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INTRODUCTION

The following report was produced by the University of Alaska

Museum, Fairbanks, Alaska, under Contract #08550-CT5-45  with the Bureau

of Land Management Outer Continental Shelf Office. The purpose of the

research was to identify areas of high archeological probability on

Alaska’s outer continental shelf and to assess the

actually detecting submerged archeological sites.

feasibility of

The study is to be

used as a planning tool by the BLM-OCS office to”assure the preservation

and management of cultural resources on the outer continental shelf in

relation to oil lease activities.

Phase I of the research was to focus on an interdisciplinary

research approach of the critical problem of isolating regions of high

archeological probability on the Bering and Chukchi outer continental

shelves off Alaska’s coast. Phases II and III of the project attempted

to locate archeological sites of Pleistocene age in the Bering Sea.

The project’s research team consisted

oceanographer, Sam W. Stoker, marine mammologist,

of G.D. Sfiama,, physical

Russell D. Guth.rie,

vertebrate paleontologist, and E. James Dixon, Jr., archeologist and

project coordinator. Temporal restraints were felt by all authors because

of the necessity to complete the research prior to off-shore oil lease

sales planned for 1976.

The following

of the Bering Land Bridge

report represents

as it pertains to

colonization of the New World. Each of the
,

represents a major research contribution in

the most detailed study

human utilization and the

four Phase I reports

its own right, In the section
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on the paleogeography of Beringia,

“snapshots” through time, the most

evolution of Beringia yet advanced.

Sharma presents, by a series of

detailed reconstruction of the Wisconsin

The sections by Stoker and Guthrie

are both innovative for they develop the theory and method for mapping

paleodistributions of two major species complexes, marine and terrestrial

mammals, respectively. The final section by Dixon provides a treatment

of the evidence favoring the probable human occupation of Beringia and

man’s penetration of the North American continent via that route. It

also proposes a theory and method for predicting high probability areas

for archeological site occurrence.

This study is also significant in that it practices what is ,

so often stated as an ideal in archeological research, but which is so I

seldom implemented-–a truly interdisciplinary approach applied to a

specific research problem. It is perhaps this very strength of the

research design which leads to some of its apparent weaknesses. All

investigators have pushed the existing data to their limits {sometimes

deliberately stretching them to the breaking point) while, at. other times,

they have remained conservative in dealing with specific aspects of their

research. It is these divergent lines of data and reasoninq  ;~hich lead

to what some may interpret as internal inconsistencies within the total

report. However, if we had all agreed, there would be no qu.~stions and

little need for undertaking such a project. Each author is :olely

responsible for his individual presentation, and many times sharp

differences in interpretation could not be reconciled on the basis of

available information. In such instances, each author has expressed in

his manuscript what he believes to be ‘the best interpretation of the data I
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available to him. With this note, we will let the readers join in the

discussion and formulate their own interpretations.



GEOLOGY

G.D. Sharma

EVOLUTION: The eaxly geologic evolution of Beringia is not well known.

The earliest known Paleozoic features of the Chukchi Sea are the east-

west oriented Colville Geosyncline in the north and the Kobuk trough in

the south, separated by a geanticline. The eastern extension of this

geanticline in Alaska is known as the Brooks Range. The entire region

of Beringia during Paleozoic and Mesozoic eras remained as a geosyncline

and was filled with marine sediments. At the

the region was uplifted. The geologic events

been described by

Chukchi Sea floor

warping.

Hopkins (1959). During the

close of the Mesozoic era

during the Tertiary have

Tertiary, the emergent

was intermittently submerged as a result of crustal

The Paleozoic rocks surrounding

when extrapolated to subsurface, presumably

the northern Bering Shelf,

form the basement rock of the

Norton and Chirikov basins. Southwards, beneath the offshore region

between the Yukon and Kuskokwim Rivers, the shelf is probably underlaid

by the Mesozoic rocks of the Koyukuk Geosyncline  (Gates and Gryc, 1963).

Between the Kuskokwim River and Togiak Bay, the

probably extends offshore under the shelf. The

appears to be the extension of the Alaska Range

Kuskokwim Geosyncline

Bristol Bay shelf

Geosyncline.

Seismic records obtained by Moore (1964) and Scholl et al.

(1966, 1968) from the Bering Shelf indicate that the subsurface deposits

can be divided into

“Acoustic Basement”

three general

consisting of

groups. The lowermost unit is an

folded rock below a strongly reflecting

------- . .. —...-  --- .. -.., . .- . ..--- . . . . .

-1-

. . . . . . . . .. . “. . _.. —_- .. —...-  —. ,. _-.-— .—. .—. --—. _.. _ .— . . . _ ._. ____ .-—
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horizon. The acoustic basement has been related to Precambrian and

Paleozoic sedimentary and me&morphic rocks in the northern shelf, to

Cretaceus and early Tertiary volcanic rocks in the central shelf,

and finally, to Jurassic and Cretaceus flysch-type sediments in the

south (Nelson et al., 1974).

Overlying the acoustic basement is a thick sequence of .

gently deformed marine and non-marine sediments of middle to the late

Tertiary. This sequence is termed main layered sequence, and reaches

a thickness of over 3 km in the northeast-trending Bristol Basin

near Kvichak Bay (Scholl et al, 1966).

During the Quaternary period, Beringia was intermittently

invaded by sea and ice. The sea level fell as much as 100-150 m below

its present level during the height of the glaciation, thus exposing

millions of square kilometers of shelf to ice erosion. The warmer

temperatures during interglacial stages, on the other hand, flooded

Beringia to a depth such that the sea level at times stood at least 20 m

above its present shoreline. The chronology and type localities of

various marine advances and

in detail by Hopkins (1967;

retreats on Beringia have been described

1972), and is shownin Figs. 1-1 and 1-2.

HISTORY OF CHANGES OF THE COASTAL SYSTEMS: Hopkins {1967) described

seven episodes of transgressions in the Chukchi and Bering Seas. At

the climax of each transgression, the sea level rose to flood the Bering

Strait, while during glacial

large areas of the shelf and

. . . . .—.. . . . . . . . . .—. .- . “.. ,______ ._. ,. ...+-.. .-

periods the sea level fell to expose

restored land connection between Alaska

..,--- —.. . .,.. —-, — .-- ...=-, —.- . . -. —-.. ———-—..-,=..  -.— -..-.. --- .-.--— —-.--—-
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F i g .  1-2: Sequence  of Climatic Events

in 13eringia *
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and Siberia. The marine sediments of each transgression are separated by

a subaerial environment of lowered sea level. The marine sediments

identified in Alaska are of Beringian, Anviliant Einahnuhtan, Kotzebuan,

Pelukian, Woronzafian,  and Krusensternian

BERINGIAN  TRANSGRESS1ON: Though evidence

transgressions

, for glaciation

(Fig. 1-1).

in the Miocene

has been reported by Plafker (1967), the glaciation and interglaciation

cycles in Alaska started in the Tertiary. The earliest transgression

in the Bering and Chukchi Seas occurred during the late Textiary

(Pliocene) and continued well into the early Quarternary. This trans-

gression has been labeled as the Beringian Transgression, and the

sediments deposited during this period have been dated about 2.1 mil?.ion

years B.P. This transgression was the result of continuing crustal

warping,

in their

which submerged the Bering and Chulcchi

present forms, about 3.5 million years

The nature of the subaerial climate

shelves, approximately

ago.

the Beringian Transgression remains poorly known.

and landscape during

during this stage have been located

Kivalina. These deposits have been

that it is not possible to estimate

It appears, however, that sea level

near Nome, St.

Sediments deposited

George Island and

deformed by the crustal warping so

precisely the rise in sea level.

reached levels higher than present.

The molluscan species found

that the Bering and Chukchi

in Beringian beds near Nome also suggest

Seas were warmer than at present.

ANVILIAN TRANSGRESSION:

by Hopkins (1965) and is

This marine transgression was first designated

based on the marine sequence deposited near

—.. . ..-. — . ..— —— .. ——. ——.. —.— — . . . . . . . . .. -—- . ----- .- --....—..———



Nome. These deposits are distinctly different than both those of the

preceding Beringian and following Einahnuhtan  transgressions. The

typical sediments deposited during the Anvilian Transgression are found

on the coastal plain near Nome. These deposits contain marine fossils

and have been exploited for their rich gold content. The sandy and

gravelly beach and littoral sediments form a 2-3 meter thick discon-

tinuous sheet. Transgressive sediments were also

Anvilian time along the Chukchi Sea coast and the

deposited during the

Arctic Coast. including

most of the Gubi.k Formation covering the Arctic coastal plain.

The Anvilian Transgression occurred between 700,000 and

1,800,000 years ago (Hopkins, 1967). The position of sea level during

the transgression was probably about 20 m higher than present. The sea

water temperature was moderate and water circulation on the shelf was

similar to that of present, with northward flow through the Bering

Strait.

EINAHNUHTAN-KOTZEBUAN  TRANSGRESSIONS: In 1967, Hopkins identified two

major transgressions between 100,000 - 300,000 and 1.70,000 - 175,000 years

ago. Subsequent investigations and correlation revealed that these two

transgressions occuxred during a relatively short interval and, there-

fore, can be considered as one major L-ansgression. T h i s  m u l t i p l e

transgression correlated well with the Termination 111 proposed by

Broecker and van Donk (1970) which took place about 250,000 years ago.

The

sea level rise,

typical sediments deposited during

the Einahnuhtan Transgression, are

the middle Quaternary

found in the Einah-

..— ._...--_. . . . . . . . . . ----  —=-m=.  . . . . . .> ..-—. . ..-. . . . . . .-.—  .P.  -+—  . . ...”. —..  .- . . . . . . -—..<.  —.— —-----  . .-  .-.---— ---



nuhto Bluffs on St. Paul Island, Pribilof Islands. The marine sequence

consists of fossiliferous beach and littoral sediments. These sediments

are overlain by

at its near end

the island. In

basaltic lava flows and bedded tuffsr suggesting that

the transgression was followed by volcanic eruptions orI

some sections of the bluffs, the Einahnuhtan marine

sequence and the overlying volcanic beds are truncated by shelly gravels

deposited during a later submergence. These sediments represent the

Kotzebuan transgression and axe, in turn, overlain by a later volcanic

sequence. Fortunately, the volcanic sediments provide excellent material

for radiocarbon dating the glacial, and interglacial events of the

Einahnuhtan-Kotzebuan stages. The best estimates of potassium-argon

age determination

the younger beds,

for the lower lava flow is 320,000*70,000, and for

120,000*70,000 years B.P. {Hopkins, 1973).

The type locality for the sediments deposited during the

Kotzebuan Transgression is the sea cliff facing Kotzebue Sound between

latitudes 65°32’ N and 65°35’ N on the west shore of Baldwin Peninsula

(Hopkins, 1965). The 100 m thick transgressive sequence consists of

thick-bedded marine silty clay and deltaic thin-bedded psaty silt. Some

nearshore well-sorted sand and beach gravel are also present. Farther

north, the Einahnuhtan-Kotzebuan Transgression sediments are exposed

along the Kukpowruk and Epizetka Rivers (McCulloch, 1967).

The

slightly warmer

abuve

level

present.

Beringian Sea during

than present and sea

the Einahmhtan  Transgression was

level stood approximately 20 m

The Kotzebuan Transgression was extensive and the sea

was probably slightly higher than during the Einahnuhtan



8.

Transgression, though Hopkins (1973) postulated that the waters in

Beringia were slightly warmer during the Einahnuhtan. The Kotzebuan

Transgression was followed by the penultimate glaciation (Illinoian

Glaciation).

ILIJXOIAN GLACIATION: Sediments deposited during this glaciation are

extensively exposed along the Chukchi shore and in the Bering Sea.

The climate was severe and ice covered large continental regions. The

Brooks Range was laden with snow and ice which formed large valley

glaciers. Part of the lowlands were covered with large ice sheets

reaching several hundred kilometers in length and width. Piedmont

glaciers extended to within 15 km of the coast near Kivalina

(McCulloch,  1967). Although most continental rivers (Kobuk and Noatak

Rivers) were filled with valley glaciers, the ice probably did not

extend seaward beyond the shoreline. The HOPS Seavalley in the southern

Chukchi Sea indicates subaerial erosion (Craeger and McManus, 1965)

daring various glacial episodes.

The Seward and Chukotka Peninsulas were covered by ice

caps, and glaciers extended onto the continental shelf. Glaciers

from the Chukotka Peninsula flowed sou’~ward and extended as far as

100 km into the Chirikov Basin (Nelson and Hopkins, 1969; Grim and

McManus,  1970; Kummer and Craeger, 1971). The Yukon and Kuskokwim

lowlands probably remained ice-free. In southern Beringia the mountains

and highlands were covered with snow, and the valleys were filled with

interconnected glaciers and ice fields. The ice spilled over the lCW-

● land and spread onto the adjoining continental shelf. The extensive
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ice coverage in southern Beringia was due to moisture from the south

and southwest, and to lowered snow line as a result of

sununer temperatures.

At the

receded seaward to

continental shelf.

the -135 m isobath

height of the Illinoian glaciation,

depressed

the shoreline

the -135 m isobath and exposed about 80% of the

Some anomalous subbottam features at 2-5m along

have been observed by Moore (1964). These highly

reflective horizons were initially interpreted as lava flows by Moore

(1964) . However, Hopkins (1973) has recently suggested that these

reflective

during the

isobaths.

features may be high-angle buried sandy beaches formed

Illinoian Glaciation at depths varying from -125 to -150 m

The overlying sediments, which vary from 2.5 m in thickness,

represent detritus deposited during the Wisconsin Transgression,

indicating that these beaches remained submerged during later regressions.

sANaloN (PELTJKIANI TWSGRESSION: Following the Illinoian glaciation,

the climate became warmer, thus triggering a marine transgression which

climaxed approximately 100,000 years ago (Hopkins, 1967). The Sangamon

marine terraces and nearshore deposits are well preserved and are general-

ly found landwards of the Holocene coastal deposits in areas which re-

mained ice-free during Wisconsin glaciation. The Sangamon deposits

suggest two episodes of transgression.s separated by a shoreline regres-

sion which lasted for several thousand years (Hopkins, 1973].

The records of the Sangamon Transgression are widely

distributed as terraces, which are generally found at 5 to 10 m above
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“o

the present sea level. Marine deposits associated with beach ridges at

about 10 m above present sea level have been observed near Barrow

(McCulloch, 1967). Southwards along the C!hukchi coast, Sangamon trans-

gression is commonly represented by narrow wave-cut terraces on the

steep, rocky shores. Such terraces have been located neaz Cape Thompson

and described by Sainsbury et al. (1965). h excellent stratigraphic

sequence deposited during the Sangamon Transgression in Kotzebue Sound

provides the best clues to the climate during that time. Sea level

during the height of this transgression in this

higher than present sea level. Presence of ice

deposits suggest that the rise of’ sea level was

area was about 10 - 12 m

wedge casts in Sangamon

irregular and was inter-

rupted by colder periods which promoted such ice wedge formation (McCul-

10Ch, 1967).

Evidence of the higher sea level during the Sangamon have

been observed along the Lost River on the Seward Peninsula (Sainsbury,

1967), near Nome (Hopkins et al., 1960}, and on the Pribilof Islands

(Hopkins and Einarsson, 1966).

The major Sangamon deposits lie at about 6-12 m higher than

present sea level. Because of the large variation in the present level

of these deposits due to isostatic rebound, it is difficult to estimate

precisely the maximum sea level

It is, however, safe to suggest

the sea level probably stood at

rise

that

10 m

during the Sangamon Transgression.

at the peak of the transgression

above present. The nature of marine

fauna suggests that the water of Beringia was slightly warmer than at

present and that considerable Pacific water established a northward

flow similar to the present circulation across the shelf.

——. . .- . . . -. -.-.------.——. . ..—— —- ._ _. _-_  ..__. ..— ——.
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WISCONSIN GLACIATION: The events occurring in Beringia between the

Sangamon Transgression (approximately 70,000 years B.P.) and about

30,000 years ago are poorly documented and not well understood. The

climate during this period was generally

a series of warming trends. In northern

cold, though interspersed by

Alaska the Wisconsin Glaciation

has been characterized by four stades recognized on the north side of

the Brooks Range. The records of interstades during the Wisconsin, how-

ever, remain obscured. Evidence of a rise in sea level to within a few

meters of present between 40,000 and 25,000 years ago

beach ridges near Point Barrow. Because the water in

interstades did not rise above the present sea level,

deposited during

emergence, where

for study.

these stages remain submerged except

is provided by the

13eringia during

the sediments

in areas of

these marine fossiliferous deposits have been exposed

The lowering of sea level during the last glaciation caused

the shoreline in Beringia to regress to the -90 to -100 m isobath,

thus exposing the shelf to subaerial erosion. On the Chukchi shelf,

the Hope Seavalley received the drainage of the westward flowing rivers.

The valley extended westward and northward to enter the Arctic Ocean

through Herald Submarine Canyon, northwest of Wrangell Island. Several

deltaic deposits and extensive flats along the Hope Seavalley have been

observed by Craeger and

features developed as a

Glaciation.

MclManus (1967} and they postulated that these

result of irregular rise during Wisconsin

The drainage from the northeastern

o north and entered the Arctic Ocean through the

Chukchi shore was carried

Barrow Submarine Canyon.

--- . . . ---------- .. _-..==_ -—r.
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Interestingly, the watershed divide between the

drainages was located along St. Lawrence Island

Strait. Therefore, part of the northern Bering

northward and carried into the Hope Seavalley.

Chukchi and Bering

rather than the Bering

Sea drainage flowed

On the Bering shelf, the

maintained a steady course, which is

connecting submerged river valleys.

Kvichak and Kuskokwirn Rivers

well illustrated by the inter- .

The course of the Yukon River is,

however, difficult to follow. The contemporary shelf bathymetry sug-

gests that the Yukon River, during the Wisconsin Glaciation, drained to

the south and entered the Bering Sea through

Canyon.

The fluctuations in sea level in

glaciation are not adequately known. It is,

the Pribilof Submarine

Beringia during the Wisconsin

however, well known that-

sea level underwent a major oscillation in other parts of the world

during the peak glaciation. It appears that during the height of tlhe

last Wisconsin glaciation the shoreline in Beringia was about 100 m lower

than present sea level.

MID-WISCONSIN TRANSGRESSION:

flooded Beringia to about 15

about 25,000 to 40,000 years

transgression is found along

of the present coastline and

The Mid-Wisconsin Transgression which

m lower than present sea level occurred

ago (Hopkinsj

a beach ridge

7 m above the

19731- Evidence for this

W-hiCI-L  lies about 2 km inland

present sea level. Plant

fibers from the principal beach ridge and the organic material from

●
the underlying littoral sandy silt provided the radiocarbon dates with

a range of 25,000 to 40,000 years (Selhnam and Brown, in press].
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The sea floor

depressions, the major of

of Norton Sound consists of two topographic

which is a large east-west trending basin.

This basin lies about 30 km south of Nome. Along the southern periphery

of this basin Moore (1964) observed northward-dipping foreset beds on

the sonoprobe records. These beds are overlain with 2-3 m of contem-

porary sediments and are located near the -20 m isobath. Southward

of these foreset beds? Moore (1964) observed broad channels extending

towards the present Yukon River mouth. The presence of the beds and

the channel on the southern side of the basin were further confirmed by

high-resolution seismic records obtained by C.H. Nelson (U.S. Geologi.ca~

Survey, Menlo Park, Calif.) in 1969. Because of the stratigraphy and

the presence of channels, Moore (1964) concluded that these sediments

were deposited as an earlier delta of the northward flowing Yukon River.

● Hopkins (1973) suggested that these deltaic sediments were probably

deposited during the Mid-Wisconsin Transgression.

The Yukon

carried a significant

size, it appears that

=ver has

amount of

the river

during glacial and interglacial

a huge drainage area and therefore

water and sediment. In spite of its

has frequently changed its course

stages, and to locate precisely the

course during each stage has been enigmatic. If it is presumed, as

suggested by Hopkins (1973) , that the Yukon River indeed debouched into

Norton Sound during the Mid-Wisconsin Transgression, then it is hard to

explain why the river changed its course southward during the following

episode. The buried channels and radioactive dates suggest that the

Yukon River debouched north of Nunimak Island and drained westward at

various points south of St. Lawrence Island between 15,000 and 20,000

— . . .. —-—
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years ago (Knebel and Craeger, 1973).

LATE-WISCONSIN GLACIATION: The extent of the last glaciation was much

less severe

of moisture

glaciation,

than the preceding Mid-Wisconsin Glaciation due to the lack

in northern Beringia (Hopkins, 1972]. At the peak of the

about 20,000 years ago, the shoreline regressed seawards to

about the -100 m isobath. The cold climate did not persist over an

extended period and, therefore, there

reconstruct the geography of Beringia

The glacial events during

is little evidence from which to

during this period-

the Late Wisconsin have been well

preserved in the Brooks Range and have been studied by Porter (1967) and

Hamilton and Porter (1976). Four stades (substages of glacia~ advance)

on the northern and southern sides of the Brooks Range have been recog-

nized. In the central Brooks Range the last major glaciation of the

Late Wisconsin has been termed the “Itkillik” (Hamilton and porter, 1976).

The radiocarbon date determination of the material from various stades

suggest that the glaciers in this region attained their maximum areal

extent &out 20,000 years ago and receded to their present stage between

11,000 and

the extent

6,000 years ago.

On the southern Bering shelf, the information concerning

of glaciation during the Late Wisconsin is not available.

A few glaciers from the Kuskokwim Mountains and the Alaska Peninsula

undoubtedly must have descended to the shelf. Relict glacial sedi-

ments on the southern shelf

that these glaciers did not

strand line.

have not been discovered, however, indicating

extend extensively seaward of the present
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That part of the shelf exposed to subaerial erosion shows

pronounced and numerous submerged river valleys and drainage systems.

These submerged features suggest that the major drainage from the

Alaska mainland was carried southward. ‘lhe Yukon River probably

skirted the eastern shores of Nunivak Island and into Pribilof Canyon.

The Kuskokwim and Kvichak Rivers likewise

southwest, respectively.

nTE-WISCONSIN TRANSGRESSION {HOLOCENE) :

warming trend started and sea level began

ponds to the global climate and sea level

drained to the south and

At about 20,000 years ago a

to rise. This trend corres-

changes of Termination I,

described by Broecker and van Donk (1970). The events and paleogeography

during the Late Wisconsin Transgression are reconstructed primarily

from the shelf topography, in particular the submerged river valleys,

and from sedimentation rates and the scattered radioactive date deter-

minations of core sediments. A variety of features of terrestrial origin

occur offshore, including submerged beaches, beaches, bars, deltas,

and other shore features.

Submerged river valleys are recognized world-wide.

submerged valleys of several of the best known rivers developed

The

during

the last glaciation and generally terminate between -70 m and -1OO m.

For example, (1) the submerged Hudson River valley is 140 km long and

ends at -70m; (2) the ancestral Elbe River valley is !500 km long and

ends at -80 m (3) the Wine rover valley below sea level is 720 km

long and ends at -90 m; (4) the Po River valley extends 250 km below

the sea and terminates at -100 m; and finally, (5) on the Sunda Shelf,
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between Boreneo and the Malay Peninsula, a valley 1000 km long ends at

-90 m. It is commonly accepted that these submerged valleys represent

lowered sea level related to the last glacial age. The rising sea level

caused by the change from glacial to interglacial climate conditions

resulted in the drowning of river mouths and valleys. The changes in

glacial regimen also resulted in changes of stream regimen. These

changes are reflected in valley filling by slackened stream flow and

valley erosion by accelerated stream flow-

A detailed study of the bathymetry of the Bering Shelf,

using National Ocean Survey charts 1215 N–10, 1711N-17B, 1711N-18M,
L

1714-llB, 1714N–12B, 1814-1OB and unpublished data of the University

of Washington, reveals that the shelf consists of three broad benches

(Figs. 1-3 and 1-4). The farthest offshore bench is located between

the -80 m and -60 m isobaths, the mid-bench lies between the -50 m and

-30 m isobaths, and the nearshore bench lies between the -20 m isobath

and the tidal shoreline. Seawards, each bench has a narrow and rela-

tively steeper frontal slope which occurs along the ~80 m, -60 to -50 m,

and -30 to –20 m isobaths respectively, The sediment characteristics

(sediment mean size and sorting) along these steeper slopes is anomalous

and quite distinctly different than those deposited on the benches.

I

The topography and morphography  of these features suggest that these .;

steeper regions of the shelf are ancestral submerged shorelines. The

shoreline at the height of the Late

located between the -100 and -120 m

The Bering Shelf is cut

Wisconsin glaciation prokably was

isobaths (Knebel, 1972).

by numerous channels and river
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e valleys, obviously the ancestral drainage syst”ems of the major rivers

from Alaska. The submerged channels of the southern shelf can be

classified into “two categories: 1) channels which are continuous from

the -90 m to -20 m isobaths, and 2) channels which are not continuous.

The continuous channels are located in Bristol Bay and can be traced I

shoreward to the present drainage system of the Kvichak and Kuskokwim

Rivers.

TWO discontinuous but prominen~ channels east of the Pribilof

should be

on the benches,

forefront.

I

Islands suggest a major river drainage from the north. It

noted that, although the river valleys are quite prominent

they are conspicuously absent on the more steeply inclined

TWO prominent indentations in the -70 m isobath east of the Pribilof

Islands, when traced shoreward, had no equally prominent indentations

in the -40 m and -30 m isobaths, though the configuration of the -20 m

isobath may connect the

east of Nunivak Island.

features were formed by

interglacial epochs. The locations and orientations of these drowned

valleys suggest that the Yukon River, during the last Wisconsin

glaciation (22,000 years B.P.), carried its discharge just south of

the Pribilof Islands and debouched

Pribilof Canyon (Fig. 1-5).

drowned river valley landward to an area north-

It is suggested that these drowned valley

the ancestral Yukon River flow during various
I

into the Bering Sea through the

migration of the Yukon River during
I

Evidence for northward

the Late Wisconsin Transgression has been presented by Knebel and

Craeger (1973). The northward shifting of the Yukon River drainage over
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the exposed shelf during the last transgression has been described by

Hoare and Condon (1966, 1968) and Shepard and Wanless (1971). The

bathymetry, buried channels, deltaic deposits, and radioactive dating

determinations over the central Bering Shelf have been reported by

Knebel and Craeger (1973) and they suggest that the Yukon River flowed

between St. Lawrence and St. Matthew Islands between 11,000 and 16,000

years ago (Fig. 1-6). Based on radioactive date determinations and

forminiferal assemblages, the sea level during this period stood between

-30 and –70 m.

During the

(12,000 - 20,000 years

about -70 m to -50 m.

early stages of the Late Wisconsin Transgression

ago) , the sea level rose steadily from a low of

At this time the Bering Strait and the Strait of

Anadyr were flooded, separating the Asian and American land masses. The

opening of the Bering Strait permitted the flow of Pacific water into

the Arctic Ocean. It is believed that this I“low of water, although

limited, must have significantly influenced the weather in the polar

regions and thus somewhat stabilized the rapid warming trend. Therefore,

the sea level may have risen S1OW1Y, thus forming a prominent shoreline ‘

between the -60 m and -50 m isobaths in the southern Bering Shelf.

Evidence for an abrupt expansion of dwarf birch over the Seward

Peninsula-Kotzebue Sound region about 13,000 years ago has been observed

by Hopkins (1972). A modest glacial retreat about 13,000 or.14,000

years ago was followed by an advance in Beringia (Porter, 1964b, 1967;

Ferrians and Nichols, 1965). The major shoreline along the -60m and

-50 m isobath was probably formed 14,000 to 13,000 years ago. Minor

fluctuations continued during the period of 13,000 to 10,000 years ago.
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Fig. 1-6. Bering Sea, Standstill II, 16,000 B.P.
Compiled by G.D. Sharma from National Ocean Survey charts 1215 N–10,

J62°

66°

64°

158°

62°

60°

58°

I

!

1711N-17B,  1711N-18M,  1714-llB,  1714N-12B, 1814-1OB and unpublished
data of the University of Washington.
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Sediments and fauna from deep-sea ‘cores indicate that climate on a

world-wide scale remained somewhat severe until an abrupt warming

about 11,000 years ago (Broecker, 1966) .

between St.

With a continued rise-in sea level, the sl,allow sill (-28 m)

Lawrence Island and the Alaska mainland (Sphanberg  Strait)

finally crested at about 10,000 years ago. At that time the Yukon River

still drained south of St. Lawrence Island. With the opening of the

Sphanberg Strait, the northward-flowing water set up a strong current

along the mainland which diverted the Yukon River discharge into the

Chukchi Sea through the Sphanberg Strait. It appears tlfat this event

coincided with a minor fluctuation of sea level. The slightly steeper

slope between the -30 and -20 m isobaths suggests that sea level at

that time either rose at a very slow rate or was stationary over a

long period (Fig.

After

rise and attained

1-7) .

a minor interruption, the sea level again began to

its present level at about 6,000 years ago. The

Yukon River flux was mostly diverted to the Chukchi Sea during this

period and the river delta shifted northwards towards Norton Sound.

The sea level changes, particularly

gression, are not well reflected in

understood. Regional uplift during

during the Late Wisconsin Trans-

the Chukchi Sea and are not well

the Late Wisconsin has been observed

along the Arctic Coastal Plains. Mid-Wisconsin beach ridges -near Point

Barrow have been uplifted to a magnitude of tens of meters. The re- “

/
I

bound in this area further complicates the reconstruction of paleo-

geography in the Chukchi Sea. Submerged sedimentary records along the 1
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Fig. 1-7.. Bering Sea, Standstill III, 11,000 B.P.
Compiled by G.D. Sharma from National Ocean Survey charts 1215 N-10,
1711N-17B,  1711N-”18M,  1714-llB,  1714N-12B, 1814-1OB and unpublished
data of the University of Washington.



eastern shore of the ~hukchi Sea,

however, provide some information

panying the last transgression.

. . . .

25,

and especially along the Hope Seavalley,

about the sequence of events accom-

The magnitude of seaward regression of shoreline during the

last peak glaciation in the Chukchi Sea is not known. It is, however,

postulated that the shoreline probably regressed ‘co about –70 m. The

ice began to advance about 22,000 years ago (Fig. 1-8) . According to

Kind (1967), the last glaciation lasted until about 12,900 years ago.

The marine sediments obtained from a long core from the southeastern

Chukchi Sea and studied by Craeger and McManus (1965) indicate that

between 14,000 and 18,000 years ago the sea level on the Chukchi Shelf

stood between -55 m and -60 m (Fig. 1–9), These authors suggest that

during this period the broad and flat shelf floor was traversed by

river valleys. The core sediments indicated marine and deltaic

sedimentation in that region.

Craeger and McManus (1967) further suggested that sea level

in ‘he Chukchi Sea began to rise about 15,000 years .aga. The rise
.:

i.n sea level was briefly interrupted between 11,500 azzd 12,500 years ago

and the sea level during that period reportedly sto~;! at the –38 m
.;.-

isobath (Fig. 1-10). Colder climate during 11,000’:~- 10,000 years and

11,700 - 8,700 years has been reported by McCullo@ (1967) and Kind

(1967) respectively. Most investigators concur

ago a warming trend started and continued until

the warming trend, the sea level in the Chukchi

culminated at about present level between 3,000

<hat from 8,.700 years

present. Concurrent with

Sea rose steadily and

and 4,000 years ago.
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CONTEMPOR?=Y COAST: The present coastline in the Bering and Chukchi

Seas is formed by subcontinental  and peninsular land masses. Along

its southern periphery, the Bering Sea is bounded by an active and

young mountainous belt, which forms a rugged coastline. The insular

coastline is also typically volcanic. A few of the mountainous ranges

extend seawards,  forming peninsulas and rugged sea coast. Diversity

in physiography is characteristic throughout the coastline and, there-

fore, it is better to describe it regionally: the Bering Sea coast and

the Chukchi Sea coast.

The major physiographic features along the Bering coast are

the Alaska Peninsula to the south, the

Bristol Bay, a large and complex delta

Kuskokwim Mountains north of

between the Kuskokwim Mountains

and

the

the Seward Peninsula, and the Seward and Chukotka Peninsulas feting

Bering Strait.

altitude of

cones which

The Alaska Peninsula, to the south. r+ses gradually to an

about 1,250 m. The peninsula is dotted with volcanic

rise to elevations between 1,500 and 3,000 m. Extensive

glaciation occurs and is drained to the north and through the lowland

by streams with braided channels. The lowlands contain numerous small

and several large lakes, while the littoral zone generally consists of

moraines and outwashes and is often covered with contemporary sand and

silt.

Bristol Bay, to the northeast, is a large bight bordered

by the Alaska Peninsula to the south and the Kuskokwim Mountains to the

north. Its eastern and northeastern shores axe bounded by the littoral
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lowlands. The northern region is dominated by the southeastern flank

of the Kuskokwim Mountains, generally known as the A1-klum Mountains.

These steep

foxm a huge

Peninsula,

magnitude.

and ponds,

i

i

and rugged mountains are heavily glaciated.

Alaska’s two largest rivers, the Yukon and the Kuskokwim,

delta. Between the Kuskokwim Mountains and the Seward

the rivers have fcmmed an extensive delta of sub-continental

This triangular-shaped delta is covered with marshland, lakes

md meandering streams. Presentlyr the Yukon River is

actively programing the delta in the central and northern Bering Sea.

On the other hand, the Kuskokwim River flows south and forms a large

estuary in Bristol Bay. The deltas of tiese two rivers are separated

by a topographic high, part of which forms Nunivak and Nelson Islands.

The northern Bering Sea region is bordered by the Seward Penin-

sula to the north and the Norton Sound coastal. area to the east. The

Seward Peninsula consists of broad, convex hills and uplands and the

region is extensively glaciated. Drainage is provided mainly by two

rivers; the Koyuk flows eastward and south into Norton Bay, and the

Kuzitrin River flows westward into the Imuruk Basin-Port Clarence.

The Nulato Hills border on eastern Norton Sound. To the

south, the Sound is bordered by a small strip of coastal lowland and the

Yukon River delta.

The tidal shoreline along the eastern Bering Sea is estimated

at 2,900 km, which is about 4% of the tidal shoreline of Alaska.

In the Chukchi Sea, the coastline extends northeast from the
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Bering Strait to Kotzebue Sound, then northwestwards from Kotzebue

Sound to Point Hope and, finally, northeastwards from Point Hope to

Point Barrow. Dominating major coastal physiography is the western

flank of the Brooks Range, a major east-west mountainous range which

cuts across northern Alaska. This range forms coastal promontories

in the central Chukchi Sea. The eastern shoreline lies along the

coastal plains which, for the most part, were until recently submerged.”

In some areas the coastal plain forms a narrow belt, while in other

areas it extends deep

The major

into the hinterland.

indentation in the coast is the large, shallow

embayment in the southeastern corner, Kotzebue Sound. The embayment

receives the discharges of the Kobuk and ??oatak Rivers, and is being

rapidly filled with sediments.

Along the eastern nearshore zone in the Chukchi Sea, except

between Cape Thompson and Cape Lisburne, which is bordered by sea cliffs,

there are numerous coastal lagoons and barrier islands.

were formed by the longshore current which originates in

These islands

the Bering

Strait and hugs the Alaska

North of Point

lineaments. The coastline

mainland.

Hope, the coast is

between Point Hope

aligned along the structural

and Cape Lisburne is

formed by the structural block of the Brooks Range with north-south

lineaments, while the coastline between Point Lay and Point Barrow has

three 90 km long linear coastal stretches which are successively offset

to the east by approximately 25 km.

apparently associated with the major

Linear trends of the coast

35° structural lineaments.

are

. . . . . . . . . . . . . . . . . . . . . . . . . . . .—. .-. —-----  . . . —– .-. ----- --
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The coastal morphology i-n ‘de northern Chukchi Sea is con-

trolled by the prevailing winds and resulting wave influences, thus

forming cape systems (Cape Lishurne, ICY Cape, point Franklin and Point

Barrow). Northerly winds generate waves which dominate the shoreline

northeast of each cape, whereas waves approaching from the southeast

are generated by westerly winds, and these waves dominate the south-

western sections. The combined effect of these winds and waves results-

in a convergence of nearshore transport systems and resulting accretion

of land at the capes or points and divergence in the central part of the

system, where erosion of the shoreline is common.

. ..-—.-------  .w-—...-—  . ..— .—--- — . . . . — .  _ _ _ _ . - - - . . — . . . — . — . —----------  -
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ENVIRONMENTAL SETTING

INTRODUCTION : Beringia comprises an ex’=emely  large, shallow shelf

which extends over different climatic and hydrographic regimes. It

is, therefore, logical to describe the environmental setting in two

sections: The Bering Shelf and

The Bering Sea is a

the Chukchi Shelf.

unique subarctic water body which lies

between 52° - 66° N and 162° - 157° W. A relatively small sea (1% of

world ocean), it contains approximately 3.7 x 106 km3 of water. Its

northern boundary is marked by a narrow (85 km?, shallow passage

between Chukotka and Seward Peninsulas, ‘de Bering Strait, which connects

it to the Chukchi Sea and Arctic Ocean. In the south it is partly cut

otf from the Pacific Ocean by a

islands forming the Aleutians.

bay in the northern part of the

the Pacific and Arctic Oceans.

1,900 km long ridge and a chain of

Hydrography.tally, the sea is an immense

Pacific Basin, and exchanges water with

Geologically, it is a merging site for

two gigantic structures: the Alaska C?rocline in the east and the

Chukotka Orocline in the west.

bathymetry.

The sea covers an area of 2.25 -x 106 km2 with an unusual

More than half (53%) of ‘Le Bering Sea floor constitutes

a gentle, uniformly sloped continental shelf and a very steeply inclined

continental margin. Approximately 80% of the shallow shelf lies

adjacent to Alaska and eastern Siberia. ‘With the exception of several

islands (Diomedes, St. Lawrence8

● meister, Round) , the shelf floor

St. Matthew, Nunivak, Pribilofs, Hage-

is featureless. The shelf displays a

______  ._ .7 -,.. . . . . . . . . . . . . . . . . . ._ .._- . . . . . . . . . . . . .._- — . . ,-- .--— .?_. .-.— —- . .-, .— -.— . ..--....  — ~..~~- ..-. —----  --- -
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degree of leveling and slope uniformity ‘&at are extremely rare on

other shelves of the world oceans.

The unusual features

gradient. Compared to the world

1963], the Bering Shelf is about

of the shelf are its width and the .

average shelf width of 65 km (Shepard,

500 km wide in the southeast and

increases to over 800 km in the north. The average gradient of 0.24 m/km

of the Bering Shelf is also markedly less than the average gradient of

1.7 m/km of

and 165°00’

the world shelves reported by Shepard (1963).

The Alaskan Chukchi Sea shelf lies between 65°40’ - 73°00’ N

- 171°00’ W and covers an area of about 580,000 km2. To

the south, the Chukchi Shelf is separated from the Bering Sea by the

Bering Strait, and in the north it is bordered by an abrupt escarpment

leading to the floor of the Arctic Ocean. The 200 m isobath is about

50 km offshore of Point Barrow. The PJaskan Chukchi Sea has an unusual

shoreline--the entire coast consists of a narrow coastal plain, with the

exception of a precipitous cliff near Cape Thompson. Because it is

poorly drained, small streams and lakes are numerous. The shoreline is

an almost continuous chain of barrier islands with lagoons.

BATHYMETRY:

described by

Regional bath-ymetry of the large Bering Shelf has been

Gershanovich (1963), Grin and McManus (1970), Kurtuner and

Craeger (1971), Sharma et al. (1972), Sharma {1972, 1974a, 1974bl,

Askren (1972), Knebel (1972), McManus et al. (19741. For the most part,

the shelf is extremely flat with an average gradient of about O.Z/km

(Fig. 1-3).

banks. One

The northern shelf displays several large depressions and

elongated large and two circular small depressions are

.
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conspicuous in Norton Sound. The region between the Yukon River and

St. Lawrence Island, Sphanberg Strait, has two linear depressions

intervened by a northwest trending submarine ridge. TWO large banks,

one south and the other northeast of St. Lawrence Island, are important

features of the central shelf.

The Bristol Bay-Pri.bilof Islands region has the most salient

bottom relief irregularities, including a distinct northeast trending

trough along the Alaska Peninsula. The bottom topography in this region

may be, in part, a result of structural features characteristic of the

transition between the epicontinental shelf and the geosynclinal  zone,

and partly as a result of superimposition of younger Cenozoic rocks on

older geological structures in this region.

Transitory bottom forms include channels, swales and ridges,

and small, closed depressions. Channels are common in Kvichak and

Kuskokwim Bays. Narrow troughs and ridges of about 10 m relief are the

salient features of the shallow waters near the head of Bristol Bay.

Northwards, near Nunivak Island, closed depressions and channels are

conspicuous bathymetric features. A pzominent channel lies east of

Nunivak Island and extends northwards along the shoal adjacent to the

Alaska mainland.

The Chukchi Shelf is monotonously flat and almost featureless.

The average depth of this broad platfo_m is about 50 m and the regional

gradient ranges from about two minutes to an unmeasureably gentle slope

(Craeger and McManus, 1966). The major topographic features of the

Chukchi Shelf are Herald Shoal, Cape Prince of Wales Shoal, and Hope
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Seavalley (Fig. 1-4). Herald

and is less than 14 m deep.

Shoal lies on the central

Another topographic high,

Chukchi Shelf

Cape Prince of

Wales Shoal, extends from the eastern margin of the Bering Shelf north-

ward for about 130 km. The shoal is narrow and less than 10 m below sea

level near the Bering Strait, but broadens rapidly northwards, attaining

a width of approximately 50 km. The broad distal end of the shoal lies

under 50 m of water. The prominent S-shaped, east-west oriented de-

pression of Hope Seavalley lies south of Point Hope. This submarine

valley originates in the vicinity of K.ivalina and Cape Thompson and

extends northwest and west. The deepest part of the shelf 3.ies along

Hope Seavalley. Farther north, a submarine valley extends southwest

along the coast from Point Barrow for about 150 km (Carsola, 1954;

Lepley, 1962). Most of the westward draining rivers were prob~ly

tributaries to these seavalleys. An extensive, relatively flat area

at a depth of -54 to -58 m in the Hope Seavalley has been described as

marine and deltaic deposits during the period of sea level standstill

(Craeger and McManus, 1967).

The major features which were subaerial during lower sea

level stands

Herald Shoal

Sea from the

in the Chulcchi Sea are the shallow sills. The sill between

and Cape Lisburne, which separates the southern Cllukchi

Arctic Basin, is about 44 m below sea level. A shallow

sill (47 m) to the west separates the Chukchi Sea from the East

Siberian Sea. During low sea level stands, these sills must have

emerged as large islands with prominent shorelines surrounding them.

HYDROLOGY AND HYDROGRAPHY: Most of the Bering Shelf lies in the sub-
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arctic latitudes, where cjclonic atmospheric circulation predominates.

The annual weather patterns are largely controlled by the Honolulu,

Arctic and Siberian Highs, and the Aleutian Low. During summer, the

Honolulu High occupies the northern Pacific Ocean and its intensification

generates southerly and southwesterly winds in the eastern Bering Sea.

With the onset of winter, the sumner Honolulu High moves to the south-

west and is replaced by a large, intense Aleutian LOW. This shift

permits the movement of the Arctic High farther southward and results

in predominant northeasterly winds on the shelf. The seasonal winds

significantly influence the currents on the shelf. The direction,

intensity and duration of the winds influence the shelf water exchange

between the Pacific Ocean to the south and the Arctic Ocean to the north.

The Bering Shelf lies in the paths of both extratropical

cyclonic and Asiatic anticyclonic storms. The storms occur so frequently

that SOmetimeS  several are present in the region. Frequent summer and

winter storms intensify currents and sometimss reverse the general flow.

Furthermore, these storms often destroy water stratification in

shallow regions.

The shelf is influenced by

the Bering Sea maritime climate to the

well as the cold continental subarctic

fi~ mild nor~

south and west

climate to the

Pacific Ocean

respectively,

and

as

east. The southern

shelf is strongly affected by meteorological conditions prevailing along

the Aleutians,

vailing in the

●
strong surface

and the climate is therefore milder than the one pre-

.north. Cloudy skies, moderately heavy precipitation,

winds characterize the shelf weather. Average summer

and

-.. - .. =------  . . . . . . . -. ----- ---—--- .-=,-. >- ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. — .. -—- . .. —.-  ---- .— .-+ _. -..,.. .-. -.— “_. ._. . . . . . . . .._-—.. =* —...
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temperatures vary from 10° C. in Bristol Bay to about

Sound; the average winter minimum ranges from -14° to

mental Data Service, 1968). The annual precipitation

Pribilof Islands and 400 mm near the northwest tip of

Island.

8° C. in Norton

-18° C. (Environ-

is 600 mm at the

St. Lawrence

Major rivers discharging Eresh water and sediments into the

eastern and northwestern shelf are: Yukon, Auadyr, Kuskokwim, Wood,

Nuyakuk, Nushagak and Kvichak. Mean annual discharges of the Yukon,

Anadyr, Kuskokwim, Nuyakuk and Wood Rivers have been described by Roden

(1967) . The high latitude drainage area which feeds these rivers has

a typical unimodal discharge patitern, which reaches its peak in June.

Ninety per cent of the annual flow occurs between the months of May and

October, and approximately 60% of the mean annual discharge takes place

during the months of June, July and August.

the total mean annual fresh water discharge

the discharge into the Pacific Ocean of ‘the

Oregon and Washington. The significance of

According to Roden (1967),

into the Bering Sea exceeds

combined states of California,

such a large discharge

becomes even more important when it is considered that this dischaxge is

added

water

Water

during a six-month period. Because of this large input of fresh

along the Alaska mainland, a dis’t?ct nearshore Alaskan Coastal

is formed during the smer.

Waters of

dynamic. Large parts

the Bering Shelf axe complex and extremely

of the shelf can be regarded as an inunensel

shallow, high latitude estuary. The exceptional characteristics of

o

&e shelf waters during summer is their erratic variability. The waters
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●

of this immense subarctic

intrusions of Pacific and

and air temperature. The

shelf are continually influenced by the

Arctic waters, river discharge, wind stress,

frequent brief, but violent storms, in

particular, alter water density structure and cause upwelling  and down-

welling of large volumes of water. Because of the significant domi-

nance of the relatively warm Pacific water intruding through the

southern passes, and the influence of cold, polar waters from the

Gulf of Anadyr and the Chukchi Sea in the north, the shelf waters can

be broadly divided into two major hydrographic regimes: ‘1) The northern

region between Bering Strait and St. Matthew Island is dominated during

the summer by cold Gulf of Anadyr water and during the winter it is

covered with sea ice; 2) The southern region between St. “Matthew Island

and the Alaska Peninsula is mcstly ice-free throughout the year, how-

ever, occasionally, the severe winter conditions may cause ice to form

further south.

the surface by

saline waters.

The waters of both regions are

river discharge and at depth by

continually modified near

shoreward movement of

Ice conditions in the winter in the northern regime are

severe. Observations recorded over 30 years (Climatological  and
●

Oceanographic Atlas for Mariners, Vol. 11, North Pacific, 1961) indicate that

generally the ice cover begins in November and reaches its maximum

extent in March. The southward extension of sea ice on the Bering

Shelf is highly dependent upon the atmospheric pressure systems and

the prevailing winds (Konishi and Saito, 1974). During January throuqh

April, the ice in the recrion lyinq north of NUniv~ Island covers

between 80 - 90% of the sea surface. The ice begins to recede northward
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in my, and by early July the ice is generally beyond

Only fragmentary knowledge of movement of

and at depth on the Bering Shelf exists. Sparsity of

the Bering Strait.

waters at surface

direct current

measurements in the region permits one to predict, with considerable

uncertainties~ only a generalized circulation pattern. The general

circulation on the shelf and the basin has been described by Ratmanof -

(1937); Barnes and Thompson (1938); Goodman et al. (1942); Saur et al.

(1952); Saur et al. (1954); Dobrovol’skii  and Arsen’ev {1959); Favorite

and Pederson (1959); Favorite et al- (1961); Hebard (1961); Dodimead

et al. (1963); Sharma et al. (1972); Favorite (1974).

The driving force for the water movements on the shelf is

a combined effect of wind, tide and surface runoff. The tidal range

on the shelf is moderately low and ranges from 2.4 m at the head of

Bristol Bay in the south, to 0.6 m near the Seward Peninsula in the

north. Winds and storms develop short-term local and regional circu-

lation patterns. Current reversals in response to changes in the wind

direction at many locations have been reported by the U.S. Coast and

Geodetic Survey (1964).

Tidal current velocities of 50-100 cm/sec in the passes

along the Aleutian chain have been reported by Lisitsyn (1966). The

incoming tidal currents {175 cm/see) off Scotch Cap in Unimak Pass

exceed the outgoing tidal currents {150 cm/see) by 25

National Ocean Survey, 1973b). The nort??ward current

Pass may be considerably accelerated by ‘&e influence

cm/sec (U.S.

through Unimak

of an atmospheric

depression north of the chain (U.S. National Ocean Survey, 1964).
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Under such meterologi.cal conditions, ‘the

may exceed 300 cm/see, thus resulting in

Pacific water into the Bering Sea. Pa&L

Unimak Pass is deflected to the east aiid

Aleutian Peninsula, while the rest flo-ws

The tides in Bristol Bay are

shallow embayments. Mean ranges at Cape

curregt velocity in the pass

transfer of a Iarge amount of

of the water passing through

continues north of the

north along the outer shelf.

amplified near the head of .

Sarichef, ?Jnimak Island, are

1.0 m; Port Moller, 2.3 m; Kvichak Bay, 4.6 m; Nushagak Bay, 4.7 m;

Kuskokwim Bay, 4.1 m; Goodnews Bay, 1.9 m; and St. Paul. Island

(Pribilofs),  0.6 m (U.S. National Ocean Survey, 1973a). Hebard {1961]

reported nearshore tidal currents of 40 - 85 cm/sec along the northern

Alaska Peninsula and 50 - 75 cm/sec in central Bristol Bay.

In addition to the tidal influence, the semi-permanent

currents form a counterclockwise circulation on the southern shelf. In

Bristol Bay, the eastward moving water sets up a large counterclockwise

gyre covering aln’ast the entire southern shelf. Tine currents forming the

gyre have been measured by Hebard (1961],  and Natarov and Novikov (1970],

who show them to vary seasonally and to be significantly influenced by

changes in wind direction.

Farther north, the tidal currents are 40 cm/sec off the west

coast of Nunivak Island, 40 cm/sec off Northeast Cape of St. Lawrence

Island, and 50 cm/sec at Sledge Island, west of Nome. Near-bottom

current speeds of 30-40 cm,/sec on the northern Bering Shelf have been

estimated by McManus and Smyth (1970). Surface and near-bottom currents

. . .. ___ ._. ,,_ .—. .— . ..—..  ——-— . ---- -.-.— —-. .-—----  - .- ————-  ~ — . . ..-...—.r—------- ..-y . —..---- . . .. —.-
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of 15-72 cm/sec and 15-34 cm/sec respec&iveI.y have been reported in the

Bering Strait by Craeger and McManus (1967}.

The flow pattern of northward-moving Pacific water on the

shelf is somewhat unclear. Many investigators have stipulated for-

mation of various smaller gyres, particularly in the regions lying

north and south of St.

Although the northward

Bering Strait has been

Lawrence Island. These gyres may be seasonal.

flow of water over the shelf and through the

well asserted, no concerted attempts have been

made to determine the intensity and the configuration of these currents

or whether these currents prevail throughout the year. .

Oceanographic studies in the Chukchi Sea have been conducted

by Saur et al. (1954), Aagaard (1964], Craeger and McManus (1966),

Fleming and Heggarty {1966), Coachman and *gaard (1966, 1974), and

Ingham and Rutland (2972). Water characteristics of the Chukchi Sea

are dominated by three factors: 1) winter ice cover,

Bering Sea water, and 3) the coastal surface runoff.

the waters of the Chukchi,Sea  are covered with winter

ice. The ice begins to form in early October and its

2) influx of

Most of the year,

ice and polar pack

southward growth

proceeds rapidly. By later October or eaxly November’, ice clogs the

Bering Strait. Break-up occurs eibout mid-June in tine southern Chukchi

Sea and ice begins to recede northward. The coastal regions are covered

by shore-fast ice for about eight months. C=nerally, August and September

are months with the least sea ice. The extent of open water”along the

Alaskan coast during summer months varies seasonally and is dependent

upon wind field and winter ice cover. Easterly and southerly winds keep

the ice at some distance from the coast.
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● The formation of yearly ice and extension of polar pack

into the Chukchi Sea forms water masses typical of arctic regions.

ice

Its

ice cover keeps the water temperature OE the near-surface layers close

to the freezing point for its salinity, and extrudes salt from the ice

to underlying waters. Water masses formed as a result of the ice cover

are continually modified

Coachman and

by the inflow of Bering Sea water.

Tripp (1970) reported a northward-flowing water

6 3
through the Bering Strait of the order of 1 x 10 m /see, flowing under

the impetus of a surface slope. The Bering Sea water transport throuqh

the Strait varies considerably and appears to be dependent on the wind

regime. A variability of as much as a factor of 2 in transport may

occur during one week (Coachman and Aagaard, 1974). These investigators

also observed occasional net southward transport through the Bering

Strait.

The amount of surface flow contributed by the adjacent Alaska

mainland is low. Total river discharge to the Chukchi Sea is estimated

at 2.5 ~ 1 x 103 m3/sec. The average annual precipitation is approxi-

mately 100 nun. No measurements of evaporation in the Chukchi Sea have

been reported. ” Estimates of reported evaporation over the Arctic Basin

range from 40 mm/year (Mosby, 1962) to 300 nun/year (Fletcher, 1966) .

The temperature and salinity measurements from

Sea obtained by various investigators vary sicrnificantly.

that water masses and properties change frequently and are

the ~ukchi

It appears

readily

affected by atmospheric

runoff, and melting and

conditions, Bering Sea water influx, the coastal

formation of sea ice.

.—— -- . . ..-—. .- ..—. . . .- . . .— . . . . . . . . . . . . . . . . . ..- ._ ______  . . . . . . . . .
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The water circulation in the eastern

nated by the Bering Sea water influx, which sets

northward current, and by the local

bottom currents in the southeastern

1960 have been described by Craeger

wind regime.

Chukchi Sea is domi-

an almost permanent

Near surface and

Chukchi Sea during August 1959 and

(1963] . Water currents in Bering

Strait and NNE of Bering Strait during summers and winters have been

obtained by Coachman and Tripp (1970), and Coachman” and Aagaard (1974}.

The average current in the Bering Strait varied from 13-35 cm/see, and

along the Alaskan coast ranged between 5-24 cm/sec (Craeger, 1963).

These current measurements were fairly uniform throughout the water

column. Data revealed a general northward flow from the Bering Strait

which approximately paralleled the coast. Once past the Bering Strait,

the water flows in a north and northeast setting. One northeast flow

● setting proceeds along the northern coast of the Seward Peninsula

and, on arrival near the mouth of Kotzebue Sound, is defected towards ,

Point Hope. Near Point Hope it gains speed (50 cdsec) and merges.with

the northward-flowing component. After leaving Point Hope, the combined

current again bifurcates. A branch of the north flow continues west of

Herald Shoal, while the main coastal branch flows north and east along

the Alaskan coast and enters the Arctic Ocean near Point Barrow.

Coachman and .Aagaard (1974) reported that during July 1972 the northward

6 3
transport through the Cape Lisburne section was 1.3 x 10 m /see with

approximately one-third moving northwest toward Herald Shoal and two-

thirds moving northeast toward Point Barrow.

Currents, particularly the near-surface currents, in the

northern Chukchi Sea are influenced more by regional winds than by

.-. .-.  .-.m.m—  -----  - -.. . . .. —-  .—=.  -- .- - .. —..  -.--.—  -. . p  . . -——..  - . . ..- .—. —-.--———  ——--.  —---—-—  —---  -—-—’—---”
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northerly currents originating in the Bering Strait. The water

movement in the nearshore region, especially during the open water

months, appears to be predominantly controlled by atmospheric condi-

tions, particularly wind stress and solar heating. Wind-driven currents

cause variations in sea level far in excess of those produced by tides

(up to 3 m). The sea level changes strongly influence the water mass

properties in the nearshore areas and undermine the beach by subjecting

it to wave action. The combined effect of wind and wave, then, sets up

the local current system.

Deflection of currents by proL&udinq land (capes and points]

generally causes separation of current and formation of eddies past the

cape. Evidence of an eddy northwest of Cape Prince of Wales has been

reported by McManus and

in the regions of capes

various investigators.

Craeger (1963). Formation of clockwise eddies

(Cape Lisburne, Icy Cape] have been observed by

South-flowing coastal currents between ICY Cape

and Cape Lisburne were recorded by Fleming and Heggerty (1966). Similar

cuxrents accompanying northerly winds at Point Lay were observed by

Wiseman et al. (1973]. Periodically, tlhe current system of these eddies

i.s augmented by the prevailing wind.

●

. . . . . . . -. . . . . . . . _____ --- ._.—.. . . _______ .e- . . .  ..-.”..--—-.—
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SEDIMENTATION

The surficial  sediments from

varying mixture of clay, silt, sand, and

the Bezing Shelf consist of a

gravel. Most of the Shelf is

covered by either sand or silt. Gravel and clay components are generally

absent or constitute a minor proportion of these sediments. The

textural distribution of sediments on the Bering Shelf is complex -

because of the extremely variable and localized source input (rivers)

and the variance in sediment transport energy (currents]. The distri-

bution locally is also influenced by the action of wind, waves, tides,

permanent water circulation, and ice. Regionally, semi-enclosed Bristol .

Bay and Norton Sound display sediment texture which is different from

that observed on the open shelf. Local textural anomalies in nearshore

zones may result from river detrius input and exposed relict glacial

deposits.

The shelf deposits of Bristol Bay have been described in

detail by Sharma (1972, 1974a, 1974b) and Sharma et al. (1972). These

studies show that in Bristol Bay nearshore sediments consist of gravel and

coarse sand, while a greater part of Ene central shelf is covered with

fine and medium sands. Farther offshore the sediments become progressively

finer. The floors of the shore indentations and some bays are covered with

yellowish-brown clayey silt and clayey, silty sand, whereas the open

shore is generally mantled with pebbley sediments. The sediment mean

size decreases with increasing distance from shore and water depth.

Sorting in sediments is

sediments are extremely

. -.—.. -. .-

related to sediment man size; nearshore coarse

poorly sorted; medium and fine sands deposited on

. . . . . . . . . . . . . . . . . .. —.- . .. —----- —... . . . .._ —_.. _____ -- .- . . ..- ,._. -.. —.-y  ---
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the mid-shelf are moderately well-sorted, and offshore, the sor’c~ng

deteriorates with increasing silt and clay components. The medium

and fine, moderately well-sorted sands on mid-shelf have nearly sym-

metrical size distribution, but progressively grade into strongly

coarse-skewed sediments shoreward and strongly fine-skewed sediments

towards the continental margin. Most sediments are Ieptokurtic to

extremely leptokurtic.

Sediment cover of the shelf between Unimak Pass, Nunivak

Island and St. Matthew Island has been described by Askren (1972).

The triangular-shaped region consists of sand, silty sand, sandy silt,

and sandy, clayey silt. The eastern shallow shelf, with a depth less

than 60 m, is covered with sediments containing 75% or more sand.

Westward, a narrow zone which lies between the -60 and -70 m isobaths

consists of sediments with a varying mixture of sand and silt. The

outer shelf, with depths greater than 75 ml is ma~tled with clayey silt

and some sand. The sediment textural parameters from the intermediate

zone (-60 to -75 m isobath) appear to be related to the water depth:

the mean size, sorting and skewness isopleths, run almost parallel to the

isobaths, particularly in the area just west and south of Nunivak Island.

The shallow shelf sands are moderately well-sorted, but sorting deter-

iorates with increasing depth and increasing silt-clay fraction. Most

sediments

extremely

are finely to strongly finely skewed and show platykurtic  to

leptokurtic  size distribution.

The textural characteristics of sediments deposited on the

shelf between St. Matthew and St. Lawrence Islands have been described

. --- .-%----  .-..  V,-.._.  . -,-  —--..-.,-  .. —..,.
..-  . . . . . -—.  -.  -----  ..-—  -  .-.  --....,  —.”  —  ..-.  -—-..-—  —---  —---..-—- . . ..!-..--. —.-  ..-
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by Knebel (1972]. He observed that sands are the most ubiquitous

components in the sediments. The

central Bering Shelf is, however,

with water depth is not obvious.

gated belt adjacent to the Alaska

particle size distribution on the

complex, and the.sediment size grading

The easternmost part, a narrow, elon-

mairitand, running parallel to the

shore and shallower than the -10 m isoba’d, consists of silty sands.

Shoreward of this belt the percentage of silt in sediments increases “

rapidly. Offshore, however, the sand content in sediment increases

and reaches a maximum (approximately 90%) between the

isobaths. Sediments with a predominant sand fraction

shallow bank south of St. Lawrence Island. The shelf

-20 and -40 m

also cover a large

sediments, with a

water depth of more than 40 m along the western periphery and southern

region (north of St. Matthew Island), cons$st primarily of silt with

minor components of sand and clay. Locally isolated patches of gravel and

gravelly sediments are found in the nearshore regions east and north-

west of St. Lawrence Island. In general, the gravel component in the

sediments is insignificant and of limited lateral distribution. Mostly

sand and silt components complement each other in the ,sediments.

The sediment mean

are parallel to the isobaths,

depth relationships: sediment

size and isopleths in the nearshore region

but they show the usual sediment size-

grain size decreasing with decreasing

water depth. This decrease in mean size is primarily due to an increase

in the silt component brought by the Yukon River and other coastal

streams. M increasing silt fraction also contributes to the poorer

sorting in sediments.

south of St. Lawrence

The sediment mean size distribution on the bank

Island, in general, conforms to the bathyrnetry,

. . . . . . . . . . -------  - . . . . . . . . . . . . . . . . . . .—..—— . . . . . . . . . . -..—. . . . . .-—. — -. — .-- —- - -- --- .- --- .. —-—- - —-. - -.. . . . . . . . . . . . . ,-.
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so that the sediment mean size decreases with increasing water depth.

North of St. Matthew Island the region does not show any definitive

textural distribution which could be related to either water depth or

to the source.

The sediments on the central Bering Shelf are coarsely to

very finely skewed and have platykurtic to extremely leptokurtic

size distributions.

The northern Alaskan Bering Shelf is defined by the Bering

Strait to the north and by a 46 m deep sill across Sphanberg Strait,

between the Alaska mainland and St. Lawrence. This shallow shelf,

with the exception of three passages, is surrounded by landmass. The

eastern part of this shelf is a semi-enclosed, less than 30 m deep

embayment, Norton Sound. The slightly deeper region (50 m) to the west

and north of St. Lawrence Island, usually known as Chirikov Basin, has

a complex bathymetry. The sediments from the Chirikov Basin and off-

shore of Nome have been studied in detail by Craeger and McManus [1967),

McManus et al. (1969), Venkatarathnam (1969), Nelson and Hopkins (197~),

McManus et al. (1974), and Sharma (1974a, 1974b].

Sediments on

sandy and clayey silts.

the northern shelf consist of gravel, sand, and

Gravel and gravelly sand occur in the passages

(Bering, Anadyr and Sphanberg Straits). Gravel also lies along the

coast between Nome and Bering Strait and along the northern coast of

St. Lawrence Island. A narrow belt of gravel protrudes approximately

60 km northward from St. Lawrence Island (McManus et al., 1969). Because

● of the gravel’s glacial origin, its distribution is complex (Nelson and
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Hopkins, 197q; Sharma, 1974a, 1974b).

●

The Chirikov Basin, with the exception of a few small,

anomalous areas, is covered with sand of very coarse to very fine size

range. The sand component in sediments from this region mostly ex-

ceeds 75% (McManus et al., 1969). Eastward, a northwest oriented narrow

belt extending from the YukorI River delta to Nome has low sand content..

In Norton Sound, the sediments are mostly very fine to medium sands.

It is interesting to note that gravel complements sand in the Chirikov

Basin while silt complements sand in Norton Sound, perhaps suggesting

erosional and depositional  environments respectively.

The shallow

mainland extending from

mantled with silt. The

northwest towards Nome.

region (less than 10 m depth) along the Alaska

Cape Romanzof to eastern Norton Sound is

Yukon River silt also extends from its delta

Clay content in sediments is generally less

than 10%, however, in some areas of Nozton Sound, clay constitutes as

much as 15% of the bulk sediments.

Sediments of the northern Bering Shelf are poorly to

extremely poorly sorted with finely skewed to nearly symmetrical

tribution,  and vary from leptokurtic to extremely leptokurtic.

The Alaskan Chukchi Sea floor 5.s mostly covered with

dis-

gravel,

sand and silt. Gravel occurs as long, n=~row belts along the shore and

as a few isolated patches in offshore regions. Gravel deposits also form

benches along

●
the nearshore

.-. ——. . — .—. , .—. . . . . . . __. . . . . . . . . . .

the sea cliffs and adjacent areas.

areas and in the proximities of the

..—— -.—...-..-$-...-r.--—--e.—--------

Sand predominates in

major sediment input,
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●

●

while silts with clay are deposited offshore through settling. Clay

content in sediments is minor and varies between 5 and 35%.

Sediment distribution in the southeastern Chukchi Sea has

been described in detail by Craeger (1963).  The results of sediment

analysis of over 475 samples from the entire Chukchi Sea have been

discussed by Craeger and McManus (1966), and McManus et al. (1969).

These studies provided sediment description based on good station

coveragee

Sediments in the Chukchi Sea grade offshore from sandy

gravel to sandy, clayey silt. The Bering Strait, the southern proximity

of the Chukchi Sea, is covered with sand and some patches of gravel.

Northward and northeastward of the Strait, the sea floor is covered

mostly with moderately to poorly sorted sand. The sand

south oriented lobate feature, the Cape Prince of Wales

and Craeger, 1963). To the northeast, the sand extends

forms a north-

Shoal (McManus

to the north of

Kotzebue Sound and continues northwest along the shore to KivaIina. A

narrow belt of gravel covers the coast and nearshore area between Kiva-

Iina and Cape Lisburne. Betieen Cape Lisburne and Point Barrow, the

entire nearshore area consists of sand with gravelly offshore bars separ-

ating numerous lagoons from open waters.

Coarse sediments with mostly sand and gravel are also often

found on and around Herald Shoal in the central Chukchi Shelf. The

northwest oriented shoal lies between Cape Lisburne and Wrangel Island

at a

west

depth of less than 40 m. Herald Shoal is bordered on

by narrow channels mantled with clayey, silty sands.

the east and

--------------  . . . .__.-. ... . . . . - . . ..— e.-.-=-  .- .  .  .  .  .  .  .  .  ,..  <..  ..e.—.=-z. ——-...~——..->..m.—.
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0 Seaward, with the exception of a few irregularities, the

sediments generally become progressively finer, consisting m“stly of

clayey, sandy silt. Sediments with a dominant silt fraction cover

large offshore areas west of Point Hope and northwest of Point Barrow.

At first glance, the distribution of sand, silt, and clay do not appear

to be related to water depth, but a careful inspection reveals that

sandy, clayey silts are mostly deposited in water with a depth of more

than 50 m. In shallower regions, silty sand is commonly deposited.

Sorting of sediments is related mostly to the water energy.

In areas of intense currents and wave action, the sands are moderately

well-sorted, while in regions of relatively quieter environments, sands

are poorly sorted. Gravelly deposits nearshore and on Herald Shoal are

●
poorly and very poorly sorted. Sandy, clayey silts, also poorly sorted.

are deposited offshore in relatively quiescent environments. The

granulometric  variables from over 400 bottom sedimehts were subjected to

factor analysis to delineate the sedimentary environments in the Chukchi

Sea by McManus et al. (1969). Three factors representing mud, sand and

gravel provide some insight concerning processes of sedimentation on

the Chukchi Shelf. These authors suggested that sand deposited along the

northern shores of the Seward Peninsula is the result of wave-sorting,

while sands deposited near the mouth of Kotzebue Sound are influenced by

tidal currents.

regions between

gravel observed

Sand transported by currents mantles the nearshore

Kotzebue Sound and Point Hope. The coarse sand and

along the northern shores of Cape Lisburne and offshore

on and around Herald Shoal are considered as relict and residual

sediments. MOSt of the offshore region is covered with modern silt and
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clayey silt. These fine sediments, according to McManus et al. (19691,

are deposited through particle settling from the wash load of the

shelf surface and bottom tuxbid waters.

●

..—.  .—— --- ---—.--—.--r?....-  .— z-..-—.  —, —..Fy  ~
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ECOLOGICAL CONDITIONS AND MARINE MAMML

OF BERINGIA DURING THE LAST WISCONSIN

Sam W. Stoker

DISTRIBUTIONS

SUBMERGENCE

INTRODUCTION : General Geography and Conditions

During, and as a result of, the climatic fluctuations

known as the Pleistocene, the continental shelf of the Bering and

Chukchi Seas has alternately been submergent  as a shallow ocean

floor and emergent as a flat, broad plain connecting Asia and North

America. In this role it has provided a unique biological. gateway

permitting periodic exchange and dispersal of terrestrial species

between Asia and the Americas and, alternately, of marine species

between the Arctic and the boreal Pacific. Conversely, the periodic

closing of this gateway has brought about the genetic and environ-

mental isolation necessary for adaptive diversification  and the

emergence of new forms, both

At the height of

terrestrial and marine.

the last Wisconsin glaciation, sufficient

water was invested in continental glaciation to lower sea level by

some 100 meters, thus exposing virtually the entire continental shelf

of the Bering and Chtichi Seas as a Elat, almost featureless plain

extending from Siberia to Alaska and from the deep basin of the Bering

Sea to the Arctic Ocean (Fig. 2-l). With the exception of a few

river valleys and a few volcanic highlands (which exist today as

islands--the Pribilofs, St. Matthew, Nunivak, St. Lawrence, King, the

Diomedes),  it was the flattest terrain on the face of the Earth.
. .,

The rivers that traversed this plain, though few, were

impressive in magnitude--the Yukon, Kuskokwim, and Kobuk on the

-—-—.—.., —.. _—.-.. . . ..—.—mm...?.,?.  . . . — .—-.r.av  .-. . . ..— .—  —
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Fig. 2-1.

c1
. .. . . . ..., .%,.,..:.
‘., -.. . ..;  ; ~.-,
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c1. . . .. .. . . . .. . .. . ..

Circumpolar projection of the Northern Hemisphere during
the height of the Late Wisconsin (ea. 18,000 B.P. ). Alaska
is geographically more a part of Asia than North America.
From Flint, 1971 and Hopkins:, 1973.

continental ice

possible ice cover on Arctic Ocean

>-.,:
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●

American side, and the Anadyr on the Asian.

and Anadyr flowed generally southward, into

southern Bering Sea, while the Kobuk turned

The Yukon, Kuskokwim

the deep basin of the

north to the Arctic.

During the height of the glaciation it maY be presumed that the

discharge of these rivers, particularly the Kobuk, was decreased.

Conversely, during the onset of glacial wastage and resubmergence,

their discharge was probably magnified. Given the terrain over

which they crossed, it seems likely that these rivers followed a

braided, meandering course not unlike that exhibited

Yukon where it crosses extensive flats. Undoubtedly

and clouded with glacial silt.

by the present

they were choked

Due to considerations which will be dealt with later, it

seems probable that the terrestrial climate of this plain was severe.

The winters were probably longer and colder than at present, at

least during the early part of the transgression, and the summers were

shorter and warmer (Hopkins; 1972). Precipitation, both rain and snow~ was

probably scantier and the winds more persistent and intense, in a region

presently notorious for wind.

Along the southern margin of the land bridge lay the Bering

Sea, shrunk at the height of the Wisconsin glaciation to its deep

basin--roughly half its present areal extent=-with its communication

limited solely to the

Aleutian-Kommandors@

region rich in marine

North Pacific

island chain.

through the deep

It was probably

passes of the

then, as now, a

life, fed by nutrient-rich upwellings and

supporting large populations of marine mammals, marine birds, marine

_-. —_ . ..__—.—m.. - - -- .
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and anadramous fish, and shellfish. FOE the most part, except for

its river estuaries and such few sheltered embayments  as are indi-

cated by the present bathymetry  and topography, its margin was

probably an open, storm-swept coast of sand beaches and dunes in the

summer and of strong winds and extensive shore-fast and pack ice in

the winter time.

At the glacial maximum the Chukchi was dry over virtually

its entire present extent, the northern shore of Beringia being the

Arctic Ocean, the condition of which has occasioned much of the

controversy pertaining to the mechanisms of ice ages in the northern

latitudes. This problem will be discussed at some length.

WISCONSIN GLACZAL MECHANISMS AND EVENTS: For any discussion of

Pleistocene events it becomes necessary at some point to touch at

least cursorily upon the major theories of ice age causes and mechanisms.

The “long range” or “remote” causes, or possible causes, of climatic

oscillation and glaciation have little direct bearing on the regional

questions considered here, and

fashion. The “short range” or

involve the condition and role

in more detail.

so will be dispensed

regional mechanisms,

of the Arctic Ocean,

with in summary

particularly as

will be considered

The “long range” theories may be divided into terrestrial

and extra-terrestrial, though there is some overlap. Extra-terrestrial

theories consider temperature fluctuations at the earth’s surface to be

m

the principal mechanism behind the ice ages, and generally credit such

. . ._
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●

fluctuations to either (1) varying solar output as a

or solar storms, or (2) varying insolation values of

atmosphere due to cloud cover or volcanic discharge.

result of sunspots

the earth’s upper

This second

mechanism involves, of course, terrestrial events. The terrestrial

long-range theories include (1) polar wandering, (2) disruption and

instability of atmospheric circulation patterns as a result of mountain

building and continental uplift, (3) increased albedo (reflectivity)

at the earth’s surface, (4) continental drift and concentration of

land masses i.n the highem latitudes of the northern hemisphere, thereby

restricting oceanic circulation, (5) impoundment

due to continental dxift, (6) any combination of

mechanisms are reviewed by Flint (1971). All of

of the Arctic Ocean

the above. These

these theories deal

with global generalities, with explanations of why

oscillations began in the first place and why they

continuing.

is the role

these climatic

are apparently

The question of more immediate interest to this discussion

of the Arctic Ocean as a short-term mechanism in these

fluctuations, for

which has serious

northern coast of

it is in this area that a controversy is encountered

implications for the climatology and biology of the

Beringia. Ice age

sharply into two camps regarding the

that it was an open, unfrozen ocean,

theorists seem to be divided rather

Arctic, one supporting the view

the other that i-t was ice-covered,

at least to the extent to

The scheme of

explanation and tentativs

which it is today, throughout the Pleistocene.

events and mechanisms presented here in

support of the open Arctic theory is a

. . . ..__.—.-—...—— . . . . . . .—..—.-. . . . —  —m... -
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synthesis of previous investigations on the subject (Dorm and Ewing,

1966; L-, 197’1; Lamb and Woodroffe,  1970; Loeiue, 1971; Weyl, 1968;

Dorm and Ewing, 1968; Olausson, 1972a; Flint, 1952).

According to this scheme, the initiation

would have been dictated by the temperature regime.

summer temperatures in continental high latitudes of

of glaciation

A lowering of

only a few degrees

centigrade would begin the accumulation of snow and ice for the

simple reason that winter snowfall would exceed summer melt. The

reasons for

have little

this temperature decline, though of interest in themselves,

bearing on the progression of events once such accumulation

is begun. It could be because of solar storms and varying solar outputl

increased insolation due to cloud cover or volcanic activity, increased

continentality,  disrupted atmospheric circulation and heat exchange~ or

increased albedo.

It doesn’t much matter for the short-term view. Once such

accumulation has begun, it provides its own increased albedo due to the

greater reflectivity of snow and ice, thereby further depressing

regional temperatures--a self-reinforcing effect. During this initial

phase, the Arctic Ocean would probably be frozen, about as now, and

sea level would be about as it presently stands. There would probably

have been a relatively weak low pressure center over the central Arctic,

and weakly cyclonic atmospheric and oceanic circulation with s~ong

vertical stratification of the Wctic Ocean water due to salinity

disconformity. Because of this dominating salinity structure, the

e

Arctic would not react to surface temperatures as would a deep ocean,

—.-—— ., —..
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by the sinking and mixing of cooled

water, but as would a shallow sea.

surface water with deeper, warmer

Its surface water is of such low

60.

salinity that it can never achieve the density, through lowered

temperature, sufficient to penetrate the halocline (salinity discon-

formity], and so freezes as sea ice. This is the condition seen today,

during what

have had at

fresh-water

may be the latter

This low salinity

stages of an interglacial.

surface water has, and probably would

that timer two major origins: {1] the direct terrestrial

input of major rivers such as the Colville and Mackenzie

on the American side and numerous others on the Asian and European

margin, and (2) the low-salinity input from the Bering Sea through

Bering Strait. This low-salinity Bering Sea surface water is itself

primarily a result of terrestrial input from the Yukon and Kuskokwim.

During this initial phase in the cycle of glaciation, the

principal source of precipitation would probably be the North Atlantic

with its northwest-trending warm Gulf Stiream.

This accumulation

in a self-reinforcing manner.

over the northern hemisphere,

to lower sea level around the

of ice and snow acted, as noted previously,

It served (1] to lower the albedo

further depressing temperatures, and (2)

world. Lowered temperatures would have

resulted in decreased fresh-water discharge into the Arctic basin,

weakening the salinity structure. At the same time, falling sea level

would constrict and eventually cut off the low salinity flow from the

Bering,

ocean.

further weakening the halocline which

Xlso during this phase, the increased

kept the Arctic a frozen

continentality  resulting

7’--——  . . . ., . . ——. ..—..——— .-.z . . .. .
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from the partial exposure of the continental shelves “may have resulted

in intensification  of the Arctic high-pressure center, with resultant

intensification of the cyclonic circulation of both sea

1971; Lamb and Woodroffe, 1970; Willett, 1950]. Winds

intensified over both the Arctic Ocean and the emerging

and air (Lamb,

would have-

land bridge,

and would have shifted slightly to blow more northerly over the land,

further depressing the summer temperature and accelerating glaciation

in regions of sufficient precipitation. fi addition, and this may be

an important consideration, the intensified cyclonic marine circulation

might have prompted an upwelling system within the deep Arctic basin,

destroying completely the halocline and vertical salinity structure.

There are indications that during this period the surface temperatures

of the North Atlantic were depressed by several degrees, possibly as a

result of increased exchange at that time with the colder Arctic waters

(Ewing and Dorm, 1961).

With its insulating halocline  destroyed by decreased low-

salinity surface input and by cyclonic upwelling, conditions in the

Arctic may have altered considerably to permit the Arctic Ocean to

enter the picture in a major role. With its ice-covered surface layer

in contact with the warmer, high-salinity deep water, and with Possibly

increased exchange with the waters of the North Atlantic, rapid melting

of the permanent

Arctic ice cover

terrestrial ice.

ice pack would likely have ensued. This melting of the

would not affect sea level as would the wasting of

It would, however, open the Arctic as a major precipi-

tation source for the growing

sea/air temperature gradient,

continental glaciers. With its greater

the Arctic would provide a moisture source

.:
---- ---- . . . . . . . . . . . . . . . . . . . . -.WV—  . . . . . ..=-- .
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probably surpassing the original North Atlantic source, leading to

rapid acceleration of continental glaciation and resultant acceleration

of sea level lowering.

But because of this falling sea level, it may have been a

self-limiting system, resulting in restricted exchange with the North

Atlantic across the Greenland-Faroe sill. Once such exchange was

sufficiently restricted, the Arctic would lose the ameliorating effect

of the North Atlantic water and would become an essentially land-locked

sea of curtailed circulation, subject once more to the growth of a

permanent ice pack. This re-freezing would also be encouraged by

continued temperature depression over the Arctic due to the growing

ice masses around its margin and their albedo effect.

A rapid rise in North Atlantic temperatures about 11,000

years ago (Ewing and Dorm, 1961; Erickson et al-, 1956) -Y indicate

that such a restriction of interchange with the Arctic did take place,

though this date seems rather late to fit with the calendar of events

presented here. For this scheme, such restriction should have happened

prior to 20,000 years ago. Also, as will be discussed later, there

appears to have been a sudden overall warming trend about 31,000 years

ago, which might be the reason for this rise in

Atlantic,

Ocean, if

source of

period of

Whatever the events leading to this

it seems probable that by the glacial

Atlantic temperature.

warming of the North

maximum the Arctic

it was indeed open, would have been essentially the sole

moisture sustaining continental glaciation, for during the

intensive precipitation following the thawing of ,its ice cover,
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as outlined above, these glaciers would have expanded rapidly to “such

an extent and thickness as to form a physical barrier to the moisture-

laden Atlantic air. Now, with the Arctic re-freezing  or refrozen,

the glaciers’ own size would very likely deny them a precipitation source

for continued maintenance. By this time they would have expanded far

enough southward so that, without continued massive precipitation,

wastage would begin along the southern margins.

At the time of the glacial maximum, almost the entire shelf

of the Bering and Chukchi Seas was exposed. As wastage and glacial

retreat began, the sea again rose to recover this shelf until~ about

15,000 years ago (Sharma,  this report), the Bering Strait flooded to

open communication once again between the Arctic Ocean and the Bering

Sea. The resulting low-salinity input from the Bering (probably lower

salinity than at present, due to increased river discharge fed from

glacier melt) would have added its reinforcing effect to the freezing

of the Arctic by setting up once again a permament halocline (Olausson,

1972b) .

There are several arguments in opposition to this scheme of

events, and several obvious problems left unanswered. Why, for one,

as the glaciers diminished following the re-freezing  of the Arctic,

lowering the barriers to the North Atlantic air, was this source not

re-established for their maintenance? Perhaps the answer lies in

warming global temperatures at this time. And why, once sea level had

risen to once again open

and the Arctic, were not

full communication between the

the same mechanisms envoked as

North Atlantic

previously to

>
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melt the re-formed Arctic ice? Perhaps because of increased fresh-

water input into its margins from the retreating glaciers and from the

Bering Sea; perhaps due to unaccounted for reasons.

In opposition to this scheme involving an Axctic Ocean

fluctuating between a frozen and unfrozen condition is the view that

the =ctic has been perpetually frozen throughout the Pleistocene and

that the source of precipitation for glaciation lay in the North Atlantic

throughout the sequence of events (Flint, 1952; Colinvaux, 1964b; Dillon,

1956; Lamb, 1974; Clark, 1971; Mercer, 1970; KarlStrom, 1966; Lamb, 1966).

There seem to be three principal arguments supporting this

view: (1) oxygen isotope and mi.cro-paleontological evidence that llrctic

Ocean near-surface temperatures were never appreciably warmer than at

present, (2) precipitation patterns as evidenced by extent of glaciation,

and {3) the evolution in the Arctic during &is period of animals, namely

the polar bear, which are bound to an exLstence  on the Arctic ice (Kurten,

1964) . While these arguments cannot be discounted, nei-ther do they seem

conclusive.

As

disputed that

cene, probably

regards the evolution of ‘We polar bear, it is not

it probably did evolve in the Arctic during the PIeisto-

in response to conditions of sea ice. As we view the

species now, it is bound quite strongly to sea ice and to another

ice-oriented species, the ringed seal, for its major prey. This does

not present a conclusive argument for a totally ice-bound Arctic, how-

ever, for the opposition view, as summarized earlier, does not maintain

that the Arctic was entirely ice-free at any period, only that its deep

.“
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central basin was. There certainly would have been seasonal, and

probably permanent ice along the margins and in the shallow bordering

seas such as the Beaufort, Kara, White, Barents, Chukchi, and East

Siberian. Even as sea level fell during the glacials to shrink these

seas, a considerable habitat of sea ice would have remained along their

outer margins.

2US0, the ringed seal, to which the polar bear is bound

for food, appears to have existed south of the land bridge, in the

Bering and Okhotsk Seas, during the Pleistocene glacials (Scheffer,  196711

where there was probably not permanent year-round ice, perhaps indicating

that this species at least was not always as strongly ice-dependent as

now seems the case.

The temperature arguments (Colinvaux, 1964b;Emiliani,  1972;

Lamb, 1974; Hunkins, et al., 1971) are likewise not conclusive in

themselves, for the thawing of the Arctic ice pack would not necessarily

require warmer oceanic temperatures, only that the salinity structure

be broken down to permit vertical mixing (Weyl, 1968; Olausson,  1972).

The remaining objection to an ice-free Arctic, that the lack

of glaciation evidenced over northern Alaska and Siberia argues against

an Arctic Ocean precipitation source (Lamb, 1966}, is also open to

dispute. These are for the most part flat, low-lying areas, presenting

no physical or thermal barrier sufficient to induce the massive

tation necessary for glaciation.

lation, winds off the open Arctic

to the flat, featureless coast of

Also, with tightened cyclonic

would likely have hugged more

Asia and Alaska, encountering

precipi-

circu-

closely

no major
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barrier until they reached the continental glaciers of northeast

Canada and Greenland.

A perhaps more serious objection to the view of the Arctic

as ice-free is one fostered by lack of evidence. If the Arctic had

been open, at least in its central basin, and subject to an upwelling

system such as previously described, then it seems reasonable to assume

that this region would have supported greatly increased marine producti-

vity, at least on a seasonal basis. But there is no indication, from

sediment cores, that this was so. Perhaps such evidence is there and
.

has not been found; perhaps it is missing for reasons not understood; -

or perhaps it is absent because the Arctic was, after all, always a

frozen sea.

Regardless of the mechanisms and sequence of events, however,

and regardless of the condition of the Arctic Ocean, we do know that

the glaciers grew and spread and that sea level fell in response to

expose the shelf of the Bering and Chukchi Seas, and that subsequently

these glaciers melted and returned their water to the rising sea, once

more submerging Beringia.

.

__—— . _______ —... ——,. - —. ..—
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DISTRIBUTION AND ECOLOGY OF MARXNE FAUNA: For purposes of convenience

and clarity, the marine biota of the southern, Bering Sea’ margin of

Beringia and that of the northern

separately.

The Bering Sea

Chukchi/Arctic coast will be considered

The complement of marine species which inhabited the Bering

during the last Wisconsin transgression was probably not far different

from that of today (Davies, 1958}, with one major subtraction--the polar

bear (UrsLs maritimus)--and  one

(Rl@ina stelleri). The marine

the Pacific walrus, the bearded

major addition--the Steller sea cow

mammal species probably consisted of

seal, ringed seal, harbor (spotted) sealr

ribbon seal, Steller sea lion, northern fur seal, sea otter, Steller sea

cow, beluga whale? harbor (common) porpoise~ and other cetaceans large

and small (Fig. 2-2). The relative and to’tl abundance of these species

would have fluctuated during this transgression as conditions changed,

as will be discussed to some extent later on, but probably all of them

were present throughout the period. In addition to the marine mammals,

it seems almost certain that the other major species of marine and anadra-

rnous fish, shellfish, and marine birds currently found in the region

(Rowland, 1973; Stoker, 1973; Neyman, 1960; Filatova and Barsano~a,

1964; Andriyashey,  1964; Peterson, 1941) were present during that time.

It is assumed that the needs and habits of these animals

they are today.

would have

closely to

The species of greatest probable interest

been those which were gregarious and tied

the land or to sea ice, such as the walrus

to

were about as

early hunters

for existence

and the otarid

.— --------  .—. - ——-—e—-—. —--------
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Fig. 2-2: MM?IN13 SPECIES OF PROBABLE INTEREST TO EARLY MAN,

WITH ECOLOGICAL AND BEHAVIORAL NOTATIONS.

SPECIES INHABITING !CHE BERING SEA:

Average Body
Common Name Latin Name Ecological/Behavi-oral  Type Weight (kg.)

Marine mammals:

Pacific walrus

Northern fur seal

Steller sea lion

Bearded seal

Ringed seal

Harbor seal

Ribbon seal

Steller sea cow

Sea otter

Beluga whale

GraY whale

Bowhead whale

Harbor porpoise

Odobenus rosmarus divergens

Calloxinus  ursinus

Eumetopias  jubata

.Erignathus barbatus

Pusa hispida

Phoca vitulina

Histriophoca  fasciata

Rhytina stelleri

Enhydra lutris

Delphinapterus  leucus

Eschrichtius  gibbosus

Megaptera novaeangliae

Phocoena romexina

Gregarious, ice or land dependent for 1,000
hauiing, depth limited

Rooking, gregarious, pelagic

Rooking, gregarious, pelagic

Solitary, ice dependent, depth

solitary” shore-ice denning

50

400

limited 300

65

Semi-gregarious, shore dependent, 140
estuarine preference

Solitary, pelagic 80

Semi-gregarious, shallow coastal

Semi-gregarious, coastal

Semi-gregarious, estuarine

Semi-gregarious, pelagic

Solitary, ice preference

Semi-gregarious, estuarine

30

preference >1,000

>1,000

>1,000

(n
preference <1,000 :
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Fig. 2-2 (continued) SPECIES INHABITING THE BERING SEA
Average Body

Comtnon Name Latin Name Ecological/Behavioral Type Weight (kg. )

Invertebrates:

Brachyuran  crabs
(continued)

Spider crab
Hairy crab

Anomuran crzibs

King crab
Hermit crab

Pandalid shrimp

All benthic, nearshore potential 41

Hyas species
!l’elmessus species

Paralithodes species
Pagurus species

Pandalus species
Spirontocaris species
Eualus species

Crangonid shrimp

Crago species
Argis species

Bivalve mollusks

Mya species

All benthic, nearshore potential

All pelagic/benthic, nearshore potential

All benthic, nearshore potential

All benthic, intertidal or nearshore
potential

Spisula species
Siliqua species
Clinocardium species
Serripes species
Macoma species
Liocyma species
Panomya species
Hiatella species

<1

<1

a’*
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E’ig. 2-2 (continued) SPECIES INHABITING THE BERING SEA
Average Body

Common Name Latin Name Ecological/Behavioral ~Cype Weight (kg.)

Miscellaneous
Invertebrates

Marine Rooking Birds:

Murre
Kittiwake
Auklet
Puffin
cormorant
Gull
Guillemot

Tunicata All intertidal or nearshore <1

Echiurida
Sipunculida
Polychaeta
Amphipoda
Nernertinea

2411 forming dense nesting rookeries

Uris species
Rissa species
Aetihia species
Fxatercula and Lunda species
Phalacrocorax species
Larus species
Cepphus species

d
N
.
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seals (Steller  sea lion and northern fur seal), or which were large of

body and easy prey, such as the Steller sea cow. with the possible

exception of the beluga (white) whale and the harbor porpoise, which

enter estuaries and river mo&chs in pursuit of salmon, the cetaceans

would have been difficult to hunt and probably out of reach of man at

this time. Beached whales, however, would have been a

The walrus, a large, gregarious animal, is

prize.

depth-limited

due to its feeding habits and diving capability, and would probably

have been restricted to waters of 50 meters or less in depth. Suitable

habitak for this

at the height of

transgressed the

extended periods

animal would have been severely restricted in the Bering

the Wisconsin for this reason, expanding as the sea

shallow shelf. These an5mals also must haul out for

on land or sea ice, and so are limited to nearshore

regions or regions of winter or permanent ice, where they would be

possible prey for man. Probable hauling grounds ashore would be rocky

islands or headlands.

The otarid seals--the Steller sea lion and northern fur seal--

though pelagic and unavailable for much of the year, form dense rookeries

for pupping and breeding

isolated capes, at which

vulnerable to man.

purposes in the summer, on rocky islands and

time they would have been, and are, extremely

Of the phocid seals, the ribbon seal may be discounted as

being of prime interest due to its pelagic habits and solitary nature,

and relatively small body size (Fig. 2-2] . Bearded and ringed seals

are also solitary, but are tied to a nearshore or sea ice existence,
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where they would have been accessible. The bearded seal would have

been desirable due to its large size (Fig. 2-2) and the ringed seal

vulnerable due to its habit of denning on the shore-fast ice to pup.

The bearded seal, like the walrus, is depth-limited.

Harbor seals would probably have concentrated near river

mouths, along the edge of seasonal ice (an area of enhanced prodtictivity,

from personal observation), or along glacier faces such as probably

reached the sea from the Alaska Peninsula and in the Cape Newenham

vicinity. Harbor seals are known to concentrate along such glacier

fronts in south-central and south-eastern Alaska at present, perhaps

in response to pandalid shrimp concentrations (personal observation).

Ringed and bearded seals, and possibly walrus, might also have congre-

gated for feeding purposes, or for hauling

glacier fronts in the summer time. Harbor

onto the ice, along such

seals are also tied to the

land or to

gregarious

typical of

and marine

sea ice for hauling and pupping, though they are not as

as walrus and do not form the dense breeding rookeries

the otarid seals.

Walrus, phocid and otarid seals, cetaceans, fish, shellfish,

birds would all have tended to concentrate for feeding purposes

in the vicinity or downcurrent of areas of intensified primary pro-

ductivity such as upwelling  or vertical mixing zones, or near river

mouths. River mouths would have been host to summer spawning migrations

of

of

as

anadramous fish such as salmon, char, whitefish and sheefish, all

which would have provided in themselves an attraction to man as well

attracting marine mammal species--phocid seals, otarid seals, beluga

—.
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whales, harbor

In

probably would

and of herring

flounder, cod,

porpoise--upon which he might have preyed.

addition to river-spawning anadramous fish, there

have been dense spawning. runs of capelin onto the beaches,

into certain areas. Marine fish, particularly halibut,

and sculpins, may have provided some further attraction

to the coast, particularly in areas of increased productivity, as would

shellfish such as crabs, clams, cockles, and urchins.

The Steller sea cow, a very large and vulnerable animal,

would have been prime prey for early man. But it seems probable from

its feeding habits, which require dense and extensive beds of the

larger seaweeds, that the Beringian range of this species was limited

to the remoter

from land.

islands of the Aleutian-Kommandorsky Arc, inaccessible

Marine bird species such as murres, puffins, auklets, gulls,

cormorants, kittiwakes, and guillemots, which form dense nesting

rookeries, would also have provided abundant seasonal sources of both

meat and eggs. ml of these species rook on nearshore cliffs, preferably

adjacent to areas of high marine productivity.

In summary,

Wisconsin transgression

coastal resources. The

this resource, in terms

the sea encroached over

it seems probable that throughout the last

the Bering Sea remained an area rich in merine

species composition and areal distribution of

of relative abundance, would have varied as

the shelf and as climate and conditions changed,

but probably provided, during any given time, considerable attraction

-—. — —-—— .. —.. -—. . . ______ —. —..... . . . . . . . . ..— .——-.—.. . ~..-—-..
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to early man over at least some portion of this coast.

The Chukchi and Arctic Coast

The northern margin of Beringia--the shore of the Chukchi

Sea and the Arctic Ocean--was almost certainly a far less hospitable

place than was the Bering, given even the

If the Arctic was ice-free in

best of possible conditions. ,

its central basin~ as postu-

lated earlier, it could, just possibly, have hosted a marine fwna

including present North Atlantic-Greenland species such as the gray sea~,

hooded seal, harp seal, narwal, harbor seal, and Atlantic walrus in

addition to

polar bear,

evidence in

currently present endemics-- the bearded seal, ringed seal,

and beluga

support of

deny its possibility.

it is probable that it

cetaceans, though they

whale (Fig. 2-3). There is no paleontological

such a fauna, though this does not conclusively

If the Arctic were open in its central basin,

was visited at least seasonally by Atlantic

would likely have remained far from land due to

the fringing ice. It is also possible, though improbable, that the

Atlantic phocid seals might have utilized this ice edge. Even so, they

would not likely have been

walrus likewise might have

bility is even more remote

readily accessible from the land. Atlantic

frequented this ice edge, though this possi-

due to the depth limitation of these animals.

More probably, even if open in its central region, the Arctic marine

mammal fauna would have been limited, during the period of the land

bridge, to the

If

bearded seal, ringed seal,

the Arctic was ice-covered

polar bear, and beluga whale.

during this period, as it

—. .—.——z
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Fig. 2-3 (continued) SPECIES INHABITING THE CHUKCHI\ARCTXC
Average Body

Common Name Latin Name Ecological/Behavioral Type Weight (kg.)

Fish:

Marine Fish:”

cod Gaddus species
Sculpins Several genera

Invertebrates:

Anadramous Fish:

(same as for Bering, but probably

Brachyuran crabs:

(same as for Bering, but probably

Anomuran crabs:

Gregarious, pelagic 41
and species Solitary, found nearshore <1

. 2

not present until recently)

<1

with reduced abundance Until recently)

Hermit crab Pagurus species Benthic, nearshore potential < 1

Pandalid shrimps: < 1
(same as for Beri,ng,  but probably with reduced abundance until rec@ntlY)

Crangonid shrimps: < 1

(same as for Bering, but probably with reduced abundance until recently)

Bivalve mollusks: All benthic, intertidal or nearshore < 1
potential

Softshell clam Mya species
Cockle Clinocardium species

Serxipes species

I

I
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J?i.g. 2-3(conti,nued) SPECIES INHABITING THE CHUKCHI/ARCTIC
Average Body

Common Name Latin Name Ecological/Behavioral Type Weight (kg]

Gastropod mollusks: All benthic, nearshore potential <~

Snails Neptunea species
Buccinum  s p e c i e s
Polinices species
Natica species
Colus species

Miscellaneous
Invertebrates:

(Same as for Bering) Same as for Bering

Marine Rooking Birds:
(Same as for Beringr but probably with reduced abundance, possibly absent, until recently)

<1

<1

\

(xio,
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● presently is, its fauna would certainly have been limited to these

four marine mammal species. All of these species, with the possible

exception of the beluga whale, which would

prey, are solitary in nature and would not

in terms of hunting resources.

not likely have been easy

have provided concentrations

Likewise, it seems unlikely that conditions would have

favored nearshore concentrations of marine or anadramous fish, shell-

fish, or

Strait.

fast ice

fish and

marine birds, prior at

The coast was probably

and offshore pack ice,

least to the resubmergence of Bering

frozen year-round, with extensive shore-

with few rivers to invite anadramous

few rooking sites suitable for

Once Bering Strait flooded,

marine birds.

faunal conditions in the Chulcchi

● would have improved somewhat. The coast was probably ice-free on a

seasonal basis by this time or shortly thereafter, with rivers providing

spawning grounds for anadramous fish. Rooking birds would have occupied

the nearshore cliffs of the Chukchi Sea, and the marine manunal complement

would be swelled by seasonal migrations of walrus,

whales, and bowhead whales from the Bering Sea.

Over most of the time span considered,

that the Arctic/Chukchi  coast would have been much

harbcm seals, gray

however, it appears

less attractive than

the southern Bering coast. Probably, in fact, it was only marginally

habitable, if that, prior to the opening of Bering Strait.
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DISCUSSION OF ECOLOGICAL CONDITIONS AT MAJOR STANDSTILLS IN THE LAST

TRANSGRESSION: During the last submergence of Beringia there appear

to have been three major standstills--periods when sea level stabilized

for long intervals in its encroaching rise. The first of these appears

to have been about 22,000 years ago, the next 16,000 years ago, and the

latest at 11,000 years ago (Sharma,  this report). For these three

intervals, the probable conditions of Beringia and its bordering seas

will be discussed in as much detail as seems justifiable at the present

t i m e . All of these dates are tentative and very approximate. All

coastline and bathymetric contour maps are taken from G.D. Sharma’s

maps as published in this paper.

Standstill 1, 22,000 B.P.

During this period of stabilization the sea level stood

some 80 to 90 meters lower than at present, exposing virtually all of

the continental shelf of the Bering and Chukchi Seas (Fig. 2-4).

The area thus exposed was a flat,

the only major features of relief

Kuskokwim, Anadyr, and Kobuk, and

monotonous plain for the most part,

being the river valleys of the Yukon,

the scattered elevations of the

present Pribilof,  Nunivak, St.

Islands, whose towering cliffs

an otherwise featureless land.

Matthew, St- Lawrence, fing and Di_omede

must have been impressive landmarks on

Massive glaciation characterized the

Alaska Peninsula, though it probably did not extend out to sea or onto

the plain, and there is evidence of extensive local glaciation in the

Kuskokwim Mountains just north of present Bristol Bay (Porter, 1967).

The geography of the region at this time was not greatly different than

that of the glacial maximum, and it seems probable that ecological

conditions and faunal distributions were equally similar.
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●

Except for the river valleys, and for areas such as the Alaska

Peninsula whose mountains would have induced precipitation from the

moist Pacific air, it was probably a rather arid and very windswept

plain. There were no trees, other than perhaps willows i.n the river

valleys, to break this wind out of the north and west, and little else

to relieve the monotony of the endless steppe.

The weather was almost certain to have been severe. The

effect of increased conti.nentality resulting from the departure of

the sea from this shelf would probably have promoted colder, drier

winters and hotter, shorter summers than are presently seen on the

adjoining land (Dillon, 1956; Hulten, 1963]. Probably due to an

intensified Arctic low pressure center (Lamb, 1971) , increased cyclonic

circulation would have fostered stronger and more persistent winds,

summer and winter, with a more northerly component. Unpleasant as

they probably were, however, these winds may have had their value,

keeping the vast plains swept free of snow for the large grazing

mammals which frequented it and upon which early man likely depended

for his prey.

From the evidence of the large herbivores which inhabited

this region at this time--horse, bison and mammoth--and from the

probable climatic conditions,  it seems almost certain that the terres-

trial environment during this interval was that of a cold grassland

steppe.

Along this plain’s southern margin was the Bering Sea,
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●

shrunk to little over half its present size and restricted to its

deeper zones. It seems reasonable that the current structure might

have been somewhat as depicted in Fig. S-4 , with inflow through the

deep passes along the eastern Aleutian Arc, fairly strong east-west

currents nearshore, and outflow through the Kommandorsky or western

Aleutian passes. There could have been cyclonic upwelling in the

etiayment along the Alaska Peninsula, and nearshore upwelling along

the continental slope (Fig. 2-4).

There probably was increased summer discharge of fresh

water from the large rivers entering the Bering and from the Alaska

Peninsula, even during this interval of stabilization, as a result of

glacial wastage. This fresh water input would have lowered the surface

salinity of the Bering, encouraging winter ice formation and promoting

coastal intensification of the current structure (R. Muench, University

of Alaska, personal conmmnication)  . It is almost certain that the near-

shore Bering was subject to seasonal shore-fast and pack ice extending

to the continental slope, where upwelling water from the deep basin

would have prevented its further expansion, as it does today. Due to

the strong current and wind system, it was probably very rifted, active

ice, desirable to marine mammal species such as inhabited the nearshore

region year round.

AS stated earlier, i.t seems reasonable to assume that all

of the major marine speci-es presently inhabiting the Bering were present

at that time with the addition of the Steller sea cow and the subtraction

of the polar bear. The extent of available habitat, and the resultant

—.— -. .-. . . . . . .- . . ______ . . . . . . . . . . . . . . . . . . . .-_.
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distribution and relative abundance of these species

however, a good bit different from that seen today.

The walrus, due to its depth limitation,

its range during this time shrunken to what was left

was probably,

would have seen

of Bristol Bay,

the embayment along the Kamchatka coast, a narrow band adjacent to

the open shore connecting these embayments, and to the Sea of Okhotsk.

Of these areas, the Sea of Okhotsk would probably have hosted the

largest population, though a sizeable herd could have inhabited Bristol

Bay, the Kamchatka embayment, and possibly even the intervening coast.

During the winter these animals could have utilized all of the shallow

areas where rifted ice for hauling was available, with concentrations

along the ice edge (Fig. 2-6). During the presumably ice-free summer they would

most likely have concentrated in the vicinity of the Pribilofs and along

the Alaska Peninsula to take advantage of high-productivity feeding

areas and hauling grounds (Fig. 2-5 ).

1

ringed, and

‘chat of the

concentrated

cular (Fig.

1

1

rhe distribution of the Phocid seals of interest--harbor,

nearded--would  probably have been not too dissimilar to

~alrus. During the winter the harbor seals would have

along the ice edge~ probably in

2-6) . Bearded seals would likely

the Pribilof region in parti-

have utilized all of the rifted

ice over shallow feeding grounds during the winter, just as the walrus,

with ice edge concentrations. Due to their habit of denning on the

shore-fast ice, ringed seals would have been more numerous closer to

the shore. It should be kept in mind, however, that both ringed and

● bearded seals are essentially solitary in nature, and would have
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0 provided minimal hunting concentrations. During the summer, it seems

probable that harbor seals would have concentrated in the high-pro-

ductivity Pribilof region and along the glacier fronts of the Alaska

Peninsula. The Alaska Peninsula region may also have attracted a

large portion of the bearded and ringed sea~ population during the

summer (Fig. 2-5 ). Due to its pelagic hahits, solitary nature,

and relatively small body size, the other phocid inhabiting the Bering

at this time, the ribbon seal, is considered to be of minimal interest.

This species would probably have concentrated, with most of the other

phocids and the walrus, along

Pribilof and Alaska Peninsula

the ice edge in winter, and perhaps in the

region in the summer.

The otarid seals--sea lions and fur seals--would have been

at sea and unavailable through the winter. During the summer, both

these species would likely have formed dense rookeries in the Pribilof

region, as

would have

would have the marine rooking birds (Fig. 2-5 ).

The estuaries and river mouths emptying into the Bering

hosted large summer concentrations of anadramous fish and

their predators, delineated as the “salmon complex” on Figs. 2-5

through 2-16.

Most of the Bering coast, particularly the central coast

from the Pribilofs

an open, windswept

by frequent storms

for concentrations

across to the Kamchatka embayment, would have been

coast of sand beaches and dunes, probably wracked

and subject to heavy surf--not overly hospitable

of marine mammals or of man. The Bristol Bay and

. . . .. ——.  -.. -—. - .— . -----  .-. ——. . . .=.. -..-,.., —.—— .—----- --r-= .-.  -.,.x --
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pribilof Canyon regions, however, would have been somewhat sheltered

from such open-ocean effects, would have been the most likely regions

of upwelling, the recipients of rivers, and by all measures, the areas

most probable of supporting increased marine productivity at all trophic

levels, from phytoplankton  to whales. The Pribilof region is of

magnified interest in that it~ of all the coastal areas of that or future

periods, is the only one close enough to the continental slope upwelling

zone to have remained essentially ice-free during the winter time.

Combined with the enhanced productivity promoted by the upwelling out

of Pribilof Canyon, this feature would have made the Pribilof region,

particularly the vicinity of St. George Island, a very desirable location

for marine-oriented human populations throughout the Year (Fi-gs.2-4,2-5r2-6).

During the summer there would probably have been concentrations of

walrus, phocid and otarid seals, marine rooking birds, anadramous fish

(salmon complex], marine fish, and cetaceans, drawn by the increased

productivity of the upwelling zone, by streams which probably entered

Pribilof Canyon, and by attractive hauling and rooking grounds. During

the winter, the probable reduction or lack of extensive coastal ice

would have permitted access to walrus, phocid seals, and possibly

cetaceans.

The other likely region of marine faunal concentration

during this period would have been the Alaska Peninsula (though probably

glaciated and uninhabitable by man) and northeastern Bristol Bay, where

increased producti-vi.ty, river mouths, and possible hauling grounds

would have provided attractions during the summer. During the winter,

. . . . . -



90.

178° 174° 170° 1 6 6 °

,

Fig. 2-6. Marine faunal concentration zones, winter, Bering Sea,
Standstill 1, 22,000 B.P.

T‘ Walrus and

k
phoci.d seals

1 6 2 °

6 6 °

64°

158°

62°

60°

58°



91.

this area would probably have been subject to extensive nearshore ice

and not so desirable, though populations of walrus and phocid seals

might have been accessible.

The northern border of Beringia duxfng this interval was

the edge of the Arctic Ocean, the Chukchi having been abandoned to its

limits by the sea (Fig. 2-7). AS discussed earlier, this ocean may have been ice-

free in its central basin, though with extensive and heavy sea ice around

its margins, or it may have been permanently frozen. In either event,

it seems highly unlikely, given the information presently at hand,

that this coast could have provided faunal concentrations which would

have been attractive and accessible to early man.

Standstill II, 16,000 B.P.

The next major stabilization of sea level seems to have been

about 16,000 years ago, when the shoreline was at the present 40

meter contour. By this time the Pribilofs and St. Matthew would

resumed their island status, the Beringian plain would have been

to 50

have

shrunken

greatly in extent, and the area of shallow sea would have expanded

correspondingly (Fig. 2-8). The land was still a windswept plain of

seasonal temperature extremes, though beginning to ameliorate in climate

due to the encroaching marine influence and a lessening of the prevalent

Arctic low (Lamb, 1971).

probably have lessened in

strength.

northerly

These winds by

component also,

The cyclonic atmospheric circulation would

intensity, with resultant reduction in wind

now would probably have begun to lose their

shifting to blow more from the west.

-— . . . . . . . . . ----------  . . . . . . . ..—. . . . . . . . . . . . . . . . . . . - .——= . . . .- . . . —-... -,... -—. — . . . .. —-----  -—.—-.  . .. —— . . ..-. -— . .. .. .. . . . .. —._ —.. .= —-v--
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Precipitation may have also been increased over the land

by this time as a result of the changing wind patterns and encroaching

marine environment. The prevalent winds now would have been more off the

expanded Bering Sea rather than from the arid northern plain, and thus

were likely to have been warmer and more moisture-laden, providing

rain and snow. This combined effect--increased precipitation and reduced

wind to sweep

conditions by

tundra to the

herds. Other

these grazers.

away the winter snow--may have led to wetter ground

this time, encouraging the

detriment of the grassland

terrestrial herbivores, of

development of shrub and muskeg

environment and its grazing

course, would have been replacing

The shallow zone of the Bering would have been greatly

● expanded by this time, providing habitat for increasing populations

such benthic-feeding marine mammal species as walrus, bearded seal~

o f

and

ringed seal. Bristol Bay would be much mare prominent by now, indented

deeply at its head by the estuaries of the Kuskokwim and Kvichak Rivers,

and would have provided favorable habitat for walrus, phocid seals,

probably otarid seals, marine rooking birds, cetaceans, and marine and

anadramous fish. It is possible that the Bering and Chukchi were re-

connected at this time by a narrow strait west of St. Lawrence (Fig. 2-8) ,

though there is some uncertainty regarding this reconstruction. At

any rate, it seems unlikely that such a sinuous strait would have led

to any great faunal exchange between these seas at this time or, con-

versely, that it would have constituted any great barrier to terrestrial

exchange between Asia and America as yet.
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●

The pattern

about the same as during

coastal intensification.

of marine currents would probably have been

the previous standstill, though with decreased

The frequency and intensity of storms may .

have abated somewhat in keeping with the overall gentling of the wind

regime. The continental slope upwelling zone would have been further

offshore by now, and the cyclonic upwelling zone inside the tip of the

Alaska Peninsula would have migrated deeper into Bristol Bay (Fig. 2-8).

The glaciers of the Alaska Peninsula and of the Kuskokwim Mountains-

Cape Newenharn region, though retreating rapidly, would probably remain

impressive in size and extent. The surface salinity of the Bering

would be at least as low during this period as previously, promoting

seasonal ice which would have extended to the continental slope.

This is a much

sea ice during the previous

vaster area than would have been subject to

period, providing greatly expanded winter

habitat for ice-seeking species such as walrus, ringed seals, bearded

seals, beluga whales, and bowhead whales. These species may have OCCU-”

pied the entire continental shelf during the winter where ice conditions

were favorable, with walrus, harbor seals, bearded seals, and ribbon seals

tending to concentrate along the ice edge (Fig. 2-9) and ringed seals along

the shore-fast ice. As previously, the Pribilofs, and possibly St.

Matthew,

mammal s ,

would have been likely regions of winter concentrations of these

though inaccessible now from land.

During the summer)walrus  , otarid seals, phocid seals, and

marine birds would probably have concentrated around the Pribilofs and St.

@
Matthew for rooking, hauling, and feeding purposes (Fi9- 2-~0)- Walrus and phocid
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seals would probably also have congregated during the summer, as

previously, along the Alaska Peninsula and in Bristol Bay.

The areas of greatest probable interest to early man

seeking marine food resources during this period would appear to be

the northern side of Bristol Bay, particularly the Cape Newenham

vicinity, and western St. Lawrence Island, still a part of the

mainland at this time.

The river mouths of northern Bristol Bay would very

probably have attracted spawning runs of anadramous fish along with

their marine mammal predators--the phocid seals, otarid seals, and

cetaceans-- and this factor, in combination with the generally high

primary productivity of the region, would have made them desirable

locations.

The other area of high probability at this time, the western

end of St. Lawrence, might have provided hauling grounds for walrus

and would have been an ideal location for intercepting marine mammals

passing through the strait into the Chukchi, for this strait was opened

sufficiently to permit such comnication.

During the winters, there would probably have been extensive

shore-fast and pack ice over the shelf, with little or no open water

accessible from shore. Winter hunting would have been limited to ringed

and bearded seals, and possibly walrus, all of which would had to have

been hunted from the ice.

. . . . . . . . . . . . . . . . . . . . . . . . . . . .— . ..-_ .._. .- .___.. .
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The situation

much improved by this time

still, and might, in fact,

if it had been open during

in the Chukchi/Axctic could not have been

over that described for the preceding stand-

have worsened in that the central Arctic,

the preceding interval, would very likely

be re-frozen by this time or be deep in the process of becoming so.

The Chukchi would have regained a considerable extent of its former

shelf (Fig. 2-11), but it would as yet have been a very shallow sea of

shoals and narrow channels, with restricted circulation. Almost cer-

tainly it would have been completely frozen most, if not all., of

the year. The few species adapted to these conditions--the ringed seal,

bearded seal, polar

expanded range, but

quantity to be very

bear and beluga whale–-would find themselves with

probably would have occured nowhere in sufficient

attractive as a food resource.

unrestricted

Once the Bering Strait was opened sufficiently to permit

communication there would have been seasonal migrations of

walrus, harbor seals, gray whales, and bowhead whales, such as are seen

today, following the pack ice back and forth from the Bering into the

Chukchi. Such migration patterns did not evolve overnight, though, and

certainly not before the strait was well open and the Chukchi had become

more suitable for such animals, conditions which probably developed

sometime between this and the next standstill.

Standstill 111, 11,000 B.P.

During this last major standstill, conditions of the Bering

and Chukchi Seas were not greatly different from today. The climate, in
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● fact, may very well have been milder than today. A broad rim of land

around the coast, including Kuskokwim Bay, Norton Sound, and Nunivak

Island, would have still been connected to the mainland and not submerged.

but all of the other islands would have been proper islands once more

by this time, and most of the shelf would have been regained by the sea

(Fig. 2-12). Terrestrial communication would have been severed between

Asia

once

and America and marine exchange would have been freely established

more bekween the Bering and Chukchi Seas.

On land, it is probable that the climate had altered

significantly since the last standstill. Evidence such as floral

distribution patterns of that period indicate that it was much milder

than previously, and quite possibly warmer than at present (Black, 1966;

Erickson et al., 1956; Broecker et al., 1960). The wind would probably

have abated considerably and would have swung more to the west. Summers

would probably have been slightly cooler and wetter and the winters

warmer, with increased snowfall. Such conditions would probably have

led, by this time, to almost total replacement of the dry grasslands of

previous periods by a tundra vegetation,

deep snow in winter time. River valleys

densely grown with willow and alder, and

wet in summer and covered by

and waterways would have been

it is highly likely that boreal

spruce and birch forests crept onto the shelf of Beringia and spread north

as far as the Mackenzie delta (Ritchie and Have, 1971; McCulloCh  and

Hopkins, 1966). The discharge of rivers may have been much increased

due to accelerated glacial melt.

Marine circulation

and was probably heavily laden with silt.

patterns would nok likely have been greatly
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different from the present ones (Fig. 2-12), with Pacific water entering

the Bering through the eastern Aleutian passes, drifting north and east

across the shelf with part of it flowing north through Bering Strait

into the Chukchi and part turning back south and recentering the Pacific

through the western Aleutian and Kommandorsky passes (Avsen’ev, 1967).

There would probably have been an upwelling zone along the continental

slope, far

in Bristol

heightened

now from the reach of land, and increased cyclonic upwelling

Bay. There may also have been tuxbulent  mixing and areas of

primary productivity inside the

St. Lawrence Island, and in Bering Strait.

marine areas, supporting large populations

fish, and marine mammals.

Alaska Peninsula, north of

All of these would be

of fish, marine birds,

rich

shell-

The situation regarding seasonal sea ice in the Bering

during this period, along with its effect on marine mammal distributions,

is difficult to assess. The warm, wet climate and accelerated glacial

melt would tend to lower the surface salinity, promoting ice formation.

But, the warmer winter temperatures might conversely have precluded

such formation. It seems very possible, given the scanty information

available, that seasonal pack and shore-fast ice might have been

reduced in extent, thickness, and duration as compared to previous

situations, possibly even as compared to the present. This condition

might not have been agreeable to ice-seeking species such as the walrus,

ringed seal, and bearded seal, and might have shifted their distributions

further to the north. Correspondingly,

the otarid seals might have found their

north as Bering Strait.

the more pelagic species such as

range expanded, perhaps to as far
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With communication fully established between the Bering

and Chukchi now, the walrus would probably have established a pattern

of seasonal migration back and forth between these seas following the

edge of the pack ice, as is presently the case. In the winter they

would probably have moved down into the Bering to wintering grounds

along the edge of the pack ice and in the southern lee of St. Lawrence,

(Fig. 2-13) where wind and currents keep the pack ice in an ac~ive, semi-open

condition. In the summer they would probably have followed the ice

edge back to its limits of retreat in the Chukchi Sea or along the edge of

the Arctic Ocean (Fig. 2-16). It is possible that a year-round population

might also have been established in the Cape Newenham region of northern

Bristol Bay, where one

The other

seal, beluga whale and

exists today.

ice-seeking species--the ringed seal, bearded

bowhead whale--would have followed similar, though

less well-defined seasonal patterns, probably always staying at or within

the edge of the seasonal ice. Harbor seals would probably have perpe-

trated into the southern Chukchi in the ice-free summer time, and polar

bears would have been likely in the northern Bering now in winter time.

In addition, the gray whale by now was probably taking advantage of the

rich summer feeding in the northern Bering

would have other cetacean species.

The otarid seals would almost

and southern Chukchi, as

certainly have utilized the

Pribilofs for rooking grounds during this period, and very probably

have frequented the Cape Newenharn area, St. Matthew Island, western

Nunivak, and possibly St. Lawrence and the islands of the Bering Strait
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for the same purpose. These same areas would have hosted rooking

marine birds and would have provided summer hauling grounds for walrus

and phocid seals (Fig. 2-14). Areas in the Bering which might have proved

attractive to man during this period would have been the northern

Bristol Bay and Cape Newenham region, for the same reasons as set forth

for the previous standstill, western Nunivak, St. Lawrence Island, the

islands of the Bering Strait vicinity, and the shores of Bering Strait

itself. All of these localities would have supported marine bird

rookeries, would have provided at least seasonal hauling grounds for

walrus and phocid seals, might have supported otarid seal rookeries, and

would have permitted interception of migrating marine mammals as they

traded back and forth following the ice.

TO the north, the Chukchi would have come to life again, at

least on a seasonal basis. In the summer the walrus and other ice-

associated species would have entered the Chukchi in pursuit of the

retreating ice pack, vacating it in the fall as the ice moved south again.

The Chukchi would have regained most of its shelf by now

(Fig.  2-15), though it was still a very shallow sea. It would very

probably have been an extremely rich sea by now in its southern and

central part, as is the case today. Then, as now, the currents from

Bering Strait would have swept north across this shelf (Fig. 2-15),

bringing with them much of the profits of the primary productivity of the

north Bering Sea (Stoker, unpublished data).

The rivers entering the Chulcchi, principally the Kobuk,

., . . . . . . . . . . . . . . . -------
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would probably have hosted anadramous fish migrations by this time,

along with the associated retinue of predators (Fig. 2-16) . such

river mouths would have been likely sites for early man as would

capes projecting into migration routes of marine mammals. Such capes

and nearshore cliffs would probably have supported marine bird

rookeries as well.

In the winter the

over its total extent, but the

Chukchi was almost certainly ice-covered

thickness and duration of this ice may

not have been so great as at present due to the warmer climate. Winter

populations of marine mammals would have been sparse over the Chukchi,

consisting of scattered ringed seals, bearded seals, and polar bears.

SUMMARY: During the 11,000-year time span dealt with here, from 22,000

to 11,000 years ago, the Bering and Chukchi land mass underwent flooding

and shrinkage from an area which included almost all of the continental

shelf of these seas to one little larger than today. This period saw

the exchange of terrestrial species between Asia and America and the

subsequent exchange, once this bridge was breached again by the sea, of

long-separated marine forms of the Bering-Pacific and the Arctic.

During this time the climate ameliorated from one of extremely

cold, dry winters and short, hot summers, with severe winds from the

north and west, to one of warmer, wetter winters and cooler, wetter

summers, with decreased winds mostly out of the west. As a result, . . . .

probably, of this climatic change, the terrestrial habitat altered from

one of windswept dry grass plains to one of wet tundra and boreal forest,
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with corresponding faunal replacement.

●

The conditions of the Bering Sea during this period were

probably not vastly different from those of today, with seasonal shore-

fast and pack ice extending to the continental slope and with areas of

rich marine upwelling to support large populations of cetaceans phocid

and otarid seals, walrus, marine birds, marine and anadramous fish, and

shellfish. The relative composition and distribution of this fauna

would have varied in response to changing conditions, certain species

expanding or declining as their habitat expanded

out the period it seems probable that sufficient

to maintain viable populations of all species.

The condition of

could not have been nearly so

the Chukchi/Arctic

or shrank, but through-

habitats were available

Ocean during this time

hospitable. With the possible exception

of the central Arctic basin, the Chukchi and nearshore

probably frozen for most, if not all, of the year, and

sparse and scattered marine resources. Only after the

Strait would the Chukchi seem to be

would have been at least seasonally

migrations and primary productivity

For

coast would have

Arctic were

supportive of only

flooding of Bering

a desirable area, at which

ice-free and the recipient

input from the Bering Sea.

time it

of faunal

early man seeking marine food resources, the Bering

been by far the most preferable environment throughout

most, if not all, of the transgression. During the time when it was

connected as part of the land bridge, the Pribilof region might have

been a very desirable region, rich in marine life and probably ice-free

. ..-=- ----- ------ . . .. —.. .— ---- . . . . .



112.

virtually year-round. Other

early period might have been

Matthew Island.

areas of attractiveness for man during this

the northern side of Bristol Bay and St.

AS the sea encroached, isolating St. Matthew and the

Pribilofs, major interest might have shifted to northern Bristol Bay--

to Cape Newenham and the inlets of the Kuskokwim and Kvichak Rivers--

and to the western end of St. Lawrence Island from where marine mammal

migrations might have been intercepted.

After the flooding of Bering Strait, likely areas would

be the river mouths of northern Bristol Bay, particularly the Cape

Newenham

vicinity

Sound in

region, western Nunivak, St. Lawrence, the islands in the

of Bering Strait and the shores of Bering Strait and Kotzebue

the Chukchi Sea.



Fig. 2-17: MARINE SPECIES OR SPECIES GROUPS WHOSE DISTRIBUTION WAS CONSIDERED TN THE RANKING OF POSSIBLE

HUMAN HABITATION SITES, TN DESCENDING ORDER OF IMPORTANCE, WITH ECOLOGICAL CONSIDERATIONS

Common Name Latin Name Areas of Probable Concentration

1)

I

2)

3)

Salmon complex: (anadramous fish and associated marine mammal predators)

Salmon Salmc species
Whitefish Coregonus species
Sheefish SFtenodus species

Char Salrelinus  species
Harbor seal Phoca vitulina River mouths and estuaries
Beluga whale. Delphinapterus  leucus
Steller sea lion Eumetopias  jubata
Northern fur seal Callorinus  ursinus
Harbor porpoise Phocoena phocoena

Otarid seals:— .

Northern fur seal Callorinus  ursinus
Steller sea lion Eume’topias  jubata

Walrus: Odobenus rosmarus

4) Phocid seals:— .
Harbor seal Phoca vitulina

Ringed seal Pusa hispida
Bearded seal . Erignathus  barbatus

Rooking grounds on rocky, isolated headlands
or islands adjacent to productive marine zones

Hauling grounds on islands or headlands.
Areas of constricted migration pattern.
Areas of feeding preference (shallow
regions in zones of high marine productivity
and adjacent to hauling grounds or ice in
summer, areas of active, broken ice in winter.)

Feeding concentrations in areas of enhanced
marine productivity.
Areas of shore-fast ice for denning.
Shallow, highly productive areas with sea ice.

~
#
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Fig. 2-17: MAIUNE SPECIES OR SPECIES GROUPS WHOSE DISTRIBUTION WAS CONSIDERED
IN THE RANKING OF POSSIBLE HUMAN HABITATION SITES (continued):

Common Name Latin Name Areas of Probable Concentration

5) Marine Birds:

Murre Uxia species Dense nesting rookeries on cliffs or
Kittiwake Rissa species elevated headlands adjacent to productive
Auklet Aethia species marine zones.
Puffin Fratercula and Lunda species
Cormorant Phalacrocoxax species
Gul 1 Larus species
Guillemot Cepphus species

J

{

I-J
P
Q,
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TERRJZSTRIAL VERTEBRATES AND TEZIR EFFECT ON THE

DISTRIBUTION OF HUMAN HABITATION SITES

JI’JTRODUCTION

During much of the Pleistocene the outer continental

shelf between Alaska and northeastern Asia was a terrestrial environ-

ment inhabited by a now extinct fauna. Horse and mammoth bones have

been found existing in terrestrial sites near the present shoreline

and on some of the Bering Sea islands, and bones of large mammals

have also

Wisconsin

been dredged from-the outer continental shelf itself.

The mammals which inhabited this area during the Late

were what the Soviets have called the “mammoth fauna.” It

had many diverse components which varied in composition and proportion

from area to area, but its major recognizable elements in

record are mammoth, horse and bison.

These are the three species which predominate

hunting campsite refuse and at kill sites of paleohunters

the fossil

in the

in both

North America and Eurasia. Although there are many unknowns about

the exact nature of the hunting techniques of these early peoples,

there are some pieces of information that can be compiled to aid us

in establishing the more likely areas of large mammal concentration

and, consequently, the concentration of paleo-campsites.

We know from modern analogs of hunting peoples that camp

sites are positioned to best intercept seasonal movements of migratory

large mammal species. An attempt will be made herein to portray the
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type of late Pleistocene landscape now submerged cm the outer continental

shelf, the distribution of its large mammal inhabitants, the chronology

of the large mammal changes in that region, and develop the theory of

the probable effect of the various topographic features on animal

concentrations.

THE LATE PLEISTOCENE LANDSCAPE OF THE OUTER CONTINENTAL SHELF: Lately,

much attention has been focused on the character of the Late Pleistocene

vegetation patterns in the far north. The Wisconsin glaciation is oux

main concern, because the now submerged shelf became uninhabitable by

terrestrial peoples after about 10,000 years B.P., and much earlier

than the Wisconsin glaciation, it was probably too early for a mature

human technology which could exploit it. The general conclusions are

that it was a dry, herbaceous grassland, variously called steppe-

tundra, loess-tundra, periglacial steppe, tundra-steppe, and several

other synonyms.

it are somewhat

to emerge: (1)

Its exact character and the climate which maintained

controversial, although several elements are beginning

It was drier, either from lack or precipitation~

sublimation-evaporation by wind, or a deeper thaw-percolation zone than

exists in tundra areas today. (2) The climate was more continental.

(3) standing plant biomass must have been much less, but plant pro-

ductivity may have been similar to present. (4) Because of this low

plant biomass, the animals which exploited it were nomadic, or at least

migratory. (5) They were a different kind of herbivore than those

“o

which utilize the far north

(6) Because of topographic

today--they were grazers instead of browsers.

variations in plant maturity rate, these

-. _.. . . . . . . . . _=. .,. -=. . . . . . . . . . . . . . . . -..7 -,____ _, ._. ..- ._. —- ,-.. — ..- . . . . . . . . . . ..-
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grazers concentrated in certain predictable habitat types in different

seasons. (7) Because of the seasonal boom-bust food economics of

the super-nivian terrestrial vertebrates in the north, there were high

quality summer resources available in relatively short periods, followed

by a movement to more snow-free, sparse winter range. (8) It is

probable that the herb-bunchgrass-drtemesia complex of plants served

(in possibly unequal proportions, but the same species) as both summer

high protein growth resource in the early growth stages, high carbo-

hydrate fuel for winter fat reserves in the late summer, and low quality

heat producing fuel for winter survival. (9) As far as we can tell

from the pollen records, there were few woody plants available for

browsers at the peak of the Wisconsin glaciation in the far north

(Colinvaux, 1967a, 1967b). This lack of wood undoubtedly had an effect

on the life-style of human inhabitants as well.

In conclusion, one could say that the climate during the

terrestrial stage of the outer continental shelf was very severe, but

food in the form of large terrestrial mammalian grazers existed in

abundance locally and seasonally.

Much of the theory behind the paleoecology of the Pleistocene

Arctic and Subarctic comes from western Eurasia and Alaska, although

by extension, it applies to the Beringian area spanning the outer conti-

nental shelf between Alaska and Siberia. Hopkins (1972] has the only

major review of this area. The status of Quaternary research in the

Alaskan interior was reviewed by Pewe (1965) and Pewe et al. (1965).
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Much of the palynological-paleontological  studies have

been for specific areas [eg., Sellman, 3967; Guthrie, 1968a, 1968b;

Matthews, 1968, 1970, 1974a). In a recent paper, Ager (1975a] described

several pollen profiles from central Alaska. Despite only a few carbon

dates, the character of the Late Wisconsin to recent vegetational

changes in this study and its chronology seems to have been well-

documented in this study. At least, it is consistent with the bits of

evidence we have from other sources.

Ager’s lowermost pollen zone was produced by a steppe-

tundra environment--high percentage of grass and wormwood, Artemesia.

Pollen Zone 2 persisted from about 14,000 years ago until about 10,000

years ago. It is characterized by a reduction in the steppe element

and an increase in the percentage of dwarf birch pollen. The changes,

at least in the north shadow of the Alaska Range where these cores were

taken, between Zones 1 and 2 appear to have been relatively abrupt.

At about 10,000 years ago, the spruce invaded the Interior, producing

Ager’s Zone 3.

Although this chronology can

to place, it probably represents a rough

be expected to vary from place

approximation of

pattern of

sedges and

sites.

change. The dry

low shrubs, then

steppe-tundra was replaced by

the trees encroached into the

the general

tussock

better drained

Exactly what this vegetational change means in terms of

climatic change is uncertain. It is thought to mean (1) increasingly
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warmer conditions, and (2) an increase in moisture (probably summer

moisture) . But these are not necessarily linked to a shift toward

more woody conditions. It could be due to a change in temperature .

regime-- a shortened, warmer summer~ a decrease in the summer thaw

zone, increased winter snowcover,  less wind, and several other factors

or combinations of factors.

LARGE MAMMAL DISTRIBUTION ON THE OUTER CONTINENTAL SHELF:

the seasonal migratory movements of the different elements

Because of

of the

“mammoth fauna,” they had a relatively high potential for colonizing

large areas (zoogeographers characterize this as hi.gh-vagility). And,

in fact, they are found very ubiquitously throughout the north. There

are no areas in Alaska, which were not glaciated, that have not produced

the “IRa.mmOth  fauna” in abundance. Much the same is true for most of

northern Eurasia.

There is an area in the far northeastern part of the Soviet

Union which usually does not show on vertebrate locality maps as having

produced fossils (Fig. 3-l). This may be more of an artifact due to

lack of reconnaissance effort, or it, in fact, is deficient in verte-

brate fossils. Interestingly enough, it is the area not inhabited by

the WOOIY rhino--which apparently did not get into the outer continental

shelf. Sher, working on the Upper Kolyma region in this general area

of the Far East, has described mainly early Pleistocene sediments and

associated fauna, much the same sort that have been found (Guthrie and

Matthews, 1971) on the Seward Peninsula in Alaska. Judging from every-

thing else we know of their distribution, it seems probable that the
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Fig. 3-1. Compilation of paleontological sites containing mammoth
remains. The exact locality names are listed by number
in Garrutt (1965).
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“mammoth fauna” existed almost continuously from

to the central Yukon Territory in Canada, in &he

continental shelf does not appear to differ front

England, in the west,

east. The outer

other areas of

slightly higher topographic relief to a degree significant enough to

limit large mammal occupancy, nor, for that matter, “was it special

enough in vegetational character which would, in turn, limit large

mammal distribution. The difference in altitude between the Pribilof

Islands to Fairbanks, Alaska (in the center of Alaska) is a mere

400 feet.

maybe wooly

Distributional points of all the “mammoth

rhinos and camels are probably limited by

and discoverability aspects than actual distribution.

fauna” except

nmre preservational

It is unknown

why rhinos living in S&eria did not cross into Alaska, nor why camels

living in Alaska did not cross into Siberia. It is unlikely, but it

may be, that movement across the broad plains of the outer continental

shelf required certain behavioral characteristics that these species did

not have. The fact that rhinos did not get into far eastern Siberia

may say something about the differences in

portion of the refugium, including eastern

climate of the eastern

Siberia, Beringia and Alaska.

CHANGES IN LARGE MAMMAL COMMUNITY PROPORTIONS AND EXTINCTION PATTERNS:

Given two propositions, (1) that the lives of early Paleolithic peoples

centered around the distribution and kinds of large mammals, and (2)

that this late Pleistocene community of large mammals underwent some

drastic changes at or near the end of the Wisconsin glaciation, then

one might suppose there were accompanying changes in human ecology as
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well. There were undoubtedly changes in the location of camp sites,

hunting strategies, social structure and many other features which

would affect the search for early man sites in the north.

There wers two significant points

changes in the “mammoth fauna” that should be

in fact, be related. The first is the change

about the chronological

emphasized and these may,

in the phylogenetic lines

of species themselves; the second is an actual change in the community

species composition. There ue two major trends, one for each

category. (1) As the Quarternary progressed, most northern species of

large grazers and their carnivores became smaller in body size, some-

times depreciating by as much as 50%--something quite grossly noticeable.

(2) At the end of the last glaciation, the large grazers began to become

extinct with only a few remaining in relictual or very specialized

habitats. In the fossil community these were replaced by browsers and

their own predators, which were already in or near the north, but in

limited habitats which existed during the Wisconsin. A more detailed

discussion of these two major changes will be made under separate sub-

headings.

CHANGES IN SPECIES SIZE AND APPEARANCE THROUGH TIME AND ITS MEANING:

The exploitation of large mammal resources will depend, to some extent,

on the nature of the resource itself. From a growing body of evidence

(reviewed by Guthrie and Matthews, 1971), it appears that the develop-

ment of the northern steppe and its faunas climaxed during the (I13inoian-

b7isconsin or Ri.ss-Wurm) last two glacial maxima. However, earlier

Pleistocene floras and faunas contain nascent elements of this steppe
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assemblage. If we are to reconstruct human habitation potential in

o

the New World Arckic, some review of

The distinctive elements

these changes will be necesszry.

of the early Pleistocene faunas

in Siberia, that is to say, the faunas through the Gunz or Kansan age,

are easily identifiable. They consist of a simple-toothed mammoth,

Mammuthus trogontheri,  a large, robust horse, .Equus stenonius, a moderately

large, horned bison, Bison schotensacki, and a large, more primitive-

toothed rhinoceros, Rhinoceros (Dicerorhinus) mecki. Many other faunal

elements are present, but these are ‘&e most diagnostic and are the lines

which later change so drastically to become index species for Pleisto-

cene stratigraphers.

Entering into the Riss-Illinoian  glaciation, the Arctic

takes on its full steppe character and the species which are to persist

until the late Wisconsin appear. They are Ffammuthus

rhinus antiquiatis,  Bison priscus, Equus sps., Saiga

Ovihos moschatus and others. These differ from late

primagenius,  Dicero-

tatanica, and

Wisconsin faunas

only by slight degrees. One of the major differences is in tooth com-

plexity, and body and horn size.

The tooth complexity differences are undoubtedly a response

to the newly expanded Arctic grassland habitat (Guthie, 1968a, 1968b).

Other evidence for this from rodents’ change will be discussed later.

The Siberian paleontologists (eg., Garutt, 1965, 1966; Gromova, 1949;

Fopov, 1959) categorize the Paleolithic faunas into three main categories:

early, transitional, and late forms.e

. . . .
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‘o

o

EARLY FORMS ASSOCIATED IN EUROPE WITH AL? GNACOID LITHIC TRADITIONS:

A fairly primitive wooly mammoth of the Zrchidiskodon type with tooth

ridges of the last molar ranging between 7 - 9 in plate frequency

and an enamel thickness of 0.15 - 0.20 cm was present during this time

as well as a quite long horned bison, so=stimes referred to as Bison

priscus longicornis. The horses were quite large, but declining in

size. They were similar to the European Equus stenonis-sussbornensis

types. The exact phylogeny of Pleistocene horses in the Arctic is

somewhat controversial. This horse species is referred to as Plesippus

verse by some Siberian authors. It is large with a moderately simple

protocone. Other species include early maose (Alces Iatifrons), early

musk oxen (Praeovibos”  beringiensis) , giant beaver (Trogontherium  SP.) ,

and early forms of lion (Felis speloea), early rhinos (Coelodonta sp.)

and the early, unusual ungulate Soergali= SP.

TRANSITIONAL FORMS SOMETIMES ASSOCIATED IN EUROPE WITH SOLUTREAN  TRADITIONS:

These are between the early and late form in degree of morphological

change. Bison, horse, and mammoth phylogenetic gradients are discussed

later in this section. Bones of the early Ovibos, Rangifer, Ovis and

.Equus caballus become common during this -time.

THE LATE FORMS ASSOCIATED IN EUROPE WITH k3E=D.=NT~ TRADITIONS:

These include a smaller mammoth with quite complex teeth. Plate fre-

quency is usually between 9 - 11 and enamel thickness is 0.10 - 0.15.

The bison may have reFk~ced only slightly in size, but considerably in

horn dimension. This species is often referred to as Bison priscus

deminutus. The horses are quite small, just over a meter at the shoulder.
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Their species designation has been difficult to make

fact, be at least two sympatzic species, although on

it would seem unlikely. In sum, the major “trend was

reduction (Fig. 3-2).

and there may, in

ecological grounds

one of si.z=

In addition to the species mentioned as part of the “mammoth

fauna”, were wolves (Canis),  Arctic

(Vulpes), wolverine (Gulo), weasels

ground squirrels (Citellzzs),  camels

foxes @20pex), common foxes

(Mu.stela), saiga antelope (Saiga),

(Canelops), yaks [EOS), large bears

(Arctodus), and othez species depending on spatial or ck~onological

setting.

The small Arvicoline  rodents were also adapting to this newly

expanded steppe environment. The major aspect of the change was increasing

dental complexity which allowed a more efficient processing of the

silicious  sedges and grasses. The continuuiiii  of these changes for one

genus, Dicrostongx, of lemming are shown in Fig. 3-3. Other phylo-

genetic lines exhibit similar changes in a less drastic fashion.

In addition  to

and climate of the Arctic,

telling a story of the changing vegetation

Lhese species OE mice and lemmings also show

rather closely the chronology of archeological sites, and are depended

upon to a great extent by Eurasian zooarcheologists. Fossil small

mammals are particularly valuable in sites which are out of the range of

carbon dating or are lying

(a terrace of similar age)

on the knolls, ridges, and

in such a position that no physical geology

may be used. -is is likely to be the case

river courses OZ the now submerged outer
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o-f Wisconsin Glacial

population in N. Siberia

~/.v/~ - las~ed into Postglacial  ~imes-

%?i%&~ Persisted in European and

Alaska- N. Canada refugio.

Fig. 3-2. The major trend among the three
“mammoth fauna” was a redaction

chief species
in body size

of the

. . . . . ..- . . . . . . . ._ . . . . . _.,, ., .-- — . . . ------ .- . . - . . . . . . . . . . . . . . . . .
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Fig. 3-3. Generalized molar patterns of Predicrostowx hopkinsi and
species of Dicrostonyx. 1 = D. torquatus; 2 = D. henseli;
3  =  D .  hudsonius;4  = D.  si~p~~ciorian~ 5 =  D. h w ~ ~ n s i -

. . . . . .——
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continental shelf--or, for that matter, throughout much of the present

Arctic.

These tundra-steppe faunal elements did not all “become extinct

at the end of the last glaciation, but continued to change physically

by decreasing in size. The mammoth persisted in relict populations in

far eastern Siberia (Vangenheim, 1961) , finally reduced to pygmean

proportions. The exact terminal date of their extinction is unknown.

Likewise, horses also perished quite late, but apparently became

extinct before mammoth and bison. Bison, in fact, did not become extinct,

but graded into modern bison through the transition from Bison priscus

longicornus+Bison  priscus deminutus-+Bison occidentalis~  llison bison

athanascae+Bison bison bison (Guthrie, 1970). This line of bison per-

sisted in Alaska until historic times [Guthrie, unpublished data) Fig. 3-4

lists new radiocarbon dates run in an attempt to narrow extinction dates.

Near the end of the Wisconsin, accompanying the reduction of

the steppeland environment, the shrub lands began to predominate in

the low flats and the more mesic tundra in the highlands, then finally,

the trees recolonized much of the low-lying areas. Throughout this

transition, the caribou and moose, which were subelements  of the steppe-

Iands, began to predominate at the expense of the grazers. This shift

in resource character was felt throughout the peoples of the holarctic

and serves as the major hiatus separating Paleolithic from mesolithic

traditions in the Old World, as well as paleoindian  from archaic traditions

in the New World. Hunting techniques probably changed seasonal move-

ment patterns, and many other revolutionary shifts probably occurred in

human ecology. The bovid, probicidian and

basically cervid-based  resource. Altho@l

equid resource changed to a

the exact chronology of these

. .
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

SAMPLE
NUMBER

1-9420

1-9271

I-9274

I-9275

1-9316

1-9317

I-9318

1-9319

1-9320

1-9321

1-9421

I-9322

------

ELEMENT

metatarsal

metatarsal

metatarsal

metatarsal

metatarsal

metatarsal

metatarsal

metatarsal

metatarsal

metatarsal

metacarpal

metacarpal

metacarpal

SPECIES

horse

horse

horse

horse

horse

horse

horse

horse

horse

horse

horse

horse

horse

L O C A L I T Y
.

Fairbanks area

Dominion Creek, Y.T.

Ikpikpuk River

Ikpikpuk River

Dominion Creek, Y.T.

Ikpikpuk River

Ikpikpuk River

Ikpikpuk River

Ikpikpuk River

Ikpikpuk River

Fairbanks area

Birch Creek

------sample undatable$.

1-9371 metacarpal horse Ikpikpuk River

I-9372 ] metatarsal ] mountain ] Eva Creek
sheep

I-9373 tooth mammoth Ikpikpuk River

I-9422 I mandible I horse
I

----

@
--------------------------sample uneatable ------------------

I-9277

I-9273

horn sheath

horn sheath

bison

b?son

DATE B.P.

L 205*

16,270

20,810

32,270

14,990

30,200

23,910

<40,000

<40,000

23,920

195 *

24,070

--------

19,250

< 35,000

< 35,500

13,640

.---—----

near Anchorage 180

Tanana Bluffs 37,000

Fig. 3-4. Radiocarbon dates for Pleistocene fauna.

* . cont~inated with varnish

@ = insufficient carbon
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changes is

containing

we do know

not clear in Alaska because of the lack of archeological sites

vertebrate material from the critical transitional periods;

the approximate dates so that sites with varying faunal

midden assemblages

There

to gain dependable

southern Siberia

rhino, bison, or

the same pattern.

can be located chronologically.

are insufficient dates on mammoth and horse specimens

information on the exact time of extinction. In

the mammoth apparently became extinct earlier than the

horse (Klein, 1973). Preliminary data

(See bew~ (1975) for the mosti recent

radiocarbon dates.) The youngest dates for mammoth are

and 17,695 ? 445 (S 1851). All the rest are older than

from Alaska suggests

review of Alaskan

15,380 t 300” (s 1453)

20,000 years B.P. !
I

Several dated younger than this have been found for both bison and horse !

(Guthrie, unpublished data). There are virtually no radiocarbon dates

on horses in the far north, although several have been submitted (See I

Fig. 3–4 for new dates).

MAMMAL CONCENTRATION AREAS IN RELATION TO PALEOTOPOGRAPHY:

Large mammals do not exploit the landscape

used differentially from season to season.

these uses: (1) plant quality as a result

quality resulting from growth stage of the

are often casually connected to the aspect

in a random fashion. Various areas are

Several factors control

of vegetation type, (2) plant

vegetation, (3) these two

of the terrain and the

direction of the slope, (4) for some species, cover or escape terrain

are of major importance, (5) also, the access to forage because of

depth variations is a major limiting factor among present species,

forage condition is another key factor--areas which are browsed

heavily on summer and autumn range are unlikely to serve as winter

snow .

(6)

range, ,
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(7) the

ture in

(which,

presence of insect pests plays sorc,e importance

the form of inversion levels from valley floor

in the north today, can vary 500), {8] wind is

as does tempera-

to ridge top

also a factor

which canr at higher velocities, affect mammal range shift, and finally,

(9) substrate form can also affect range use. Slopes too steep to climb

and exploit and lowlands which are too boggy sometimes affect preferred

areas.

For this study, there are several important considerations

as to likely terrain:

1.

2.

3.

4.

5.

Irregular, rolling terrain tends to provide a longer succession of

richer plant growth stages than do the flat lowlands. This is

particularly true of the south-facing slopes.

High country adjacent to catabatic wind activity reduces winter snow

cover, allowing access to winter range. If it becomes traditional

winter range, it is unlikely to receive intensive use as summer range.

Areas in which mountain ranges interfinger with other ranges usually

concentrate large mammal movement from one system to the other,

either to (a) use the high quality alpine vegetation, or (b} to

exploit the more snow-free winter range (Fig. 3-5) .

Over long distance migration, the same is true, but for opposite

reasons. Shorter distances or lo’~ier  relief routes are used more

often than others. This often means a mov~ment through major “pass”

systems or major gaps between

Because of its better footing

frequent movement avenues for

mountain systems (Fig. 3-5) .

and lack of relief, river valleys are

large ma,mmals,  both ungulates and
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Bottleneck Prominences between Mountain Range Connections & Passes

idge systems have i
“breaks” for cove

. . 4@5L~

I Lowland habitat channels large
.

mammal movement Upland habitat channels large
P
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mammal movement
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their predators. A wide river valley traveling over some distance,

in either broken or open country, is a great concentration of

large mammal movement, frequently on a seasonal basis. These are

particularly conducive to mammal movement if the valleys are more

deeply cut and the river is seasonally flushed, leaving a wide,

gravel-barred valley with braided streams. And further, if the

valley is deeply cut with large, prominent terraces, it is especially

inviting to the location of human hunting camps (Fig. 3-6).

The bathymetric maps of the outer continental shelf (Figs. 3-8

thru 3–12) provide information as to the likely places one might find

seasonal concentrations or migration paths. Even considering the

destructive processes of inundation and the marine sediments changing

the landscape, these older contours still must have some relationship

to current bottom topography.

In the discussion and maps of terrestrial mammal resource

concentration, however, several things must be kept in mind. There

has been scouring of terrestrial sediments by marine currents, a layering

of marine sediments over the terrestrial ones {Fig. 3-7) and, probably

most important of all, a highly destructive process of beach migration

inland as the continental shelf was reflooded at the end of the

Wisconsin glaciation. This may have destroyed or redistributed many

terres~ial deposits.

With this overall view, then, one can delineate several
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Yukon River dumps sediment
portion of submerged shelf.

. .

onto southwestern
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Strong current in Bering Strait
region N. of St. Lawrence Island

removes both recent and fossil m’
bottom sediments. Potential terrestrial pa!eontological

and archeological sites buried under
thick marine sedimentary mantle.

Fig. 3-7.
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important regions:

1. Spring ranges. After getting through the long Arctic winter on

low-quality vegetation, ungulates are quick ‘co establish tradi-

tional grazing areas where the topographic relief or some other

feature produces the first growth of green plants in the spring-

time. These are known to be the lower portions of broadly south-

facina slopes, which enhance the radiation level of the low sun

angle (only around 35°, even during late spring in the far north).

This new growth is exceptionally rich in protein, needed for the

late-developing embryos and the lactating females, which fall into

a negative nutritional balance throughout the winter.

In addition, spring was the rutting or musth season for

many of the tundra-steppe ungulates. The ungulates which live in the

north today have all summer to build their resources for the ener-

getically expensive rut. Moose and caribou rut during October and

sheep in late November and December. Equids, however, have an 11 -

12 month gestation period, which means that in order to have the

parkuritium time correspond with the early spring growth, rut would

also occur in early spring. Likewise, the living proboscidians

have gestation periods of around 22 months. So, mammoths also would

have had their musth in the early spring. Bison rut in mid-summer, -

also requiring early nutritional resources. Among those non-terri-

torial, social, nomadic ungulate species, there would, in all

probability, have been violent rut bat~les, not only expensive to

males, but also to females being herded and tended by the dominant

males.
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debts

Because of the demands of the rut and the severe

encountered during the winter, these species would

nutritional

have sought

the earliest green growth on south-facing slopes, concentrating

prob~ly on the “banks” of what are now the Pribilofs,

St. Lawrence and Nunivak Islands.

2. Because river valleys are usually more open avenues of

travel, these are also prime locations of large mammal

St. Matthew,

large mammal

concentration.

Had the strong current and wave action of platform reflooding and

subsequent sedimentary manteling  not been so major, the river valleys

would be even more prime sites for finding large manmal movement

centers. Many of the old river channels are undoubtedly smoothed

from their original relief. There are some deeper cha&els remaining

in the Bristol Bay area and near Nunivak Island.

3. Lake shores do not usually concentrate large mammals unless they are

on the route between important seasonal ranges. However, there is

evidence that paleoindians  did favor lake shores to some extent.

For example, both Irving (1967) , in the upper Old Crow River basin,

Yukon Territories, and West (1974} in the Tangle Lakes region south

of the Alaska Range in central Alaska have found important indications

of lake margin use. As we know little of the breadth of early human

econo~ in the Beringian area, it is possible that there were

seasonally abundant resources available other than large mammals--

fish, waterfowl, etc. --which may have attracted early hunters. Lakes

are thus given a probability value slightly higher than the flat

plains of the

● &. . Winter ranger

outer continental shelf.

unlike summer range, is more difficult to pinpoint

-“..s..  .,.–e.  . . . . “ .
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5.

precisely. Among modern species, it usually corresponds to areas

(a) which are exposed, almost snow-free , or else protected from

snow packing, and (b) areas which are not grazed much dining the

summer, leaving standing dead and winter-green plant bases for

winter reserves.

In the far north, autumn peak prokein levels are found on

north-facing slopes where plants in their early growth stages occur

latest. While in these broadly north-~acing areas, species tend to

concentrate in windswept local areas for their main winter resources.

However, among caribou and moose there is often a movement into

woodland areas, where the lack of wind allows easy locomotion for

moose, using supernivian twigs, and ease of cratering for caribou,

using the subnivian lichen for winter maintenance. It is likely that

neither of these strategies were used by the major steppe ungulates.

Bison and horses in the north are known to concentrate where wind

exposes vegetation.

The only obvious area for winter range during the glaciation

was the potential north side of the Alaska Peninsula. It was a

large valley with gradual north and south-facing slopes bordering

the trough lying to the north of the peninsula. This broad ”valley

may have supported substantial year-round populations as well.

Unfortunately, the northernmost extent of the Alaska Peninsula

glaciers is not well known. Also, this area may have produced an

extremely heavy snowfall.

The area between the Seward Peninsula and the easternmost extension
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of the Soviet Union, called the Bering Strait, may have been an

important focus of large mammal movement. Animals changing ranges

between uplands probably crossed this area seasonally as might have

migrations from the Chukchi platform to the Bering platform. It is

probably the most strategic site in which to catch the funneling of

large mammal migrations. Unfortunately, it has experienced extensive

scouring from the ocean currents.

RELEVANT ARCHEOLOGICAL RECORD OF LARGE MAMMAL RESOURCE USE IN THE FAR NORTH:

A review of the literature of stratified camp sites containing middens

shows that few have thus far been found in the far north of Asia and

North America. Most of our knowledge of Paleoindian-Paleolithic hunting

economies comes from farther south. Although the faunas were much the

same (the steppe ungulates and their predators often, even to the species

level), our knowledge of hunting in the north is somewhat inferential.

Mammoth has been found in a site on the Ushki Peninsula and several sites

in Central Siberia in the Lena drainage have produced extinct steppe

faunas. In Alaska, only Trail Creek Caves on the Seward Peninsula and

the Dry Creek site, a partially excavated site near Healy, Alaska, have

produced Pleistocene large mammal bones in situ. These were predomi-

nantly bison and horse, two of the key elements of the “mammoth fauna”.

The best record comes from southern Siberia and Central

Europe. Both illustrate considerable heterogeniety in species use and

abundance (see Butzer, 1971, for a review].

Even during the early and mid-Paleolithic, the steppe fauna
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0

was represented in varying percentages. If any could be

thoroughly excavated Lebenstedt site in northern Germany

as an example (Tode, 1954). It contained:

Wooly mammoth ~~%

Bison 5%

Horse 5%

Wooly rhino 2%

Reindeer 72%

typical., the

might serve

Upper Paleolithic northern European sites are diverse in

faunal composition, but usually vary in percentages of the main steppe

species. Some, like the famous Solutre in the Rhine Valley, are pre-

dominantly horse, while others show mainly reindeer or mammoth or a

broad spectrum of prey species. Butzer (1971) has proposed a regional

specialization specificity--reindeer in western Europe, mammoth in

eastern-central

in the southern

The

Europe, reindeer and horse in Central Russia and bison

Ukraine.

sites of MoIodora and ?@zin Ukraine are especially

rich in large mammal fossils. Klein (1973) contends that mammoth

remains are the “hallmark” of early man sites in the northern Ukraine.

Very fe”w of these sites in Eurasia are “kill” sites. Judging from

repeated analyses of the age structure of the prey assemblage, it

appears that virtually all analysed camp sites were winter camps

(Soergel, 1922; Butzer, 1971). Whether they were only seasonally

occupied or the inhabitants lived on winter stores throughout the

summer still remains a question.
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A SYNTHESIS OF CIRCUM-BERINGIAN PREHISTOFV
AND DELINEATION OF REGIONS OF HIGH ARCHEOLOGICAL SITE POTENTIAL

E. James Dixon, Jr.

The provocative concept of a land connection between North

America and Asia

plorers. (For a

Western thought,

that N.C. Nelson

has long captured the minds of Western scholars and ex-

suinmary of the history of the “Beringiari  problem” in

see Hopkins, 1967b:l-6). However, it was not until 1937

presented the first concrete archeological evidence

demonstrating a strong technological similarity between artifacts of

Mongolian origin and those from the Alaska Interior. Although Nelson

did not attempt to ascribe an age to the specimens he was describing,

it became apparent to most observers that the blade and core industry

he was comparing demonstrated considerable antiquity.

During the nearly forty years which have followed Nelson’s

initial comparison, numerous hypotheses have been advanced. They have

focused not only on the technological similarities between artifacts of

Asian and Arctic North American origin, but also on the population of the

New World from Asia via Alaska. However, most of these hypotheses are

based on poorly dated archeological complexes and rely basically on topo-

logical comparisons between Alaska and the Old World. It has only been

within approximately the last ten years that several significant archeo-

logical sites, dating to early Holocene or late Pleistocene times, have

been reported in the arctic reg~on of North America. These few sites have

o

been subjected to absolute dating techniques

is possible to gain an initial understanding

Holocene prehistory in Arctic North America.

and, for the first time, it

of late Pleistocene-early

Although Pleistocene antiquity has been ascribed to numerous

archeological sites in Arctic North America, surprisingly few have been

verified through radiocarbon or geomorphic dating. In the interest of

brevity, this presentation will deal only briefly with archeological

--  ”..-. —.== . . . . . . . . .- ----- .- ~-— ——  .-. .- - . ..—.. - .—- .-. . . . .—.=  a . . . . .—. —.-  ..-. .. —..-



complexes which

of Arctic North

relative dating

investigators have

America, but which
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“felt” represent Pleistocene occupations

have not been subjected to absolute or

techniques. The great majority of data presented will be

from sites which have been subjected to comparatively sound dating methods.

MacNeish (1956) postulated an early archeological complex, which

he called the British Mountain Complex. Since that time, geomorphological

studies at the type site, known as the Engigstciak site, have demonstrated

that stratigraphy at

due to solifluction.

the British Mountain

date for the Kogruk

Range. Once again,

siderations  and, as

(

(

1

the site is unreliable as a relative dating technique

Most archeological scholars no longer believe that

Complex exists. Campbell (1961) also theorized an early

:omplex,  located at Anaktwulc Pass in Alaska’s Brooks

>laims of great antiquity are based on t~ological con-

~et, artifacts typologically similar to the Kogruk

specimens have not been found in a datable context. Neither the British

Mountain Complex nor the Kogruk Complex have been dated by absolute or

relative dating methods, however, Campbell (1961:14)  suggests the Kogruk

site is probably no older than 101000 B.P., based on deglaciation of the

site area. It is apparent that both researchers felt the collections were

of late Pleistocene age based

remain undated.

J. Louis Giddings

upon topological

assumed an early

arguments.

age for the

Both sites

archeologic al

specimens he recovered from the Palisades at Cape K_rusenstern,  based on

weathering of some of the specimens. He labelled this assemblage

Palisades 1. It is now apparent that the Palisades I artifacts belong

to the Palisades II Complex, which is typified by notched points and

falls into the general time framework of the Northern ~chaic Tradition,

ca. 2,600 - 4,000 B.C. (Anderson, 1968)
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Thus, the 1950:s and very early 1960’s may be viewed as an

era during which topological considerations, or ‘*general crudity” of

the artifact assemblages were seen as a primary means of dating Arctiic

assemblages. However, in the mid- and late 1960’s and early 1970’s,

a number of archeological sites have come to light which lend themselves

well to radiocarbon dating.

During the Wisconsin glaciation in North America, which

occurred between approximately 70,000 and 10,000 years ago, a land

connection between Asia and North America emerged in the regions presently

occupied by the Bering and parts of the Chukchi Seas. This land con-

nection, conunonly  referred to as the Bering Land Bridge or Beringia,

was formed as a result of a global transfer of ocean waters into glacial

ice during the Pleistocene. Although marine transgressions and regressions

have occurred numerous times in the region of the Bering Strait, only

the last major glacial period, the Wisconsin Glaciation, is generally

considered to be of relevance to the human population of the New World.

The Wisconsin is divided into two major periods: the Early

and Late Wisconsin. The Early Wisconsin regression occurred sometime

after 70,000 B.P. and probably lasted until sometime after approximately

35,000 years ago. During this time period the Bering Land Bridge was

exposed, thus permitting a free flow of flora and fauna between Siberia

and Alaska. The Mid-Wisconsin transgression probably peaked at roughly

25,000 years ago and Beringia was once again flooded. The Late Wisconsin

regression occurred sometime before 20,000 years ago and was terminated

by very late Wisconsin flooding of the Bering Land Bridge, approximately

14,000 or 16,000 years ago (Hopkins, 1972; Sharma, this report). Fig. 2-1

depicts a reconstruction of Arctic North America and eastern Siberia during
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extent of Late Wisconsin glaciation, approximately 18,000 years ago.

Most scholars feel that early hunting populations dispersed across

Asia and into Alaska via the Bering Land Bridge during periods of marine re-

gression. Evidence that Beringia supported Pleistocene fauna is available

in the form of Pleistocene faunal remains secured directly from the outer

continental shelf off the Alaskan mainland. Weniaminoff (1840:196, cited in

Jochelson, 1925:114) reports the discovery of a mammoth tusk on St. Paul

Island in 1836. Brown (1891:499) refers to the discovery of a mammoth tusk

and tooth from St. Paul and St. George Islands respectively. However, he

provides a cautionary note that these specimens may have been transported to

the islands by recent inhabitants. In addition, Stein (1830:383, cited in

Jochelson, 1925:114) indicates that both

on Unalaska Island in 1801.

Simultaneous with the marine

mammoth tusks and

regression in the

the continental North American ice sheets (the Cordilleran

teeth were found

Beringia area,

and Laurenti.de]

expanded and merged east of the Rocky Mountains in Canada and the extreme

northern United States, thus blocking the movement of flora and fauna betieen

the Arctic and more temperate regions of North America. It may be possible

that a lag in the advance of glacial ice was sufficient to first expose the

Bering Land Bridge before the continental ice blocked access from the ice-

free regions of Arctic North America to the more southern regions of the

continent.

Mflller-Beck  (1966; 1967) has theorized that what he terms a

“Mousteroid” tradition entered the New World via the Bering Land Bridge

from Asia sometime between about 26,000 to 28,000 years ago. He assumes

that man

prior to

southern

was able to enter the ice-free areas of Arctic North America

the Mid-Wisconsin transgression and thus populate the more

regions of the continent during the retreat of continental ice

during the Mid-Wisconsin transgression. He speculates that the later

. . - . ______ ___ . . . . . . .- p__—
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Llano tradition evolved independently south of the coalescent Lake

Wisconsin continental ice and represents a late manifestation of the

“Mousteroid” tradition. He continued to postulate that a later “Aurig-

nacoid” tradition reached North America during very late Wisconsin times.

Although the terms “Mousteroid” and “Aurignacoid”  are of doubtful utility

in describing New World archeological assemblages for they imply European

origins or relationships, Mtiller-Beck  has devised a conceptual framework

which is of utility in viewing the population of the New World.

The Trail Creek Caves, located on Alaska’s Seward Peninsula,

have yielded the earliest evidence of Alaska’s occupation by early hunters.

Larsen (1968) indicates that the stratigraphy at the caves is difficult

to follow, and subsequent chronological interpretations “should be taken

with reservation”. It appears that the lowest level of Cave 9 yielded

several bison calcanei and a horse scapula. The pattern of breakage of

the bison bones suggests that they were broken by man. The level from

which the bison bones were recovered has been dated by radiocarbon at

roughly 13,000 to 15,000 years B.P. (Larsen, 1968). Stratigraphically

above these faunal remains and an associated calcedony  point were found

antler projectile points and microblades. The microblades were used as

insets in the bevel-based antler points, which date between 8,000

10,000 years ago (Larsen, 1968).

The Anangula site is located at the tip of the Alaska

and

Peninsula

on Anangula

that having

level rise,

A mean date

Island. Tectonic uplift has created a unique situation in

been uplifted at a rate greater than the post-Wisconsin sea

the archeological site has not been inundated by the sea.

for the Anangula site has been derived by averaging four

of seven radiocarbon dates, with their mean falling at 8,160 years

B.P. (Laughlin, 1967:434). The Anangula
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assemblage consists of b~~ins, house or tent depressions, pointed tools

on blades and ridge flakes? stone vessels, rubbing stones, the use of

red ochre, and both pumice and scoriaceous lava abraders (Laughlin,

1967) . The presence of fragments of whale bone associated with hearths

and the geographic location of the site indicate an economy adapted to

marine mammal hunting during this time period.

the site represents the earliest

culture in Arctic North America.

The Akmak assemblage

manifestation

Laughlin feels that

of Bering Sea Mongoloid

from tile Onion Portage site located

on the Kobuk I+lver has been radiocarbon dated at 9,570 ~ 150 B.P.

The Akmak assemblage is composed of recognized type cores (campus type

or wedge shaped cores), burins, burin span artifacts, large biface

knife blades, large flake unifaces, core bifaces, backed microblades

and utilized flakes (Anderson, 1970:59-60).  This site commands a

panoramic view and is, today, an ideal location far hunting caribou.

Stratigraphically  above the Akmak assemblage at Onion Portage is Band

Eight for which an occupation period between 8,000 and 8,500 years B.P.

has been established based on five radiocarbon dates. Band Eight

consists of backed microblades,  camPus type microcoze~ burins~ notched

flake artifacts, elongate side scrapers and utilized flakes. Anderson

feels that the Band Eight artifacts and the Akmak assemblage may be

lumped into what he terms the American Paleoarctic Tradition. He

believes that the American Paleoarctic  Tradition is related to artifacts

from Trail Creek Caves, dating approximately 7,000 B.C. In addition,

Anderson sees a relationship to the Denali Complex of the Alaskan Interior.

m
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Stanford (personal communication) has recovered an archeological

assemblage from the Kahraok site which demonstrates topological similarity

to the PJanak collection, and is probably of the same age.

The Denali Complex has been defined by Frederick Hadleigh-

West (1967). West considered the following artifact types as the

definitive characteristics of the Denali Complex: bifacial biconvex

knives, end scrapers, large blades and blade-like flakes, prepared

microblade  cores, core tablets, microblades, burins~ burin spans,

worked flakes and retouched flakes. Although the Denali Complex has

not been subject to radioc=bon dating, topological comparisons betweefi

it and some Siberian assemblages led West (1967:378) to speculate that

the Denali Complex was between 8,000 to 13,000 B.C. West (1974:224]

has revised this assessment and currently estimates the age for the

Denali Complex between approximately 8,000 and 10,000 years B.P.

Holmes (1974) reviewed the Denali

major phases: an early phase and

early phase of the Denali Complex

Complex and divided it into two

a late phase. Hcihes feels that the

may be encompassed by the Akmak

Assemblage, the lower levels at Dry Creek and possibly typologically

related finds in the Alaskan Interior. Continuity between the two phases

is implied, but as yet undemonstrated (Holmes, 1974:23).

The Chindadn assemblage, recovered from the

the Healy Lake site in Centxal Alaska, is characterized

lowest level at

by thin, tri-

angular projectile points, tear-drop shaped kntves or projectile points,

blade-like flakes, burins, and possible microblades. Eight radiocarbon

samples from the Chindadn assemblage have yielded dates ranging between
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8,000 and 10,500 years old. The period of occupation may extend as

far back as 11,000 years (Cook, 1972, personal communication). Cook

postulates that the Chindadn (meaning “ancestor” in Athabascan} assem-

blage represents the earliest manifestation of Athabascan culture in

North America.

Locality I at the Gallagher Flint Station (Dixonr 1975),

located in the arctic foothills of Alaska’s Brooks Range, has been

radiocarbon dated at 10,540 * 150 B.P. Locality I is characterized

by percussion flaked cores and blades r platfo~ flakes~ bifacially

retouched artifacts, and waste flakes. Burins and bifacially chipped

artifacts are apparently lacking. Due to poor preservation of organic

materials, all evidence of bone or other perishable materials is absent.

Dixon believes the Locality I assemblage demonstrates technological

similarities to material recovered from the Anangula site.

Ackerman (1974) describes a small artifact assemblage from

Ground Hog Bay in Southeastern Alaska, not too

Juneau. Component III, recovered from Level 4

two obsidian biface fragments, a scraper and a

far from the city of

at this site, produced

few flakes. Two radio-

carbon

period

sample

samples from the site bracket the date of this occupational

between approximately 9,000 and 10,000 years B.P. The small

recovered from this occupational horizon makes it extremely

difficult to assess possible relationships with other Arctic sites.

At the newly discovered Dry Creek site, located near the

town of Healy, Alaska, adjacent to Mt. McKinley National. Park, fossil

evidence of horse and bison have been discovered in unquestionable
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association with a Late Wisconsin occupational horizon (Powers et al.,

1974) . A maximum date for the occupation of this site is still somewhat

in question, but initial radiocarbon determinations and detailed

stratigraphic  work at the site indicate the earliest period of

occupation at approximately 11,000 B.P. A stratigraphic  level, which

has been dated to 10,690 ~ 250 B.P. (S1 1561} contains wedge-shaped

microblade cores, microblades,  elongate bifaces, burins and burin

spans, and blade-like flakes (Holmes, 1974).

There exists only one tantalizing bit of archeological

data from the period prior to 20,000 years ago in the North American

Arctic. Irving (1967) and Irving and Harington {1973) have described

three bone artifacts, two of which have been manufactured from mammoth

bones and one from caribou bone. These specimens have been sacrificed

in part for radiocarbon dating and the resultant dates range between

25,000 and 30,000 years B.P.

Irving’s finds are from the Old Crow Basin in the Northwest

Territories of Canada, which was ice-free during Wisconsin times. Many

analogous artifacts exist in the University of Alaska Museum’s collec-

tions, which have been manufactured from bones of extinct fauna; however,

it is difficult to state whether these artifacts were manufactured at

the time the animals died or by later occupants of the area. In addition,

Von Koenigswald  (1975, personal communication) has suggested that many

of these artifacts are, in reality, pseudo-artifacts and result from

chewing on the bones by predators and ruminants. Some examples of these
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specimens are illustrated in Fig. 4-1.

The major source of contention regarding Irving’s data is

whether the artifacts were manufactured on fresh bone shortly after

the death of the animal or whether they represent the later handiwork

of more contemporary inhabitants of the Old Crow region. Especially

questionable is the serrated edged flesher of caribou bone, dated ca.

27,000 years ago (Gx-1640). This tool greatly resembles contemporary

fleshers as used in Interior Alaska and northwestern Canada; modern

examples are manufactured from metal files, trap springs, etc. Because

these specimens have not been recovered in situ, their antiquity will

remain in question.
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Fig. 4-1. Pseudo-artifacts from Pleistocene deposits near
Fairbanks, Alaska
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LAm PLEISTOCENE-EARLY HOLOCENE SETTLEMENT PA~~S AND ~fiE FLUTED

POINT TRADITION IN ALASKA: This section considers the critical—

question of dating fluted points in Alaska. It specifically deals with

the Late Pleistocene glacial sequence of tlhe upper Sagavanirktok River

valley, near the arctic flank of the Brooks Range, and two archeological

sites from that region, the Gallagher Flint Station and the Putu site.

Both these sites are significant to the fluted point problem. The Putu

site is a fluted point site excavated by -Alexander in 1970 and 1973.

Locality I at the Gallagher Flint Station is the earliest dated occu-

pation of the Arctic slope yet discovered (Dixon, 1972, 1975).

Wcality I is characterized by a core and blade technology. No fluted

points have been found at the Gallagher site. Both these archeological

sites lie on Alaska’s North Slope in the upper Sagavanirktok River

valley, and are situated approximately 16 kilometers from each other.

Since the first reported discovery of fluted points in

Alaska by Thompson (1948), additional finds have been reprted through-

out the state. Solecki (1951) reported specimens from the Kugururok

River and since then Humphrey (1966), Clark (1972), and Alexander (1972)

have all reported Clovis-like projectile paints in northern Alaska.

l%n additional fluted point site was discovered in 1974 along the rou’ce

of the trans-Alaska pipeline near Prospect Creek, south of the Brooks

Range, and there are undoubtedly numerous others which have not come to

the attention of archeologists. Hall (1959] suggests that two specimens

have been discovered in the Bristol Bay region and another specimen was

reportedly collected as a surface find ne~~ the Denali Highway in Interior

.- . . .
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Alaska. It has become apparent in recent years that Clovis-like

fluted points enjoy a wide geographic distribution throughout Alaska.

Basic ‘co every discussion of fluted points in Alaska i.s a

postulated relationship with the Clovis txadition of the continental

United States and southern Canada. It is difficult for most scholars

to believe that such a highly specialized and unique method of point

manufacture developed in Alaska independently of more southe& regions

of North America. Therefore, most researchers have assumed that somehow

the finds in Alaska and those in

There are two major

the south are related.

schools of thought on the origin of

fluted points. Haynes (1964, 1966, 1971), Humphrey (1966), and Martin

(1973) interpret the existing data to indicate that a southern origin

for this tradition is extremely unlikely. They propose that the fluted

point tradition reached Canada and the southern United States from Asia

via Alaska following partition of the merged Cordilleran and Laurentide

ice sheets. Maxtin (1973) has theorized that northern hunters bearing

the fluted point tradition are responsible for the rapid extinction

of numerous species of Pleistocene mammals following partition of the

continental ice.

w alternate hypothesis requires a south to north movement

of the fluted point tradition, once again following partition of the

continental ice (Krieger, 1954; Wendorf, 1966; Mflller-Beck,  1967;

Bryan, 1969). A major source of disagreement with the south to north

hypothesis is that it requires the presence of man in southern North
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America prior to the coalescence of the Cord.illeran and Laurentide

ice in Canada, probably sometime prior to 25,000 years ago. Although

numerous sites have been nominated as candidates for occupation prior

‘co 10,000 to 11,000 years B.C. (Bryan, 1969), none have been unquestion-

ably accepted. However, recent discoveries at the Meadowcroft  rock

shelter in Pennsylvania (Anonymous, 1974:83-84] strongly indicate a

period of occupation south of the Laurentide ice approximately 13,000 E1.C.

There is

the definitive answer

both the partition of

in Alaska. The Llano

United

An age

fluted

States and also

ranging between

point tradition

by Haynes (1964:1410).

been dated, the origin

agreement by all who have dealt with the p.robkm ‘tat

to these alternate hypotheses lies in dating

the continental ice and the fluted point tradition

tradition has been well dated in the southwestern

at Debert in central Nova Scotia (MacDonald 1968).

9,500 and 8,000 B.C. has been suggested for the

in the southwestern regions of the United States

Because fluted win”- in Alaska have not yet

of this tradition has remained in dispute. A

time slope between Alaska and the more southern areas of North America

is critical to any argument. The presence or absence of the “ice-free

corridor” is viewed by most researchers as the primary facto~ in

controlling the dispersion of this point type.

During the initial phases of archeological research in

the upper Sagavanirktok River valley, it was realized that the area

demonstrated great potential for dating of the Itkillik glacial deposits,

which are broadly equivalent to the Late l?isconsin  drift of the standard

North American glacial succession [Hamilton and Porter, 1976). BY dating
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the various glacial units exposed in stratigraphic  sections along the

Sagavanirktok  River and its tributaries, maximum limiting dates for human

occupation of the region could be established. Radiocarbon dates on

organic materials deposited above and below outwash, till, and other

glacial sediments could establish minimum and maximum limiting dates

for fluctuations of Itkillik-age glaciers in that region.

Three major

this research. First, a

interpretations are presented as a result of

maximum limiting date for the Putu site has

been established. Second, an ecological model is discussed which

attempts to explain the juxtaposition of the Putu and Gallagher sites

in the upper Sagavanirktok River valley. Finally, the model is expanded

to propose an explanation for Holocene

patterns. The model is offered as the

fluted point tradition was transmitted

a testable framework.

and Late Wisconsin settlement

primary mechanism by which the

to Alaska and is placed within

FIELD FU3SEARCH IN THE SAGAVANIRKTOK RIVER VALLEY: Archeological field

research in the upper Sagavanirktok River valley was initiated in 1970

as part of an archeological salvage program associated with the tzans-

Alaska pipeline. Both the Gallagher Flint Station and the Putu site

were discovered in that year (Dixon, 1972, 1975; Alexander, 1972, 1974).

The Gallagher Flint Station is a multi-component site

(Dixon, 1972). Spatially discrete clusters of artifacts demonstrating

topological cohesiveness and radiocarbon dates from the hearths about

which they were clustered have provided dating in the absence of well-

. . . . . . . —- . .- —.- .- —...  .—_e.  -.__.  . . . . . . . . . . -- ——  . . . . ..s -...———.  .-. ——  —..—-  -—-——-  . .



defined stratigraphic levels. The earliest occupational area yet dis-

covered at the Gallagher site is Locality 1, which was radiocarbon

dated at 8,590 ? 150 B.C. (S1-974) following the 1971 field season.

An additional charcoal sample was secured from this same locality in

1974, but radiocarbon determinations zre not yet available. The dis-

tinctive blade and core industry from Locality X, associated with a

single radiocarbon date on charcoal, indicates a period of occupation

between 8,000 and 9,000 radiocarbon years B.C.

Alexander discovered several fluted points at the Putu site,

which is located approximately 16 kilometers south of the Gallagher

site. Because fluted points are associated with extinct fauna

“Lower 48,” and radiocarbon determinations have verified their

the

but

age of these points in Alaska

until this time they had not

has been assumed to be quite

been discovered in a datable

in the

antiquity,

old,

context.

Glacial deposits of the Sagavanirktok River valley were

mapped in 1972 by Thomas D. Hamilton (Hamilton, 1972). Hamilton sub-

divided Itkillik-age  deposits into seven morainal belts which he con-

sidered to

readvances

represent a major

or stillstands of

advance, major readvance,  and five lesser

the Sagavanirktok Valley glacier (Fig. 4-2).

D14TZNG: The extent of the Itkillik glaciation and subsequent sub-stades

and standstills is illustrated in the map (Fig. 4-2) prepared by

Hamilton (1975). A table (Fig. 4-3) lists all ~adiocarbon determinations

in the Sagavanirktok

●
ation. The location

River valley relevant to

of the two late-ItkilI.ik

the problem under consider-

arch.eological sites, the

-. . . . . . . . . . . . -. . .
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;LACIAL GEOLOGY
of the

SAGAVANIRKTOK
V A L L E Y

RECONNAISSANCE MAP
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*SE US GE O L O GIC AL 5URVEY SAGA JANI?ATOK
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Fig. 4-2. Glacial geology of the Sagavanirktok Valley: reconnaissance
map. Modified from Hamilton (1975) .
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TABLE C)F RADIOCARBON DATES FROM

THE UPPER SAGAVANIRKTOK RIV3R VALLEY

DATE
SAMPLE SUBSTANCE

SIGNIFICANCE OF DATE
EXPOSURE

NUMBER DATED DESIGNATION*

10,830 ~ Au-72 Wood Minimum limiting age, E-5

440 B-c. (willow?) Ribdon readvance
---------- ---------- -------------- ------------------------ ------ ---- .------ -----

10,220 2 AU-71 Detrial wood Maximum limiting age, E-4

270 B.C. fragments Accomplishment readvance
------- --------- ---------------- -- ------------------- ------- ------ -. _____ .

9,940 * AU- 70 Woody ShrubS Approximate te_rminal date E-2

200 B.C. (willow; for al luviation  behind

dwarf birch? ) Atigun moraine
------- ------------- ------------ ----------------------- ------------.-------  ----

9,810 k AU-69 Willow Contemporaneous alleviation E-1

200 B. C.. behind Atigun moraine
--------- ----------- -------------- -------- ------------------- --- %-- -----------

8,590 ? S1-974
*

Charcoal Occupation of Locality 1, ---

150 B.C. Gallagher Flint Station
---------- ---- --------------------- _____ _____ - ------------

Matrix associated with Putu site ---

130 B.C. and limiting date for

Accomplishment deglaciation
----- ----------- --- ----- ------ -- ------ ----- ----- ---------- ------- ------ -----

325 ~ S1-1427 Terminal date for alleviation E-1

110 B.C. behind Atigun moraine
----- ----------- --- ------------- ------ ----- ---------------------- ----- ----- .

770 + S1-1428 Eolian sand deposited

45 A.D. behind Atigun moraine

*
Keyed to Fig. 4-2

Fig. 4-3. Table of radiocarbon dates from the upper Sagavanirktok
River valley
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Gallagher

to depict

Flint Station and the Putu site, have been added to the map

their location in relation to the glacial features.

The earliest period of occupation at the Gallagher Flint

Station is between 8,000 and 9,000 radiocarbon years B.C., and is

characterized by a core and blade technology. This earliest occupation,

Locality I, indicates that its occupants probably d~d not use bifacially

flaked projectile points. Among the thousands of pieces of lithic

material recovered from this locality, only one small, crudely-flaked

bifacial stone artifact has been recovered. This was discovered during

the 1974 field season and, prior to that time, no bifacial material

had been recovered in association with this occupational period. The

hypothesis has been advanced (Dixon, 1972, 1975) that the hunting kit

contained bone and antler projectile points, which have not been pre-

served. No burins or burin spans have been found in association with

the earliest

blages which

occupation at the site, although they are present in assem-

have been radiocarbon dated to later periods of occupation.

Because less than 50 cm deposition has occurred at both

the Gallagher and Putiu sites, the possibility OE cultural mixing should

not be totally negated at either site. However, at both sites, isolation

of these early occupations is possible due to the existing, albeit

scant, vertical stratigraphy  and the spatial distribution of the arti-

facts (Alexander, 1972; Dixon, 1975}. Although the Putu site has not

been firmly dated, a radiocarbon determination of 6,500 ~ 130 radio-

carbon years B.C. (WSU-1318) has been obtained from what is apparently

the loess ma”trix in which the artifacts were found. The fluted point

. . ..-.— .—.
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locality at the Putu site also conta$ns a i?ell-developed  burin techno-

logy, bifacially flaked knives, blades, and blade cores (Alexander,

1972, 1974).

It is apparent from examining the two assemblages that they

are quite dissimilar. Fluted points, bifacial knives, and the pro-

nounced burin technology are all absent from Locality I at the Gallagher

Flint Station. In addition, the raw materials from which these assem-

blages

at the

stoner

were manufactured are strikingly different. The cores and blade

Gallagher Locality I have been manufactured from calcareous  mud-

which grades into a coarse-grained grey-browm cher’c, while Putu

artifacts are made from fine-grained cherts and one of the fluted

points is obsidian.

Both sites appear

command panoramic views of the

to represent the same activity. BOth

surrounding valley floor, locations

extremely suitable for observing game movements within the valley. such .

sites are comnmnly referred to as “look-ouas” or “flint stations” in

Alaskan archeology.

It

sites represent

is generally assumed

brief occupations by

by most prehistorians  that such

small groups of hunters waiting

to intercept game which may

Consequently, attempting to

assemblages on the basis of

be easily observed in the surrounding terrain.

explain the differences between the two

dissimilar functions proves extremely

difficult, if not impossible.

Alexander (1972:9) cites Porter (1964a, 1964b] to demonstrate

--- -- . . . . . . . . . . . . . . . .
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that the presence of obsidian at the Putu site suggests a late date

because its source lies south of the Brooks Range which was “blocked

‘bY a tile high wedge of ice before 7,OOO B.P.” However, Alexander

suggests that this date is entirely too extreme and that the site is

probably older. Alexander’s argument against such a date is persuasive,

and Hamilton and Porter (1976) now consider that the main valleys and

passes of the Brooks Range could have been deglaciated  by 10,000 years

ago.

Whether the radiocarbon date of 6,500 ~ 130 B.C. actually

dates the period of occupation at the Putu site is problematic; however,

it does provide

in this area of

Hamilton (1975,

a minimum limiting age for the wastage of Itkillik ice

the Sagavanirktok River valley (Hamilton, 1975:8).

personal communication) suggests that the kame upon

which the Putu site lies is at or below the Itkillik 11 limit and can

be no older than 11,000 B.C. Occupation of the kame consequently occurred

a~ter that time. Other lines of evidence suggest a period of occupation

between 7,000 to 8,000 B.C.

Another radiocarbon date of 10,220 ~ 270 B.C. discussed by

Hamilton (1975:7} provides a maximum limiting date for the brief

Accomplishment readvance, thus indicating that the glacial kame

whit-n the Putu site is situated lay within a few hundred meters

ice-choked valley until at least 9,500 years B.C. The limiting

for the Accomplishment readvance “was obtained on small detrial

fragments

● 3 m below

which lay along

the base of the

-,-----— —-. .— . . ..— . . .__ —_.._~— ... . . . . . . . . . . -.. ,

/

upon

of the

date

WOO d

bedding planes in the sandy alluvium about

outwash” (Hamilton, 1975:7). The outwash

. .

.- --,—. - . -. -- --- ..- -- -- --. -——-—e—  ..-__,  . . ..-_.  _-..  _..  . . ___  _--  _...  .
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certainly dates the period of the Accomplishment readvance and consequently

the sample should date a period before deglaci.ation. In other words,

the radiocarbon date which established the maximum limiting date for the

Accomplishment readvance is older than the advance itself and subsequent

deglaciation must have occurred considerably later.

This limiting date for the Accomplishment readvance  indicates

that the region was not suitable for human occupation until sometime

after 9,500 radiocarbon years B.C. This date, coupled with the date from

the matrix from which the artifacts were recovered, and the fact that it

is extremely unlikely that obsidian could have entered the region from

south of the Brooks Range prior to 10,000 years ago, strongly suggests

that the Putu site was not occupied prior to 9,000 to 10,000 radio-

carbon years ago. When the entire suite of eight radiocarbon dates from

the upper Sagavanirktok River valley are considered in total, they form

a very cohesive picture of the glacial history of the region and iti

becomes increasingly difficult to ascribe an antiquity for the htu Si-te

much beyond the 7,000 B.C. to 8,000 B.C radiocarbon year range suggested

here.

The Putu kame is situated approximately eight km up-valley

from the terminus of the Accomplishment readvance. It is difficult to

envision the kame being an attractive hunting locale du~ing Accomplish-

ment times for it lay sandwiched between a steep mountain spuz on one

side and glacial ice on

most feasible following

After deglaciation, the

the other- Human occupation of the kame seems

deglaciation  and vegetation of the valley floor.

kame would command the valley below and prove
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a suitable locale from which to intercept large herbivores.

If we assume that this date for the Putu site is applicable

to other flu-ted point sites in Alaska, it becomes reasonable to

postulate that this tradition is older in the southern continental

United States than it is in Alaska. A south to north time slope for the

distribution of this point type in North America is strongly suggested.

It seems highly unlikely that this point type was developed independently

in Alaska and that there is no connection between fluted points in the

“Lower 48” and Alaska. Although this is theoretically possible, it is

extremely difficult to envision the independent development of such a

unique method of point production prior to 8,000 B.C., a time at which

the fluted point tradition is not present at the Gallagher Flint Station,

the Akmak assemblage, the Chindadn Complex, the atittedly  scanty

archeological remains from Trail Creek Caves, nor the small sample

recovered from the newly discovered site at Dry Creek. The striking

differences between Locality I material from the Gallagher site and

the Putu assemblage indicate two independent developmental histories.

It would seem imperative that two such diverse technologies would have

to develop in spatial and/or temporal isolation. The distance of 16 km

between the two sites hardly provides spatial isolation and, consequently,

temporal isolation seems to be the only viable conclusion.

Hopkins (1972] has

Alaska and Siberia were severed

years ago. Gi.ren the late date

indicated that land connections between

for the last time approximately 14,000

for the Putu site, it becomes quite

evident that the point type could not have spread from Alaska to Siberia,
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for the flooded Bering Strait most probably blocked diffusion of this

trdition to Asia. No fluted points have been discovered in Siberia

and there is no evidence to support the possibility that the fluted

point tradition has its origin in Asia and was transmitted across the

Bering Strait prior to 12,000 B.C.

Six independent lines of evidence strongly indicate that

fluted points are more recent in Alaska than in the lower states and

Canada: (1) The glacial history of the Sagavanirktok River area indicates

that the kame upon which the Putu site is located did not exist prior

to 11,000 B.C.; (2) a reconstruction of the paleogeography of the area

strongly implies that the kame would have remained unsuitable for human

occupation until sometime after 9,500 B.C.; (3) artifacts assumed to

represent an extremely different cultural tradition (Locality I at the

Gallagher site) demonstrate that the region was occupied by another

cultural group between 8,000 and 9,000 years B.C.; (4) the absence of

fluted points in Siberia strongly supports a late date for this tradition

in Alaska because land connections between Alaska and Siberia were

severed approximately 12,000 years B.C.; (5) a radiocarbon date from ‘&e

loess mah~ix from which the fluted points were recovered was 6,500 radio-

carbon years B.C. and may indicate a late period of occupation; and (6)

the presence of obsidian at the site implies that it was not occupied

prior to 8,000 years B.C.

This late

extremely critical to

It indicates that man

date in Alaska for tlhe fluted point tradition is

man’s occupation of the &-ew ~~orld and Beringia itse~f-

must have penetrated the more southern regions of

the North American continent prior to the coalescence of the Keewatin

.— ---- ---- . ..-. . . . . . . .-
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and Cordilleran ice sheets.

human populations dispersed

It strongly supports the conclusion that

into North America via the Bering Land

Bridge at a time prior to the merging of the continental ice. On the

basis of the data already reviewed, it seems highly probable that the

fluted point tradition developed in spatial isolation south of the

continental ice and then transmitted to Alaska by peoples populating

“new” territory recently vacated by the continental ice. If the

tradition were older in Alaska than in southern areas of the continent,

it could support the concept that the first population of North

America may have occurred during very late Wisconsin times with fluted

points constituting the first demonstrable evidence of man in the New

World. However, this does not appear to be the case and the data

s~yongly suggest human occupation of Beringia prior to the Late

Wisconsin coalescence of the Laurentide and CordiI.kran  ice (prior

to ca. 18,000 years ago}.

A PROPOSED MODEL: The Arctic’s short surmners and intense winters have

made human reliance on floral resources in sufficient quantity to sustain

human populations impossible, consequently a hunting or herding economy

. ..7 . . . -, .- . ..-?----- -- . . .! . ..--  ..--.  —-—.  - ~.-..-  ..-  . . . . ---  ., --  —-  ——--=-—  .----—  ----’------ .——— - --.-.—- -——



is essential

hunters have

to sustain huqan life in the tic’cic. Because

been forced to rely on animals as their major

northern

subsistence

resource, the distribution of the Arcticts fauna has largely determined

what locations could sustain aboriginal settlements. An extensive

exploitation of Alaska’s ecotones (Fig. ~-~) has characterized settlement

patterns during Holocene times. This has occurred for two primary

reasons: {1) Ecotones are characteristically areas of seasonal biomass

concentration; and (2) ecotones are diverse in their faunal assemblage

and permit alternate

To test

subsistence strategies.

the postulated ecotone settlement pattern model,

the distribution of 4,028 Holocene-age archeological sites were plotted

in relation to Alaska’s major ecosystems. To achieve this result, a

computer program was written to execute a least square polynomial fit

to the third degree. The output of this p~ogram was a set of coeffici-

ents which could transform latitude and longitude to x and g coordinates

for plotting site locations on a transparent overlay. W IBM 360/40

was used to produce a plot tape which was read by a NOVA 820. The NOVA

w-as then used to drive a Calcomp ten inch drum plotter. The resulting

“strips” were then overlaLd on the Major Ecosystems of Alaska map and

the composite is illustrated in Fig. 4-4. A striking visual correlation

between site distribution and ecotones may be observed. With a fairly

high degree of certainty, we may state that approximately 92% of

Alaska’s archeological sites occur no fu~ther than 1.25 miles from the

ecotone as

o

depicted in the Major Ecosystems of Alaska map.

Ecotones are taken here to mean those areas which are zones

..-. . . . . . . . . .. —- . . . . . . . . . . . ..-- .— - . .
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Fig. 4-4. A distribution of approximately 4,000 Holocene-age archeological
sites in relation to Alaska’s major ecosystems. Major ecosystems
are in various grey tones; ecotones are areas of contact between
grey zones; “X” depicts site locations.
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of lzansition

caribou, must

diverse flora

It is not the

between two or more biomes. Migrating species, such as

pass through ecotones in moving between biomes. The

of ecotone areas seems to foster a rather diverse fauna.

ecotones themselves that attract man, but their compara-

tively high biomass productivity.

A basic model is postulated for hunting economies. Human

habitation sites will occur in greatest frequency where animal resources

tend to concentrate. Environmental conditions provide important controls

on vegetation and thereby the distribution of faunal resources. As

environmental conditions change, so does faunal distribution. Man adjusts

his settlement locations to optimize his faunal harvest. Settlements

are seen to result from faunal harvests which exceed the immediate energy

e requirements of a population and an inabiliky to transport large quan-

tities of fresh meat.

Ecotones

in the same location,

may be either static or dynamic. Static ecotones

whereas dynamic ecotones move. Dynamic ecotones

provide a reliable dating technique if their movement can be traced

through time. If the environment responsible for the distribution of

fauna changes in a regular and predictable fashion, the distribution of

fauna will do so as well. Hunters will find it essential to alter their

settlement locations in order to remain within the region of greatest

biomass productivity, and such regular and predictable shifts in the

environment can be correlated with changing settlement patterns in

the archeological record through horizontal. stratigraphy.

remain
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Giddings (1960) advanced the concept of “beach ridge

dating.” He correctly assumed that in areas where coastlines were

extending further and further seaward by successive formation of new

beach ridges, sea mammal

strong ecological force,

Giddings (1957:17) later

hunters of Alaska’s coast were drawn by this

proximity to the sea and its rich resources.

stated that “its main premise is that any

people in this part of the world who live near a shoreline will prefer

to camp on a sand or gravel beach from which they can most conveniently

scan both land and sea.” ?2hus, at Cape Krusenstern  and the Choris

Peninsula, he

directly with

discovered that the age of former habitation sites varied

their distance from the present location of the sea.

Ecotones exist within the marine environment. For example,

the ice edge on the Bering and Chukchi Seas, as it retieats northward

in the spring, forms an area of contrasting temperatures, which is an

area of extremely high primary productivity. Marine mammals are drawn

to the highly productive ecotone and man, as predator, strategically

situates himself on prominent spits, points and islands from which he

may “ambush” this ecotone as it passes

Giddings’ work represents

on

an

its way northward.

impoztant innovation in Arctic

archeology, for he developed a means of relative dating which incor-

porated environmental dynamics and did not rely on vertical stratigraphy.

There would be no reason for Giddings’ settlement pattern to work as a

dating technique if it did not take into account the dynamics of a

moving ecotone; that is, the beach edge which borders the marine aquatic

and tundra biomes. Man found it advzm~ageous  to be situated in the
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ecotone and moved with it. Thus, Giddings assumed that although there

were numerous older beach ridges suitable for camps? those which

occupied the ecotone during any given time period would attract man.

It is the movement of the ecotone which provided Giddings with the

temporal dynamics of the rich archeological sequence at Cape Krusen-

stern.

14any of Alaska’s ecotones have remained “static,” that is,

they have not moved throughout Holocene times. Therefore, Giddings

dating technique is not applicable in many areas. Static ecotones

result in a spatially diverse distribution of archeological sites within

an ecotone. IrI the absence of a dynamic force to guide the residents

of the region to specific settlement

the sea at Cape Krusenstern, various

prove equally suitable. This is not

not exist specific localities within

localities, such as proximity to

localities within the ecotone may

to say, however, that there do

the ecotone

favorable than others. Such places do exist and

HOLOCENE SETTLEMENT PATTERN OF THE ARCTIC SLOPE:

bution of scores of known archeological sites in

which are more

are generally re-used.

The spatial di.stri-

the upper Sagavanirktok

River valley indicates that the post-I”tkillik, or Holocene, settlement

pattern of ‘&Ais area reflects an intensive exploitation

ecotone bordering the north flank of the Brooks Range.

bordered by the moist tundra biome stretching northward

of the static

The ecotone is

to the Arctic

Ocean and the high alpine tundra of the Brooks .Range. It is along this

ecotone that the most diverse environment is apparent, and it is also

where the greatest number of archeological sites have been found. The
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only other archeological “hot spot” found on the North Slope is the

coastal area, and once again, an ecotone settlement pattern k reflected.

The coastal region is the interface between the marine aquatic and

tundra biomes. Archeological sites do occur in non-ecotone  areas, but

most of these represent briefly occupied camps resulting from transient
J

stops along the Sagavanirktok  River by travelers moving between eco-

tones. ‘l!hus, the river may be viewed as the major artery connecting

the ecotones and is itself an ecotone, i.e., a fresh water aquatic

system bordering a variety of terrestrial biomes.

The limits of the Itkillik ice along the north flank of

the Brooks Range now roughly defines the ecotone. Tt is here that

topographic features such as kames, moraines, and kettle lakes provide

the setting for greatest exploitation of the region by man. Topographic

relief provides many excellent lookouts for game animals such as caribou,

bear and moose, and the well-drained gravel kames and moraines greatly

reduce the difficulty of pedestrian travel in the boggy and tussock-ridden

tundra. In addition, kames and moraines are the favored location for

ground squirrel colonies, which represent important resources for both

van and grizzly bears. The kettle lakes abound in arctic char, lake

trout

water

Range

and grayling and offer a temporary resting place for migratory

fowl . The proximity of these glacial features to the Brooks

also provides ready access to Dan sheep, which inhabit the high

mountain peaks. In many circumstances, local topography provides

excellent locations where migrating caribou may be ambushed. Hence,

the extent of the Itkillik glacial advance roughly delineates the region
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of greatest post-Itkillik  archeological potential on the North Slope.

This ecotone settlement pattern represents the pos’c-Itkillik  human

adaptation to the drastic changes which occurred in the biota during

the transition between Itkillik and Holocene times.

LATE ITKILLIK SETTLEMENT PATTERNS: There are two archeological sites

in the upper Sagavanirktok  River valley which have been ascribed dates

placing them in late Itkillik times. Consequently, the Holocene set-

tlement pattern is not necessarily applicable in explaining their

occurrence. These sites are Locality I at the Gallagher Flint Station

and the Putu site. These two sites, and quite posstily others in Alaska,

are seen to represent a transition between the Holocene ecotone settle-

ment pattern and a drastically different one during Wisconsin times.

It is suggested that the mechanism responsible for this transition is

the replacement of an expansive tundra steppe by what are, today, recog-

nized as Alaska’s major ecosystems.

Guthrie (1968) has suggested that the major components of the

now extinct Pleistocene mammalian fauna in Interior Alaska were horse,

manunoth  and bison. Because all of these species are primarily grazers,

Guthrie presents a strong argument for a more steppe-like environment

than exists today and his suggestion is supported by others [Hopkins,

1972; Matthews, 1974). A recent pollen core from Birch Lake in Alaska}s

Interior (Ager, 1975, personal communication) further supports Guthrie~s

hypothesis of Alaska’s vegetation during Late Wisconsin times. The

Birch Lake core contains a three-zone pollen sequence encompassing the

past 16,000 years. Zone I demonstrates the existence of a tundra-steppe



178.

until about 14,000 years ago. This was abruptly replaced by Zone 2,

shrub tundra, which persisted until about 10,000 years ago. Zone 3

marks the invasion of spruce into the region approximately 10,000

years ago (Ager, 1975a:l-2).

Thus, several lines of evidence suggest a drastic change

in the northern climate approximately 14,000 years ago: (1) This is

a time at which the Pacific and Arctic Oceans are connected by Late

Wisconsin eustatic sea level rise; (2) an abrupt change in the flora from

tundra-steppe to shrub tundra occurs in Ager’s pollen core; and (3)

this is a period of rapid ice wastage at the end of Itkillik 11 time in

the Brooks Range. The period from approximately 14,000 to approximately

10,000 years ago may be viewed as transitional between Wisconsin and

Holocene times. This period may be characterized by the dominance of

a shrub tundra, minor readvances of glaciers in the Brooks Range, and a

rapid decline in the numbers of Pleistocene grazers. After the transition

was complete, pronounced glacial activity in the Brooks Range ceased.

The major ecosystems characteristic of contemporary vegetation were

established and most probably remnants of the once-abundant Pleistocene

grazers became extinct. These environmental alterations may not have

occurred simultaneously in all regions in Alaska.

Ager (1975, personal communication) has suggested that plants

such as Artenzesia and some grasses probably continued to persist in

microhabitats such as dry, windswept outwash deposits in the vicinity

of retreating glacier fronts. Ager feels that the sudden climatic

change w’nich occurred approximately 14,000 years ago forced the remaining

-.
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Pleistocene grazers into these microhabitats, where

have persisted for several thousand years after the

change eliminated the once expansive tundra-steppe.

they could possibly

abrupt climatic

The fact that all

Late Wisconsin archeological sites in Alaska occur in regions which are

characterized by such soil disturbances strongly supports Agerts hypo-

thesis. The upper Sagavanirktok River valley most probably represents

such a microenvironment

found behind the limits

and Pleistocene faunal remains are commonly

of the Ribdon (Itkillik II) readvance.

Grasses are colonizing species and are a primary constituent

of plant communities in areas where disturbance, such as forest fire or

high winds have either destroyed a climax community or cause persistent

soil movement and redeposition. Viereck (1966) has documented plant

succession in a recently deglaciated area of Alaska’s Mt. McKinley

National Park. What Viereck refers to as the “Meadow Stage” consists

of “extensive areas of grass meadow interspersed

of willow and other shrubs” (Viereck, 1966:187].

Stage” may well correlate with Ager’s “refugium”

As the successive glacial stades of

in the Sagavanirktok River valley underwent mass

with small clumps

Viereck’s “Meadow

concept.

the Itkillik glaciation

wastage, their drift

sheets were vegetated. There should be little doubt that these drift

sheets were first colonized by grasses and other opportunistic plants.

The presence of woody shrubs is indicated by the macro-fossils used in

dating the glacial sequence. This microenvironment moved further and

further towards the Brooks Range with each successive wastage of the

● stades of the Itkillik and most probably represented one of the few
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remaining refugiums for the then endangered grazing species such as

horse, bison and mammoth. Increased pressure may have been placed

upon such species to occupy this niche in the face of an overall dis-

appearance of the once expansive tundra-steppe.

There is no direct evidence for the association of Pleisto-

cene fauna such as horse, bison or mammoth with either Locality I at

the Gallagher Flfint Station or the fluted point locality at the Putu

site, for no faunal material has been preserved in association with

these eaxly assemblages. It is, however, a major presumption of this

presentation that a predator/prey relationship existed between the inhabi-

tants of these early sites and the extinct mammalian grazers. There are

only two reported Wisconsin age archeological sites in Alaska in which

faunal remains have been preserved, and they demonstrate conclusively

that a predator/prey relationship did exist between these extinct species

and the Late V7isconsin man. At the newly discovered Dry Creek site

in Alaskars Interior, fossil evidence of horse and bison have been

discovered in unquestionable association with a Late Wisconsin occupational

horizon (Powers et al., 1974), and Larsen (1968) has described the

presehce of bison and horse remains in association with the occupation at

Trail Creek Caves on the Seward Peninsula. On the basis of the existing

data, it is, therefore, reasonable to postulate that the earlY occu-

pants of the upper Sagavanirktok  River valley were hunters of the now

extinct Pleistocene grazers.

The upper Sagavanirktok P&ver valley, like numerous others

on the North Slope, may be viewed as a micro-environment which gradually

. . . . ..- . . . . . . . . . . . . . . . . . . .. . . . . . Z--------  . . . . .._ . .
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migrated south towards the Brooks Range with the successive

mass wastage during Itkillik times. This micro-environment

persisted in the face of an overall transition in the biota

stages of

may have

from a

tundra-steppe to what we now recognize as the moist tundra biome, and

may have provided a refugium for the remnants of the once-abundant

Pleistocene grazers. It is suggested that this moving micro-environment

attracted Pleistocene grazers and these herbivores, in turn, attracted

man . Thus, as the micro-environment moved south towards the Brooks

Range, human predators did so as well in order to remain situated in a

position of high biomass productivity. This situation presents striking

similarities to Giddings’ beach ridge dating with its dynamic ecotone.

The late Itkillik biota may, therefore, be seen as the driving

force which provides temporal dynamics to the archeological record of

the upper Sagavanirktok River valley during late Itkillik times. It is

suggested that this moving micro-environment followed closely behind

the retreating Itkillik ice, colonizing the newly created land forms,

and that its continuance was probably fostered by a brief period of

disturbance related to wastage following deglaciation. The retreat of

this ecological niche toward the Brooks Range during late Itkillik times

is offered as an explanation for the relative positions of the Gallagher

Flint Station and the Putu site. It is suggested

which is closer

Locality I.

If

exploitation of

to the Brooks Range, was occupied

that the Putu site,

later than the Gallagher

we assume an adaptive hunting strategy based on the

grazing species during Itkillik times, it is reasonable
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to assume that adaptive strategies were different during Holocene times,

due to the difference in the composition of the fauna. Archeological

sites demonstrably older than late Itkillik times have not yet been

discovered,

the primary

end of

became

possibly because the locations of modern ecotones have been

directive force in archeological survey.

When replacement of the tundra-steppe was complete at the

Itkillik times, many of the areas which may once have been refugia

the location of modern ecotones. Thus, archeological sites like

Locality I at the Gallagher Flint Station and the Putu site may be viewed

as transitional between a once-common subsistence strategy based on

hunting Pleistocene grazers and Holocene ecotone exploitation. If we

assume the presence of an extensive grassland prior to late Itkillik

times, we can then also assume an extensive distribution of the abundant

Pleistocene grazers. This distribution would also reflect the distri-

bution of man during this period and, consequently, the camps of these

early hunters would not be expected to occur with regularity in the

present day ecotones. Only the very late Itkillik settlements based on

the exploitation of grazers have been found because remnants of these

once-numerous animals were huddled close to the retreating Itkillik ice

and feeding on

If early early

to concentrate

steppe.

the remnants of their

man is to be found in

on regions which were

once-exkensive steppe–like habitat.

Alaska, survey strategies may have

once the lush plains of the tundra-

THE MODEL APPLIED TO THE DISTRIBUTION OF FLUTED POINTS: It has been

demonstrated that the kame upon which the Putu site is located was not

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----  . . — - .
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ice-free until sometime after 11,000 radiocarbon years B.C. Other lines

of evidence strongly indicate that the occupation of the kame did not

occur earlier than 7,000 to 8,000 years B.C. Assuming that the suggested

date for the Putu site is roughly applicable to other fluted point sites

in Alaska, it appears that this tradition is younger in Alaska than it

is i.n the more southern regions of North America. Thus, a time slope

for this technical tradition may be postulated with reasonable assuzance.

The ecological model presented in this paper may explain the

northward movement of the bearers of the fluted point tradition. Peoples

south of the coalescent Laurentide  and Cordilleran Wisconsin glacial ice

developed the technique of manufacturing fluted points as an integrated

part of their subsistence strategy based on predation of Late Wisconsin

grazers, such as mammoth and bison. As the glacial ice of the Laurentide

and Cordilleran retreated

were rapidly colonized by

for Pleistocene grazers.

filled this newly created

(Fig. 4-5), the newly exposed drift sheets

plant species which created a habitat suitable

Species such as horse, bison and mammoth

niche. This response may have been accentuated

by alterations in the biota south of the coalesced Laurentide and Cor-

dilleran ice. Late Wisconsin hunters bearing the fluted point tradition

were drawn northward with these species as their range extended in that

direction. With final partition of the ice and subsequent vegetation,

these hunters pursued this fauna into Alaska where remnant populations”

still persisted in micro-environments such as the dry, windswept outwash

deposits bordering the retreating glaciers. AS a result of this almost

imperceptible northward movement, the fluted point tradition, as manifest

. . . .?___
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Fig. 4-5. Speculative model for the Late Wisconsin
deglaciation  of North America {directly
from Flint, 1971:492). Arrow indicates
the northward movement of the fluted
point tradition, approximately 8,000 B.C.

. .. —-- . ----- ---- .—.  . . . . . . . . ----.—- ------  -.. . . . . . ..— .“---- .—.  -
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at the Putu site, did not reach Alaska until very late Itkillik times.

Under these circumstances, the model suggests that this technological

tradition did not merely diffuse to Alaska, but a physical “migration’:

of individuals bearing a unique technology gradually moved from

southern regions of North America northward.

The medel which has been proposed can be tested. The

postulated time slope can be verified or refuted by additional dating.

l?olsom-like  sites must be discovered in the critical area of Canada which

lies between Alaska and the continental United States, and in southern

Canada. These sites must agree with the time slope and, in general, should

demonstrate decreasing age northward. If the proposed model should with-

stand these tests, then such theories as that advanced by Martin (1973)

which relies on a sudden burst of population from the north through the

“ice-free corridor”, cannot be entertained. That man may have contri-

buted to the extinction of remnant populations of Pleistocene fauna is not

unreasonable, but his role in Pleistocene extinctions must have been minor

compared to that of climatic change and its accompanying alteration of

the flora.

RECENT SIBERIAN DATA RELEVANT TO THE OCCUPATION OF BERINGIA: The first two

sections have attempted to synthesize archeological data relevant to Late

Pleistocene human occupation of Arctic North America. The data presented

strongly supports a Wisconsin penetration of the North American continent

by early man via the Bering Land Bridge. The age and diversity of these

early archeological assemblages indicate that they represent later mani-

festations of earlier archeological traditions. These assemblages should
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be regarded as minimum dates for man’s occupation of Arctic North America

and thisj in turn, supports an even earlier occupation of Beringia.

It is not the purpose of this presentation to provide a

detailed synthesis of Siberian archeological data. However, it is

important for this study to establish occupational horizons in Siberia

which predate the Holocene inundation of the Bering Land Bridge.

Arguments supporting the Wisconsin occupation of Beringia gain addi-

tional strength when the presence of man on the Asian side of the Land

Bridge can be firmly established prior to the Holocene inundation of

Beringia. A brief discussion of the Siberian Diuktai tradition is

critical to this problem. As with the North American data, many

Siberian sites have been ascribed Pleistocene antituity in the absence

of radiometric or sound geomorphic dating. Again, in the interest of

brevity, and to avoid confusion, only those sities which have been

subjected to relatively sound dating techniques will be discussed in

some detail.

The Diuktai culture represents the oldest yet discovered

Siberian archeological tradition which demonstrates temporal, spatial

a~d topological cohesiveness. Our knowledge of the Diukcai culture is

attributable to the recent and rather spectacular work of IU. A.Mochanov

of the Yakutsk Branch, Siberian Division of the Academy of Sciences of

the U.S.S.R. This tradition derives its name Erom the type site, Diuktai

Cave, located on the east bank of the Aldart River. Mochanov (Andt, 1976:8,

citing Piochanov, 1975] has recently divided the Diuktai culture into ti.TcI

major periods: Proto-Diuktai and Diuktai, but as yek no discussion of
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the type traits for Proto-Diuktai have appeared in print. However, as

Arndt (1976:8)  has aptly pointed out, continuity between Proto-Diuktai

and Diuktai proper is implied. Undoubtedly this subdivision of Diuktai

culture will require further clarification, however there are, at

present, at least four archeological sites which have been placed within

the Proto-Diuktai continuum by Mochanov. These are Ezhantsy, Ust’-MiI.’  11,

Ikhine I and Ikhine II.

placement of these sites

Fig. 4-6 lists the spatial and ch.qnologfcal

as well as fauna associated with each.

The artifact assemblage associated with the Proto-Diuktai

culture will remain in doubt until the definitive traits are published.

Artifacts present in the sites include chopper-like pebble cores, wedge-

shaped co~es (similar to multi-faceted burins) , Levallois (torti.se}

cores, bifacial blanks, a chisel-shaped tool, a “crude blade”, waste

flakes, and a fragment of worked mammoth bone (Arndt, 1976:11-15].  The

temporal placement for Proto-Diuktai  culture apparently spans the period

from approximately 35,000 B.P. to sometime before 20,000 B.P., for at

Ikhine II, Mochanov  {Arndt, 1976:15) classifies Horizon A, which he

estimates to be between 24,000 and 20,000 B.P. as Diuktai, while

Horizons B and C are classified as Proto-Diuktai.

In spite of the sketchy nature of the data relating to

Proto-Diuktai, its significance is readily apparent. Most important is

that Proto-Diuktai  is firmly dated from at least thxee different sites,

and is supported by a suite of at least eight radiocarbon dates which, h

turn, support the geomorphic placement of additional horizons. At this
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Fi~. 4-6. PROTO-DIUKTAI - CHRONOLOGICAL PLACEMENT *

BASIS FOR DATE
SITE DATE or C14 SAMPLE # LOCATION ASSOCIATED FAUNA

zzhantsy 35,000 geomorphological junction of Mammathus  primigenius
B.p.? (3rd river the Aldan and Coelodonta  antiqzzitati:

terrace) Maia Rivers Bison priscus
Equus caballus

Jst’-Mil 11 33,000 : LE-looo 60 km down- Mammathus primigenius
horizon C 500 B.P. stream on the Bison priscus

30,000 : LE-lool
Aldan River Equus caballus

500 B.P.
from Diuktai
Cave

35,400 * LE-954
600 B.P.

------ ------ . ------ ---- ------- ------ ------ ------ ----------- ------------ ------ ------

horizon B 23,500 ? LE-999
500 B.P.

Ikhin I 34,000 to geomorphological east bank of Equus caballus
31,000 (correlated with Aldan River, Mammuthus primigenius
B.P. horizon C at 284 km from Bison priscus

Ikhin 11 its mouth deminutus
Citellus  undulatus
f o ssilus

Ikhin 11 34,000 to geornorphological “close to” Mammuthus  primigenius
horizon C 31,000 (stratigraphi- Ikh.in I Coelodonta  antiquitaki.

B.P. tally below Bison prisms
horizon B) Ovibos nxzschatus

Equus cabal.lus
--—--------- --——---- ---------- ---------------------------- ------------------------ -.

horizon B 31,200 t GII?-102O Same as horizon C
500 B.P. with the notable

30,200 i GIN-1019
addition of

300 B.P.
Rangifer tarandus

24,600 ? IMSOAN-153
380 B.P.

24,330 i LE-1131
200 B.P.

‘Compiled from Arndt (1976:1O-16) citing Mochanov  (1973, 1975} and
Mochanov and Fedoseeva (1968).
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time there can be little

valley by 35,000 B.P., a

doubt that man occupied Siberia’s Aldan tiver

period well before the Mid-Wisconsin marine

transgression on the Bering Land Bridge.

In addition, Proto-Diuktai  conclusively demonstrates that man

was sufficiently adapted to subsistence on Asia’s tundra-steppe during

Early Wisconsin times. Faunal remains indicate that subsistence was

primarily based on predation of mammoth, horse and bison. Zt is firmly

established that these species

North America. There seems to

predators would not assume the

ranged over Beringia into Alaska and

be little reason to believe that human

same range as their prey. Although

the Aldan River is considerably distanb from the Bering Strait, the

restrictions

reflects the

distribution

of Proto-Diuktai finds ‘co the A1.dan Valley more surely

distribution of archeologists rather Wan the spatial

of Proto-Diuktai  culture.

The second and later phase of the Diuktai tradition spans

the time period from about 23,000 to 10,800 E3.P. {Arndt, 1976:22} and

is referred to simply as the Diuktai culture. Type traits for the Diuktai

culture are (Arndt, 1976:22):

. . small wedge-shaped cores; massive subprisrrtatic cores made
on pebbles; bifacially worked spear points and knives of
willow leaf, stitriangular,  and oval form; centzal, lateral,
angle, and transverse burins; end scrapers and skreblos.
There are also single specimins of subdiscoidal and tortise
cores, spear points of mammoth tusk, and bone burnishers
{Mochanov and Fedoseeva, 1975b:51}.

A host of radiocarbon dates supports the Diuktai culture

and are too numerous to list here. Faunal remains from the Diuktai

,. ..—
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sites indicate that subsistence emphasis remained on horse, mammoth and

bison, although numerous small game species, waterfowl and fish are

reported from the type site, Diuktai Cave (Powers, 1973:51).

The spatial distribution of Diuktai sites encompasses the

Aldan, Olenek, Markha, Vitim, Maia, Indigirka, and Kukhtui Rivers and

the Kamchatka Peninsula (Arndt, 1976:26, citing Mochanov, 1975:7). The

site distributions may encompass the Kolyma River region as well~ for

Mochanov has attributed the Maiorych site to the Diuktai tradition

(Powers, 1973:76-77). This wide geographic distribution for sites of

the Diuktai tradition may be described as stretching from the Lena River

basin to Kamchatka and from the Arctic Ocean to the Sea of Okhotsk. It

seems probable that when archeological research is focused on the

extreme Siberian northwest, the distribution will most probably extend

to the western margins of the Bering Strait.

synthesis of

synthesis of

On the basis of Powers’ valuable 1973 contribution and

Siberian literature, and particularly Arndkts recent

current archeological publications relating to the Aldan

River

North

early

area, it seems reasonable to postulate a penetration of Arctic

America via the Bering Land Bridge during Early Wisconsin times

man bearing a Proto-Diuktai-related  tool kit. Diuktai-related

by

influences may have played an important role in North American Arctic

prehistory  during Late Wisconsin times. Very late manifestations of

Diuktai-related traits may be manifest in the Chindadn complex from Healy

Lake, the Akmak assemblage at Onion Portage, the earliest components at

the Dry Creek site, and possibly the early phase of the Denali Complex.
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E.ARLY MAN ARCHEOLOGY OF BEFUNGIA: Considerable speculation has tradi-

tionally focused on the potential of many islands in the Bering and

Chu??chi Seas to yield evidence of early population by man during

Beringian times. It has long been zealized that these islands once

were prominent hills protruding from the relatively flat Beringian

topography. However, surprisingly little non-coastal archeological

field research has been executed on these islands.

Numerous reports deal with the coastal archeology of the

islands in the Bering Sea. (See Jenness, 1929; Collins, 1937; Geist

and Rainey, 3.936; Giddings, 1967; Ackerman, 1974; and Bandi, 1969.]

In spite of this comparatively large body of literature dealing with the

archeology of these islands, the most important being St. Lawrence,

there is little reference to archeology in the interior portions of the

islands. The coastal sites on these islands, especially St. Lawrence,

offer extremely appealing ivory-rich midden deposits and these magni-

ficent sites have captured the interest of virtually every archeologist

who has attempted to survey them. Although these excavations have

contributed greatly to Eskimo prehistory, they have had little bearing

on the problem of human migration to the New World via the Bering Land

Bridge during pre-Holocene  times.

As a result of the post-Wisconsin eustatic sea level rise

and subsequent stabilization of the Arctic coast, approximately 4,000 B-P.,

most sites located directly on the coast post-date that time period due

to the marine orientation of their subsistence strategy. There is one

notable exception to this general rule, however, and it is the A.nan~la
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site, located on Anangula Island. In this unique situation, tectonic

uplift has occurred at a rate faster than that of sea level rise,

resulting in the existence of a site predating 4,000 B.P. The physical

location of the site strongly indicates a subsistence strategy involving

marine predation.

There exists one notable exception to the coastal orientation

of archeological survey among the islands of the Bering Sea. This is a

survey executed by Alan L. Bryan, with the assistance of Robson Bonnichsen

and Ross Thompson, during the late summer of 1966 (Bryan, n.d.). These

men conducted a 15-day archeological survey of the Pribilof Islands, St.

Paul and St. George. The original purpose of their Pribilof”  Survey was

to attempt to locate archeological evidence dating to the period during

which the islands were hills rising above the Bering plain (Bryan, n.d. :6).

Although, once again, the survey efforts seem to have devoted considerable

time to investigating coastal sites, Bryan reports having tested two lava

tubes and one rock shelter on St. George Island. Unfortunately, “nothing

of interest” was discovered at the cave sites and only “occasional dis-

integrated bone, charcoal flecks, and some water rolled pebbles amongst

the sharp scoria” (Brya??, n.d. :5) were discovered at

However fruitless this short survey may have been in

4“early man problem, it represents a pionee mg effort

human habitation of Beringia.

There exists one other important bit of

the rock shelter.

relation to the

in the search for

data which may prove

of profound significance in attempting to locate evidence of early man

on Beringia. This find consists of what are believed to be artifacts

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- . . . . . . . . .
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e dredged from the floor

communication, 1976).

off the south shore of

of the Bering Sea by David M. Hopkins, personal

The sample was recovered from a depth of 40 meters

St. Lawrence Island. The “flakes” recovered

are of fine-grained granite and it is apparent from the barnacle attach-

ment that they have been removed from the parent core prior to their

recovery by the dredger i.e. , they are not artifacts manufactured from

the dredging operation per se. Hopkins tentatively speculated that the

40 meter contour may” have been i.nn~dated by 13,000 B.P. and, consequently,

it is likely that if these specimens are truly the handiwork of early

man, then they predate this time. The specimens are currently in the

possession of John M. Campbell of the University of New Mexico, and

he has been contacted in hopes that they may be made available for

analysis in this project.

In summary, it can be readily noted that early man archeo-

logy on Beringia is in its infancy. This research has only been able

to ferret out two possible attempts to isolate human habitation of

Beringia during Wisconsin times. These .&ye Bryan’s survey of the Pribilof

Islands and Hopkins’ alert observation of possible artifacts on the

Bering Sea floor. Consequently, this research represents the first

concentrated inter-discipli~ary  research project

p~e-Holocene age terrestrial htiitation siees on

and Chukchi Seas. From a purely anthropological

to attempt to locate

the floors of the Bering

point of view, human

population dispersal into North America via the Bering Land Bridge is a

hypothesis which is currently accepted as the prime mechanism for the

human population of both the NorLh and South American continents. Although



194.

there exists considerable data and even more arguments in support of

hypothesis, the concept is nevertheless a hypothesis and will remain

until firmly dated archeological remains dating to Pleistocene times

recovered from Beringia proper, i.e., either the ocean floor or the

islands.

In conclusion,

support human occupation of

Alaskan archeological sites

this

so

are

four lines of archeological evidence strongly

Beringia: (1) The diversity of a number of

dating to Late Wisconsin times suggests that

they represent later manifestations of

date for the fluted point tradition in

trated regions south of the coalescent

prior to merging during Late Wisconsin

earlier traditions; (2] the late

Alaska indicates that man pene-

Cordilleran  and Laurentide ice

times; (3} the Proto-Diuktai

tradition is manifest in Siberia at a time suitable to permit an Early

Wisconsin occupation of Beringia and Alaska and a Mid-Wisconsin penetration

of the more southern regions of North America; and (4) so little work

has actually been done

that the lack of early

a lack of occupation.

relating to early man archeology of Beringia,

man sites from the region does not reflect
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THE THEORY Aii!l lmlT30D OF ARCHEOLOGICAL S I’IY PREDICTION

The previous sections have discussed demonstrating the

logical basis for the occupation of Beringia by early man. As ordered

in the preceding text? these factors are: (1) The paleogeographic

reconstruction depicts a terrestrial environment of sufficient size and

diversity ‘co support human occupation; (2) the reconstruction of probable

marine mammal habitat indicates that these species were available and

abundant for human predation; (3) the postulated distribution for

terrestrial mammals indicates that these species were concentrated in

patterns which made them vulnerable to human predators; and (4) man

was present in the circum-Beringian  region at a time suitable for the

occupation of the Land Bridge proper, and thus indicating a sufficient

degree of adaptation to the tundra-steppe to enable occupation of the

Bering and Chukchi outer continental shelves. \

A basic assumption for the model used for predicting aKcheo-

Iogical site locations in the Beringian region is” that human survival

was predicated on a hunting economy. This assumption is based on

anthropological literature which suggests: (1) during Beringi.an times

hunting and gathering was the only economy being practiced in the chrono-

logy of evolution of human societies; (2) northern climatological  and

biological factors suggest hunting was more viable than gathering; and

(3)

any

and

the ethnographic and archeological literature does not substantiate

other types of economies in the northern prehistory  of this area.

Anthropologists have long focused

gathering societies in the belief that the

much attention

development of

on hunting

contemporary
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social iristituiions  and the ordering and structure of modern societies

has derived its institutions from adaptive social forms developed

during man’s long development in the hunting and gathering “stage” of

human evolution. Murdock (1968) has demonstrated the rather drastic

decline of the number of humans engaged in hunting and gathering activi-

ties as their basic economic pursuit on a global scale during the past

10,000 years. At the beginning of Holocene times, virtually the Earth’s

entire human population relied on hunting and gathering as their economic

mainstay. Hunting and gathering has declined, until today, only a few

isolated pockets continue this life style in what are marginal habitats

unsuitable for other economic pursuits.

Lee and DeVore (1968:11) have attempted to delineate the

major traits of hunting and gathering societies.

We make t;io basic assumptions about hunters and gatherers:
1} they live in small groups and 2] they move around a lot.
Each local group is associated with a geographical range but
these groups do not function as closed social systems.
Probably from reciprocal visiting and marriage alliances, so
that the basic hunting society consisted of a series of local
“bands” which were part of a larger breeding and linguistic
community. The economic system is based on several core features
including a home base or camp, a division of labor--with males
hunting and females gathering--and most important, a pattern
of sharing out the collected food resources.

A universal aspect of these societies is that all must maintain a territory,

or range, from which the essential resources to sustain life are derived.

~Within each territory or range, natural resources are not distributed

uniformly, and certain resource concentrations play a more important

or dominant role in subsistence activities than others.

The severe arctic and subarctic winters and short, cool summers

.-. . - - .
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have greatly reduced

the north. With the

the potential for gathering plant products in

exception of berry products, and a few nonfaunal

utilitarian resources such as birchbark, certain grasses, etc., gathering

has been extremely limited in subsistence activities of northern peoples.

Even today, with modern farming techniques, the development of hardier

grains, and fertilizers,

subsistence is, at best,

The essential key

direct reliance on vegital products for human

a very tenuous enterprise.

to human survival in the north is faunal resources.

Northern animal species are the Arctic’s most efficient machines for

converting and storing solar energy into usable protein and carbohydrates

suitable for human consumption. These animal species are adapted ko

northern vegetation and are able to convert plant energy into body

tissue and of storing the summer peak in the energy budget in the form of

fats. Man’s utilization of energy is consequently directed to predation

of these animal species rather than to the flora itself. There exist

two possible methods by which man may harvest this energy. ‘These are

herding or predation.

There exists no archeological

the introduction of reindeer herding

nor echographic data (prior to

in Alaska in the early 1900’s) for

herding economies in Arctic North America. One possible exception to

this was Giddings’ (1957) suggestion of the possfiilitY of reindeer

herding during Choris times based on the comparatively small size OE

the caribou bones recovered from the Choris t-ype siee.

later withdrew his hypothesis and co~sidered the Choris

of caribou hunting. All archeological and etllnogrzphic

However, Giddings

finds indicative

data to date
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confirms human predation of animal species as the primary subsistence

mechanism for the North American Arctic.

SETTLENXNT  PATTERNS: Because human predation on animal populations is

the primary subsistence activity for human populations, the distribution

of fauna commands the dominant role in determining settlement locales.

Chang (1962:29) defines settlement as “ . ..any form of human occupat~on

of any size over a particular locale for any length of time with the

purpose of dwelling or ecological exploitation.” Chang’s definition is

accepted as the definition of settlement as applied in this study.

These locales may vary greatly in terms of specific function and

duration of occupation and both these factors may be considered

dependent upon faunal resources.

Anthropological investigators have long recognized the importance

that the distribution of fauna has had upon the distribution of settle-

ment locales of northern hunters. Boas (1964:11),  in his monograph on

the Central Eskimo, which resultied from his field work in Canada from

1883-1884, readily realized the role of natural resources in determining

settlement pattern. He wrote,

All depends upon the distribution of food at the different
seasons. The migrations or accessibility of the game compel
the natives to move their habitations from time to time,
and hence the distribution of villages depends, to a great
extent, upon that of the animals which supply them with food.

Since BoasZ classic monograph, virtually all anthropological literature

dealing with northern peoples has, in some fashion, dealt with the

important role played by faunal composition and distribution in the lives

of northern peoples.

.
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When reviewing the

activities of northern hunters,

literat~re dealing

three major faunal

with subsistence

resource categories

emerge. These are (1) terrestrial mammals, (2) marine mammals, and (3)

fresh water aquatic resources (waterfowl and fish). ‘The importance of

these three species complexes is that all, at some time in their annual

cycle, form seasonal aggregates. There exists a host of ethnographic

literature which describes methods by which man has preyed upon these

aggregates, however, it is the surpluses which result from the harvest

of the aggregates and the locations of these concentrations which enable

human settlements and determine their locale.

Chang  (1962:28-29), in analyzing settlement patterns for

northern hunters-fishers, has observed:

. ..the settlement patterns among hunter-fishers provide a
wide range of varieties particularly suitable for micro-
typological  purposes. The circumpolar region further
widens this range by means of marked seasonal fluctuations
of climate and the resultant seasonal cycles of animal
and plant life. Under such a natural environment, the
impact of cultural ecology upon society is more plainly
observable and is less complicated by historical factors
than in other areas of the world.

Chang’s observations are significant, for he accurately identifies the

utility of extreme northern latitudes in concentrating faunal resources,

or energy, in time and space. The phenomena of sharp energy peaks of

short duration have had a profound effect on human population distri-

bution. As briefly outlined earlier in this section (p. 151), settle-

ment locales and the duration of occupation may be viewed as dependent

on energy harvests. Chang (1962:30) has expressed this by stating that:
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It is evident that a circumpolar  hunting-fishing group
cannot subsist on the basis of a single kind of food
resource all the year round at a single locale and has to
move about among various locales according to the seasonal
climatic fluctuations. Such movements of settlements
usually are made among a network of locales~ with a central
base where most of the members of the group gather together
at a particular season of the year and a varying number of
scattered camps occupied by large or small branches of the
group in particular seasons, engaging in various and specific
kinds of subsistence activities.

Campbell (1968) has advanced an excellent typology of settlements for

the Nunamiut. He has delineated six different types of settlement,

ranging from his Type I settlement, which served as the central camp

to which all members of the band identified themselves, to Type VI

settlements, which consisted of brief, overnight stops while traveling.

Watanabe (1968:69), speaking of northern food gatherers,

has delineated a universal pattern which he believes is common to all

northern hunters. This is a “settled life in winter.” Helm (1969:213)

states that, “.. .we may predicate that in hunting-gathering band

societies the directives underlying settlement patterns are based on the

exploitative pattern, the exploitative pattern being the total set of

activities in the acquisition of life’s goods through the application of

technology upon environment.” In discussing Northern Athabascan

peoples, McKennan (1969:100) states, “The primary ecological basis for

these Alaskan bands was the dependence of native technology on geography.”

McKennan (1969) analyzed the ecological basis for northern Athabascan

band composition and delineated two major technological devices which

served to bind a regional band together; they were the fish wier and

the caribou fence. McKennan felt that because they were both collective

. . .
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efforts ‘chat required the cooperation of fairly large groups of people

for their construction

population in specific

In addition, it can be

and maintenance, they tended to focus the

geographic locales and provide band icienti%y.

readily realized that these human aggregates

could only form by anticipating the

and space, and that they could only

occurrence of biomass peaks in time

persist through the process of

securing a net energy budget which exceeded the immediate energy require-

ments

which

Thus ,

which

of the population.

In short, biomass “peaks concentrated the human population,

through collective efforts,were able to maximize the faunal harvest.

the subsistence strategy resulted in predictable settlement locales

coincided with the occurrence of biomass peaks, which were

restricted to specific geographic locations and specific points in time.

Within the limits of aboriginal technology, a collective effort could

greatly increase the energy yield on a per capita basis. By this method,

Interior aboriginal populations were focused into primary settlements.

Such primary subsistence locales may be considered to be

the hub of the aboriginal territory. ~us, the primary focus in the

aboriginal effective environment may be viewed as faunal resources.

Satellite settlements result from specific resource exploitation of the

effective environment around the primary energy yield locales. These sites

are generally task-specific, i.e., quarry sites, feather collecting, egg

collecting, etc.

the population.

be viewed as the

The territory may be defined as &he resource range of

When energy expended exceeds the ezergy return, it may

limiting factor in defining territorial area and
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configuration. Territorial range can be expanded by various weight

reduction techniques, such as drying and boning meat (well documented in

McKennan, 1965:30, 95; 1959:32; Wentworth, 1956:561-2, 564-7; Giddings,

1952:42-3; 1961:129; and Petitot, 1971:114; and numerous other sources).

Transportation

savers and may

devices such as sleds and boats are also important energy

increase territorial range considerably.

Because there exists no firm data relating to the time when

marine mammal exploitation became a viable subsistence strategy in the

circum-Beringian area, we have assumed, for the sake of this study,

that it is a definite possibility throughout the Wisconsin history of

Beringia. By using Anangula as a minimum limiting date for the demon-

stration of this form of subsistence orientation, we may state with some

certainty that it was a viable economic base prior to ca. 8,000 to

8,500 B.P. The lack of data prior to the occupation of Anangula is

attributable to eustatic sea level rise, which most probably has inundated

archeological sites located along what were former coasts. As unlikely

as it may seem, marine mammal predation may have been an early Nisconsin.

human subsistence strategy, and consequently, we have considered

possibility in this study, rather than risk omitting what may be

extremely important, although undocumented, area of fo-rmer human

THE METHOD OF SITE PZFDICTION: This study has demonstrated that

it a

an

habitat.

early

human habitation of Beringia is highly probable that any inhabitants would

have been reliant on a hunting economy, am? that setklemsnt locales of

hunters are based upon resource distribution. It is possible through

paleogeographi.c  and paleoenvironmental reconstruction to delineate paleo-

. . . . . . . . .
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resource distribution. It then follows that it should be possible to

delineate paleo-settlement distribution. This basic axiom serves as

the mechanism by which probability ranking for archeological site

occurrence is postulated

expresses probability of

Beringian area.

for Beringia. The ranking system which follows

site occurrence as high, medium, and low for the

In an effort to rank

for this vast region, in terms of

specific areas in relation to one another

probable biomass productivity, the entire

region was divided into a series of 69 cells. In the interest of uniformity,

standard U.S.G.C. quadrangles were considered the basic spatial unit, or

cell. Using the maps prepared by the project’s physical oceanographer,

both the marine mammologist  and vertebrate paleontologist ascribed values

to every quadrangle under consideration. These values represent a quali-

tative statement as to the total biomass resource of any particular quad-

rangle during the most productive period during the time period under

consideration, i.e., from the early Wisconsin to the end of the sea level

rise during Holocene times. A summer and winter value was ascribed to

each quadrangle for each major (terrestrial/marine) series complex,

because obvious differences in species distribution and availability

are dependent on seasonal factors.

It is granted that this exercise is qualitative and subjective,

however, it is nevertheless repeatable. The overall distribution of

species is ultimately dependent

distribution. There is no need

dealt with in greater detail in

on physical factors which control their

to reiterate these factors, for they are

the previous sections- However, other
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researchers using this same data would, in all Iikelilnoodr  rank these same

areas in a similar fashion. The real differences between rankings by

different investigators may be considered to be more a reflection of the

actual ranking system employed rather than the the relative value of

one area to that of another. In short, although the system developed

here is subjective, it is based on physical evidence and should be

repeatable by different investigators regardless of the artificial ranking

system chosen for analysis.

The ranking system implemented here Ls a simple scale from

one to ten, one representing the lowest possible estimate of resource

availability,  and ten being the highest evaluation. It was felt that no

quadrangle could be ranked as zero, for each in its turn occupied a coastal

position during some period of marine transgression and most certainly

each has at some time in the past supported some terrestrial mamlal

population. Thus, all quadrangles demonstrate some potential for past

exploitation of their faunal resources by man, and consequently, there

is some, albeit low in many cases, probability of human occupation of

any given region. An example of the ranking technique is depicted

below, using the quadrangle presently occupied by St. Itatthew Island:

Smer Value Winter Value

Marine Mammal 07 01

Terrestrial Mammal 06 - 06

13 x 07 = 91

(ascribed
quadrangle
value)
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This basic table illustrates the method by which the values

were ascribed to each quadrangle. The total s~er resource value was

tabulated to quantitatively assess the total biomass resource available

during that season during the period of peak productivity for any par-

ticular quadrangle throughout the time period under consideration. The

same technique was applied to the winter values. Finally, in an effort

to skew the product of these two totals in favor of those with higher

values, the totals were multiplied. The value totals were multiplied because

it was felt that this best expressed the possibility for faunal surpluses

which were most likely to result in primary settlements. In other words,

by multiplying the summer and winter value tatals, quadrangles with the

greatest year round potential for sustaining hunting

would be favored in the ranking system. This method

ranking of each quadrangle in relation to all others

human populations

enables a subjective

and through quali-

tatively quantifying each region under consideration, it becomes possible

to assess each region with greater objectivity, which, in turn, enables

probability ranking.

If the reader has cause to question the value ascribed to

any individual quadrangle, he need merely to turn to the appropriate

section on marine or terrestrial species distribution and consult the

appropriate maps. The species distribution maps should provide essential

data relating to the value expressed. Relevant sedimentation data is to

be found in the section dealing with paleogeography.

Human settlement is dependent on energy surplus, i.e., a harvest

which exceeds the basic energy requiraents  of the population. The values
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expressed for

thus directly

the biomass resources for each

transferable to the potential,

individual quadrangle are

or probability, of human

habitation locales. Thus, the higher the value, the greater the possi-

bility of energy surplus and the higher the probability of human occupation.

The carrying capacity for any given region is governed by the minimum

harvestable resources at any given point in time. Consequently, if

surpluses are not stored during periods when food is abundant to carry

the population through periods of marginal productivity, the population

will find it difficult to sustain itself and famine may result. Thus ,

the less the carrying capacity, the Eewer or smaller

settlements.

density. The

capacity for

the presence

The greater the carrying

values may be considered

any given quadrangle.

capacity, the

statements of

should be the

greater the population

the peak carrying

I’he one universal in northern hunting cultures

Df some form of winter settlement. Such camps

seems to be

may be expected

in regions of high productivity which would enable surplus energy storage

to sustain a winter settlement with the energy stores being supplemented

by harvest of species in winter range and local small game resources.

Generally winter settlements require substantial modification of the

natural environment for the construction of some form of winter shelter.

It seems most probable that such sites will be the easiest to detect

using the geophysical instn.unents available for the study. It iS akO

most likely that

such areas where

regions ascribed

comparatively large winter settlements may be located in

the greatest possibility to store energy exists, i.e., the

the highest values in this study.
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9 STUDY RESULTS

Fig. 4-7 depicts the series of U.S.G.S. quadrangles for the

entire region under consideration, the Bering and Chukchi continental

shelves from the International Date Line to the Alaskan coast. If the .

date line crossed any portion of any quadrangle, it was considered as

part of the total sample in the ranking system. The total population of

U.S.G.S. quadrangles were

purpose of organizing the

Computer Center personnel

placed in a row and column matrix for the

data for analysis. University of Alaska

assisted project researchers by writing a program

to compute the values of each quadrangle and then print out this data in

the row and column matrix. The values derived for each quadrangle are also

depicted in Fig. 4-7, along with the range of sediment depth. Additional

computer programs were

an effort to establish

for the total sample.

generated to statistically analyze the sample in

objective ranking through clustering the valued

The values range from 2 to 354.

Fig. 4–8 is a bar graph depicting the absolute frequency

for each value computed from the qualitative rariking system. Fig. 4-9

is a frequency polygon and normalized curve for the same data.

major breaks in the distribution of the values may be observed

distributions. The largest cluster of values ranges between 2

Three

from these

and 16, at

which point there exists a significant break between 16 and 21. This

distribution has been considered as values of comparatively low probability.

Medium range probability values range between 21 ‘and 36, and high values

between 40 and 154. These value clusters are depicted in Fig. 4-~0,

in which three different symbols depict the three different value ranges.

From the distributions of the quadrangle values depicted in the graphs,
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Fig. 4- 7 -  ~nmeter~Ascribed quadrangle
values and sedinent t’nickness
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Fig . 4 - 9 . Frequency polygon and normalized curve of probability
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Chukchi outer continental shelves.

. .



>

Smmja

/+2--- .
F i g .  4-10. High, medium and low.prob~ili~ quadrangles on the

Bering and Chukchi outer continental shelves.
+++++-
++++++ = high probability quadrangles

* , luLLqJQ
,oa~g~~ = medium probability quadrangles

. . . . . . . . . . . . . . .. .. ;”.,
::::+:::::::::.  . . . . =
:.:::::::  ~.::;.: L.: low probability quadrangles
.:. :“...:. :.:-.:.: ..:....:. . . . .. .. . .. .. .. . ~.:..v. . . . ., . . .. .. ..



212.

50 quadrangles have been classified as being of low

fall within the medium range, and eight quadrangles

of high archeological potential,

probability, eleven

are considered to be

In keeping with the University’s contract with the Bureau

of Land Management’s Outer Continental Shelf Office, the physical

oceanographer has prepared maps on a scale of 1:250,000 for six of the

high probability areas. ~o high probability areas have not been mapped

in the area of the Bering Straitr for current scouring has resulted in

severe erosion of this region. Because high probability locales are

restricted to portions of the high probability quadrangles, maps were

only generated for those specific areas. These maps are to be found in

Appendix I
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The Phase I report has discussed the data and reasoning

indicating human population of the Bering Land Bridge. It further

defines regions likely to have supported human populations in the past.

Phases 11 and 111 were designed to verify the Phase I study, by

actually attempting to locate archeological sites dating to Beringian

times in high probability areas on the outer continental shelf. TWO

independent tests were devised. One (Phase 11} consisted of a marine

archeological survey from the University of Alaska’s research vessel’

the R.V. ACONA, in an area adjacent to the Pribilof Islands. The

second test (Phase III) consisted of a terrestrial archeological survey

of St. Matthew Island in the Bering “Sea. Both tests failed to discover

archeological sites dating to Beringian times, but. as will be discussed

in more detail in these sections, neither test can be considered adequate

for a variety of reasons. Following the description and data presentation

for the marine archeological survey, conclusions

and recommendations for cultural resource surveys on the outer continental

shelf relating to oil lease and drilling operations are presented.

. . .
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PHASE II -- SHIP CRUISE REPORT

Sam W. Stoker

1: Reswme of field operations as performed, 28 May - 10 June 1976

Activities directly involved with commencement of at-sea operations

began 28 May with the departure for Anchorage of Mr. Stoker, chief

scientist for shipboard

Mr. Stoker took receipt

operations. Upon arrival in Anchorage,

of air freight sent from Fairbanks and of

leased equipment (magnetometer probe and cable and Decca Trisponder

navigation system}. Further equipment and supplies necessary to the

operation were purchased in Anchorage, and arrangements were confirmed

for the charter of a DC-3 aircraft for transport of gear and

personnel from Anchorage to Dutch Harbor. Charter arrangements were

conducted through Sea Airmotive,  Inc., Anchorage, Alaska. On the

evening of 28 May, Mr. Frietag and Dr. Sharma returned to Anchorage

from Seattle, Washington, where they had attended instruction in the

use of the side-scanning sonar to be used on this project. They had

arranged for lease of this instrument in Seattler and had air-

freighted same to Anchorage, where it was received by Mr. Freitag.

Mr. Stoker and Mr. Freitag remained in

Dr. Sharma returned to Fairbanks.

On the morning of 29 May the remainder

Anchorage overnight, while

of the scientific party arrived

in Anchorage from Fairbanks, and were joined at the airport by

Stoker and Freitag, aad by Civish and Brown of BUM, for departure

Dutch Harbor. The charter departed at 11:00 a.m., encountered

to

----- . . .- . . . . . . . . . . . . . . . . . . . . . ._ ._,. . . . . . . . . . . . . . . . .
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mechanical difficulties, and returned to

personnel were obliged to stay overnight

was repaired.

?hchorage  at 2:00 p.m. All

in Anchorage while the plane

On 30 May the charter departed at 9:00 a.m. with all personnel and

equipment, arriving in Dutch Harbor at 1:30 p.m. Equipment end

personnel were

afternoon, but

morning due to

for St. George

Iightered  to the R,/V Acona from the airport that

departure of the ship was delayed until the following

inclement weather. The ship sailed from Dutch Harbor

Island in the Pribilofs, at 10:00 a.m. on 31 May.

Moderate to rough seas were encountered enroute, w%th winds from the

south and southeast.

On 1 June the ship arrived at St. George and dropped anchor at

approximately 8:00 a.m. in North Anchorage, in the lee of the island

near the village of St. George. ELC. Stoker and Mr. Dixon went ashore

by skiff to confirm permission from

operations and to arrange for shore

through lti. Roger Gentry, N.M.F.S.

the village to undertake onshore

transportation and assistance

Stoker and Dixon returned to the

ship at 10:00 a.m. At 1:30 p.m. Stoker, Dixon, Short, and Brown went

ashore again to establish radio navigation stations necessary to

execution of the site survey as required by U-S.G.S. Operating Order 75-3.

Originally, the intention had been to survey the area to the east of

St. George for selection of the required one square mile quadrant, the

consensus being that this area was extremely favorable for human

habitation sites prior to the last Wisconsin submergence. Due to ~

deteriorating weather and sea conditions, however, it was decided that
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this original plan would have

would have to be conducted to

in the island’s lee, in order

to be abandoned and that

the north OE St. George,

to ensure fulfillment of

the survey

close inshare

the contract

as specified. Strong winds and heavy seas from the south and southeast

and forecasts for an extended period of the same, made it seem unlikely

that operations could be conducted anywhere but in the island’s lee

within the time alloted. This decision was later justified by

continued inclement weather.

Due to this change in operating plans, the two shore navigation stations

now had to be established on the island’s north shore rather than on the

east as originally planned. U.S. Coast and Ge~detic survey markers

are located on this shore (U.S. Department of

Chart #8995), and it was hoped that the radio

Commerce Provisional

navigation stations could

be established on these markers for purposes of horizontal control.

upon inspection of the terrain, however, it was apparent that this was

in no way a feasible undertaking given tile means and time available.

Survey markers are in inaccessible locations distant from any road or

trail systems, so that to set up stations on them would have required

the expenditure of far more time and effort than was possible to allot.

Consequently,

near the ends

of St. George

stations ‘were

the two shore stations were established on high ground

of the trail systems to ‘Ae east and west of &he village

(Fig. 5-3) so as to be visible from shipboard. These

not located on permanent geophysical markers; ‘however,

it was felt that the sacrifice of absolute horizontal control for the
a

sake of fulfillment of the majority of the contract specifications was

justified under these conditions. IrI any case, relative horizontal

precision was maintained throughout the survey so that, if required,

. . .
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any desired point cm the survey track could be relocated with reference

to these skations.

After the two shore stations were set up, Stoker and Dixon returned to

the ship at 4:30 p.m., leaving Brown and Short ashore to ensure the

continued operation of the transmitters. The ship then weighed anchor

and steamed offshore to test the radio reception from the shore

navigation stations, which was excellent, and to rig and test the sonar,

sub-bottom profiler, and magnetometer prior to selection of a survey

site. After some operational difficulties, such as are generally

encountered when using new techniques and equipment under such conditions,

it was ascertained that all systems were operational and satisfactory.

This rigging and testing took most of the night.

The following morning, 2 June, an area just north of St. George was

selected for the one square mile survey site (Fig. 5-3] and a fo~at

was calculated for navigating the survey tracts as prescribed in the

contract operating order (Appendix 1) . Since there was no absolute

horizontal control of the two shore stations, relative control was

achieved by measuring, with a sextant, the angle between the ship and

both stations, which were line of sight from the ship. The point at

which this angle was measured was then assumed as the southeast corner

of the quadrant to be surveyed. Distances, in meters, which should be

recieved on the ship from both stations in order to maintain the

prescribed tracks were then calculated at 150 meter intervals and courses

plotted to conform to these calculations. Though- feasible to do, this

method of rectilinear navigating proved very

improved upon. More will be said about this

recommendations section of the final report.

cumbersome and should

matter later, in the

be
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Once these navigational calculations were made and courses established,

the acutal survey of the quadranti began at 1:00 p.m. As prescribed,

parallel tracks were run a’c 150 meter intervals, with tracks at right

angles to these through the center and along bath -margins, and with two

diagonals through the center (Figs. 5-1 & 5-2]. For expedience and coordination

of data, all three insturments were operated simultaneously along these

tracks, the sonar and magnetometer by means of towed fish and the sub-

bottom profiler from a fixed side-mount on the ship. Though problems

and shortcomings were encountered in the operation of the sonar and

sub-bottom profiler, which will be dealt with in the recommendations

section, it is strongly felt that such simultaneous return from the

various instruments employed greatly enhances interpretation of results.

Despite minor

were obtained

difficulties it is believed that satisfactory results

and that such surveys are very

in gear and procedure

results. Suggestions

report.

might ease operational

for such modifications

feasible, though modifications

difficulties and enhance

will be made in the final

The entire survey of this one-square mile tract required about nine hours

steaming at the ship’s minimum constant forward speed of 4 knots.

Increased winds and seas from the south and sout!iwest hampered efforts

to some degree. At 10:00 p.m. the survey was completed, and the shore

stations and personnel were returned aboard by 1:00 a.m. on 3 June.

Shortly after noon on 3 June the ship weighed anchor again from

North Anchorage and steamed to the east of St. George Island where a

brief reconnaissance of the area first selected as the survey site was

attempted, the weather having abated somewhat

shore survey stations were available for this

LOR7CN-C navigation was proving unreliable due

for the interim. No

reconnaissance? and since

to atmospheric effects,
...
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absolute horizontal control was not possible. One long track was run

using sonar, magnetometer, and sub-bottom profiler along a submarine

rise extending to the east of the island, from depths of 10 to 50

fathoms. Though results were inconclusive, it appears that this area

may indeed be of prime interest for the location of submerged human

habitation sites. By evening the weather was worsening once more and,

given the time restraints

off further work and sail

The ship arrived in Dutch

placed on the ship, it was decided to

for Dutch Harbor.

Harbor at 7:00 a.m. on 5 June after a

break

very

rough passage with seas to 30 feet out of the southeast. BLM personnel

and all of the scientific party, with the exception of Stoker, disembarked

at Dutch Harbor for return by air to Fairbanks. Mr. Stoker remained

aboard for the return to Seward in order to see to the return of

supplies and equipment.

The ship arrived in Seward at 11:00 a.m. on 8 June, after a smooth

passage from

and supplies

equipment to

Institute of

magnetometer

Dutch Harbor. The following morning, 9 June, all equipment

related to this project were off-loaded. Gear and

be returned to Fairbanks was transported from Seward by

Marine Science vehicle. The leased equipment (sonar,

probe and cable, survey system) was trucked by hr. Stoker

to Anchorage, from where it was returned air freight to points of

origin. filr. Stoker overnighted in Anchorage, returning to Fairbanks

by air on 10 June.
. . .
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Sam W. Stoker Chief Scientist

28 May To Anchorage (with
Pick up additional

excess baggage) 7 am, Alaska Fit. 092
equipment and supplies.

Meet Freitag (reservations at Anchorage

29 May Charter DC-3 Anchorage to Dutch Harbor

Sea Airmotive
Anchorage
277-0522

29 May -

Westward) 272-7411

2 2 2 .

10 June R.V. Acona – University of Alaska (IMS Research Vessel) -T@ SEWARD

Radio Phone:

Call Seward IMs Station {Dolly Deiter)
224-5261

or Marine Operator (Nome) RCA

or Coast Guard (in case o-f dire emergency)

10 June -
14 June Return from Seward to Fairbanks via Anchorage on University truck

----
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● James Dixon AxcheQlogist

29 thy To Anchorage (7 am)
Alaska Fit. 092

Charter DC-3 Anchorage to Dutch Harbor

Sea Airmotive
Anchorage
277-0522

29 my -
7 June R.V. Acona - University of Alaska (Inst. of Marine Science]

Research Vessel

Radio Phone:
Call Seward IMS
224-5261

or Marine Operator

or Coast Guard

station (Dolly Deiter)

(Nome) RCA

(in case of dire emergency)

7 June Dutch Harbor to Anchorage via

Wins.hip  Air ‘Service charter
Volpar Turboliner 600’wA

7 June -
9 June Anchorage

9 June Return to

Westward Hotel 272-7411

Fairbanks

223.

.
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G. J). Sharma Geologist

*

25 ky To Seattle to pick up equipment

28 my Return to Fairbanks

29 tihy To Anchorage (7 am)
Alaska Fit. 092

charter DC-3 Anchorage to Dutch Harbor

Sea -i-motive
Anchorage
277-0522

2 9  &y -
7 June R.V. Acona - University of Alaska (IMS Research Vessel]

Radio Phone:

Call Seward IMS Station (Dolly Deiter)
224-5261

or Marine Operator (Nome) RCA

or Coast Guard (in case of dire emergency)

7 June Dutch Harbor to Anchorage

Winship Air Service charter
Volpar Turboliner 600 WA

Open return to Fairbanks

224.

.
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* Robert Spies Electronics Technician

29 May

29 May -
7 June

7 June

To Anchorage 7 am
Alaska Fit. 092

DC-3 Charter Anchorage to Dutch Harbor

Sea Airrnotive
Anchorage
277-0522

R.V. Acona - University of Alaska IMS

Radio Phone:

Call Seward IMS Station
224-5261

or Marine Operator ( Nome)

or Coast Guard (in case of

Research Vessel

(~lly Deiter]

RCA

dire emergency)

From Dutch Harbor to Fairbanks via Anchorage

Winship Air Service charter
Volpar Turboliner 600 WA

225.

Open return to Fairbanks

. . . . .
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Gary Freitag Pesearch Assistant

25 May Fairbanks to

28 May TO Anchorage

Meets Stoker
Reservations

Seattle to pick up equipment

with 200 lbs. excess baggage (equip.}

in Anchorage
at Anchorage P7estward for 3 for 2 days

272-7411

29 kfay Charter DC-3

Sea
Anchorage
277-0522

Anchorage to Dutch Harbor

Airmotive .

29 May -
7 June R.V. Acona - University of Alaska (IMS Research Vessel)

Radio Phone:

Call Seward IMS Station (Dolly Deiter)
224-5261

or Marine Operator (Nome) RCA

or Coast Guard (in case of dire emergency)

7 June Dutch Harbor to Anchorage

Winship Air Service charter
Volpar Turboliner 600 WA

Open return to Fairbanks

*
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MARINE ARCHEOLOGICAL SURVEY

E. James Dixon, Jr.

The marine archeological survey was executed by a University

of Alaska research team onboard the R.V. Acona, the University of

Alaska’s research vessel, during the period of May 30 to June 5, 1976.

A high probability area SOU”A of the Pribilof Islands was selected as

the target area

adverse weather

for the marine archeological survey. Unfortunately,

conditions made an examination of this area impossible.

Consequently, an area on the northeast side of St. George Island was

selected in order to permit use of the geophysical instruments essential

for the survey, i.e., sub-bottom profiler, side-scan sonar, and magneto-

meter. A more complete description of the logistics and personnel

activities may be found in Stoker’s ship cruise report.

‘0
The marine archeological survey is an extension of the Phase I

research. Together they provide four “levels” of spatial analysis:

continental, regional, sectional and high probability loci. These types

of spatial analysis are defined as follows:

Continental -- consists of a reconstruction of the paleo-

geography of Beringia (the outer continental shelf stretching between

Asia and North America, presently the floors of the Bering and Chukchi

Seas) and adjacent terrestrial areas.

Regional -- an analysis of specific areas within Beringia,

including probable seasonal distributional patterns of terrestrial and
. . . . .

marine mammal populations. Maps generated for these areas, at a scale

of 1:250,000 are analogous--but not idential to--U.S.G.S.  quadrangles.

Sectional -- A one square mile area equivalent to (but n~t

the same as) a u.S.G.S. Section.

--. . . . . .--.p.— . . . . . . . . . . . . . . . . ...T- --.-  ..-m---- . . ..-— ~—..  . . —.—  . . . ._—.
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0

High probability loci -- locations within the one square mile

area suitable for the location of former human habitation sites.

~us, Phase I may be viewed as a combination of both conti-

nental and regional spatial analysis, and Phase 11 as a combination of

both sectional and high probability loci. In short, Phase z tells us

on a continental basis what regions are more likely to contain prehistoric

archeological remains and Phase 11 tells us what specific locales, within

a one square mile survey area, are most likely to contain evidence of

former human habitation and land use.

●

Fig. 5-3 depicts the location of the marine archeological

survey executed by the University Museum research team. Strong winds

and heavy seas from the south and southeast made it impossible to conduct

the survey on the south side of the Island, for comparatively calm

conditions are essential for proper operation of all of the geophysical

instruments utilized in the survey. Once it was realized that it would

be impossible to execute

Island as was originally

to select an area on the

the survey on the south side of St. George

planned, a field decision had to be made either

lee, i.e, north, side of the island or to

abandon the survey. Recognizing that this was not a high probability

area, the decision was made to survey the north side of the Island.

Thus the model was tested for a medium probability area. In addition,

the geophysical instruments employed

in detecting submerged archeological

shelf under sub-arctic conditions.

were tested for their feasibility

sites on the outer continental
. . .

Through inspection of bathymetric charts, a prominent sub-

merged feature was identified. At some time in the past, this geologic

.m.a—.  . ---- -,. . . . . -.. .. . .—?-.----—”’ --------- -- —-—-—..-.,-m.---.— y..-.y-
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Fig. 5-?. St. George Island and survey site location (a).
Survey site one square mile. Shore stations indi-cated by triangles.
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feature was a point jutting northeastward from St. George Island during

a period of sea level rise. According to the reconstruction in the

Phase I report, this area was not inundated until sometime after

22,000 B.P. and was probably completely submerged by 16,000 B.P. A

one square mile area encompassing this prominent feature was selected

for the marine archeological survey.

There are several reasons why this area was not expected to

reveal archeological sites. Quite probably the economic focus for any

human population occupying this area would be marine subsistence. However,

our preliminary analysis strongly indicated that adjacent areas to the

south during this time period would have been far more favorable locales

for this subsistence pursuit and would have tended to draw local popu-

lations in that direction. Furthermore, as stated earlier in Phase I,

there is no direct evidence to support marine-oriented subsistence

strategies in the North American Arctic prior to the occupation of the

Anangula site, ca. 8,160 B.P. According to Guthrie (this report) there

is little” indication that the north side of St. George Island would hold

any great potential for funneling terrestrial mammal populations into

specific locales suitable for ambush , although he has defined the southern

slopes of the island and the adjacent continental shelf as probable areas

of spring and early summer range concentration for grazing mammals.

Phase I developed the hypothesis that submerged archeological sites on the

outer continental shelf which are most likely to be detected are winter. . . .

settlements which would have required a substantial alteration of the

natural environment. These settlements require autumn surplus in the

net energy harvest which could be supplemented through winter harvests

------- --- ,- .-. --r—.— m.. .
—...7---——  ---.--.  ---——  -------  ---- . . . .~—..—.——, —  -.=  . . -----
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of other species. The survey area does not meet these requirements.

Thus, a medium to low probability area was tested. According to our

ranking system, it would not be likely that an archeological site would

be detected in such an area. None were found.

The marine archeological

(the equivalent of a standard lease

survey

block}

of a one squaxe mile area

was executed uti.l$zing a hull-

mounted sub-bottom profiler (Raytheon, portable survey system, Model

RTT-1OOO A), Klein side-scan sonar (dual channel recorder, Model 401

with Model 402 towfish),  and Raytheon transducer (Model TC-7), and

proton magnetometer (Geometries, Airborne Model G 803). In addition,

on-shore radio navigation stations were established at prominent locations

on

to

● 80

St. George Island to achieve navigational accuracy

meet contractual requiranents. A Decca Trisponder

+ 3 m when maintaining an anglekm, range accuxacy -

required (~ 50 ft. )

(range 100 m to

oE 30° or greater)

was utilized.

With the navigational aids previously described, the survey

was executed aboard R/V ACONA at its minimum constant forward speed

(4 knots) by running parallel tracks at 150 m intervals across the survey

area. All three instruments were run simultaneously during the survey,

and the scales

recorders were

compatible and

of both the sub-bottom profile and the side scan chart

set to 1.5 in. per minute so that the data strips would be

thus facilitate the analysis. 150 m intervals for each

run were more than adequate to provide overlap between successive runs

and complete side scan coverage of the entire survey area was achieved.

.-
During the course of the survey each instrument was visually

.-— — -. —— . . . . . . . . ———— ----- .-—..  -—-----—-- - —.. —=—.-.-—-—
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*

monitored and no anomolies which could not be attributed to natural

agents were noted at that time. If any such anomolies had been noted

during the course of the survey, the researchers would have considered

coring the anomoly

chart records were

the final analysis

or taking a grab sample. Following the survey, the

transported to the University of Alaska Museum where

was conducted. Each

examined more thoroughly upon return to

were noted in any of the records.

individual chart strip was

the University and no anomolies

The sub-bottom profile records clearly indicate that the ocean

floor in the survey area consists of fairly reflective deposits. Pene-

tration into the sediment was minimal, thus indicating reflective materials.

A closer examination of the side-scan records depicts a prominent land

form which has been interpreted as a lava flow. This interpretation is

consistent with the known geologic history of the Pribilof area. The

lava tongue flowed seaward from the island as is evident from the bathy-

metric map, Fig.5-4 , of the survey area and it can readily be noted

that elevation decreases seaward from the source of the flow. Stoker’s

analysis of the magnetometer data indicates that this flow may have

occurred sometime prior to the Late Wisconsin sea level rise. Areas of

relatively low relief appear to have been filled with sand as is evident

h track record 14 from the side-scan sonar records. Sand ripples on

the ocean floor can be noted in this record. Further supporting the

deposition of sands in these areas of low relief is the poor penetration
-...

achieved by the sub-bottom profiler. In other areas of the Alaskan Shelf

good penetration has been achievedu  sing this same sub-bottom profiler,

where the sediment structure consists largely of silts and similar fine-
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grained material. The poor penetration realized from the sub-bottom

profile records is attributed to surficial deposits, i.e., lava and

sand. Fig. 5-5 shows the side-scan records which depict rock’’outcrops”

with intervening areas being filled by what is here

What are most probably sand ripples have been noted

run 14, although reduction necessary to incorporate

records in this presentation would

Side-scan sonar records

make them almost

interpreted as sand.

near the end of

side-scan sonar

illegible.

of the overlapping passes of

R/V ACONA were synthesized into a photo mosi.ac which delineates

the

the

major bottom features and visually portrays the general topography of

the survey area. The photo mosaic facilitates interpretation on a

sectional level. Coupled with the geologtc history of the area, it

aids in further delineation of high probability areas within the

survey area and also articulates with the larger scale probability

modeling of the outer continental shelf. Although the photo mosaic

provides a useful tool at this level of analysis, it cannot be over-

stressed that it is no substitute for the original records. However,

it can provide a useful tool which permits one to focus special and

thorough attention to analysis of chart records on specific high

probability areas within a survey block.

As a supplemental aid for this level of interpretation, a

topographic contour map (Fig. 5-4 ) has been prepared from the sub-

bottom profile records. This map has been extremely useful in relating

to phenomena such as comparatively stable beach lines during periods of

sea level rise. Although sub-bottom profile data was used to generate

@ the topographic map, a bathymetric sounder with chart recorder wou~d

—.-.. . . .. ——. - ... . ..- . . ..—.- —.—— —— -—. -—-..-.  — .- ---- -----  ---.- . . . ..—— —— . . ..”—-—
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sonar (a) and sub-bottom profile (b)
;

records - Track 9. *
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serve this purpose better. Our experience suggests that, if at all

● possible, the sub-bottom ‘profiler should not be hull-mounted, for the

rocking motion of the ship in response to wave action creates dips and

peaks in the corresponding chart records.

m The magnetometer records have also been contoured in a

similar fashion to the sub-bottom profile records. This technique

serves to lend interpretative strength at the section level of analysis

by aiding in delineating geomorphic features such as lava flows,

moraines quarried from igneous rock, winnowed sands, etc. The magneto-

meter may also assist in establishing minimum limiting dates for some

geologic features through paleomagnetic dating. The effectiveness of

magnetometer surveys in detecting historic site remains such as ship

wrecks, in other study areas, has already been demonstrated.

o

Three analytical methods have been developed for sectional

analysis: (1) photo mosaic of the side-scan sonar records, (2) contour

map of the bathymetric data, and (3) contour map of the geomagnetic data.

These three analytical tools facilitate analysis for locating high

probability locales within the one square mile survey area. A cautionary

note is warranted. These three analytical tools may be of little use

in areas characterized by uniform topography, sediment structure, and

little magnetic variation. In addition, it cannot be overstressed that

none are a substitute for thorough examination of the original chart

records in attempting to locate evidence of former human habitation.

The final analytical stage consisted of a detailed review of

the chart records from all three instruments , which bore particular

.-.— ——---- y—... -—— -.,-.. —- ..- ——. -— —--- .— - .—.-— ----- — --——- -----  - .-. ——
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focus on loci within the survey area which demonstrated particular

topographic ch~”acteristics  which were considered or higher archeological

site potential than other areas. Data quality was checked by comparing

data from both the side-scan sonar and sub-bottom profiler to determine

if specific features interpreted from the records could or could not be

verified ~y the records of the other instruments. Through interplay and

interpretation of these two instruments, with a constant eye on data

quality, loci of higher probability than surrounding areas were

thoroughly examined- No anomolies which could possibly be interpreted

as evidence of former human habitation or ship wrecks were discovered.

— . . .

... . . . . . . .—. - .-—-— - r --— —.-— - —. ——_ . . . . . . —,-a  . __._._.. z—-—e  . . —.—  .
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MAGNETOMETER RESULTS

●

o

Sam W. Stoker

Upon completion of the magnetometer survey as described in

the Resum& of Field Operations section of this report, the magnetometer

chart graph was returned to Fairbanks for analysis. At the University
*

of Alaska, Fairbanks, a grid was drafted representing the one square

mile survey tract, with data points the equivalent of every .1 mile

along each of the horizontal, vertical, and transverse survey lines.

Values as interpreted from the magnetometer chart were then transferred

to appropriate data points, and iso-magnetic

gamma contour intervals (Fig.5-6 ). Contour

to interpretation.

contours drawn in with 100

lines are, of course, open

The

of total field

magnetic axis.

1800 gammas in

results of this contouring indicate an alternating sequence

intensity high/low values aligning along the general N-S

As

the

may be seen in Fig. 5-6, there is a high of 160Ct-

southwest corner, followed by a low of 100 gammas

in the center of the tract, followed by a succeeding high of 1600 gammas

in the northeast corner. Apparently, the central low and northeast high

reflect the structural bathymetry as evidenced in Fig. 5-6 , with

magnetometer values being influenced both by the mass of the substrate

formation and by the changing water depth. As is apparent from overlaying

the magnetometer and bathymetric charts, the steep

between the central low and northeast high line up

bathymetric contours along the leading edge of tha

magnetic contours

approximately with

bathymetric formation.

Indications are that this bathymetric formation is an ancient

lava flow of reverse polarity, probably exceeding 300,000 years in age
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(personal communication with Dr. David Stone, Geophysical Institute,

University of Alaska). The high in the southwest corner of the quadrant

is partly a reflection of the shallowing depth, although it may also

indicate a successive lava flow near the edge of the survey grid in that

corner.

No magnetic anomalies

ships or other historic cultural

appeared which might indicate sunken

resources.

. . . .
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RECOMMENDATIONS FOR PROCEDURE AND EQUIPXENT ‘TO BE EMPLOYED

Based on the experience gained through this survey it seems

justifiable to say that, with some modifications, investigations of this

type are feasible to perform in the Bering and Chukchi Seas and possess

potential for positive results in the area of marine survey archeology.

Recommendations for modifications in procedure and equipment apply to

navigation requirements, sub-bottom profiler usage, side-scanning sonar

methods, and magnetometer usage. Each of khese topics will be discussed

separately.

(1) Navigation

No presently established systecc of navigation covering the Bering

Sea, much less the

this type. In the

of the continental

Chukchi, permits the accuracy necessary for surveys of

Bering Sea, Loran-C coverage is available over all

shelf, but permits acc~~acy, in general, of no better

than one-half mile. Satellite navigation is also available, but permits

accuracy of only one-quarter mile, with fixes every 90 minutes. In the

Chulkchi Sea, only satellite navigation is available. For surveys requiring

greater accuracy, such as the type under discussion here, some alternate

system using shore-based transmitting stations is essential. Sufficient

accuracy can be obtained through multiple fixes with the satellite navigator,

but such a procedure would be so cumbersome and time-consuming as to be

almost out of the question. -----

The system used for this surrey, Decca Trisponder, permitted

3 meter accuracy at a range of up to 80 b, and was found to be convenient
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to use and highly satisfactory in all respects. For much of the Bering/

Chukchi shelf, however, this range would not be sufficient, necessitating

a more powerful system such as the Decca Hi-Fix/6, with a range of 300 Ian.

Even this range, in some areas, would not be sufficient. Cost of equipment

and effort of installation increases greatly with output power demanded.

Also, for most of the coastal axea and islands in the Bering/

Chukchi there are not sufficient geophysical markers for convenient location

of these transmitters. In such cases, it would seem reasonable to sacrifice

absolute accuracy for relative accuracy, to establish the transmitters on

relocatable monuments set up for that purpose even though such monuments

may not be referenced to geophysical markers of known absolute position.

This practice was undertaken for the study just completed, the feeling

being that what is required for sumeys OE this nature is an ability to

relocate any specific bottom feature, not absolute positioning. However,

if this method is adopted, description of ‘&e location of shore stations

should accompany the survey report. In addition, the location of shore

stations should be marked in the field with an appropriate reference point

such as a metal survey marker.

It may be that absolutely rectangular survey grids are not tlhe

most efficient method of conducting the Eield surveys. When positioning

by means of shore-based transmitters, it is often more efficient to hold

the survey course at a constant distance from one of the transmitters. This

would result in curved tracts, the degree of curvature dependent on the

distance from one of the transmitters, but would result in no sacrifice of

accuracy or coverage providing the spacing of each tract is close enough to

ensure overlapping side-scan covezage”.

●
such procedure would have the advantage

- . . .-, . . . .- .- -. .
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of dispensing with complicated course and distance calculations and would

greatly simplify procedure in general, p~yticularly when operating off

temporary monuments of uncertain absolz:s position. However, this

technique could make analysis of the records more difficult. For example,

a curved track would create greater side-scan coverage on the outside of

each track than on the inside. .?USO, it would not provide the reverse

image of the same object(s) recorded on the next consecutive survey track.

Generation of such analytical aids as can-tour maps and photo mosaics could

prove extremely time-consuming. If this sum-ey technique were anp~oyed,

it might greatly facilitate

greatly complicate analysis

(2) Sub-Bottom Profiler

Several problems

acoustic sub-bottom profiler

(

Field survey, but on the other hand could

>Z the recozds.

and shortcomings were encountered with the

used in this survey, some of which were due

to the type of instrument

substrate encountered.

and mounting used and some of which were due to

The instrument used for this survey was of relatively low

power and was side-mounted on the ship. Due to the rolling motion of the

ship, this side-mounting practice was Discovered to

resulting in oscillations on the graph corresponding

This does not seriously impair results, but it is an

is recommended, therefore, that future operations be

be a disadvantage,

to the ship’s motion.

inconvenience. It

conducted with the

a“ansducer mounted on the

better yet, towed astern.

bably coarse sand) was of

keel to mininize the sh~p’s motion effect or,

In addition, the substrate encountered (pro-

such ref~ectivity  as to prevent desirable
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acoustic pene’uation. An instrument of increased power might overcome

this problem, though

are encountered over

it is recognized that acoustic penetration difficulties

much of the Bering Shelf (personal communication with

Hans Nelson, U.S.G.S., Menlo Park, California] . This instrument has per-

formed quite capably in areas of less reflective substrate.

Sharma (personal communication) has indicated that possib~y

90% of the floors of the Bering and Chu..chi Seas are covered by sand,

thus posing the problem that highly reflec&Ave sediments will be encountered

in most marine archeological surveys on the outer continental shelf.

Consequently, penetration by most commercial instruments will be poor.

Sharma has further indicated, however, that some private companies have

developed instruments of higher resolution capable of penetrating sand

and defining subsurface anomalous sand bodies. We are

technology employed in marine archeological surveys is

rapid developments are taking place which will, in the

aware that the

in its infancy and

near future, greatly

increase the capability of these geophysical instruments. Consequently,

the industry should demonstrate “state of ‘&e art” capability in conducting

marine archeological surveys, for rapid technological change will soon

make

(3)

the specific instruments used in ‘ibis study obsolete.

Side-scanning Sonar

The sonar performed very well after some initial difficulties.

The main problem encountered was keeping ~ke fish depressed and at constant

distance from the bottom at minimum ship’s forward speed of four knots.

For s~eys of ~is nature, particularly when conducted over uneven bottom,

o
it would be very desirable to use a sonar fish which has constant depth

------  - —- _. ---- . . . . . . . . . . . .. -e___ .,-- . __..-,___  .- .,....
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monitoring and control.

(4) Chart Speed

I-t is recommended that the chaxt speed of both the side-scan

and sub-bottom profile chart recorders have identical settings. This

greatly facilitates analysis, for it negates the need to convert one record

to be compatible with the other. A chart speed of 1.5 inches per minute

was used for this survey and was found to be quite adequate.

(5) Magnetometer

The only recommendation regc=ding the magnetometer applies to

its usage. It is felt that submerged aboriginal sites in this area would

not provide any magnetic anomaly sufficient to register on the instrument.

However, the magnetometer has demons-tiated its usefulness in other study

areas (the Gulf of Mexico) by detecting comparatively recent historic

cultural resources, i.e., shipwrecks.

magnetometer should be retained as an

surveys. As has been demonstrated in

in paleogeographic reconstruction and

For ‘&is reason alone, the

integral part of marine archeological

‘this report, it may also be useful

paleomagnetic dating.

General Comments

When conducting surveys such as that just completed, using

magnetometer, side-scanning sonar, and sub-bottom profiler, it is recom-

mended that all instruments be operated simultaneously along the survey

tracts for purposes of correlation of results. Ships utilized should

have towing and rigging capabilities compatilile to such activities.



It should be kept in mind when

Chukchi that this is an area notorious far

working at sea in

bad weather, poor

the Bering/

visibility ~

strong winds and currents, and sudden .sk~~.sr all of which serve to decrease

efficiency complicate navigational difficulties~ and increase the amount

of time necessary to accomplish desired objectives. Any ship used in this

area should be of sufficient size and capability to withstand predictable

storms, should be highly maneuverable in order to accomplish the required

navigational feats, and should be capable of maintaining herself at sea

for extended periods. All of the continen’=1 shelf on the Bering and

Chukchi is subject, in addition, to seasonal pack ice and is unworkable

by all but ice-reinforced vessels from October through early June.

.- . . .
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to Protect

Cultural Resources on the Alaska OCS) represents a modified and slightly

altered document drafted by the National Park Service (after receiving

input from representatives of private industry, BLM OCS officials, and

members of the Society of Professional Archeologists) during a week long

meeting held in Austin, Texas, during the summer of 1976. It represents

professional consensus as to what levels of data quality and professional

standards are necessary to insure that marine archeological surveys, analysis,

and report generation are meaningful endeavors which achieve the objectives

expressed in regulations which require them.

Cultural resource survey stipulations become meaningless if the quality

of the data secured from the survey is so poor that accurate interpretation

is impossible. If the professional standards of the archeologist analyzing

the records are so low that the presence of anomalies are overlooked, the

survey effort is wasted. In addition; there exists an inherent danger in

the analysis of marine archeological survey data that the archeologist

responsible for analysis may, in a desire to avoid conflict or through

fear of the loss of future “business”, may be inclined to ignore possible

anomalies or poor data quality. It is conceivable that, if archeologists

analyzing chart records are paid on a fixed fee basis, they may tend to

hurry through analysis in an effort to increase their income with less

expenditure of time. Although we are not aware that this has occurred

in the past, it is quite possible that as the tempo of OCS development

increases this problem may become very real. Hence, it is appropriate and

timely that regulations similar to those outlined in Appendix II be

implemented for marine archeological surveys.
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Axeas Recommended for Survey

The discovery of any submerged aboriginal archeological site

on the Alaskan outer continental shelf would be a breakthrough of profound

scientific significance. Such a discovery would require a rethinking of

the prehistory  of North America and could quite possibly necessitate a

restructuring of global prehistory, depending on the age and location of

the discovery. There can be little question that such significant

cultural resources should be preserved for professional scientific

investigation. Marine archeological Smeys are feasible for the Alaskan

outer continental shelf.

Based on the experience of this study, the attempt to document

Pleistocene-age archeological sites on the outer continental shelf is an

● extremely difficult and time-consuming ‘ask. The effort, danger and

expense required to undertake such surveys are considerable. To initiate

a marine archeological survey in every lease area in the Bering and Chukchi

Seas is unrealistic, for in most areas the probability of encountering

submerged archeological sites is extremely low. However, there are a few

areas of extremely high probability which warrant the effort required of

a marine survey and it is recommended ‘c’hat marine archeological surveys

be conducted in high probability areas on the outer continental shelf.

High probability area maps are included in ‘te Appendix.



TERRESTRIAL ARC-GEOLOGICAL SURVEY OF ST. X?JTTHEW ISLAND
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●

E. James Dixon, Jr.

An archeological survey of St. Matthew Island was executed

July 23 through July 31, 1976. The Island was selected as a test area

based on a number of considerations. The St. Matthew area had received

a very high probability rating during the Phase I analysis. In addition,

according to what little historical information is available for the

Island, it has,received  little human ac’tivity during historic times.

It was felt that this fact would greatly enhance our ability to detect

early man sites, for archeological remains from later periods would be

minimal--thus not masking earlier cultural remains. At the time of

Russian contact, the Island was uninhabited. Finally, it was felt that

because no archeological survey of St. !tatthew  had ever been conducted,

any discoveries on the Island would, in ‘Aemselves, provide a.significant

contribution to the scientific community.

On July 18 the field party attempted to reach the Island in

a Super-Widgeon, a twin-engine amphibious aircraft, but heavy fog did

not permit a landing. Although Pinnacle Island was sighted through the

fog, St. Matthew itself remained obscured. The aircraft remained in the

vicinity of

hole in the

well as the

the island for approximately one hour hoping to find a

fog and achieve a landing. Anxiety over the fuel supply as

gnawing fear that much of St. fi~tthewls  coastline cofisisted

of thousand-foot cliffs rising

unamious decision to return to

weather conditions. The field

between July 18 and July 23.

●

directly out of the ocean, resulted in a

Nunivak Island and wait for a change in

party was weathered in on Nunivak Island

. . . . . . . . ----- . . . . .- . . . . . . -----  .-. . . . ..—
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The second attempt to reach the Island on July 23 was

s successful and the Super-Widgeon set down on Big Lake, located on the

east central side of the Island, and a base camp was established near

●

its margin.

Guthrie and

surveyed to

The field party divided into three separate survey groups.

Morris surveyed an area north of the base camp, while Stoker

the south. Bacon and Dixon surveyed the large

which dissected the Island from east to west. All parties

base camp on the morning of July 24 with the understanding

as natural lookouts, possible interception locations which

central valley

departed the

that such areas

might have

been advantageous in hunting terrestrial animals, caves, rock shelters,

lithic outcrops suitable for tool manufacture, and natural exposures

such as stream

attention. It

or beach cuts and blowouts were to be given special

was felt that h~itation sites situated along the coast

would postdate sea level stabilization and thus be too recent to be

applicable to the test which the survey area was designed to fulfill.

However, it was also recognized that marine erosion of Quaternary sedi-

ments along the coast might provide natural exposures suitable to our

survey interests.

Stoker’s and Guthrie’s reports precedeand there is no need to

reiterate information included therein. Figures 6-1 and 6-2

depict the survey route selected by Dixon, Bacon and Stoker

as best as is

only map scale available

pit locations.

possible at a scale of 1:250,000, which is the

for the Island. Figure 6-3 illustrates the test

Survey conditions were poor for,

●

.

comparatively speaking, the

-. —..- .---— . . . .—. . -----------  ------------  J-
.----- -—-.. . ------------ . . ..— .- . . . . .
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ST. MATTHEW ISLAND

?
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Island in general lacks Pleistocene deposits suitable for archeological

preservation. Although the larger valleys have accumulated Quarternary

deposits, most elevated areas consist of pavements of frost-spalled  rock.

Attempting to locate stone artifacts in this extensive jumble is not only

a frustrating, but futile experience. Natural agents have produced

literally millions of “naturefacts”, many of which bear an uncanny

resemblance to tool forms characteristic of kno-wn late Wisconsin archeo-

logical assemblages, such”as blades and flake cores. However, the context

of the St. Matthew specimens most surely indicates that they cannot be

attributed to former human occupation of the Island. It was impossible to

ascertain prior to the archeological survey, due to the paucity of

information relating to the Island, that the depositional situation would

not be conducive to preservation and detection of archeological remains.

The lack of deposition in the elevated areas of the Island

produces.an environment which is not conducive to the preservation of

organic remains. The numerous reindeer skeletons which litter the Island

and represent a crash in their population which occurred during the

winter of 1963-1964 (Klein, 1968:353) are in an advanced state of decay

and clearly indicate the poor preservation of surface organic remains.

The survey method consisted of a foot traverse along the

margins of the large central valley cutting directly across the Island.

This valley was selected because it was felt that during Pleistocene

times it formed a large central valley cutting through a steep series of.

mountains rising out of the comparatively flat surrounding plain. Such

an ecological situation would most probably have funneled large mammal

movements thxough it, thus presenting suitable ambush situations for

early man. In addition, according to Patton et al. {1976:69) (Fig. 6-4 },
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the valley has been filled with Quarternary deposits, thus offering some

possibility for organic preservation so noticeably lacking in adjacent

areas of higher elevation.

Food, fuel, camping gear and excavation equipment were back-

packed. All test excavations were troweled until either bedrock, ground

water or permafrost made further excavation impossible. All test pits

were backfilled following excavation. Although one historic site, the

remains of what appeared to have been a lean-to (Fig. 6-5 ) which prob~ly

dated to the 1944 U.S. Coast Guard occupation of the Island was discovered,

all test excavations were negative and no evidence of prehistoric human

occupation of the Island was discovered.

Of interest, however, was a ventifact  layer which was found

in several of the test excavations. The layer characteristically occurred

between 30 to 50 cm below the surface and may indicate a period when the

Island was subject to a prolonged period of subareal. erosion. Loess

deposition was negligible, thus possibly indicating that during Pleistocene

times St. Matthew Island was not situated close to a source area, such as

an outwash plain, from which wind-blown silts could have been derived.

The survey proceeded along the south flank of the valley

and test pits were excavated (Fig. 6-6 ) at prominent overlooks and near

the margins of bedrock outcrops. The survey of the south side of the

valley was terminated at Sugarloaf Mountain where the valley meets the

ocean. The beach erosional face was then inspected for possible evidence

of human occupation and Pleistocene fossils. In addition, stream cuts

through the eroding eastern beach were inspected. One possible archeological

site was discovered along the southern end of the beach near Sugarloaf

Mountain. This find consisted of a log protruding from the cutbank which
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●

●

Fig. 6-5. Remains of a lean-to, probably Zsting to U.S. Coast Guard
occupation, 1944.

.-
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●

1

Fig. 6-6. Test pit excavation, interior St. Matthew Island.
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had a piece of baleen lyirig directly on its upper surface. Bedding above

the log in ‘te exposed section indicated tlhat &he specimen was no doubt

in situ and had remained so for some time. Test excavations were

attempted, but the frozen bank made pene’~ation of more than a few centi-

meters impossible. The surrounding ~~ea was examined for artifacts u’hich

may have been dislodged from the bank thro-ugh wave erosion, however, a

large snow/ice lens directly seaward from the exposure greatly reduced

the area available for examination. T@ log demonstrated no evidence,

such as adze marks, of having been culturally modified. A sample of the

baleen was collected. It is impossible to ascertain whether this uncanny

association represented evidence of huiiiian  occupation of the Island, or

was a rather fortuitous and somewhat unlikely natural depositional

situation. This “site” is depicted in Figs. 6-7 and 6–8. Wnatever the

case, the

B.P. when

little to

length of

site most probably dates to sometime after approximately 4,000

sea level reached its present height and consequently

demonstrating Pleistocene occupation of the Island.

contributes

The survey proceeded from this location along the entire

‘&e beach northward to a large lagoon adjacent to the abandoned

U.S. Coast Guard station. The deposits exposed in the beach cut appeared

to become more contemporary along the P.crthern portion of the exposure.

The survey of the valley was concluded by traversing the

southern flank of an adjacent valley, once

probability. The survey team then crosseii

Big Lake and returned to the base caiip via

?gai~ testi~g in areas of high

back into the main valley near
.

the adjacent series of beach

ridges on the north shore. Because July 27 had been established as

time at which the air charter was to ini~iate attempts to reach the

. . . . .

the

Island
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Fig. 6-7. Log and Baleen exposed by beach erosion.

. .

0
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i

I

I

Fig. 6-8. Close-up of log ZW5 baleen in situ.

. . . . . .“. . . . . . . . . ---- . . . . . . . . . . . .
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●
and evacuate the project personnel, we were restricted during the remaining

days to conducting testing” near the base camp, for it was imperative that

the crew not be scattersd if the aircraft should arrive. During this

three-day

results.

along the

period, additional test excavations were conducted with negative

~o historic semi-subterranean “trappers’ cabins” were noted

extreme southern extremity of the beach ridge sequence adjacent

to Big Lake. Nemby the remains

most recent beach ridge and were

collapsed and abandoned cabins.

of a handmade boat winch were located on the

no doubt contemporaneous with the two

Although the beach ridge sequence was

not surveyed, it is possible that this area could prove productive with

the accompanying benefits of relative dating of the beach ridges. In

addition, it was noted that the formation of these beach ridges has not

always been consistent with the present pattern. The alignment of the

beach ridges clearly indicates that they may provide a useful tool in

paleoenvironmental interpretation.

The fact that the terrestrial archeological survey of St. Matthew

Island did not produce evidence of human occupation of this high probability

area during Pleistocene times is not accepted by this researcher as a

definitive test of the Phase I

reasons: (1) Adverse weather

only three full days in one of

(2) the depositional situation

probability modeling for the following’

conditions limited the survey duration to

the most promising areas of the island;

on the Island

vation of organic archeological remains, and

spalled rock in areas above the valley floor

was not conducive to preser-

(3) the huge areas of frost-

made-d”etection  of lithic

artifacts extremely difficult. In conclusion, it is impossible to state,

on the basis of this survey, that the area was uninhabited during Pleistocene
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times.

One final note should be ad&d to a summary of the archeo-

logy 05 St. Matthew Island. The University of Alaska Museum houses a

collection of artifacts from the Island which were donated by Dr. Klein.

This assemblage is either early historic or late prehistoric in age.

Although no historic artifacts are in the collection, it does contain

aboriginal ceramics which are easily recognized as very late Eskimo.

It is quite possible that this collection may document- prehistoric

occupation of the island, but the obviousfiy recent age of the assemblage

does nothing to support Pleistocene occupation of the island.

. .. .

. -. —,-., ,. _. _.. . . . . . --- . . . . . ...-=.-.
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TERRESTRIAL ARCHEOLOGICAL SURVEY OF ST. MATTHEW ISLiWD

Sam W. Stoker

Stoker’s planned route to the south

Cape Upright lay along the crests of the rather

end of the Island and

jumbled ridge and valley

complex to the south of Big Lake to the extensive flats on the southern

end of the Island, along the east shore of these flats to Cape Upright,

back along the west shore of the Island to the central valley, where

rendevous was planned with Dixon arid Bacon (Fig. 6-2 ). Progress was

made along this route throughout the day of July 24th, though with

seriously deteriorating weather conditions. By mid-afternoon winds

had increased to 40 to 50 knots, still from the south and southwest,

and fog had greatly increased in density. The resultant very limited

visibility made it virtually impossible to maintain a selective route,

and contributed much to the difficulty of efficient progress.

By 4:00 p.m. the last ridge was attained before dropping down

into the southern flats. Conditions by now were extreme, with winds

estimated at 70 knots from the south and with very dense fog. In view

of the wind conditions and the unsheltered nature of the southern flats,

and due to limited visibility? which offered to make descent onto these

flats very hazardous, it was decided to abandon the venture to Cape

Upright and return to the relative

some travail and meandering in the

valley was reached *out 7:30 p.m.

knots here, and the fog thinned to

(greater than 100 feet). The main

shelter of the central valley. After

fog, the south slope of this central
.

The wind was decreased to 20 to 30

permit relatively good visibility

camp on Big Lake was regained by 9:30 p.m.

-. -.



The terrain along the route coveyed (Fig. 6-2 ) consisted,

with the exception of the first and last few miles along the valley floor,

of a confusing {in the fog) ridge and stream valley system. The ridge

crests were primarily of bare, broken scxee. The hillsides were of

similar broken scree, extensive steep talus slopes, and unstable areas

of loose mud and rock. The stream valleys, those which were blundered

inadvertently into, were marshy grass interspersed with patches of muskeg

swamp . No caves or rock shelters were found, nor hopeful natural exposures.

Visibility at all times was extremely limited, usually to under 50 feet.

interesting

On the north-facing southern side of the central valley several

disruptions of the normal contour of the slope, consisting of

shallow depressions, were observed and investigated, and four shallow

test pits dug. It was concluded that these apparent anomalies were,

● however, natural results of frost and ground water action.

●

On the morning

again, this time following

Lake and thence west alo~g

of the 25th, Stoker departed the main camp

the beach line north to the north side of Big

the lake margin to the western side of the island.

Weather on this day was

south, intermittent fog

much impro-ved, W-iLL?I

above 100 feet, and

foothills

have been

Four more

kzinds 10 to 15 knots from the

occasional glimpses of the sun.

Several likely-looking locatiom were observed along the

near the north margin of the lake, from where game herds might

intercepted, but no evidence 02 occupation was discovered.

test pits were dug in apparent anomalies such as had been

investigated the day before but they, 2s 2?-% previous ones, were determined

‘co be the result of natural soil mechanisms.

..-
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From the northwest corner of Big Lake, Stoker skirted the north

● side of the adjacent smaller lake, crossed the flats to the western beach

and followed this beach line north to the abandoned Coast Guard station

in the foothills northwest of the central valley. The western beach

line provided a cutbank of up to several meters in height, but no evidence

of human occupation or animal remains were observed in this exposure.

Camp was made the night of the 25th-26th in the abandoned

Coast Guard station. A blown-down wooden cross was found on a bluff

abvove the Coast Guard station, apparently a grave marker, with the

inscription “Etiuri”. Weathering had obliterated other writing on the

marker.

The morning of the 26th Stoker retraced his previous evening’s

route back south along the western beach, met

their night’s camp in the northwest corner of

and proceeded from there back south along the

thence along the southern side of the central

with Dixon and Bacon at

the central valley (Fig. 6-1)

beach to the foothills and

valley to the main camp.

Several likely-looking areas were investigated, but no evidence of human

occupation was discovered save for the remains of an apparent trapping

camp of relatively recent age (Fig. 6-5) . The main camp was regained

that night by Stoker, Dixon and Bacon,

on that day was good, with light winds

Terrain along

covered by the

dry to marshy,

crossed in the

interest.

ubiquitous

khis two-day

loose scree,

by separate routes. The weather

and intermittent sun.

route consisted

flat gras~lands

of gentle hills

varying from semi-

arid areas of muskeg swamp. Several small streams were

central valley, none providing cutbanks of any lasting
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The only other excursion of any IengL& undertaken by Stoker was on

o the 29th, when an attempt was made to locate possible outcrops of workable

Iithic material (jasper and agate). Pebbles of this material were comnonly

seen on the eastern beach. Cliffs and rock outcrops on both

and southern ends of the beach were investigated, and it was

that such material, the jasper and agak?, at least, probhly

in concentrated deposits but was erodinq

pockets in the country rock of the cliff

along

often

No live marine

these routes, though

impossible. Several

whales were encountered on

out more’ or less at

faces.

the northezn

concluded

did not occur

random from

mammals were observed on the beaches or at sea

poor visibility made observations difficult and

skulk. and assorted bones of large baleen

both

central valley. All were badly

least several years. Weathered

the eastern and western beaches of the

weathered, indicating exposure for at

bones of one walrus (Udobenus rosmarus

d.ivergeins) were found on the southeast beach of the central

relatively fresh bones of another on ths nor&&east  beach.

. .

valley, and
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A SURVEY FOR FOSSIL TERRESTRIAL MAMMALS ON ST. MATTHEW ISLAND

by Russell D. Guthrie

Being the

Island to

major interruption of the now submerged plain between St.Lawrence

the north and the Pribiloff  Islands to the south, St.Matthew Island

is a likely focal point for investigations of Pleistocene mammals in Beringi.a.

Because it was a series of low mountains on a monotonous prairie it would

very likely have been an area well used by large mammals. There are a number

of aspects which suggest this. Ungulates often seek topographic relief,

because of the variation in plant maturity - also to escape insects~ and to

use as a visually obvious traditional breeding or calving ground. It would

have served as a

ground for lions

major hibernation location for bears and a summer denning

and wolves.

As there had never been a paleontological search for fossil mamnals on

St.Matthew,  prospects seemed likely that there would be suitable deposits.

Our survey turned up neither suitable sedimentary deposits nor Pleistocene

remains of mammals.

There was only a very thin mantle of silt, usually forming a matrix for

angualr gravel which had been plucked from the underlying bedrock by frost

action. Very little bedding was present, because of the seasonal frost

churning of the silt and gravel. A number of streams were checked for
. .

possible erosion cutbanks and no likely ones w-ere found. Unlike the

continental area of Northwestern Alaska tlhere were no seacliffs of

Pleistocene sediments. The sea cliffs were all rocks of volcanic origin.
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LiterallY thousan~s of bones Were examined scattered in the gullies and along

the beaches; however, these all were either reideer {Rangifer tarandus) or

● sea mam.~ls. During World War II the navy releaseci a small herd of reindeer

on the island. The herd expanded to 6,000 anin.als and crashed (Klein, 1973} .

Tkeir bones, in various degree of decay, Ii=tsr the island. Likewise, over the

years carcasses of dead floating sea ma~Lais have washed onto the beaches and

decomposed leaving their bones scattered alo~g the sand-gravel beaches.

The Island is

preponderance

mountainous. Not only the twndra vegetation cover but the general

of boulder pavements and bedrock features near the surface and the

virtual absence of

the rivers fanning

with bark and not

eolian deposits on the isla..d suggest the possibility that

out across the outer continental shelf were well enclosed

braided in a long broad delta which would have been a source

of loess deposits throughout the area.

A.REA SURVEYED

On its northeast side the Island has three major lakes separated from the

sea only by a

outer margins

thirds of the

stern beach ridge of gravel. These cut-off lagoons mark the

of the area which we surveye& - essentially the central two-

island. Both sides of the island i~ithin this segment were

walked, as w~re several of the interior drainaqes.

their camp over this area for a period of four days

camp on Big Lake for three more days.

A team of two backpacked

and then worked out of base

. -. . . . . . .
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RECENT MAMMALS OBSERVED

There was a population high of the island’s only small mammal., Microtus

abbreviates. These voles were almost everywhere in great numbers. They

occupied virtually all habitats. While hiking around the siland their singing

vocalizations were constantly in the background. As many as thirty animals

were seen at one time.

White foxes (Alopex lagopus)

large numbers of voles. Two

were also common, probably as a result of the

phases are present on the island - whites and

blues. In summer coat the whites are a dirty brown trimmed in light buff.

The summer coat of the blue phase is a dark grey. The frequency of the phases

on the island is probably

blues. Several dens were

den. The pups were quite

down and caught they were

development described for

close to 50:50 - our

seen. All had pups.

small weighing about

counts were 16:14 whites to

We counted six pups at one

3 pounds. They could be run

so young. This is well behind Arctic fox

other areas.

Whales, probably gray whales (Eschrichtius glaucus), were seen feeding off

the coast of the middle lake and eight seals (probably harbor seals, Phoca

vitulina, were seen along the south central shore of the island.

Klein (1973) proposed that there were only cow reindeer remaining on the

island in 1966. We did not get to the eastern end of the island which he

described as summer range. However, we did see numerous tracks and faeces

and observed five bull reindeer over the ridge east of Big Lake. Undoubtedly

there were males remaining in 1966. The herd seems not to have increased

greatly due to the almost total annihilation of lichens from the earlier
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population peak in the 1960’s. Lichens normally form the bulk of reindeer

● winter diet. The reindeer do, however, seem to be surviving ak the level OE

a few dozen. The bulls were healthy and fat - just as large as Klein had pictured

before the crash. The antler development was enormous also, suggesting a

healthy population.

BIRDS oBsER~D

Klein (19S9) gives

all the birds seen

whistler swans and

other birds on the

a complete list of the birds on the island. We observed

by his survey except the redpoll, Pacific fulmar, and

black footed albatross. Beals (1944) describes several

island. We saw all of these except for Golden plover, snowy

owl, red-breasted meganser, and rosy finches. In addition to their lists we

observed semipalinated plover and the continental snow bunting.

Klein (1959) lists the number of bird snecies. Althouuh we did not attempt

actual counts we did notice marked qualitative changes from the proportions

that he observed. I doubt if these are because the survey could have taken

different routes. The differences are these:

1. He observed only a few McKay’s snow buntings while we saw
thousands.

.2. He
we

3. He
we

4. we

5. We

found fewer Aleutian sandpipers t’han red-backed sandpipers,
found the reverse.

found tufted puffins more comnon than horned puffins, while
saw thousands of horned puffins but only a few tufted puffins.

found mre glaucous gulls than did Klein.

found more ruddy turnstones than did Klein.

6 . All three species of jaeger were very abundant with long-tailed
jaegers most common.

7. Eiders were more rare than what he observed.

. . . . . . . . .
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● lln explanation for some of these differences must relate in a primary arid

possibly secondary way to the vole cycle. Klein’s visits occurred during

a low in their cycle and ours during a high. The large numbers of jaegers and

glaucous gulls can be accounted for directly on the basis of the food source.

The summer of 1976 coincides with a vole-lemming high across northern and

western Alaska. These 4-year cycles result in a sympathetic cycle of avian

mouse predators. Most of these avian predators are migrants and probably there

is a spill over into northern islands from the mainland. The vole cycle on

St.Matthew  may be an artifact of the microtine cycle on the mainland.

The increased numbers of voles probably changes the habit for birds and most

surely the presence of the avian predators, from the lemming population high,

have a differential effeck on various species of birds.

It looked to us as if there were the

to McKay’s snow buntin~. The latter

beaches.

The genetic-specific names

appear in Klein (1959).

continental snow buntings in addition

was subordinate to the former on the

for the bird species mentioned in this section
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APPENDIX II

MINIMUM SURVEY REQUIREMENTS TO PROTECT
CULTURAL RESOURCES ON THE ALASKA OCS

Several legal instruments bear upon the treatment of cultural

resources on the Outer Continental Shelf (OCS). Those directly related

to their protection are: The Antiquities Act of 1906, Historic Sites

Act of 1935, National Historic Preservation Act of 1966, National

Environmental Policy Act of 1969, Executive Order 11593, OCS Act of

1953 and 36 CFR 800. To satisfy these requirements, recent OCS leases

include a stipulation concerning archeological and historic resource

(cultural resources) surveys. Should such an archeological survey be

required in the leased area, or area sought for permit, the following

minimum survey requirements are recommended. It is recommended that full

surveys shall be conducted on those areas of proposed bottom disturbance

identified on the current Bureau of Land Management OCS office cultural

resource map as being an area of high probability. If any cultural resource

is discovered during the conduct of operations on any lease, these should

be reported immediately to the U.S. Geological Survey (USGS) supervisor

and every reasonable effort made to preserve and protect such resources

from damage until the supervisor has given directions as to its disposition.

Prior to drilling csx coring operations or the installation of any structure

or pipeline, the lessee should be required to conduct a (high resolution)

remote sensing survey in the immediate area to determine the possible

existence of cultural resources. These cultural resources may be

indicated by geophysical anomaly records, historical records or the

reconstruction of the total paleo-environmental setting which may be

indicative of aboriginal sites. Evaluation and synthesis of data for
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●
probability of cultural resource existence should be performed by.

persons qualified at least according to the standards for “marine

survey archeologist” of the Society of Professional Archeologists.

Such data and synthesis should be submitted for review to the USGS

supervisor and the Manager, Bureau of Land Management OCS office.

The following minimum equipment and operating standards (representative

of the state of technological development) are recommendl:d  and in

performing surveys. As new survey techniques, are develcped, parti-

cularly for aboriginal sites, these should be

field survey process on an as needed basis.

1. Magnetometer - Total field intensity

incorporated into the

instruments should be

required. Sensors towing height should be less than

bottom wherever possible. Depth of sensor should be

device using a single channel recorder. Sensitivity

6 metxs above the

deterr.ined  by sensing

should be a minimum

of + 1 gamma. Noise level should not exceed + 3 gammas. Interference— —

(single spikes should be less than 5 spikes every 10 minutes. Dual scale

continuous recording should be utilized with one scale at I(;O gammas and

the other at 10 or 1000 gammas. It is recommended that chdrt speed be, at

a minimum, 4 inches per minute. The cycle rate should be ~. per second

unless another rate is necessary to maintain the required s::nsitivity.

Survey speed should be computed so as to obtain continuous coverage without

the existence of magnetic voids between pulses% Cable length should be

sufficient to place the sensor outside the survey vessel’s gradient and

within designated proximity to the bottom. Cable length and length of

boat behind antenna should be recorded.

2.

floor at

Dual Side Scan Sonar - One hundred percent coverage of the sea

a range scale width not exceeding 150 meters per side in the



proposed area is needed. Tow height above bottom should provide optimum

seafloor detail. Vertical beam-width should be appropriate to the water

depth and horizontal beam-width should provide optimum resolution.

Tuning should be appropriate to enhance the

objects and still retain acceptable returns

Cross talk should be minimized to less than

return from smaller nearby

from more distant targets..

20 percent comparative

shading density on the opposite trace. Record annotation should be

performed by the operator including noting the cable length and the

presence of boats, buoys, debris, schools of fish, etc., which may

appear as bottom features in the record. All anomalies should be

cross-annotated with the other equipment being used. Sensor location

relative

3.

trationr

frequency

dimension

and pulse

to the navigation antenna should be recorded.

Sub-Bottom Profiler and Watex Depth Recorder - For shallow pene-

the acoustic source should provide a pulse of an energy level and

so as to resolve

occurring within

timing should be

targets on the order of one tio two meters

the upper 15 meters of sediment. Tow speed

computed so as to provide 100 percent along the

survey track. Minimum recorder sizes should be adequate to provide full

second or 1/2 second scale. An analog recorder should he used for bathymetry.

Sensor location relative to the navigation antenna must be recorded.

Any equipment record containing noise sufficent to mask valid data

should be the cause for the USGS supervisor to reject that data.

It is recommended that the use of

underwater TV, still or movie cameras,

in high probability areas where direct

data strongly indicate the presence of

optional tools and methods such as

divers or submersibles, be encouraged

physical evidence or remote sensing

cultural resources. Any engineering

cores containing Wisconsin or Recent sediments should be :ade available for



the archeologist’s inspection. These data should be evaluated for

evidence of cultural resources, such as stratigraphic anomalies, charcoal

flecks, bone fragments, or other detritus which may be attributable to

former human occupation or land use of the survey area.

Navigation for the surveys should utilize a state of

continuous navigation system with a mimimum accuracy of +—

the art

15 meters within

the survey area and shall have a navigation plot sufficient to maintain

track spacing and locate anomalies. Positioning points should be shown

on all records (A C) and tied in with the same time clock. Point spacing

should be at a maximum of 150 meters.

The survey should be run along parallel primary

in protected bays and inlets and 150 meters apart in

lines spaced 75 meters

more open waters with

perpendicular tie lines spaced

ometer and sub-bottom profiler

sonar may only be necessary on

The central tie line should be

330 meters apart in all cases. The magnet–

should be run on all lines. The side scan

alternate primary lines and on all tie lines.

centered on the proposed drill or other

operation’s site. The grid pattern may be run parallel to bottom contours

wherever this would be beneficial

bottom conditions. The choice of

the body of the report. The area

area within which physical and/or

due to the existence of high relief

survey pattern should be explained within

surveyed should include 125 percent of the

long-term magnetic disturbance will occur.

Physical disturbance should include, but not be limited to, the area within

which drilling vessel anchors may be placed but may not include work boat

anchors or similar minimal disturbances.

Future prospecting for cultural resources with a magnetometer may

be precluded in areas within the OCS where development results in the

accumulation of magnetic debris or the installation of cables, pipelines
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and other such sources of magnetic signals or perturbation of the

natural magnetic field. Therefore, areas within such activities

will result in a long-term impact should be surveyed. For pipelines

and cables, the line spacing should include a line along the proposed

center line with offset parallel lines at 75 meter spacing sufficient

to enclose an area 125 percent of the area within which physical

(barge of boat anchors) and/or long-term magnetic disturbance will

occur.

The same grid

conjunction with a

spacing should

point location

apply whether the survey is done in

or is done for an entire tract. To

clear an entire tract, the area of a tract within its boundaries

should be surveyed as well as that portion external to the tract but

within which physical and/or magnetic disturbances, as defined above,

will occur. A marine survey archeologist should not be required to

be present on all survey activities. A remote sensing equ~pment operator

must insure that the survey equipment j-s properly tuned and records are

accurate, readable, and properly annotated. Annotation :<:nuld  be made

at the beginning and end of lines showing anomalies or m<;;tetic  values.

Annotation of records should include, at a minim~: (A) ;>urse changes,

(B) known sources of anomalies,i.e.  , well heads, known pi;.~iines,  changes

in cable length, other boats in areas, sensor tow speeds< ;ncluding both

current and vessel components, should not exceed 6 knots Data gathered

in high sea states may be unacceptable due to excessive n~>ise,  and (C)

anomalies from other instruments. The records should be ;J]spected by the

marine survey archeologist along with the remote

who should advise the marine survey archeologist

sensing :-.<;uipment  operator

as to rc&d quality and
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anomaly occurrences. The marine survey archeologist should have the

option to decline review of any or

technically inadequate to enable a

concerning the presence or absence

area. Some examples of inadequacy

all survey producing data which are

reasonable professional judgement

of cultural resources in the survey

include, but are not limited to,

poor record or data quality, inadequate coverage, improper tuning or

sensor development, and unfavorable meteorologic oceanographic or mag-

netic conditions. The total data should be maintained by the lessee and

should be available to Bureau of Land Management and ll,S. Geological

Survey upon request.

Survey Report

The archeological survey report should include I.!,aiuation  of

appropriate geological, geomorphic, historical, arch~ol.ogical  and

other environmental factors, in addition to data generated specifi-

cally by the field survey. At a minimum the report :,i}ould include:

1. Description of tract surveyed to ~nclude tract number, OCS

number, block number, geographic area, e.g., Mobile Soll”ch No. 1 Area,

and water depth.

2. Map (l” = 2000”, or metric equivalent) of the lease block

showing the area surveyed.

Navigation post plot map (l” = 500’, or metric e~?.livalent)  of area

surveyed showing track lines

latitude–longitude reference

indicated paleo-environments

cultural resource occurance.

and shot points with UTM X and Y coordinates,

points, all located anon~,ies and all

possessing a high probab~lity for
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3 . A bathymetric map (1” = 500’. or metric equivalent) with vessel

tract lines, or an overlay showing vessel tract lines. Contour interval

shall be appropriate to adequately reflect bottom terrain conditions.

4 . Classification of personnel and duties.

5 . Survey instrumentation, procedures and logs.

6. Narrative of sea state over length of survey (to include boat

size, meteorological conditions! neighboring vessels, and any changes

in these).

7 . In all

all survey data

submitted.

cases where an anomaly is encountered,

for the line(s) indicating the anomaly

the original of

should be

8. Archeological assessment. This

the marine survey archeologist assessing

should be a sta~ement signed

the likelihood,? of cultural

resources being present. This assessment shall include:

A. Lease history and background.

i. oil and gas or other developmental activity on or

adjacent to the lease;

ii. known or suspected shipwrecks or aboriginal s:~tes;

iii. geological and geomorphic setting as rela?ed to the

identification of cultural resources; and

iv. projected late Pleistocene and Holocene adaptive

patterns of human settlement drawn from adjacent land areas.

B. Discussion of method.

i. surveying problems in either method of insl-i-uinentation

affecting the archeologist’s opportunities to assess resm:rces in

the area surveyed;

by
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ii. presentation of survey data relevant to identification

of cultural resources; assumptions and rationale guiding analysis,

i.e., the reasons for considering that certain data indicate either

the presence or absence, as the case may be, of cultural sites.

Anomalies should be considered to be of cultural significance unless

unequivocal contrary evidence is present; and

iii. where additional survey, i.e. , photo, television, diver

observation, etc. was, considered necessary, a general narrative

summarizing this information shall be included.
._

Conclusions.
,..

c. -“

i. identification of or statement of pol<;: 1 ~.11-for cultural
.:.-.

.-
resources in the survey area; and

- -.-. .. .. - -‘-- . . .
.-

ii. recommendations either for avoidance 4>7’ :-[:; steps to

be taken to further identify the nature of electronic or-c.ther  anomalies.

9. Copies of the cultural resources repori. :hould b:: submitted to
--

the appropriate offices of the U.S. Geological Sl~,$~zy ari$ Outer
-----

Continental Shelf Office of the Bureau of Land l::<?;gemenb.:

.-

.-?

0
. . .

;


