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SUMMARY

The St. George Basin lease area #70 has been divided into two parts: a
ghallow-water shelf area that is described by Marlow and others (197%9a) and a
deep~water slope and rise area that is described in this report. This deep-
water area 1s herein named the Umnak Plateau region after a large bathymetrlc
feature that lies within the area.

The triangular Umnak Plateau region lies at the junction of the Bering
ghelf and the Aleutian Ridge. Water depths throughout 98% of the reglonp are
greater than 200 meters and reach a maximum depth of 3200 meters at the base
of the continental rise. Numerous gubmarine canvons are present, which cut
deeply into the thick sedimentary section that blankets mogt of the region.
Two of the canyons, Bering and Umnak Canyons, define the landward boundaries
for Umnak Plateau. The plateau 13 a flat-top feature, that lies in 2000
meters of water and ig underlain by 3 to 5 xm of flat-lying sediment.

The structural framework and geologic history of the Umnak Plateau region
are dominated by the two major rock belts that border the region, a
eugeocaynclinal assemblage of Mesozoic age rocks underlying the Bering shelf
and an island~arc suite of Cenozoic rocks that form the Aleutian Ridge. The
deep ignecus crustal rocks that underlie the Umnak Platean region may be
typical of either the rocka that form thegse two bordering belts or the oceanic
crugtal xrocks that floor the adjacent abyssal Aleutlan Basin.

During Mesozoic time, the Umnak Plataau reglon was an oceanic area,
similar to that found presently in the North Pacific, that bordered an active
continental margin. The major constructional phase of the Aleutian Ridge
occurred in early Tertlary time and isolated a segment of oceanic crust within
the Umnak Plateau region. Since early Tertiray time, four events should be

noted:




- Early to middle Tertiary uplift of the oceanic crust beneath the outer
part of Umnak Plateau.
- Continuous subsidence of the continental slope within a narrow zone
- along the landward side of Umnak Plateau.
- Contimuous deposition of a 2 to 9 km thick sedimentary section in the
deep-water areas and in the summit basins of the Aleutian Ridge.
- Middle to late Cenozoic excavation of the large submarine canyons.
Reglonal geologic and geophysical mapping indicates that the fourx
requisites for hydrocarbon accumulations may be present in the Umnak Plateau
region; source beds, reservolr beds, traps, and an adequate thermal and
sadimentation history. However, the presence of hydrocarbons other than
methane gas has not been proven by either of the two 900 metexr deep holes
drilled by Deep Sea Drilling Project (DSDP) on Umnak Plateau. Diatomaceous

ocozes and mudstones of late Cenozoic age characteristics were found throughout

the entire section in these holes.

The hydrocarbon resource assessment for the Umnak Plateau reglon is that
negligible amounts of undiscovered-recoverable oil and gas are present. This
agsegsment 1s based primarily on current cost relations and technological

capabilities for production in deep-water areaa. The absence of coarse-

grained gediment, typical of reservoirs, at the two ghallow penetration drill
holes is an additional factor considered in the assessment. Large depcosits o
oll‘and gas may be present 1n the deep-water and RAleutian Ridge summit areas
of the Umnak Plateau region; however, these deposits, if present, cannot be
recovered at pregsent. Figure 1 shows those areas that have the greatast

potential for economic development in the future as production technology

advances into the deep water areas.
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Figure 1. Propective hydrocarbon areas of the Umnak Plateau region. The
map shows areas that have the best prospects for hydrocarbon generation
(sediment thickness greater than 2000 m or 6560 ft) and are within the
present technological limits of deep water exploratory drilling (water
depths less than 1500 m or 4920 ft). Zone A shows areas where offshore
production is currently possible (water depths less than 400 m or 1300
ft). Zone B covers those areas where exploratory drilling is also
presently possible.



Based on preaent information, the Umnak Plateau region must be considere«
a potentially important future hydrocarbon province. Further geologlic and
geophysaical investigations are required to specify the location, amount, and

tgpes of hydrocarxbons, if any, that may be present.




INTROOUCTION
Location
This report summarizes geological and geophysical data from the deep-
w;ter (greater than 200m) region of the St. Gearge Basin lease sale area
#70. The shallow-water region is discussed in detail by Marlow and others
(1979a) in a companion report. The triangular deep-water region lies at the
junction of the Bering shelf and the Aleutian Ridge (Figq. 2). This region is
bounded on the northeast by the 200 m bathymetric comntour that defines the
edge of the Bering shelf, on the southeast by a meandering line that lies 3
miles north of the Aleutian Islands, and on the west by the 171°W longitude
meridian. Hereafter, this triangular region is referred to as the Umnak
Plateau reglon. The name 1s derived from a major bathymetric feature, Umnak
Plateau, that covers wost of the region.
Publically avallable data
Numerousg types of geoclogical and geophysical data have been collected in
the St. George Basin 1e;se gale area. The following information, in addition
to thogse data listed by Marlow and others (197%a) for the Bering shelf area,
is available for the Umnak Plateau region:
Subsurface geology (Creagexr and Scholl and others, 1973; Marlow and others
1979b)
Geologic map (Beikman, 1978)
Gravity map (Watts, 1975)
Sonocbuoy reflaction/refraction data (Childs and Cooper, 1979)
Seismic reflection records (single-channel): (Scholl and Hopkins, 1967;
Scholl and others, 1969, 1976; Marlow and others, 1376; Gardner and
Vallier, 1977a, 1977b, 1978)

With exception of the summit areas of the Aleutian Ridge, the Umnak
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Plateau region i1s covered by more than 200 meters of water. In nearly 80% of
the region, the water depths exceed 1500 meters, the maximum water depth for
commercigl hydrocarbon drilling exploration (0&GJ, 1979). Most of the region
must be considered a future hydrocarbon province because of these extreme
water depths, even if the existence of significant hydrocarbons is

confirmed. Detailed environmental investigations have not been funded in
thege extreme water depths, consequently this report presents oaly the
regional tectonic framework of the Umnak Plateau region. The anticipated
environmental hazards in the region are briefly discussed, and the reader is
referred to Marlow anod others (1979a) for a compilation of the environmental

gtudies that have been conducted along the outer edge of the Bering shelf.

Regicnal Tectonic Setting

The Bering shelf lies along the northeastern edge of the Umnak Plateaun
region and i8 a broad continental platform that is underlain by deforﬁed
Mesgozolc and Cenozoic rocks similar to those found on the Aﬁjacent Alaska
Peningsula (Marlow and others, 1379a). The outer edge of the southern shelf is
incised by deep rift-basins, such as St. George Basin, that have been filled
with upper Mesozoic and Cenoczoic sediment. A basement ridge of presumed
shallow-water Jurassic rocks, Pribilof Ridge, forms the structural
underpinnings of the outer shelf edge. This offshore ridge connects with the
Black Hills ridge on the Alaska Peninsgula (Marlow and others, 197%9a, Pig.
4). The Black Hille-Pribilof ridge is one of several Mesozoic features that
change direction from a northeast-gsouthwest trend along the Alaska Peninsula
to a northwest-southeast trend along the southern Bering ghelf.

Megozoic structures form the northeast boundary of tha Umnak Plateau

region, howaver, the southeast boundary is delineated by Cenozaic structures



associated with the Aleutian Ridge (Marlow and others, 1973; Scholl and
others, 1975a). Tertiary igneous and sedimentary rocks are found along the
entire length of the Aleutian Ridge-Alaska Peninsula {Beikman, 1978). The
westernmost exposure of pre-Cenozoic rocks on the Alaska peninsula is at Sanak
Island, near the junction of the Aleutian Ridge and the 2alaska Peninsula. The
exclusive occurrence of Cenoczoic rocks on the Aleutian Ridge has been used as
evidence that the ridge formed in early Tertiary time and did not exist during
Mesozoic time (Scholl and others, 1975a).

The Bleutian Ridge presently separates oceanic crustal rocks of the
Pacific Ocean basin from oceanic crustal rocks of the ARleutian Basin, Bering
Sea. During late Megozoic time, the oceanic crust of the Aleutian Basin, was
part of a much larger oceanic plate that abutted against the Bering Sea
continental margin. The development of the Aleutian Ridge in early Tertiary
time trapped a piece of this oceanic plate in the Aleutian Basin. The oceanic
crust of the Aleutian Basin has received a thick accumulation of Tertiary
sediment and thls sediment-thickened crust now forms the western boundary of
the Umnak Plateau region.

The structural fabric of the Umnak Plateau region {s dominated by the
alignment of the two major foldbelts that border the region, a Mesozoic
eugeosynclinal foldbelt underlying the Bering shelf and a Cenoczoic island arc
that forms the Aleutian Ridge. The nature of the basement rocks that lies
bepeath the Umnak Plateau regqion may, however, be gimilar to the igneous

-

oceanic crustal rocks that lie beneath the adjacent abyssal Aleutian .Basin.
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GEOLOGIC FRAMEWORK
Geomorphic Setting

Umnak Plateau and Continental Slope

- The Umnak Plateau region (Fig. 3) is incised by numerocus sgubmarine
canyons that head on the summit of the Aleutian Ridge and on the outer edge of
the Bering Shelf. The two large canyons, Pribilof Canyon and Bering Cangon,
have been described in detail by Scholl and others {(1970), and a physiographic
diagram of these two canyons is shown in Fiqure 4. The physiographic diagrams
show that the north side of the Aleutian Ridge is deeply incised and has
numerous steep walled and narrow canyons (Fig. 4a). In contrast the
southeastern part of the Bering slope hag gentle relief and is cut by two long
meandering caﬁyons, Bering Canyon and Bristol Canyon. A

Bering Canyon 1s nearly 400 km long and traverses the Umnak Plateau
region in a westerly direction from its head near Unimak Island to the inner
gide of Umnak Plateau. At this point the canyon turns north, joins with
Bristol Canyon, and debouches opto the floor of the Aleutian Basin pear the
mouth of Pribilof Canyon. The volumg of Bering Canyon, as datermined fram the
material missing from the continental margin is 4300 kma, an enormous figure
in comparison to the 1300 km3 volume Pribilof Canyon and the normal 500 km3
volume of most other large submarine canyons {(Scholl and others, 1970).
Pribilof Canydn, exhibits a characteristic bathymetric T-~shape. This shape
results from the headward bifurcation of the canyon axis.

Aleutian Ridge

The southern boundary of the Umnak Plateau region falls along the cresta:
area of the southwest-trending Aleutian Ridge (Fig. 2). Within the region,
the base of the ridge occurs at depths ranging from 3000 to about 200m; the

pesition of the base, is coincident with the axes of Bering Canyocn (off Figur

10
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Unalaska and Umnak Islands) and Umnakx Canyon (off the Islands of Four
Mountains and Yunaska I;land; Figs. 3, 5). Segments of the ridge flank slope
toward these canyons at angles exceeding 10°, although the typical slope is
b;tween 3° and 6°. The average slope angle is only about 2° where Umnak
Plateau borders the ridge north of Umnak Island. The flank of the ridge in
this area merges with the plateau's summit platform at a depth of 2000 m, but
the geomorphic boundary is not sharply defimed (Fig. 5).

Numerous submarine canyons dissect the northern flank of the Rleutian
Ridge (Fig. 3). These canyons are tributary to either Bering or Umnak Canyons
and have been 1lncised into the ridge’s flank by sediment-ladened currents
originating near the ridge's summit area (Scholl and others 1975b).

The summit or crestal area of the Aleutian Ridge, i3 actually a wide
plateau or platform that rises above & water depth of 200 m (Fig. 5). The
Aleutian Islands, which include lofty and active stratocone volcanoes, rilse
above the summit platform. Some of the smaller Aleutian Islands (for example
the Baby Islands of Akutan Pass) near the 3outhern boundary of the Umnak
Plateau reglon are raised areas of the gummit platform. All of the large
iglands in this reglon; Unmak, Akun, Akutan, Unala;ka, Omnak, the Islands of
the Four Mountaing, Yunaska, Chagulak, and Amukta Islands (Fig. 3), comprise,
or are to;ally formed by, active or dormant volcances (Coats, 1950). One
gmall island, Bogoslof Island is an active volcano that rises from he ridge's

northern flank (Byers, 1959).

12
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Geology of Umnak Plateau Region

Umnak Plateau and Contlnental Slope

Geologic data for the Umnak Plateau region is sparse (Figs. 6, 7) and i¢
Timited to outcrops on the Pribilof Islands and Aleutain Islands (Beikman,
1978), two Deep~-Sea Drilling Project (DSDP) sites on Umnak Plateau (Creager,
Scholl and others, 1973), rocks dredged from the Bering slope {(Hopking and
Scholl, 1969; Marlow and others, 1979b; Vallier and others, 1979), and
shallow~-penetration cores along the eastern part of Umnak Plateau (see Marlo
and others, 1979a).

Only the upper 973 meters of the 2 to 8 km thick sedimentary sequence
that blankets most of the Umnak Plateau region have been drilled by DSDP on
Umnak Plateau. The oldest rocks recovered are early Pliocene or late Miocen
in age (Flg. 8). The sediment in the upper 600 meters of the DSDP sites 1is
priharily diatomaceous ooze with silt, clay, ash and limestone. Below 600 t
650 meters, the dlatomaceous sediment is diagenetically altered to lithified
clayey siltstone. The diatoms are not preserved in the altered siltstone

consequently age detexrminations cannot be made for these rocks.

Diatomaceous clay and siltstone_of late Pliocene to late Miocene age hJ
been dredged from outcrops along the inner wall of Pribilof Canyon. Valliex
and others (in pregs) indicate that most of the Mioccene and younger rocks
found in Pribilof Canyon and beneath Umnak Plateau have been derived from
sediment sources on the Aleutian Ridge, r&ther than on the Alagka Peninsula
Trangport of this sediment has occurred mostly by longshore drift, &ebris

flows, and turbidity currents. Vallier and others (in press) alsc believe

that the paleo-depositional enviromment for the rocks in Pribileof Canyon an

beneath Umank Plateau was gimilar to the present depositional environment.

14
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Bagsement rocks beneath Umnak Plateau have not been sampled and the origin
of these rocks, whether oceanic, continental, or island-arc rockg, is unknown.
North of Umnak Plateau acoustic basement has been sampled at thé;%ase of the
égitinental slope (sites TT-2, TT-3,TT-4, Fig. §). These rocks c;;sist of
gandstone of late Jurassic (?) age (Marlow and others, 1979b). South of Umnak
Plateau, the acoustic basemant can be traced from outcrops of Tertiary
volecanic rocks on the Aleutlian Ridge to the base of the Plateau (Schell and
others, 1975a). West of the plateau, the acoustic basement in the Aleutian
Basin is believed, on the basis of seismic refraction and magnetic studies
(Cooper and others, 1976), to be oceanic basalt of Cretaceous age. The
acoustic basement can be traced from the Aleutian Basin to beneath Umnak
Plateau. Based on these three obgervations, any one of three rock types of
different age and lithology (late Jurassic sandstone, Tertiary volcanic rocks,
or Cretaceous oceanlc basalt) are likely candidates for the basement rocks
that underlie Umnak Plateau.

Aleutian Ridge '

Attempts to decipher the geologic higtory of the Aleutian Ridge are
complicated by many factors, not the least of which is that only 0.1 percent
of the ridge's surface area i3 subaerjially ;xposed. Late Cenozoic volcanoes
constitute about 30 percent of the exposed insgular area, and at least half of
the remainder is buried beneath a concealing mantle of tundra, volcanic ash,
or glacial drift. Offshore geophysical information iz limited to widely
gpaced lines of magnetic and gravimetric data and single-channel seismic-—
reflection profiles (Fig. 9). Information gleaned from rocks drg?qed at

approximately 50 sites along the length of the ridge, and cores from

subsurface sections drilled at DSDP sites 186, 187, and 189, all near but

18
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seaward of the ridge's insular slopes, constitute the meager store of
available offshore geologic information. -

Marlow and others (1973), and 5choll and others (1875a, b)‘éummarize much
é? this limited knowledge and attempt to synthesize a coherent p;cture. Four
tnformally named rock units have pbeen recognized that appear to have reglonal
application only along the crestal region and upper flanks of the ridge: the
igneous and gedimentary rocks of the initial, esarly, middle, and late series
(Scholl and others, 197Sa).

The initial series 1s inferred to be mafic volcanic and intrusive masses
of latest Cretaceous or earliest Tertiary age that form the bulk of the
Aleutian Ridge. Shor {1964) assigns a velocity of 5.5 km/sec to these rocks
on the basis of refraction work (see also Ludwig and others, 1971). Outcrops
that are unequivocally those of the initial series are not known.

The oldest rocks exposed on the ridge may be the basaltic flows of the
basement rocks defined by Gates and others (1271) on Rttu Island, or the
Finger RBay Volcanics (Coats, 1956a) that form much of Adak Island (Fig. 7).
The volcaniec rocks on Attu and Adak Islands are associated with thick sections

of tuffaceous and terriganous sedimentary racks; these volcanic and

gedimentary sequences form the early seriez, a deslgnation originally usged by

Wilcox (1959). Rocks of the early series are widespread and crop out on mest
éf the large islands of the Aleutian Islands, including those bordering the
southern boundary of the Umnak Plateau region. Characteristically, beds of
the early series, although only broadly deég;med, are extensively altered by
low-grade thermal metamorphism (Gates and other, 1954; Coats, 1956b; Wilcox,
1959), The early series is the oldest unit that has been dated. Its
interbedded volcanic and sedimentary rocks accumulated from middle Eocene

(Scholl and othera, 1970) through early Miocene time (Drewes and others, 1561)

20




in crestal basins and along the upper flanks of the ridge. Although they are
chiefly of marine origin, rocks of the early series formed after _sectors of
the ridge had built above sea level and, presumably, after its initial rapiaq
dﬂgwth by mafic volcanism had greatly slowed 50-55 m.y. ago. )
- The early series near the Umnak Plateau region is represented by the
Unalaska Formation of Unalagka Island, and equivalent rocks on nearby OUmnak
Island (Drewes and others, 1961; Byers, 1959). Sparse information implies
that these broadly deformed, thermally altered and intruded rocks are of early
Miocene age. They pregumably form the basement rocks underlying the northexrn
flank of the Bleutjian Ridge. -

Rocks of the middle series unconformably overlie or intrude units of the
early series. Middle series rocks of volcanic origin may not be widely
distributed on the Aleutian Islands; they are best known from Amchitka Island
where they crop out asg the mostly volcanic Chitka Point Formatlon (Powers and
others, 1960; Carr and others, 1970, 1971). Exposed volcanic members of the
middle geries are typically sghallow-marine or subaerial accumulations of
andesitic camposition that have not been significantly altered Qr greatly
deformed. Plutonic bodies, mostly of granodioritic composition, are related
temporally to these extrusives. Both rock types have K-Ar ages of middle
Miocene age (i.e., 10.5 to 16 m.y.; Marlow and others, 1973). The middle
geries along tha creatal region of the ridge 1s a group of rocks which formed
during the waning phages of a moderate tectonic event that salightly deformed
and uplifted the underlying marine rocks of the early series.

Little is known about offghore beds of the middle series (m#@dle Miocene
age), because they have been sampled with certainty only atldredée stations

(0SGS cruise S6-79-NP) north and south of Amlia Island, west of the Umnak

Plateau region. On the basis of sactions drilled at DSDP Sites 184, 185, 186,
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and 189 (Fig. 7), and regional correlation of stratigraphic seguences resolved
on reflection profiles, slightly deformed miadle serieg beds are_inferred to
overlie early series rocks that form the basement of the ridge flAnks (Figs.
13, 11). i

- Igneocus and sedimentary rocks of late Miocene through Holocene age
consgtitute the late series. These rocks are unaltered and in most areas only
gently deformed (Fig. 7). Insular exposures of the late series are limited to
the effusive andesitic outpourings of the Aleutian volcances. 2Although some
of these volcanic centers first erupted in the latest Miocene, K~Ar dates of
flows and associated rocks and the paleontologically determined ages of ash
falls recorded at Bering Sea and North Pacific DSDP sites, document that most
of the volcanism was post-Miocene in age (Marlow and others, 1973; Scholl and
Creager, 1973). 1large volumes of sediment of the late geries beds have
accumulated in summit or crestal basins (Fig. 12). These basgins are grabens
or fault-bordered depressions (Marlow and others, 1970, 1973). Beneath the
southwesgtern corne% of the Umnak Plateau region late series beds as much as
1500 m thick may mantle the ridge's northern flank. Although a large fraction
of this depositional debris is volcanic ash and dlatom ooze, much of its bulk
is terrigenous detritus derived fram the crestal region of the ridge.

The late series accumulated during a time wheﬁ extensional rifting formed
many of the ridge's summit basins (Fig. 12) and explosive volcanism created
the arcuate chain of the Aleutian stratovolcanoces (Fig. 13). Beneath the
ridge's summit platform, sediment of the late series rest unconformably above
older rocks of the early series and possibly also the middle serigs. However,
beneath the flanks of tha ridge, within the Umnak Plateau region, late series

beds ares thought to rest conformably above middle series units (Fig. 10, 11) A

28imilar conformable relation may exist within the thick sedimentary sequences
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filling some of the summit basins, one of which, Amukta Basin, is partly

included in the Umank Plateau region (Fig. 12).
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Figure 1l4. Seismic reflection profiles across the Umnak Plateau regd
(from Scholl and others, 1968).



STRUCTURAL FRAMEWORX
Seismic Reflection/Refraction Data

Several thousand kilometers of single-channel seismdc-reflection records
Have been collected over the Umnak Plateau region (Figs. 9) and many of these
records have been described by Scholl and others (1968, 1970); Scholl and
Hopkinsg (1969); Marlow and others (1976, 1977). Seismic refraction data are
limited to the 2-ship refraction profiles of Shor (1964) along the outer
Bering shelf and to the sonobuoy studles of Childs and Cooper.(1979a, b) over
Oomnak Plateau (Fig. 6).

Scholl and others (1268), on the basis of pre-1968 seismic reflection
records, have defined four acoustic units for the Umnak Plateau region:
Acoustic Basement (AB), Main Layered Sequence (MLS), Rise Unit (RU), and
Surface Mantling Unit (SMU; Pig. 14). More recent seismic reflection records
generally show the same acoustic units but have greater resolution of sub-
units within the MLS.

Acoustic bagement camprises Mesozoic sedimentary rocks beneath the Bering
shelf (Vp=4.9 to 5.3 km/seac) but is of unknown age and composition under Umnak
Plateau (V=3.4 to 4.8 km/sec). The main layered sequence forms the bulk of
the sedimentary section and 1s often geveral kilometers thick. This sequence
consiats of several distinct sub-units of flat-lying sediment of Cenqgzoic age
(Vp=1'6 to 3.4 km/gec). The rige unit is primarily Pleigtocene turbidites
that cover the MLS in the abyssal Aleutian Basin and that pinch out at the
bage of the continental slope. The flanks of the aubmarine canyons that cut
through Umnak Plateau are covered by the surface mantling unit. ‘The
diatomaceous and terrigenous sediment of the MU have been deposited during
periods of canyon cutting and are separated from the underlying MLS by an

angular unconformity.
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Table 1:
Alaska

Volcano
1. Shishaldin
2. Fisher
3. Westdahl Peak
9. Pogromni
5. Mt. Gillbert
6. Akutan
7. Tabletop Mtn.
8. Mt. Makushin
S. Bogoslof
10. Tulik
11. Okxmok
12. Mt. Recheschnoi
13. Mt. Vseuldof
14. Xagamil
15. Uliaga
16. Tana
17. Mt. Cleveland
18. Carlisle
19. Herbert
20. Yunaska
21. Chagulax
22. Amukta
23 Sequam

Volcanoes Adjacent to Umnak Plateau region, Umnak to Amukta Islands,

Island Elevation (m) Activity
Unimak 2,860 active
Unimak 1,095 active
Unimak 1,560 dormant
Unimak 2,002 active
Akun 810 doxmant
Akutan 1,300 active
Unalaska 800 dormant
Unalaska 2,036 active
Bogoslof 100 active
Umnak 1,253 dormant
Umnak 1,073 active
Omnak 1,985 dormant
Omnak 270 active
KRagamil 893 active
Uliaga 888 dormant
Chuginadak 1,170 dormant
Chuginadak 1,730 active
Carlisle 1,896 active
Herbert 1,291 darmant
Yunaska 680 active ;
Chaqulak 1,143 dormant
Amukta 1,658 active
Sequam 1,050 active
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gmnak Plateau and Continental Slope

Sedimentary and Igneous Crustal Sections

Sonobuoy studies over Umnak Plateau (Childs and others, 1979) have
regolved three wvelocity layers within the MLS. The shallowest layer is
_Holocene to late Miocene age and has interval velocities between 1.6 and 2.0
km/sec. The second layer is middle to late Miocene age and has velocities
between 2.1 and 2.8 km/sec. The two layers are separated by a diagenetic
boundary (Hein and others, 1978) that is alsoc a highly-reflective horizon
termed the Bottoem Simulating Reflector (BSR; Fig. 8). The BSR occurs at a
sub-bottom depth of 0.7 to 0.8 km and mimics the seafloor topography. This
reflector is alsoc an areally extensive refracting horizon (Vp=2.3 to 2.6
.km/sec) beneath the élateau and lower slope area. The third velocity layer
(VP=2.5 to 3.4 xm/sec) liesg below the Miocene sectlion and centains rocks of
unknown age. A gmall but areally extenaive velocity inversion (less than 0.2
km/sec) occurs hetween layers two and three. The lnversion, which 1s obsgerwvec
on nipe sonobuoy records over Umnak Plateau, may repregent a lithclegic chang:
from altered dlatomacecus to terrigeneous gediment. A synthesgesis of all
sonobuoy reflection.time—depth dat; (fig. 15) shows that each of the
physiographic provinces of the Umnak Plateau region (Aleutian Basin, Umnak
Plateau, continental slope) have gimilaxr time~-depth, or velocity, sections.
The interpretive drawings of seismic reflection Eecords across the Umnak

Plateau region (Fig. 14) illustrate the generally good continuity of the
reflective horizons within the main layered sequence (MLS). Prior to the
erosion and excavation of the large submarine canyons, the MLS was probably
continuous across the entire region. Presently, the sadimentary section

beneath Umnak Plateau is almost totally isoclated from tha surrounding areasg
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the intervening Bering and Umnak canyons (profile I-E, Fig. 14). The MLS
generally is not severely deformed except in areas of steep slopes, such as
within the submarine canyons and along the upper continental slope.
Reflectors in these areas are sometimes discontinuous, arched, and folded by
slumping and faulting.

Deep acoustic horizons within the MLS can be seen on large-volume airgun
seismic reflection records (Fig. 16). These records show that the acoustic
rtasement is often buried by as much as 8 km of sediment and is not always a
Alstinct reflecting horxizen (line 1B, Fig. 16). The records across Umnak
Plateau show that the acoustic pasement surface has irregular relief (line 11)
and that unconformities may be present in the sedimentary section (line 15).

The depth to the top of acoustic basement, as determined from the seismic data

(Cooper and others, in press), is shown in the structure-contour map on fiC_n.u‘e-l

17; a companion isopach map that shows the total thickness of sediment above I
acoustic basement is illustrated in figure 18.

The structure-contour and isopach maps indicate that the thickest parts

of the gedimentary section (4 to 8 km thick) arxe found in deep basement

depressions that lie beneath the upper continental slope along the north side |
of the Aleutian Ridge and along the southefn part of the Bering shelf.
Bepeath cther parts of the Umnak Plateau region the acoustic bagement surface
forms ridges, troughs, and isclated éiercement features with a relief of 1.5
to 2.5 km. The sediment thickness in these parts generally ranges from 2 to 4h
- | H
Soncbuoy studies (Childs and others, 1979) indicate that the igneous
basement may lie 1.0 to 3.5 )m below the acoustic basement; conseguently, thel
depths apd thicknesses for the sedimentary section may be 1.0 to 1.5 km deepe!

and thicker than gshown on the structure-contour and isopach maps. The Figure
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acoustic basement has a refraction velocity of 3.4 to 4.8 km/sec, veloclties
that are more typical of sedimentary rocks than of igenous rocks. A deeper
interface below acoustic basement that is commonly observed on the sonobuoy
records has a refractlon velocity of 5.0 to 5.3 km/sec {(basalt ?). This
interface is usually not associated with a continuous reflecting horizon.
Where a gub-acoustic basement reflecting horizon is present (line 1!, Fig. 16)
the horizon does not conform with the overlying acoustic basement reflector
and thus indicates local thickening and thinning of a sub~acoustic basement
layer.

The crustal structure beneath Umnak Plateau 1s more like the oceanic
areag of the Aleutian Basin than the continental margin of the Bering shel€.
The velocity (VP>5.3 xm/sec) and thickness of igneous crusgtal layers under the
outer part of the plateau are similar to the Aleutian Basin although the depth
to the top of the igneocus crust is 2 to 3 km shallower under the plateau (Fig.
19). The major increase in total crustal thickness (sea floor to top of
mantle) occurg on the landward, rather than the seaward, side of the
plateau. On the landward side, the crust thickens from 10 Jm (buoy 86, Flg.
19) to 21 'on (near buoy 71, Fig. 19; Shor, 1964). The velocity structure of
the igneous crust also changes beneath Umnak Plateau. The two layer ocaeani.c
crust (VP=S.5, 6.8 km/sec) abruptly becames a two-layer continental (or
transitional) crust (VP=5.0, 6.2 km/sec) 75 ¥m east of the base of the
platean. This change 13 apparent fram the bimodal distributicn of velocitles

beneath the plateau (Flg. 20).

Diapirs

Numerousa diapirxs have been documented beneath Umnak Plateau (Fig. 21).

Scholl and Marlow {1970) have gtudied three of thase diapirs and conclude tha
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they are cored by either shale or salt. Because shale is prominent in the
sedimentary section they favor a core of mobil shale. 1In more recent seismic
raflection records, the diapirs occur as both isolated features and as
diapiric ridges or clusters (Fig. 16). IXsolated diapirs are the more common
features, however, and these features generally have a relief of 500 to 1500
meters. The larger features are more common around the perimeter of the
plateaur. Childs and others (1979) believe that the scurce material for these
diapirs may be fram the variable thicknesas layer that lies directly beneath
acoustic basement and that the variable thickness layer may be a moblle shale

anit.

Folding and Faulting

Most of Umnak Pléteau is covered by relatively undeformed flat-lying
sediment. There are, however, areas of the plateau and the surrounding
continental slope that show local deformation caused by basement faults,
diapirism, slumps, marginal collapse, and cut and fill features. Bagement

faults, with offsets up to several kilometers, are the major structural

features that dominate the Umnak Plateau region. One zone of faults with a
cumulative offset of 2 to 3 km is buried beneath the continental glope and
parallels the Bering shelf edge. Subsidence across this part of the
continental slope has occurred since early Tertiary time (Cooper and others,
1979}, bowever, most of the faults are old features that do not reach the sea
floor. Another major basement fault zone may be present along the north side
of the Aleutian Ridge (Fig. 17). Here a narrow depresgion, with a relief of 8
to © xm, is agssociated with the fault. An undeformed sedimentary section lies
within the depression and abuts against the Aleutian Ridge (Line 1B, Fig.

16). Faults within the sedimentary section occur only at the extreme edge of
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the depression and do not break the sea floor. Other basement faults under
Umnak Plateau generally trend in the same direction as the fault zones along
both the Aleutlan Ridge and the Bering slope and these faults have
displacements of 0.5 to 1.5 km. The initiatlon of this basament faulting
probably occurred in late Cenoczoic time, as evidenced by the uplift and
faulting of late Cenozoic sediment (Fig. 22). Faults within the sedimentary
section beneath the plateau result from either basement faults or local
diapirism, however, faults do not A&isrupt the sea floor (Fig. 22).

The sedimentary section around the edge of Umnak Plateau is locally
uplifted by underlying basement diapirs or faulted basement blocks (Fig.
22). B8Based on the contlnuation of dated horizons from DSDP sites to the
plateau edge, the basement uplifts occurred in late Cenozoic time and prior t
the cutting of the submarine canyong. BAbove the uplifts, the steep sides of
the canyons are scarred by cut and fill features, and by large bodies of
gediment that have slumped or have collapsed from the edge of the plateau
(Fig. 22). The slumps and collapse gtructures are features that formed durilr

and after the most recent period of canyon cutting-

Submarine Canyons

The three major submarina canyons (Umnak, Bering, Bristol) that disect
the Umnak Plateau region (Fig. 3), are young features that gained their
pregent configuration during Plliocene-Pleistocena time (Scholl and others,
1870). The course of_tbe canyons appears to be structurally controlled by t
late Cenozoic basement uplifts and diapirs that lie beneath the canyon walls
(Figs. 17, 21). Prior to the canyon cutting, the basement uplifts arched th
overlying sediment and formed small adjacent depressions. These depressions

have been deeply eroded to form the present canyon topography. This phase ¢
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The structural framework of the Aleutian Ridge segment that lies within
the Umnak Plateau region is incompletely known. The ridge 1s probably a large
antiform constructed mostly by igneous processes. Volcanic and related
sedimentary rocks that formed in the summit area of the ridge in early Miocene
(or possibly older) fime are exposed on Unalaska and Umnak Islands (Fig. 7).
These units of the early gseries are not significantly deformed, although they
are thermally altered and intruded by middle Miocene (middle series)
granodiorite and gabbro plutons composition (Byers, 1959; Drewes and others,
1961). This framework of marine volcanic and volcanoclastic rocks and
associated intrusive masses presumably extends northward beneath the nor£hern
flank of the 3dleutian Ridge, and possibly in part underlies Umnak Plateau.
The conatruction of the ridge must have bequn prior to early Miocene time
(before 20-25 m.y.).

Significantly, volcanic rocks of middle Miocene age that are extrusive
equivalents of the exposed plutonic bodles have not been mapped on the
Aleutian Islanpds that border the Umnak Plateau region. However, volcaaic
activity since early Pliocene time (5 m.y ago), has congtructed the
magnificient stratocones that are distrxibuted in an arcuate axray along the
crest of the ridge (Fig. 13). The accumulation of these volcanic piles
represent the final ignecus contributions to the construction of the ridge's

gtructural framework.
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Stratigraphic sequences are also found along the ridge. Witnjp the Dmnak

Plateau region, sectiong of middle and late gerles sediment underlje

the
northern flank of the ridge and fill Amukta Basin (Figs. 10, 11, 23, 1), tate
middle series beds beneath the ridge's flank are generally less than 1000-1500
m thick. These slope gtrata dip northward, parallel to the slope of the ridge

flank, and overlie lithified and thermally altered volcanic and sedimentary
units of the early series (Figs. 10, 11). VNorth of Umnak Island, slcpe
deposita of early and middle series beds merge with Neogene and younger hedg
that underlie Umnak Plateau (Fig. 10). Where these deposits are thicker than
about 1500 m, a bottom simulating reflector (BSR) 1s characteristically

recorded within the sedimentary section of the ridge's northern flank.

Summit Rasinsg

Sediment beneath the ridge's summit platform represent the middle(?) and
late series which substantially thicken (2-4 km) in summit ox perched basins
Pigs. 12, 18, 23; Scholl and others, 1975a). Only a amall part of one of
thase basing, Amukta Bagin, lies within the Umnak Plateau region (Fig. 12).

Amukta Basin, which 1s structurally contiguous with neighboring Amlia

sin (Fig. 12), is approximately 4000 km> in area (100 x 40 Xm). Amukta

sin is elangate parallel to the Aleutian Ridge. The lgmeous rocksg of

veral volcanic centers, including those of Amukta, Seqram, Carslisgle, and
jka, may be interbedded with, or intruded into, the sedimentary sequence of
basin. The northern flank of the basin {a bordered by a fault scarp,

ta scarp, which 1s breached by several submarine canycons (Fig. 23).

The formation of Amukta Basin records the beginning of extensional

ing of the ridge'as gummit platform. Amukta Basin is largely filled with

entary depcsits of the late series (Plg., 23). Cursory
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Magnetic map showing residual total field anomaliea across

the Umnak Platezau region (from Childs and others, in prassg),

Figure 26.




examinations of newly acquired geophysical records (Fig. 24; USGS cruise S6-
79-NP) indicate that the late series beds of Amukta Basins are locally folded,
and underlie a broader area of the summit platform than reallzed by Schell and
others (1975a). Also, preliminary examination of samples collected from
submarine outcrops Imply that middle series beds may also be involved in the

basin f£ill.

Faulting

Late Cenozoic nomal faults disrupt the surface of the sumnit platform
and the gsedimentary sequences of summit basins (Figs. 24, 25) in the Umnak
Plateau region, and elsewhere along the ridge. Faults trend parallel to the
axis of the ridge, for example, those that define the northern limits of Amlia
and Amukta Basina (Fig. 12), but faults also strike transverse to the ridge's
reglonal trend; Scome of the tranaverse faults control the location and trends
of passes and straits that separate the Aleutian Islands.

‘ Geopotential Data

Magnetic Data

The magnetic map for the Umnak Plateau reglon, (Fig. 26) illustrates the
three types of anomalies that characterize the region. The first is a belt of
broad positive anamalies that trends north-south across the western half of
Umnak Plateau. The second type ia a long set of negative anomalies that lie
beneath the upper continental slope (adjacent to the 200 m contour) and extend
fram Pribilof Canyon to the Rleutian Ridge. The third type is a scattering of
isolated bullseye ancmalies that caver the top and upper flanks of the
Aleutian Ridge, the outer Bering shelf, and parts of Umnak Plateau.

In general, the magnetic anamalies over the plateau can be correlated

with topographic relief on the acoustic bagement (compare Figs. 17 and 26).
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The areas of shallow basement such as the southern and northern parts of Umnak
Plateau, have positive magnetic ancmalies whereas the deep basement
depressions beneath the edge of the continental slope and beneath the central
part of Umnak Plateau are characterized by negative anomalies. Bullseye
anomalies near the Aleutian Ridge, such as over Bogoslov Island (Fig. 3), are
caused by volcanic rocks. Similarly shaped anomalies at the haad of Pribilof
Canyon are probably caused by volcanic rocks magnetically similar to those
found on the Pribilof Islands.

The diapiric intrusions that are seen in the reflection profiles over
Umnak Plateau (Fig. 21) are not associated with magnetic anomalies (Scholl and
Marlow, 1970); however, small isolated magnetic anamalies are observed over
the plateau and these ancmalies may be associated with basement ridges. The
presert physiographic relief of the large submarine canyons does not correlate
with the distinctive magnetic anomalies on the map. Thils observation
indicatesg that the sedimentary section, although rich in volcanic rock
fragments (Vallier and others, in presas), is not sufficiently magnetic to
affact the magnetic anamalies over the canyons where large portions of the
gedimentary section have been eroded. Rather, the magnetic anomalies result
from magnetic sources that are beneath the sedimentary section.

Magnetic model gtudies have been constructed from data at two
locations. The first model i1s of the area across the positive anomaly at the
outer edge of Umnak Plateau {Fig. 27) and the second is of the raglon across
tbe negative anamaly beneath the upper continental slope (Fig. 28). The

refraction data fram the outer edge of the plateau delineate a layer with a
veloclty typical of the oceanic Layer 2 basalt. If magnetizations typical of

basalt are assigned, then the observed magnetic anomaly can be explained as a

topographic edge effect of a vertically displaced layer, which may be a piece
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of uplifted oceanic crust.
Two models can explain the observed negative magnetic anomaly beneath the

shelf edge. The first model, in which the top of the magnetic Iayer is

determined from seismic reflection data, depicts a termination of the oceanic
crustal layer at the edge of the continental margin. A similar termination of
oceanic crust along the Bering margin is reported north of Pribilof Canyon !
{Cooper and others, 1979a). An alternate model, which is based on the F
refraction data (Fig. 19), showa a uniformly magnetized layer (flood basalts?)
that extends fram the shelf out to and over the plateau region. Although the
second model iz possible, there is no geologic evidence for thick continental
flood basalts that may have covered the outer Bering shelf.

The magnetic model studies suggest that Unmnak Plateau is underlain by a
plece of oceanic crust that has been uplifted and that terminates beneath the

upper continental slope.

Gravity Data

The published gravity data over the Umnak Platean region are sparge and

are limited to a map by Watts (1975) and profiles by Marlow and others

(1976). A compogite map of the gravity data (Fig. 29) indicates that the

free-air gravity values are strongly influenced by the large bathymetric

relief of the canyons, ridges, and plateaus in the region. The bathymetric

highs are associated with large free-air anomalies (25 to 50 mgal) whereas the '

canyons are characterized by negative anomalies (0 to -25 mgal). The large
seédiment-filled depression that is buried beneath the upper continental slope

(Fig. 17) is assoclated with a smal) gravity low (0 to -285 mgal)‘near the

Aleutian Islands and a large low (less than -50 mgal) near Pribilof Canyon.

The low near Pribilof Canyon is large, in part, because of the topographic
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effect of the steep continental slope. Other smaller basement features may be
associated with gravity anomalies, however, these features are d{fficult to
identify without the help of gravity modeling studies. The gravimetric effect
of the bathymetric features is significantly larger than the gravimetric
;ffect of the basement structures.

The Aleutian ridge is characterized by a 200 to 300 mgal gravity anomaly
that parallels the axis of the ridge. A generalized gravity model of the
Aleutian Ridge (Grow, 1973) for the area just west of Umnak Plateau region
indicateg that a stratified demsity structure within a 20 to 30 ¥m thick c¢rust
is necessary to duplic;te the observed gravity ananaly. The thick but narrow
gedimentary basins that inclse the summit of the ridge may have gravity

anomalies of =30 to —-40 mgal associated with them, as suggested by a dgravity

profile across amukta Basin (Fig. 23).

Heat Flow Data

Heat flow measurements have been made at Deep Sea Drilling sites 184 and
185 or Umnak Plateau (Erickson, 1973) and at gites within the Aleutian Basin
(Watanabe and others, 1977; Lanseth, pers comm, 1979). The results are gparse
(Pig. 30) and the six heat flow values shown on the map cover a wide range
from 0.1 to 4.7 HFU (1 HFU=1 ucal/cmz/sec). The corresponding temperature
gradients for each aite also vary widely from 6 to 244 °C/km (3 to 134 °F/1000
Ft). If the two extreme heat flow values are excluded, then the remaining
f?ur values range from 1.0 to 1.9 HFU and the temperaéﬁ:e gradients vary from

50 to 82°C/km (27 to 45°F/1000 Ft). These measurements are reasonable for

deep-water marginal bagins (Watanabe and others, 1977).
To obtain the actuwal heat flow values from the region, the observed heat

flow values must be corrected for the effect of rapid sedimentation over the
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plateau. The actual heat flow values (and temperature gradients) will be 20

to 25% higher than the observed values basaed on sedimentation rates measured

at DSDP sltes 184 and 185, (Cooper and others, 1977). -

The large variation in heat flow values is due to both observational and
geologic causes. Minor differences between heat flow values at different
gtations result from the different instrumental technigues used to measure
temperature gradients at the drilling and surface-coring giltes as well as from
the variation ln the amount of sub-surface penetration at the heat flow
gtations. The geological variations are due in part toc regional variations in
heat flow at stations located around the volcanically active Alesutian Ridge
and to the effects of variable sedimentation rates at each of the heat flow
stations.

Regional Synthesis

The offshore geological and géophysical data indicate that the southeast
trending belt of Masozoic rocks exposed on the Alagka Peninsula bends to the
northwesgt and connects with the basement ridges that lie beneath the outer
] edge of the Bering shelf, west of St. George basin (Marlow and others,
1979a). These Mesozoic rocks are unconformably overlain by shallow-water
diatomaceaus rocks of early Tertlary age. Mesozoic rocks are not found along
the Aleutian Ridge: consequently the ridge is believed to have formed in early
Tertiary time (Scholl and others, 1975). The structural framework of the
Umnak Plateau region is a coqplex mixture of the structural histories of both
t@e Mesozoic shelf foldbelt and the Aleutian Ridge island-~arc structure.

Umnak Plateau and Continental Slope

The seismic reflection/zefraction data and magnetic data provide the best

clues to the origin of Omnak Plateau and the continental~slope areas in lieu

of deep drilling information. The seismic refraction data indicate the




crustal structure beneath the western part of this area is similar to that of
oceanic crust whereas the eastern part of the area is underlain by
transitional or continental crust. The magnetic data indicate that oceanjc
Layer 2 (basalt) may extend from the Aleuntian Basin to a position under the
upper continental slope and that Layer 2 may be uplifted beneath Umnak
Plateau-

A medel for the evolution of Umnak Plateau (Fig, 31) indicates that until
early Tertiary time, the region wag underlain by oceanic crust similar to that
currently observed in the Aleutian Basin. The location where the oceanic
Layer 2 presently terminates beneath the upper continental glope may mark the
early Tertliary position for the ocean—ccntinent transiticn. In early to
middle Tertlary time, the oceanic crust and overlying sediment were uplifted
and folded into a series of ridges and troughs (Fig. 17). The uplift may have
been in response to the compressional forces generated by the large change in
underthrusting direction of the Pacific plate beneath the Aleutian Ridge that
occurred at this time. The flat-lying sequence of terrigenous and
diatomaceous sediment that blankets the entire Umnak Plateau region has been
deposited gince this period of uplift. The rapid infilling of troughs and
accumulation of a thick sedimentary sectlon after the uplift probably resulted
In differential loading that deformed the old layer of uplifted gediment.

This old layer, may be the acoustically opague high-velocity layer that now
liea between acoustic bagement and the underlying igneocus cxrustal rocks. This
layer may be a mobil shale unit that could be the source for the diapirs that
have plerced the sedimentary section since middle to late Miocene time.
Erosion of the three major submarine canyons that disect the region may have
occurred throughout Cenozoic Time, however, the present physiocgraphy of the

canyons 18 the resgult of Pliocene to Pleigtocene erosion. The trend of the
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canyons may have been controlled by the ancient sea floor topography that uwag
caused by dilapiric uplift of the sedimentary section.

The same period that crustal uplift, sedimentation, and diapiric
processes affected the western part of the Umnak Plateau region, rapid
subsidence and sediment infill occurred in the eastern part of the region.

The aubsidgnce and collapse of the outer Bering shelf that has been documented
north of Pribilof Canyon (Cooper and others, 1979) alsoc occurred in the Umnak
Platean region. The collapse resulted in the formation of the deep structural

depressions that lie along the upper continental slope and along the north

side of the Aleutian Ridge.

Alevtian Ridge

The initial formatiomw of the Aleutian Ridge by either tectonic or
magmatic process is—ascribed to the fragmentation of the Kula plate, which, in
late Cretaceocus time (70 m.y. ago), occupied the far north Pacific area
(Scholl and others, 1975a; Cooper and otharg, 1976). By middle to late Eocene
time (45-38 m.y.), ignecus processes had constructed the bulk of the Aleutlan
Ridge and subaerial volcanic masges were common. Prior to about 25 m.y.
7irtually all the volcanic rocks of the ridge were thermmally altered (DelLong
ind McDowell, 1975), although associated gsedimentary masses were less
‘hermally altered but rather broadly folded or flexed. Aan important episode
f ignecus activity affected the Aleutian Ridge in middle Miocene time (15-10
»Y.), and contributed to the further alteration of older sedimentary volcanic
1sses. During middle and late Miocene time (15-5 m.y.), regional erosion of

@ gummit arsa of the ridge by subaerial and coastal processes carved the

dge's prominent summit platform. Extensional rifting and differential

bsidence of thisg platform began approximately 5-~10 m.y. ago, apparently in




conjunction with the outbreak of explcosive volcanism that formed the loftly
volcanoces of the arcuwate Aleutian chain. Debt;s eroded from the crestal area
of the ridge has accumulated as thick slope deposits on the flanks of the
ridge and also in the summit basing.

The geologlc histery of the Aleutian Ridge during the past 40-50 m.y. is
a record of the interactions of the Pacific and Worth American plates. The
relative direction and speed of these interactions may have changed with time,
and thereby determined the course of the igneocus, structural, and

sedimentological evalution of the ridge.
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PETROLEUM GEOLOGY
Umnak Plateau and Continental Slope

The petroleum geology of the areas surrounding the Umnak Plateau region
have been discussed by Marlow and others (1979a; aAlaska Peninsula and Bering
shelf) and by Cooper and others {(1979; Aleutian Basgin). Since only two
shallow wells have been drilled on Umnak Plateau the information about deeply-
buried source and reservolr beds must be derived fram rocks dredged from the
continental slope. In the.following sections each of the four requisites for
hydrocarbon generation and accumulation are discussed: source beds,

reservoirs, traps, thermal and sedimentation history.

Source Beds

The average organic carbon value for 85 rock samples obtained from DSDP
drilling (Bode, 1973; Underwood and others, 1979) and from dredging (Marlow
and others, 1976, 1979b; Underwood and others, 1979) in the Umnak Plateau
region is 0.5 + 0.21%. Nearly 60% of these samples are from the late Miocene
to Holocene diatomaceous giltstones recovered at DSDP sites 184 and 185 and
the other samples are from the middle to late Miocene age Adilatomaceocus rocks
dredged in the Pribilof Canyon. Four samples of Cretaceocus mudstone fram
Pribilof Canyon have as much as 1% organic carbon but the average for the four
gampleg is 0.62%,

The middle Miocene and younger mudstones that have been dredged from the
continental glope are fram the upper part of the sedimentary sequence that
blankets the Umnak Plateau region. The organic carbon content of these fine-
grained mudstones may‘be representative of other more deeply buried mudstones
beneath the region; three Paleogene dredge samplas have an average organic

carbon content of 0.5% (Marlow and others, 1975, 1979b).
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The average organic carbon contant (0.5%) of the dredge samples frew
Umnak Plateau region indicates that adequate source beds could be presesnt

within the 3 to 8 km thick sedimentary section.

Reservoir Beds

Combined porosity and permeability measurements have been made on cnl
few Tertiary rocks dredged from the Bering slope {Marlow and others, 1979a
and on Pliocene diatomaceous sediment recovered from DPSDP Sites 188 and 19t
the Bowers and Aleutian Basinsg (Cooper and others, 1979). Porosity
measurements have been reported for the Miocene to Holocene sedimentary
gsectiong at DSDP Sites 184 and 185 on Umnak Plateau (Creager and others,
1973), and for other dredge samples along the Bering slope (Marlow and othe
1976).

The porosity of the diatomaceous cozes and siltstone in the upper 600
meters of ﬁhe sedimentary section at DSDP Sites 184 and 185 ranges from 60 t
80%. A sharp decrease in porosity from 75 to 40% occurs at a depth of 600 to
650 meters across a diagenetic boundary between overlying oozes and underlyis
mudstone (Lee, 1973). Parocsities of mid-Oligocene to late Miocene rocks
dredged fram the Bering slope fall intc two porosity ranges; mudstone,
siltatone, and tuffs range from 45% to 68% and calcareous argillite and lithi
wackes range from 14 to 29%4. The data demonstrate that highly porous horizon

may be found throughout the sedimentary section.

Only four permeability values have been reported for the dredge samples
from the along the Bering slope and these values (S, 1, 138, 2 mdarcy) are for
late Oligocene to middle Miocene mudstone, siltsone, and tuffs. Coopar and
others (197§) discuss the permeabijlity of diatomaceous sediment with

Pl

porogaities and diatom contents that are gimilar to those found under Umnak
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Plateau (Fig. 32). They note that the permeabilities of diatoms are large (6
to 49 mdarcy), permeability increases with depth from about 10 mdarcy at 150
meterg depth to about 30 mdarcy at 600 meters depth and permeabilities
decreasge from 35 to .01 mdarcy across the diagenetic boundary between ocozes
and mudstone. The sedimentary sections on DOmnak Plateau contaln a larger
volcanogenic and terrigenous component than the two sites studied by Cooper
and others (19279) hence the permeability values amay differ in the two areas.
The degree of diagenesis and lithification within the sedimentary
section, especially at the diagenetic boundary between the dlatomaceous oozes
and indurated mudstone, has had a significant effect on the permeability and
the porosity of potential reserxvoir beds. fThe areal distribution of the
diagenetic boundary is an important factor that may limit the regional extent
of reservoir beds that may exist in the thick Tertiary gedimentary section.
High porosities (45 to 80%) and potentially good permeabilities (Cooper and
others, 1979), however, are favorable indjcators that potantial reservoir
units for the accumulation of hydrocarbons may exist in the upper 600 meters
of the sedimentary section. Thesge favorable indicators also exist in adjacent

¢

areas of the Aleutian Basin (Cooper and others, 1979).

Seals
A mechanism for the trapping and accumulation of hydrocarbong within the
porous diatomaceous_sediment sections of abyssal basing has been proposed for
the Aleutian Basin (Cooper and others, 1979) and the Sea of Japan (Schlanger
and Combs, 1975). These models allow hydrocarbons to be stored within a
porous diatomaceous sedimentary section that is sandwiched between underlying
mudstone and overlying turbidites. The turbidite unit is the stratigraphic

geal that @ps the diatomaceous reservoir wnit. In the Aleutian Basgin, Figure
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velocity-amplitude features (VBMPs), which are acoustic features indicative of
gas-charged sediment (Fig. 33), are found at the base of the turbidite unit.

A gimilar mechanism for the accumulation of hydrocarbons may be possible
for parts, but not all, of the Umnak Plateau region. Although the underlying
mudstone and the diatomaceous sediment are present, the capping turbidite
layer nmay only be prasent at the base of Umnak Plateau and in the floors and
overbank deposits of the submarine canyons. If hydrocarbons are being
generated within deeply buried mudstone beds, then other seals, such as an
impermeable layer of altered volcanic sediment or an overlying clathrate layer
must be pregent. Preliminary inspectioun of the seismic reflection records
indicates that the turbidite seals that probably exist in the Aleutian Basin
may not be present in the Omnak Plateau region. Only onre VAMP has been found
in the region and this VBMP ws observed beneath the flat-lying sediment

gection of the upper continental slope.

Diagenetic Boundary ~ Bottom Simulating Reflector (BSR)

The diagenetic boundary that occurs at a sub-bottom depth of 600 meters,
and that causes a prominent reflection horizon (BSR) beneath most of the Omnak
Plateau region may play an important role in the distribution of any
hydrocarbons that may exist in the regilon:

- The boundary is believed to represent an isothermal surface (Bein and
others, 1978) that cuts across stratiqraphic time horizons and
affects all Tertiary diatomaceous rocks.

~ A major change occurs in the lithology and physical properties (porosity,
permeability, density, acoustic veloclity) of the sedimeﬁﬁ across the
boundary. Thege changes that can affect the flow of fluids/gases

across the houndary.

67



SEAFLOCR—

MODEL

3850m

IMPERME ABLE
LATER

I T W W T W W

o~

SN TNy

PRIMARY

RESERVOR

UNIT

POCKETS

OF L¥M

Figure 33.

LOwW VELOCITY MATERIAL
(HYDROCARBONS 7)

and others,

1979).

INFERRED
LITHOLCGY

WITH
roEmgITES

DIATOM

LGS
AnD

CLAY CIATOM
=le}i §
SEmI -
INCOKATED

A
B —
E-Luu.cvol R DT e vy

=UDSTONE

Model explaining the occurrence of VAMPs (from Cooper



- The boundary is associated with higher than normal concentrations of
methane gas at Site 185 but is not associated with gas at Site 184"
This gas may be a biproduct of the dlagenetic process (Hein and
others, 197@) or may be biogenic/thermogenic gas trapped within the
thin diagenetic¢ zone.

- The boundary may ke a nearly impermeable barrier that controls the
trappling or channeling of migrating hydrocarbons in areas where
sediment ig faulted or folded, such as along the sides of the
submarine canyons, along the continental slope, and above diapiric

intrusionsa on Umnak Plateau.

TraEs

Structural and stratigraphic traps may be present throughout the Umnak
Plateau reagion. Structures such as diapirs, uplifted gedimentary bodlies, and
buried faults (Fig. 22) are camaon and may be associated with hydrocarbon
traps. The deep sediment-filled depressions beneath the upper continental
slope and the north gide of the Aleutian Ridge (Figq. 17) are presumed to be
bounded by deeply buried faults. These deep faults do not break the sea floor
but they may provide sub-surface routes along which fluids/gases can migrate
upward from deeply buried sources. Some bagement uplifts beneath Umnak
Plateau are fault bounded. These bagement faults fracture deep sediment
layers and deform the overlying sediment horizons (Fig. 22A), The folded and
uplifted sediment that i3 associated with the basement faults is a potential
hydrocarbon trap. Cooper and others (1979) discuss other axamples of
structural traps that are found in nearby areas of the Aleutian ﬁasin and
continental slope.

Stratigraphic features such as pinchouts, f£filled channels, lateral
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diagenetic variations, and buried slumps are common and may also trap
hydrocarbons. These features are all found beneath the continental slope,
although they are more common in the canyon-scarred areas of the slope. The
lateral diagenetic variations beneath Umnak Plateau, may, however, be the most
important stratigraphic trapping mechanism. Pinchouts are common in all areas
of the Umnak Plateau reglon where the sedimentary section has undergone rapigd
vertical displacement. Pinchouts are observed above structural depressions
beneath the continental slope (Fig. 16),.over basement warps beneath Umnak
Plateau (Figs. 16, 22), and near diapiric intrusions at the edge of Umnak
Plateau (Fig. 22). 014 filled channels found near the edge of the present
submarine canyons are depositional features that formed during the Late
Cenozoic period of canyon cutting. These features may be of limited
importance in the accumulation of hydrocarbong because they are relatively

young..

Thermal Ristory

The hydrocarbon potential of a sedimentary sequence such as that found
beneath the Umnak Plateau region is largely dependent upon the length of time
that the sedimentary sequence has been exposéd to the high burial temperatures
necessary for the kerogen—hydrocaxbon transforqation (Schlanger and Combs,
1975). The observed temperature gradients in the Umnak Plateau region are
large (50 to 82°C/km or 27 to 45°F/1000 ft, Fig. 30) possibly becauge of the
p;oximity to the Aleutian Ridge. Similar temperature gradients .have probably
exiated throughout Cenozoic Time as a consequence of episodic magmatic
activity along the Aleutian Ridge. If the observed gradients are projected
downward, then the onset temperatures for hydrocarbon generation (50 to 100°C)

will be reached at relatively shallow sub-bottom depths (0.6 to 2.0 km). The
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ENVIRONMENTAL HAZARDS

Potentlal envirenmental hazards in the ddep water areas of proposed 0OCS
Lease Sale 70 have not been thoroughly evaluated. This part of the report,
therefore, is necessarily a cursory review of potential hazards and is based
on the regional geologic setting of the area and on preliminary studies of
singe—-channel geismic reflection profiles. We can speculate that several
geologic processas can affect petroleum exploration and production in the
area, but we strongly caution that much more data are needed for even a
preliminary asessment of potentlal envirommental hazards.

The major potential geologic hazards are 1) volcanic activity, 2)
seismicity, 3) active faulting, 4) submarine glumping, 5) current— and wave-
induced sediment transport, and 6) diapirism. Minor hazards such as shoreline
effects by storm waves and landsliding can be locally important.

Volcanic Activity

Studieg of the Aleutian Islands volcanoes have been conducted@ since the
early work by Robinson (1947), Coats (1950) reports that the Aleutian Islands
have at least 76 major volcanic centers and that 36 of thase have been active
since 1760. Al)l of the islands have volcanic origins and, within the area of
thiga report, 23 have been identified of which 14 are active (Fig. 13; Table
1). Most volcances lle along the axis of the BRleutian Ridge, but Bogoslof
(Byers, 1959) liesg about 40 km north of Umnak Igland.

Aleutian volcanoes erupt lavas that typically have high silica contents
and high viacositiea. Thig type of volcano can be highly explasive. Several
Aleutian volcances outside of the Umnak Plateau region have explogively and
catastrophically erupted during the past 10,000 years; Fisher Caldera on
Unimak Island, Akutan volcano on Akutan Island, Mt- Makushin on Onalaska

Island, and Okmok Caldera on Umnak Island (Byers, 1959) have violently
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exploded in the Holocene {(Miller and Barmes, 1976). Investigations of these
volcanoesg are presently underway (Miller and Smith, 1877).

Since historic records of cataclysmic eruptions in the Umnak Plateau are
not available, we cannot effectively evaluate the potential hazards of these
great volcanoes. Some of the violent eruptions were probably similar to the
eruption at Krakatau in 1883. If any facilities are sited near one of these
volcanoes, the potential risk should be carefully evaluated. 1In 1944, for
example, a spectacular eruption of Okmok volcane on Unmak Island nearly caused
the evacuvation of a military airbase (Robinson, 1947).

Seismicity

The southern boundary of the Umnak Plateau region falls within the
Aleutian seismic zone, one of the most active zones in the world (Fig. 34).
Numerous papers describing the general aspects of this seismic zone in terms
of earthquake frequency, Bypocentral depth, magnitude, and mechanism have been
published on the Aleutian area since the early 1950's. However, only during
the past decade, after completion of the World Selsmic Network and atomic
testing at Amchitka Island, and in rasponse to increased interest in
earthquake prediction, have detailed examinations of the Aleutian seismic zone
been possible. The salient results of most of these investigations are
reported by Davies and House (1979).

The belt of epicenters that falls along the scuthern part of the Umnak
Plateau region follows the arcuate geometry of the Aleutian Ridge (Fig. 34).
Tge width of the belt, measured normal to the arc, is approximately 300 km.
The number of earthquakes apparently is lowest near the base of the ridge's
northern and southerm slopes, and highest beneath the crestal area of the
ridge.

Farthquakes in the Umnak Plateaun region occur at increasingly greater
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depth with distance north of the frontal or Pacific slope of the ridge. The
northward-inclined zone of geismicity, the Benioff Zone, begins at a
subgurface depth of approximately 40 xm beneath the southern adge of the
summit platform. The distridbution of hypocenters above 40 km i3 more diffuse;
recent analyses by Davis and House (1973) established that the inclined
Denioff aeismic zone ig about 10 km thick, and, in the Umnak Plateau region,
the dip of the zone is about 45°-50°. The Benloff zone lies approximately 95
¥m below the arcuate array of the Aleutlan volcanoces.

BEarthquakes pose three distinct geohazards in the Umnak Plateau regqion:
(1)>severe ground shaking caused by a great earthquake (magnitude greater than
7; 8ykxes, 1971), (2) frequent earthquakes of low to wmoderate magnitude that
may be associated with progregsive rupturing of the sea floor, and (3)
tsunamis or seismic sea waves. Great earthguakes, and their destructive
potential in terms of violent ground motion and associated tsunamis, occur
commonly in the vicinity of the Umnak Plateau reglon. At least 16 great
earthquakes have occurred along the Aleutian seismic zone since 1929 (Sykes{
1971). Six of these quakas, with magnitudes varying from 7.0 to 8.6, occurred
along or adjacent to the southern part of the Umnak Plateau region (Fig.

34). One of thege quakes, the 1946 shock seaward of Unimak Island, génerated
one of the most destructive tsunamiag recorded in the Pacific (Sykes, 1971).
Davies and House (1979} amphasize that the Shumagin Island region immediately
east of the southeast cormer of the lease area has been identified as a
geismic gap, which is a section of the Aleutian seismic zone that has not been
ruptured by a great earthquake within the past 20 to 30 years. This
circumstance predicts the likelihood that a potentially destructive and
pogsibly tsunami-generating earthquake will occur close to the Umnak Plateaun

region within the next few decades.
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Seismic reflection profiles commonly reveal fault scarps cutting the
Aleutian Ridge summit platform and sloping flanks. Epicenteral information is
presently too meager to determine if low and moderate magnitude earthquakes
are assoclated with these scarps, but the inference that a relationship seems
likely.

Active Faulting

Numerous scarps, some as high as 150m, rupture the planar surface of the
Aleutian Ridge summit platform (Fig. 25). These scarps apparently are fault-
controlled because they border summit basins, disrupt the basin's sedimentary
£11), and determine the locations of inter-island pagses and straits. The
gtresg pattern and rate of faulting recorded by the scarps are unknown. Not
even the length of these scarps is known. Fault length is an important factor
because length can be ;elated to the magnitude of earthquakes assgociated with
the faults. It is reasgnable to assume that the faults are presently active
because many of the scarps are well expressed geomorphically.

Little is nown about active faulting on the northern flank of the
ridge. The occurrence of active volcanism and regional seismicity imply that
the uppery or shallow-water part of the ridge flank ia probably af fected by
surface rupturing. Surface faults have been obsgerved in seaismic-reflection
profiles from parts of Umnak Plateau and the continental slope along the
eagtern part of the area, but detailed mapping has not been attempted. The
lengths, offsets, and types of slope faults are unknown. Many of the faults
are commonly associated with large slumps. -

Submarine Slumps

Many areas along the slopes of Umnak Plateau and below tha shelf break

along the continental margin and Aleutian Ridge are marked by scars and

humocky topography that most likely are related to submarine slumping.
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Detached sediment bodies are ccmmon in the steep areas, especially along
submarine canyon walls, and gediment creep is observed along the more gentle
slopes between the Pribilof and Being submarine canycns. Simila; bodies and
effects are common on geismic-reflection profiles across margins of Umnak

Plateau. The areas of greatest slump potential are those that have thick

sequences of semi~consclldated middle and late series beds (MLS sequence) and
steep slopes.
Sediment Transport

Tide~generated currents as swift as 9 to 10 knots sweep through narrow
passes between islands along the Aleutian Ridge. These currents are swi’«
encugh to move coarse grained sediments and to generate moving bedforms.

Seismic~reflection profiles taken across Amukta basin reveul bedforms
that imply swift currents also exist in deeper water areas (Fig. 24). Here,
the bedforms appear to be large (10 x 200 m to 10 x 1000 m) sediment waves.
These bedforms may be presently active or moving. An alternative explanation
is that they are relict features, possibly formed in lower sea level regimes
during the last glaciation. Sediment, therefore, is moved rapidly in tide-
dominated shallow-water passes, as well as in other areas of the summit
platform. The rate of sediment trangport, the net direction of transport, anc
the volume of debris being transported, are virtually wunknown factors for mosf
areas of the aummit platform and its flanking slopes.

Part of the sediment that aweeps through the passes may be deposited in
the submarine canyons that cut the norcth flank of the Aleutian Ridge.
Turbidity currents and debris flows associated with the masgs movement of this

sediment would be transported down the submarine canyons and out onto the

floor of the Aleutian Basin.

The effects of wave erosion, wava transport, and longghore currents als
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have not been evaluated. We suspect that the irreqularities of the shoreline
plus the frequency and strengthg of the storms in the area produce significant
erosion and transport of gediment.

Diapirism
Numerous &lapirs of probable sedimentary origin are found on Umnak
Plateau and along the north flank of the Aleutian Ridge (Fig. 21). The origin
of the diapirs on Umnak Plateau may be the injection of a mobile shale unit
into the sedimentary gection. Hence, overpressured shale units may be present

in the area of diapirg, a potential hazard to drilling operations.
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HYDROC ARBON RESOURCE ASSESSMENT

Umnak Plateau region covers the gouthern and deep-water part of lease
sale area #70 (Fig. 2). The assessment of hydrocarbon resources given herein
a@plies to ail areas of this region. A large summit basin of the Aleutian
Ridge, Amukta Basin, lies immediately adjacent to the southwestern edge of the
Umnak Plateau region. B hydrocarbon assessment of this outlying summit basin,
one of many, has not been made, yet the existence of thege summit basins
should be noted for future rescurce appraisals.

Negligible amounts of undiscovered-recoverable oil and gas are estimated
to be present in the Umnak Plateau region. Quantities of undiscovered
recoverable oll and gas, as assessed here, are defined as those guantitles
that are recoverable at current cost and price relationships and at current
technology, assuming an additional natural short-term technologic growth.

A review of the geology of the area indicates that potential gource beds
and a thermal gradient adequate for hydrocarbon genaration may be present.
Several diapiric structures of unknown trapping potential are also mapped.
Hewever, the posasibility of adequate reservoir beds is considered to be
poor. The sedimentary section is described as consisting of fine~grained
mudstone, siltstone and diatomaceocus coze that were deposited in a deep water

slope and batbyal environment.

Porositieg and permeabilities, previously deséribed in this teport, were
measured for dlatomaceous ocoze and giltstone and it is suggested that there L4
marked decrease in these potential reservolr qualities at a depth of 800-650
meters. There ls no ipdication of the presence of coarse grained sediment

that might be suitable for adequate hydrocarbon reservoirs.

The Jeep~water factor was alse domlnent in the assessment of neglible

amounts of undiscovered recoverable hydrocarbons. About 19,500 mi 2 (50,506
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)cmz) or 62% of the total area lies ln water depths greater than 1,600 m (5,240
££) and 6550 mi® (18,965 km>) or 208 of the total area is in water depths
greater than 2,500 m (8,200 ft).

Careful consideration of the probably unfavorable regervoir counditions
combined with the mox-‘e definitely unfavorable condition of water depth led tao
the agsessment of negligible amounts of undiscovered-racoverable oil and gas
resources. However, hydrocarbons may exist here in settings which possible
could be productive in the distant future under d.ifferent conditions of
ecenomy and technology.

Additional geologic and geophysical information will be requlred in the

future to accurately update assessments of the hydrocarbon potential of the

Umnak Plateau region.
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