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PREFACE

Gven our Ilimted understanding of how marine ecosystens
function and the causes of their variability, the question
of whether chronic |owlevel petroleum contam nation poses a
serious threat to life in the sea is particularly difficult
to answer. The potential value of using natural petroleum
seeps as “laboratories” to investigate sone of the questions
concerning inpacts of chronic petroleum input to coastal
areas has been recognized by the National Research Council
(1985) , based on the results of natural seep studies
conducted in southern California.

Anticipating that petroleum seeps mght provide future
opportunities to address such questions in the Al askan
marine envi ronnent , t he Quter Cont i nent al Shel f
Envi r onnent al Assessnment  Program (OCSEAP) reviewed the
l[iterature on Al askan petroleum seeps. The objective of
this review was to synthesize all available information on:
(1) the marine and coastal oil seeps in Al aska, wth
enmphasis on the arctic, and (2) the effects of chronic oil
pol lution on arctic marine biotic communities and ecol ogical
processes.

The result of this review is the followng report which

hopefully provides a basis for the developnent of future
studies involving Al askan marine and coastal oil seeps.

Paul R Becker
Carol - Ann Manen
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| NTRODUCTI ON

A petroleum seep is defined as wvisible evidence at the
earth’s surface of the present or past |eakage of oil, gas,
or bitunens from the subsurface (Hunt, 1979) . Wth the
increase in the sophistication of instrunentation in
subsurface exploration, the inportance of surface seeps in
oil and gas exploration has been de-enphasi.zed. However ,

historically surface seeps have been very i mportant in
expl orati on. Hunt (1979) states that, ", .many, if not nost,
of the inportant oil-producing regions of the world were
detected or discovered through surface oil and gas seeps."
This 1is <certainly the case in Al aska, where the oil
producing potentials of Katalla, Cook Inlet, and the North
Slope were first proposed based on the presence of oil
seeps.

0il seeps have been reported from earliest recorded history,
dating back to 3,000 BcC in the Middle East (Ownen, 1975).
These reports have not been limited to terrestrial seeps.
The o©il and gas seeps present in the Dead Sea were
responsible for the nanme the Renmans gave to this body of

wat er, “Mare Asphalticum" (Landes, 1973), which can be
transl ated as "Sea of Pitch". Figure 1 in Landes (1973) is

photo ra% a block of asphaltic material rounded on
t € wes ore of the Dead Sea. This piece of weathered
material originating as seepage has an estimted weight of
20 tons. O fshore seeps were discovered in the mid- to

late 19th century during oil and gas explorations in the Red
Sea, along the coast of New Zealand, and in the Caspian Sea
(Onen, 1975).

0il seeps in North Anmerica were reported as early as the
late 18th Century. The best known offshore seeps in North
Anerica occur in the Santa Barbara Channel off California.
These seeps and the associated tar on the beaches were first
reported by the Spanish Franciscan priests in 1776, and
additional description of surface oil in the Channel was
provided by Vancouver in 1792 (Yerkes et al., 1969 as cited
in Landes, 1973)

Hunt (1979) classifies seeps into three categories:

1. Active seeps, conposed of gas, 1light oil, heavy
oil, or mounds of sticky bl ack asphalt.
2. Inactive seeps, general ly asphaltites or

pyrobitumens not connected to any liquid nmaterial.

3. Fal se seeps, which appear to be hydrocarbon
accunul ations, but are actually stains of organic
or inorganic origin. For exanple, accunulations

13



of manganese dioxide, netallic sulfides, or
netallic oxides may be m staken for oil seeps.

The substance nost frequently mstaken in Al aska for oil
seepage is the iron oxide film found on the surface of pools
or sluggish streans in swanpy areas or tidal flats, or found
in association with iron-rich springs (MIller et al., 1955) .
0il filnms and gas derived from decaying vegetation and oily
distillation products of burned coal beds can also be
m st aken for petroleum (Martin, 1922)

Docunenting and describing land seeps were inportant in oil
and gas exploration during the early years of the petrol eum
i ndustry. This has resulted in fairly ext ensi ve
characterization of many of these seeps. Data and
information on land seeps is inportant in docunenting and
descri bing marine seepage. Natural seeps from both areas
can be expected to behave in a similar nanner and to be
functions of the sane geologic and geochemical paraneters
(Wlson, et al., 1973).

Wlson et al. (1973, 1974) have used information derived
from land seeps plus the limted information on marine seeps
to derive geologic criteria for evaluating the seepage
potential of offshore areas and to derive an estimate of the
amount of petroleum entering the marine environment via

natural seepage. Their estimate was 0.6 X 10°nmetric tons
per year, with a range estimate of 0.2 to 6.0 X 10°netric
tons per year. Al though it has been argued that this range
could vary by at least an order of nmagnitude both bel ow and
above these linmts, the estimtes nmade by WIson et al.
(1973, 1974) still remain the best available (National

Research Council, 1985)

The relative inportance of natural seeps to the input of
petroleum into the marine environnent has been discussed in
nunerous reports including Blumer (1971) , Landes (1973),
Wlson, et al. (1973, 1974), National Acadeny of Sciences
(1975), National Research Council (1985). The nost recent
estimates indicate that natural seepage represents |less than
10 percent of the input into the world s oceans. The
estimate of the National Acadeny of Sciences (1975), based
on the work of WIlson, et al. (1973), was 9.8 percent. The
revised estimate of the National Research Council (1985) is
0.02 - 2.0 X 10°netric tons per year, with a best estimate

of 0.2 X 10°netric tons. This is based on an order of
magni tude change in the upper and |ower values of the range
presented by WIlson, et al. (1973) and results in a value

which is 6.25 percent of the total input of petroleum into
the marine environnent.

O fshore and onshore seepage frequency data are strongly

correlated with areas of «current tectonic activity and
structuring (Wlson et al. (1973) . Margi ns of basins and

14



sedinments that have been folded, faulted, and eroded are
areas that are conducive for seepage. Li nk (1952)
categorized seeps into five types based on their origins:

1. Seeps arising from the ends of homoclinal beds
exposed at the earth's surface (Figure la) . This
type is usually small in volume, but persistently
active.

2. Seeps associated with the beds and formations in
which the oil was fornmed (Figure Ib) . An exanpl e
woul d be asphaltic oil generated by shal es feeding
into fissures and into sand interbedded wth
shales (G een R ver Formation of U ah)

3. Seeps from large petrol eum accunul ations that have
been uncovered by erosion or the reservoirs
ruptured by faulting and folding (Figure 1.c)
Seepages originating from the erosion of
reservoirs on anticlines are quite comon and
i ndi cate good prospects for finding oil in nearby
anticlines where the sane formations have not been
eroded. The seeps on the Alaskan North Slope and
along the shoreline of the @l f of Al aska appear
to be of this type.

4, Seeps at the outcrops of unconformties (Figure
1.d). An exanple is the Athabasca oil sands which
represents the |argest known seep of this type
(Hunt, 1979).

5. Seeps associated with intrusions such as nud
vol canoes, igneous intrusions, and piercenent salt
dones (Figure 1.e). Seeps of this type are quite
common in Mexico and on the U S @ilf Coast.

Petrol eum | eaking to the earth's surface undergoes a series
of weathering processes, regardless of whether it issues
froma terrestrial or a submarine seep. There is a | oss of
volatile and 1light hydrocarbons up through c¢,5 in the
earlier stages and continued |oss of hydrocarbons dap through
C,, after several nmonths (Hunt, 1970). Water sol uble
efenents and conpounds, such as nitrogen, sulfur, and |ow
nol ecul ar wei ght aromatics are |eached out in the
gr oundwat er . M cr obi al degr adati on begins in t he
gr oundwat er, leading to the oxidation of n- al kanes,

isoalkanes and napthal enes. As water, carbon dioxide or
hydrogen are elimnated from the seepage, polynerization of
i nternmedi ate nol ecul es occurs. Sedi mrents are incorporated
in submarine seepages. In the presence of sunlight and
oxygen, polynmers are oxidized and a rigid surface fornms on
the oil. These processes result in the formation of
asphaltic nounds in both submarine and terrestrial seepages.

15



Figure 1. Types of Oil Seeps. Based on the classification of Link (1952).
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Enl argenent of these nobunds depends on a continual supply of
fresh oil being released to the surface of the seep.

Al though many of the world's oil seeps have histories that
go back several centuries, many seeps are intermttent and
the volume of released oil ‘may vary over time. Seepage can
i ncrease, decrease, or stop entirely in response to seismc
activity (Rosenburg, 1974) . The tapping of the oil source
by industrial drilling and production can decrease or stop
seep activity. Both industrial and seismic activity may
play major roles in the pattern of o0il and gas seepage in
Al aska.

Wlson et al. (1973, 1974) classified the continental
margins of the world into potentially high, nedium and |ow
seepages assum ng the follow ng:

1. More seeps exist in offshore basins than have been
observed.

2. Factors that determne the total seepage in an
area are related to the general geol ogi c

structural type of the area and to the stage of
sedi nentary basin evol ution.

3. Wthin each structural type, seepage depends
primarily on the area of exposed rock and not rock
vol une. This assunption presunes that there is

sufficient sedinment volume and organic matter for
maturati on and generation of petroleum

4, Most marine seeps are clustered wthin the
conti nent al margins where the thickness of
sedi ments exceeds a certain mninum

5. Seepage rates are lognormally distributed (based
on the distribution of known oil field vol unes)
There are nmany seeps with low flow rates but only
a few with high individual rates; however, the
|atter probably provide nuch of the total seepage.
The National Research Council (1985) point out
t hat seepage rates m ght be exponentially
di stributed, since they probably reflect volunes
of all oil accumulations and not just oil field
vol unes, which are lognormal in distribution.

Using tectonic history, earthquake activity and sedinment
thickness in their analysis, WIlson et al. (1973, 1974)

identified continental areas of high, nedium and 10w
seepage potential based on the followng geol ogical

criteria:

1. High potential for seepage is characterized by
strike-slip faul ting associ at ed with hi gh

17



i nci dence of ear t hquakes, tight conpr essi ve
f ol di ng associ at ed with hi gh incidence of
eart hquakes, i gneous activity, and t hi ck
geochemically mature Tertiary sedinents.

2. Moderate potential for seepage is characterized by
strike-slip faulting associated with |ow incidence
of earthquakes, trench associated margins wth
hi gh incidence of deep earthquakes, early active
phase of pull-apart margins, growth faulting
associated with giant, river-fed submarine fans,
and diapiric or intrusive structures (shale, salt,
or igneous rocks).

3. Low potential for seepage 1is characterized by
pull -apart margins, 1little indication of recent
structuring, little or no earthquake activity, and
ol der sedinments or geochemically inmmture young
sedi ment s.

The continental margin of greatest petroleum seepage appears
to be the circumPacific. Wlson, et al. 1973, 1974)
estimated that 40 percent of the world s total seepage input
to the marine environnment originated from this area. Based
on the geol ogical criteria presented above, Al aska’ s

continental margins have been classified by WIlson, et al.
(1973, 1974) as:

1. High potential- Gulf of Al aska

2. Medi um potential- Arctic, northern Bering Sea,
Al eutian Chain, and Cook Inlet

3. Low potential- southern Bering Sea

Figure 2 shows the distribution of known coastal seeps in
Alaska as related to the classification of WIson et al.
(1973, 1974). The high potential for the @ulf of Alaska is
well reflected in the large nunbers of seeps that have been
identified along the coastline of the central part of this
regi on.

18
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ALASKAN O L SEEPS

: : L dl

Based on available information, 29 oil seepage areas have
been identified to occur within the <coastal regions of
Al aska (Figure 3). "0il seepage area" in this report refers
to a geographic area that contains a single seep or any
nunber of seeps that are in proximty to each other and that
appear to derive their oil from the same source and through
the sanme nechanism of seepage. O these 29 areas, 14 are
confirmed as containing actual oil seeps and 15 are
unconfirmed reports; all of the latter are located in the
@l f of Al aska. None of the confirnmed seeps are subtidal,
but range in distribution from just above the |ow tide datum
on a beach face, to inland sites that could influence the
mari ne environment through input via freshwater streans.
Each of the 29 oil seepage areas are identified by nane in

Table 1. This table also includes references which either
identify the locations of such sites or provide site
descriptions, characterizations of oils, etc. The nunbers

identifying each seepage area in Figure 3 and Table 1 are
used throughout this report in reference to specific seeps.

Hi story of Petroleum Seep Studies in Al aska

Since docunenting and describing petroleum seeps have been
historically inportant in oil and gas exploration, the study
of seeps in Alaska began at the turn of this century
primarily through the efforts of the U S GCeol ogical Survey
and the U S. Bureau of Mines. USGS exploration was started
in northern Alaska in 1901 as part of a systematic
scientific exploration of the Territory (Miller et al.
1959) . The U.S. Bureau of Mines has been involved in
petrol eum source evaluation in Al aska since the early 1920's
(Blasko, 1975). The enphasis of these agency efforts was to

map t he geol ogi cal structures in areas cont ai ni ng
indications of the presence of petroleum (seeps and outcrops
of oil shale) . Using this geological information, plus

physi cal and chenmical characteristics of the petroleum
traces, suitable areas for test drilling were identified.

Most of the early discoveries of both coastal and inland oil
seeps in A aska were based on information provided to
explorers by local natives. Probably many of these sites
had been known for centuries by the local inhabitants, and
in some cases native names ~for geographical |ocations
i ncorporate characteristics resulting from these seeps. For
exanple, the Inuit name for Giffin Point (Ugsrugtalik) may
be translated as, “the place where there is oil on top of
the ground” (Jacobson and Wentworth, 1982) and Ungoon

20
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Tabl e 1. Al askan Coast al

Site No. & Nane

0il Seepages

Ref er ences

1. Angun (Ungoon) Poi nt

2. Manni ng Poi nt,
Barter 1sland

3. Mout h of Canning R

4, G| Lake,
Colville River

5. Cape Sinpson

22

Leffingwell (1919)

Page, et al. (1925)
Bureau of M nes (1944)
Mller, et al. (1959)
Hanna (1963)

Bal | Associates (1965)
Grantz, et al. (1976)
Grantz, et al. (1980)
Magoon & Claypool (1981)
Al aska C ean Seas (1983)
Bader (1984)

Anders and Magoon (1985)

Bureau of Mines (1944)
Mller, et al. (1959)
Hanna (1963)

Bal | Associates (1965)
Johnson (1971)

Gantz, et al. (1976)
Gantz, et al. (1980)
Magoon & Claypool (1981)
Al aska C ean Seas (1983)
Bader (1984)

Anders and Magoon (1985)

Gantz, et al. (1976)
Gantz, et al. (1980)
Gantz, et al. (1976)
Gantz, et al. (1980)

Br ooks (1909)
Leffingwell (1919)
Page, et al. (1925)
Bureau of M nes (1944)
Mller et al. (1959)
Hanna (1963)

Bal | Associ ates (1965)
Johnson (1971)

Barsdate, et al. (1972)
McCown, et al. (1972)
Gantz, et al. (1976)
Gantz, et al. (1980)

Magoon & Claypool (1981)
Al aska C ean Seas (1983)



Tabl e 1.

Site No. & Nanme

(conti nued)

Ref er ences

6.

10.

11.

12.

Dease

Skul |

I nl et

Cliff,
Chukchi Sea

Inglutalik River
Nort on Sound

Andr oni ca

I sl and,
Al aska Peni nsul a
(unconfirned)

Chignik Bay
(unconfirned)

Ani akchak Area
(unconfirned)

Puale Bay (Cold Bay?,

W de Bay,

al

Cr eek)

Bureau of M nes (1944)
Mller, et al. (1959)
Hanna (1963)

Bal | Associates (1965)
Johnson (1971)

Gantz, et al. (1976)
Gantz, et al. (1980)
Al aska C ean Seas (1983)

Webber (1947)

Mller, et al. (1959)
Johnson (1971)

Gantz, et al. (1976)
Gantz, et al. (1980)
Magoon & Claypool (1981)

Johnson (1971)
MIller et al. (1959)

Martin (1921)

Kel l er and Cass (1956)
Johnson (1971)

McGee (1972)

McGee (1972)
Mller, et al. (1959)

Martin (1921)

Smith and Baker (1924)
Mller, et al. (1959)
McGee (1972)

Martin (1905)

Martin (1921)

Capps (1922)

Smith (1926)

Mller, et al. (1959)
Johnson (1971)

McGee (1972)

Blasko (1976a)

Blasko (1976b)

Blasko (19764)

1 Early references to Puale Bay refer to it as "Cold Bay"

(Martin,

MIIler

et

1905;
al .,

Martin,
1959).

1921; Capps, 1922; Smith, 1926;
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Tabl e 1. (conti nued)

Site No. & Nanme

Ref er ences

13. Shelikof Strait
(unconfirned)

14. Dougl as R
(unconfirned)

15. Bruin Bay
(unconfirned)

16. I ni skin Peninsul a
(Gl Bay)
17. I ni skin Bay

(unconfirned)

18. Chi nitna Bay
(unconfirned)

19. Tyonek and Mouth of
Little Suisitna River
(unconfirned)

20. Anchorage near Knik Arm
(no longer active?)

21. Katalla, Controller Bay

24

MIller, et al. (1959)
McCee (1972)

Martin (1905)
MIller, et al. (1959)

Martin (1905)

Martin (1921)

Mat her (1925)

Mller, et al. (1959)
Johnson (1971)

McCGee (1972)

Martin (1905)
Martin (1908)
Mffit (1922)
Johnson (1971)
McCGee (1972)
Blasko (1976a)
Blasko (19764)

Moffit (1922)
Mller, et al. (1959)

Moffit (1922)
Mller, et al. (1959)

Martin (1921)
Mller, et al. (1959)
McGee (1972)

Brooks (1922)

Martin (1905)

Martin (1908)

MIler (1951)

Mller, et al. (1959)

Johnson (1971)

Reimitz (1970 as cited
i n Johnson, 1971)

McCGee (1972)

Rosenberg (1974)

Blasko (1976c)



Tabl e 1.

(conti nued)

Site No. & Nane

Ref er ences

22.

23.

24.

25.

26.

217.

28.

29.

Katalla Area East,
Cape Suckling
(unconfirned)

Yakat aga

Sanovar Hi |l s,
Malaspina d acier

East Shore of Icy Bay
(unconfirned)

Yakut at

Li tuya Bay
(unconfirned)

Cape Spencer
(unconfirned)

Admiralty Island
(unconfirned)

25

Martin (1908)

Mller, et al. (1959)
McGee (1972)

Martin (1908)

Mller, et al. (1959)

Pal mer (1971)
McCee (1972)
Rosenberg (1974)
Blasko (1976c)

Mller, et al. (1959)
Johnson (1971)

Pal mer (1971)

McCee (1972)
Rosenberg (1974)
Blasko (1976c)

Mller, et al. (1959)
McCGee (1972)

Mller, et al. (1959)
Ball & Associates (1965)
McCGee (1972)

Rosenberg (1974)

Mller, et al.
McGee (1972)

(1959)

Martin (1921)
Mller, et al.
McCGee (1972)

(1959)

Martin (1921)
Mller, et al.
McCGee (1972)

(1959)



(Angun) Point has been translated to nean, “pitch” point
(Bureau of M nes, 1944).

The reports of early surveyors also indicated that sone of
these seeps were mned for their oil soaked peat by the
natives for use as fuel. The seeps on the east shore of
Dease Inlet and at Angun Point were reported by Ebbley and
Joesting (Bureau of Mnes, 1944) to be used by the natives
for this purpose.

Ol seeps on the Iniskin Peninsula, west shore of Cook
I nlet, were supposedly known to the Russians in 1853
(Martin, 1905). This was probably through the 1850
geol ogical survey of the Cook Inlet area by the Russian
mining engineer, Petr Doroshin. The seeps in the Katalla
and Yakataga districts, @lf of Al aska, and Kanatak district
(Puale Bay/Cold Bay) were docunmented by explorers and
prospectors in the md-1890’s; those on the Chukchi and
Beaufort Sea coasts were probably first docunented by non-
native explorers at the beginning of the 20th century.

The oil seeps on the Iniskin Peninsula of Cook Inlet
resulted in the staking of clains in 1892, a restaking in
1896, and drilling for oil at Gl Bay in 1898 (Martin,

1905) . Claims were staked and drilling began at the
Katalla-Controller Bay seeps in 1901, and at Puale Bay in
1902. The drilling on the Iniskin Peninsula and Puale Bay
was abandoned about 1904, but periodic test drilling

continued in both areas through the 1950's.

Drilling continued sporadically at Katalla during the first
decade of the 20th century, but was halted during 1910-1920
when the U S. governnment withdrew all federal |ands from oil
and gas | easing. Expl orati on and devel opnent activities at
Katalla eventually resulted in the only comercial petroleum
production in Al aska (1920 through 1933) up to 1955.

Active exploration began again during the 19201s after the
passage of the Ol and Gas Leasing Act of February 25, 1920.
In anticipation of this increased activity, the USGS
produced a summary of information on petrol eum resources and
likely areas of petroleum resources in A aska (Mrtin,
1921) . The location and characteristics of petroleum
seepages played a prominent part in this report.

The earliest report of oil seepage in the North Anerican
Arctic was by Thomas Sinpson of Hudson’s Bay Conpany.
During his coastal survey of 1836-37, he reported oil
deposits along the Canadian Arctic shore (Hunt, 1970).

The earliest report on the petroleum potential of the
Al askan North Slope was from the year, 1886. Ensign W.L.
Howard, a menber of the U S. Navy's exploration expedition
headed by Lt. George M Stoney, explored the head of the
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Colville River during the winter of 1886 and brought back a
specinen initially believed to have been petroleum residuum
(Paige et al. 1925). This sanple was later found to be oil
shale (Smth and Mertie (1930), which is common along the
north front of the Brooks Range.

The first recording of true petrol eum seepage on the Al askan
North Slope was by E. deK Leffingwell as a result of his
1906- 1914 expl orati ons. Al though he did not personally
visit the site, Leffingwell reported the presence of
petrol eum seeps near the Arctic Coast, 50 miles sout heast of
Poi nt  Barrow, on Dease Inlet (the Cape Sinpson Seeps)
(Brooks, 1909; Leffingwell, 1919). He obtained a sanple of
this seepage from c.D. Brewer of Point Barrow which anal ysis
indi cated was a petrol eum residue. These seeps were visited
by AM Smith in 1917, whose oral description led to
geol ogists from Standard 0il of California and GCeneral
Petrol eum inspecting and mapping the area in 1921 (Paige et
al. 1925; Miller et al., 1959; Hunt, 1970).

Anot her seep was reported by the natives to Leffingwell as
being on the Beaufort Sea coast about 300 mnmles farther
east, or about 35 miles west of the Al aska-Yukon boundary
bet ween Hunphrey Point and Aichillik River (Leffingwell,
1919) . This was probably the seepage at Angun Point, which
has a history of being mned by the Natives for its asphalt.

At about the sane tinme that Leffingwell was being briefed on
the presence of the oil seeps at Cape Sinpson and Angun
Point, WIIliam Vanvalin, a teacher with the U S. Bureau of
Education, explored oil seeps on the eastern shore of Smth
Bay reported to him by Natives at Wainwright (Hunt, 1970)

He reportedly discovered two springs of oil flowng into a
| ake 400 by 200 feet in dinension |ocated about one mle

from the shore of the Beaufort Sea. Vanvalin staked claim
to this deposit, nanmng it the "Arctic Rm Mneral o0il
Claim.™ The claim was never developed and no additional

information was found by the authors relative to this seep.

The maj or driving force behind the exploration and
geol ogi cal mapping of the western Al aska North Slope during
the 1920's was the establishnent of the Naval Petroleum
Reserve (Pet-4), which enconpassed about 37,000 square
mles. The establishnment of this reserve was part of a
national security policy of providing adequate supplies of
oil to the US. Navy. Pet-4 was established on February 27,
1923, Dby Executive order of President Warren G Harding.
The selection of this particular area for the reserve was
partially due to evidence of the presence of a large oil

field here. This evidence consisted of the presence of
petrol eum seeps coupled with what was known concerning the
geol ogy. In fact, oil seeps are actually nentioned in the
Executive order (Paige, et al., 1923):
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“Whereas there are |arge seepages of petroleum al ong
the Arctic coast of Al aska and conditions favorable to
the occurrence of valuable petroleum fields on the
Arctic coast; ....... "

During the period 1923-26, geological surveys of the Pet-4
were conducted by the USGS at the request of the Departnent
of Navy. The results were published in a series of reports,
including those of Paige, et al. (1925) and Smth and Mertie
(1930)

In the 1923 USGS expedition to the Pet-4, two oil seeps at

Cape Sinpson were surveyed. One sanple was taken from a
surface seepage (weathered oil) and analyzed by the Bureau
of Mines. In their report, Paige, et al. (1925) provided

maps of the seep |ocations, photographs of the seeps, plus
results of chemcal analysis of oil collected from one of

t he seeps. Page, et al. (1925) also nentioned in their
report another oil seep reported by natives, 300 mles east
of Point Barrow, near the international boundary. This was

probably the sanme seep reported by Leffingwell. Although
Barter |Island is a possibility, this was probably the
seepage area at Angun Point.

Little additional attention was given to the Alaska North

Slope until World War I1. In 1943, the Bureau of Mines
agaln exam ned the Cape Sinpson area and continued to search
for reported seeps. The results of this exploration were
published in Bureau of Mnes War Mnerals Report 258 (1944).
The following additional seeps were described: Um at
Mountain, Fish Creek, Dease Inlet, Manning Point and Angun
Poi nt . The latter three seep locations are coastal.

The Navy Departnment resuned its program of exploration of
Pet-4 in 1944 as part of the wartinme effort. The USGS
resunmed its mapping program in northern Al aska and in 1945,
at the request of the Navy, it carried out the geologic
phases of the Pet-4 exploration (Miller et al. 1959). As
part of this effort, two gas seeps (on the upper Meade River
and on the Colville River) and the oil seep at Skull Cliff
were discovered. The Skull <¢cl1iff seepage, which occurs on
the Chukchi Sea just north of Peard Bay, was described in a
report by Webber (1947)

Simlar to the situation in the @ilf of A aska, the first
test wells on the North Slope were drilled near oil seeps:
Cape Sinpson (coastal) and Umat (inland up the cColville
River) . The test drillings began in 1945 and continued
t hroughout promsing locations in the Pet-4 until 1951. The
Uriat oil field was discovered in 1950. The oil reserves at
Cape Sinpson were found to be small (2.5 mllion barrels),
while the test well at the Fish Creek oil seep (1949) found
heavy oil wth an asphalt base (MIller et al. 1959). A
result of this exploration was the discovery of the snall
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oil and gas fields of Umat, Cape Sinpson, and South Barrow.
Exploration of the area between the Pet-4 and the WIlliam QO
Douglas Arctic WIdlife Range (now known as the Arctic
National WIldlife Refuge) was stimulated, in part, by the
presence of seepages reported at Kuparuk. This exploration
resulted in the 1968 discovery of the Prudhoe Bay oil field.

Addi ti onal exploration of Pet-4 was conducted by the Navy
during 1974-1977. In 1977, jurisdiction of Pet-4 was
reassigned to the Departnent of Interior and the reserve was
renamed the National Petroleum Reserve in Al aska (NPRA) .

The A askan North Slope continues to be surveyed and
explored for oil and gas deposits. In addition, known oil
and gas fields are being delimted. The chem cal
characterization of oils from test wells, producing wells,
and surface seeps for oil/source-rock correlation analyses
has been an inportant part of this exploration and study
(Magoon and Claypool, 1981; Anders and Magoon, 1985; Magoon
and Claypool, 1985)

Gl/rock correlation analyses involve the evaluation of
source rock for organic matter richness, kerogen type and
thermal history and analysis of the oil type to determ ne:

APl gravity

carbon isotope ratios

sul fur and nitrogen content

rel ati ve amounts of odd- and even-nunbered n-alkanes
pristane/ phytane ratios

rel ative anmounts of sulfur and nitrogen isotopes

From a geochemical standpoint the oils from sonme of the
North Slope coastal oil seeps have been relatively well
characteri zed. Surface seepage and nore than 25 separate
oi | -and-gas accumnul ati ons have been discovered on the North
Sl ope (Magoon and Bird, 1985) . Anal yses of many, but not
all, of these seepages and accunul ati ons show that there are
several distinguishable types of oil present,

Gl/rock correlation analyses indicate that the oil types
of the various coastal seepages are chemcally different
from and appear to have different sources than the Prudhoe
Bay oil (Anders and Magoon,1985; Curiale, 1985; Magoon and
Claypool, 1981; Magoon and Claypool, 1985b; Magoon and
Anders, 1987) . Prudhoe Bay crude oil originates from the
Ki ngak Shale/Shublik For mati on (Figure 4) and s
characterized as an isotonically light oil relatively high
in vanadi um ni ckel , sul fur, and tricyclic terpanes
(Curiale, 1985). The other oil types are:

Angun Point Seep, Jago Ol Type- probably originates
from type Il organic-rich facies of the Cretaceus Hue
Shale (Figure 4) based on simlarities in carbon
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i sotope values of the saturate and aromatic hydrocarbon
fractions and their /Co3 trlcycllc terpane ratios
(Anders and Magoon, 19@5 is a high gravity, |ow
sul fur oil, with no or sllghtly odd- nunbered n-alkane
pr edom nance. The pristane/ phytane ration is greater
than 1.5 (Magoon and Claypool (1981).

Manning Poi nt Seep, Manning Q1 Type- of unknown source
(Anders and Magoon, 1985). This is a high gravity, |ow
sulfur oil, with no or slightly odd-nunbered n-alkane
pr edom nance. The pristane/ phytane ration is greater
than 1.5 (Magoon and Claypool (1981).

Cape Sinpson and Skull cliff Seeps, Simpson-Umiat Q|
- - appears to be associated with the "pebble-
shale"/Torok Formation (Figure 4) (Magoon and Claypool,
1985b) . This is a high gravity, low sulfur oil, with
no or slightly odd-nunbered n-alkane predom nance. It
is also characterized as being |low in vanadium and
nickel (Curiale, 1985) . The pristane/phytane ratio is
greater than 1.5 (Magoon and Claypool, 1981).

Studies of oil seeps in the Alaskan Arctic, beyond
geochemical characterization for delimitating petrol eum
bearing formations, began during the early devel opnent of
the Trans Al aska Pipeli ne. Concern for the possible inpacts
on the tundra biological communities of oil spilled from the
proposed pipeline led to a series of ecological studies,

sone of which used inland and coastal seeps as part of the
experi nment al procedures (Agosti and Agosti,1972; Bar sdat e
et al., 1972; MCown et al., 1972; ZzZobell and Agosti, 1972).
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DESCRI PTI ONS OF SELECTED ALASKAN COASTAL SEEPS

Those Al askan coastal seepage areas that appear to be nost
closely associated with the marine environnent and which
have the nobst background information are described in this
section. These descriptions include basic observations
(from earliest explorers to present-day observers), maps of
the locations, geological sources, chemcal characteristics
of the oil, and any other pertinent information. Al t hough
enphasis is being placed on those seeps located in the
Arctic, well known areas in the @lf of Al aska will al so be
included in these descriptions. The seeps included are:

Arctic-
Site No. 1, Angun Point
Site No. 2, Manni ng Point
Site No. 5, Cape Sinpson
Site No. 7, Skull cliff

@l f of A aska -
Site No. 12, Puale Bay
Site No. 16, I ni skin Peninsula
Site No. 21, Katalla
Site No. 23, Yakat aga

A short 1list of other coastal oil seeps reported in Al aska
will also be included at the end of this section.

Angun (Ungoon) Poi nt

This seepage area consists of at |east two oil seeps |ocated
on the coastal point at the Nuvagapak Entrance to Beaufort
Lagoon (Figure 5) (Al aska Cean Seas, 1983). The exposed
point is |l ocated on scarps 5-10 ft above the narrow beaches.
To the east of this point, the exposed beaches consist of
gravel and sand, while to the south they are conposed of
sand-silt (|ess-exposed) . Based on neasurenents conducted
over a period of 20 years, Hopkins and Hartz (1978)
estimated the coastal erosion rate of the area to be 1.5

m/yr.

These seeps were probably reported to explorers by natives
at a very early date. Both Leffingwell (1919) and Page, et
al. (1925) reported secondhand information on coastal seeps
in this general |ocation. The seeps are specifically
indicated on maps in Gantz et al. (1976; 1980) , Map 76 of
the Al askan Beaufort Sea Coastal Resources Manual (Al aska
Clean Seas, 1983), and USGS pen-File My 84-569 (Bader,
1984)
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Figure 5 . Angun Point Oil Seepage Area (Alaska Clean Seas, 1983).
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The Bureau of Mines (1944) first described this site:

“Location is 7 mles east of Hunphrey Point and about

40 mles west of Demarcation Point. "Ungoon" is the
Eskinmo term for pitch. Three evidences of petroleum
seepages were found on Ungoon Point. The [|argest of
these is mle and a quarter south from the sod house on
the Point. The pitch is black and hard and is
extrenely difficult to dig. A small anount of mning

has been carried out and the pitch has appeared in
several small holes where the tundra has been renoved.
The general area is approximately 300 feet north and
south and 100 feet east and west.”

“Six hundred yards east and about 250 yards from the

east beach a small pool has been excavated in the
center of a small humock. Sanple No. 16 was taken
from this material which has the sanme consistency as
the | arger exposure. On the east side of Ungoon Point
and in line with the two seepages nentioned above, an
exposure of oil bound sand four feet thick appears
along the bank for a distance of about 30 feet. Thi s

deposit is located one and one half mles southeasterly
from Ungoon Point proper.”

This description from the md-40's has been the basis for
the Angun seep descriptions produced by Mller et al.
(1959) , Hanna (1963) , and Ball Associates, Inc. (1965)

Sanpl es of this seepage were recently collected by the USGS

for oil/source rock correlation analysis. Based on
geochemical analysis of this oil, Anders and Magoon (1985)
have designated this as Jago Ol Type. It probably
originates from type Il organic-rich facies of the Hue Shal e

(Figure 4) and has also been identified as occurring in oil-
stained rocks from Katakturuk River and Jago River. Jago
0il Type is a high gravity, low sulfur oil, with no or
slightly odd-nunbered n-alkane predom nance, and has a
pristane/phytane ration greater than 1.5 (Magoon and
Claypool, 1981).

The oil from the Angun seeps contain biodegraded
hydrocarbons and no neasurable anounts of n-alkanes or
regul ar chain isoprenoids. The hydrocarbons are dom nated
by those with boiling points >n-C,,. Qther characteristics
of this oil are presented in Tabl e %

Manning Poi nt

This oil seepage is located at tidewater on Mnning Point,
which is a narrow strip of land lying between Kaktovik and
Jago |agoons, 3 km southeast of Barter Island (Figure 6).
Manni ng Point is protected by gravel barrier islands. Bot h
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Table 2. Geochemical Characteristics of Ol from A askan Arctic Coastal Seepages. Data are from
Magoon and cClaypool (1981) and Anders and Magoon (1985).

ANGUN MANNI NG CAPE CAPE CAPE SKULL
VARIABLE PO NT PO NT SI MPSON_#1 S| MPSON #2 S| MPSON #3 CLI FFE
“ APl GravityI Solid 26.7 20. 2 it 18.8 18. 4
/0. Sulfur? 0.22 0.14 0.34 0. 08 0. 32 0.32
“/o. N trogen, 0.43 0.02 - 0.03 0. 05
Qoo delta®sS -10.59 - 491 - - 5.46 - 6.11 -10. 3
- 4.9
©/00 deltal®n 1.13 2.75  mmme- 3.81 2.85
o/oo deltal3c3 -28.71 -28.23 - -28.94 -29.09 -29.1
(whole oil)
-27.8
o 13 -28.52  em——— -29.31 -29.34
d c. =-29.21
T8+ 85 HE)
0/33 deltal3c -28.57 -27.84 eeeee -28.19 -28.48
(c+>* Arom. HC)
Extracti on data:
% Non-~HC 73.6 26. 8
% HC 24. 4 73.2
S/ A' 2.9 5.2
Bi omar ker dat a:
(C19/C23 tricyclic
19 tgPpane) Y 0.6 2.1
Hopane/C,, tricyclic
t er pane 2 15.7

_Average for crude oil is 35" API; Prudhoe Bay crude oil is 26.1° API.
Prudhoe Bay crude oil is 0.95% Sul fur.
Prudhoe Bay crude oil is -29.83%0c0 deltal3c.

“Saturate/aromatic hydrocarbon ratio
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rigure 6 . Manning Point Oil Seepage Area (Alaska Clean Seas, 1983).
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Kaktovik and Jago |lagoons are relatively shallow, not
exceeding 4 in in depth; tidal range is less than 20 cm
(Johnson, 1971). The shoreline of Manning Point is steep,
3-4 mhigh, and consists primarily of coarse gravel (Al aska
Cl ean Seas, 1985) . The shoreline of Kaktovik Lagoon
extending along the spit from the o0il seepage to the
mai nl and (about a mle in length) is conposed of sand-silt.

The Manning Point seep is specifically indicated on maps in
Gantz et al. (1976; 1980) , on Map 71 of the Al askan
Beaufort Sea Coastal Resources Mnual (Al aska Cean Seas,
1983), and on USGS (pen-File Map 84-569 (Bader, 1984).

The Manning Point seep was first described by Ebbley and
Joesting (Bureau of M nes 1944):

"No actual pitch residue was noted, however , t he
nort hwest and northeast beaches which form the point

are lined with oil froth for a mle and a half. A
considerable portion of the beach particularly on the
northwest side, consists of an oil bound silt and
numer ous boul ders of soft oil bound reddi sh-brown sand
wer e observed. Several trickles of water-carrying oil

filmcross the narrow beach. Q1| soaked peat was noted
at several places along the sloughed bank.”

Sanples were collected by Ebbley and Joesting from this
seepage and their APl gravity determ ned (Bureau of Mines,
1944)

17.3° API- Ol bound silt found in layers along the
nort hwest beach

19.0° API- Sanple skimed from the several snall
streans of water flowing fromthe bank to the
ocean

2.6° API- Exposures of an unconsolidated oil bound
browni sh-red sand which appeared in places
al ong the bank

21.3° API- O soaked vegetable debris found along the
bank throughout the entire mle and a half
di st ance

The above information from Bureau of Mines (1944) is the
basis for descriptions presented in Miller et al. (1959) ,

I?ann? (1963) , Ball Associates, Ltd. (1965) , and Johnson
1971

Based on carbon isotope values of the saturate and aromatic

hydrocarbon fractions, saturate/aronmatic hydrocarbon ratios,
C19/Cy5 tricyclic terpane ratios, and opane/ C, tricyclic
terpané ratios, the oil from this seep has been designated
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as a separate oil type (“Manning 0il Type”) sufficiently
different geochemically to suggest a source that has not

been evaluated asyet (Anders and Magoon, 1985) . Manni ng
0il Type is a high gravity, low sulfur oil, and has a
pristane/phytane ratio greater than 1.5 (Magoon and
Claypool, 1981) . The hydrocarbons are Dbiodegraded,

containing no neasurable anobunts of n-alkanes or regular
chain isoprenoids; it is dominated by hydrocarbons with
boiling points <n-C,4.

O her characteristics of this oil are presented in Table 2.

Cape Simpson

The best known o0il seepage area on the North Sl ope of Al aska
consists of those seeps located on the west shore of Smth
Bay at Cape Sinpson (Figure 7). Sylar (1987) nentions that
this is one place where one can see oil bubbling from the
ground in subzero weather. Eyewi t ness descriptions have
been provided by Leffingwell (1919), Page et al. (1925),
Bureau of Mnes (1944), Hanna (1963), Agosti and Agosti
(1972) , Barsdate et al. (1972) , and McCown et al. (1972)
The seepage area is specifically indicated on maps in Gantz
et al. (1976; 1980) and on Map 17 of “Al askan Beaufort Sea
Coastal Resources Manual” (Al aska C ean Seas, 1983)

The earliest description of this site is provided by
Leffingwell (1919):

“At Cape Sinpson on the west side of Smth Bay, there

are two conspicuous nounds. The witer has been
inforned by natives that the northern nound contained a
petrol eum residue, but , according to information

furni shed by Stefansson, this residue is contained in a
pool a few hundred yards from the nound. A sanpl e was
secured from a keg of the material collected by natives
in the enploy of M. <C.D. Brewer, of Barrow. It
resenbl es axle grease. An analysis by David T. Day is
given below. The deposit is near the seashore, and the
natives say that a considerable amunt could easily be
dug out with spades."

"Water and soluble matter 22 %
Al coholic extract (resins and sone oil) 8 %
Napht ha extract:

Li ght oil 12 5
Heavy oil 16 %
Benzol extract (asphaltic material) 11 %
day and vegetable fiber 29 gn
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The earliest map showing the seepage nounds were published
in Page, et al. (1925) (Figure 8). According to Page:

np jow Mmoss-covered ridge of irregular shape stretches

for 2 mles along the Arctic Ccean, Iits southeast
termnal about a mle north-west of Cape Sinpson. I'ts
hi ghest point is about 50 feet above the sea . . ..Seepage

No. 1 occurs near the inland base of this ridge, a
third of a mle from the ocean and 20 feet above
tidewater, from which it is visible. Here 1n an
irregular area several hundred feet in dianmeter the
noss is soaked with petroleum which also slowy seeps
from the gentle slope.

Seepage No. 2 is on the southern top, 40 feet high, of
a small double knob 3 mles alnost due south of seepaﬂe
No. 1 and 1 1/4 niles west of Snith Bay. Here the
residue from the seepage covers several acres.

The main petroleum flow noves southward down the slope
for 600 or 700 feet to a | ake; this active channel 1Is
6 to 10 feet wide, though the area covered by residue
is several hundred square feet and indicates that a
considerable flow is comng from this seepage. The
ridge at these two seepages is covered with noss and
muck, and there are no surface indications that it is
made up of hard rock. . .*°

Analysis of sanples collected from the seeps cited above
resulted in the follow ng

APl gravity- 18. 6°

Sul phur - 0. 36%
Wat er - 7.5%
Pour poi nt - < 5°F

Later descriptions are provided by Ebbley and Joesting
(Bureau of Mnes, 1944), Hanna (1963) and McCown et al.
(1972)

The area of seepage at Cape Sinpson is |ocated between
Sinclair Lake and smith Bay, and extends approximately 10 mi
along the coast with Cape Sinpson, itself, in the center of
the eastern boundary (Figure 9). Shoreline erosion rates in
the Beaufort Sea are quite high, the shoreline at Cape
Si npson being the highest (Craig et al., 1985). Leffingwell
(1919) reported that the rate of erosion was 30 m/yr at Cape
Si npson. Based on neasurenments conducted over a period of
20 years, Hopkins and Hartz (1978) estinmate the erosion rate
at Cape Sinpson to be 11.4 m/yr. Qite possibly, significant
anounts of petroleum hydrocarbon may be entering the
Beaufort Sea via coastal erosion in this seepage area.

40



"l.
K3,
. W . HaE-
T = ;’/z'
— i b=
= = . >t &
- T = & (Y e /°
N TP = N
- == . w /e
— —'_-j-_.: 2 &
= = = -
— - = $
= a T 2
%4_. — N APPROXIMATE MEAN
~ - V4 DECLINATION 1923
-

by

.

3

= T
T ~
_ A

%
Topography by E. C. Guern
1923

Figure 8 .

Cape Simpson Oil Seeps from Page et al. (1925),
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Al t hough evidence of seepage is found throughout the area,
four seeps are the best known and have been repeatedly
referred to as seeps 1, 2, 2A, and 3 (Bureau of M nes, 1944,

Hanna, 1963; Barsdate et al., 1972; McCown et al., 1972).
Seep 1 is located about 3 m northwest of Cape Sinpson and
500 yds from the shore of Smth Bay. The beach here

consists of high energy, narrow sand-gravel shores |ess than
20 ft wide and scarpes 2-6 ft in height (Al aska O ean Seas,
1985)

Seep 2 is on a prominent hill 3.5 m south of No. 1. It is
about 1.25 m west of the Bay. The viscous oil flows down
hill and eventually reaches a |ake which covers several
acres. At times it covers the surface of the water; this
led to early reports of "a |ake of oil". Ebbley and
Joesting reported evidence of renoval of residue from this
seepage by Natives for fuel (Bureau of M nes, 1944)

Seep 2A is located north of the outlet to Sinclair Lake and
slightly less than 1 m west of the shore of Smth Bay. The
shoreline 