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A PRELIMINARY SUMMARY OF REGIONAL GEOLOGY, PETROLEUM POTENTIAL
ENVIRONMENTAL GEOLOGY, AND TECHNOLOGY FOR EXPLORATION AND
DEVELOPMENT FOR PROPOSED OCS LEASE SALE #75,
NORTHERN ALEUTIAN SHELF, BERING SEA, ALASKA
by

Michael S. Marlow, Hugh McLean, Alan K. Cooper, Tracy Vallier,
James V. Gardner, Robert McMullin, and M. B. Lynch

SUMMARY

This report provides a prelimlnary assessment of the regional geology,
petroleum potential, environmental geology, and technology for development of
possible oil and gas in that section of the southeastern Bering Sea, known as the
Northern Aleutian Shelf, and proposed as OCS Lease Sale area #75, This summary
report 1s in responmse to a request by the Director, Bureau of lLand Management.

Underlying a large portion of continemtal shelf, north of the Alaska peninsula
is a sediment—filled structural depression known as the Bristecl Bay basin. The
sedimentary deposits of part of the basin £f111 are exposed on the northern fringe
of the Alaska Peninsula. This basin trends northeastward from the Alaskan penin-
sula and about four—fifths of 1t lies offshore beneath the flat Bering Sea shelf.
This eloungate structural sag 1s approximately 760 km by 320 km (475 x 200 mi.)
and encompasses an area of about 246,050 sq. km (95,000 gq. wmi). The basin is
asymmetrical In cross section; the basement rock of the northwest flank dips
gently toward the basin axis, but the southeast flank of folded Jurassic rock is
steeply inclined, probably faulted, and crops out In the northern foothills of
the Alaska Peninsula. The basin's sedimentary section, more than 6000 m (20,000
ft) thick, is composed chiefly of Cenozolc deposits; they are thickest in the
southeast portion of the basin.

The portbheast end of Bristol Bay basin 1is bounded by exposures of highly
deformed, locally intrtuded, metaworphosed Paleozolc and Mesozocic rocks. To the
southwest, the basin 1s delineated by the offshore extension of the Black
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Hills, an anticlinal structure composed of Jurassic sedimentary rocks. South
of the the basin, economic basement consilsts malnly of Mesozoic and Cenozoic
volcanic and plutonic units that form the core of the Alaska Peninsula. To
the north, beneath the Bering shelf, "acoustic” basement (as resolved on
geophysical records) flooring the basin probably comprises Mesozoic
sedimentary, volcanic, metamorphic and crystalline rocks.

The basin probably began to forw in late Mesozolc time and the formed in
part by the subsidence of basement rocks of Mesozolc and older age that were
part of a volcanic-plutonic arc complex that extended from southern Alaska into
the Bering Sea shelf and margin. The basin continued to subside and fill with
sediment throughout the Cenozoic-

Nine wells have been drilled on the Alaska Penlnsula adjacent to the axis
of Bristcl Bay basin. Although all the wells are effectively dry holes, a
number of oil and gas shows were reported. Data from these wells suggest that
the most prospective area for hydrocarbons is the southwestern, offshore
portion of Bristol Bay basin between Port Moller and Amak Island. No wells
have been drilled offshore. The southeastern half of the basin aleo contains
the thickest Cenozolc sediment; the sectlion here may have the greatest
potential for prospective source and reservoir rocks. Some of the Mesozoic
basewent rocks beneath the basip may also be petroleum source or reservoir rocks.

Structural and stratligraphic traps assoclated with the faulted,
southeastern adge of Bristol Bay basin are possible targets for exploration.
These traps are mainly anticlinal structures Iin the Cenozoic sequence that
formed by draping and differential compaction of strata over erosional and
block-faulted highs developed within the basement complex. Stratigraphic
pinch—outs may have developed withipo marine and nommarine transgressive
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gequences in the central area of the basin.

A preliminary resource appraisal suggests that there is a 5% probability
that 2.3 billion bbl of o1l and 5.8 trilliop cu. ft. of gas and a 95%
probability that <.1 bbl and <.1 trillion cu. ft. of gas may be present in the
basin. However, it is unknown at this time whether hydrocarbon deposits of
commerclal size occur in the basin.

Ma jor potential geo—environmental hazards in the Northern Aleutian Shelf
area include faulring and earthquakes, sea floor luostability due to sediment
erosion, transport, and deposition, volcanic activity, and ice. Tidal effects
in some bays and estuvaries may be hazardous. Great earthquakes (magnitude
greater than 8 on the Richter scale) have occurred along the pearby Aleutian
arc and Alaska Peninsula south of the basin. Smaller earthquakes occur west
of the basin between the perninsula and the Pribilof Islacds. The magnitude of
ground motion generated by these shocks 1s unknown.

Teunawl (earthquake)-, tide—, and storminduced waves affect sediment
movement 1in the area. The physical properties (stability, etc.) of the
surficial sediment are unknown, at present and thelr role as possible hazards to
man-made structures has vot been evaluated.

The Northern Aleutisn Shelf is bounded on the south by the volcanically
active Alaska Peninsula and the eastern Aleutian Islands. Hazards from volcanic
activicy are assoclated with the eruption of lava and ash (explosive activity)
and attendant earthquakes. These forces, including ground motion from earthquakecs,
may affect man-made structures as well as disturbiog pre-existing, unstable
sediment deposits.

During the colder months the reglon is in part covered with ice; the
average thickness of this sea ice is 1 to 1.5 m. Most of the ice 1s mobile,
although stationary ice, in sheets 1-2 w thick and as wide as 80 km, forms
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along the shoreline of the Bay. Man-made structures could be affected by ice-
ramning and bottom scouring.
INTRODUCTION
Location of 0CS Area

The area with which thils report is concerned lies north of the Alaska Peninsula
and south of a line between Cepe Newenham and the Pribilof Islands (Figs. 1 and
2), from Kvichak Bay, it extends southwestward along the northern side of the
Alasgka Peninsula toward the edge of the continental shelf. The area of the
basin 1s approximately 246,050 sq. km. (Figs. 1 apd 2; Hatten, 1971). The base-
ment morphology of the basin is asymmetrical in cross section. The flanks of
the basin are defined by a basement surface that dips gently northwestward and a
steeply inclined southeastern flamk that crops out in the northern foothills
of the Alaska Peninsula (Burk, 1965; Hatten, 1971; Brockway and others, 1975).
Approximately 80% of the basin lies offshore in water depths generally less than
60 m.

Avallable Data

During the last ten years there has been a great deal of exploration activity
within the eastern Bering Sea. The bulk of the resulting data are proprietary
and not publicly avallabdble. Since 1965 the U. S. Geological Survey has collected
more than 6000 km of geophysical data from the southern Bering Sea shelf (Fig.
3) 860 km of 24 channel seismic~reflection profiles recorded in 1976 across ;he
offshore portion of the basin.

Other public data include a series of six bathymetric, wmagnetic, and
gravimetric charts of a small area west of the southern Alaska Peninsula;
these charts are available from the National Ocean Survey, Distribution
Division, CA411l, Riverdale, Marylaund 20840 (Geophysics maps: 1711N-17G,
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Tertiary age. For example, the oldest exposed rocks in the southerm Alaska
Peninsula are Upper Jurassic siltstone and sendstone of the Naknek Formation
(Burk, 1965). The westernmost exposure of these rocks 1s in the Black Hills
bordering the southern Bering shelf (Fig. 4). These shallow water rocks strike
west ctoward the southern Bering shelf area and are paralleled to the north by a
belt of Jurassic granitic rocks (Fig. 4; Burk, 1965).

Cretaceous and older Mesozolc geosynclinal rocks of southwesr Alaska
trend southwestward toward the southern Bering Sea shelf (Fig. 4; Payne, 1955;
Hoare, 1961; Gates aod Grye, 1963; Patton, 1973). These complex allochthoncus
terrapes are composed of diverse sedimentary and igneous belts that are
thought to have been accrected as "microplates” to nuclear Alaska during
Mesozolc and earliest Cenozoic tiwme (Jones, 1978; Jones and Silberling, 1979).

Further, deformed deep water sedimentary rocks of Cretaceous age are
exposed south of the Alaska Peninsula in the Shumagin Islands and are thought
to be uplifted former trench and slope deposits accreted to the southern
Alaskan margin by late Mesozoic or earliest Tertiary time (Fig. 4; Moore,

1972, 1973a, b, 1974). Earlier hypotheses for the evolurion of the southern
Bering Sea margin included speculations that these deformed rocks extend to
the northwest beneath the southern Bering Sea wmargin (Burk, 1965; Moore, 1972,
1973z, b, 1974; Patton and others, 1974, 1976; Scholl aod others, 1975; and
Marlow and others, 1976a, 1977),

Thus, the southeastern Bering Sea shelf 1s a focal area for & number of
diverse structural treande that converge on the region. Unraveling these trends
and determining whether they merge or terminate bepeath this section of the
shelf may be an exceedingly difficult task, but one that is eritical to our

understanding of the evolution of the Berimg Sea.
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Geologic Serting

Mesozolc Rocks

The oldest rocks exposed in the vicinity of St. George, Amak, and outer
Bristol Bay basins are Upper Jurassic siltstone and sandstone of the Naknek
Formation, which crop out in the Black Hills of the western end of the Alaska
Peninsula (Figs. 4, 5; Burk, 1965). The Cathedral River Unit 1 well spudded
into the Black Hills and drilled to a total depth of 4,359 m (14,30) ft.); the
well reportedly pevetrated Triassic strata (Mclean, 1979). Rocks recently
dredged from the outer shelf near the Pribilof Islands and from the
continental slope west of the islands include fossiliferous, gray-green
volcanic sandstone of Late Jurassic age (Fig. 4; Vallier and others, 1980;
Marlow and others, 1979z, b, 1980).

Lithified mudstone, siltstone, and sandstone of Late Cretaceous age were
dredged from acoustlc basement exposed in Pribilof Canyon slong the outer
Bering Sea margian (Fig. 4; Scholl and others, 1966; Hopkins and others,

1969). To the northwest near Siberlsa, argillaceous limestone and sandy
siltstone interbedded with volcanic sandstone were dredged from the
continentgl slope along the Beringlan margin. Both the limestone and the
siltstone contaln Campanian or Maestrichtian (Late Cretaceous) pollen and
spore ascemblages (Marlow and others, 1980).

Ultramafic basement rocks are subaerially exposed ou St. George Island in
the Pribilof Islaunds (Barth, 1956). These ultramafic bodies comnsist of
serpentized peridotltes that are intruded by a grandodiorite dike that has
been dated radiometrically and has a3 minimum age of 50 to 57 m.y. (Hopkins and
Silberman, 1978). We suspect that the peridotites are Mesozolc in age and
that they either intrude the Jurasslc basement rocks beneath the Pribilof
Islands or that they may be allochthooous blocks within the basement
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COMPOSITE COLUMNAR SECTION

BRISTOL BAY AND ALASKA PENINSULA REGIONS, ALASKA

A FORMATION DESCRIPTION
_,9_,\,.'\_. Quatexnary-Recent Unconsolidated sediments and volcanic:
%-3 Volcanics 300 m + rocks.
? Hilky River Fm (Tpm) Conglomeratic rocks, sandstons and mud-
& 920 m « stone; clastic frac. Volcanic derived,
fossiliferoua, marine and nonmarine.
o
Bear Lake Fm (Tmb) Sandstone and conglomerate with
1500 m + interbedded siltstone, mudscone,
@ and coal, locally fossiliferous,
§ marine and nonmarine.
¥ Unga Conglomerace Sandstone, conglomerate,. thin mued-
Member (Tmbu) stone, locally volecanically-derived:
: Local unconformity locally fossiliferous.
'W.
! Stepovak Pm (Tos Volranic sandstones and conglomerate
4S50 m + and thick beds of black siltgtone;
all rock types locally carbonaceous
wich ligrite seams in upper part of
gequence: locally highly fossiliferous:
u u volcanic flows near base and rare sills
g % throughout) predominantly marine.
>
=
g g E Meshik Fm (Tom) Volcanic econglomerate sandsrone,
El & volecanic breccia, andesitlic-basaltic
[‘_‘f extrubive volcanic rocks and local
siltstone or shale., Fresent at sur-
face and in subsurface from Chignik
Bay northeast to Ugashik Lakes areaj
probably interfingers with Stepovak
= fm, and upper part of Tolstoy Fm.
g Tolstot Fm (Tct) Siltstone with i{nterbedded volcanaic
5] 1500 m « sandstone and conglomérate:; flows,
[X] s1lls, volcanic breccia) nonmarine
;‘ to brackish water environment); rare
& marine fossils, common plant yemains
o and very abundant in lower part of
E sequernce.
Hoodoo Fm (Kh) Silestone, silty shale, claystone with
610 m » fine—grained sandstone. Black to dark
§ grey coler. Outer neritic to deep
g - marine environment.
<
5 g chignix Pm (Xc) Sandstone, siltstone, minoer mudstene
d| & 460 m + and conglomerate; shallew wmarine.
w v
%' Coal Valley Member Conglomerata, sandmtone, coal) non-
of Chignik Fm marine.
Herendeen Ls (Khl) Calcarenite with abundant Inoceramus
% x 150 m prisms.
|5}
b § Staninkovich Pm Feldspathic sandstone and arkose ,.
E =z (Jks) 610 m thin si{ltstone , locally abundant
3] Buchias shallow mar{ne environment.
ul g
2 Kaknek Fm (Jn) Clayatone and #iltatons, predominancly
g e | 1500 to 305C m in upper part of unit) lower part
=2 R consists largely of feldspathic
u|l EF — sandstone with some interbedded ¢lay-
a = gtone, siltstone, and conglomerate)
. z locally abundant Buchia acd belemnites)
g8 shallow marine to neritic environment.
> a chisik Conglomerate Pahble to bouldezr conglomerate congigt-
3|5 Member (Jnc) 120 m ing of largely granitic debris ar base
R of Maknek Fm; crops out north of wide
Bay.
= Siltstone and whale with lensas of
§ limestone; marine fossils abundant.
w
g i Shelikof Fm (Ja} Sandscone, siltstone, conglomerate,
- 2150 w marine envirconment.
Ly
é Siltscone, sandy siltstone, sand-
ﬂ gtone, aah beds and aburdant
o] calefeac concretions) marine fossils.
1]
E Xialagvik Pm {(Jk) sandstone sandy shale and conglomerate,
= 530 m becomas more sandy near top of wunic:
marine faszils.
Rare, small outcxops Limestone, chert, volcanic-rich rocks)
of Early Jurassic, crop out at Puale Bay' northward,
Triassic, and Permian
: sedimentaxy rocks

Composite columnar section of strata in the area of proposed
lease sale #75 and the Blaska Peninsula. Derived from Burk (1965)
and Brockway and others (1875).

Pigure 5.



complex. In this paper we will assume that the seismically-resolved acoustic
basement beneath the southern outer Bering Sea margin that flanks the western
end of the basin coosists mainly of Indurated sedimentary rocks of Mesozoic age.

In the vicinity of Port Moller aloong the western end of the Alaska
Peninsula, the Upper Jurassic to Lower Cretaceous Naknek amd Staniukovich
Formations are unconformablv overlain by Upper Cretaceous rocks of the Chignix
and Hoodooc Formations (Fig. 12, Burk, 1965). Middle Cretaceous strata aTe
missing, probadly as a result of deformation and uplift along the Alaska
Peninsula in Middle to Late Cretaceous time (Burk, 1965).

Cenozoic Rocks

Cenozoic rocks exposed on rthe Alaska Peningula include assemblages
representing all the Tertiary epochs (Figs. 4, 5, 6; Burk, 1965). The only
parts of the Tertiary that may be missing include the Oligocene—Miocene
transition and the early Paleocenme. According to Burk, these were periods of
uplift, deformation, and erosion on the Alaska Peninsula, although the major
uplift and formation of the peninsula took place during Plioceune time.

Paleogene rocks on the Alaska Peninsula are composed almost entirely of
volcaniclastic debris, containing principally andesitic and basaltic volcanic
components (Burk, 1965; MclLean, 1979). These rocks, up to 9100m (30,000 ft.)
thick, are both marine and non—marine; their volcaolc content, which includes
both detrital material as well as interbedded flows, indicates that volcanism
was ubiquitous throughout the peninsula in the early Tertiary. Paleocene and
Eocene rocks overlie Upper Cretaceous strata with only slight discordance and,
locally, lower Tertiary units rest on rocks as old as the Late Jurassic (Burk,
1965). Major Paleogene formations exposed onm the Alaska Penlinsula include the
Tolstol (Paleocene or Eocene), the Stepovak (Eocene(?) and Oligocene), cthe
Meshik (Oligocene), and the Belkofski (Oligocene) Formations (Burk, 1965;
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Mcleao, 1979).

Neogene rocks exposed on the Alaska Peninsula include marine and
nonmarine volcaniclastic rocks, volcanic flows, and brecclas. The thickest
Neogene formation on the peninsula, the Bear Lake Formation, comsists of 1500
w (5000 ft) of porous sandstones and conglomerates that are interbedded with
siltstone, mudstone, and coal of middle and late Miocene age (Burk, 1965;
Brockway and others, 1975; Mclean, 1979). Unconformably overlying the Bear
Lake Formation are up to 500 m (1500 ft) of shallow marine to nonmarine
sandstone, pebbly mudstone, and carbonaceous wmudstome of the Talchilni
Formation, which 1s late Mliocene to Pliocene in age (Burk, 1965); the
Talehilni Formatlion has been mapped only in the southwestern area of the
Alaska Peninsula in the viciuity of Cold Bay (Burk, 1965; McLean, 1979).
Brockway and others, (1975), in a composite stratigraphic section of the
peninsula and Bristol Bay, indicate that the Bear Lake Formation is overlain
unconformably by the Milky River Formation, which consists of more than 1000 m
(30004') of conglomerate, sandstone, and mudstone that were deposited in a
shallow marine environment (Fi{g., 5). Much of the Alaska Peninsula is capped
by a relatively flat-lying section of nonmarine clastic rocks that are poorly
consolidated and interbedded with volcanic flows and breccias of Pleistocene
and Holocene age (McLean, 1979).

Cenozole rocks exposed on the Alaska Penlnsula are probably equivalent to
strata that are buried bemeath the adjacent Berlng Sea shelf withinm Bristol Bay
basin (Burk, 1965; Hatten, 1971) and St. George basin (Marlow aund others, 1976a,

1977).
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STRUCTURAL FRAMEWORK AND EVOLUTION OF THE NORTHEN ALEUTIAN SHELF
Seismic~Reflection Data

Profile AB

A 24-channel seismic-reflection profile shown in Figures 7 and 8
illustrates the spatial relatiomship of several large subshelf features near
the Alaska Peninsula, namely the positions of Amak basin, the Black Hills
ridge, and Bristol Bay basin (for location, see Fig. 3). Near the center of
the profile, at a subbottom depth of about 1.0 sec, moderately-dipping strata
are resolved within the core of a basement ridge, informally named the Black
Hills ridge after similar—deformed rocks exposed nearby in the Black Hills of
the Alaska Peninsula. Offshore, the equivalent strata within the Black Bills
ridge are cut by a major unconformity shown by heavy line im Figure 7. The
cutting of this unconformity m2y be Cretaceous in age because wmiddle
Cretaceous rocks are missing on the nearby Alaska Peninsula due to uplift and
erosion (Burk, 1965). The unconformity can be traced along the section to the
east into Bristol Bay basin, where the surface of the unconformity appears to
grade I1nto a depositional contact with parallel reflectors above and below 1t
(Figs. 7 and 8). 1If this reflector is indeed Cretaceous in age, then the
layered strata beneath this horizon could be of the same age or older. Hence,
the initial formation and filling of the basin could have begun by late
Mesozoic time. The same argument can be made for the dipping strata near the
bottom of Amak basin along the western end of the same profile (Fig. 7). We
originally speculated that, because of the enormous thickness of sedimentary
f111 (> 10 km) in a number of basins beneath the Bering Sea shelf, the
inltial formation of these basins may have occurred by the end of the Mesozoic
(Marlow and others, 1876a, 1977).

As revealed by the northeastern half of profile AB, Bristol Bay basin in
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Figure 7. Interpretative drawing of 24 channel seismic-reflection profile
across the southern Bering Sea shelf. For location of preofile see
Figure 3. Two-way travel time in seconds. Kilometer scale is
derived from velocity function explained in Figure 10. Detailed
segment A'B' is shown in Figure 8.
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Figure 8. Twenty-four channel seismic-reflection record used in constructing
part of the interpretative drawing shown in Figure 7.
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Figure 10.

See reverse for figure

Structure-contour map of acoustic basement. Derived in part from
Scholl and others (1968), Scholl and Hopkins (1969), and Marlow
aod others (1876a, 1977). To convert two—way traveltime on the
seigsmlic-reflection records to depths in kilometers, generalized
velocity function was used:

D = 1,266t = 1.033t2 = 0.117¢3
where:

D = Depth or thickness Iin kilometers

t = One~way traveltime.
This functicn was derived by fitting a polynomial curve to
velocity data from 150 sonobuoy stations in the Bering Sea. The
veloclty functlon used here supersedes the curve published by
Marlow and others, (1976a).
Albers equal-area projection.
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of the inpber Bering Sea shelf (Fig. 10, Scholl and Hopkins, 1969; Marlow and
others 1976a). Nunivak arch apparently extends as far easr as 160°W, just
north of Bristol Bay basin , although our seismic-reflection profiles are
wldely spaced east of 164°W (Fi{g. 3).

Bristol Bay baslp underlies most of the northern side of the Alaska
Peninsula, extends offshore beneath the adjacent Bering Sea lowlands, and
encompasses a total area of more than 246,000 sq. km (Hatcten, 1971). The
offshore portion of the basin west of Port Moller, as defimed by the 1.5 km
structural countour, totals 18,900 gq. km (Fig. 10), A northeast-southwest
seismic-reflection profile reveals that the thickest section filling the basin
{5 1n excess of 7 km in the vicinity of Port Moller, where a large embayment
in the peninsula may reflect substantial basin subsidence and sediment
infilling (Figs. 7, 8, and 10). Unlike St. George basin which is a graben,
Bristol Bay basin is structurally & crustal sag or depression beneath the
shelf. The upper sedimentary section in Bristol Bay basin is gently dipping
to flat-lying, and the lower basin fill is only mildly folded and draped over
basement blocks (Figs. 7 and 8).

Located just north of Unlmak Island, Amak basin, like Bristol Bay basin,
is a gentle crustal sag or depression bemeath the flat southern shelf (Figs.
7, 9 and 10). The western part of the basin 1s an elongate, parrow, sediment-—
filled trough that is defined by the 3 km structural contour and that trends
west parallel to the Black Hills ridge; however, the wmain depocenter of the
basin 1s circular in shape and filled with slightly more than four kilometers
of section. This sedimentary sequence 1s elther flat-lying or dips very
gently and is undeformed except where the strata are offset by foldipg or high
angle faulting on the northeast side of the basin along flanks of the Black
Hills ridge (Figs. 7 and 9). The eantire basin sequence laps on to the Black
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Hills ridge except for the upper few hundred meters of section, which are
flac-lying and probably repregsent a period of rapid sediwment flooding across
the entire southern shelf during Pleistocene time.

Geologic History

Bristol Bay basin, as a distincC structural trough, probably began to
form in late Mesozolc time and has continued to subside durivg most of
Cenozolc time. On the basis of scant publicly available seismic-reflection
data this basip 1s an elomngate structural sag that is asymmetrical in
cross section. The northern flank of Mesozolic basement rock dips gently to
the south but the southern flack is steeply inclined and crops out in the
northern foothills of the Alaska Peninsula.

The basin probably began to form in conjunction with the formation of the
Aleutian Island arc and the "trapping™ of 2 piece of Pacific oceanic crust in
the adjacent abyssal Beriung Sea at the end of the Mesozoic era or in earliest
Tertiary time (Scholl and others, 1975; Marlow and others, 1976a, b). The
rocks bemeath the sediment f111 in Bristol Bay basin have subsided during wmuch
of Cenozolc time and the basin now contains more than 6-8 km of sedimentary
rock. The basin £1ll onshore includes volcanic rocks of Oligocene age.

Summary

The rate of subsidence of Bristol Bay basin has approximately equaled the
rate of deposition since late Mesozolc time. The maximum thickness of
sediwmentary rock in the deepest part of the basin is not well known but
probably exceeds 6 km and may be as thick as 8 km. The basin fill does not
appear to be deformed except locally near the southern basin edge along the
northern shore of the Alaska Peninsula.

Most of the upper Mesozolc and Cenozoic sedimentary rock units exposed
onshore along the Alaska Peninsula probably exist offshore beneath the south—
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eastern Bering Sea shelf. The position of the basin behind the Aleutian arc may
have isolated it from the numerous episodes of volcanism and plutonism that
substantially reduced the petroleum potential of the sedimentary sequences along
tne Alaska Peninsula (Mclean, 1979).

The northeastern half of Bristol Bay basin containe as much as 3200 m of
relatively flat-lying Cenozoic sedimentary rocks that include marine and
nonmarine sandstone, siltstone, shale units and local coal seams. From Port
Heiden northward, the Neogene sedimentary sequence generally overlies Jurassic
granitic rocks although locally it covers volcanlc tocks of Oligocene age.
Southwest of Port Helden, the underlying Oligocewe volcanlc rocks appear to
grade into marine sedimentary facles of Oligocene and Eocene age. In wells
drilled south and west of Port Moller, Cenozolc sedimentary rocks
unconformably overlie marine sandstone, siltstone, and shale beds of Late
Jurassic and late Cretaceous age, a relationship that may enchaunce the
petroleum potential of the offshore area between Port Moller and Amak
Island. Of the nine wells drilled to date in the coastal lowlands of Bristol
Bay along the Alaska Peninsula, the five wells located south and west of (and
including) the Gulf Sandy River well contain the best shows of oil and gas
(Hatten, 1971; Brockway and others, 1975). A thick marine section within the
Miocene Bear lake Formation may occur in the Port Moller arez and adjacent
offshore reglon. This implies thar better source rocks may occur in the
eouthwest portion of Bristol Bay basin.

PETROLEUM GEOLOGY
Alaska Peninsula and Bristol Bay Basin

Drilling History

Since 1959, nine wells have been drilled along the northern coastal
lowland area of the Alaska Peninsula. No wells have beeu drilled offshore in
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the basin. For descriptive purposes, the wells are divided here into a northern
group of four wells that bottomed in volcanic or granitic rocks and a southern
group of five wells that bottomed in either Tertilary or Mesozolc sedimentary
rocks. The northern group includes the Geueral Perroleum Great Basing No. 1 and
2, Great Basins Ugashik No. !, and the Gulf-aAlaskco Port Heider No. 1 (Fig. 2).
The southern Group includes the Gulf Sandy River Federal No. 1, Pan American
Hoodoo Lake No. ) and 2, Pan American David River No. 1l-A, and the Amoco Cathedral
River No. 1 (Brockway and others, 1875).

In the northern group of wells, the thickness of the flat-lying Tertiary
sequence varies from about 1200 m to 3350 m and consists of interbedded
nonmarine to shallow marine sandstone, siltstone, claystone and coal (Hatten,
1971). Granitic basement penetrated by the General Petroleum Great Basins No.

1 and 2 wells has been dated radiometrically as approximately 177 m.y. old
(late Barly Jurassic). Radiometric ages from the volecanic sequence underlying
the flat-lying Tertiary sedimentary rocks in the Gulf Port Helden and Great
Basins Ugashik wells range from 33+ 1.5 to 42 + 4 m.y. (Oligocene to late
Eocene) according to Berggren (1969) and Brockway and others (1975). No
significant shows of o1l or gas have been reported from the northern group of
wells. To the south the Gulf Sandy River well encountered pas associated with
coal in the middle part of the Miccene Bear Lake Formation between 1790 and
1940 m. 0il and gas shows were also euncountered in the basal sandstone beds
of the Bear Lake Formation amd in the Stepovak Formation (Brockway and others,
1975). Shows of o0il and gas were reported from sandstone beds in the Stepovak
and Tolstol Formation in the Pan American Hoodoo Lake Nec. 2 well. However, no
shows occurred in the Pan American Hoodoo Lake No. | well, which penetrated
2258 w of the Bear lake Formation and 198 m of the Stepovak Formation. In the
Pan American David River 1-A well, gas shows occurred in sandstone units of
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the Bear Lake and Stepovak Formations. Additional shows of oil and gas were
reported in the Tolstol Formation. Drilling in the same well revealed one gas
show in the Chignik Formation at a depth of approximately 4175 m.

The Amoco Cathedral River Unitc I well was spudded into Jurassic rocks of
the Naknek Formation in the Black Hills near the western tip of the Alaska
Peninsula and reached a total depth of 4,356 m (McLean, 1979). Cuttings from
the well, which reportedy bottomed in Triassic strata, were analyzed by McLean
for organilc carbon content. The samples have a total organic coutent of less
than 1% and were contaminated below 2,621 m. Petrographic examinations of
sandstone chips from the well show no vigible porosity in any part of the
section (Mclean, 1979).

The thickness of the flat-lying Cenozolc sedimentary sequence and the
lithology of the underlying basement rocks are the principal factors affecting
the potential of offshore oll and gas accumulations in the adjacent Bristol
Bay basin. Thickness is important in that source rocks must attain a burial
depth where temperatures are high enough to generate substantial quantities of
oil and gas. There apparently has not been sufficient burial of most of the
Bear Lake Formation to generate petroleum liquids; only one oll show has been
reported inm all of the wells that have penetrated this formation. That oll
show appeared at a depth of about 3050 m in the Gulf Sandy River well.
However, 1n this well the o1l encountered within the basal portion of the Bear
Lake Formation may have been derived from source rocks within the underlying
Stepovak Forwmation.

In offshore areas where the flat-lying Cenozolc sequence overlies older,
folded and truncated sedimentary rocks, such as the Mesczolc strata of the
Black Hills, o1l may have migrated upward into the more porous sandstone beds
of the overlying Bear Lake Formation. The possibility of oil and gas
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migration fromw older sediwentary formations renders the offshore area between
Port Moller and Amak Island more prospective than the area north of Port
Heiden, where the basement consists of volcanic and granitic rocks.

The arcuate gravity and megnetic discontinuity described by Pratt and others
(1972), which extends from the Pribilof Islands toward Port Moller, may define
two different basement tock types beneath the flat—lying Cenozolc seguence. The
high awplitude magpnetic anomalies on the northeast side of the discontinuity may
represent volcanic or granitic-metamorphic basement rock, and the low amplltude
anomalies on the southwest slde may reflect a thick sequence cf lower Tertiary
or upper Mesozolc sedimentary rocks.

The flat-lying sequence of Cenozoic sedimentary rocks 1s locally folded
and uplifced along the foothill belt of the Alaska Peninsula. Farther
offshore, the strata may be depositionally draped over fault blocks within the
acoustic basement (Hatten, 1971). The rocks considered to have the greatest
petroleum potential in the offshore area are flat-lyimg to gently folded Cenozoic
sandstone, siltstone, and shale beds. These rock units probably range in age

from Eocene to Holocene.
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Source Beds

Drill cuttings from elght of the nine wells drilled aloug the Alaska
Peninsula were analyzed by Mclean (1977) for thelr organic geochemistry,
lithology, and petroleum potential. Analyses of several of the wells indicate
that Paleogene strata are tich in organic matter but are immature. However,
coeval sedimentary sections offshore in the basin may be more deeply buried than
those units on the peninsula and hence may be more mature. In general, fine-
grained Neogene sedimevtary rocks have a significantly lower carbon content than
Paleogene strata, which suggests that the younger strata may have been deposited
in brackish to nonmarine environmeuts (McLean, 1979).

The best source rocks Iin the Tertiary sequence appear to be the black
marine siltstone and shale beds in the Oligocene Stepovak Formation. On the
Alaska Peniunsula, the Stepovak Formation is locally at least 4500 m thick
(Burk, 1965). Scattered shows of oil and gas in Stepovak rocks have been
reported from three Alaska Peninsula wells, Gulf Sandy River, Pan American
Hoodoo Lake No. 2, and Pan American David River l-A (Fig. 6; Brockway and
others, 1875). Potential source rocks may also occur in the Miocene Bear Lake
Formation because, locally, the basal portion containing marine siltstone and
shale may have been buried deeply enough to generate hydrocarbons. Marine
shale of Late Jurassic and Late Cretaceous age might also be considered as
potentlal source rocks where they are in angular discordance with overlying
Cenozoic sandstone reservoir beds.

Reservoir Beds and Seals

The rocks that have the greatest reservoir potential for oil and gas in
the offshore portion of the basin are probably the sandstone units of the
Bear Lake Formation that are middle to late Miocene in age. Bear Lake
sandstone beds are both marine and nonmarine and contain a combination of
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volcanic gralns, dioritic grains, chert, and sedimentary lithic fragments.
Most of the sandstones could be classified as lithic subgraywackes and others
as lithic arenites (Burk, 1965). In the Gulf Sandv River No. 1 well, Bear
Lake sandstone above 6,300 feet has porosity values as high as 36.5% and
permeability as high as 1,268 mds. Below 6,300 feet, high values for porositcy
and permeability are 297 and 43 wmds, respectively (Mclean, 1977). Shows of oil
and gas have been reported from the basal Bear lLake Formation sandstones 1in
the Gulf Sandy River and Pan American David River wells.

Sandstoves in the older Tertiary formations, Tolstoi{ and Stepovak, have
an abundance of volcanic detritus as well as matrix clay. These rocks are
dense and highly indurated and thus are not coneldered good reservoir beds.

Traps and Timing

The ma jority of potential oll and gas traps 1in offshore Bristol Bay are
probably anticlinal structures. Anticlines in the Cenozolc sequence are
primarily formed by draping and differential compaction of strata over
erosional and block-fault highs that developed within the acoustic basement
complex. The resultant structures are large {in area but have a limited awmount
of closure. Structural traps in the offshore area may have formed during the
early £i]lling of Bristol Bay basin. Most structures decrease in amplitude
upward through the Cenozoic section, and the Pliocene and Pleistocene strata are
flat-lying and undeformed.

Stratigraphic traps formed by buttress onlap during transgression around
topographic highs, by local truncation of sandstone beds, and by lenticular
sandstone bodies probably occur in the Cenozolc sequence, but their slze and
number are unknown.

Summary

The petroleum potential of che southwest porrion of the offshore Bristol

Bay basin between Port Moller and Amak Island is probably greater than that of
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the area to the northeast. The total thickness of Cenozoic sedimeuntary rocks
is greater in the southwest portion and there may be petroleum prospects in
the underlying Mesozoic scrata. The petroleum potential may alsoc be higher
for the southwest portion of the basin because shows of oll and gas occurred
in three or possibly four of the wells drilled cn the adjacent Alaska Peninsula.
This i85 in contrast to the four northern wells where no hydrocarbon shows were
reported.
POTENTTAL GEOLOGIC BAZARDS

The potential geologic hazards in the Bristol Bay region have not been
fully evaluated. A general environmental analysis of the region is available in
Buck and others, 1974. In the adjacent St. George basin region, potential
geologic hazards have been outlined by Gardner and others (1979) who discussed
faulting, potentially unstable sediments, and sedimentology of surface sediments.

For this preliminary analysis, therefore, we have relied on the data and
analyses of others, specifically Lisitsyn (1966), Askren (1972), Nelson and
others (1974), Sharma and others (1972), and Sharma (1974, 1975).

The ma jor potential geologlc hazards in the Bristol Bay region include
earthquakes, tsunamls, faulting, seafloor instability caused by rapid sediment
novement (erosion, transport, and deposition), volecanlc activity, and sea ice
represents an additicnal natural hazard. Tide-and storminduced waves 2lso can
affect man-made styuctures.

Earthquakes and Faults

Earthquakes with magnitudes greater than 8 on the Richter scale have been
recorded along the Alaska Peninsula (Sykes, 1972) and some with magnitudes between
7 and 8 on the Richter scale have been recorded in the southeastern Bering Sea
(Dept. of Commerce, 1970). There 1s very little known, however, about associated
ground motion and tsunamis caused by the earthquakes. The ground motion probably
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decreases to the north across the shelf because of distance from the major epi-
center belt. Most epicenters in the southern Bering Sea lie just morth of the

Alaska Peninsula-Aleutian Island chain. Shallow earthquake hypocenters (<70 km
depth) occur as far north as St. George Island.

Faults are extensive in the St. George basin region just west of Bristol
Bay where they are classified ac major, surface, and minor (Vallier and
Garduer, 1977; Gardner and others, 197%). The faults are concentrated along
and in the St. George Basin and some offset the seafloor implying that they
are active. No data are available on the distribution, size, or types of
faults in the Bristol Bay region.

Sediment Movement

The distribution of surface sediments across the continental shelf of the
southern Bering Sea is described by Lisitsyn (1966), Ashnen (1972), Sharma and
others (1972), and Sharma (1974, 1975). Based on their data sediment size in
the vicinity of the southeastern Bering Shelf grades from coarse sand along the
inner shelf to fine silt near the outer shelf, although grain size {s somewhat
coarser near the shelf break. Data concerning the other physical properties are
not avallable, and consequently the potential for slumping and slope instabllity
is not known.

Lisitsyn (1966, p. 96-98) does not believe that waves have much effect on
sediment movement in the deeper parts of the southern Bering Sea. We do know,
however, that waves (Tsunami~, tide-, and wind—-induced) can greatly affect
sediment wmovement in near—shore areas and probably are major agents for
sediment movement along the north shore of the Alaska Peninsula. Tides can
have a strong effect in shallow water, particularly in funnel-shaped estuaries
such as Kuskokwim Estuary morth of Bristol Bay, where the tidal range is as
great as 8 meters and current velocities can exceed 200 cm/sec (lLisitsyn,
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1966). Wind-induced waves can move sediment in depths of up to 100 meters in
the Bering Sea. Storms are frequent, and the probability of storm waves
several meters in height exceeds 20% during the year (Lisitsyn, 1966, p.
98). The strongest and most prolonged storms occur during the fall and earlv
winter season. Wave-geverated forces cap redistribute large volumes of
sediments in a relatively short time and thereby are potential hazards to man—
made structures on the sea floor and in near—shore areas on land.
Volcanic Activity

The southeastern Bering Sea Shelf is bounded on the south by the Alaska
Peninsula and the eastern Aleutiapn Islands where several volcanoes are active.
Coats (1950) lists 25 active volcanoes in the Aleutian Islands and 11 on the
Alaska Peninsula and mainland. Hazards from volcanic activity are assoclated
with the eruprion of lava and ash and the attendant earthquakes. The distribution
of ash 15 dependent on the magma composition, eruption character, wind speed and
direction at the time of eruption, height of eruption, volume of material, and
specific propercies of the pyroclastic debris. Eruptions from the large andesitic
cones on the Alaska Peninsula and Aleutian Islands are mostly the explosive type
and can spread pyroclastic material such as ash—flow tuffs or related pyroclastic
avalanche deposlits over large areas (Miller and Smith, 1977).

The largest known quantity of volcanic material erupted in historic times
in the Alaska area, some 21 km3 of ash, was erupted by Katmai volcano in 1912,
when ash was carried over distances of 2000 km or more. At a distance of 180
km from the volcano, ash was deposited with a deunsitv of about 45 g/cm
(Lisitsyn, 1966). According to historical data, individual ash deposits iun
the Bering Sea region extend 200 to 2000 kmn from the source, averaging about
500 km, and thus could cover all of Bristol Bay basin {f wind direction,
eruption height, wind speed, volume and other factors were cowplementary.
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Hazards are associated not only with the volume of ash that might be deposited
but also with ground motion that often accompanies major eruptions. These
forces, including base surges frow caldera eruprions, may affect man-made
structures and also shake loose pre—existing, unstable, and undercoupacted
sediment bodies.
lce

Parts of the southeru Bering Sea continental margin have ice cover during
10 to 50Z of the year (Fig. 11, McRoy and Goering, 1974). 1Ice development is at
its waximum in March and April when average ice thicknesses renge from 1 to 1!.5
n (Lisitsyn, 1966, p. 99). Both stationary and migracion ice are present.
Stationary ice forms aloug the shorelines and raunges in width from a few meters
to as amuch as 80 km frow the shore. Some ice gouging occurs near the shorelines
where the ice 1s thickest; man-made structures and plpelines may be affected by

ice-ramming and bottom scouring.
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Flgure 12a. Log normal probability distribution curves of total
undiscovered recoverable oll and gas reserves in the
area proposed for OCS Lease Sale #75.
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Figure 12 b. Log normal probability distribution curves of total
undiscovered recoverable oll and gas reserves Iin the
area proposed for OCS Lease Sale #75.
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TABLE 1

95% 5% Statistical Marginal
Probabilitv Probability Mean Probabiliry
0il (billions cf barrels)
Conditional <1 2.3 7 o3
Unconditional 0 1.0 2 -
Assoc. /dissolved gas (TCF)
Conditional .1 2.5 .7 .3
Unconditional 1.3 .2 -
Non-assoc. gas (TCF)
Conditional <.1 5.8 1.5 o b
Unconditional 0 2.9 «6 -
Aggregated gas (TCF)
Conditional .26 7.2 2,24 58
Unconditional 0 3.2 .82 -

41



TECHNOLOGY

Estimated development time table: Estiwating development of hydrocarbon

prospects Iin the northern Aleutian continental shelf is difficult. The weather
here is comparable to that of the North Sea between England and Norway where
successful petroleum production 1s now underway at about the same latitude. The
adverse weather and sea conditioms as well as the great distences frow supply
bases in the southerp Bering Sea will probably cause delays in operations and
increased cosLs.

Exploratory drilling would probably commence within two years after the
lease sale. Assuming exploratory esuccess, production platform installation
would begin during the fifth or sixth year after the leases are issued and
development drilling would be completed by the fifteenth year. Subsea
coupletions may be included in this development phase. Peak 01l production,
as limited by marketing facllities, would occur about the eighth year after
the lease sale. Individual fields would have a 26-year life and all platforms
will be removed by the fortieth year after production beings.

Based on present arctic regional experlence, it is estimated that glant-
class fields of 2 minimum of 100 million barrels can be developed
economically; however, the rapldly escalating price of oil and the feasibilicy
of economical ship transport of oil and gas to the U. S. West Coast may
justify development of smaller filelds.

If 5 million barrels are recovered per well, then 40 wells per production
platform ylelds the following figures for the daily production of oil and gas

glven the conditional or unrisked minimum, maximum, and most likely cases:
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95% 5% Statistical

Probability  Probability Mean
Recoverable 0il BBbl. 0.1 2.3 0.7
0il Fields (avg. 0.] BBbl.) 1 23 7
Wells (including service) 30 290 210
Peak production MBD 41 945 288
Gas-oll ratio 1100 1000 1050
Peak gas production MMCFD 45 945 314

The number of service wells is based on North Sea experience, where there
are about half as many service wells as there are production wells. The
production figures assumes 15 percent production of recoverable reserves
during the peak production year.

In the Bristol Bay basin a gas fileld not associated with oil production
must contain about 2.5 trillion cubilc feet of gas to be economically viable over
a 20 year constant production life. The conditional or unrisked parameters for

these minimum—sized gas fields are:

95% 5% Statistical
Probability Probability Mean
Gas, TCF 0.1 5.8 1.5
Gas Fields O 2 1
Gas MMCFD 0 795 205
Gas Wells 0 36 10

The number of gas wells rtequired and daily production figures are based on
average North Sea productlon experience. The 95 percent probability case and
the mean case are too low to justify development except in conjunction with
closely assoclated oll fields.

Gas not assoclated with oil that is found near oil-associated gas (gas
cap and dissolved gas), could be economically shipped using the same pipelines
used for oil transportation. During the early years of oil production,
assoclated and nearby nonassociated gas are often injected into the oil
reservolr to increase 01l recovery. Depending on market conditions and
epngineering considerations, the dewand on plpelines could be temporally spaced
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to allow the use of a smaller, more economical system to transport both
associated and nonassoclated gas.

Estimated facilities: Exploration bases would probably be at Cold Bay,

King Selmon, or Dillingham. All three have airports capable of handling
medium-sized jet alrcraft. Thesge towns would require development of support
facilities as they are small, and had populations in 1978 of 256, 202, and
914, respectively. Cold Bay and King Salmon are each U.S. Alr Force bascs.
Port Heiden and Port Mollerxr, sparsely pcpulated areas on the Alaska Peninsula
between Cold Bay and Ring Salmon, each have air strips large enough tc handle
smaller aircrafr. These two areas would require extensive development to
operate as exploration bases, but they are a centrally located for offshore
exploration.

Cold Bay {s large apnd can be entered by deep-draft vessels. In the bay
there is a decaying dock and the adjacent water is 30 feet deep. King Szalmon,
15 miles upstream from the mouth of the Naknek River, caonot be approached by
ships. Vessels approaching Dillingham usually anchor offshore and transfer
cargo to and from shore by smaller boats and barges. Vessels drawing 12 feet
or less can wmoor at the cannery and fuel wharves only at high cide. Port
Heiden and Port Moller do not have any docking facilities and cannot be
closely approached by ships. KXodiak has three deep—draft municlpal wharves
and many private ones underlain by as much as 40 feet of water. Dutch Harbor
has several deep water wharves and more are being bullt to support a rapidly
expanding fishing I{ndustry.

Technology for successful drilling and production in northern offshore
environments has been developed in Cook Inlet and in the North Sea. Secondary
drilling platforms would probably be used in shallow water for exploratory
drilling. Drill ships and seml-submersible vessels would be used for
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Sea access to the proposed sale area 1s from the south via Unimak Pass
around the western end of Unimak Island. Unimak Pass 1s 1,644 nautical miles

from Seattle and about 4000 miles from Japan.
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