds and weathered
metamorphic or igneous basement rock along
unconformities. The oil from the Katalla field, for
example, was produced primarily from fracture porosity
in shales and siltstones along a fault zone that cuts
steeply dipping Poul Creek strata (Miller, 1975).
However, the probability of such occurrences of
nonsandstone reservoirs containing hydrocarbons in
commercial quantities is thought to be low relative to
that of the Tertiary sandstones.

Yakataga Formation

Depositional Environments and Sandstone
Compesition

Sandstones and conglomerates in the Yakataga
Formation are predominantly glaciomarine in origin and
were deposited in inner shelf to upper slope settings.
Studies of Yakataga sedimentation suggest that many of
these sandstones and conglomerates were deposited by
various sediment-gravity-flow processes in large
submarine mega-channel systems that were located
downslope from tidewater glaciers (Plafker and
Addicott, 1976; Armentrout, 1983b; Eyles, 1987).
Channel-fill sandstones and conglomerates that originate
from turbid glacial meltwater plumes are not generally
subject to much winnowing and, consequently, tend to
be poorly sorted and mineralogically immature. In
addition, sandstone-to-shale ratios often vary widely
within short lateral distances in Yakataga Formation
outcrops because of the lenticular character of these
submarine channel-fill sand deposits (Winkler and
others, 1976, p. 19).

Nonglacial marine deposits such as linear shoreface or
marine-bar sands are also reported in outcrops of the
Yakataga Formation (Lyle and Palmer, 1976;
Armentrout, 1983b). Many of these Yakataga shoreface
and marine-bar sands may represent glaciomarine
deposits that were reworked by normal marine processes
during interglacials. These shoreface and marine-bar
sands should represent the most prospective reservoir
targets within the Yakataga Formation because they have
greater lateral continuity and because winnowing has
improved sorting and, possibly, removed some of the
mineralogically unstable lithic detritus. For example,
porosity and permeability measurements of fourteen
outcrop samples of Yakataga sandstones from a
Yakataga shoreface sandstone averaged 23.7 percent
porosity and 139 millidarcies (md), whereas nineteen
samples from a submarine channel-fill complex averaged
only 6.9 percent porosity and 0.47 md (Lyle and
Palmer, 1976, p. 19). Paleocurrent and
paleoenvironmental data suggest that the geometry of
these nonglacial sandstone bodies will be tabular to
linear and elongated in northwest to west directions
(Lyle and Palmer, 1976).

Petrographic studies indicate that Yakataga sandstones,
as would be expected from their glacial origin, are
texturally and mineralogically diverse and tend to
contain more unstable grains and primary matrix than
sandstones of older Tertiary units (Winkler and others,
1976; Lyle and Palmer, 1976). Yakataga sandstones
generally fall within the lithic arkose category (fig. 70).
The mean composition of the main framework
components is 35 percent quartz, 40 percent feldspar
(primarily plagioclase), and 25 percent lithic fragments
(Lyle and Palmer, 1976). The lithic clasts are
predominantly igneous and metamorphic in origin.
Accessory heavy minerals such as epidote, hornblende,
biotite mica, and others form an average of about

5 percent of the sandstone and occasionally are as

. abundant as 12.5 percent (Winkler and others, 1976;

Lyle and Palmer, 1976). Conglomerate clasts range
widely in composition and reflect the igneous,
metamorphic, and sedimentary rocks of the bordering
St. Elias and Chugach Mountains. Conglomeratic clasts
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from the lower Yakataga Formation commonly include
meta-diorite, meta-andesite, and meta-andesite tuff, with
lesser quantities of slate, graywacke, epidote,
amphibolite, and foliated and nonfoliated granodiorite
(Lyle and Palmer, 1976).

Log Analysis Methods

Log responses to Yakataga Formation sediments are
complicated by the textural and mineralogical
complexity of the grain or clast framework of the
sandstone and conglomerate, and the silt- to clay-sized
glacial rock flour that makes up the bulk of the
mudstone, shale, and diamictite. Standard multiple
porosity cross-plots and log analysis methods for shaly
sandstoncs frequently fail to yicld reliable porosity
estimates in mineralogically complex sandstones

(Patchett and Coalson, 1982). In such complex
sandstones, the density log generally yields the most
reliable porosity relative to that of conventional cores,
provided the grain density is predictable and favorable
borehole conditions exist (Patchett and Coalson, 1982;
Turner and others, 1988).

The standard equation (Schlumberger, 1972) used to
derive porosity (¢p) from the density log is

¢p =(pma-pb)/(pma-pf)
where: pma =matrix (grain) density
pb =bulk density from density log
pof =fluid density.
It is standard practice in using this equation to assume a
pma (matrix or grain density) of 2.65 grams per cubic
centimeter (gm/cm3), the density of quartz. However, in

Figure 70. Quartz, feldspar, and lithics (QFL) and rock fragment ternary diagrams showing mineralogy of Yakataga

Formation sandstones from onshore exposures (after Lyle and Palmer, 1976).
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complex sandstones the pma is likely to be higher owing
to the presence of lithic clasts and mafic mineral grains
which are usually denser than quartz. Thus, for complex
sandstones, an alternate value of pma must be estimated.
The reliability of the density porosity obtained is
dependent on how representative the estimate is and how
variable the actual grain density of the sandstone is from
the estimate.

The most accurate method of determining matrix or
grain density of sandstones is from physical
measurements of cores. The distribution of grain density
in Yakataga sandstones determined from analysis of
sidewall and conventional core data from four OCS
exploratory wells is shown in the histogram of figure 71.
The histogram indicates grain density ranging between
2.65 and 3.63 gm/cm3, with a mean of 2.72 gm/cm3.

The wide range in grain density displayed in figure 71 is
a reflection of the diversity of the mineral and lithic
clasts and resulting diagenetic cements composing
Yakataga sandstones and conglomerates. The histogram
of grain density does not represent either a normal or
lognormal distribution (Koch and Link, 1970, p. 218),
as the data do not pass the Kolmogorov-Smirnov
goodness-of-fit test for normality (Ostle, 1972, p.471).
Because the distribution about the mean is not normal,
the standard deviation, the traditional measure of

fluctuation based on the normal distribution, does not
apply. However, examination of the histogram reveals
that 73 percent of the data falls within +0.03 gm/cm3 of
the mean value of 2.72 gm/cma, and 95 percent falls
within +0.07 gm/cm3. These percentages are roughly
equivalent to the percentages (68% and 95%) of normal
populations that are generally found within one and two
standard deviations, respectively.

The grain density distribution of figure 71 suggests that
density porosity calculated from the mean value over the
range of typical Yakataga Formation sandstone bulk
densities (2.20 to 2.60 gm/cms) should be accurate to
within 1.5 percentage points 73 percent of the time
and to within 33.5 percentage points 95 percent of the
time. The histogram indicates that the source of the
greatest potential error in porosity calculation is from
the five percent of the sandstones with-'grain densities
higher than 2.79 gm/cm’. Most of these are probably an
indication of either abundant, dense igneous and
metamorphic lithic clasts or abundant, dense cements
such as siderite. Lithic clasts become predominant in
conglomerates and sandstones composed largely of
coarse-grained through granule-sized clasts. Coarser
lithologies and highly cemented sandstones probably
pose the greatest potential for error in porosity
evaluation.

Figure 71. Histogram of
grain density distribution of
Yakataga Formation
conglomerate, sandstone,
and siltstone. Core analyses
from the OCS exploratory
wells Y-0007 No. 1 and
No. 2, Y-0032 No. 1, and
Y-0080 No. 1.
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The complex textural and mineralogic composition of
Yakataga sediments not only creates difficulties in
evaluating porosity, but also in determining lithology.
The two logs primarily used in determining lithology are
the natural gamma ray and the spontaneous potential
(SP) logs. The typically distinctive gamma ray log
contrast between sandstones and shales, which is due
primarily to the difference in natural radioactivity
between quartz and clay, is frequently muted in the
Yakataga Formation because the various glaciomarine
lithofacies frequently differ more in texture and grain
size than in mineralogy. Consequently, sandstone or
conglomerate beds were usually identified from the SP
log from intervals that displayed deflections of at least
10 millivolts.

Generally, the SP log reliably distinguishes sandstone or
conglomerate from shale or mudstone in the Yakataga
Formation, provided the drilling muds used are not too
saline. Unfortunately, from the standpoint of log
analysis, seawater-based drilling muds were commonly
used in drilling the upper four to five thousand feet of
hole in some of the OCS exploratory wells. In one well
(OCS Y-0059), the entire well was drilled using a saline
mud. In this well, the SP log trace was flat and of little
use in determining lithology because the drilling fluid
resistivity closely matched that of the saline formation
water. In wells or well intervals with poor SP logs and
muted gamma ray logs, the identification of sandstone
and conglomerate beds was rather tenuous. In these
instances, the resulting error in interpretation is
probably an underestimation of total sandstone content
owing to the inability to identify porous lithologies.

Sandstone Distribution and Thickness

Sandstone and conglomerate beds in the Yakataga
Formation on the mainland identified from exploratory
well logs and measured sections compose from 30 to
more than 80 percent of the formation. In offshore
exploratory wells, sandstone and conglomerate identified
from SP and gamma ray logs apparently diminishes to
between about 10 and 30 percent of the formation

(fig. 72). This trend suggests that the Yakataga
Formation along the southern margin of the Yakutat
terrane is generally composed of less than 10 percent
sandstone. Some of the apparent decrease in sandstone
abundance offshore may be due to the difficulty
mentioned above in identifying porous lithologies, but,
overall, the trend is thought to be real. Yakataga
Formation sediment source areas were in the northern
mountainous uplifts and sediment depocenters lay just
offshore of the modern coast line. Under these
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conditions, coarse-grained lithofacies would normally
diminish in a southerly offshore direction. In terms of
total aggregate sandstone thickness, the sandstone
percentage trends represent a range from about 250 feet
in the OCS Y-0211 well, where the Yakataga Formation
is relatively thin and far from sediment source areas, to
over 3,800 feet in the OCS Y-0035 well located near Icy
Bay (plate 8) along glaciomarine depocenters.

Sandstone and conglomerate encountered in the offshore
exploratory wells range from beds less than 5 feet thick
to a bed or bedding sequence 630 feet thick. The
distribution of sandstone by bed thickness for the
Pleistocene and for Pliocene and Miocene sections of the
Yakataga Formation in offshore exploratory wells is
illustrated in figures 73 and 74. The greatest number of
sandstone beds occur in the 10- to 25-foot thickness

.category. However, average bed thickness (arithmetic

mean) is between 40 and 45 feet, and approximately
two-thirds of all sandstone beds fall between about 5 and
100 feet in thickness. Although fewer beds greater than
100 feet thick occur in the Yakataga Formation, they
form a significant percentage of the total quantity of
sandstone owing to their greater individual thicknesses.
About 45 percent of the total sandstone is contained in
beds greater than 100 feet thick in the upper Yakataga
Formation, and about 34 percent in the lower Yakataga
Formation. Consequently, these thick sandstone beds are
important potential reservoir targets.

Sandstone Reservoir Quality

The abundance of labile lithic and feldspar grains in
Yakataga sandstones makes them susceptible to
diagenetic alteration and rapid loss of effective porosity
with burial depth. Figure 75 illustrates the relationship
between density porosity (¢p) and burial depth from
several of the OCS exploratory wells which encountered
complete or nearly complete sections of the Yakataga
Formation. Also included are porosity values obtained
from conventional cores (solid points). There is
considerable scatter in the data owing to the diverse
character of Yakataga sandstone and conglomerate, but a
definite trend of porosity decline with depth is evident