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INTR ION

This report is a summary of the geologic framework and
petroleum potential of the Hope and Selawik basins in the
southern Chukchi Sea-Kotzebue Sound region, adjacent to
northwestern Alaska (figure 1). The report provides geologic
information relevant to State of Alaska Lease Sale 45 in the
Rotzebue Sound area, which was scheduled for May, 1989. The
sale has now been deleted from the State's lease sale
schedule. Information in this report may be relevant to
possible future Federal lease sales in the Hope Basin. Data
and information presented here were compiled from the
following sources: 1) published literature, 2) logs and core
from two on-shore petroleum test holes, 3) logs from several
shallow coal exploration wells at Chicago Creek on northern
Seward Peninsula, 4) field studies of Cretaceous outcrops
north of Xotzebue Sound, 5) unpublished industry reports,
and 6) conversations with industry and government geologists
who have worked in the ragion. Funding for our survey of the
published literature and for a l0-day fileld study of
Cretaceous outcrops was provided by a grant from the
"Studies Related to Continental Margins' program of the U.S.
Department of the Interior, Minerals Management Service, and
administered by the Bureau of Economic Geology, University
of Texas at Austin. This report will serve as the final

report for the "Hope Basin Stratigraphic Project" in
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Figqure 1. Locatiocn map of the area covered by this report.




accordance with the terms of the subagreement between the
Alaska Division of Geological and Geophysical Surveys, and

the University of Texas.

The field program was conducted by W.M. Lyle of the
Alaska Division of Mining and Geological and Geophysical
Surveys, and D.K. Thurston of the U.S. Minerals Management
Service, between June 17, and June 27, 1985. Thermal
maturity analyses ware performed by Jacobson Consulting,
Inc., Denver, Colorado; porosity and permeability'analyses
by Core lLaboratories, Inc., Dallas, Texas; and hydrocarbon
analyses by Chemical and Geological lLaboratories of Alaska,
Inc., Anchorage, Alaska. Discussions with geologists from
the U.8. Geological Survey, U.S. Bureau of Land Management,
U.S. Minerals Management Service, Natlional Oceanic and
Atmospheric Administration, Alaska Division of 0il and Gas,
Alaska Division of Mining and Geological and Geophysical
Surveys, Standard Alaska Production Co., ARCO Exploration
Co., and Mobil Research and Development Co. were very
helpful and were greatly appreciated. An early version of
this report was written by Lyle; the final draft was written
by John Decker and M.S. Robinson. J.G. Clough of the Alaska

Division of Mining and Geological and Geophysical Surveys
compiled the bibliography.



REGIONAL GEOLOGIC FRAMEWORK

LOCATION

The Hope and Selawik basins are predominantly off-shore
depocenters of Tertiary age located in less than 50 meters
of water in the epicontinental Chukchi Sea (fiqure 2). The
portion of the Hope Basin which belongs to the United States
lies between the Kotzebue Arch to the south, and the cCape
Krusenstaern-Cape Lisburne shoreline and Herald Arch to the
northeast (figure 2). The Selawlk Basin is located south of
the Kotzebue Arch, entirely within Rotzebue Sound and
adjacent on-shore lowlands (figure 2). Both the Hope and
Salawik basins coincide with gravity lows which help to

define the margins of the main depocenters (figure 3).

IERMINQLOGY

Grantz and others (1975: 1976), and Ehm (1983), include
the Selawik Basin within their more broadly defined Hope
Basin. Industry geologists, on the other hand, generally
prefer that the basins have two separate names mainly

pecause currently there is no pre-Quaternary stratigraphic



Figure 2. Location map of the Hope and Selawik Basin areas as used in this
report, and major structural elements in the Hope Basin and
adjacent areas (modified from Eittreim et al, 1979).
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Figure 3.

Free air gravity anomaly contour map of the Hope-Selawik Basin
area (modified from Ostenso, 1968).
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continuity between the Hope and Saelawik depocenters, and
because the petroleum potential of the two basins is

considered to be quite different.

P Cc TING

In spite of their predominantly off-shore location, the
Hope and Selawik basins occur entirely within continental
crust. They probably formed in Tertiary time as reiatiyely
small within-plate crustal rift systema and would be

classified as intracontinental basins by Dickinson (1974).

Several early plate tactonic reconstructions showed
that the present boundary between the North American and
Eurasian plates passed through the Bering Strait. These
models suggested that Alaska and Siberia were on two
separate lithospheric plates, and that a major crustal
suture was located beneath the Bering and Chukchi Seas. Such
models were oriqinaliy postulated with littla knowledge of
Arctic geology, they were never widely accepted, and they

are now generally considered to be highly unlikely.

Arctic geologists (for example, Churkin, 1963%) believe
that the major geologic terranes of Alaska and Siberia are
continuous across the shallow Bering and Chukchi seas.

Modern reconstructions indicate that the Chukchi Sea and



eastern Siberia have been a coherent part of either the
North American plate (Minster and Jordan, 1978) or the
smaller Bering plate (Minster and others, 1574; Stone, 1983)

since at least Jurassic time (figqure 4).

S RAP

The nature of the basement upon which strata of the
Hope and Saelawik basins were deposited can be inferred by
correlating Brooks Range and Seward Peninsula geology with
off-shore seismic sequences, and sparse drill-hole and
dredge-haul data. The Hope basin, from Rotzebue ridge to the
north, probably is underlain by rocks typical of the Brooks
Range. Whereas, rocks underlying the Selawik basin are more

gimilar to rocks aexposed on Seward Peninsula.

Brooks Range geology is best viewed in terms the of
thrae stratigraphic sequences defined by Lerand (1973), and
named the Franklinian, Ellesmerian, and Brookian sequences

(f£igure 5).

The Franklinian saquence consists of upper Protarozic
through Devonian clastic and carbonate sedimentary rocks
with a northern provenance. These rocks are generally weakly

metamorphosed and structurally disrupted. A major regional
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The dashed lines represent possible

boundaries for the Bering plate as discussed in the text

1983).

N-polar projection of the earth showing the major conventional
(modified from Stone,

plate boundaries by shading.
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fFigure 5.--Generalized stratigraphy of northern Alaska and adjacent continental shelves.
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unconformity marks the top of the Franklinian sequence and

the beginning of the Ellesmerian segquence.

The Ellesmerian sequence consists of Mississippian
through Lower Cretaceous mature clastic and carbonate
sedimentary rocks that were depoaited on the Arctic Platform
of deformed Franklinian basement. In general, the
Ellesmerian strata coarsen and thin to the north against an
inferred highland which was gradually lowared by erosion
during late Paleozoic and early Mesozoic time and eventually
tectonically removed during lLate Jurassic and Early
Cretaceous time. A reversal in drainage from north source to
south source occurred progressively from west to east during
Late Jurassic and Early Cretaceous time and marks the top of
the Ellesmerian sequence and the beginning of the Brookian

saquence.

The Brookian sequence consists of Upper Jurassic
through Holocene immature clastic sedimentary rocks derived
from a southern source. The southern source was created by
the Brooks Range orogeny which resulted in north vergent
thrusting of Franklinian and Ellesmerian strata, and the
obduction of oceanic crust from the south. The clastic
deposits of the Hope and Selawik basins are considered part

of the Brookian sequence.
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Seismic-reflection data and sonobuoy refraction
profiles collected by the U.S. Coast Guard and the U.S.
Geological Survey have been interpreted by Grantz and others
(1976) to suggest that the stratigraphic sequences
characteristic of the Brooks Range can be projected into the
Chukchi Sea and traced at least as far west as Wrangel

Island (see figure 4).

The basement strata of Seward Peninsula are‘the same
age and their protoliths are similar to rocks of the
Franklinian secuence of the Brooks Range and Arctic Slope.
On northern Seward Peninsula, basement rocks consist of
generally schistose metasedimentary rocks and marble. Drill-
hole data indicate that Tertiary deposits of the Selawik
Basin were deposited directly on this lower Paleozoic
basement with no strata equivalent to the Ellesmerian or

Mesozoic portion of the Brookian sequences present.

Selawik Basin

SOCAL Wells

The stratigraphic succession within the Selawik Basin
is fairly well established from Standard 0il Company of
California's (SOCAL) two petroleum test wells at Cape
Espenberg on the northern Seward Peninsula and at Nimiuk

Point on the Baldwin Peninsula near Kotzebue (figure 6). Six
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igure 6. Correlation diagram between the SOCAL Cape Espanberg No. 1 and

the SOCAL Nimiuk Point No. 1 test wells, including correlations
from U.S. Geological Survey seismic line A-A'.
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stratigraphic units have been recognized by Turner and Olsen

(1978) and are here numbered, from oldest to youngest, 1l
through 6.

Unit 1 consists of schistose volcanogenic
metasandstone, and light-gray microcrystalline marble with
calcite veins. Unit 1 extends from 2472 m. to a T.D. of 2601
m. in tha Cape Espenberg wall, and from 1849 m. to a T.D. of
1962 m. in the Nimiuk Point well. These rocks are likely to
correlate with pre-Mississippian schists and marble

extensively exposed on the Seward Peninsula.

Unit 2 consists of lithic tuff, welded tuff, basalt and
andesite porphyry, volcanogenic sandstone, volcanic
conglomerate, and claystona. Unit 2 is 510 m. thick in the
Cape Espenberg well and thins to 320 m. in the Nimiuk Point
well., Unit 2 is bound above and below by unconformities.
Potassium-Argon whole rock analysis of basalt samples from
the two wells yield late Miocene ages (U.S. Bureau of Land
Management (B.L.M.), unpublished data). From the Cape
Espenberg well, basalt collected from the interval 1635 to
1653 m. produced an age of 40.7 +/- 2.0 m.y. According the
the report submitted to the B.L.M. by Rodger E. Denison,
consulting geologist from Dallas, Texas, "The original rock
was composed of plagioclasae, pyroxene, iron oxides and
olivine. The olivine is now completely converted to

micaceous material. The texture is mildly porphyritic with



phanocrysts of plagioclase and former olivine. The
plagioclase 1s generally fresh as is most pyroxene. .

Tha determined age is a minimum due to the altexation but
should be quite close to the age of crystallization. The age
is late Eocene and it i3 doubtful, in my opinion, that the
age is likely to be oclder than middle Eocene.

" From the Nimiuk Point well, basalt chips from the
interval 1838 m. to 1846 m. produced an age of 42.3 +/- 10.2
m.y. According to Denison "The rock was originally composed
of plagioclase, pyroxene, lron-oxides and olivine. Only
plagioclase remains as a fresh mineral. The remainder has
bean altered to chloritic micas or replaced by carbonate
minerals. Both calcite and siderite appear to be present.
The plagioclase is generally fresh in most intervals.
Calcite veins are common. . . . The problem in obtaining a
satisfactory age centers on a lack of sampla. The core chips
are too small to obtain enough volume. The rock was treated
to remove calcite and the intergranular micaceous material.
The plagioclase wag then concentrated. If a clean
plagiocclase separation could be made it 1s believed that a
reliable age could be determined from the interval. . .
The age indicates the rock was probably crystallized in the
Eocene." Rasalt of confirmed Eocene age has also been
reported to the east in the Yukon-Koyukuk Province (Harris,
1985), and on the southarn Seward Peninsula (Tom Ager, U.S.

Geological Survey, oral communication, Nov. 1986).

le
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Unit 3 consists of interbedded sand and clay with local
thin gravel beds, deposited in a marine environment. Unit 3
is 328 m. thick in the Cape Espenberg well and 277 m. thick
in the Nimiuk Point well. Unit 3 uncenformably overlies Unit
2 and apparently is conformable with Unit 4.
Micropaleontological studies by U.S. Minerals Management
Service of samples from the two wells indicates that the age
of Unit 3 may range from Late Pliocene through middle late
Miocene. This unit corresponds to the Beringian marine
transgression of Pliocene age identified by Hopkins

throughout the Bering Sea ragion.

Unit 4 consists predominantly of interbadded sand and
gravel, with local clay-rich sections, and thin coal,
lignite and wood-fragment horizons. This unit was probably
deposited in a non-marine environment during an uncertain
succeasion of glacial advances and retreats. Unit 4 1s 861
m. thick in the Cape Espenberg well and 755 m. thick in the
Nimiuk well. Thae contact with the marine deposits of Unit 3
is sharp but with no anqular discordance or obvious break in
sedimentation. Similarly, the upper contact of Unit 4 is
sharp, but with no angular discordance and no apparent
disconformity. Unit 4 underlies Lower Pleistocene deposits
of units 5 and 6 (see discussion below), theraefore, Unit 4
is Early Pleistocene or older. Turner and Olsen (1978) and
Donald L. Olsen, U.S. Minerals Management Service, oral

communication, Nov. 1986) maintain that, on the basis of
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diatom biostratigraphy, the basa of Unit 4 can be no older

than earliest Pleistocene. Based on its tremendous
thickness, howaver, it seems logical to assume that Unit 4
contains both lower Pleistocene and upper Pliocene deposits,
The unit probably correlates at least in part with the Sinuk
glaclal interval on Seward Peninsula (Kaufman and Hopkins,
1986) and the Gunsight Mountain glacial episode in the

central Brooks Range {(Hamilton, 1986), both of late Pliocene

age.

Unit 5 consists of silt, and mud with common pyritized
wood-fragments. The presence of marine shell fragments
suggests that this unit was probably deposited in a shallow-
marine environment. Unit 5 is 314 m. thick in the cCape
Espenberg well and 308 m. thick in the Nimiuk Point well.
The top and bottom contacts of Unit 5 appear coenformable,
but because of the poor age control, disconformities at
these boundaries cannot be ruled-out. Daposits similar to
Unit 5 occur locally on Baldwin Peninsula in the vicinity of
the Nimiuk Point well, and are very likely to be |
correlative. Thesa surface exposures ware deposited during a
interglacial high stand of sea lavel called the Xotzebuan
transgression by Hopkins (1967). Amino acid dataes suggests
that deposits of the Kotzebuan transgression are about
500,000 years old (Hopkins, 1967). However, more recent age

information (see discussion of Unit 6) indicates that the



1%
overlying unit is older than 790,000 years. On this basis,

we consider Unit 5 to be of early Pleistocene age.

Unit 6 consists of sand, silt and clay with common wood
fragments. This unit was probably deposited as nonmarine
glacial outwash and flood plain deposits during a low stand
of sea leavel. Unit 6 is 59 m. thick in both wells. It occurs
extensively at the surface on Baldwin Peninsula and is
refaerred to as drift of the Nome River glaciation (for
example, Hopkins, 1967). The Nome River glaciation is
correlative with the Anaktuvuk glaclation in the central
Brooks Range (Hamilton, 1986). Normally magnetized Basalt
dated at 810,000 +/- 80,000 years on Seward Peninsula
(Kaufman and Hopkins, 1986) overlies drift that correlates
with the Nome River deposits. The boundary between the
Bruhnes Normal and the Matuyama Reversed Polarity Chrons is
at 790,000 years (Johnson, 1982) which is here taken as the
maximum age of the basalt, and the minimum age of the Nome
River glaciation. The Nome River deposits and the entire
section below therefore must be pre-late Plaistocene in age.
An alternative, although unlikely, possibility is that the
basalt actually overlies drift corralative with the older
Sinuk glaciation and that the Nome River glaciation is
therefore pre-790,000 years (David Hopkins, oral

communication, Nov. 1986).



our age assignments for the units in the two SOCAL
wells are based primarily on the bilostratigraphic work of
Turner and Olsen (1978) modified only slightly where
raquired by naw data. The age assignments are substantially
diffaerent from the interpretation of Eittreim and others
(1977) who suggest that the Neogene-Paleogene boundary
occurs at about the contact between units 4 and 5, or

possibly within the upper part of unit 4.

Cchicago Creek Coal-Bearing Strata

Tertiary strata missing beneath the Eocene volcanic
rocks of Unit 2 in the SOCAL walls is present in an isolated
graban along Chicagec Creek on the northern Seward Peninsula
(f£igure 9). Eleven coal exploratory wells were drilled under
Stata of Alaska contract to determine the feasibility of
mining the coal for the production of heat and electricity.
All wells were less than 100 m deep, and all but one
penetrated metamorphic basement.

In general, the Tertlary section at Chicago Creek
consists of poorly consolidated conglomerate, sandstone,
siltstone, mrudstone, and coal, deposited in a non-marine
environment. The Tertlary section unconformably overlies
quartz-mica schist of lower Paleozoic or Proterozoic agas,
and {s unconformably overlain by a thin Quatarnary silt
unit. The coal-bearing section contains a diagnostic
assemblage of Paleocene polynomorphs (Tom Ager, U.S.

Gaeological Survey, written communication, August, 1986)

20
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Figure 7. Drill saction of the coal-bearing sequence at Chicago Creek,
northeastern Sewvard Paninsula (modified from Hawley et al,
1988).
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Cretaceous Sections

Clastic sedimentary rocks of Cretaceous age occur
throughout the Yukon-Koyukuk Province east of Seward
Peninsula (Patton, 1973). The exposures of these rocks
closest to Selawik Basin occur in the Waring Mountains, east
of Kotzebue Sound. At this location, the rocks consist of
marine conglomerate, volcanic and calcareous graywacke, and
mudstone of Early Cretaceous agae, overlain by nonmarine
conglomerate, sandstone, mudstone, and cocal of Late
Cretaceous age (Patton and Millexr, 1968). The total
thickness of Cretaceous rocks in the Waring Mountains is

about 5000 m. (Patton and Miller, 1968).

During the 1985 field season, W.M. Lyle and D.X.
Thurston measured and collected sampled from four
stratigraphic sections of the Lower Cretaceous rocks in the
Waring Mountains (figure 8A-D). Upper Crataceous rocks in
the Waring Mountains are only moderately indurated and
generally form poor exposures, not suitable for detaileg
measuremsnt. Spot samples of the Upper Cretaceaous rocks were

collected from four locations (figure 8A-D).



Figure 8A. Measured section of Cretaceous rocks in the Waring Mountains.
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' Figure 8B. Measured section of Cretaceous rocks in the Waring Mountains.
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Figure 8C. Measured section of Cretaceous rocks in the Waring Mountains.
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Figure 8D. Measured section of Cretaceous rocks in the Waring Mountains.
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Seismic Profile

The U.S. Geological Survey seismic profile A~A' (figure
9) extends into Kotzebue Sound and intersects, at its
eastern end, the straight line between the two SOCAL wells
(figure 6). At the eastern end of the profile, three
prominent reflectors occur equally spaced at about 1 sec., 2
sec¢., and 3 sec. The lowest reflector occurs at about 4640
m, and almost certainly represents the unconformity between
lower Paleozoic or Proterozoic metamorphic basement (Unit 1)
and Eocene volcanic and volcaniclastic rocks (Unit 2). The
reflector at 2 sec. (about 2400 m.) probably is the
unconformity at the top of Unit 2. We interpret the
prominent reflector at ) sec. (about 900 m.) to correspond
to the change from marine muds of Unit 5 to the coarse
clastic deposits of Unit 4. Apparently, units 3 and 4 cannot
be distinguished seismically, and for simplicity, will be
referred to as the Neogene interval. The 1l sec. reflector is
referred to as reflector "K" by Eittreim and others (1977)
and is easily recognizable throughout Hope and Selawik
basins. The diagrammatic correlation diagram (figure 6)
shows the relationships between the two SOCAL wells and
profile A-A'. In general the basin thickens between the two

wells from less than 2500 m. to over 4600 m. The majority of

27
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A

®qure 9. Seismic profile and interpretation of U.S. Geological Survey
seismic line A-A' (modified from Grantz et al, 1971).
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the thickening takes place in Units 2, and to a lesser

degree in Unit s.

Profile A-A' shows the structure of Selawik basin to
consist of prae-Neogene block faults which produced a horst
and graben topography upon which the Neogene beds were
unconformably deposited. Within the compound graben near the
center of the profile, a bedded unit is preserved above
acoustic basement and below the Eocene volcanic and
volcaniclastic rocks. This unit is approximately 500 m.
thick and most likely correlates with the Paleocene
nonmarine rocks at Chicago Creek or, less likely, the

Cretaceous rocks of the Waring Mountains.

The west side of profile A-A' shows the erosion of all
pre-Neogene units above basement horsts of the Kotzebue
Arch, and thinning of the Neogene strata over the Arch.
Pleistocene deposits (Unit 5) are not influenced, at this

location, by the existence of the buried arch.

Interpretation of seismic data across Hope Basin
reveals that the basin consists of over 3000 m. of
gtratified rock which unconformably overlie acoustic

basement in several elongate east-west troughs north of



Kotzebue Ridge (figure 10). Seismic profiles across Hope
Basin have been interpreted by Grantz and others (1976), and
by Eittreim and others (1579). Grantz and others (1976)
racognize three main acoustic reflection units. The lowest
unit is 800 to 900 m. thick, has a seismic velocity of Vp=
3.1-3.3 km/sec., and is interpraeted to be nonmarine deposits
of lLate Cretaceougs or Palecgene age. The middle unit is
about 1500 m. thick, has a saismic velocity of Vp=l.9-2.9
kxm/sec., and is interpreted to be marine clastic deposits of
Paleogene age. The upper unit is about 750 m. thick, has a
seismic velocity of Vp=1.7-1.9 km/sec., and is interprated

to be marine and nonmarine clastic deposits of Neogene age.

We suggest an alternative age interpretation of the
selsmic sequences identified by Grantz and others (1976)

based on saismic correlations with the Selawik Basin. From

Hope Basin, the upper unit thins to the south toward

Kotzebue Ridge and, on scme seismic profilles, pinches out
beneath a Quaternary erosion surface which most likealy
represents the onset of the Nome Rivar glaciation. On other
profiles, the upper unit can be traced almost continuously
from Hope Basin over Kotzebue Ridga into Selawik Basin
(Eittreim and others, 1979) where it correlates with lower
Pleistocene marine deposits of the Kotzebuan transgression
(Unit 5). We suggest that the middle unit in Hope Basin
correlatas with the Neogene section (Units 3 and 4) in the

Selawik basin, based on their similar stratigraphic position
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Isopach map of the thickness of sediment above acoustic

Figure 10
: basement in Hope Basin (modified from Wiley, 1986).
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and seismic character. The age of the lower unit in the Hope

Basin is still uncertain. The lower unit could correlate
with the Eocena volcanic and volcaniclastic rocks (Unit 2)
in the SOCAL wells, the Paleocene coal-bearing strata of
Chicago Creek, or the Upper Cretaceous nonmarine

conaglomerate of thea Waring Mountains.

‘The major differance between our interpretation and the
interpretation of Grantz and others (1976) 1is that we
believe that the upper reflector is the boundary between
Pleistocene and Neogene, whereas they believe that the upper

reflector is the boundary between Neogene and Paleogene.

Elttreim and others (1977) recognize two major
sequences in Hope Basin, an upper sequence of Neocgene age,
and a lower sequence of Paleogene age. The two sequences are
séparated by a strong reverberant raflector called reflector
"R (figure 11). It is not at all clear how the three
acoustic sequences recognized by Grantz and others (1976)
correspond to the two sequences of Eittreim and others
(1977). The average seismic velocity of Vp=l.72 for
Eittreim's upper unit corresponds wall with the velocity
Vp=1l.7 to 1.9 km/sec. of Grantz's upper unit, but the
thicknesses of the upper units do not corrsepond. The
thickness of Eittreim's upper unit (50 to 2600 m.)
corresponds well with the combined thicknesses of the upper

and middle units of Grantz (750 + 1500 = 2250 m.), but then



Figure 11, Seismic profiles in Hope Basin, across Kotzebue
Arch (modified from Eittreim et al, 1977)
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the velocities do not agree. Regardless of how these

interpretations relate to one another, we agree that,
raeflector "K" marks the Neogene-Paleogene boundary in Hope
Basin. The isopach map of sediment above reflector "K" (our
units 3, 4, 5, and 6) shows the configuration of the Neogene

basin (figure 12).

STRUCTURAL GEOLOGY

The structural development of the Hope and Selawik
basins is primarily the result of regional north-south
extension during Neogene time (figure 13). Pre-Neogene
grabens presarve Cretaceous or Paleogene deposits at several
locations, both on-land and off-shore, but the horst and
graben topography was eroded te a smooth surface prior to
deposition of tha Neogene strata. During late Neogene
through Quaternary time, regional north-south extension
produced deep grabens in the Chukchi Sea, Norton Sound, and
RKotzebue Sound; continental rifting and volcanism on Seward
Peninsula (Turner and others, 1981); and extensive east-west
nornal faulting throughout the westsrn Brooks Range (Susan

Karl, oral communication, Nov. 1986).

Several types of hydrocarbon traps related to extensional
tectonics have been suggested for the Norton Basin, south of
Seward Peninsula (Fisher, 1982). Most of thesa traps (figure

14) can potentially occur in the Hope and Selawik basins.
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Figure 12. Isopach map of the thickness of Neogene sediment in Hope
Basin (modified from Chase et al, 1980).
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Figure 13. Map of the late Quaternary tectonic stress trajectories of the

Aleutian Islands and Alaska (modified Minster et al, 1974 and
Sykes and Sbar, 1974).
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Figure 14. Types of hydrocarbon traps that may be present in the Hope and
Selawik basins (modified from Fisher, 1982).
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Fractured crystalline basement may occur within horsts of

Paleozoic basement. Tilted porous rock may occur in pre-
Neocgene (Cretaceous or Paleogene) strata within both basins,
but particularly associated with the Kotzebue Ridge. Small
faulted traps are most likely to occur 1in the Neogene strata
adjacent to growth faults that were active throughout
Neogene deposition. Small anticlines within grabens, and
drape structures and compaction traps above horsts can be
expected to occur in both the Neogane and the Cretaceous or
Palaogene strata. Stratigraphic fraps can occur throughout

the acoustic sectlon.

PETROLEUM POTENTIAL
SOURCE ROCKS
Tha potential petroleum source rocks exposed around
Hope and Selawik basins are very limited. Paleozoic
metamorphic rocks are toc thermally altered to be sources
for hydrocarbons, and Neogene deposits are generally

immature.

Samples from Upper and Lower Cretaceous strata in the
Waring Mountains yield total organic carbon values that
range from 0,04 percent to 0.32 percent, and average 0.14
percent. (figure 15). These values are an order of magnitude
lower than typical values from hydrocarbon-rich basins. The
thermal alteration index for these rocks ranges from 3+ to
4- (equivalent vitrinite reflectance valueé of 2.0 to 2.5),

which is overmature and outside the oil and wet-gas windows.
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'-igure 15. Thermal alteration index (TAI), total petroleum hydrocarbons(TPH)

rocks from the Waring Mountains.

. and equivalent vitrinite reflectance (EVF) data for Cretaceous

-.--_-----‘1

SAMPLE NO. TPH TAI EVF
(PERCENT) (PERCENT)
WLB85-30 .00041
WL85=~32 . 00190
DT85-1 .00320
DT85=-2 3+ to 4- 2.0 to 2.5
DT85-3 .00140
DT85-4
DT85-5 .020030 )
DTB5-6 3+ 2.0
DT85-7 .00014
pDT85-8 3+ to 4- 2.0 to 2.5
DT85-9 .00190
DT85-10 3+ to 4~ 2.0 to 2.5
DT85-11 .00160
DT85-12 3+ 2.0
pTBS5=-13 .00170
DT85-14 3+ to 4- 2.0 to 2,5
DT8S5-15 .00140
DT85~-16 3+ to 4- 2.0 to 2.5
DT8S5-17 .00160
DT85-18 3+ to 4~ 2.0 to 2.5
DT85-19 3+ to 4~ 2.0 to 2.5
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Samples from the SOCAL Nimiuk Point well analyzed for
Mobil 0il Company, indicate that the entire section is
generally low in organic carbon and is thermally immature
(figure 16) Low-gray vitrinite reflectance values increase
fxom 0.19 at 100 feet (31 m.) to 0.51 at 5770 feet (1793
m.). Total orxrganic carbon valuas range from 0.06 percent to
8.34 percent and average l.16 percent for eleven samples. If
the anomalously high value is removed, the average for tan
samples drops to 0.44 percent. The 8.34 percent value occurs
as a depth of 1420 feet (441 m.), in a zone characterized by
low-gray vitrinite reflectance values of 0.25 to 0.28,
Visual kerogen analysis indicates that the Nimiuk Point
section is dominated by cellulosic (gas-~type) kerogens
(figqure 17). Similarly low vitrinite and organic carbon
values, and predominantly cellulosic kerogen types were also

obtained from the Cape Espenberg well (figure 18 and 19).

The corrected bottom-hole temperature for the Cape
Espenberg well indicates a geothermal gradiant of 48 deg.
C/kxm. (Fisher, 1982), which is consistent with the vitrinite
values from the two SOCAL wells. Using this geothermal
gradient, oil window vitrinite reflectance values (Ro=0.65
to 1.30) can be predicted to occur at depths of 2500 m. to
3300 m. Tertiary section at these depths are expected near

the depositional center of the Selawik and Hope basins.

40



Filgure 16. Total organic carbon data from the SOCAL Nimiuk
Point test well, Baldwin Peninsula (Page, M.M.,
1981, unpublisheqd).

TOTAL ORGANIC CARBON DATA
SOCAL NIMIUK PT. No. 1

Sample Dapth TOC
Interval {faet) (PERCENT)

(feet)

100-220 160 0.19

730-850 790 1.61
1360-1480 1420 8.34
1990~-2110 2050 0.31
2620-2740 2680 1.11
3250~-3370 3310 0.57
3880-4000 3940 0.14
4510-4630 4570 0.12
5140-5260 5200 0.06
5770-5890 5830 0.12
6211-6310 6261 0.18

AVERAGE l.16
AVERAGE LESS 8.34 (high value) 0.44



Figure 17,

FIRST

DEPTH OR LOW-GRAY b3 HIGH-GRAY X
SPL. NO. Ro MEAR PoP. Ro MEAR POP.

100¢ 0.19 18 0.36 37

460’ 0.23 65 0.59 kx|

820' 0.25 as 1.64 5

1180' 0.28 16 6.58 kY]

1540' 0.28 69 a.99 3

1500° 0.2% 74 1.1¢ 26

2260" 0.34 8s 1.75 18

2530 0.35 80 6.91 20

2890" 0.31 8 2.29 17

3250’ 0,37 66 0.72 k2

1650° 0.35 100 - -

1970¢ 0.39 45 0.59 32

43310’ 0.36 100 - -

4650' 0.37 72 1.36 25

5050* 0.41 47 0.74 i3

541Q' 0.44 85 0.8 1§

§770' 0.51 68 1.03 32
6130° - - - -
6250 - - - -

TAL

2

2,2+

Thermal Maturation and Visual Keragen Analyses
Soca) Nimiuk Pt, No. 1, Kotzebue, Alaska
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THERMAL HYDROCARBON
MRATURITY KERGGEN TYPE POTENTIAL /REMARKS
lama ture Cellutosic Gas type kerogen
{omature Cellulosic Gas type kerogen
Inmature Cellulostic Gas type kerogen
Imsa ture Cellutosic Gas type kerogen
Tmpa ture Cellulasic Gas type kerogen
[amature Cellutasic Gas typa kerogen
lemature Cellutasic Gas type kerogen
[mmature Cellulasic Gas type karogen
[smature Callulasic Gas type kerogen
Iomature Cellulosic Gas type karogen
Tamna ture Cellulosic Gas type keragen
Iowd ture Cellulosic Gas type kerogen
lowma ture Callulosic Gas type keraogen
lamature Cellutosic Gas type kerogen
Imeature Cellulasic Gas type kerogen
immature Cellulasgic Gas type kerogen
[mmature Cellulocic Gas type xerogen

retangrphic rocrs

Metamorphic racks



Figure 18. Total organic carbon data from the SOCAL Cape

Espenberg test well, Seward Peninsula (Page, M.M.,
1981 unpublished).

TOTAL ORGANIC CARBON DATA
SOCAL CAPE ESPENBERG. No. 1

Sample Depth TOC
Interval (feat) (PERCENT)
(faat)
130-250 190 0.76
340-460 400 1.48
550-670 610 1.64
760-880 820 l1.70
970-1090 1030 2.78
1180-1300 1240 2.32
1390-1510 1450 17.17
1600-1720 1660 0.595
1810-15830 1870 0.19
2020=2140 2080 1.33
2230-2350 2290 1.10
2440-2560 2300 1.04
2650-2770 2710 1.48
2860-2980 2920 1.20
3070-3190 3130 0.36
3280-3400 3340 0.37
3490-3610 3550 1.62
3700-3820 3755 0.55
3910-4030 3970 0.78
4540~4660 4600 1.44
5800~5920 5860 0.12
6430-6550 6490 0.04
7060-7180 7120 0.06
7690-7810 7750 0.13
AVERAGE 1.65
AVERAGE LESS 17.17 (high value) 0.93



Figure 19. b4

Thermal Maturatton and Visual Keragen Analyses
Socal Cape Espenderg lo. |, Kotzehue, Alaska

FERST
DEPTR OR L OW-~GRAY 1 HIGK-GRAY z THERMAL HYDROCARBOR
SPL. NO. R0 _MEAN POP. Ro MEAN £0P. I MATURITY XEROGEN TYPE POTENTIAL /REMARKS

130° 0.22 28 0.91 44 2 Immature Cellulosic Gas type kerogcn
490° 0.23 . 65 0.87 3s 2 lmmature Cellulosic Gas type kerogen
as0* 0.22 3 0.93 26 loma ture Cellulosic Gas type kerogen
1210° 0.25 92 0,76 8 Imaature Cellulostc Gas Lype kerogen
1670° 0.26 75 1.13 24 Imma ture €ellulosic Gas type kerogen
1930° 0,27 a9 .28 1! 2+ Imma ture Cellulosic Gas type kerogen
2380° 0.27 9 1.24 6 lmma ture Cellulosic Gas type kerogen
2740 0.25 85 0.86 15 mma ture Cellulosic Gas type kerogen
3110’ 0.26 8l 1.29 18 Immature Cellulasic &Ps type kerogen
3460 Q.29 n 1.05 26 Imma ture Cellulosic Gas type kerogen
1820' 0.29 74 0.74 26 Immature Cellulosic Gas type kerogcn
4180* 0.34 84 0.76 16 2+ [mnature Cellulosic Gas type kerogen

4900’ 0.1 74 0.97 26 lammature Cellulosic Gas type kerogen
5260 - - - - - - Sampte tost

5620' 0.49 100 {maature Celtulosic Basalt-caved yitrinite
5980 0.49 100 Iowma ture Cellulasic Welded tuff-caved vit.

6340* - - - - - - Insufficient data

§670" - - - - - - Insufficient data

7060° - - - - - - Insufficient data

Volcanic Agglomerate-
7420" 0.66 10Q Imeature Cellulesic Probable caved vic.

7780* 1.70 &4 ) Overmature Cellutosic Yolcanic Agqlomerate
a14¢6* 2.13 n Overadtura Celtulosic Gas-metasediments

8320 2.33 89 Overmature Cellulosic Gas-meLasediments

Lores

5000' 0.40 65 1.09 28 [oma ture Cellulasic Gas type keroges
5026' 0.34 100 fmaature Cellulosic Basalt-caved vitriuit.

7705° 1.17 94 Overmatuyre Cellulosic Yolcanic Agytomersic

861’ - . - . - - Insufficient datu

. 4540° 0.40 92 1.13 8 lmma ture Cellutasic Gas type kerogcn
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RESERVOIR QUALITY

The raservolr prcperties of exposed rocks around Hope
and Selawik basins and in the SOCAL wells are quite
variable. Pre-Tertiary strata generally have porosities and
permeabilities much lower than typical of petroleum
reservoirs. The reservoir quality of Neogene deposits is

good to very good, and of Paleogene deposits is moderate to

poor.

The porosity of field samples collected from Cretaceous
outcrops in the Waring Mountains range from 1.0 to 14.5
percent, and average 4.7 percent for 39 samples (figure 20).
Thirty-four of the 39 samples have permeabilities of less
than 1.0 millidarcies (md). The highest values are from two
conglomerate samples with porosities of 9.9 and 14.5 percent

and permeabilities of 49 and 69 md. respectively.

Porosities determined from compensated gamma-gamma
formation density logs from the two SOCAL wells range from
40 percent at the top of the wells to 5 percent at the

bottom (Fisher, 1982; figqure 21).
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Figure 20. Porosity and permeability data for surface samples from the Selawik
Basin area.

SAMPLE NO. PERMEABILITY HE POROSITY DENSITY SAMPLE DESCRIPTION

(millidarcy) (PERCENT)

WL85-1 <0.01 4.1 2.61 PHYLLITE
WL85~-2 <0,.01 1.8 2.76 META=-SANDSTONE
WL85=1 21.0 2.6 2.76 MUDSTONE
WL85-5 <0.01 0.9 2.78 MUDSTONE
WL85-6 7.1 6.8 2.64 MUDSTONE

WL=7 0.01 2.6 2.69 MICA SCHIST
WL85=7 69.0 14.5 2.83 . CONGLOMERATE
WL83-8 0.04 9.5 2,73 META-SANDSTONE
WL85-11 <0.01 5.0 2.72 HORNFELS
WL8S5-113 0.01 1.0 2.72 HORNFELS
WL85-~14 0.69 3.0 2.77 CONGLOMERATE
WL85-15 . 49,0 9.9 2.75 CONGLOMERATE
wi85-16 <0.01 3.3 2.71 MUDSTONE
WL85=17 0.25 7.2 2.73 META-SANDSTONE
WL85=20 <0.01 1.4 2.75 META-SANDSTONE
WL85=22 0.01 3.5 2.7 META~SANDSTONE
WL85=-23 0.7 7.6 2.69 SANDSTONE
WLaS5=-24 0.08 5.0 2.69 SANDSTONE
wWL85-25 0.68 7.7 2.65 SANDSTONE
WL85-26 0.12 7.0 2.68 SANDSTONE
WL85=-27 0.01 2.9 2.72 META-SANDSTONE
WwL85-28 0.08 4.3 2.69 SANDSTONE
WLB8S=29 0.24 6.2 2.69 SANDSTONE
wL8s-33 0.52 2.6 2.64 CONGLOMERATE
WLB85-34 0.03 4.2 2.7 SANDSTONE
wWLas5=-35 l.10 7.3 2.67 SANDSTONE
WL85-35B 0.16 2.3 2.74 SANDSTONE
WL85=-36 0.41 7.7 2.67 SANDSTONE
Wi8s=37 <0.01 2.5 2.72 SANDSTONE
wL85-38 0.27 3.8 2.64 CONGLOMERATE
WLa5-39 0.52 5.0 2.69 CONGLOMERATE
WL85-41 0.03 3.4 2.69 QUARTZITE
WL85=42 0.01 1.3 2.73 QUARTZITE
WL8S=-43 0.03 3.7 2.72 SANDSTONE
WL85-~-44 0.01 5.9 2.72 SANDSTONE
DTas=-20 0.07 5.5 2.77 SANDSTONE
DT85=24 0.76 7.8 2.70 SANDSTONE
DTR5=-25 0.03 4.0 2.71 SANDSTONE
DT85-26 <0.01 2.3 2.74 HORNFELS
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Figure 2. Porogity - depth data for the SOCAL Cape Espanberg No. 1 and the
SOCAL Nimiuk Point No. 1 test wells (modified from Fisher, 1982).
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SUMMARY

The most likely petroleum reservoir in the Hope and Selawik
basins is the Neogene. Order of magnitude calculations
indicate that Hope Basin contains about 70,000 cubic km.,
and Salawik Basin about 15,000 cubic km. of Neocgene sediment
with an estimated average porosity of about 15 percent.
Thermal maturation levels within the oll window are
predicted to occur in both basins between 2500 m. and 3300
m. Small- to moderate-size structural and stratigraphic
traps can be expected in éxtensional basins of this type.
However, the volume of high organic carbon source rock
within the Neogene deposits is extremely low, and there is
no evidence that oil or gas generation has ever occurred.
Pre-Tertiary strata around Kotzebue Sound are over mature
and probably have basen since pre-Necgene time. Little is
known about the source rock potential of Paleogene rocks.
The Paleocene strata at Chicago Creek were deposited in a
nonmarine enviromment and contain a high percentage of
organic carbon in the form of coal. The coal is lignitic and
has not reachad the grade of sub-biltuminous-C. Under the
conditions in which Paleogene deposits are likely to occur,
if at all, in Hope and Selawik basins, these deposits could

produce gas or oll of the type found in Cook Inlet, Alaska.
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Pigqure 22, Sample and station lpcation map.
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Figure 24 Sample and station location map.
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Figure 25 Sample and station location map.
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Figure 26. Sample and station location map.
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