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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
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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

34



¢e

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.
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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 south of the outlet is vegetated and is generally
a conplex subsiding tundra area with subnmerged ponds and a
river channel (Al aska O ean Seas, 1985)

Seep 3 is about 2 m southwest 2A and about 2 m from the

ocean. Ebbley and Joesting reported that the residue at
this seep covered an area about 800 feet x 1000 feet (Bureau
of Mnes, 1944) . The APl gravity of oil sanples collected

by the Bureau of Mnes from seeps 1, 2, and 3 ranged from
13.6” to 17.6° (Bureau of M nes, 1944).

The oil issuing from these seepages is relatively viscous
(13.6° - 20.2° APl) . It tends to creep downslope in
el ongated streans from its point of issue. Fresh oil flows
most often in the centers of the asphalitic areas, along
contraction cracks, and sonetines along the periphery of the
seepages (McCown et al., 1972) . Al'l observers have noted
that the evaporation of volatiles appears to be quite rapid.
Remmants of inactive seeps are found scattered anong the

active sites. At dry sites, these remmants have weathered
to a dry, oxidized,crumblymaterial. This evidence, plus
the occurrence of tar deposits within the tundra soil at
various depths, indicates that the «center of seepage
activity mght change with tine. Revegetation of inactive
seepage sites was noted by McCown et al., (1972)

McCown et al. (1972) found that the relatively higher

tenperatures of the oil flows (3~5°C warner during the day
and 1-2°c warnmer during the night than the undisturbed

tundra at 10 cm depth) affected permafrost integrity.
Depressions along the nmargins of the seeps appeared to be
thenokarst features which formed ponded water. Ponds

covered by floating oil were found to be 0.6-1.6°c warner
t han unaffected ponds.
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In all four of the seeps studied by MCown et al. (1972) ,
plants were found growing in close association, both on the
peri phery and when enconpassed by flows . Eriophorum
scheuchzeri (Al aska cotton) and _carex acuatilis (a sedge)
occurred in the wet areas while _Arctaarostis latifolia (a
grass) was donminant in the drier sites. A nore detailed
study of Seep 1 showed that plants growi ng near the edge of
the seep (C. aguatilis) were larger and nore advanced
phonologically in flower and fruiting than those a few
meters away (McCown et al., 1972) . The authors suggested
that this is due to stimulation of growh by the warner
mcroclimte at the seep. Gl content of the soils adjacent
to the seep was <0.1 mg/g wet soil except where tar was
encountered in the profile.

Lakes and ponds in the seepage area are variously affected
by oil from the seeps. The oil forms the characteristic
nousse emulsion when in contact with the water with white
floating paraffin deposits and associated bacterial flora.

Barsdate et al. ( 1972) found that phytoplankton productivity
and abundance and bacterial nunbers were higher in waters in
contact with old tars and asphalts at the Cape Sinpson seer)s
than those in either oil-free ponds or ponds recently
inpacted by fresh oil. The seeps appeared to have little
effect on the ionic conposition of the ponds, although
el evated phosphate levels were recorded for the nost heavily
affected pond (Table 3) . They suggested that the higher
productivity at the noderately affected ponds mght be due
to reduced grazing pressure. The affected ponds were
dom nated by very small forms of zooplankton and relatively
sensitive filter feeders, such as Brachinecta sp. and
Polvartemia sp. (both fairy shrinp characteristic of tundra
ponds), were absent.

The Cape Sinpson seeps appear to be in line with the known

horst 'structure (Ball Associates, Inc., 1965). The oil
apparently mgrates up along the fault planes and fissures
into the overlying Pleistocene Gubik Fornmation. The Cape

Si npson seep nechani sm appears similar to that of the oil
seeps on the east shore of Dease Inlet (Figure 7) where
similar faulting may be responsible for the latter seepage
(Ball Associates, Inc., 1965).

Magoon & Claypool (1981) indentified the oil from these
seeps as Sinpson-Um at Type. The source rock appears to be
from the “pebble shale"/Torok Formation (Magoon and
Claypool, 1985b) (Figure 4). This is a high gravity, |ow
sul fur oil, wth no or slightly odd-nunbered n-alkane
redom nance. The Pristane/phytane. ratio ,_ greater than
[:)L 5. Delta 3¢ are -29.1 to I?2y7.8 ©/00 and ﬁel.ta%‘ls are -
10.3 to -4.9 O OO Additional characteristics of the oil
are presented in Table 2.
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Table 3. Limnological factors in arctic ponds at Barrow and Cape Simpson from Barsdate et al. (1972)
Values given for Barrow Control Ponds B and C are means of determinations on samples taken
at five intervals throughout July, 1970. The oil seep ponds were sampled July 19-20, 1970.

Barrow CONTROLS CAPE siwpsov O L SEEPS
Parameter* B C 2-2 2-1 31 2-3 3-2
Pot ent i al _ _
5 0{ | stress None None None Li ght Li ght Medium Heavy
acteria
(cells/nt) 6. 1x10° 4.5x10" -- -- 1.0x107 3. OX109 6. 8X105
Plankton al gae E )
(cells/Iiter) 1 .7x108 2 ,6x10 - - 3.3X103 l.8x1lo 4.8x105
l“c product|V|ty
Gliter-day) 2.3 5.6 3,0 67 57 69 7.8
Con uctivity
(umho/cm, 25" C) 131 131 178 14 - 135 --
Cal'cium
(mg/liter) 6.1 4.9 4.8 6.1 . 4.5
Magnesi um
(mg/liter) 3.8 3.7 2.4 2.3 - 2.0
Pot assi um
émg/llter) 0.82 0, 66 0.92 0.80 -- 0.66 --
Sodi um
(mg/llter) 1.7 11.3 19.5 15.9 - 13.8
D sso ved reactive
? OruS (ug/liter) 2.3 2.2 0.6 L7 14 1.0 30
Part|cu ate phosphorus
(vg/liter) S.8 11 12 19 10 2 43

e Potenti al oilstress was evaluated subjectively (see text); direct ¢ell counts were made on samples preserved in Lugol's solution using a
Carl Zeiss 5 cc counting cell; productivity and chemical analyses were done by routine methods (8).



Skull cliff

Skull diff 1is located on the cChukchi coast, northeast of
Peard Bay (Figure 10). It consists of a steep sandstone
cliff exposed to high wave energy. The cliff slopes are
greater than 45° and the fringing beach is conposed of sand,
gravel and shells (Robilliard et al, 1985). The sea bottom
deepens gradually to 20 neters at 6.5 km offshore.

The oil seep at Skull cCcliff was first described by Webber
(1947) as part of the 1945 geol ogi cal mapping program of the
USGS . It is specifically indicated on maps in Gantz et al.
(1976 and 1980). The seepage occurs as a light petroleum
slowy dripping from a bed of fine-grained Tertiary
sandst one. The area of seepage is only a few inches across.
The thickness of the exposed sandstone is eight feet. The
coastline here 1is exposed to the open sea and erosional.
The conparatively high wave exposure and the substrate of
the fringing beach probably prevents oil penetration
(Robilliard et al., 1985). The small anount of oil rel eased
here is probably rapidly flushed away from the site
(Johnson, 1971).

Based on geochemical anal yses by Magoon & Claypool (1981)
the oil from this seep has been identified as Sinpson-Um at

Type. The source rock appears to be from the “pebble
shale"/Torok Formation (Magoon and Claypool, 1985b) (Figure
4) . It is a high gravity, low sulfur oil, wWth no _or
slightly odd- nunber ed n-alkane pr edom‘nance. The
pri stane/ phytane ratio is greater than 1.5, Q her

characteristics of this oil are presented in Table 2.

Puale Bav

The Al aska Peninsula from Wde Bay to Puale Bay (Figure 11)
contains nunerous terrestrial oil and gas seeps, that have
been known since the beginning of the 20th century. Somre  of

t hese seeps have an associated paraffin residue accumnul ation
covering up to two acres (Johnson, 1971). The best known

seeps occur on the Bear Creek and QI GCreek anticlines, and
south of Becharof Lake on the Ugashik Anticline (MCee,
1972) . Gas seeps have also been reported in the |ake
(Blasko, 1976b).

Because of the surface evidence, the area was the site of
early exploratory drilling %90_3- 1904). Early references to
these seeps (Martin, 1905; rtin, 1921; Capps, 1922: Smth,

1926; Mller, et al., 1959) refer to "ColdBay",now known
as Puale Bay. In addition to the activity at the beginning
of this century, exploratory drilling was also conducted in
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1938- 1940 and 1957- 1959, none  of whi ch resulted in
comercial finds (Blasko, 1976b) .

The nost prolific seeps occur at the head of G| Creek
(Figure 12). This appears to have been the situation from
earliest reports and al so appears to be the case today. The
earliest estinmate of seepage from the head of Ol Creek was
0.5 bbl/day (21 gal/day) (Capps, 1922). McGee (1972)
estimates that the total quantity of oil from all the seeps
in the area (Wde Bay to Puale Bay) does not exceed 0.75
bbl/day (31.5 gal/day), enphasizing the relatively greater
size of the Ol Ceek seeps as conpared to others in the
area.

The seepages at the head of Ol Creek originate from two
separate springs located at the foot of a small knoll on the
south side of the creek (Blasko, 1976b) . These seeps issue
fromthe upper part of the Shelikof Formation (MCee, 1972).
The descriptions provided by Capps (1922) and Blasko, 1976b)
are very simlar even though their visits to the seepages
were 50 years apart. Seep A is act ive, bubbl i ng
intermttently. Ol collected from this seepage was 15.7"
APl with 0.58 % sulfur (Blasko, 1976b). The water and oil
fromthis seep flow into a pond with dinensions of about 20
feet by 40 feet, which is lined with tar. The water and oil
continue flowng over the grassy slope and into Ol Creek.
The vegetation here appears to act as a filter, trapping the
heavi er portions. Blasko (1976b) stated that:

" Lush, green growh at the seep sites often obscured
the seep itself. In particular, the growh of grass
through and on top of the asphalt deposit at Gl Creek
was a stark and colorful contradiction to the barren
sur roundi ngs. No attenpt was nade to determ ne whether
the resultant growh on or near the seeps was because
of or spite of the bitunmen escaping.”

Stinmulation of vegetative growh in areas of oil seepages is
not wunusual and has been docunented by McCown et al. (1972)
at the Cape Sinpson seeps. Such a response mght be related
to environnental tenperature noderation by the warm seepage
or to possible growh stimulation from associated trace
el enent s.

The second seep (Seep B) is located 45 feet west of seep A
Blasko (1976b) reports it as originating from a series of
five trickles that cover an area with a radius of 4 feet and
collect at one point, formng a pool. This pool flows into
a stream that discharges into 0il Creek. 0il collected from
this seepage was 21.4" APl with 0.21% sulfur (Blasko,
1976b) . Gl staining and paraffin deposits were evident in
the creekbed and adjacent vegetation.
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Although no recent estimates of seepage rates have been
made, the area was resurveyed and sanples collected by the
Bureau of Mnes for chem cal analysis in 1973-1974 (Blasko,
1976a) . Blasko (1976b) reported that the only seeps between
the @ulf of Al aska and Becharof Lake that were active enough
to be deened significant were at the head of Gl Creek
(Seeps A and B). Al though the oil content of the water
collected at the head of the creek was relatively high
(Table 4), water sanples collected from the mouth of GOl
Creek in Puale Bay did not indicate very nuch oil being
carried to the Bay (Blasko, 1976b) . No oil was found on the
beach of Puale Bay; however, the flow of oil from the seeps
into the creek and from the creek into the bay could vary
dependi ng upon rainfall and runoff. Blasko (1976b) noted
that at the tine he sanpled, the creek was running at a |ow
level and little rainfall had been received. He specul ated
that runoff could possibly flush nore oil into the creek and
intermttently increase oil discharge to the bay.

Iniskin Peninsul a

The Iniskin Peninsula is located on the west shore of Cook
Inlet about 150 mles southwest of Anchorage (Figure 13).
The peninsula is fornmed by the indentation of Chinitna Bay
on the north and Iniskin Bay on the South. The peninsul a’
princi pal shoreline enbayments are G| Bay and Dry Bay, both
of which have been known to contain oil and gas seepages in
t heir drai nages. The seeps are located on the eastern linb
of a faulted anticline and are from fine-grained sandstones
and claystones of the Tuxedni Formation (Mddle Jurassic) .
McGee (1972) estimated that the oil released from these
seeps anounts to no nore than 1-2 gal/day.

Evi dence of early oil well drilling and oil and gas seeps is
present in the Well - Bowser Creek drainage of Q1| Bay, the
Brown Creek drainage of Dry Bay, and the Fritz GCeek
drainage of Chinitna Bay (Figure 14). The Bureau of M nes
surveyed these areas in 1973 to determne if the seeps were
still active and if they were introducing any significant
anounts of oil into the coastal environnment (Blasko, 19764) .

Two abandoned wells and four intermttently active seeps
were identified on Wll Creek (Figure 15) . These ponds were
| ocated at the base of a northeast-trending ridge. The oil,
whi ch occurred on pools of water, appeared to be thick and
weat hered; it clung to the edges of the pools and adhered to
the vegetation (Blasko, 1976d). These pools drained into
Wl |l Creek and produced a floating sheen.

Stream sanples indicated discharge of oil into Bowser Creek
from the Well Creek drainage (Table 5) (Blasko, 19764).
Levels of 377 ng oil per liter water was measured 100 ft
downstream of the junction of the two creeks. Level s
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Tahl e 4. Chemical characteristics of Stream Water at 011 Creck, Puale

Bay, June 1973 (Blasko, 1976b). Concentrationsare in myg/l.
Seeps Creel
Vari abl e Seep al Seep B2 A+ g’ Mouth
pH 6.3 6.8 6.9 6.7
al 3.3 3.6 0.2 0.1
‘1)s4 68 68 91 44
Na 26 26 37 18
K Trace Trace Trace Trace
Mg Trace Trace Trace Trace
Ca 2 1 1 Trace
CO0, 0 0 0 0
HCO4 37 31 67 24
SO, 5 10 Trace Trace
cl 17 16 20 14

"Sanmpl e from drai nage creek about 100 yd downstream from Seep A at
head of 0il Creek.

*Sanmpl e from creek about 300 yd downstream from Seep B at head of G|
Cr eek.

*Sanpl e from about 50 ft below juncture of drainages from Seeps A and
B at head of o0il Creek.

‘Total dissolved solids.
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LOCAL MAGNETIC DISTURBANCE
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Iniskin Peninsula Oil Seepage Area.
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Tabl e 5. Chem cal characteristics of stream water at Iniskin
Peninsula, June 1973 (Blaska, 1976b). Concentrations
are in mg/1.

Bowser® Bowser® Bowser® Head of Mout h of

Variable Creek 1 Creek 2 Creek 3 G| Bay Gl Bay

pH 7.2 6.9 6.7 6.9 7.2

al <0.1 377 14 0.1 <0.1

TDS' 122 103 835 7888 27,716

Na 43 36 285 2584 9,754

K Trace Trace 11 187 430

Mg Trace Trace 16 230 498

Ca 5 5 5 25 56

HCO, 48 41 49 111 134

SO, 12 8 66 7 12

cl 38 34 428 4800 16, 900

1 100 ft upstream of juncture of Well Creek and Bowser Creek.

100 ft downstream of juncture of Wll Ceek and Bowser O eek.

*200 ft

upstream at nouth of Bowser Creek at |ow tide.

‘Total dissolved solids.
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dropped to 14 mg/l near the nouth of Bowser Creek and 0.1
mg/l at the head of QI Bay at the nmouth of the creek.
Sedinments collected at the head of QI Bay, about 100 yds
east of the nouth of the creek had an oil content of 8.0
ng/ Kkg. Reconnai ssance of the beaches from QG| reef to Gl
Point at high and low tides did not reveal any seeps or
evi dence of oil.

Al t hough gas seeps were observed and sanpled during the 1973
survey of the Bureau of Mnes, no oil seeps were found in
the Brown Creek drainage or in Dry Bay (Blasko, 1976d). The
Fritz Creek drainage contains several abandoned exploratory
wells but no oil or gas seeps. Blasko (1976d) i ndicated
that, although sone oil appears to be entering the creek
from these abandoned wells, no significant anobunts were
reaching Chinitna Bay during the Bureau of M nes survey.
The author also noted that the anobunt of release appears to
be directly related to the anmount of rainfall and the runoff
t hrough the drainage system

Katalla, Controller Bay

This coastal seepage area extends along an eastward-trendi ng
belt about 25 m 1long and 4-8 m wde (Figure 16). Thi s
zone lies along the north shore of Controller Bay, extends
to the east into the alluvial flats of the Bering R ver and
to the west into the Copper River flats (MGee, 1972).
MIler et al. (1959) reported that at least 75 oil seeps and
11 gas seeps have been observed in this area. Martin (1908)
reported several large oils seeps on the banks of Mrror
Sl ough near the mouth of the Martin River and had seen oil
on the north beach of Strawberry Harbor. He also indicated
surface accunmul ations of oil on the tide flats between Burls
Creek and the nouth of the Bering river. Rosenberg (1974)
pointed out that the nine-foot shoreline uplift during the
1964 earthquake has renoved all of these sources to well
above tidal influence.

Reimitz (personal comunication as cited in Johnson, 1971)
i ndi cated personal observations of a possible oil seep at
tide |evel. This was in the vicinity of the Copper River
Delta where oil was observed to be seeping near the |evel of
mean higher high water in a salt marsh. This oil appeared
to be flushed out of the marsh during the outgoing ticPe.

Nearly all of the reported seeps are located in the outcrop
of the mddle part of the Katalla Formation of Mddle
A igocene to Mddle Mocene age (MIller et al. (1956). The
| ar gest seeps are associ at ed W th sandst ones or
conglonerates and wusually wth depositional or structural
features (joints and bedding planes) (MGee, 1972).
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According to MGCee (1972), the abandoned oil wells in the
Katalla area do not appear to be contributing oil to the
coastal waters. The total quantity of oil issuing from the
seeps in the area is 0.5-1.0 bbl/day (21-42 gal/day). Much
of the light fraction of the 40°45°APl o0il evaporates from
the surfaces of the sloughs and ponds and the renainder
appears to be absorbed into the soil. McCGee (1972)
estimated that <10% reaches the marine environment.

Most of the natural seeps in the Katalla area that have been
reported in the literature were found to be active during
the Bureau of Mmnes field surveys of 1973-1974 (Blasko,

1976c) . The degree of activity varied from seep to seep.
Sonme appeared to be dormant but showed sone indications of
past sporadic activity. Blasko found that determ ning seep
activity in the Katalla oil field was very difficult because
of past oil production there. The oil field had ponded
water and nost of the tine these ponds were covered with an
oi | sheen. Anal yses by the Bureau of Mnes of streans

draining the Katalla oil field indicated very snmall anounts
of oil entering Katalla Bay via Katalla Sl ough (Figure 17)
(Blasko, 1976cC) .

Mitcher Creek is located east of the Katalla oil field. It
begins on the east side of Munt Hazelet and flows into
Redwood Creek and then into Redwood Bay (Figure 18) . An
active seep was observed here by Blasko (1976c). Fresh oil
was trapped by rocks near the edge of the creek; however, no

oil was observed escaping from the creek bottom Wat er
col l ected downstream of the seep contained 7,130 ng/1 of oil
(Table 6). About 200 ft downstream of the site, the

concentrations were found to have dropped to 10.7 mg/l, and
at the nouth of Redwood Creek the levels were <0.1 mg/l.

Active oil seeps were also observed by Blasko (19276c) on
Chilkat OCreek. This creek drains a narrow valley west of
the Bering R ver and discharges into Controller Bay (Figure
19) . One seep was observed 0.5 m upstream from the nouth
of the creek. It was found to discharge into the creek and
produce a sheen over an area of about 15 ft*i mmedi ately
bel ow the seep. The creek bottom from the seep downstream
to its nouth was covered with a waxy precipitate. al
concentrations in the water ranged from 73.9 ng/l at the
seepage to 6.5 mg/1 at the creek nouth (Table 6)

Yakataga

This area, which extends from Cape Yakataga to Icy Bay
(Figure 20) , cont ai ns pr obabl y t he nost ext ensi ve
devel opnment of oil and gas seeps on the @lf of Alaska
coast . The surface evidence of petroleum in this area |ed

to exploratory drilling during the periods 1926-1927, 1954-
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Table 6. Chem cal characteristics of Streans in the Katalla, Controller Bay Q|
Seepage Area, Sept. 1972 (Baska, 1976c). Concentrations are in mg/l.

Mtcher L Mtcher ?Mitcher *M tcher ‘chilkat ° Chilkat ° Chilkat

Variable Creek 1 Creek 2 Creek 3 Creek 4 Creek Creek 1 Creek Muth
pH 6.7 6.6 6.7 7.1 7.0 6.5 7.0
o 7,310 <0.1 10.7 <0.1 73.9 182 6.5
TDS' 97 67 48 53 97 97 92
Na 25 15 7 14 17 20 19
K 1 1 trace 1 2 2 1
My 2 3 2 1 3 3 3
Ca 11 5 8 5 14 11 11
HCO, 90 37 29 37 62 62 62
So, 8 17 11 8 18 18 15
cl 6 8 6 6 12 12 12
% Bel ow seep.

Above seep. _
3 soft downstream of Site 1. o _
4 Mbuth of Redwood Creek before draini ng i nto Redwood Bay
g At seepage 0.5 m upstream from nouth
7 1,000 ft downstream of seepage

Tot al di ssol ved solids
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1955, and 1959-1962 (Blasko et al. , 1976c) . There were no
comerci al finds.

Gl and gas seeps have been found on alnpbst all of the
rivers draining the Sullivan anticline (Blasko, 1976c) . The
Sull'ivan anticline runs parallel to the shoreline and all of
the seeps have been reported to occur on the crest of the
fault plane of this anticline, 0.5-2 m inland. They are in
areas of outcrops of the Poul Creek Formation (M ocene) and
the lower part of the Yakataga Formation (M ocene - Lower
Pl i ocene)

The map of Martin (1921) identifies 10 seeps in this area.
He indicated that the nost prolific seep was on Johnston
Creek and resulted in:

"...appreciable quantities of oil are carried down its
course to the ocean. A scum of oil residue also occurs
on the cobble bars of Johnston Creek fromits nouth up
to the seepage. Probably a barrel or nore of petroleum
a day escapes from this seepage."

Active seeps have been reported through the years on One

M1le Creek, Ol Cr eek, Ham | ton Creek, Crooked Creek,
Law ence Creek, Poul Creek, Minday Creek, and Johnson OCreek

(Mller et al., 1959). Most of this oil discharges from
joint cracks in sandstone and the quantity released is
relatively small (MGCee, 1972) . Rosenberg (1974) also

lists this area in his conpilation of Qilf of Al aska
[zetr())l eum seeps, citing 32 reported seeps based on Pal ner
1971

Known oil seeps were visited by the Bureau of Mnes in 1973-
1974 and sanples were collected from seepages and stream
water in order to characterize the oil and to determ ne how
much is being discharged into the @lf of A aska (Blasko,
1976¢c) . The follow ng streans were included in this survey:
Ol Creek, Cooked Creek, Lawence Creek, Minday Creek, Poul
Creek, Johnston Creek, Little R ver, yakataga R ver, White
River, Felton Creek, and Duktoth River (Figure 21) . Al of
these creeks were wal ked from head to nouth, and the entire
beachline from Yakataga to Icy Bay was observed in segnents
on foot several tines.

Blasko (1976c) found that nost of the seeps previously
reported in the area were still active (Cooked Creek,
Lawence Creek, Minday Creek, Poul Creek, and Johnston
Creek), but the anmpbunt of oil actually reaching the Gl f of
Al aska was relatively small (Table 7). Descriptions of the
seeps are presented bel ow

Crooked Creek- active oil and gas seeps are located 1.5
m upstream on the west side of the creek about 30 ft from
the creek bank. Blasko (1976c) observed |ight-green oil
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Table 7a. Chemical Characterization of Streans in the Yakataga Seepage Area, July

1974. (Blaska 1976c) Concentrations are in mg/1.

oill Crooked?. Crooked’ Crooked* Law ence®Law ence®lLaw ence’

_ Creek Creek 1  Creek 2 Creek Ceek 1 Creek 2 Creek
Vari abl e Mout h Mout h
pH 7.6 6.7 7.2 7.1 7.8 7.4 7.5
o) 0.1 3.2 1.6 <0.1 18.0 1.6 0.1
TDS’ 204 595 91 82 213 76 73
Na 46 139 21 19 60 14 12
K 3 6 1 1 3 1 2
Mg 5 11 4 2 3 2 3
Ca 20 71 8 9 21 11 10
HCO, 98 110 54 37 183 49 49
S0, 56 2 11 9 4 14 12
cI 26 312 19 24 32 10 10
21 0.5 m. upstream from beach
3 21.0” APlI; 0.90% S; sanple fromsmall streamthat drains seep into Crooked Creek
I 200 ft below point where oil seep drainage enters Crooked Creek
5 Mout h of Crooked Creek above entrance to Gulf of Al aska

12.9° APlI; 0.82% S; sanple from snmall stream that drains oil seep into Lawence

oo N o

Cr eek
Bel ow falls downstream of seep on Law ence Creek
Mout h of Lawrence Creek above entrance to @Qulf of Al aska
Tot al di ssol ved solids
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Tabl e 7b. Chem cal Characterization of Streanms in the Yakataga Seepage Area July

1974, (Blaska 1976c) Concentrations are in mg/1l.

Mundayl Munday’Munday’ Munday‘  Poul® Poul © Poul’
Variable Creek 1 Creek 2 Creek 3 Creek Creek 1 Creek 2 Creek
Mout h Mout h
pH 6.8 7.0 7.2 7.2 7.7 6.9 7.1
Gl 3.7 1, 336 0.1 0.1 114, 800 8.3 0.1
TDS’ 183 63 70 201 322 91 94
Na 47 12 16 44 78 20 15
K 2 1 1 12 7 2 3
Mg 4 2 2 4 10 2 3
Ca 19 9 8 17 29 10 13
HCO4 98 48 49 73 256 49 49
S04 3 7 9 36 50 23 22
cl 60 8 10 52 22 10 14
% 17.2° APl; 0.96% S; 100 ft downstream of seep on Mundy Creek
3 Q| seep on east fork of Mundy Creek
At mouth of east fork of Mundy Creek
4 Mouth of Mundy Creek above its entrance to Gulf of Al aska
g 24.8° APl; 0.68% S; at oil seep on Poul Creek
7 200 ft downstream of seep
8 Mout h of Poul Creek above its entrance to Gulf of Al aska

Total dissolved solids
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Ta

ble 7c. Chem cal Concentrations of Streams in the Yakataga Seepage Area July

1974. (Blaska 1976c) Concentrations are in mg/1.

6

Vari abl e Johnston'Johnston®Johnston®Johnston Johnston®Johnst on®Johnst on

Creek 1 Creek 2 Creek 3 Creek Creek 4 Creek 5 Creek 6
Mout h

pH 6.7 7.2 6.9 7.1 6.8 6.9 7.0

o 2,341 92.0 1.0 0.1 246, 000 8.5 1.6

TDS' 162 91 67 118 705 72 874

Na 25 20 14 27 179 17 247

K 1 1 2 6 10 2 8

Mg 4 3 1 2 10 1 12

Ca 13 11 9 1 74 8 75

HCO, 88 62 43 49 207 24 268

SO, 10 3 11 18 20 2 trace

cl 16 22 9 30 310 30 400

% Lower seep - 15.4° APlI; 0.73% S; seep pond at discharge point

3 St ream drai ni ng Johnston Creek from seep pond

1 300 yd above Johnston Creek Mouth

5 Upper seep - 19.0° API; 0.70% S; sanple from seep pond

5 Stream drai ning from upper seep pond into Johnston Creek

7 Johnston Creek, 100 ft bel ow dral nage stream

Tot al di ssol ved solids



with gas bubbles enmerging from the seep spring. A gas seep
is located in a dry creekbed 10 ft east of the oil seepage.

Law ence Creek- Several active and inactive oil seeps
occur in a 600 ft€ area of talus rubble on the east side of
Law ence Creek about 1.5 m wupstream from the nouth. Blasko
(1976c) observed the sides of the creek and the creek banks
downstream of the seeps to be oily wth brown bitunmen
deposits occurring down to the creek nouth. Sheens were
observed on the surface of the stream water. Blasko (1976c)
stated that this area shows nore evidence of oil seepage and
transportation than any other between Cape Yakataga and
Johnston Creek.

Munday Creek- An intermttent oil and gas seep is
| ocated 2 mi upstream from the creek nmouth on the west side.

Blasko (1976c) reported several greenish-black oil pools

spread over a 50 ft”area. An active oil seep is |ocated
0.25 mi upstream of the east fork of Minday O eek. Her e
Blasko (1976c) observed bubbles of oil energing from the

stream bed. A sheen was observed on the creek, although the
stream was swift at the time with nunerous riffles.

Poule Creek- nunerous oil seepages (but no gas seeps)
were observed in an area 1.75 m upstream from the creek
mout h. The seeps discharge oil directly into the creek at
t he water's edge.

Johnston Creek- two seepage areas were observed by
Blasko (1976c) on Johnston Creek, which 1is a rapid,

turbulent glacial stream One seepage is located 1.5 m
from the nouth of the creek on the west side. It is in a
marshy area of about an acre, 16 feet above the creek bed
and consists of two ponds separated by neadows. Both oil
and gas were reported by Blasko (1976c) to be released from
this seep. For several hundred feet downstream from where
the oil entered the creek, the rocks of the creek bed were
observed to be covered with a thick layer of [|ight-brown
paraffin and a cover of black oil. O her seepages on

Johnston Creek occur 0.25 m upstream from the above seeps
on the west bank of the creek.

Blasko (1976c) reported seeing oil on the beach only once
and that was at the nouth of Johnston Creek. Blasko al so
observed that precipitation influenced the anmount of oil
entering the drainage from the seepage. Since the seeps on
this creek are l|ocated in a pond about 15 ft above the
creekbed, during heavy precipitation the water |evel rises
and the oil accunulated on top of the water spills over the
lip of the pond and into the creek. A sheen of oil at the
mouth of the creek was nost evident during heavy rainfall.
The apparent heavy vegetative growh at the seepages
observed by MCown et al. (1972 at Cape Sinpson, Blasko
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(1976b) at Puale Bay, and Blasko (1976b) at Katalla was al so
observed here.

O her Seepage Areas

A list of other oil seepages reported in Al askan coastal
areas is presented bel ow

Dease Inlet [Site 6- Figure 3; Table 1)

This seepage, comonly known as the "Admiralty G| Seep,"
was first described by Ebbley and Joesting (Bureau of M nes,
1944) as being located on the east side of Dease Inlet, near
the nouth of Chipp River, about 4.5 m northeast of Thonas
Brewer’s warehouse. The latter is indicated on U.S
Geol ogi cal Survey Map E of Al aska, 1954. This seepage area
is also described in MIller, et al. (1959), Hanna (1963),
Bal | Associates, Inc. (1965), and Johnson (1971) and is
indicated on the maps of Gantz et al. (1976; 1980) and
Al aska C ean Seas (1983).

The seepage is a heavy black oil issuing from a |ow nound
similar to that at Cape Sinpson. Most of the oil has been

exposed to the air and is hard enough to wal k on. The API
gravity was determned by Ebbley and Joesting to be 11.6° -
14.8° (Bureau of Mines, 1944). They also reported that,

during their surveys, several hundred sackfuls had been
m ned by the local inhabitants for fuel.

Inglutalik River (Site 8- Fiqure 3; Table 1)
This seepage was reported by Mller et al. (1959) as being
located in the Norton Sound region wupstream of the
ing¥stalik R ver nouth. It is also listed in Johnson
1971) .

Andronica |sland (site 9- Fiqure 3; Table 1)
This seep was reported by the USCG in 1913 to be in Cenozoic
volcanic material on the eastern shore of Andronica |[sland
(Johnson, 1971). The seepage is unconfirmed.

Chignik Bavy (Site 10- Figure 3: Table 1)

Cited by Mller et al. (1959) and MCee (1972), but
unconfi r med.

Ani akchak Area [Site 11- Figqure 3; Table 1)
Gted by Martin (1921), Smith and Baker (1924), Mller et
al. (1959) and MGee (1972), but unconfirned

Shelikof Strait (Site 13- Fiqure 3; Table 1)
This seep was reported to be located on the north shore of
Shel i kof Strait, 20 m. southwest of Cape Douglas (Mller et
al., 1959 ; M Cee, 1972) however, the sighting is
unconfirmed.
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Douglas River (Site 14- Fiqure 3: Table 1)
A seep was reported by Martin (1905) from the upper Triassic
Naknek Formation at the nouth of the Douglas R ver, Kam shak
Bay; however, the sighting is unconfirned (Mller et al.
1959)

Bruin Bay (Site 15- Fiqure 3: Table 1)
Ol seeps were reported by Martin (1905) at the entrance to
Bruin Bay on the south side of Kam shak Bay. The sighting
is unconfirmed (Johnson, 1972; MGee, 1972)

Iniskin Bav (Site 17- Fiqure 3; Table 1)
Ol seeps reported in Iniskin Bay by Mffit (1922) are
unconfirmed (MIller et al., 1959).

Chinitna Bav (Site 18- Fiqure 3; Table 1)
Ol seeps reported in Iniskin Bay by Mffit (1922) are
unconfirmed (Mller et al., 1959) .

Tvonek and Muth of Little Susitna R ver (Site 19-
Fiqure 3; Table 1)
Ol seeps reported near Tyonek and at the nouth of the
Little Susitna River (Martin (1921) are unconfirmed (MGCee
(1972)

Anchorage near Knik Arm (Site 20- Fiqure 3; Table 1)
Q| seepage was |ocated near Knik Arm by Brooks (1922). A
sanmple of this petroleum was collected and analyzed. No
addi ti onal information s available. The seepage is
probably no |onger active.

Katalla Area East (Site 22- Fiqure 3; Table 1)
Seeps have been reported east of Katalla, but these have not
been verified (MGee, 1972)

Sanpvar Hills (Site 24- Figure 3; Table 1)

Ol seeps exist on the north and west sides of Malaspina
G acier, the largest seep being on the northern nmargin of
the glacier in the Eocene and Cetaceus strata of the
Sanmovar Hills (Johnson, 1971). McCee (1972) estimated the
total volune released from these seeps to be 2.5 bbl/day.
This seepage area is docunented by Rosenberg (1974) and
Blasko (1976c¢c) included it in his oil seep surveys and
sanpl e coll ections.

East Shore of Tcy Bav (Site 25- Fiqure 3; Table 1)
These oil seeps have not been verified. McCee (1972) failed
to find them during his surveys.

Lituva Bav (Site 27- Figqure 3: Table 1)
A possible seep reported by Mller et al. (1959) to be
associated wth Tertiary sandstone on Topsy Creek is
unconfirmed (MCee, 1972)
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Cape Spencer [Site 28- Fiqure 3; Table 1)
McCGee (1972) indicated that, although oil filnms have been
reported near Cape Spencer, there is no reliable infornmation
indicating seeps are present in this area.

Admiralty Island (Site 29- Figure 3: Table 1)
In 1944 a prospector reported to the USGS that he had seen

an oil seep near the southwest end of Admiralty Island, at a
locality several mles inland from the head of Herring Bay.
J.C. Roehm in an unpublished report of the Territory of
Al aska Departnment of Mnes (1947) referred to oil-saturated

black shale and an oil seep near the southwest end of
Admralty Island and to bitumnous matter in |inmestone of
Perman age on the Keku Islands (Mller, et al., 1955).

These seeps are unconfirnmed.
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THE EVI DENCE FOR SUBMARINE O L SEEPS | N ALASKA

The authors of this report found a limted anount of data in
the available public record on the presence of subnmarine
seeps in Al aska. Al of the seeps described in the
literature as associated with the Al askan marine environnent
(Ball Associates, 1965; Johnson, 1971; MCee, 1972; Wilson,
1973; Landes, 1973; Rosenberg, 1974) are not subtidal but
are associated with the coastal terrestrial environnent,

either not flowng into the sea (Angun Point) , entering the
sea through freshwater streans (Katalla, Yakataga) or
| ocat ed on a supratidal beach face (Skull diff).

Accordi ng to McGee (1972):

“There are only four known active seep areas in
proximty to Qulf of Al aska nmarine waters. The total
anmount of oil emtted by these areas is estimated to be
296 + or - gallons per day, nost of which is evaporated
or degraded by oxidation wth the formation of
hydrocarbon soils. The total anobunt of oil reaching
the Gulf of Alaska marine waters is estimated at 10% of
the total anount, or about 30 gallons a day. There are
no known seeps within the @Qulf of Al aska nmarine waters
and there have been no reports of visual observations
of oil films or tarry material that would indicate
underwater oil seeps.”

A statement quite simlar to that of MGee's relative to the
absence of reported submarine oil seeps in the @lf of
Al aska is also found in Rosenberg (1974).

Review of the literature, plus conversations wth nunerous
agency and oil industry geologists indicates that, except
for a possible site in the southeastern Bering Sea, there is
no information available in the public sector identifying

submarine oil seeps in the Al askan CCS, including the
Al askan Arctic. Al of the subtidal seeps that have been
di scovered in the Wrld' s oceans so far have been the result
of observing obvious surface-floating oil globules and
slicks. So far, none have been seen in the Al askan Beaufort
and Chukchi seas. Twenty-eight nonths of observations by
USGS scientists in the Al askan Arctic have recorded no
obvious surface evidence of submarine oil seeps (Erk

Reimitz, Pers. Comm., 1988).

Hydr ocar bon gases (C,-C,) have been found to be quite conmon
in the surface sedifrents of the Beaufort Sea (Sandstrom et

al ., 1983) . It is also believed that shallow gas (19-35 m
depth) occurs quite extensively in this region (Craig et
al ., 1985) . Shallow gas may be found in isolated pockets
beneath permafrost, in association wth faults that cut

Brookian strata, and as isolated concentrations in the
Pl ei stocene coastal plain deposits. Mich of this gas may be
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biogenic in origin. Carbon isotope analysis of shallow gas
collected from sedinents at Flaxman Island indicated
bi ogenic methane (Reimitz, pers. Comm., 1988).

O the several kinds of shallow faults identified on the
Beaufort Sea Shelf, the shallow gas seens to be nost
commonly identified adjacent to high-angle faults along the
Barrow Arch (Figure 22) which nmay act as conduits for gas
migration (Craig et al. 1985) . Such faults might al so act
as conduits for petrol eum seepage.

Vent kat esan and Kaplan (1982) and Ventkatesan et al. (1983)
in their review of the distribution and transport of
hydrocarbons in surface sedinents of the Alaskan outer
continental shelf, found 1little evidence of surface or
subsurface oil seepage. The exceptions were in Cook Inlet,
north of Kalgin Island, and in the southeastern Bering Sea.

In the case of Cook Inlet, bottom sedinents at a |ocation
north of Xalgin |sland (60°34'N: 151°49'W) (Figure 23)
contai ned an al kane distribution with a broad UCM over the
entire boiling point range which is typical of weathered
petrol eum In addition, an anthropogenic source of
hydrocarbons was also indicated by the presence of a
triterpenoid suite similar in pattern to Cook Inlet crude
oi | . Al though the presence of an oil seep was not excluded
by the authors, Ventkatesan and Kaplan (1982) suggested that
these conpounds could have originated from petroleum
production in the upper Cook Inlet. Considering the
relatively long history of oil production in the upper
inlet, the latter source is very likely. Interestingly, this
site is at the sane location as the nost western tidal rip
which was observed to trap the crude oil spilled during the
GLACI ER BAY incident of July 1987.

Al t hough no subnarine oil seeps have been reported from the
Bering Sea, sedinment geochemi cal studies have indicated the

presence of weathered crude oil from sedinents at one
location in the southeastern Bering Sea (station 35 -
56°12'N: 168°20'W, Figure 24) (Ventkatesan et al., 1981;
Vent kat esan and Kaplan, 1982; Ventkatesan et al., 1983).

Gas chromatograms of the hexane extract from these
sediments, sedinents from two other locations in the Bering
Sea, as well as weathered oil contam nated sedinments from
the San Pedro Basin of California are presented in Figure
25. The n-alkane distribution with a broad UCM over the
entire boiling point range is typical of mcrobial degraded
pet rol eum In addition, the titerpenoid distribution
(Figure 26) and the delta *S value for the organic sulfur
(about 10% nore positive than the other sanples from the
eastern Bering Sea) are consistent wth the n-alkane
distribution in these sedinents and suggest the presence of
t her nogeni ¢ hydr ocar bons.
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Locations of Elevated Level s of Anthropogenic Hydrocarbons
Sediments (A) of Cook Inlet (Venkatesan and Kaplan, 1982).
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Figure 24. Locations of Elevated Levels of Anthropogenic Hydrocarbons in
Sedi nents (A )ofthe Bering Sea(Venkatesan and Kaplan, 1982).
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EBBS 37

Figure 25.

NS 174

Station 823
San Pedro Basin

n-Alkane Distribution in Sediments from the Bering Sea and
California (from Venkatesan et al, 1981). Gas chromatograms of
hexan fraction from southeastern Bering Sea (EBBS) and Norton
Sound (NS) sediments. Station 823 contaminated with weathered
petroleum (Venkatesan et al., 1980). Numbers 15-33 refer to
carbon-chain length of n-alkanes. Pr: pristane. UCM: unresolved
complex mixture. LS: Internal Standard hexa-methyl benzene.
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southeastern Bering Sea; NS = Norton Sound; San Pedro Basin =
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30-bisnorhopane.
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It is possible that petroleum is being released from faults
that occur in this area. Thernogenic gas was reported by
Kvenvol den and Redden (1980) and Kvenvolden et al. (1981)
from two |ocations near Station 35 (56°17.8'N: 168°14.28'W
and 56°11.95'N: 168°20.01'W) . However, there was no
correlation between hydrocarbon gas and C;g, hydrocarbon
content in those sedinents fromthis site (Sandstrom et al.,
1983)

Site 35 occurs at about the 200-m depth contour, in the
Quter Shelf Domain at about the Shelfbreak Front (Kinder and
Schumacher, 1981) . Sedinents from the area have been
characterized as predomnately sand (70 9% (Haflinger,
1981) . Annual bottomwater tenperature fluctuations are
probably not as great here as occurs wthin the Mddle Shelf
and Coast al Domai ns due to the influence of t he
northwesterly flowng Bering/Al aska Stream water on the
Quter Shelf Domain. Haflinger (1981) suggests that the
benthic community associations in this area probably consist
of st enot her mal , Arcti c- Bor eal speci es. Mul tivariate
statistical anal ysis of bent hi c speci es associ ati ons
indicate that the area near Station 35 contains relatively
smal | group (3-5 species) associations of anpeliscid
anphi pods, bi val ves, and pol ychaetes (Haflinger, 1981).
Infaunal standing bionass alsg appears to be relatively
| ow (<75 g/m?, wet wei ght; <4 g/'m* infaunal organi c carbon;
Haf I i nger, 1981). If the Station 35 vicinity eventually
proves to contain oil seeps, this site may prove useful in
addressing the hypothesis of Yorganic enrichment" which is
discussed in ‘‘Effects of Low Level Chronic Releases of
Petrol eum Hydrocarbons on Conponents of the Marine
Ecosystem " this vol une.

Based on anomalous levels of €, - C gases neasured by Cline
and Holnmes (1977) in Norton Sound (Figure 27), it was
suspected that petroleum seepages were present south of

None. Al t hough of thermogenic  origin, addi ti onal
investigation (Venkatesan et al. 1981; Kvenvolden et al.,
1979; Kvenvolden et al., 1981) indicated that the nmjor
conpound in this seepage was C0,. There was little
hydrocarbon accumulation in the sedinents, which was
probably due to discrete gas vents piping hydrocarbons
directly into the water columm (Kvenvolden et al., 1981).

Several studies have been conducted on the distribution of
hydrocarbons in the sedinents of the Alaskan Arctic OCS
(shaw et al., 1979; Shaw, 1981; Kaplan and Venkatesan, 1981;

Venkat esan and Kapl an, 1982; Venkatesan et al., 1983; Boehm
et al., 1987) From these studies it is apparent that
hydrocarbon concentrations in Beaufort Sea sedinents are
somewhat elevated over other outer continental shel f
sedi nents. The conpositions of the hydrocarbons are |argely
fossil derived (peat, coal and petroleun) and, therefore

differ from nost other shelf sedi nments.
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Figure 27. Location of Gas Seeps (A) in Norton Sound (Kvenvolden, 1981).
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Shaw, et al. (1979) examned the hydrocarbons in the
nearshore sedinents from Point Barrow to Barter Island and
identified a suite of nearshore arctic sedinents whose
al kane conposition suggested only biogenic sources. The
saturated hydrocarbons were dom nated by n-alkanes ranging
in chain length of 23-31 C wth strong odd-even preference
and no UM. Total hydrocarbon concentration in the
nearshore area was 0.3-20 ug/g dry sedinent. The range of
total hydrocarbon concentrations in the offshore areas was
reported by Kaplan and Venkatesan (1981) and Venkatesan and
Kaplan (1982) to be 20-50 wug/g dry sedinent. These
differences in nearshore vs. offshore areas could possibly
have been due to the differences in the nethods used or to a
greater abundance of fine-grained, organic-rich sedinents in
the of fshore area.

In both nearshore (Shaw et al., 1979) and offshore (Kaplan
and  Venkat esan, 1981; Venkatesan and Kaplan, 1982)

sedi nment s, the distribution of saturated hydrocarbons
indicated a prevalent biogenic input of terrigenous plant
material, nost likely resulting from transport of riverine
materi al s. Some marine biogenic sources were indicated by

the occurrence of pristane and n-heptadecane in the offshore
sedinents (Kaplan and Venkatesan, 1981; Venkatesan and
Kapl an, 1982).

Measur abl e amounts of aromatic hydrocarbons have been found
in alnpbst all Beaufort Sea sedinments examined so far.
Vent katesan and Kaplan (1982) indicated that Beaufort Sea
sedinents contain the highest PAH levels in the Al askan
outer continental shel f (200-300 rig/g), an order of
magni t ude above that of the Bering Sea and al so higher than

the @ulf of Alaska and Cook Inlet. Conpl ex m xtures of
aromatics (including PAH have been found with distributions
characteristic of both pyrolytic and fossil sources (Shaw,
et al., 1979; Kaplan and Venkatesan, 1981; Venkatesan and

Kapl an, 1982)). This was suggested by the distribution of
akylated honol ogies determ ned by GC/MS.

Shaw et al. (1979) found that fossil aromatic distribution
was nost obvious at Smth Bay, Cape Hal kett, Egg Island and
Stockton Island (Figure 28). Pyrolytic signatures were nost
evident in the sedinents of the Hulahula Delta, Anderson
Point and Pitt Point. Those aromatics recognizable as of
fossil origin were <cadalene, retene and simonellite,
products of mmnor diagenic alteration of terpenes. Only
retene was a nenber of one of the honologous series
i nvesti gat ed. It appeared in anonalous abundances in

sedinents of Smth Bay, Cape Halkett, Atigaru Point,

Colville Delta, ©Oliktok, Sinpson Lagoon, Egg Island, Stunp
I sl and, Cross |sland, and Hulahula Delta. In their
analysis, it was unclear to what extent di t er penoi d
aromatics were being produced from precursors supplied by
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contenporary plants or were derived from sedinentary fossil
hydr ocar bons, such as peat, coal, and oil (seeps)

In a two year study of the hydrocarbons and netals of the
Beaufort Sea, Boehm et al. (1987) found that the saturated
hydrocar bon conposition (determ ned by GC-FID anal ysis) was
conmposed of an n-alkane distribution from n-C to n-C,
with no odd-to-even carbon dom nance and an n—alkane
distribution from n-Cy, to n-C35 With a distinct odd-to-even
dom nance. The n- Cq 0 n-C,q alkanes appeared to originate
in the rivers, possi 8I y due o upstream fossil inputs, while
the coastal peat sanples contributed to the sedinents
t hroughout the study area and were rich in the higher
nmol ecul ar wei ght alkanes. There appeared to be no
rel ati onship between the distribution patterns of the praH
conmpounds and the saturated hydrocarbons.

The aromatic hydrocarbon distributions were fairly uniform
with the 2- and 3-ringed naphthal ene and phenant hrene series

dom nant (Boehm et al., 1987). In other continental shelf
sedi nents not inpacted by petroleum the 4- and 5-ringed PAH
usual ly dom nate. It appears that this |ower nolecular

weight PAH originates from river discharge (introducing
fractions from peat, coal beds and oil seeps)

Sedi nent sanples from Harrison Bay contained the strongest
signals for fossil hydrocarbon input - PAH and | ower
nol ecul ar weight alkanes (Figure 8) (Boehm et al. , 1987)
This was attributed to input from the cColville River
drai nage basin, which contains nunerous outcrops of coal and
oil shale as well as oil seeps. For exanple, Q1 Lake is
|ocated slightly west of the colville and 5 m from the
coast (70°18'N: 151°09'W). This 1.5-mle-long |lake is naned
for the natural seep oil that forns a slick on its surface.
The organic material carried by the Colville R ver includes
fractions of peat, coal, and oil.

Stations in the Harrison Bay region contained the greatest
concentrations of hydrocarbons, with those in east Harrison
Bay area, nearest the Colville River, having the highest
val ues. This was also reflected in the PAH concentrations
(2-3 ringed PAH). Unfortunately, no sanples were collected
in Smith Bay, therefore, indications of fossil hydrocarbon
input presented by Shaw (1979) could not be confirnmed with
data from Boehm et al. (1987) . The | ower nolecular weight
n-alkanes characteristic of petroleum were found to be
relatively high in the sedinents discharged from both the
Canni ng and the colville rivers.

The general conclusion fromthis review is that the existing
data base on the hydrocarbon constituents of the sedinents
in the Beaufort Sea can not be used to any great extent to
| ocate areas of probable submarine seepage. This is
basically due to the Ilimtation in areal coverage of

85



sanpling stations, plus the fact that all areas of elevated
fossil derived hydrocarbons which have been identified by
this limted data base can be attributed to either known
coastal terrestrial seepages or freshwater stream input from
a variety of sources (known oil seeps in the river system
coal deposits, and peat)

D SCHARGE OF O L FROM NATURAL SEEPS | NTO THE ALASKAN MARI NE
ENVI RONVENT

It is difficult to estimate the volune of oil that mght be
entering the Al askan marine waters via natural oil seepage.
For the seepages located on the Arctic coast, only those at
Skull diff and Manning Point appear to be directly entering
the nmarine environnent. The volumes of those discharges
have not been determ ned.

Terrestri al er osi on undoubt edl y provi des petrol eum
hydrocarbons to the Arctic marine waters through transport
via freshwater streans, but no estimate of the nmagnitude of
this input is available. Much of the oil 1is probably
altered and oxidized during erosion and transport. It m ght
also be difficult to distinguish petroleum hydrocarbons from
coal - bed sources. Kvenvol den and Harbough (1981) estinmated
that, on a world-wide basis, only 10 percent of the
erosi onal petrol eum hydrocarbons actually reach the ocean.

McGee (1972) estimated the anobunt of natural oil seepage
di scharge to the marine waters of the @ilf of Al aska. Hi s
estimates for individual seeps were usually <1.0 bbl/day.
Hs estimate of total discharge to the @ilf of A aska from
all known seeps was 7 bbl/day. This value is an order of
magnitude less than the estimated 70-90 bbl/day released
from the Coal G| Point submarine seep off the California
coast (Hunt, 1979)
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EFFECTS OF LOW LEVEL CHRONI C RELEASES OF PETROLEUM
HYDROCARBONS ON COVPONENTS OF THE MARI NE ECOSYSTEM

The low level, <chronic release of oil into the marine
environment, such as may occur with oil and gas devel opnent
and production activities, has been postulated to exert
effects on the marine comunity ranging from organic
enrichment to environmental toxicity (Spies, 1985 . The
resolution of this question is difficult as pertinent
| aboratory research requires a nmjor long-term conmtnent

from the researcher and the funding agency. The use of
mari ne seeps as '"natural laboratories", g|though replete
wth the problenms typical of field studies, is a viable

alternative to |aboratory research.

A group of easily accessible, very active seeps near Coal
0il Point in the Santa Barbara Channel, California are the
nost extensively studied nmarine seeps in the world. O this
group, the Isla Vista seep, shaped |like a rough oval
approxi mately 10,000 nf in area, releases 50 to 100 bbl per
day of petroleum into the Pacific Ccean, has been the focus
of a series of long-term observations and field experinents

(See Montagna et al., 1986 for references). Seepage within
t he oval is vari abl e. There are many loci, ranging from
approximately 0.25 - 2.0 ni, of very active seepage.
Between these loci are larger areas of 1less active but
observabl e seepage. Gas bubbles are conmmon and are often
associated with the oil droplets. The seepage differs from
the production oil punped from simlar formations farther
offshore by virtue of its extrenely low |levels of n-alkanes
and hi gh l evel s of | ow nol ecul ar - wei ght napht heni c
conpounds, suggesting bacterial degradation of the oil

before it reaches the sedinent-water interface (Reed and
Kapl an, 1977; Figure 29).

The total extractable hydrocarbons in the sedinents around
the seep range from nearly 100% in source sedinments to |ess
than 1 ppt several kiloneters "upstream", with an apparent
nmedi an concentration (within 2 kilonmeters) of between 5,000
and 10,000 ppm Total extractable hydrocarbons as well as
the proportion of fresh petroleum can be quite variable in
cl ose-set sanples depending on how many lunps of tar or oil
droplets are included in the sanple. Every core (0.019 nf)
taken at the seep station during a 28 nonth study of
community structure by Davis & Spies (1980) contained at
least a few drops of fresh o0il, evidence that benthic
organi sms are brought into close contact with |arge anopunts
of petrol eum Most of the exposure however, appears to be
to highly weathered asphaltic conpounds and, except in heavy
seepage areas or chance encounters with droplets In areas of
noder ate seepage, the exposure to the nost acutely toxic and
wat er soluble, mono- and di-aromatic petrol eum conpounds is
in the low parts-per -billion range. The concentrations of
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88



t hese hydrocarbons are usually below 10 ppb in waters around
the Coal G| Point seep and are often in the <1 ppb range.
The concentrations in interstitial water are nore variable:
in an area of intense seepage, an interstitial water sanple

had a concentration of 1.3 ppm (these |limted areas are
general ly depauperate in nunbers of individuals and species,
Spies et al. 1980); in areas of noderate seepage,

concentrations ranged from 45 to 117 ppb and in a non-
seepage area, concentrations of 0.2 to 5.0 ppb have been
observed (Stuernmer et al. 1982)

The benthic comunity of the 1Isla Vista seep is well
devel oped, with a typical structure and faunal conposition

for that region of the California coast. Conmparisons of the
seep comunity wth a nearby non-seep comunity (Spies &
Davis, 1979; Davis & Spies, 1980), however, denonstrat ed

consistently higher nunbers of individuals at the seep
station than the non-seep station, even though the nunber of
species at the seep station was only slightly higher. The
dom nant species, listed in Table 8, contributed a total of
58 and 52% of the individuals to the seep and conparison
stations, respectively. Both sites had in common 72% of the
320 species collected, representing over 90% of t he
i ndi vi dual s. The remaining (site-specific) 28% or 90
species represented only 10% of the total nunmber  of
i ndi vidual s collected. Both areas had, on the average,
simlar values for diversity (H) although small scale
fluctuations of Shannon-Winer diversit were apparent,
evenness was fairly constant and the differences seen were
not consistent. Measures of skewness and kurtosis of the
dom nance-diversity curves were also quite simlar, despite

the density differences between stations and pronounced
seasonal fluctuations (Davis and Spies, 1980)

O her, less striking differences between the two stations
wer e:

1. An abundance of surface-deposit feeders at the
seep station (14 of the 15 species considered).
The seep station had one carnivore and 14 deposit-
feeders (11 surface); the conparison station
supported 3 carnivores, 1 herbivore, 6 surface-
deposit feeders and 5 sub-surface feeders (Table
8) .

2. The extrene dom nance of oligochaetes, bot h
i ndi vidual s and popul ations, at the seep station.

3. Significantly fewer nunbers of amphipods (5.9% of
total) at the seep station as compared to the non-
seep station (11.5%

Spies et al. (1980) suggested that the differences in
density and the nunbers of surface deposit feeders at the
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Tabl e 8. Fifteen nobst abundant taxa from each station during
study period (Decenber 1975 - March 1978) near Santa
Barbara, California. Abbreviations in parentheses denot
A, amphipod:; An, anthozoan; E, echinoderm O ostracod
Pe, pelecypod; Po, polychaete. (Davis and Spies, 1980)

Taxa Density per core (X + Sg)

Seep Station:

Oligochaetes

Tellina nodesta (Pe)

Medi omastus _californiensis (Po)
Euphilomedes sp. (0)
Prinospio pvgnea (Po)

Nemat odes

Chaet ozone setosa (Po)
Tharvx nr _tesselata (Po)
Tellina nuculoides (Pe)
Nepthyvs caecoi des (Po)
Parvilucina approximta (Pe)
Ophi uroi d

Edwardsia sp. (An)

Neries procera (Po)

Pista disjuncta (Po)
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Conpari son station:

Nemat odes

Euphilomedes sp. (0)
Prinospio pygnea (Po)
Chaet ozone setosa (Po)
Tellina nodesta (Pe)

Medi omast us _acutus (Po)
Paraphoxus abroni us (A)
Typosyllis sp. (Po)

Medi omastus _californiensis (Po)
Lvtechinus pictus (E)

Thai anessa spinosa (Po)
Edwardsia sp. (An)
Exocgqone uniforms (Po)
Megaiona piteikai (Po)
Tharyx nr _tesseilata (Po)

(15)

PREPEEPPNOMNNOOORD OO0
OO ~NoOcOPR~r~NONPPRMNOONO
[ 4 1 1 1
OCRPONORNONRWWARERO
OO O~NNOODMAPRERLRNNND

*Thirteen of the 15 nost abundant taxa common to both
stations; not listed are No. 12, Hemilamprops sSp. (cumacean )
and No. 14, Hem cordat a.
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two stations were a reflection of microbially-mediated
organic enrichnent occurring as a result of the seepage.
This hypothesis of increased microbial biomass associated
with the HyS and oil-laden seep sedinments was based on gas
chromat ography indicating extensive bacterial degradation of
the n-alkanes in the seep oil (Reed & Kaplan, 1977) and the
presence of extensive mats of the sulfide-reducing
bacterium Bedgjatoa SR-, in areas of intense seepage.
Experinmental evidence for a gradient of increasing sedl nent
ATP with increasing anounts of fresh oil also supports this
hypot hesis (Davis & Spies, 1980). More recent work
(Montagna et al., 1986; Mntagna et al., pers. comm.) has
correlated bacterial abundance (as nunber of cells) and
measurenents of microbially-mediated benthic netabolism
e.g. rates of hydrocarbon degradation and sul fate reduction,
with total extracted hydrocarbons (Table 9)

Evidence for the utilization of the seeping petroleum by the
benthic comunity was provided by examination of the
isotopic ratios of sulfur and carbon in the tissues of
infaunal invertebrates from seep and non-seep stations
(Spies & DeshMarais, 1983). The seepage constituents are
isotonically light with respect to carbonate: L3¢ = _24%
for whole oil and -38% for the gasses (Reed & Kaplan, 1977).

O her sources of carbon in the marine environment are quite
variable but generally consist of |so{op| cally heavier
carbon with less negative values of gt3c. So if the
consistently denser populations in the seep truly result
from trophic enrichnment by petroleum that is isotoni caIIy
[ight in carbon, then one would expect a shift in the g 13¢
values of the seep organisns towards nore negative val ues.

The stable carbon-isotope abundances in Beddiatoa sp. and 12
infaunal invertebrates coomobn to both the seep and
conparison stations displayed gl3c shifts ranging from
- 0.22% for the cirratulid polychaete Tharvx tesselata to
-4.5% for the maldanid polychaete Axiothella rubrocinta

(Tabl e 10). The nean shift for all species was -1.32%
towards the petroleum gl3c value. I nterestingly, t he
devel opnent of a carbon budget for the maldanid polychaete,
Praxillella affinis pacifica, indicated that the |lighter

hydrocarbons and gases, e.g.methane, were utilized nore
readily than the liquid oil (Spies & DesMarais, 1983)

Simlarly, the presence of large anounts of lSOthlcally

light H,S (g34s=1.7%) as conpared to the heavier S=20%)
sul fur 2found in seawater and nost narine organisrrs ( Kapl an
et al., 1960) provides a tracer of energy dgfwed from the
petrol eum seepage. Sul fate reducers favor and | ow

sul fur isotope ratios are indicative of biologlcﬂily deri ved
H,S. The sulfur isotope ratios for P, affinis pacifica are
lower at the seep station (12.27 conpared to 14.11). The
sul fur isotope ratio in the interstitial HS at the seep
station is lower yet (1.69) and |lowest in Bedgdjatoa mat (-
0.37) at this station (Spies & DesMarais, 1983).
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Table 9. Gand averages of bacterial abundances, netabolic rates and
total hydrocarbon concentrates in the sediments at Seep and
Conparison sites in and near the Isla Vista petrol eum seep in
t1518e6)8anta Barbara Channel. (nodified from Montagna et al.,

Process Station

Seep Conpari son
0, Flux (mmol M 2 a°1) -41 -12
Sul fate reduction® (mmol M’d-1) 4.1 0. 66
Hydrocarbon mneralizati on2 (3a™1) 10 5.1
Total hydrocarbons (mg g-1 sedinents) 4.8 1.1
Mean cells3 (millions cm ‘‘sediment) 58 47

> To a depth of 5cm
Aver age of alltests
‘Data from Montagna et al. unpubl.
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Tabl e 10. St abl e carbon isotope abundances and 8°C shifts in sanples of
benthic organisms from petroleum seep area of Santa Barbara
Channel . Nunmbers of sanples are given in parentheses. am
anmphi pod; bi: bivalve; po: polychaete. nd: no data. (Spies and
DesMarai s, 1983)
H 3 3
Or gani sm Mean &c As¢C
Conpari son Seep
Praxillella affinis pacifica (po) -17.97 #+ 1.12 (4) -20.7 + 0.58 (3) -2.73
Axiothella rubrocinta (po) -16.9 (1) -21.4 (2) -4.5
Medi onastus californiensis (po) -16.6 (1) -17.5 (2) -0.9
Hem chor dat e 15.9 1 16. 3 (1) -0.4
Tellina nodesta (hi) -16.18 + 0.49 (4) -16. 65 (2) -0.47
Tharyx tesselata (po) -17. 05 (2) -17. 27 (1) -0. 22
Pista disjuncta (po) -17.35 (2) -18.13 (2) -0.78
Nemat odes -17. 4 (1) -18.45 (2) -1.05
Nerei s procera (po) -17. 4 (1) -19.1 (2) -1.7
Paraphoxus spp. (am -14.27 + 1.7 (3) -13.8 (1) -0. 47
Nepthys caecoi des (po) -16. 15 (2) -18. 07 (1) -1.93
Glycera branchiopoda (po) -16. 05 -16. 75 (2) -0.7
Bedgqi at oa sp. nd -20.7 nd

Mean = - 1.32+1.24




In sunmary, benthic netabolism at the Isla Vista seep is
simlar to that described for other organically enriched

systens such as salt nmarshes (Howarth & Teal, 1980) and
abyssal hydrothermal vents (Karl et al., 1980) . Wien the
enrichment is derived from seeping petroleum aer obi c

het erotrophs netabolize petroleum to supply chenoautotrophs
with carbon; the energy source is H,S5, originally at |east
partially derived from the oxidation of petroleum (Figure
30) . Mei ofauna feed on both the heterotrophs and the
chenmpautotrophs as well as the chlorophyllous m crobes
(either microalagae or cyanobacteria) and are in turn fed
upon by macroi nfauna and larval fish.

Enrichment is not the only observed effect of the seeping
petrol eum Even at low levels, oil released in the marine
environment may cause changes in community structure as the
result of the nortality, decreased reproduction or avoidance
of sensitive or vulnerable species. Anmphi pods, in
particular, seem to be sensitive to |low |levels of petroleum
hydr ocar bons. Davis & Spies (1980) reported significantly
fewer nunbers of anphipods (5.9%

station than at the comparison stati®Atalll 506 phe teta

i ndi vidual s) . Imedi ate and alnost total nortality o
anphi pods followed the Florida, Tsesis and Anoco Cadiz oil
spills (Sanders et al., 1980; Elmgren et al., 1983; Gundlach
et al. 1983) . Aso, the winter after the Tsesis spill,
Elmgren et al. (1983) reported an increase in the frequency

of abnormally developed eggs in Pontoporeia fenorata
f emal es. Lengt h-frequency data for P. fenorata, Ganmarus
setosus, and Anonvyx sp., from the Baffin Island QI Spill

(Bl OS) Experi ment also indicate possible reproductive
anomalies in anphipods chronically exposed to Ilow |evel
petrol eum cont am nation (Cross et al ., 1987)

Al ternatively, the changes in population structures observed
for these species may have been due to the active avoi dance
of the oil by the aninmals, such as has been reported
previously (Percy, 1976; 1977). Echi noderns al so seem to be
sensitive water quality indicators. Decreases in the
densities of the urchin, Stronavlocentrotus droebachiensis,
in the experinental bays following the BICS oil releases
were very probably the result of avoidance behavior (Cross
et al. 1987)

Subl et hal acute and chronic exposures to petrol eum conpounds
such as aromatic hydrocarbons wll induce the enzynmes of the
cytochrone P-450 or mixed function oxygenase (MFO) system
(see review by Stegenan, 1984 for induction in marine

species) . These enzynes catalyze the netabolism of organic
pol lutants and endogenous steroids. There is increasing
evidence that the induction of the enzynmes of the P-450
system may adversely affect reproduction. For exanple, 1in

starry flounder, Platichthvs stellatus, increased naternal
hepatic aryl hydrocarbon hydroxylase (AHH) activity has been
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associated wth subsequent reductions in ganete viability,
fertilization success and enbryo survival (Figure 31, Spi es
et al., 1985; 1986)

Induction of the P-450 system may have direct effects on
reproduction through the catalytic activity of this system

Al lipophilic organic nolecules present in an aninmal nust
undergo biotransformation through the enzynmes of the P-450
system to nore polar derivatives before they can be

excreted. Upon oxidation, however, some conpounds form
reactive internediates which are capable of binding wth
macr onol ecul es i ncl udi ng deoxyri bonucl ei c acid ( DNA)

Specifically, benzo(a) pyrene, polynuclear aromatic
hydr ocar bon, is netabolized by* AHH to a bay-region
di hydr odi ol - epoxi de, which binds closely to available DNA
(Dipple et al., 1984). If this reaction occurs in the liver

or gonads of a sexually mature organism the resulting
lesion may affect either the synthesis and storage of
necessary |ipids or proteins, e.g. vitellogenin, or be
transferred directly to the ganete (Varanasi et al., 1981,
1982) . In either case, the lesion may be expressed through
the abnormal developnent or nortality of the ganete and
enbryo. The potential for such toxicity is indicated in a
study where fenale flathead sole, Hippoglossoides elassodon,
fed 4 mg of benzo(a)pyrene 5 h before spawni ng produced eggs
with significantly [lower hatching success and a higher
i nci dence of enbryol ogical abnornalities than controls (Hose
et al., 1981)

Al ternatively, induction of the P-450 system may have
indirect effects on reproduction, through interference wth
the synthesis and degradation of steroid hornones. As all
the steps in steroidogenesis from cholesterol to estradiol,
as well as steroid netabolism are nediated by P-450
enzymatic function, there are nultiple opportunities for
contam nant-induced P-450 activity to interfere in steroid
bal ance and normal reproductive function. For exanple, a P-
450 1isozyme (P-450E) has been isolated from the hepatic

microsomes of induced Scup, Stenotomus chrysops, that
hydroxylates both benzo(a)pyrene, for which it is the mgjor
catalyst and testosterone (Klotz et al., 1986) t he
inmmediate precursor of estradiol. Because of this

surprisingly broad substrate specificity, P-450E might be
expected 1n vivo to accelerate testosterone clearance rates

i N contaminant-induced fi sh. Indeed, a series of short-term
exposures of salnon and wnter flounder to petroleum did
result in | owner t ot al plasma  and bile titers of
t est ost er one, Il -ket ot est ost erone and 17b-

hydroxytestosterone in sexually mature nmles (Truscott et
al ., 1983)

El evated levels of AHH activity have been reported in fish

collected from areas wth |owlevel chronic petrol eum
cont am nati on. Spies et al. (1982) neasured increased
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levels of AHH activity in tw species of sanddabs,
Citharicthys sordidus and C. stiamaeus collected around the
seeps in Santa Barbara Channel. Davies et al. (1984)
measured increased enzyne activity in cod, whiting and
haddock collected around offshore drilling platforns in the
North Sea where oil-based drilling nuds have been disposed.
In neither case were the |evels nmuch above two-fold those of
compari son fish. There were strong speci es-specific
di fferences, however and in light of nore recent work, e.g.
Spies et al. 1986, separation of the fish by sex as well as
species, mght have resulted in clearer differences between
fish collected in contam nated and non-contam nated areas.

The effects of low |evel chronic releases are not
necessarily limted to the benthos. Concentrations of
petrol eum hydrocarbons as |low as 10-90 ug/l1 under conditions
of chronic exposure can affect the conposition of planktonic

communities (Lee & Takahashi, 1975; Elmgren & Frithsen,
1982) . bservations of natural zooplankton after a major
spill (samain et al., 1981) or Arctic seeps (Gilfillan et
al., 1986) indicate a reduction in feeding, and consequently

reduced secondary productivity, resulting from exposure to
low | evels of petrol eum hydrocarbons.
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ARCTI C MARI NE ECOSYSTEMS

Bi ol ogical events in the Arctic are characterized by marked
seasonal ity, Annual cycles in neteorological conditions,
particularly tenperature and day I|ength, induce changes in
physical factors, e.g. river flow and sea-ice conditions,
and biol ogical processes, e.g. primary production. As a
result of these widely fluctuating environnental conditions,
nearshore Arctic nmarine animals |Ilive in a very harsh
environnment conpared to tenperate species. They may
experi ence unusual |y br oad t enperature fl uctuations,
salinity changes and photoperiod extrenes. Daily salinity
and tenperature values change rapidly; changes up to 6°C and
15% have been observed in Sinpson Lagoon (Truett, 1978).
Seasonal variations in the sane |agoon have been reported by
Craig and Haldorson (1979) as:

spring sunmer fall Wi nt er
t enperature o 5°C 7-10°C o 6°C -2-0°C
salinity l-10% 18- 25% 18- 25% 26- 60%
Arctic marine food webs are generally short, involving at

nost four or five energy transfers through herbivorous and
carnivorous zooplankton and fish to seabirds and narine
mamal s. Furthernore the diversity at each trophic |evel
appears to be lower than that occurring in tenperate waters.

Arctic marine zooplankton populations and conmunities share
many basic attributes wth their counterparts in pore
tenperate waters. Copepods, particularly calanoid copepods,
dom nate arctic zooplankton in terns of nunber of species,
abundance and bi onass. They are common prey for many ot her
speci es, including fish larvae and seabirds and have a
pi vot al role in marine food webs. Chaetognaths, pteropods,
hyperiid anphipods and several other groups nmay also be
| ocally abundant and account for a significant portion of
t he bionass. Zoopl ankt on assenbl ages frequently include
hydrozoans, ctenophores, polychaetes, isopods, ostracods,
nysi ds, decapods and bent hi c invertebrate | arvae.
Zoopl ankton comunities differ considerably in different
areas and water nmasses. There is considerable variation in
the abundance and species conposition with season as a
result of reproduction and devel opnment (Grainger, 1965)

Arctic zooplankton generally have an extended |ife span; two
years or nore for species of Calanus and Pseudocalanus as,

conpared to four generations per year in tenperate
popul ations (Cairns, 1967). Many her bi vorous zoopl ankt on
have devel oped reproductive cycles that coincide wth the
season of plant gr ow h, wher eas  carni vorous speci es

generally have a less well defined season of reproduction.
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The porous crystalline matrix found on the underside of the
characteristic Arctic ice cover is the substrate for a
uni que and very productive narine comunity. In the spring
(April and May), a dense bloom of microalgae occurs on and
in this matrix. It has been estimated that this bloom may
account for as much as 25 to 30% of the total annual primary
production in various Arctic areas (Honer, 1976, 1977). In
addition, this bloom occurs before there is significant
producti on by planktonic and benthic algae during the open
water season; it is available to herbivores earlier in the

season than is planktonic production (Dunbar, 1968) . The
community consists of a trophic network of microalgae,
herbi vores and invertebrate and vertebrate carnivores. Bot h
i nfauna and epifauna are present. Smal | organi sns such as

pr ot ozoa, nemat odes, pol ychaet es, copepods and juvenile
anphi pods penetrate deep into the ice in brine channels.
The epifauna, the largest and nobst conspicuous invertebrates
associated with and utilizing this conplex community of ice
algae and meiofauna, are ganmarid ammhi pods. Dom nant
species (On the order of 105 individuals/m?) on the
undersurface of the ice have included, at various places and
tines, Onisimus litoralis or 0. glacialis, Gammarus setosus
Ischvrocerus andquipes and Apherusa glacialis (Cross, 1980,

1982) . The habitats of these species in the absence of
| andf ast ice include the undersurface of pan ice, the water
columm and shallow sublittoral and intertidal areas. A1

are inportant food itens for arctic cod (Craig et al.,
1982), various marine birds (Bradstreet and Cross, 1982) and
ringed seals (Finley, 1978) . These data indicate that the
epontic community may be a critical element of arctic marine
food webs.

The nearshore benthic infauna and epifauna are extrenely
depauperate due to seasonal scour from bottom fast ice
(Broad, 1979). Simlar scouring resulting in depauperate
benthic fauna may occur in the depth interval of 15 to 30 m
due to ridge ice in the Stamukhi zone. These regions do
contain snmall populations of annual species or juvenile
immgrants from adjacent unscoured zones. Bent hi ¢ faunal
diversity increases with water depth seaward from the bottom
fast ice zone, with the exception of the Stanmukhi zone.

Dom nant taxa include polychaetes, gammarid anphi pods,

isopods and bivalve molluscs. The highly notile forns such
as anphipods and isopods may invade the area in large
nunbers during the open-water season Giffiths and
Dillinger, 1981: Northern Technical Services, 1981)

The Arctic COcean is relatively inpoverished of productive
fish stocks. Mari ne mammal s and sea birds are the principal
top predators in Arctic marine food webs. Low primary and
secondary productivity may be “inimical to the devel opnent
of truly pelagic stocks of arctic marine fishes" (Johnson,
1983) . There are no endemic species of commercial
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i nport ance. Stocks of Pacific herring in the Beaufort Sea
and capelin, atlantic cod and Geenland halibut in the
Eastern Arctic have sonme potential for local wutilization.
Most species that presently support local fisheries are

anadr onous; i.e. ciscoes, whitefishes and Arctic char.
Al though of no commercial inportance, the arctic cod has
been described as a “key species in the ecosystem of the
Arctic Ccean” because of its abundance, wi despr ead
distribution and inportance in the diets of marine mammals,
birds and other fishes. Frost and Lowy (1984) calculate

that Arctic cod are by far the nost inportant consuner of
secondary production in the Al askan Beaufort Sea.
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EFFECTS OF LOW LEVEL CHRONI C RELEASES OF PETROLEUM
HYDROCARBONS ON ARCTI C MARI NE ECOSYSTEMS

The inpact of ol released into the environnent,
terrestrial or nmarine, is nediated by mcroorganisns, in
particular the hydrocarbon wutilizing bacteria, through the
bi odegradative renoval of the oil. The "rate" of petroleum
renmoval by biodegradation will reflect the sinultaneous or
sequential renoval of various conponents of the release at
various rates. These rates, in turn, are influenced by the
abundance of hydr ocar bon- degradi ng  m croorgani sins, t he
conposition of the oil, and environmental factors, such as
t enperature, di ssol ved oxygen | evel s and nutrient
concentrations (see reviews by Bartha & Atlas, 1985; Atlas,
1985) . No crude oil, however, is conpletely biodegradable,

even under the npbst favorable conditions.

Hydr ocar bon- degr adi ng nm cr oor gani sns are ubi qui t ous.

Studies in the Canadian and US Arctic substantiate the
presence of hydrocarbon-degrading mcroorganisns in Arctic
mari ne ecosystens and indicate that quantitative differences
in the distribution of these mcroorganisns are relatively
uni nport ant over large geographic distances (Bunch &
Harland, 1976; Roubal & Atlas, 1978). Popul ation |evels of
these mcroorganisms and their proportions wthin the
m crobial community seem to be nore sensitive to previous
exposure to hydrocarbons than to |[atitude. In fact, they
appear to be extrenely sensitive indices of environnental

exposure to hydrocarbons as the introduction of hydrocarbons
into the environment results in a significant increase in
the nunbers and proportions of hydr ocar bon- degr adi ng
m croorgani snms. Atlas (1981) has reported that in unpolluted

ecosyst ens, hydrocarbon degrading bacteria general ly
constitute less than 0.1% of the mcrobial community; in
oil -polluted ecosystens, they can constitute up to 100% of
the viable mcroorganisns. This increase in hydrocarbon-

degrading mcroorganism serves both as an index of the
extent of hydrocarbon inpact and as a signal of the onset of
hydrocar bon bi odegradati on, There is evidence that this
i ncrease in hydrocarbon-degrading mcroorganism is slower in
Arctic than Subarctic nmnarine ecosystens (Haines & Atlas,
1982; Eimjellen et al., 1982; Bunch et al., 1983a, 1983b).

The rates of hydrocarbon biodegradation in Arctic and
subarctic Al askan seas, however, seem to bear no
significant correlation to the nunbers of hydrocarbon
utilizers but do correlate with latitude: they are lower in
the Arctic Ccean than in nore southerly Al askan regionsi In
situ 1% dodecane oxidation rates, based o co

production, were neasured by Arhelger et al. (1977) in Por

Valdez (0.7 g/liter per day), Chukchi Sea (0.5 g/liter per
day), and Arctic Ccean (0.001 g/liter per day). A second
conparative study of biodegradation potentials in the
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sedinents and water columms of these areas supported this
conclusion and denonstrated |arge seasonal vari ations,
probably due to seasonal depletion of available nutrients,
in the Beaufort Sea (Roubal and Atlas, 1978)

The degradation of Prudhoe Bay crude oil in Arctic marine
ice, water and sedinent ecosystens has been examned by
Atlas and co-workers (see Atlas 1985 for references).

Degradati on was sl ow. Loss of the I|ight hydrocarbons was
greatly restricted by ice cover and biodegradation of oil on
the surface of, or under, sea ice was negligible.
Hydr ocar bon bi odegradation potentials were lower in ice than
in water or sedinent. Bi odegradation rates were slow and
l[imted by tenperature and concentration of available
nitrogen and phosphorus. Ootimal rates of hydrocarbon

bi odegradation typically occur at CN and CP ratios of 10:1
and 30:1 (Atlas and Bartha, 1972), which are several orders
of magnitude higher than nmeasured N and P concentrations in
the experinental sedinents. Oxygen availability also may
have been a rate-limting factor. O, and N are limting
factors in fine grained sedinents (G bbs & Davis, 1976) due
to low rates of nutrient and oxygen exchange between the
interstitial water of such sedinent and the overlying water
col um. These exchange rates would be further decreased by
the ice danping of wave action under w nter conditions.

There is a large and growing data base on the effects of
petrol eum on arctic organisns and ecol ogi cal processes (see
review by Wells & Percy, 1985; Figure 32) . These data show
effects and threshold concentrations, neasured as 96 hour
LCgys, that are simlar to those for organisnms and processes
in cold tenperate waters and are the basis for the
hypothesis that the sensitivities of species and |ife stages
are simlar in arctic, subarctic and tenperate waters (Carls
& Kern, 1985 ; Wells & Percy, 1985, Rice et al., 1984) .
However, the sensitivity of an organism in a |aboratory
study is not the sanme as the vulnerability of an organismin
its native habitat. Arctic organisns and habitats are nore
vulnerable to hydrocarbons than those of nore tenperate
climates. As a result of the lower tenperatures and sl ower
rates of Dbiodegradation, hydrocarbons are nore persistent
and stable than in warner clinates. Dependi ng upon the
vul nerability of the habitat being considered, this
persi stence provides the potential for long-term exposures
and sub-lethal chronic effects, such as the reproductive
effects discussed previously for benthic fish and reported
for Spio by Cross & Thonson (1987).

The pelagic environment is the first habitat to be inpacted
by an oil spill. In tenperate waters, this habitat recovers
qui ckly, depending on the tine of vyear, zooplankton life
cycle stages, and the anobunt of contact with the oil. Most
zoopl ankton  specialists consider that major pollution
incidents will not have a lasting inpact on zooplankton
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conmuni ties, due to the transient nature of their
popul ations and their wide distribution, and would result in
little if any significant effect (Conover, 1979; Honer,

1981) . Although Arctic communities are nore vul nerable than
those in lower latitudes due to the persistence of the oil

at lower tenperatures, the |onger exposure tinmes and the
| onger generation times of nmany Arctic species, this
conclusion is nost probably valid for Arctic as well as
tenperate comuniti es.

The epontic comunities are very vulnerable to oil
cont am nati on. The potential exists for quantities of oil
to accunulate wunder the ice cover and interact wth the
conmponents of this community for relatively long periods of
time. It has been speculated that the inpact on this
community could be severe (Milne & Smiley, 1976; 1978)
al though there is little direct evidence, and data from nore
tenperate |atitudes, concerning the effects of o0il on
conponents of this comunity, are conflicting and confusing.

The intertidal and shallow subtidal environnents are also

vulnerable to oil contam nation. The intertidal habitat
wll be rapidly, severely and visibly affected by the
stranding of floating oil. However , because of the
i mpoverishment of the biological communities in this habitat
the inpact will be negligible. The beached oil nmay serve as

a reservoir for the chronic input of hydrocarbons into the
subtidal sedinments, where they could have a biological
i mpact (Omens et al., 1987; Cross & Thomson, 1987; Cross et
al., 1987; Hunphrey et al., 1987).

Low concentrations of oil in the subtidal sedinents, whether
the result of anthropogenic activities or not, wll exert
effects on the benthic comunities. These effects may be

most noticeably expressed as changes in populations or
communities and may be the result of altered reproductive
potentials or avoi dance. The effects of oi | on
reproductive processes can be detected at the site of
di sturbance only for species lacking planktonic l|arvae. In
the Arctic many benthic species develop directly, allow ng
this sort of determnation. The objectives of the
m cr obi ol ogi cal conponent of the Baffin Island QI Spill
(BIOS) Experinent, which was conducted at Cape Hatt in the

Canadi an Arctic were to assess the effects of oil and
dispersed oil on the macrophytic algae, the relatively
imobile benthic infauna (e.g. bivalves, polychaetes) and
motile epibenthos .(e.g., amphipods, urchins) in shallow
arctic waters. The study design resulted in the
incorporation of low levels (<10 ppn) of oil in the subtidal

sedinents of the two experinental bays. The subsequent

long-term nonitoring of biota of these bays revealed only
m nor effects in analyses of density, biomass or size data
for 28 individual infauna and 13 epibenthic taxa. The
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longterm effects were in two categories, reproductive and
behavi or.

Repr oducti ve effects wer e inferred for an infaunal
polychaete, Spio sp., and the amphipod Pontoporeia fenorata
(Figure 33). Conparisons of the population densities in the
experi nment al and control bays indicated that a natural

popul ation increase of Spi did not occur in the
experimental bays. Assuming direct developnent, Coss &

Thonmson (1987) suggest 1) that breeding of mature adults or
devel opment of their offspring in the oiled bays was
affected in the vyear following the spill, or 2) that
juveniles released on oiled sedinents the second spring or
summer were unable to survive. Lengt h-frequency data for P.
femorata indicated recruitnment of the second vyear class
followng the spill was reduced in one experinmental bay.
Again, Cross et al. (1987) suggest that oil incorporated
into the sedinments of this bay disrupted sone aspect of
repr oducti on. Previous studies, reported in the literature
for both groups of organisns, support the hypothesis of an
effect on reproduction. Rossi and Anderson (1976, 1978)
reported that for the polychaete ant h aren nt at

fecundity was suppressed and hatching success was reduced
upon exposure of the adults to fuel oil. Carr and Reish
(1977) reported simlar results in polychaetes exposed to
the seawater-soluble fractions of crude oil. Elmgren et al.
(1983) reported a greater frequency of abnormal eggs in P.
affinis followwng the Tsesis spill and Gundlach et al.,
(1983) reported a lower frequency of egg-carrying |obsters
in comercial catches after the Ampbco Cadiz spill. The
nmechani sm being developed and verified in benthic flatfish
for the disruption of reproduction through induction of the

P-450 system by xenobiotics, including components of
petroleum may very well be applicable to invertebrates as
well as vertebrates. In any case, reduced fecundity will
probably result in population decreases and nust be

considered an effect of serious ecological consequence.
This is particularly true for benthic organisnms w thout
pel agic |arvae, such as those in the Arctic, because
recc))l oni zation of large disturbed areas would be slow (cChia,
1970) .

The length-frequency data for the amphipod, Anonvyx is
difficult to interpret; two years after the rel eases, Anonvx
juveniles emgrated to shallow water earlier in experinental

bay which had the highest sediment oil concentrations than

anywhere el se. The suggestion that this was avoidance is
based on prior data (e.g., Percy, 1976, 1977) for simlar
speci es. Changes in the densities of the urchin,

Strongyl ocentrotus droebachiensis appeared to be the result
of avoi dance behavi or. The urchins apparently noved rapidly
away from high concentrations of dispersed oil and returned
shortly thereafter, when oil concentrations in the water
were nuch reduced. This had no obvious negative
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consequences and may in fact have prevented adverse effects.
Long term avoidance of oil was indicated by decreases in
urchin densities between 1982 and 1983, together wth
concurrent increases in oil concentrations in sedinments and
in the urchins thenselves (Boehm et al. 1985) . In contrast
to the short-term avoidance of dispersed oil, long-term
avoi dance of oiled sedinents may have had significant
ecol ogi cal consequences later in the sumer of 1983 or in

subsequent years. El sewhere, changes in wurchin densities
not related to oil have caused nmmjor changes in abundance
and structure of macroalgal comunities e.g., Paine and
Vadas, 1969; Himmelman et al., 1983). Massive al gal bl oons

have been attributed to oil-related depletion of other
herbivores ( e.g. North et al., 1965). The significance of
urchin depletion in the arctic 1is uncertain, however ,

because urchin diets and feeding rates are poorly known and
because wurchins are nuch |ess abundant than in boreal or
tenperate waters.

108



CONCLUSIONS

Twenty-nine oil seepage areas have been reported to
occur along the Alaskan coast; 14 of these areas have
been confirnmed as containing actual oil seeps while 15
are unconfirned reports. None of the confirnmed seeps
are subtidal but range in distribution from just above
the low tide datum on a beach face (Skull diff,
Chukchi Sea) to inland sites that could influence the
marine environnent through input via freshwater streans
(Yakataga, @ulf of Al aska).

The coastal seepage areas having the greatest anount of
background data and information are the Arctic sites
O : Angun Point, Mnning point, Cape Sinpson, and Skull
adiff; and the @lf of A aska sites of Puale Bay,

I ni skin Peninsula, Katalla, and Yakat aga.

The coastal seepage potential «classification proposed
by Wlson et al. (1973, 1974) works fairly well when
applied to the Al askan coastline. The high potenti al
of the central Qulf of Alaska is well reflected in the
| arge areas of seepage that have been identified in the
Yakat aga and Katalla areas.

The evidence for submarine oil seepage in Alaska is
rather limted. Shal | ow gas deposits are quite common
in the Beaufort Sea and seem to commonly occur adjacent
to high-angle faults that may act as conduits for gas

mgration. |f petroleum seepage occurs here, such
faults mght also act as conduits for petroleum
seepage. However, the authors of this report could

locate no information confirming the presence of
subrmarine oil seeps in the Al askan Beaufort and Chukchi
seas.

The existing data base on the hydrocarbon constituents
of the sedinents in the Beaufort Sea could not be used
to located areas of probable seepage. The data base
was very limted in areal coverage and the elevated
fossil-derived hydrocarbons neasured in some areas
could be attributed to nany possible sources: known
coast al terrestrial seeps, unidentified submarine
seeps, and freshwater stream input from oil seeps, coal
gep_osits, oil shale deposits, and peat in the drainage
asins.

There is sone sedinent geochemical evidence suggesting
that an area of submarine oil seepage mght occur in
the southeastern Bering Sea, between the Aleutian
I slands and Pribilofs. The suspected area occurs at
the 200-m depth contour, in the Quter Shelf Domain at
about the Shelfbreak Front. Bottom environnent al
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12.

conditions are thought to be relatively constant here
as conmpared to nore shallow areas of the Bering Sea.
The productivity and standing biomass of “bottom
communities are probably much lower than nore shall ow
ar eas, whi ch m ght provide an opportunity to
i nvestigate the phenonenon of “organic enrichment” if
oil seepages are actually found to occur here.

It is difficult to estinmate the volune of oil that
m ght be entering the Al askan marine waters via natural
oil seepage. Volumes of oil that mght issue from the
Arctic coastal seeps have not been estinmted; however,
past estimates by MGCGee (1972) suggest that the anount
of oil entering the Gulf of Al aska from known coastal
seepages is rather small when conpared to known seepage
rates on the coast of California.

Any future efforts to estimate the anount of
hydrocarbons entering Al askan marine waters, from hunman

i nduced and natural sources wll have to consider a
wide variety of natural sources, seepages being only
one. Erosional sources might be significant in the
Beaufort  Sea. Er osi onal i nput  includes: coast al
erosion (peat and coastal seeps) as well as drainage
basin erosion of coal and oil shale deposits,

terrestrial oil seeps and peat.

0il released in the Arctic would inpact the ﬁel agi c,
intertidal, benthic and under-ice habitats. The rates
of chem cal weathering and biological degradation in
this environment are slow, conpared to nore tenperate
climates, and allow for the persistence of the oil in
all of these habitats.

The wunder-ice habitat is the nost acutely wvul nerable.

The potential exists for oil to interact wth the
conponents of this community for a length of tine
sufficient to lose that portion of the total annual

productivity contributed by this conmunity. This is
offset by the probable spatial Iimtation of this
i nteraction.

The pelagic environnent is the |east vulnerable. The
increased persistence of the oil and the 1 ong
generation tinmes of many species of Arctic zooplankton
will contribute to an increased inpact, as conpared to
nore tenperate waters, but the simlarities in the
distributions of tenperate and Arctic species indicate
that the inpact would not be significant.

The inpoverishment of high latitude intertidal zones
woul d alleviate the inpact of oil on these areas.
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14.

15.

The benthic habitat exhibits the potential for chronic,

subl ethal effects. These effects would be expressed as
alterations in populations or comunities as the
result of organic enrichment, reduced fecundity or
al tered behaviour. Organic enrichnment of the benthic
community by seeping oil has been denonstrated in the
Isla Vista seep off the coast of California. Wile a
simlar enrichnment is possible for benthic comunities
associated with seeps in the Arctic, the slower rates
of oil degradation by the Arctic hydrocarbon utilizing
m croorgani sns and the “pauses” induced in mcrobia

activity by environnental fluctuations such as ice
cover, would indicate an effect of a nmuch |ower
magni t ude. Effects on reproduction, nediated by the
i nduction of t he P- 450 system by petrol eum
hydr ocar bons, has been denponstrated for bent hi c
flatfish. This nmechanism may be involved in the
observed effects of oil exposure on the reproduction of
marine invertebrates. For benthic organisns w thout
pel agic larvae, e.g., many Arctic species, and the
consequent  potenti al for rapid recolonization and
restoration of a disturbed area, a reduction in
fecundity may be a long-term effect of major ecol ogica

consequences. The avoidance of oiled sedinents has
been denonstrated in echinoderns and anphipods. The
significance, if any, of the avoidance of oiled

sedinents by these species in the Arctic is unclear

Wthin any given environnent, factors such as the
structure of the hydrocarbons and the feeding strategy
of the organisms and their capacity to netabolize
hydrocarbons wll significantly influence the uptake,
accunul ation and total exposure of the organisns to oil
and be reflected in the sensitivity of the organisns.

The data do not support the hypothesis that Arctic
marine organisns are nore sensitive to petroleum and
its conponents than organisns from warnmer waters. The
vul nerability of Arctic marine organisns, because of
the i r long generation tinmes and the i ncreased
persistence of oil in this environnent, is greater
than that of organisns from nore tenperate climtes.
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