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| NTRODUCTI ON

The follow ng report was produced by the University of Alaska

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

of Land Managerment Quter Continental Shelf Office. The purpose of the
research was to identify areas of high archeol ogi cal probability on

Al aska’s outer continental shelf and to assess the feasibility of

actual ly detecting submérged archeological sites. The study is to be

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

and managenent of cultural resources on the outer continental shelf in

relation to oil | ease activities.

Phase | of the research was to focus on an interdisciplinary
research approach of the critical problem of isolating regions of high
archeol ogi cal probability on the Bering and Chukchi outer continental
shel ves off Alaska’'s coast. Phases Il and IIl of the project attenpted

to locate archeol ogical sites of Pleistocene age in the Bering Sea.

The project’s research team consisted of G.D. sharma, physi cal
oceanogr apher, Sam W Stoker, marine mammologist, Russell D. Guthrie,
vertebrate pal eontol ogi st, and E. Janmes Dixon, Jr., archeol ogist and
project coordinator. Tenporal restraints were felt by all authors because
of the necessity to conplete the research prior to off-shore cil | ease

sal es planned for 1976.

The following report represents the nost detailed study
of the Bering Land Bridge as it pertains to human utilization and the
col onization of the New Wrld. Each of the four Phase | reports

represents a major research contribution in its own right, In the section




viii.

on the pal eogeography of Beringia, Sharma presents, by a series of
“snapshots” through time, the nost detailed reconstruction of the Wsconsin
evol ution of Beringia yet advanced. The sections by Stoker and Guthrie

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

pal eodi stributions of two nmjor species conplexes, nmarine and terrestrial
mamal s, respectively. The final section by Dixon provides a treatnent

of the evidence favoring the probable human occupation of Beringia and
man's penetration of the North American continent via that route. It

al so proposes a theory and nmethod for predicting high probability areas

for archeol ogical 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
sel dom i npl enented--a truly interdisciplinary approach applied to a
specific research problem It is perhaps this very strength of the
research design which leads to sone of its apparent weaknesses. All
i nvestigators have pushed the existing data to their limts {sometinmes
del i berately stretching themto the breaking point) while, at other tinmes,
t hey have renmmi ned conservative in dealing with specific aspects of their
research. It is these divergent lines of data and reasoning ~hich | ead
to what sone may interpret as internal inconsistencies within the tota
report. However, if we had all agreed, there would be no qusstions and
little need for undertaking such a project. Each author is «olely
responsi ble for his individual presentation, and many tines sharp
differences in interpretation could not be reconciled on the basis of
available information. In such instances, each author has expressed in

hi s manuscript what he believes to be ‘“the best interpretation of the data




available to him Wth this note, we will let the readers join in the

di scussion and formulate their own interpretations.

E. Janes D xon, Jr.

Uni versity Miuseum
Uni versity of Al aska
Fai r banks, Alaska 99701

Cct ober 1976




CGEOLOGY

G.D. Sharma

EVOLUTION:  The early geol ogic evolution of Beringia is not well known.
The earliest known Pal eozoic features of the Chukchi Sea are the east-
west oriented Colville Geosyncline in the north and the Robuk 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 Pal eozoic and Mesozoic eras renmnined as a geosyncline
and was filled with marine sedinments. At the close of the Mesozoic era
the region was uplifted. The geologic events during the Tertiary have
been described by Hopkins (1959). During the Tertiary, the energent
Chukchi Sea floor was intermttently submerged as a result of crustal

war pi ng.

The Pal eozoi ¢ rocks surrounding the northern Bering Shelf,
when extrapol ated to subsurface, presumably form the basenent rock of the
Norton and Chirikov basins. Southwards, beneath the offshore region
bet ween the Yukon and Kuskokwim Rivers, the shelf is probably underlaid
by the Mesozoic rocks of the Koyukuk Geosyncline (Gates and Gryc, 1963).
Bet ween the kuskokwim River and Togiak Bay, the Kuskokwi m Geosyncline
probably extends offshore under the shelf. The Bristol Bay shelf

appears to be the extension of the Al aska Range Geosyncline.

Seism c records obtained by More (1964) and Scholl et al.
(1966, 1968} fromthe Bering Shelf indicate that the subsurface deposits
can be divided into three general groups. The lowernost unit is an

“Acoustic Basenment” consisting of folded rock below a strongly reflecting



hori zon. The acoustic basenent has been related to Precambrian and
Pal eozoi c sedinmentary and metamorphic rocks in the northern shelf, to
Cretaceus and early Tertiary volcanic rocks in the central shelf,
and finally, to Jurassic and Cretaceus flysch-type sedinents in the

south (Nel son et al., 1974).

Overlying the acoustic basenment is a thick sequence of
gently deforned marine and non-nmarine sedinments of niddle to the late
Tertiary. This sequence is terned main |ayered sequence, and reaches
a thickness of over 3 kmin the northeast-trending Bristol Basin

near Xvichak Bay (Scholl et al, 1966).

During the Quaternary period, Beringia was internittently
invaded by sea and ice. The sea level fell as nmuch as 100-150 m below
its present level during the height of the glaciation, thus exposing
mllions of square kilometers of shelf to ice erosion. The warmer
tenmperatures 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 nmarine advances and retreats on Beringia have been descri bed

in detail by Hopkins (1967; 1972), and is shown in Figs. 1-1 and 1-2.

H STORY OF CHANGES OF THE COASTAL SYSTEMS: Hopki ns {1967) descri bed

seven episodes of transgressions in the Chukchi and Bering Seas. At
the climax of each transgression, the sea level rose to flocod the Bering
Strait, while during glacial periods the sea level fell to expose

| arge areas of the shelf and restored |and connection between Al aska
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Fig. 1-2: Sequence of Climatic Events

in Beringia
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and Siberia. The marine sedinents of each transgression are separated by
a subaerial environment of |owered sea level. The marine sedinments
identified in Al aska are of Beringian, Anvilian, Einahnuhtan, Kotzebuan,

Pelukian, Woronzafian, and XKrusensternian transgressions (Fig. 1-1).

BERINGIAN TRANSGRESS1ON:.  Though evidence, for glaciation in the M ocene

has been reported by Plafker (1967), the glaciation and interglaciation
cycles in Alaska started in the Tertiary. The earliest transgression

in the Bering and cChukchi Seas occurred during the late Tertiary
(Pliocene) and continued well into the early Quarternary. This trans~
gression has been | abel ed as the Beringian Transgression, and the

sedi ments deposited during this period have been dated about 2.1 million
years B.P. This transgression was the result of continuing crustal
war pi ng, whi ch submerged the Bering and Chukchi shel ves, approxi mately

in their present forms, about 3.5 million years ago

The nature of the subaerial climte and | andscape during
t he Beringian Transgression remains pooxrly known. Sedinents deposited
during this stage have been located near Nome, St. Ceorge Island and
Kivalina. These deposits have been deformed by the crustal warping so
that it is not possible to estimate precisely the rise in sea level.
It appears, however, that sea |evel reached levels higher than present.
The molluscan species found in Beringian beds near None al so suggest

that the Bering and Chukchi Seas were warner than at present.

ANVI LI AN TRANSGRESSION:  This marine transgression was first designated

by Hopkins (1965) and is based on the narine sequence deposited near
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Nome.  These deposits are distinctly different than both those of the
precedi ng Beringian and foll owi ng Einahnuhtan transgressions. The

typi cal sedinents deposited during the Anwvilian 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 forma 2-3 neter thick discon-

ti nuous sheet. Transgressive sedi ments were also deposited during the
Anvilian tine along the Chukchi Sea coast and the Arctic Coast, including

most of the Gubik 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
wat er tenperature was noderate and water circulation on the shelf was
simlar to that of present, with northward £low through the Bering

Strait.

EINAHNUHTAN-KOTZEBUAN TRANSGRESSI ONS: In 1967, Hopkins identified two

mej or transgressions between 100,000 - 300,000 and 1.70,000 - 175,000 years
ago. Subsequent investigations and correlation reveal ed that these two
transgressi ons occurred during a relatively short interval and, there-
fore, can be considered as one major transgression. Thi s  munipe
transgression correlated well with the Termination 111 proposed by

Broecker and van Donk (1870} which took place about 250,000 years ago.

The typical sedinments deposited during the mddle Quaternary

sea level rise, the Einahnuhtan Transgression, are found in the Einah-

S —— T T = T %\ s EErARr I e it © + S % 5 s <TTRME £ e oI ¢ TNY | e TN B St e Y X Y 2 e e . PR



nuvhto Bluffs on St. Paul Island, Pribilof |slands. The marine sequence
consi sts of fossiliferous beach and littoral sedinents. These sedinents
are overlain by basaltic lava flows and bedded tuffs, suggesting that

at its near end the transgression was followed by volcanic eruptions on
the island. In sone sections of the bluffs, the Einahnuhtan marine
sequence and the overlying volcanic beds are truncated by shelly gravels
deposited during a later submergence. These sedinents represent the
Kotzebuan transgression and axe, in turn, overlain by a later volcanic
sequence. Fortunately, the volcanic sedinments provide excellent materia
for radiocarbon dating the glacial, and interglacial events of the

Ei nahnuht an- Kot zebuan stages. The best estinmates of potassiumargon

age determnation for the |ower l|ava flow is 320, 000*70, 000, and for

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

The type locality for the sedinents deposited during the
Kot zebuan Transgression is the sea cliff facing Kotzebue Sound between
latitudes 65°32" N and 65°35" N on the west shore of Baldw n Peninsul a
(Hopkins, 1965). The 100 mthick transgressive sequence consists of
t hi ck-bedded nmarine silty clay and deltaic thin-bedded peaty silt. Some
nearshore well-sorted sand and beach gravel are also present. Farther
north, the Einahnuhtan-Kotzebuan Transgression sedinments are exposed

al ong the Xukpowruk and Epizetka Rivers (McCulloch, 1967}.

The Beringian Sea during the Einahnuhtan Transgression was
slightly warner than present and sea |evel stood approximtely 20 m
above present. The Kot zebuan Transgression was extensive and the sea

| evel was probably slightly higher than during the Einahnuhtan

At £ e ey e . — S N S,
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Transgression, though Hopkins (1973) postulated that the waters in
Beringia were slightly warner during the Einahnuhtan. The Kotzebuan
Transgression was followed by the penultimte glaciation {Illinoian

d aci ation).

ILLINOIAN GLACI ATION:  Sedinments 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 | aden with snow and ice which forned large valley
glaciers. Part of the |ow ands were covered with large ice sheets
reaching several hundred kilometers in length and width. Piednont

gl aciers extended to within 15 km of the coast near Xivalina

{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 Hope Seavalley in the southern
Chukchi Sea indicates subaerial erosion (Craesger and McManus, 1265)

daring various glacial episodes.

The Seward and cChukotka Peninsul as were covered by ice
caps, and glaciers extended onto the continental shelf. Gaciers
fromthe Chukotka Peninsula flowed southward and extended as far as
100 kminto the chirikov Basin (Nelson and Hopkins, 1969; G im and
McManus, 1970; Xummer and Craeger, 1971). The Yukon and Kuskokwim
| oWl ands probably remained ice-free. In southern Beringia the nountains
and hi ghl ands were covered with snow, and the valleys were filled with
i nterconnected glaciers and ice fields. The ice spilled over the low-

| and and spread onto the adjoining continental shelf. The extensive
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i ce coverage in southern Beringia was due to noisture fromthe south
and southwest, and to |owered snow line as a result of depressed

summer tenperatures.

At the height of the Illinoian gl aciation, the shoreline
receded seaward to the -135 misobath and exposed about 80% of the
continental shelf. Sone anomal ous subbottom features at 2-5m al ong
the -135 misobath have been observed by Myore (1964). These highly
reflective horizons were initially interpreted as lava flows by More
(1964) . However, Hopkins (1973) has recently suggested that these
reflective features may be high-angle buried sandy beaches fornmed
during the Illinoian G aciation at depths varying from-125 to -150 m
isobaths. The overlying sedinments, which vary from2.5 min thickness,
represent detritus deposited during the Wsconsin Transgression

i ndicating that these beaches remai ned subnerged during later regressions.

SANGAMON (PELUKIAN) TRANSGRESSION: Follow ng the Illinoian gl aciation,

the clinmate became warmer, thus triggering a marine transgression which
cli maxed approxi mately 100,000 years ago (Hopkins, 1967). The Sangamon
marine terraces and nearshore deposits are well preserved and are general -
|y found landwards of the Hol ocene coastal deposits in areas which re-

mai ned ice-free during Wsconsin 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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the present sea level. Marine deposits associated with beach ridges at
about 10 m above present sea |evel have been observed near Barrow
(McCulloch, 1967). Southwards along the Chukchi coast, Sangamon trans-
gression is commonly represented by narrow wave-cut terraces on the
steep, rocky shores. Such terraces have been |ocated near Cape Thonpson
and described by Sainsbury et al. (1965). 2an excellent stratigraphic
sequence deposited during the Sangamon Transgression in Kotzebue Sound
provides the best clues to the clinate during that tine. Sea level
during the height of this transgression in this area was about 10 - 12 m
hi gher than present sea level. Presence of ice wedge casts in Sangamon
deposits suggest that the rise of’ sea level was irregular and was inter-
rupted by col der periods which pronpted such ice wedge formation (McCul-

loch, 1967).

Evi dence of the higher sea lewel during the Sangamon have
been observed along the Lost River on the Seward Peninsul a (Sainsbury,
1967), near Nome (Hopkins et al., 1960}, and on the Pribilef |slands

(Hopki ns and Einarsson, 1966).

The nej or 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 maxi num sea level rise during the Sangamon Transgression
It is, however, safe to suggest that at the peak of the transgression
the sea level probably stood at 10 m above present. The nature of narine
fauna suggests that the water of Beringia was slightly warner than at
present and that considerable Pacific water established a northward

flow similar to the present circulation across the shelf,
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W SCONSIN GACIATION:  The events occurring in Beringia between the
Sangamon Transgression (approximtely 70,000 years B.P.) and about
30,000 years ago are poorly documented and not well understood. The
climate during this period was general ly cold, though interspersed by

a series of warmng trends. In northern Alaska the Wsconsin d aciation
has been characterized by four stades recognized on the north side of
the Brooks Range. The records of interstades during the Wsconsin, 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 is provided by the
beach ridges near Point Barrow. Because the water in Beringia during
interstades did not rise above the present sea |level, the sedinents
deposited during these stages remain submerged except in areas of
energence, where these nmarine fossiliferous deposits have been exposed

for study.

The lowering of sea level during the |ast glaciation caused
the shoreline in Beringia to regress to the -90 to -100 m i sobat h,
thus exposing the shelf to subaerial erosion. On the Chukchi shelf,
t he Hope seavalley received the drainage of the westward flow ng rivers.
The valley extended westward and northward to enter the Arctic Ccean
t hrough Herald Submarine Canyon, northwest of Wrangell |Island. Severa
deltaic deposits and extensive flats along the Hope Seavalley have been
observed by cCraeger and McManus (1967} and they postul ated that these
features devel oped as a result of irregular rise during Wsconsin

d aci ati on.

The drainage fromthe northeastern Chukchi shore was carried

north and entered the Arctic Ccean through the Barrow Submarine Canyon
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Interestingly, the watershed divide between the Chukchi and Bering
drai nages was |ocated along St. Lawence Island rather than the Bering
Strait. Therefore, part of the northern Bering Sea drainage fl owed

northward and carried into the Hope Seavalley.

On the Bering shelf, the Xvichak and Kuskokwim Rivers
mai ntai ned a steady course, which is well illustrated by the inter-
connecting submerged river valleys. The course of the Yukon River is,
however, difficult to follow The contenporary shelf bathymetry sug-
gests that the Yukon River, during the Wsconsin @ aciation, drained to
the south and entered the Bering Sea through the Pribilof Submarine

Canyon.

The fluctuations in sea level in Beringia during the Wsconsin
glaciation are not adequately known. It is, 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 the
| ast Wsconsin glaciation the shoreline in Beringia was about 100 m | ower

than present sea |evel.

M D- W SCONSI N TRANSGRESSI ON: The M d- W sconsin Transgressi on which

fl ooded Beringia to about 15 mlower than present sea level occurred
about 25,000 to 40,000 years ago (Hopkins, 19731- Evidence for this
transgression is found along a beach ridge whichwe.about 2 km inland
of the present coastline and 7 m above the present sea level. Plant
fibers fromthe principal beach ridge and the organic material from
the underlying littoral sandy silt provided the radi ocarbon dates with

a range of 25,000 to 40,000 years (Sellmann and Brown, in press].
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The sea floor of Norton Sound consists of two topographic
depressions, the major of which is a large east-west trending basin.
This basin lies about 30 km south of Nome. Along the southern periphery
of this basin More (1964) observed northward-di ppi ng foreset beds on
the sonoprobe records. These beds are overlain with 2-3 mof contem
porary sediments and are |ocated near the -20 misobath. Southward
of these foreset beds, Moore (1964) observed broad channel s extending
towards the present Yukon River mouth. The presence of the beds and
t he channel on the southern side of the basin were further confirned by
hi gh-resol ution seisnic records obtained by c.H. Nelson (U S. Geological
Survey, Menlo Park, Calif.} in 1969. Because of the stratigraphy and

the presence of channels, More (1964) concluded that these sedinents

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

Hopki ns (1973) suggest ed that these deltaic sedi nents were probably

deposited during the Md-Wsconsin Transgression.

The Yukon River has a huge drainage area and therefore
carried a significant amunt of water and sediment. In spite of its
size, it appears that the river has frequently changed its course
during glacial and interglacial stages, and to locate precisely the
course during each stage has been enigmatic. If it is presunmed, as
suggested by Hopkins (1973) , that the Yukon River indeed debouched into
Norton Sound during the Md-Wsconsin Transgression, then it is hard to
explain why the river changed its course southward during the follow ng
epi sode. 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. Lawence Island between 15,000 and 20, 000
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years ago (kKnebel and Craeger, 1973).

LATE- W SCONSIN GLACIATION:  The extent of the last glaciation was nuch

| ess severe than the preceding Md-Wsconsin d aciation due to the |ack
of noisture in northern Beringia (Hopkins, 1972}. At the peak of the
gl aci ation, about 20,000 years ago, the shoreline regressed seawards to
about the -100 misobath. The cold climate did not persist over an
extended period and, therefore, there is little evidence from which to

reconstruct the geography of Beringia during this period.

The glacial events during the Late Wsconsin have been well
preserved in the Brooks Range and have been studied by Porter (1967) and
Hamilton and Porter (1976). Four stades (substages of glacial 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 Wsconsin 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 maxi num areal
extent about 20,000 years ago and receded to their present stage between

11,000 and 6,000 years ago

On the southern Bering shelf, the information concerning
the extent of glaciation during the Late Wsconsin is not avail able.
A few glaciers from the Kuskokwi m Mountains and the Al aska Peninsul a
undoubt edl y nust have descended to the shelf. Relict glacial sedi-
ments on the southern shelf have not been discovered, however, indicating
that these glaciers did not extend extensively seaward of the present

strand line.
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That part of the shelf exposed to subaerial erosion shows
pronounced and nunerous submerged river wvalleys and drai nage systens.
These subrerged features suggest that the major drainage fromthe
Al aska mainland was carried southward. The Yukon River probably
skirted the eastern shores of Nunivak Island and into Pribilef Canyon.
The Kuskokwim and Kvichak Rivers |ikewi se drained to the south and

sout hwest, respectively.

LATE-WISCONSIN TRANSGRESSION { HOLOCENE) : At about 20,000 years ago a

warmng trend started and sea |evel began to rise. This trend corres-
ponds to the global climte and sea | evel changes of Termination I,
described by Broecker and van Donk (1970). The events and paleogeography
during the Late Wsconsin Transgression are reconstructed prinarily
fromthe shelf topography, in particular the submerged river valleys,

and from sedimentation rates and the scattered radioactive date deter-
mnations of core sediments. A variety of features of terrestrial origin
occur offshore, including submerged beaches, beaches, bars, deltas,

and other shore features.

Subnerged river valleys are recogni zed world-wide. The
subnerged val l eys of several of the best known rivers devel oped during
the last glaciation and generally ternminate between -70 m and -100 m.
For exanple, (1) the subrmerged Hudson River walley is 140 kmlong and
ends at -70m; (2) the ancestral Elbe River walley is 500 km|ong and
ends at -80 m; (3) the Rhine River wvalley below sea level is 720 km
long and ends at -90 m (4) the Po River valley extends 250 km bel ow

the sea and terminates at -100 m; and finally, (5) on the Sunda Shelf,

N - Vs e e T AT
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bet ween Boreneo and the Malay Peninsula, a valley 1000 km | ong ends at
-90m It is commonly accepted that these subnerged valleys represent

| onered sea level related to the last glacial age. The rising sea |leve
caused by the change fromglacial to interglacial clinmate conditions
resulted in the drowning of river nmouths and valleys. The changes in
glacial reginen also resulted in changes of streamreginen. These
changes are reflected in valley filling by slackened stream fl ow and

val l ey erosion by accelerated stream flow.

A detailed study of the bathynetry of the Bering Shelf,
using National Ccean Survey charts 1215 N-10, 1711N-17B, 1711N-18M,
1714-118, 1714N-12B, 1814-10B 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 |ocated between
the -80 mand -60 m iscbaths, the m d-bench [ies between the -50 m and
-30 m isobaths, and the nearshore bench lies between the -20 misobath
and the tidal shoreline. Seawards, each bench has a narrow and rel a-
tively steeper frontal slope which occurs along the >80 m -60 to -50 m
and -30 to -20 m isobaths respectively, The sedinment characteristics
(sedi nent nean size and sorting) along these steeper slopes is anomal ous
and quite distinctly different than those deposited on the benches.

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 Wsconsin glaciation probably was

| ocat ed between the -100 and -120 m i sobat hs (Xnebel, 1972).

The Bering Shelf is cut by numerous channels and river
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val | eys, obviously the ancestral drainage systems 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 mto -20 m isobaths, and 2) channels which are not continuous.
The continuous channels are located in Bristol Bay and can be traced
shoreward to the present drainage system of the Kvichak and Kuskokw m

Ri vers.

mwo di sconti nuous but prominent channels east of the Pribil of
I sl ands suggest a mmjor river drainage fromthe north. It should be
noted that, although the river valleys are quite prom nent on the benches
they are conspicuously absent on the nore steeply inclined forefront.
™0 prom nent indentations in the -70 misobath east of the Pribilof
I sl ands, when traced shoreward, had no equally promi nent indentations
in the -40 mand -30 misobaths, though the configuration of the -20 m
i sobath may connect the drowned river valley landward to an area north-
east of MNunivak Island. It is suggested that these drowned valley
features were forned by the ancestral Yukon River flow during various
interglacial epochs. The locations and orientations of these drowned
val | eys suggest that the Yukon River, during the last Wsconsin
gl aci ation (22,000 years B.P.), carried its discharge just south of
t he pribilof |Islands and debouched into the Bering Sea through the

pPribilef Canyon (Fig. 1-5).

Evidence for northward migration of the Yukon River during
the Late Wsconsin Transgression has been presented by Xnebel and

Craeger (1973). The northward shifting of the Yukon River drainage over
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t he 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
determ nations over the central Bering Shelf have been reported by
Knebel and Craeger (1973) and they suggest that the Yukon River flowed
between St. Lawence and St. Mtthew |slands between 11,000 and 16, 000
years ago (Fig. 1-6). Based on radioactive date determ nations and
forminiferal assenbl ages, the sea |level during this period stood between

-30 and =70 m

During the early stages of the Late Wsconsin Transgression
(12,000 - 20,000 years ago) , the sea level rose steadily froma |ow of
about -70 mto -50 m At this time the Bering Strait and the Strait of
Anadyr were flooded, separating the Asian and Anerican |and masses. The
opening of the Bering Strait pernmitted the flow of Pacific water into
the Arctic Ccean. It is believed that this ilow of water, although
l[imted, must have significantly influenced the weather in the polar
regi ons and thus sonmewhat stabilized the rapid warming trend. Therefore
the sea level may have risen slowy, thus forming a prom nent shoreline -

between the -60 mand -50 misobaths in the southern Bering Shelf.

Evi dence for an abrupt expansion of dwarf birch over the Seward
Peni nsul a- Kot zebue Sound region about 13,000 years ago has been observed
by Hopkins (1972). A nodest 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 misobath was probably forned 14,000 to 13,000 years ago. M nor

fluctuations continued during the period of 13,000 to 10,000 years ago.
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Sedi nents and fauna from deep-sea ‘cores indicate that climate on a
wor| d-wi de scal e remai ned somewhat severe until an abrupt warm ng

about 11,000 years ago (Broecker, 1966)

Wth a continued rise-in sea |level, the shallow sSill (-28 m
between St. Lawence Island and the alaska nainland (Sphanberg Strait)
finally crested at about 10,000 years ago. At that time the Yukon River
still drained south of St. Lawence Island. Wth the opening of the
Sphanberg Strait, the northward-flow ng water set up a strong current
al ong the nainland which diverted the Yukon River discharge into the
Chukchi Sea through the Sphanberg Strait. It appears ti@at this event
coincided with a minor fluctuation of sea level. The slightly steeper
slope between the -30 and -20 m isobaths suggests that sea |evel at
that time either rose at a very slow rate or was stationary over a

long period (Fig. 1-7) .

After a mnor interruption, the sea level again began to
rise and attained its present |level at about 6,000 years ago. The
Yukon River flux was nostly diverted to the Chukchi Sea during this
period and the river delta shifted northwards towards Norton Sound.
The sea | evel changes, particularly during the Late Wsconsin Trans-
gression, are not well reflected in the Chukchi Sea and are not well
under st ood. Regi onal wuplift during the Late Wsconsin has been observed
along the Arctic Coastal Plains. Md-Wsconsin beach ridges mnear Point
Barrow have been uplifted to a magnitude of tens of neters. The re~
bound in this area further conplicates the reconstruction of paleo-

geography in the Chukchi Sea. Subnerged sedinentary records along the
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eastern shore of the Chukchi Sea, and especially along the Hope Seavalley,
however, provide some information about the sequence of events accom-

panying the |ast transgression.

The magnitude of seaward regression of shoreline during the
| ast peak glaciation in the Chukchi Sea is not known. It is, however,
postul ated that the shoreline probably regressed ‘co about —70 m The
i ce began to advance about 22,000 years ago (Fig. 1-8) . According to
Kind (1967), the last glaciation |asted until about 12,900 years ago.
The marine sedi ments obtained froma long core fromthe southeastern
Chukchi Sea and studied by Craeger and MManus (1965) indicate that
bet ween 14,000 and 18,000 years ago the sea |l evel on the Chukchi Shelf
stood between -55 mand -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 sedinents indicated marine and deltaic

sedimentation in that region.

Craeger and McManus (1967) further suggested that sea |evel
i n the Chukchi Sea began to rise about 15,000 years ago. The rise
in sea level was briefly interrupted between 11,500 axd 12,500 years ago

and the sea level during that period reportedly sto:! at the -38 m

37

i sobath (Fig. 1-10). Colder climte during 11,000~ 10,000 years and
11,700 - 8,700 years has been reported by McCullegh (1967) and Kind
(1967) respectively. Mst investigators concur that from8,.700 years

ago a warming trend started and continued untit present. Concurrent with
the warming trend, the sea level in the chukchi Sea rose steadily and

cul m nated at about present |evel between 3,000 and 4,000 years ago
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and unpublished data of the University of Washington.
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CONTEMPORARY COAST: The present coastline in the Bering and Chukchi

Seas is formed by subcontinental and peninsul ar land nmasses. Al ong
its southern periphery, the Bering Sea is bounded by an active and
young nount ai nous belt, which forns a rugged coastline. The insul ar
coastline is also typically volcanic. A few of the nountainous ranges
extend seawards, fornming peninsulas and rugged sea coast. Diversity

i n physiography is characteristic throughout the coastline and, there-
fore, it is better to describe it regionally: the Bering Sea coast and

t he Chukchi Sea coast.

The nmj or physiographic features along the Bering coast are
t he Alaska Peninsula to the south, the Xuskokwim Myuntains north of
Bristol Bay, a large and conplex delta between the Xuskokwim Mbuntains
and the Seward Peninsula, and the Seward and Chukotka Peninsulas feting

the Bering Strait.

The Al aska Peninsula, to the south, rises gradually wa
altitude of about 1,250 m. The peninsula is dotted with vol canic
cones which rise to elevations between 1,500 and 3,000 m Extensive
glaciation occurs and is drained to the north and through the | ow and
by streans with brai ded channels. The lowlands contain numerous snall
and several large lakes, while the littoral zone generally consists of
nor ai nes and outwashes and is often covered with contenporary sand and

silt.

Bristol Bay, to the northeast, is a |arge bight bordered
by the Al aska Peninsula to the south and the Kuskokwi m Mountains to the

north. Its eastern and northeastern shores are bounded by the littoral
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| o ands. The northern region is domnated by the southeastern flank
of the Kuskokwim Mduntains, generally known as the Alklum Mbuntains.

These steep and rugged nountains are heavily gl aci ated.

Alaska's two |argest rivers, the Yukon and the Kuskokwim,
form a huge delta. Between the Kuskokwim Mountains and the Seward
Peni nsul a, the rivers have formed an extensive delta of sub-continental
magni t ude. This triangul ar-shaped delta is covered with marshl and, lakes
and ponds, and neandering streams. Presently the Yukon River is
actively prograding the delta in the central and northern Bering Sea.
On the other hand, the Kuskokwim River flows south and forns a large
estuary in Bristol Bay. The deltas of these two rivers are separated

by a topographic high, part of which forms Nunivak and Nel son 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
Sewar d Peninsul a consists of broad, convex hills and uplands and the
region is extensively glaciated. Drainage is provided mainly by two
rivers; the Xoyuk flows eastward and south inte Norton Bay, and the

Ruzitrin River flows westward into the Imuruk Basin-Port C arence.

The Nulato Hills border on eastern Norton Sound. To the
south, the Sound is bordered by a small strip of coastal |ow and 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 Al aska.

In the Chukchi Sea, the coastline extends northeast fromthe
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Bering Strait to Kotzebue Sound, then northwestwards from Kotzebue
Sound to Point Hope and, finally, northeastwards from Point Hope to

Poi nt Barrow. Domi nating major coastal physiography is the western
flank of the Brooks Range, a mmjor east-west nountainous range which
cuts across northern Alaska. This range forms coastal pronontories

in the central chukchi Sea. The eastern shoreline lies along the
coastal plains which, for the nost part, were until recently subnerged.”
In some areas the coastal plain forms a narrow belt, while in other

areas it extends deep into the hinterland.

The major indentation in the coast is the large, shallow
enbayment in the southeastern corner, Kotzebue Sound. The embayment
receives the discharges of the Xobuk and Noatak Rivers, and is being

rapidly filled with sedinments.

Along the eastern nearshore zone in the Chukchi Sea, except
bet ween Cape Thonpson and Cape Lisburne, which is bordered by sea cliffs,
there are nunerous coastal |agoons and barrier islands. These islands
were fornmed by the longshore current which originates in the Bering

Strait and hugs the Al aska nainland.

North of Point Hope, the coast is aligned along the structural
lineaments. The coastline between Point Hope 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 kmlong linear coastal stretches which are successively offset
to the east by approximately 25 km  ILinear trends of the coast are

. apparently associated with the major 35° structural lineaments.
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The coastal norphology in the northern Chukchi Sea is con-
trolled by the prevailing winds and resulting wave influences, thus
form ng cape systens (Cape Lisburne, |cv Cape, point Franklin and Point
Barrow). Northerly w nds generate waves which dominate the shoreline
nort heast of each cape, whereas waves approaching from the southeast
are generated by westerly w nds, and these waves dom nate the south-
western sections. The conbined 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 conmon.
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ENVI RONMENTAL SETTI NG

| NTRODUCTI ON : Beringia conprises an extremely | arge, shall ow shelf

whi ch extends over different climatic and hydrographic regimes. It
is, therefore, logical to describe the environmental setting in two

sections: The Bering Shelf and the Chukechi Shel f.

The Bering Sea is a unique subarctic water body which lies
bet ween 52° - 66° N and 162° - 157° W A relatively small sea (1% of
worl d ocean), it contains approximately 3.7 x 106 km3 of water. Its
nort hern boundary is marked by a narrow (85 kn®?, shallow passage
bet ween cChukotka and Seward Peninsulas, the Bering Strait, which connects
it to the Chukchi Sea and Arctic Qcean. In the south it is partly cut
off fromthe Pacific Ccean by a 1,900 km |long ridge and a chain of
islands formng the Aleutians. Hydrography.tally, the sea is an inmmense
bay in the northern part of the Pacific Basin, and exchanges water wth
the Pacific and Arctic Cceans. Geologically, it is a merging site for
two gigantic structures: the Alaska Orocline in the east and the

Chukotka Orocline in t he west.

The sea covers an area of 2.25 -x 106 kniwi th an unusual
bat hynetry. Mre than half (53% of the Bering Sea flooxr constitutes
a gentle, uniformy sloped continental shelf and a very steeply inclined
continental margin. Approximtely 80% of the shallow shelf |ies
adj acent to Al aska and eastern Siberia. With the exception of several
i sl ands (piomedes, St. Lawrence, St. Mitthew, Nunivak, Pribilofs, Hage-

meister, Round) , the shelf floor is featureless. The shelf displays a
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degree of leveling and slope uniformty that are extrenely rare on

ot her shel ves of the world oceans.

The unusual features of the shelf are its width and the
gradient. Conpared to the world average shelf width of 65 km {Shepard,
1963], the Bering Shelf is about 500 km wi de in the southeast and
increases to over 800 kmin the north. The average gradient of 0.24 nfkm
of the Bering Shelf is also markedly less than the average gradient of

1.7 mkm of the world shelves reported by Shepard (1963).

The Al askan Chukchi Sea shelf lies between 65°40° - 73°00° N
and 165°00' - 171°00° wand covers an area of about 580,000 kni. To
t he south, the Chukchi Shelf is separated from the Bering Sea by the
Bering Strait, and in the north it is bordered by an abrupt escarpnent
leading to the floor of the Arctic Ocean. The 200m i sobath is about
50 km of f shore of Point Barrow. The Alaskan Chukchi Sea has an unusual
shoreline--the entire coast consists of a narrow coastal plain, with the
exception of a precipitous cliff near Cape Thonpson. Because it is
poorly drained, small streans and lakes are numerous. The shoreline is

an al most continuous chain of barrier islands with [agoons.

BATHYMETRY: Regional bathymetry of the large Bering Shelf has been
descri bed by Cershanovich (1963), Grim and McManus (1970), Xummer and
Craeger (1971), Sharma et al. (1972), sSharma {1972, 1974a, 1974b),
Askren (1972), Xnebel (1972), McManus et al. (19741. For the nost part,
the shelf is extrenely flat with an average gradient of about O Z/km
(Fig. 1-3). The northern shelf displays several |arge depressions and

banks. one elongated large and two circul ar small depressions are
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conspi cuous in Norton Sound. The region between the Yukon River and
St. Lawrence |sland, Sphanberg Strait, has two linear depressions

i ntervened by a northwest trending subnarine ridge. 1w laxge banks,
one scuth and the other northeast of St. Lawence Island, are inportant

features of the central shelf.

The Bristol Bay-Pribilof Islands region has the nost salient
bottomrelief 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 superinposition of younger Cenozoic rocks on

ol der geol ogical structures in this region.

Transitory bottom forns include channels, swales and ridges,
and small, closed depressions. Channels are common in Kvichak and
Kuskokwim Bays. Narrow troughs and ridges of about 10 mrelief are the
salient features of the shallow waters near the head of Bristol Bay.
Nort hwar ds, near Nunivak Island, closed depressions and channels are
conspi cuous bathymetric features. A prominent channel |ies east of
Nuni vak |sland and extends northwards along the shoal adjacent to the

Al aska nmmi nl and.

The Chukchi shelf is nonotonously flat and al nost featureless.
The average depth of this broad platform is about 50 m and the regiona
gradient ranges from about two mnutes to an unmeasureably gentle slope
{€raeger and McManus, 1966)}. The major topographic features of the

Chukchi Shelf are Herald Shoal, Cape Prince of wWales Shoal, and Hope

RIS - B e mad R et
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Seaval | ey (Fig. 1-4). Herald Shoal lies on the central Chukchi Shelf
and is l ess than 14 mdeep. Another topographic high, Cape Prince of
Wl es Shoal, extends fromthe 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 Xivalina and Cape Thonpson and
extends northwest and west. The deepest part of the shelf lies al ong
Hope Seavalley. Farther north, a submarine wvalley extends southwest

al ong the coast from Point Barrow for about 150 km (Carsola, 1954;
Lepley, 1962). Mst of the westward draining rivers were probably
tributaries to these seavalleys. An extensive, relatively flat area

at a depth of -54 to -58 min the Hope Seavalley has been described as
mari ne and deltaic deposits during the period of sea |evel standstill

{Craeger and McManus, 1967).

The major features which were subaerial during lower Sea
| evel stands in the Chukchi Sea are the shallow sills. The sill between
Heral d Shoal and Cape Lisburne, Which separates the southern Chukchi
Sea fromthe 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

energed as large islands with promi nent shorelines surrounding them

HYDROLOGY AND HYDROGRAPHY: Mdost of the Bering Shelf lies in the sub-
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arctic | atitudes, where cyclonic atnospheric circul ati on predoni nates.
The annual weather patterns are largely controlled by the Honol ul u,
Arctic and Siberian Hi ghs, and the Al eutian Low. During summer, the
Honol ul u Hi gh occupies the northern Pacific Ocean and its intensification
generates southerly and southwesterly winds in the eastern Bering Sea.
Wth the onset of winter, the summer Honolulu Hi gh noves to the south-
west and is replaced by a large, intense Aleutian Lon This shift
permits the novenent of the Arctic High farther southward and results
in predom nant northeasterly winds on the shelf. The seasonal w nds
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 Ccean to the north.

The Bering Shelf lies in the paths of both extratropical
cyclonic and Asiatic anticyclonic storns. The storms occur so frequently
t hat sometimes several are present in the region. Frequent summer and
winter storns intensify currents and sometimes reverse the general flow.
Furthernore, these storns often destroy water stratification in

shal | ow regions.

The shelf is influenced by the mild noxth Pacific Ccean and
the Bering Sea maritine climate to the south and west respectively, as
well as the cold continental subarctic climate to the east. The southern
shelf is strongly affected by neteorol ogical conditions prevailing al ong
the Aleutians, and the climate is therefore milder than the one pre-
vailing in the north. Coudy skies, noderately heavy precipitation, and

strong surface winds characterize the shelf weather. Average summer
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tenmperatures vary from 10° C. in Bristol Bay to about 8° c.in Norton
Sound; the average winter mninum ranges from -14° to -18° C (Environ-
mental Data Service, 1968). The annual precipitation is 600 mm at the
Pribilof Islands and 400 mm near the northwest tip of St. Lawence

[ sl and.

Maj or rivers discharging £resh water and sedinments into the
eastern and northwestern shelf are: Yukon, &anadyr, Kuskokwim, Wod,
Nuyakuk, Nushagak and Kvi chak. Mean annual di scharges of the Yukon,
Anadyr, Kuskokwi m Nuyakuk and Wod Rivers have been described by Roden
(1967} . The high latitude drai nage area which feeds these rivers has
a typical unimodal discharge pattern, which reaches its peak in June.

Ni nety per cent of the annual flow occurs between the nonths of May and
Cctober, and approximately 60% of the mean annual di scharge takes place
during the nmonths of June, July and August. According to Roden (1967),
the total mean annual fresh water discharge into the Bering Sea exceeds
the discharge into the Pacific Ccean of the conbined states of California,
Oregon and Washington. The significance of such a large discharge
becones even nore inportant when it is considered that this discharge is
added during a six-nmonth period. Because of this large input of fresh
wat er along the Al aska mainland, a distinct nearshore Al askan Coast al

Water is fornmed during the sumer.

Waters of the Bering shelf are conplex and extrenely
dynamic. Large parts of the shelf can be regarded as an immense,
shallow, high latitude estuary. The exceptional characteristics of

the shelf waters during summer is their erratic variability. The waters
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of this imense subarctic shelf are continually influenced by the
intrusions of Pacific and Arctic waters, river discharge, w nd stress,
and air tenperature. The frequent brief, but violent storns, 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

sout hern passes, and the influence of cold, polar waters fromthe

@l f of Anadyr and the Chukchi Sea in the north, the shelf waters can

be broadly divided into two maj or hydrographic regines: “1) The northern
regi on between Bering Strait and St. Matthew Island is domnated 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. “Mtthew Island
and the Al aska Peninsula is mostly ice-free throughout the year, how
ever, occasionally, the severe winter conditions nmay cause ice to form
further south. The waters of both regions are continually nodified near
the surface by river discharge and at depth by shoreward novenent of

sal i ne waters.

Ice conditions in the winter in the northern regine are
severe. (Qbservations recorded over 30 years (Climatological and
Cceanographic Atlas for Mariners, Wol. II, North Pacific, 1961} indicate that
general ly the ice cover begins in Novenber and reaches its maximum
extent in March. The southward extension of sea ice on the Bering
Shel f is highly dependent upon the atnospheric pressure systens and
the prevailing winds (Konishi and Saito, 1974}. During January through
April, the ice in the region lying north of Nunivak Island covers

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

only fragmentary know edge of noverment of waters at surface
and at depth on the Bering Shelf exists. Sparsity of direct current
nmeasurenents in the region permts one to predict, wth considerable
uncertainties, only a generalized circulation pattern. The genera
circulation on the shelf and the basin has been described by Ratmanof -
(1937); Barnes and Thonpson (1938); Goodnan 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 novenments on the shelf is
a conbined effect of wind, tide and surface runoff. The tidal range
on the shelf is nobderately |low and ranges from2.4 m at the head of
Bristol Bay in the south, to 0.6 m near the Seward Peninsula in the
north. Wnds and stornms devel op short-term local and regional circu-
lation patterns. Current reversals in response to changes in the w nd
direction at nmany |ocations have been reported by the U S. Coast and

CGeodetic Survey (1964).

Tidal current velocities of 50-100 ecm/sec in the passes
along the Aleutian chain have been reported by Lisitsyn (1966). The
incomng tidal currents {175 cm see) off Scotch Cap in Uninak Pass
exceed the outgoing tidal currents {150 cnfsee) by 25 cm/sec (U S
National Ocean Survey, 1973b). The northward current through Uni mak
Pass may be considerably accelerated by the influence of an atnospheric

depression north of the chain (U S. National Ccean Survey, 1964).
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Under such meteroclogical conditions, the current velocity in the pass

may exceed 300 cmisee, thus resulting in transfer of a large anobunt of
Pacific water into the Bering Sea. Part of the water passing through

Unimak Pass is deflected to the east and continues north of the

Al eutian Peninsula, while the rest flows north along the outer shelf.

The tides in Bristol Bay are anplified near the head of
shal | ow embayments. Mean ranges at Cape Sarichef, Unimak |sland, 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, 1.2 m and St. Paul |sland
(Pribilofs), 0.6 m (U.S. Nati onal Ocean Survey, 1973a). Hebard {1961)
reported nearshore tidal currents of 40 - 85 cm/sec along the northern

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

In addition to the tidal influence, the sem -pernanent
currents form a counterclockwi se circulation on the southern shelf. In
Bristol Bay, the eastward noving water sets up a large counterclockw se
gyre covering almost the entire southern shelf. Tine currents formng the
gyre have been neasured by Hebard (1961), and Natarov and Novikov (1970),
who show themto 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. Law ence
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
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of 15-72 cm/sec and 15-34 cm/sec respectively have been reported in the

Bering Strait by Craeger and McManus (1967}.

The flow pattern of northward-noving Pacific water on the
shelf is sonmewhat unclear. Many investigators have stipulated for-
mation of various smaller gyres, particularly in the regions lying
north and south of St. Lawrence Island. These gyres may be seasonal .
Al though the northward flow of water over the shelf and through the
Bering Strait has been well asserted, no concerted attenpts have been
made to determine the intensity and the configuration of these currents

or whether these currents prevail throughout the year.

Cceanographic studies in the Chukchi Sea have been conducted
by Saur et al. (1954), Aagaard (1964], Craeger and MManus (1966),
Fl eming and Heggarty {1966), Coachman and &agaard (1966, 1974), and
Ingham and Rutland (2972). Water characteristics of the Chukchi Sea
are dom nated by three factors: 1) winter ice cover, 2) influx of
Bering Sea water, and 3) the coastal surface runoff. Mst of the year,
the waters of the Chukchi Sea are covered with winter ice and polar pack
ice. The ice begins to formin early Qctober and its southward growh
proceeds rapidly. By later October or early Novenber’', ice clogs the
Bering Strait. Break-up occurs about mid-June in the southern Chukchi
Sea and ice begins to recede northward. The coastal regions are covered
by shore-fast ice for about eight nonths. Generally, August and Septenber
are nonths with the least sea ice. The extent of open water-along the
Al askan coast during sumrer nonths varies seasonally and is dependent
upon wind field and winter ice cover. Easterly and southerly w nds keep

the ice at some distance fromthe coast.
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The formation of yearly ice and extension of polar pack ice
into the Chukchi Sea forms water masses typical of arctic regions. Its
ice cover keeps the water tenperature of the near-surface |ayers close
to the freezing point for its salinity, and extrudes salt fromthe ice
to underlying waters. Water masses forned as a result of the ice cover

are continually nodified by the inflow of Bering Sea water.

Coachman and Tripp (1970) reported a northward-flow ng water
through the Bering Strait of the order of I x 106 m3/see, fl ow ng under
the inpetus of a surface slope. The Bering Sea water transport through
the Strait varies considerably and appears to be dependent on the wi nd
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 Al aska
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 neasurements of evaporation in the Chukchi Sea have
been reported. " Estimates of reported evaporation over the Arctic Basin

range from 40 nmi year (Mosby, 1262) to 300 nun/year (Fletcher, 1966) .

The tenperature and salinity measurenents fromthe Chukchi
Sea obtained by various investigators vary sigmnificantly. |t appears
that water nasses and properties change frequently and are readily
affected by atnmospheric conditions, Bering Sea water influx, the coastal

runof f, and nmelting and formation of sea ice.
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The water circulation in the eastern Chukchi Sea i s domi-
nated by the Bering Sea water influx, which sets an almost permanent
northward current, and by the local wind regine. Near surface and
bottom currents in the sout heastern Chukchi Sea during August 1959 and
1960 have been described by Craeger (1963) . Water currents in Bering
Strait and NNE of Bering Strait during sumrers and w nters have been
obt ai ned by Coachman and Tripp (1970), and Coachnan” and Ragaard (1974}.
The average current in the Bering Strait varied from 13-35 cnifsee, and
al ong the Al askan coast ranged between 5-24 cm/sec {Craeger, 1963).
These current neasurenents were £airly uniform throughout the water
colum. Data revealed a general northward flow fromthe Bering Strait
whi ch approxinately 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 Peninsul a
and, on arrival near the nobuth of Kotzebue Sound, is defected towards |,
Point Hope. Near Point Hope it gains speed (50 em/sec} and merges with

the northward-flowing conponent. After |eaving Point Hope, the conbined

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

Heral d Shoal, while the main coastal branch flows north and east al ong
the Al askan coast and enters the arctic Ocean near Point Barrow.
Coachman and 2agaard (1974) reported that during JSuly 1972 the northward
transport through the Cape Lisburne section was 1.3 Xx 163 m3/see With
approxi mately one-third noving northwest toward Herald Shoal and two-

thirds noving northeast toward Point Barrow.

Currents, particularly the near-surface currents, in the

northern Chukchi Sea are influenced nore by regional winds than by
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northerly currents originating in the Bering Strait. The water

movenment in the nearshore region, especially during the open watexr

nont hs, appears to be predom nantly controlled by atmospheric condi-
tions, particularly wind stress and solar heating. Wnd-driven currents
cause variations in sea level far in excess of those produced by tides
(up te 3 m}. The sea level changes strongly influence the water nass
properties in the nearshore areas and underm ne the beach by subjecting
it to wave action. The conbined effect of wind and wave, then, sets up

the local current system

Defl ection of currents by protruding land (capes and points]
general |y causes separation of current and formati on of eddies past the
cape. Evidence of an eddy northwest of Cape Prince of \Wales has been
reported by McManus and Craeger (1963). Fornation of clockwi se eddies
in the regions of capes (Cape Lisburne, |Icy Cape) have been observed by
various investigators. South-flow ng coastal currents between Icy Cape
and Cape Lisburne were recorded by Flem ng and Heggerty (1966). Similax
currents acconpanying northerly winds at Point Lay were observed by
W seman et al. (1973]. Periodically, the current system of these eddies

is augmented by the prevailing w nd.
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SEDI MENTATI ON

The surficial sediments fromthe Bering Shelf consist of a
varying mxture of clay, silt, sand, and gravel. Mst of the Shelf is
covered by either sand or silt. Gavel and clay conponents are generally
absent or constitute a minor proportion of these sedinments. The
textural distribution of sedinments on the Bering shelf is conpl ex
because of the extrenely variable and |ocalized source input (rivers)
and the variance in sedinment transport energy (currents]. The distri-
bution locally is also influenced by the action of w nd, waves, tides,
permanent water circulation, and ice. Regionally, sem-enclosed Bristol
Bay and Norton Sound display sedinment texture which is different from
that observed on the open shelf. Local textural anomalies in nearshore
zones may result fromriver detrius input and exposed relict glacia

deposits.

The shelf deposits of Bristol Bay have been described in
detail by sharma (1972, 1974a, 1974b) and Sharma et al. (1972). These
studi es show that in Bristol Bay nearshore sediments consist of gravel and
coarse sand, while a greater part of the central shelf is covered with
fine and medium sands. Farther offshore the sedinments become progressively
finer. The floors of the shore indentations and some bays are covered with
yel | owi sh-brown clayey silt and clayey, silty sand, whereas the open
shore is generally mantled with pebbley sedinments. The sedi ment nean
Si ze decreases with increasing distance from shore and water depth.
Sorting in sediments is related to sedinent mean Size; nearshore coarse

sedinments are extrenely poorly sorted; medium and fine sands deposited on
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the md-shelf are noderately well-sorted, and offshore, the sorting
deteriorates with increasing silt and clay conponents. The medium
and fine, noderately well-sorted sands on mid-shelf have nearly sym
metrical size distribution, but progressively grade into strongly
coar se-skewed sedi ments shoreward and strongly fine-skewed sediments
towards the continental nargin. Most sedi nents are leptokurtic to

extremel y leptokurtic.

Sedi nent cover of the shelf between Unimak Pass, Nunivak
Island and St. Matthew Island has been described by askren (1972).
The triangul ar-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 sedinments containing 75% or nore sand.
Westward, a narrow zone which |lies between the -60 and -70 m iscbaths
consists of sedinents with a varying mxture of sand and silt. The
outer shelf, with depths greater than 75 m, is mantled with clayey silt
and sone sand. The sedinent textural parameters fromthe internmediate
zone (-60 to -75 misobath) appear to be related to the water depth:
the nean size, sorting and skewness isopleths, run al nost parallel to the
isobaths, particularly in the area just west and south of Nuniwvak |sland.
The shal | ow shel f sands are moderately well-sorted, but sorting deter-
iorates with increasing depth and increasing silt-clay fraction. Mpst
sediments are finely to strongly finely skewed and show platykurtic to

extrenely leptokurtic size distribution.

The textural characteristics of sedinments deposited on the

shel f between St. Matthew and St. Lawrence |sl|lands have been descri bed
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by Xnebel (1972]. He observed that sands are the npst ubiquitous
conponents in the sedinents. The particle size distribution on the
central Bering Shelf is, however, conplex, and the.sediment Size grading
with water depth is not obvious. The easternnost part, a narrow, elon-
gated belt adjacent to the Alaska mainland, running parallel to the
shore and shal |l ower than the -16 m isobath, consists of silty sands.
Shoreward of this belt the percentage of silt in sedinents increases *
rapidly. O fshore, however, the sand content in sediment increases

and reaches a maxi mum (approxi mately 90% between the =20 and -40 m
isobaths. Sediments with a predom nant sand fraction also cover a |large
shal l ow bank south of St. Lawrence Island. The shelf sedinments, with a
wat er depth of nmore than 40 m along the western periphery and southern
region (north of St. Mtthew Island), consist primarily of silt with

m nor conmponents of sand and clay. Leocally isolated patches of gravel and
gravel ly sediments are found in the nearshore regions east and north-
west of St. Lawence Island. In general, the gravel conponent in the
sedinents is insignificant and of limted lateral distribution. Mostly

sand and silt conponents conpl ement each other in the sediments.

The sedi ment nmean size and isopleths in the nearshore region
are parallel to the isobaths, but they show the usual sedinent size-
depth rel ationships: sedinent grain size decreasing with decreasing
water depth. This decrease in nmean size is primarily due to an increase
in the silt conmponent brought by the Yukon River and other coasta
streams. An increasing silt fraction also contributes to the poorer
sorting in sediments. The sedinment nean size distribution on the bank

south of St. Lawence Island, in general, conforns to the bathymetry,
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so that the sedinent nmean 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 Al askan Bering Shelf is defined by the Bering
Strait to the north and by a 46 m deep sill across Sphanberg Strait,
between the Al aska mainland and St. Lawence. This shallow shelf,
with the exception of three passages, is surrounded by |andmass. The
eastern part of this shelf is a sem-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 conpl ex bathymetry. The sedinments 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 (1874),

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

Sediments on the northern shelf consist of gravel, sand, and
sandy and clayey silts. Gavel 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 approxinately
60 km northward from st. Lawence |sland {McManus et al., 1969). Because

of the gravel’s glacial origin, its distribution is conplex (Nelson and
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Hopki ns, 19274%; sSharma, 1974a, 1974b).

The Chirikov Basin, with the exception of a few small,
anomal ous areas, is covered with sand of very coarse to very fine size
range. The sand conponent in sedinents from this region nostly ex-
ceeds 75% (McManus et al, 1969). Eastward, a northwest oriented narrow
belt extending fromthe Yukon River delta to Nome has low sand content..
In Norton Sound, the sediments are nostly very fine to medi um sands.

It is interesting to note that gravel conplements sand in the Chirikov
Basin while silt conplements sand in Norton Sound, perhaps suggesting

erosi onal and depositional environments respectively.

The shall ow region (less than 10 m depth) along the Al aska
mai nl and extendi ng from Cape Romanzof to eastern Norton Sound is
mantled with siit. The Yukon River silt also extends fromits delta
northwest towards Nome. Clay content in sedinents is generally less
than 10% however, in sone areas of Norton Sound, clay constitutes as

much as 15% of the bul k sedi nents.

Sedi nents of the northern Bering Shelf are poorly to
extremely poorly sorted with finely skewed to nearly symetrical dis-

tribution, and vary from leptokurtic to extremely leptokurtic.

The Al askan Chukchi Sea floor is nostly covered with gravel,
sand and silt. Gravel occurs as |ong, narrow belts along the shore and
as a few isolated patches in offshore regions. Gravel deposits also form
benches along the sea cliffs and adjacent areas. Sand predomi nates in

the nearshore areas and in the proxinmties of the major sedinent input,

v mam e
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while silts with clay are deposited offshore through settling. Cl ay

content in sedinments is mnor and varies between 5 and 35%

Sediment distribution in the southeastern Chukchi Sea has
been described in detail by Craeger (1963). The results of sedi nment
anal ysis of over 475 sanples fromthe entire Chukchi Sea have been
di scussed by Craeger and McManus (1966), and McManus et al. (1969).
These studies provided sedi ment description based on good station

coverage.

Sedi nents in the Chukchi Sea grade offshore from sandy
gravel to sandy, clayey silt. The Bering Strait, the southern proximty
of the Chukchi Sea, is covered with sand and some patches of gravel.
Nort hward and northeastward of the Strait, the sea floor is covered
nmostly with noderately to poorly sorted sand. The sand forms a north-
south oriented lobate feature, the Cape Prince of Wales Shoal (McManus
and Craeger, 1963). To the northeast, the sand extends to the north of
Kot zebue Sound and continues northwest along the shore to Kivalina. A
narrow belt of gravel covers the coast and nearshore area between Kiva-
lina and Cape Lisburne. Between Cape Lisburne and Point Barrow, the
entire nearshore area consists of sand with gravelly offshore bars separ-

ating nunerous | agoons from open waters.

Coarse sedinents with nostly sand and gravel are also often
found on and around Herald Shoal in the central Chukchi Shelf. The
nort hwest oriented shoal |lies between Cape Lisburne and Wrangel | sl and
at a depth of less than 40 m Herald Shoal is bordered on the east and

west by narrow channels mantled with clayey, silty sands.
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Seaward, with the exception of a fewirregularities, the
sedi ments generally become progressively finer, consisting mdstly of
clayey, sandy silt. Sediments with a domnant silt fraction cover
| arge 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 nostly deposited in water with a depth of nore

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

Sorting of sedinents is related nostly to the water energy.
In areas of intense currents and wave action, the sands are noderately
wel | -sorted, while in regions of relatively quieter environments, sands
are poorly sorted. Gavelly deposits nearshore and on Herald Shoal are
poorly and very poorly sorted. Sandy, clayey silts, also poorly sorted.
are deposited offshore in relatively quiescent environnents. The
granulometric variables from over 400 bottom sediments were subjected to
factor analysis to delineate the sedinentary environments in the Chukchi
Sea by McManus et al. (1969). Three factors representing nud, sand and
gravel provide sone insight concerning processes of sedinmentation on
t he 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. Sand transported by currents nmantles the nearshore
regi ons between Kotzebue Sound and Point Hope. The coarse sand and
gravel observed along the northern shores of Cape Lisburne and offshore
on and around Herald Shoal are considered as relict and residua

sediments. Most of the offshore region is covered with nodern silt and
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clayey silt. These fine sedinents, according to McManus et al. (1969),
are deposited through particle settling fromthe wash |oad of the

shel f surface and bottom turbid waters.
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ECOLOG CAL CONDI TI ONS AND MARI NE MamMat, DI STRI BUTI ONS
OF BERINGIA DURI NG THE LAST W SCONSI N SUBMERGENCE

Sam W St oker

I NTRODUCTION :  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 shall ow ocean
floor and energent as a flat, broad plain connecting Asia and North
Anerica. In this role it has provided a unique biological. gateway
permtting 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-
ment al isolation necessary for adaptive diversification and the

energence of new forms, both terrestrial and marine.

At the height of the |ast Wisconsin gl aciation, sufficient
water was invested in continental glaciation to lower sea level by
some 100 neters, thus exposing virtually the entire continental shelf
of the Bering and chukchi Seas as a flat, alnost featureless plain
extending from Siberia to Alaska and fromthe deep basin of the Bering
Sea to the Arctic Ccean (Fig. 2-1). Wth the exception of a few
river valleys and a few vol cani c highlands (which exist today as
i sl ands--the Pribilofs, St. Matthew, Nunivak, St. Lawence, King, the

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

The rivers that traversed this plain, though few, were

i npressive in magnitude--the Yukon, Xuskokwim, and Kobuk on the
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Fig. 2-1.
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Anerican side, and the Anadyr on the Asian. The Yukon, Kuskokwim

and Anadyr flowed generally southward, into the deep basin of the
southern Bering Sea, while the Xobuk turned north to the Arctic.
During the height of the glaciation it maY be presumed that the

di scharge of these rivers, particularly the Xobuk, was decreased.
Conversely, during the onset of glacial wastage and resubnergence,
their discharge was probably magnified. Gven the terrain over

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

brai ded, neandering course not wunlike that exhibited by the present
Yukon where it crosses extensive flats. Undoubtedly they were choked

and clouded With glacial silt.

Due to considerations which will be dealt with later, it
seens probable that the terrestrial climte of this plain was severe
The winters were probably |onger and colder than at present, at
| east during the early part of the transgression, and the sumrers were
shorter and warmer (Hopkins;, 1972). Precipitation, both rain and snow was

probably scantier and the winds nore persistent and intense, ik a region

presently notorious for w nd.

Along the southern nmargin of the land bridge lay the Bering
Sea, shrunk at the height of the Wsconsin glaciation to its deep
basi n--roughly half its present areal extent-—with its conmunication
linmited solely to the North Pacific through the deep passes of the
Aleutian-Kommandorsky island chain. |t was probably then, as now, a
region rich in marine life, fed by nutrient-rich upwellings and

supporting large popul ati ons of marine mammals, narine birds, marine
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and anadramous fish, and shellfish. For 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
sumrer and of strong wi nds and extensive shore-fast and pack ice in

the winter tine.

At the glacial maxi numthe Chukchi was dry over virtually
its entire present extent, the northern shore of Beringia being the
Arctic Ccean, the condition of which has occasioned nuch of the
controversy pertaining to the nechanisns of ice ages in the northern

latitudes. This problem will be di scussed at sone |ength.

W SCONSI N eraciar, MECHANI SMS AND EVENTS: For any di scussion of

Pl ei stocene events it becones necessary at sone point to touch at

| east cursorily upon the major theories of ice age causes and mechani sns.
The "long range” or “renmpte” causes, or possible causes, of climatic
oscillation and glaciation have little direct bearing on the regiona
qguestions considered here, and so will be dispensed with in summary
fashion. The “short range” or regional nmechanisms, particularly as

i nvol ve the condition and role of the Arctic Ccean, will be considered

in nore detail.

The “long range” theories may be divided into terrestria
and extra-terrestrial, though there is sone overlap. Extra-terrestria
theories consider tenperature fluctuations at the earth’'s surface to be

the principal mechanismbehind the ice ages, and generally credit such
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fluctuations to either (1) varying solar output as a result of sunspots
or solar storms, or (2) varying insolation values of the earth’s upper
at nosphere due to cloud cover or volcanic discharge. This second
nechani sm involves, of course, terrestrial events. The terrestria

[ ong-range theories include (1) polar wandering, (2) disruption and
instability of atnmospheric 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

[ and nmasses in the highex |atitudes of the northern hem sphere, thereby
restricting oceanic circulation, (5) inpoundment of the Arctic Ccean
due to continental drift, (6) any conbination of the above. These
mechani sms are reviewed by Flint (1971). 2all of these theories dea
with global generalities, with explanations of why these climatic
oscillations began in the first place and why they are apparently

conti nui ng

The question of nmore imediate interest to this discussion
is the role of the Arctic Ccean as a short-term mechanismin these
fluctuations, for it is in this area that a controversy is encountered
whi ch has serious inplications for the climtol ogy and biol ogy of the
northern coast of Beringia. Ice age theorists seemto be divided rather
sharply into two canps regarding the Arctic, one supporting the view
that it was an open, unfrozen ocean, the other that it was ice-covered,

at least to the extent to which it is today, throughout the Pleistocene.

The scheme of events and mechani sms presented here in

expl anation and tentative support of the open Arctic theory is a
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synthesis of previous investigations on the subject (Dorm and Ew ng,
1966; Lawb, 197'1; Lanb and wWoodroffe, 1970; Loeiue, 1971; Weyl, 1968;

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

According to this schene, the initiation of glaciation
woul d have been dictated by the tenperature regime. A lowering of
summer tenperatures in continental high latitudes of only a few degrees
centigrade woul d begin the accurul ation of snow and ice for the
sinmple reason that winter snowfall would exceed summer melt. The
reasons for this tenperature decline, though of interest in thenselves,
have 1ittle bearing on the progression of events once such accumul ation
is begun. It could be because of solar storms and varying sol ar output,
i ncreased insolation due to cloud cover or volcanic activity, increased
continentality, di srupted at mospheric circulation and heat exchange, or

i ncreased albedo.

It doesn't rmuch matter for the short-termview. Once such
accunul ation has begun, it provides its own increased albedo due to the
greater reflectivity of snow and ice, thereby further depressing
regional tenperatures--a self-reinforcing effect. During this initial
phase, the Arctic Qcean 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 | ow pressure center over the central Arctic,
and weakly cyclonic at nospheric and oceanic circul ati on with strong
vertical stratification of the Arctic Ocean water due to salinity
di sconfornmity. Because of this dominating salinity structure, the

Arctic would not react to surface tenperatures as would a deep ocean,
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by the sinking and m xing of cooled surface water with deeper, warner
water, but as would a shallow sea. |Its surface water is of such | ow
salinity that it can never achieve the density, through | owered
temperature, sufficient to penetrate the halocline (salinity discon-
formty], and so freezes as sea ice. This is the condition seen today,

during what may be the latter stages of an interglacial.

This low salinity surface water has, and probably would
have had at that time two major origins: (1) the direct terrestria
fresh-water input of mgjor rivers such as the Colville and Mackenzie
on the Anerican side and nunerous others on the Asian and European
margin, and (2) the lowsalinity input fromthe Bering Sea through
Bering Strait. This lowsalinity Bering Sea surface water is itself

primarily a result of terrestrial input fromthe Yukon and Kuskockwim.

During this initial phase in the cycle of glaciation, the
princi pal source of precipitation would probably be the North Atlantic

with its northwest-trending warm Gulf Stream.

Thi s accurul ation of ice and snow acted, as noted previously,
in a self-reinforcing manner. It served (1) to lower the albedo
over the northern hem sphere, further depressing tenperatures, and (2}
to | ower sea level around the world. Lowered tenperatures would have
resulted in decreased fresh-water discharge into the Arctic basin,
weakening the salinity structure. At the same tine, falling sea level
woul d constrict and eventually cut off the low salinity flow fromthe
Bering, further weakening the halocline which kept the Arctic a frozen

ocean. Also during this phase, the increased continentality resulting
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from the partial exposure of the continental shelves “my have resulted
in intensification of the Arctic high-pressure center, with resultant
intensification of the cyclonic circulation of both sea and air (Lanb,
1971; Lanb and Woodroffe, 1970; Willett, 1950). W nds woul d have-
intensified over both the Arctic Ccean and the energing land bridge

and woul d have shifted slightly to blow nore northerly over the |and,
further depressing the sumrer tenperature and accel erating glaciation
in regions of sufficient precipitation. In addition, and this may be
an inportant consideration, the intensified cyclonic narine circulation
m ght have pronpted an upwelling systemwithin the deep Arctic basin,
destroying conpletely the halocline and vertical salinity structure.
There are indications that during this period the surface tenperatures
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)

Wth its insulating halocline destroyed by decreased low-
salinity surface input and by cyclonic upwelling, conditions in the
Arctic may have altered considerably to permt the Arctic Ccean to
enter the picture in a major role. Wth its ice-covered surface |ayer
in contact with the warmer, high-salinity deep water, and with Possibly
i ncreased exchange with the waters of the North Atlantic, rapid nmelting
of the permanent ice pack woul d likely have ensued. ‘This melting of the
Arctic ice cover would not affect sea level as would the wasting of
terrestrial ice. It would, however, open the Arctic as a major precipi-
tation source for the growing continental glaciers. Wth its greater

sealair tenperature gradient, the Arctic would provide a noisture source
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probably surpassing the original North atlantic source, leading to
rapid acceleration of continental glaciation and resultant accel eration

of sea level |owering.

But because of this falling sea level, it may have been a
self-limting system resulting in restricted exchange with the North
Atlantic across the Greenland-Faroce sill. Once such exchange was
sufficiently restricted, the Arctic would |ose the anmeliorating effect
of the North Atlantic water and would become an essentially |and-I|ocked
sea of curtailed circulation, subject once nore to the growth of a
permanent ice pack. This re-freezing woul d al so be encouraged by
continued tenperature depression over the Arctic due to the grow ng

ice masses around its margin and their albedo effect.

Arapid rise in North Atlantic tenperatures about 11,000
years ago (Ewing and Dorm 1961; Erickson et al., 1956) may |ndicate
that such a restriction of interchange with the Arctic did take place,
though this date seens rather late to fit with the cal endar of events
presented here. For this schene, 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 warmng trend about 11,000 years

ago, Which nmight be the reason for this rise in Atlantic tenperature.

Wat ever the events leading to this warmng of the North
Atlantic, it seems probable that by the glacial maxinum the Arctic
Ccean, if it was indeed open, would have been essentially the sole
source of moisture sustaining continental glaciation, for during the

period of intensive precipitation follow ng the thawi ng 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 forma 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 tine they would have expanded far
enough southward so that, without continued massive precipitation

wast age woul d begin along the southern margins.

At the time of the glacial maximum alnost the entire shelf
of the Bering and Chukchi Seas was exposed. As wastage and gl acial
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 conmuni cati on once again between the Arctic Ccean and the Bering
Sea. The resulting lowsalinity input fromthe Bering (probably lower
salinity than at present, due to increased river discharge fed from
glacier nmelt) would have added its reinforcing effect to the freezing

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

1972b} .

There are several argunents in opposition to this scheme of
events, and several obvious problenms |eft unanswered. Wy, for one
as the glaciers dimnished follow ng 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
war mi ng gl obal tenperatures at this tine. And why, once sea level had
risen to once again open full communication between the North Atlantic

and the Arctic, were not the sane mechani sns envoked as previously to
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nelt the re-forned Arctic ice? Perhaps because of increased fresh-
water input into its margins fromthe retreating glaciers and fromthe

Bering Sea; perhaps due to unaccounted for reasons.

In opposition to this scheme involving an Arctic Ccean
fluctuating between a frozen and unfrozen condition is the view that
t he Arctic has been perpetually frozen throughout the Pleistocene and
that the source of precipitation for glaciation lay in the North Atlantic
t hroughout the sequence of events (Flint, 1952; Colinvaux, 1964b; Dillon

1956; Lanb, 1974; Cark, 1971; Mercer, 1970; Karl Strom 1966; Lanb, 1966).

There seemto be three principal arguments supporting this
Vi ew. (1) oxygen isotope and micro-paleontological evidence that Arctic
Ccean near-surface tenperatures were never appreciably warmer than at
present, (2) precipitation patterns as evidenced by extent of glaciation
and {3) the evolution in the Arctic during this period of aninals, nanely
the polar bear, which are bound to an existence on the Arctic ice (Kurkten,
1964) . Wwhile these arguments cannot be discounted, neither do they seem

concl usi ve.

As regards the evolution of the polar bear, it is not
di sputed that it probably did evolve in the Arctic during the Pleisto-
cene, probably 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 argunment 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 nmargins and in the shall ow bordering
seas such as the Beaufort, Kara, Wite, Barents, Chukchi, and East
Siberian. Even as sea level fell during the glacials te shrink these
seas, a considerable habitat of sea ice would have remained along their

outer margins.

Also, 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 Ckhotsk Seas, during the Pleistocene glacials (Scheffer, 1967},
where there was probably not permanent year-round ice, perhaps indicating
that this species at |east was not always as strongly ice-dependent as

now seens the case.

The tenperature argunents (Colinvaux, 1964b;Emiliani, 1972;
Lanb, 1974; Hunkins, et al., 1971) are |ikew se not conclusive in
t hemsel ves, for the thawing of the Arctic ice pack woul d not necessarily
require warmer oceanic tenperatures, only that the salinity structure

be broken down to permt vertical mxing (Weyl, 1968; Olausson, 1972).

The remaining objection to an ice-free Arctic, that the |ack
of glaciation evidenced over northern Al aska and Siberia argues agai nst
an Arctic Ccean precipitation source (Lanb, 1966}, is also open to
dispute. These are for the nmpbst part flat, |lowlying areas, presenting
no physical or thermal barrier sufficient to induce the massive precipi-
tation necessary for glaciation. Also, with tightened cyclonic circu-
lation, winds off the open Arctic would likely have hugged nore closely

to the flat, featureless coast of Asia and Al aska, encountering no major
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barrier wuntil they reached the continental glaciers of northeast

Canada and G eenl and.

A perhaps nore serious objection to the view of the Arctic
as ice-free is one fostered by lack of evidence. |f the Arctic had
been open, at least in its central basin, and subject to an upwelling
system such as previously described, then it seens reasonable to assune
that this region would have supported greatly increased narine producti-
vity, at least on a seasonal basis. But there is no indication, from
sedi ment cores, that this was so. Perhaps such evidence is there and
has not been found; perhaps it is mssing for r easons not under st ood;
or perhaps it is absent because the Arctic was, after all, always a

frozen sea.

Regardl ess of the mechanisnms and sequence of events, however,
and regardl ess of the condition of the Arctic Ccean, we do know that
the glaciers grew and spread and that sea lewel fell in response to
expose the shelf of the Bering and Chukchi Seas, and that subsequently
these glaciers nelted and returned their water to the rising sea, once

more submerging Beringia.
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DI STRI BUTI ON AND ECOLOGY OF MARINE FAUNA: For purposes of convenience

and clarity, the marine biota of the southern, Bering Sea, nargin of
Beringia and that of the northern Chukchi/Arctic coast wi |l be considered
separately.

The Bering Sea

The conpl enent of narine species which inhabited the Bering
during the last Wsconsin transgression was probably not far different
fromthat of today (Davies, 1958}, with one mmjor subtraction--the polar
bear (Ursis maritimus)--and one mgjor addition--the Steller sea cow
(Rhytina stelleri). The mari ne manmal species probably consisted of
the Pacific walrus, the bearded seal, ringed seal, harbor (spotted) seal,
ri bbon seal, steller sea lion, northern fur seal, sea otter, Steller sea
cow, beluga whale, harbor (commpn) porpoise, and ot her cetaceans large
and small (Fig. 2-2). The relative and total abundance of these species
woul d have fluctuated during this transgression as conditions changed,
as will be discussed te some extent later on, but probably all of them
were present throughout the period. In addition to the marine manmals,
it seens alnobst certain that the other nmjor species of marine and anadra-
mous fish, shellfish, and marine birds currently found in the region
(Rowl and, 1973; Stoker, 1973; Neyman, 1960; Filatova and Barsanova,

1964; Andriyashey, 1964; Peterson, 1941) were present during that time.
It is assuned that the needs and habits of these animals were about as

they are today.

The species of greatest probable interest to early hunters
woul d have been those which were gregarious and tied for existence

closely to the land or to sea ice, such as the walrus and the otarid




Fig. 2-2: MARINE SPECIES OF PROBABLE | NTEREST TO EARLY NAN
W TH ECOLOG CAL AND BEHAVI ORAL NOTATI ONS.

SPECI ES | NHABI TI NG THE BERI NG SEA

Common Name Latin Nane

Ecological/Behavioral Type

Aver age Body
Weight (kg.)

Marine manmal s

Pacific walrus Odobenus rosmarus divergens
Nort hern fur seal Callorinus ursinus
Steller sea lion Eumetopias jubata

Bear ded seal Erignathus barbatus

R nged seal Pusa hispida

Har bor seal Phoca vitulina

Ri bbon seal Histriophoca fasciata
Steller sea cow Rhytina stelleri

Sea otter Enhydra lutris

Beluga whal e Delphinapterus leucus
Gray whal e Eschrichtius gibbosus
Bowhead whal e Megaptera novaeangliae

Harbox porpoi se Phocoena romerina

G egarious, ice or |land dependent for
hauling, depth limted

Rooki ng, gregarious, pelagic
Rooki ng, gregarious, pelagic
Solitary, ice dependent, depth limted
Solitary, shore-ice denning

Sem - gregarious, shore dependent,
estuarine preference

Solitary, pelagic

Sem - gregarious, shallow coastal

Sem - gregarious, coastal

Sem - gregarious, estuarine preference
Sem - gregarious, pelagic

Solitary, ice preference

Semi - gregarious, estuarine preference

1, 000

50
400
300

65

140

80

30
>1, 000
>1, 000
>1, 000

[0)]
<1,000 %
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Fig. 2-2 (continued)

Common Nane

SPECI ES | NHABI TI NG THE BERI NG SEA

Lati n Nane

Ecol ogi cal / Behavi oral Type

Aver age Body
Weight (kg. )

| nvertebrates:

Brachyuran crabs
(continued)

Spi der crab
Hairy crab

Anomuran crabs

King crab
Hernmit crab

Pandal id shrinp

Crangonid shrinp

Bi val ve nol | usks

Hyas species
Telmessus Speci es

Paralithodes species
Pagur us speci es

Pandalus species
Spirontocaris species
Eualus species

Crago Species
Argis species

Mya species

Spisula species
siligua species
Clinocardium species
Serripes species
Macoma speci es
Liocyma species
Panomya speci es
Hiatella species

All benthie, nearshore potential

Al'l benthic, nearshore potentia

All pelagic/benthic, nearshore potentia

Al benthic, nearshore potential

Al'l benthie, intertidal
potentia

or

near shor e

<1

<1

oL
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Fig. 2-2 (continued) SPECI ES | NHABI TI NG THE BERI NG SEA

Aver age Body

Common  Nane Latin Nane Ecol ogi cal / Behavi or al gType Weight (kg.)
M scel | aneous
I nvertebrates Tuni cat a Al intertidal or nearshore <1
Echiurida
Sipunculida
Polychaeta
Amphipoda
Nemertinea
Mari ne Rooking Birds: 2411 formng dense nesting rookeries <1
Murre Uris species
Kittiwake Rissa species
Aukl et Aethia species
Puffin Fratercula and Lunda species
cor nor ant Phalacrocorax Species
cul I Larus species
Gui I | enpt Cepphus speci es

Tl
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seal s (steller sea lion and northern fur seal), or which were |arge 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 mouths in pursuit of salnon, the cetaceans
woul d have been difficult to hunt and probably out of reach of man at

this time. Beached whal es, however, would have been a prize

The walrus, a large, gregarious animal, is depth-limted
due to its feeding habits and diving capability, and woul d probably
have been restricted to waters of 50 neters or 1less in depth. Suitable
habitat for this animal would have been severely restricted in the Bering
at the height of the Wsconsin for this reason, expanding as the sea
transgressed the shallow shelf. These animals also nust haul out for
ext ended periods on land or sea ice, and so are |linmted 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

i sl ands or headl ands.

The otarid seals--the sSteller sea lion and northern fur seal--
t hough pel agic and unavailable for much of the year, form dense rookeries
for pupping and breeding purposes in the sumrer, on rocky islands and
i sol ated capes, at which time they would have been, and are, extrenely

vul nerable to nman.

O the phocid seals, the ribbon seal may be discounted as
bei ng of prime interest due to its pelagic habits and solitary nature,
and relatively snmall 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 woul d have been accessible. The bearded seal would have
been desirable due to its large size (Fig. 22) and the ringed seal
vul nerabl e due to its habit of denning on the shore-fast ice to pup

The bearded seal, like the walrus, is depth-limted

Har bor seals would probably have concentrated near river
mout hs, along the edge of seasonal ice (an area of enhanced prodictivity,
from personal observation), or along glacier faces such as probably
reached the sea fromthe A aska Peninsula and in the Cape Newenham
vicinity. Harbor seals are known to concentrate along such gl acier
fronts in south-central and south-eastern Alaskaat present, perhaps
in response to pandalid shrinp concentrations (personal observation).
Ri nged and bearded seals, and possibly walrus, might also have congre-
gated for feeding purposes, or for hauling onto the ice, along such
glacier fronts in the summer time. Harbor seals are also tied to the
land or to sea ice for hauling and pupping, though they are not as
gregarious as walrus and do not formthe dense breeding rookeries

typical of the otarid seals.

Wal rus, phocid and otarid seals, cetaceans, fish, shellfish
and marine birds would all have tended to concentrate for feeding purposes
inthe vicinity or downcurrent of areas of intensified primary pro-
ductivity such as upwelling or vertical mixing zones, or near river
mouths. R ver mouths woul d have been host to summer spawning migrations
of anadranous fish such as salnon, char, whitefish and sheefish, all

of which woul d have provided in themselves an attraction to man as well

as attracting marine mammal species--phocid seal s, otarid seal s, beluga
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whal es, harbor porpoi se-- upon which he mght have preyed.

In addition to river-spawni ng anadramous fish, there
probably woul d have been dense spawning. runs of capelin onto the beaches
and of herring into certain areas. Marine f£ish, particularly halibut,
fl ounder, cod, and sculpins, may have provided some further attraction
tothecoast, particularly in areas of increased productivity, as would

shel | fish such as crabs, clanms, cockles, and urchins.

The Steller sea cow, a very large and vul nerable animal,
woul d have been prinme prey for early man. But it seens probable from
its feeding habits, which require dense and extensive beds of the
| arger seaweeds, that the Beringian range of this species was limted
to the r emot er islands of the Aleutian-Kommandorsky Arc, inaccessible

froml and

Marine bird species such as murres, puffins, auklets, gulls,
cornorants, kittiwakes, and guillenmots, which form dense nesting
rookeries, would also have provi ded abundant seasonal sources of both
meat and eggs. All of these species rook on nearshore cliffs, preferably

adj acent to areas of high marine productivity.

In summary, it seens probable that throughout the |ast
W sconsin transgression the Bering Sea renmained an area rich in marine
coastal resources. The species conposition and axreal distribution of
this resource, in terms of relative abundance, would have varied as
t he sea encroached over the shelf and as climte and conditions changed,

but probably provided, during any given tinme, considerable attraction

e i e L & e e e Yt e AT VS Y W e b e T
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to early man over at |east sone portion of this coast.

The Chukchi and Arctic Coast

The northern margin of Beringia--the shore of the Chukchi
Sea and the Arctic Ccean--was alnost certainly a far |ess hospitable

pl ace than was the Bering, given even the best of possible conditions. ,

If the Arctic was ice-free in its central basin, as postu-
|ated earlier, it could, just possibly, have hosted a marine fauna
including present North Atlantic-Geenland species such as the gray seal,
hooded seal, harp seal, narwal, harbor seal, and Atlantic walrus in
addition to currently present endemics-~the bearded seal, ringed seal,
pol ar bear, and beluga whale (Fig. 2-3). There is no paleontological
evidence in support of such a fauna, though this does not conclusively
deny its possibility. If the Arctic were open in its central basin,
it is probable that it was visited at least seasonally by Atlantic
cetaceans, though they woul d likely have remained far fromland due to
the fringing ice. It is also possible, though inprobable, that the
Atlantic phocid seals mght have utilized this ice edge. Even so, they
woul d not |ikely have been readily accessible from the land. Atlantic
wal rus |ikewi se might have frequented this ice edge, though this possi-
bility is even nore renpte due to the depth linitation of these aninals.
More probably, even if open in its central region, the Arctic marine
mammal fauna woul d have been linmited, during the period of the |and

bri dge, to the bearded seal, ringed seal, polar bear, and beluga whale.

If the Arctic was ice-covered during this period, as it



7.

ao ' T

oo T

poatwtT yadep ‘auspusdep 90T ‘AxelTTOS

po3TWTT yadep ‘Hutiney
I03 Juspuadep pueT X0 90T ‘snotieboin

pe3TwIT yidep ‘Huriney
Z03 juspuadep purT IO 90T ‘snotaebaan

snaeqirq snylzeubrIg

SuebISATP SNICWSOT SNUSGOJO

snIvUsSOZ SNIRWUSOX sSnusqodqo

Teos pepJaeod

(ATaus08x ATuoO)
suxTem oTyroed

(TnFagqnop)
SNITEM DTIURTIV

FSTRUNRK DUTARR

(-63) 3ubToM
Kpog ebeaeay

2dAl TeIOTARUSE/TROTLOTODHE

QUWEN uTj}ey

QUuIRN UOUIOD

OILOYY/IHOMAHO HHL SNILIGVHNI SHIDEIS €~ *BTd

B S S,

YT poreye




78.

000‘T <«
000'T <

000'T <

000°T <«

00<¢

0sc

0174

ovt
00t

<9

otbetad ‘snotavbsaab-tueg
souaiagexd o901 'AxexTros

@ouaa9Iead SUTILNISS ‘snotaeboxb-Tues

putqyushbeaxy so1 ‘A1e3TTOS

quspusdop e0T !snoTaeboab-Tuwes

3uspusdep wOT "~SNOTARHIIDH

juspuadop 90T A0 Sx0YS ‘snotaebaan

dousxsgssrd suTIEN]SS
‘quspuadep 8xoys ‘snoraeboab-tweg

" quepusdsp o901 ‘Huruusp Sx0USs ‘AIRvITTOS

butuuap SOT-0I0YUS ‘AIRITIOS

SNTIYOTIYDST
erogdebop

snonoT snraxdeurydresq

SoI900U0ll UOPOLIOW

snorpueTusoxb snyrydobeq

BlelsTao

sNIpoYOTTEH

BUTTNITA BOOYJ
SMUTITIEW SNSIf

eprdsTy ®sng

{AT3uonax ATuo)
aTeym Lexo

aTeUM peaymod
aTeym ebntag

(Tngyaqnop)
TemIeN

(1Tnzaqnop)
Te9s dieH

(TnF3cmop)
Te9S POPOOH

iny3gnop)
Te9s Arvis

(AT3usosx ATuo)
Tess a00IeH

Ieaq IeTOd

Teos pabuty

{(ponutiuod)

fSTeumIRWwl SQUTIEN

Ap

— s . G~

og obriasay

DIIOYY/IHOMNHD FHL ONILIGYHNI SHIDIJS

ouux

(ponuUTlUOD ¢z HBTJ




Fig. 2-3 (continued) SPECIES |NHABI TING THE CHUKCHI/ARCTIC

Average Body

Common_ Nane Lati n Nane Ecol ogi cal / Behavi oral Type Weight (kg.)
Fi sh:
Marine Fish:
cod Gaddus speci es . G egarious, pelagic <1
Sculpins Several genera and species Solitary, found nearshore <1
I nvertebrates:
Anadramous Fi sh: - 2
(same as for Bering, but probably not present until recently)
Brachyuran crabs: <1
(same as for Bering, but probably with reduced abundance until recently)
Anomuran crabs:
Hermit crab Pagurus speci es Benthic, nearshore potenti al <1
Pandalid shri nps: <1
(same as for Bering, but probably with reduced abundance until recently)
Crangonid shrinps: <1
(sane as for Bering, but probably with reduced abundance until recently)
Bi val ve nol | usks: All benthic, intertidal or nearshore <1
potenti al
Softshell cl am Mya speci es
Cockl e Clinocardium Speci es

Serripes species

‘6L



Fig. 2-3(continued)

SPECI ES | NHABI TI NG THE CHUKCHI/ARCTIC

Average Body

Common  Nane Latin Nane Ecol ogi cal / Behavi oral Type Wi ght  (kg)
Gastropod nmol | usks: Al benthic, nearshore potenti al <1
Snails Neptunea Species
Buceinum species
Polinices species
Natica species
Colus species
M scel | aneous
| nvert ebr at es: <1
(Same as for Bering) Same as for Bering
Marine Rooking Birds:
until recently) <1

(Sane as for Bering, but

probably w th reduced abundance, possibly absent,

o8
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presently is, its fauna would certainly have been linmted to these

four marine mamual species. Al of these species, with the possible
exception of the beluga whale, which would not likely have been easy
prey, are solitary in nature and would not have provided concentrations

in ternms of hunting resources.

Li kewi se, it seens unlikely that conditions woul d have
favored nearshore concentrations of marine or aradramous fish, shell -
fish, or marine birds, prior at leastto the resubnergence of Bering
Strait. The coast was probably frozen year-round, wth extensive shore-
fast ice and offshore pack ice, with few rivers to invite anadramous

fish and few rooking sites suitable for marine birds.

Once Bering Strait flooded, faunal conditions in the Chukchi
woul d have inproved somewhat. The coast was probably ice-free on a
seasonal basis by this time or shortly thereafter, with rivers providing
spawni ng grounds for anadranous fish. Rooking birds would have occupied
the nearshore cliffs of the Chukchi Sea, and the narine mammal conpl enent
would be swelled by seasonal mgrations of walrus, harbor seals, gray

whal es, and bowhead whales fromthe Bering Sea.

Over nost of the time span considered, however, it appears
that the Arctic/Chukchi coast would have been nmuch |ess attractive than
the southern Bering coast. Probably, in fact, it was only nmarginally

habitable, if that, prior to the opening of Bering Strait.

T e S e e s e nrae T A A Tmh s e s s VRO
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DI SCUSSI ON oF ECOLOGE CAL CONDI TI ONS AT MAJOR STANDSTILLS 1IN THE LAST

TRANSGRESSI ON. During the |ast subnergence 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
|atest at 11,000 years ago (Sharma, this report). For these three
intervals, the probable conditions of Beringia and its bordering seas
willbe di scussed in as nuch detail as seens justifiable at the present
time. Al of these dates are tentative and very approxi mate. All
coastline and bathynetric contour maps are taken from G.D. Sharma's

maps as published in this paper.

Standstill I, 22,000 B.P.

During this period of stabilization the sea level stood
some 80 to 90 nmeters 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, nonotonous plain for the nost part,
the only major features of relief being the river valleys of the Yukon,
Kuskokwim, Anadyr, and Kobuk, and the scattered el evati ons of the
present Pribilof, Nunivak, St. Matthew, St. Law ence, Xing and Diocmede
I sl ands, whose towering cliffs rmust have been inpressive |andnarks on
an otherw se featureless land. Massive glaciation characterized the

Al aska Peni nsul a, 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 seens probable that ecol ogica

conditions and faunal distributions were equally simlar
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Except for the river valleys, and for areas such as the Al aska
Peni nsul a whose mount ai ns would have induced precipitation fromthe
noi st Pacific air, it was probably a rather arid and very w ndswept
plain. There were no trees, other than perhaps willows in the river
val l eys, to break this wind out of the north and west, and 1ittle el se

to relieve the nmonotony of the endl ess steppe.

The weather was alnmpbst certain to have been severe. The
effect of increased continentality resulting from the departure of
the sea from this shelf would probably have pronmoted col der, 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 (Lanmb, 1971) , increased cyclonic
circul ation woul d have fostered stronger and nore persistent w nds,
sumrer and winter, with a nore northerly conponent. Unpl easant as
t hey probably were, however, these winds nay have had their val ue,
keepi ng the vast plains swept free of snow for the |arge grazing
manmmal s which frequented it and upon which early man likely depended

for his prey.

From the evidence of the |arge herbivores which inhabited
this region at this time--horse, bison and mammot h--and from the
probabl e climatic conditions, it seens al nost certain that the terres-
trial environnent during this interval was that of a cold grassland

st eppe.

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 seens reasonable that the current structure m ght
have been somewhat as depicted in Fig. 2-4, 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
embayment al ong the Al aska Peninsula, and nearshore wupwelling along

the continental slope (Fig. 2-4).

There probably was increased sumrer discharge of fresh
we f FOM the large rivers entering the Bering and from the Al aska
Peni nsul a, even during this i nterval of stabilization, as a result of
glacial wastage. This fresh water input would have | owered the surface
salinity of the Bering, encouraging winter ice fornmation and pronoting
coastal intensification of the current structure (R Muench, University
of Al aska, personal communication). 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
woul d 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 manmmal species such as inhabited the nearshore

regi on year round.

As stated earlier, it seens reasonable to assune that all

of the major marine species 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



86.

distribution and relative abundance of these species was probably

however, a good bhit different fromthat seen today.

The walrus, due to its depth limtation, would have seen
its range during this time shrunken to what was left of Bristol Bay,
t he enbaynment al ong the Kamchatka coast, a narrow band adjacent to
the open shore connecting these embayments, and to the Sea of Okhotsk.
O these areas, the Sea of Okhotsk would probably have hosted the
| argest popul ation, though a sizeable herd coul d have inhabited Bristo
Bay, the Kanthatka embayment, and possibly even the intervening coast.
During the winter these animals could have utilized all of the shall ow
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
nost 1ikely have concentrated in the vicinity of the Pribilofs and al ong
the Al aska Peninsula to take advantage of high-productivity feeding

areas and hauling grounds (Fig. 2-5).

the distribution of the Phocid seal s of interest--harbor
ringed, and bearded--would probably have been not too dissimilar to
‘chat of the lvalrus. During the winter the harbor seals would have
concentrated along the ice edge, probably in the Pribilof region in parti-
cular (Fig. 2-6) . Bearded seals would 1ikely 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 woul d have been nore nunerous closer to
the shore. It should be kept in mind, however, that both ringed and

bearded seals are essentially solitary in nature, and woul d have
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provided mninmal hunting concentrations. During the summer, it seens
probabl e that harbor seals would have concentrated in the high-pro-
ductivity Pribilof region and along the glacier fronts of the Al aska
Peninsula. The Al aska Peninsula region nay al so have attracted a

| arge portion of the bearded and ringed seal popul ation during the
sumrer (Fig. 2-5 ). Due to its pel agi c habits, solitary nature,

and relatively small body size, the other phoeid inhabiting the Bering
at this time, the ribbon seal, is considered to be of mninmal interest.
This species would probably have concentrated, with nost of the other
phocids and the walrus, along the ice edge in winter, and perhaps in the

Pribilof and Al aska Peninsula region in the sunmmer.

The otarid seal s-- sea lions and fur seal s--woul d have been
at sea and unavail abl e through the winter. During the sumrer, both
t hese species would |ikely have formed dense rookeries in the Pribilof

region, as would have the marine rooking birds (Fig. 2-5).

The estuaries and river nmouths enmptying into the Bering
woul d have hosted |arge sumrer concentrations of anadranous £ish and
their predators, delineated as the “sal mon conplex” on Figs. 2-5

t hrough 2-16.

Most of the Bering coast, particularly the central coast
fromthe Pribilofs across to the Kamchatka embayment, woul d have been
an open, wi ndswept coast of sand beaches and dunes, probably wacked
by frequent storms and subject to heavy surf--not overly hospitable

for concentrations of narine manmmals or of man. The Bristol Bay and
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Pribilof Canyon regions, however, would have been sonmewhat sheltered
from such open-ocean effects, would have been the nost |ikely regions

of upwelling, the recipients of rivers, and by all neasures, the areas
nost probabl e of supporting increased narine productivity at all trophic
[ evel s, 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 remmined essentially ice-free during the winter tine.
Conbined with the enhanced productivity pronoted by the upwelling out

of pribilof Canyon, this feature would have nade the Pribilof region,
particularly the vicinity of St. GCeorge Island, a very desirable |ocation
for marine-oriented human popul ations throughout the Year (Figs.2-4,2-5,2-6).
During the summer there would probably have been concentrations of

wal rus, phocid and otarid seals, narine rooking birds, anadramous fish
(sal non conplex], marine fish, and cetaceans, drawn by the increased
productivity of the upwelling zone, by streans which probably entered
Pribilof Canyon, and by attractive hauling and rooking grounds. During
the winter, the probable reduction or lack of extensive coastal ice

woul d have permtted access to walrus, phocid seals, and possibly

cet aceans.

The ot her likely region of marine faunal concentration
during this period woul d have been the Al aska Peninsula (though probably
gl aci ated and uni nhabitable by man) and northeastern Bristol Bay, where
i ncreased productivity, wenmuths, and possible hauling grounds

woul d have provided attractions during the sumer. During the winter,
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this area woul d probably have been subject to extensive nearshore ice
and not so desirable, though popul ations of walrus and phocid seals

m ght have been accessible.

The northern border of Beringia during this interval was
the edge of the Arctic Ccean, the Chukchi having been abandoned to its
limts by the sea (Fig. 2-7). Asdiscussed 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 pernanently frozen. 1In either event,
it seens highly unlikely, given the information presently at hand,
that this coast could have provided faunal concentrations which woul d

have been attractive and accessible to early man.

Standstill |1, 16,000 B.P.

The next major stabilization of sea level seens to have been
about 16,000 years ago, when the shoreline was at the present 40 to 50
meter contour. By this tine the Pribilofs and St. Matthew would have
resuned their island status, the Beringian plain would have been shrunken
greatly in extent, and the area of shallow sea would have expanded
correspondingly (Fig. 2-8). The land was still a wi ndswept plain of
seasonal tenperature extremes, though beginning to aneliorate in climte
due to the encroaching marine influence and a | essening of the preval ent
Arctic low (Lanmb, 1971). The eyclonic atnospheric circulation would
probably have |essened in intensity, with resultant reduction in wind
strength. These winds by now would probably have begun to |ose their

northerly conponent also, shifting to blow nore fromthe west.
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Precipitation may have al so been increased over the |and
by this time as a result of the changing wind patterns and encroaching
mari ne environnent. The preval ent wi nds now would have been nore off the
expanded Bering Sea rather than fromthe arid northern plain, and thus
were likely to have been warner and nore noisture-laden, providing
rain and snow. This conbined effect--increased precipitation and reduced
wind to sweep away the winter snow-may have led to wetter ground
condi tions by this time, encouragi ng the devel opnent of shrub and muskeg
tundra to the detrinment of the grassland environment and its grazing
herds. Other terrestrial herbivores, of course, would have been replacing

these grazers.

The shal |l ow zone of the Bering would have been greatly
expanded by this tinme, providing habitat for increasing populations of
such bent hi c-feeding marine mammal species as wal rus, bearded seal, and
ringed seal. Bristol Bay would be nuch more promninent by now, indented
deeply at its head by the estuaries of the Kuskokwi m and Kvichak Rivers,
and woul d have provided favorabl e habitat for walrus, phocid seals,
probably otarid seals, marine rooking birds, cetaceans, and narine and
anadramous fish. It is possible that the Bering and Chukchi were re-
connected at this time by a narrow strait west of St. Lawence (Fig. 2-8),
though there is some uncertainty regarding this reconstruction. At
any rate, it seenms unlikely that such a sinuous strait would have |ed
to any great faunal exchange between these seas at this time or, con-
versely, that it would have constituted any great barrier to terrestria

exchange between Asia and Anerica as yet.
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The pattern of nmarine currents woul d probably have been
about the sane as during the previous standstill, though with decreased
coastal intensification. The frequency and intensity of storms nay
have abated sonewhat in keeping with the overall gentling of the w nd
regime. The continental slope upwelling zone woul d have been further
of fshore by now, and the cyclonic upwelling zone inside the tip of the
Al aska Peni nsul a would have migrated deeper into Bristol Bay (Fig. 2-8).
The gl aciers of the Al aska Peninsula and of the Kuskokw m Mountai ns-
Cape Newenham region, though retreating rapidly, would probably renain
inpressive in size and extent. The surface salinity of the Bering
woul d be at least as low during this period as previously, promoting

seasonal ice which would have extended to the continental sl ope.

This is a much vaster area than would have been subject to
sea ice during the previous period, providing greatly expanded winter
habitat for ice-seeking species such as walrus, ringed seals, bearded
seal s, beluga whal es, and bowhead whal es. These species nay 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 al ong
the shore-fast ice. As previously, the pribilofs, and possibly St
Matthew, would have been likely regions of w nter concentrations of these

mammal s , though inaccessible now from |and.

During the summer,walrus , otarid seal s, phocid seals, and
marine birds would probably have concentrated around the Pribilofs and St

Matt hew for rooking, hauling, and feeding purposes (Fig. 2-10). Walrus and phocid
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seal s woul d probably al so have congregated during the sunmmer, as

previously, along the Al aska Peninsula and in Bristol Bay.

The areas of greatest probable interest to early nan
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. Lawence |sland, still a part of the

mai nl and at this tine.

The river nouths of northern Bristol Bay woul d very
probably have attracted spawning runs of anadramous fish along with
their marine mammal predators--the phocid seal s, otarid seals, and
cetaceans-- and this factor, in conbination with the generally high
primary productivity of the region, would have nade them desirable

| ocati ons.

The other area of high probability at this tinme, the western
end of St. Lawrence, mght have provided hauling grounds for walrus
and woul d have been an ideal location for intercepting marine mamals
passing through the strait into the Chukchi, for this strait was opened

sufficiently to permt such communication.

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. Wnter hunting would have been limted 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 in the Chukchi/Arctic could not have been
much inmproved by this tine over that described for the preceding stand-
still, and might, in fact, have worsened in that the central Arctic,
if it had been open during the preceding interval, would very likely
be re-frozen by this time or be deep in the process of becom ng so.

The Chukchi woul d have regained a considerable extent of its forner
shelf (Fig. 2-11), but it would as yet have been a very shallow sea of
shoal s and narrow channels, with restricted circulation. Al nost cer-
tainly it would have been conpletely frozen most, if not all, of

the year. The few species adapted to these conditions--the ringed seal,
bearded seal, polar bear and beluga whal e—-would find thenselves with
expanded range, but probably woul d have occured nowhere in sufficient

quantity to be very attractive as a food resource

Once the Bering Strait was opened sufficiently to permt
unrestricted communication there would have been seasonal nmigrations of
wal rus, harbor seals, gray whal es, and bowhead whal es, such as are seen
today, follow ng the pack ice back and forth fromthe 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 becone
nore suitable for such animals, conditions which probably devel oped

sonetime between this and the next standstill.

Standstill 111, 11,000 B.P.

During this last mjor standstill, conditions of the Bering

and Chukchi Seas were not greatly different fromtoday. The climate, in
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fact, may very well have been nilder than today. A broad rim of land
around the coast, including Kuskokwim Bay, Norton Sound, and Nunivak

I sland, woul d have still been connected to the nainland and not subnerged.
but all of the other islands would have been proper islands once nore

by this tinme, and nost of the shelf would have been regai ned by the sea
(Fig. 2-12). Terrestrial communication would have been severed between
Asia and America and nmarine exchange would have been freely established

once nore between the Bering and chukchi Seas.

On land, it is probable that the climate had altered
significantly since the last standstill. Evidence such as flora
distribution patterns of that period indicate that it was nuch mnilder
than previously, and quite possibly warnmer than at present (Black, 1966;
Erickson et al., 1956; Broecker et al., 1%60). The wind would probably
have abated considerably and would have swung nore to the west. Summrers
woul d probably have been slightly cooler and wetter and the winters
warmer, with increased snowfall. Such conditions woul d probably have
led, by this tine, to alnost total replacement of the dry grasslands of
previous periods by a tundra vegetation, wet in sumer and covered by
deep snow in winter time. River valleys and waterways woul d have been
densely grown with willow and alder, and it is highly 1likely that borea
spruce and birch forests crept onto the shelf of Beringia and spread north
as far as the Mackenzie delta (Ritchie and Have, 1971;McCullochand
Hopkins, 1966). The discharge of rivers may have been much increased

due to accelerated glacial nelt. and was probably heavily laden with silt.

Marine circul ation patterns would not 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 Xommandorsky passes (Avsen'ev, 1967).
There would probably have been an upwelling zone al ong the continental
slope, far now fromthe reach of land, and increased cyclonic upwelling
in Bristol Bay. There may al so have been turbulent m xing and areas of
hei ghtened primary productivity inside the Al aska Peninsula, north of
St. Lawrence Island, and in Bering Strait. 211 of these would be rich
marine areas, supporting large populations of fish, marine birds, shell-

fish, and marine manmmal s.

The situation regarding seasonal sea ice in the Bering
during this period, along With its effect on marine manmal distributions,
is difficult to assess. The warm wet climate and accel erated gl aci al
melt would tend to |ower the surface salinity, pronoting ice formation
But, the warner w nter tenperatures mght conversely have precluded
such formation. It seens very possible, given the scanty information
avail able, that seasonal pack and shore-fast ice might have been
reduced in extent, thickness, and duration as conpared to previous
situations, possibly even as conpared to the present. This condition
m ght not have been agreeable to ice-seeking species such as the wal rus,
ringed seal, and bearded seal, and might have shifted their distributions
further to the north. Correspondingly, the nore pelagic species such as
the otarid seals might have found their range expanded, perhaps to as far

north as Bering Strait.



104.

Wth 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 follow ng the
edge of the pack ice, as is presently the case. In the winter they
woul d probably have noved down into the Bering te wintering grounds
along the edge of the pack ice and in the southern lee of St. Lawence,
(Fig. 2-13) where wind and currents keep the pack ice in an active, seni-open
condition. In the summer they would probably have followed the ice
edge back to its limts of retreat in the Chukchi Sea or along the edge of
the Arctic Ccean (Fig. 2-16). It is possible that a year-round popul ation
m ght al so have been established in the Cape Newenham region of northern

Bristol Bay, where one exists today.

The other ice-seeking species--the ringed seal, bearded
seal, beluga whal e and bowhead whal e--woul d have followed sinilar, though
| ess well-defined seasonal patterns, probably always staying at or within
the edge of the seasonal ice. Harbor seals would probably have pene-
trated into the southern Chukchi in the ice-free sumrer time, and pol ar
bears woul d have been likely in the northern Bering now in winter tinme.

In addition, the gray whale by now was probably taking advantage of the
rich summer feeding in the northern Bering and southern Chukchi, as

woul d have ot her cetacean speci es.

The otarid seals would alnost certainly have utilized the
Pribilofs for rooking grounds during this period, and very probably
have frequented the Cape Newenham area, sSt. Matthew Island, western

Nuni vak, and possibly St. Lawence and the islands of the Bering Strait
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for the sane purpose. These sanme areas woul d have hosted rooking
marine birds and would have provi ded sunmer hauling grounds for walrus
and phocid seals (Fig. 2-14). Areas in the Bering which mght have proved
attractive to man during this period woul d have been the northern
Bristol Bay and Cape Newenham region, for the sane reasons as set forth
for the previous standstill, western Nunivak, St. Lawence Island, the
islands of the Bering Strait vicinity, and the shores of Bering Strait
itself. A1l of these localities would have supported marine bird
rookeries, would have provided at |east seasonal hauling grounds for

wal rus and phocid seals, mght have supported otarid seal rookeries, and
woul d have permtted interception of migrating marine nanmals as they

traded back and forth following the ice.

Tothe north, the Chukchi would have come to life again, at
| east on a seasonal basis. In the sumrer the walrus and other ice-
associ ated species would have entered the Chukchi in pursuit of the

retreating ice pack, vacating it in the fall as the ice noved south again.

The chukchi woul d have regained nost of its shelf by now
(Fig. 2-15), though it was still a very shal |l ow sea. It would very
probably have been an extrenely rich sea by nowin 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 nuch of the profits of the primary productivity of the

north Bering Sea (Stoker, unpublished data).

The rivers entering the chukchi, principally the Xobuk,
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woul d probably have hosted anadranous fish migrations by this tine,
along with the associated retinue of predators (Fig. 2-168) . such
~weMOUt hs woul d have been likely sites for early man as would
capes projecting into mgration routes of marine mammals.  Such capes
and nearshore cliffs would probably have supported marine bird

rookeries as well

In the winter the Chukchi was al nbst certainly ice-covered
over its total extent, but the thickness and duration of this ice may
not have been so great as at present due to the warnmer climate. Wnter
popul ati ons of marine mammal s woul d have been sparse over the Chukchi,

consi sting of scattered ringed seals, bearded seals, and pol ar bears.

SUWARY: During the 11,000-year time span dealt with here, from 22,000
to 11,000 years ago, the Bering and Chukchi | and mass underwent fl ooding
and shrinkage from an area which included al nost all of the continental
shelf of these seas to one little larger than today. This period saw

t he exchange of terrestrial species between Asia and Anerica and the
subsequent exchange, once this bridge was breached again by the sea, of

| ong-separated marine forns of the Bering-Pacific and the Arctic.

During this time the climate aneliorated from one of extrenely
cold, dry winters and short, hot summers, with severe winds fromthe
north and west, to one of warmer, wetter winters and cooler, wetter
summers, with decreased winds nostly 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 correspondi ng faunal repl acenent.

The conditions of the Bering Sea during this period were
probably not vastly different fromthose of today, with seasonal shore-
fast and pack ice extending to the continental slope and with areas of
rich marine upwelling to support |arge populations of cetaceans phocid
and otarid seals, walrus, marine birds, marine and anadramous fish, and
shellfish. The relative conposition and distribution of this fauna
woul d have varied in response to changing conditions, certain species
expanding or declining as their habitat expanded or shrank, but through-
out the period it seens probable that sufficient habitats were avail able

to maintain viable popul ations of all species.

The condition of the Chukchi/arctic Ocean during this time
coul d not have been nearly so hospitable. Wth the possible exception
of the central Arctic basin, the Chukchi and nearshore Arctic were
probably frozen for nost, if not all, of the year, and supportive of only
sparse and scattered marine resources. only after the flooding of Bering
Strait would the Chukchi seemto be a desirable area, at which tine it
woul d have been at |east seasonally ice-free and the recipient of faunal

mgrations and primary productivity input from the Bering Sea.

For early man seeking marine food resources, the Bering
coast would have been by far the npst preferable environnment throughout
most, if not all, of the transgression. During the tine when it was
connected as part of the land bridge, the Pribilof region night have

been a very desirable region, rich in marine life and probably ice-free
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virtually year-round. Other areas of attractiveness for man during this
early period mght have been the northern side of Bristol Bay and St.

Mat t hew | sl and.

As the sea encroached, isolating St. Matthew and the
Pribilofs, nmajor 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. Lawence Island from where marine mammal

m grations mght have been intercepted.

After the flooding of Bering Strait, likely areas would
be the river nouths of northern Bristol Bay, particularly the Cape
Newenham regi on, western Nunivak, St. Lawence, the islands in the
vicinity of Bering Strait and the shores of Bering Strait and Kotzebue

Sound in the Chukchi Sea.
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2-17: MARINE SPECI ES OR SPECI ES GROUPS WHOSE DI STRI BUTI ON WAS CONSI DERED IN THE RANKI NG OF POSSI BLE
HUMAN HABI TATI ON SI TES, IN DESCENDI NG ORDER OF | MPORTANCE, W TH ECOLOG CAL CONSI DERATI ONS

Common__Nane

Latin Nane

Areas of Probable Concentration

1)

3)

Salmon conpl ex:

Sal non

Wi tefi sh
Sheefish

Char

Har bor sea
Beluga whal e.
Steller sea lion
Northern fur seal
Har bor por poi se

Otarid seals:

Northern fur sea
Stellexr sea |lion

Wal rus

4) phocid seal s:

Har bor seal

Ri nged seal
Bear ded seal

(anadramous fish and associ ated mari ne manmal

Salmo species
Coregonus Specl es

Stenodus speci es
Salrelinus species
Phoca vitulina
Delphinapterus leucus
Eumetopias jubata
Callorinus ursinus
Phocoena phocoena

Callorinus ursinus
Eumetopias jubata

Odobenus rosmarus

Phoca vitulina

Pusa hispida
Erignathus barbatus

pr edat or s)

Ri ver nout hs and estuaries

Rooki ng grounds on rocky, isolated headl ands
or islands adjacent to productive narine zones

Haul i ng grounds on islands or headl ands.

Areas of constricted migration pattern

Areas of feeding preference (shall ow

regions in zones of high marine productivity
and adj acent to hauling grounds or ice in
summer, areas of active, broken ice in winter.)

Feedi ng concentrations in areas of enhanced
marine productivity.

Areas of shore-fast ice for denning.

Shal | ow, highly productive areas with sea ice.

“E1T



Fig. 2-17: MARINE SPECI ES OR SPECI ES GROUPS WHOSE DI STRI BUTI ON WAS CONSI DERED
IN THE RANKI NG OF POSSI BLE HUVAN HABI TATI ON SITES (continued):

Common_Nane Latin Nane Areas of Probable Concentration
5) Marine Birds:
Mirre Uria species Dense nesting rookeries on cliffs or
Kittiwake Ri ssa species el evat ed headl ands adjacent to productive
Auklet Aethia species mari ne zones.
Puffin Fratercula and Lunda species
Cor nor ant Phalacrocorax Speci es
Gul 1 Larus Species
Gui | | enpt Cepphus Speci es

AN
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TERRESTRIAL VERTEBRATES AND THEIR EFFECT oM THE
DI STRI BUTI ON OF HUMAN HABI TATI ON SITES

JI" JTRODUCTI ON

During nmuch of the Pleistocene the outer continental
shel f between Al aska 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 sone of the Bering Sea islands, and bones of [arge mammal s

have al so been dredged fromthe outer continental shelf itself.

The mammal s which inhabited this area during the Late
W sconsin were what the Soviets have called the “mammth fauna.” It
had many di verse conponents which varied in conposition and proportion
fromarea to area, but its major recognizable elements in the fossi

record are mammoth, horse and bison

These are the three species which predoninate in the
hunting canpsite refuse and at kill sites of palechunters in both
North Anerica and Eurasia. Although there are many unknowns about
the exact nature of the hunting techniques of these early peoples,
there are sone pieces of information that can be conpiled to aid us
in establishing the nore likely areas of large manmmal concentration

and, consequently, the concentration of paleo-campsites.

W know from nodern anal ogs of hunting peoples that camp
sites are positioned to best intercept seasonal novenments of migratory

large nanmal species. An attenpt will be nmade herein to portray the
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type of late Pleistocene |andscape now subrmerged on the outer continenta
shelf, the distribution of its large mammal inhabitants, the chronol ogy
of the |arge mammal changes in that region, and develop the theory of
the probable effect of the various topographic features on animal

concentrations.

THE LATE PLElI STOCENE LANDSCAPE OF THE OUTER CONTI NENTAL SHELF: Lately

much attention has been focused ou the character of the Late Pleistocene
vegetation patterns in the far north. The Wsconsin glaciation is our
mai n concern, because the now submerged shelf becane uninhabitabl e by
terrestrial peoples after about 10,000 years B.P., and nuch earlier

than the Wsconsin glaciation, it was probably too early for a mature
human technol ogy 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 synonyns. Its exact character and the climte which naintained

it are somewhat controversial, although several elements are beginning
to emerge: (1) It was drier, either from lack or precipitation,

subl i mation-evaporation by wind, or a deeper thaw percolation zone than
exi sts in tundra areas today. (2) The climate was nore continent al

(3) standing plant biomass nust have been much less, but plant pro-
ductivity may have been simlar to present. (4) Because of this | ow

pl ant bionass, the animals which exploited it were nomadic, or at |east
mgratory. (5) They were a different kind of herbivore than those
which utilize the far north today--they were grazers instead of browsers.

(6) Because of topographic variations in plant maturity rate, these
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grazers concentrated in certain predictable habitat types in different
seasons. (7) Because of the seasonal boom bust food econom cs of

the super-nivian terrestrial vertebrates in the north, there were high
quality sumrer resources available in relatively short periods, followed
by a novenent to nore snowfree, sparse wnter range. (8) It is
probabl e that the herb-~bunchgrass~Artemesia conpl ex 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
fromthe pollen records, there were few woody plants available for
browsers at the peak of the Wsconsin glaciation in the far north
(Colinvaux, 1967a, 1967b). This lack of wood undoubtedly had an effect

on the life-style of hunman inhabitants as well.

I'n conclusion, one could say that the climate during the
terrestrial stage of the outer continental shelf was very severe, but
food in the formof large terrestrial manmalian grazers existed in

abundance locally and seasonally.

Mich of the theory behind the palececoclogy of the Pleistocene
Arctic and Subarctic comes from western Eurasia and Al aska, although
by extension, it applies to the Beringian area spanning the outer conti-
nental shelf between Al aska and Siberia. Hopkins (1972} has the only
major review of this area. The status of Quaternary research in the

Al askan interior was reviewed by Pewe (1965) and Pewe et al. (13965).
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Much of the palynological-paleontological studies have
been for specific areas (eg., Sellman, 1967; Quthrie, 1968a, 1968b;
Mat t hews, 1968, 1970, 1974a). In a recent paper, Ager (1975a] described
several pollen profiles fromcentral Al aska. Despite only a few carbon
dates, the character of the Late Wsconsin to recent vegetationa
changes in this study and its chronol ogy seens to have been well-
docunented in this study. At least, it is consistent with the bits of

evi dence we have from other sources

Ager’s | owernpost pollen zone was produced by a steppe-
tundra environnent--high percentage of grass and wormwod, 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 el ement
and an increase in the percentage of dwarf birch pollen. The changes
at least in the north shadow ofthe Al aska Range where these cores were
t aken, 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.

Al t hough this chronology can be expected to vary from place
to place, it probably represents a rough approximation of the genera
pattern of change. The dry steppe-tundra was replaced by tussock
sedges and | ow shrubs, then the trees encroached into the better drained

sites.

Exactly what this vegetational change means in terms of

climatic change is uncertain. It is thought to nean (1} increasingly
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war mer conditions, and (2) an increase in noisture (probably summer
moisture) . But these are not necessarily linked to a shift toward
more woody conditions. It could be due to a change in tenperature .
regi me-- a shortened, warner summer, a decrease in the summer thaw

zone, increased winter snowcover, |ess w nd, and several other factors

or conbinations of factors

LARGE MAMVAL DI STRIBUTI ON o8 THE OUTER CONTI NENTAL SHELF: Because of

the seasonal migratory movements of the different elements of the
“manmoth fauna,” they had a relatively high potential for colonizing

| arge areas (zoogeographers characterize this as high-vagility}. And,

in fact, they are found very ubiquitously throughout the north. There
are no areas in A aska, which were not glaciated, that have not produced
the "mammoth fauna” in abundance. Much the sane is true for nmost of

northern Eurasia.

There is an area in the far northeastern part of the Soviet
Uni on which usually does not show on vertebrate locality maps as having
produced fossils (Fig. 3-1). This may be nore of an artifact due to
| ack of reconnai ssance effort, or it, in fact, is deficient in verte-
brate fossils. Interestingly enough, it is the area not inhabited by
the wooly rhino--which apparently did not get into the outer continenta
shelf. Sher, working on the Upper Xolyma region in this general area
of the Far East, has described nainly early Pleistocene sedinments and
associ ated fauna, much the same sort that have been found (Guthrie and
Matt hews, 1971) on the Seward Peninsula in Alaska. Judging from every-

thing el se we know of their distribution, it seems probable that the
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“mammot h fauna” existed alnpbst continuously fromEngland, in the west,
to the central Yukon Territory in Canada, in the east. The outer
continental shelf does not appear to differ front other areas of
slightly higher topographic relief to a degree significant enough to
limt large mammal occupancy, nor, for that matter, “was it specia
enough in vegetational character which would, in turn, 1limit large
mammal  distribution. The difference in altitude between the Pribilof
I sl ands to Fairbanks, Alaska (in the center of Alaska) is a nmere

400 feet.

Distributional points of all the “mammth fauna” except
maybe wooly rhinos and canmels are probably linmted by more preservationa
and discoverability aspects than actual distribution. It is unknown
why rhinos living in Siberia did not cross into Al aska, nor why camels
living in Alaska did not cross into Siberia. It is unlikely, but it
may be, that novenent across the broad plains of the outer continenta
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 climte of the eastern

portion of the refugium, including eastern Siberia, Beringia and Al aska.

CHANGES IN LARGE MAMVAL COVMUNI TY PROPORTI ONS AND EXTI NCTI ON PATTERNS

G ven two propositions, (1) that the lives of early Paleolithic peoples
centered around the distribution and kinds of |arge manmals, and (2)
that this late Pleistocene coomunity of large mammal s underwent sone
drastic changes at or near the end of the Wsconsin glaciation, then

one m ght suppose there were acconpanying changes in human ecol ogy as
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well. There were undoubtedly changes in the |ocation of canp sites,
hunting strategies, social structure and many other features which

woul d affect the search for early man sites in the north.

There wers two significant points about the chronol ogi cal
changes in the “mammoth fauna” that should be enphasized and these may,
in fact, be related. The first is the change in the phylogenetic |ines
of species themselves; the second is an actual change in the comunity
species conposition. There are two najor trends, one for each
cat egory. {1) As the Quarternary progressed, nost northern species of
| arge grazers and their carnivores becane snaller in body size, sone-
times depreciating by as nuch 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
[imted habitats which existed during the Wsconsin. A nore detailed
di scussion of these two major changes will be made under separate sub-

headi ngs.

CHANGES 1IN SPECI ES SI ZE AND APPEARANCE THROUGH TIME AND | TS MEANI NG

The exploitation of large manmal resources will depend, to some extent,

on the nature of the resource itself. Froma growi ng body of evidence
(reviewed by Guthrie and Matthews, 1971), it appears that the devel op-

ment of the northern steppe and its faunas climaxed during the {Illinoian-
Wisconsin or Riss-Wurm) last two glacial maxima. However, earlier

Pl ei stocene floras and faunas contain nascent elenents of this steppe
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assenblage. If we are to reconstruct human habitation potential in

the New World Arctic, sone review of these changes will be necessary.

The distinctive elenents 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 sinple-toothed manmmot h,
Mammuthus trogontheri, a |arge, robust horse, Equus stenonius, a noderately
| arge, horned bison, Bison schotensacki, and a |arge, nore primitive-
t oot hed rhi noceros, Rhinoceros (Dicerorhinus) mecki. Many other faunal
el enents are present, but these are the nost diagnostic and are the lines
which | ater change so drastically to becone index species for Pleisto-

cene stratigraphers.

Entering into the Riss-Illincian gl aciation, the Arctic
takes on its full steppe character and the species which are to persist
until the late Wsconsin appear. They are Mammuthus primagenius, Dicero-
rhinus antigquiatis, Bi son priscus, Equus sps., Saiga tatanica, and
Ovibos moschatus and others. These differ from |l ate Wsconsin faunas
only by slight degrees. One of the major differences is in tooth com

plexity, and body and horn size.

The tooth conplexity differences are undoubtedly a response
to the newy expanded Arctic grassland habitat (Guthrie, 1968a, 1968b).
QG her evidence for this from rodents’ change will be di scussed later.

The Siberian pal eontol ogi sts (eg., Garutt, 1965, 1966; Gromova, 1949;
Popov, 1959) categorize the Paleolithic faunas into three main categories:

early, transitional, and late forms.
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EARLY FORM5S ASSOCI ATED IN EUROPE WiTH AURI GNACOID LITHIC TRADI Tl ONS

A fairly primtive wooly mammoth of the Archidiskedon type with tooth

ridges of the last nolar ranging between 7 - 9 in plate frequency

and an enamel thickness of 0.15 - 0.20 cm was present during this tine
as well as a quite long horned bison, sometimes referred to as Bison
priscus longicornis. The horses were quite large, but declining in
size. They were simlar 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 sone Siberian authors. It is large with a noderately simple
protocone. O her species include early moose {(Alces latifrons), early
musk oxen {(Praeovibos beringiensis) , i ant beaver (Trogontherium sp.} ,
and early fornms of |ion (Felis speloea), early rhinos {Coelodonta sp.)

and the early, unusual ungul ate Scergaliz sp.

TRANSI TI ONAL FORMS SOMETI MES ASSOCI ATED IN EUROPE WITH SOLUTREAN TRADI TI ONS:

These are between the early and | ate forms in degree of norphol ogi cal
change. Bi son, horse, and mammoth phylogenetic gradients are discussed
later in this section. Bones of the early oOvibos, Rangifer, Ovis and

Equus caballus becone common during this time.

THE LATE FORMS ASSOC|I ATED InN EUROPE WITH MAGDALENIAN TRADI TI ONS:

These include a smaller mammoth with quite conpl ex teeth. Plate fre-
quency is usually between 9 - 11 and enamel thickness is 0.10 - 0.15.
The bison may have reduced 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 neter at the shoul der.



125.

Their species designation has been difficult to make and there may, in
fact, be at least two sympatric species, although on ecol ogi cal grounds
it would seem unlikely. In sum the major “trend was one of size

reduction (Fig. 3-2)

In addition to the species mentioned as part of the “nanmoth
fauna”, were wolves (Canis), Arctic foxes (Alopex), common foxes
(Vulpes), wol verine (Gulo}, weasel s (Mustela), saiga antel ope {Saiga),
ground squirrels {(Citellus), camels (Camelops), yaks (Bos), large bears
(Arctodus), and other species depending on spatial or chronological

setting.

The smal| Arvicoline rodents were also adapting to this newly
expanded steppe environnent. The major aspect of the change was increasing
dental conplexity which allowed a nore efficient processing of the
silicious sedges and grasses. The continuum of these changes for one
genus, Dicrostonyx, of |lemming are shown in Fig. 3-3. O her phylo-

genetic lines exhibit simlar changes in a less drastic fashion

In addition to telling a story of the changing vegetation
and climate of the Arctic, these species of mice and |emm ngs alse show
rather closely the chronol ogy of archeol ogical sites, and are depended
upon to a great extent by Eurasian zooarcheologists. FO0SsSil small
mammal s are particularly valuable in sites which are out of the range of
carbon dating or are lying in such a position that no physical geol ogy
(a terrace of simlar age) may be used. This is likely to be the case

on the knolls, ridges, and river courses of the now submerged outer
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Last Stage of Wisconsin Glacial
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Fig. 3-2.  The major trend anong the three chief species of the

“manmoth fauna” was a redaction in body size
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continental shelf--or, for that matter, throughout much of the present
Arctic.

These tundra-steppe faunal el ements 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.
Li kewi se, horses also perished quite late, but apparently becane
extinct before mammoth and bison. Bison, in fact, did not become extinct,
but graded into nodern bison through the transition from Bison priscus
longicornus~» Bison priscus deminutus-—»Bison occidentalis-=» Bison bison
athanascae—> Bison bi son bison (Guthrie, 1970). This line of bison per-
sisted in Alaska until historic tines (Guthrie, unpublished data) Fig. 3-4
lists new radi ocarbon dates run in an attenpt to narrow extinction dates.

Near the end of the Wsconsin, accompanying the reduction of
the steppeland environnent, the shrub lands began to predonminate in
the low flats and the nmore nesic tundra in the highlands, then finally,
the trees recol onized much of the lowlying areas. Throughout this
transition, the caribou and noose, which were subelements of the steppe-
lands, began to predomi nate 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 Od Wrld, as well as paleoindian from archaic traditions
in the New Wrld. Hunting techniques probably changed seasonal nove-
ment patterns, and many other revolutionary shifts probably occurred in
human ecol ogy. The bovid, probicidian and equi d resource changed to a

basi cal |y cervid-based resource. Although the exact chronol ogy of these
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SAMPLE
NUMBER ELEMENT SPECI ES LOCALITY DATE B.P.
1] 1-9420 met at ar sal hor se Fai rbanks area £ 205*
2 1-9271 met at ar sal hor se Dom ni on Creek, Y.T. 16, 270
3 [-9274 met at ar sal horse Tkpikpuk River 20, 810
4 | -9275 met at ar sal hor se Tkpikpuk R ver 32,270
5 1-9316 met at ar sal hor se Dom ni on Creek, Y.T. 14,990
6 1-9317 met at ar sal horse Ikpikpuk River 30, 200
7 I-9318 met at ar sal horse Ikpikpuk River 23,910
8 1-9319 net at ar sal hor se Ikpikpuk Ri ver <40, 000
9 1-9320 net at ar sal horse Tkpikpuk River <40, 000
10 1-9321 met at ar sal hor se Tkpikpuk R ver 23,920
11 1-9421 met acar pal hor se Fai r banks area 195 *
12 | -9322 nmet acar pal hor se Birch Creek 24,070
13 | ——--—- met acar pal horse | ------ sanpl e undatable® —moemeen
14 1-9371 nmet acar pal hor se Ikpikpuk Ri ver 19, 250
15 | -9372 | met at ar sal mountain | Eva Creek < 35,000
sheep
16 | -9373 tooth marmmot h Tkpikpuk River £ 35,500
17 | -9422 mandi bl e hor se Tt 13, 640
18 | m-imme --sample uneatable ------------------ im0
19 | -9277 horn sheath bi son near Anchorage 180
20 [-9273 horn sheath bison Tanana Bl uffs 37,000
Fig. 3-4. Radiocarbon dates for Pleistocene fauna.

*

contaminated Wi th varni sh
@ = insufficient carbon
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changes is not clear in Alaska because of the |ack of archeol ogical sites
containing vertebrate nmaterial fromthe critical transitional periods;
we do know the approxinate dates so that sites with varying faunal
m dden assenbl ages can be | ocated chronol ogical ly.

There are insufficient dates on mammoth and horse speci nens
to gain dependable information on the exact time of extinction. In
southern Siberia the manmmot h apparently becanme extinct earlier than the
rhino, bison, or horse (Kl ein, 1973). Prelimnary data from Al aska suggests
the sane pattern. (See Pewe (1975) for the most recent review of Al askan
radi ocarbon dates.) The youngest dates for manmmoth are 15,380 % 300 (S 1453)
and 17,695 * 445 (S 1851). Al the rest are older than 20,000 years B.P.
Several dated younger than this have been found for both bison and horse
(Guthrie, unpublished data). There are virtually no radi ocarbon dates
on horses in the far north, although several have been subnmitted (See

Fig. 3-4 for new dates).

MAMVAL CONCENTRATI ON AREAS | N RELATI ON TO PALEGCTOPOGRAPHY

Large manmal s do not exploit the |andscape in a random fashion. Various areas are
used differentially fromseason to season. Several factors contro

t hese uses: (1) plant quality as a result of vegetation type, (2) plant

quality resulting fromgrowth stage of the vegetation, (3) these two

are often casually connected to the aspect of the terrain and the

direction of the slope, (4) for some species, cover or escape terrain

are of major inmportance, (5) also, the access to forage because of snow .

depth variations is a major |imting factor anong present species, (6)

forage condition is another key factor--areas which are browsed

heavily on summer and autumm range are unlikely to serve as w nter range,




131.

(7) the presence of insect pests plays some inportance as does tempera-
ture in the formof inversion levels from valley floor to ridge top
(which, in the north today, can vary 500), {(8) wind is also a factor
whi ch can, at higher velocities, affect mammal range shift, and finally,
(9) substrate formcan also affect range use. Slopes too steep to clinb
and exploit and | ow ands which are too boggy sonetinmes affect preferred

areas.

For this study, there are several inportant considerations
as to likely terrain:

1. lrregular, rolling terrain tends to provide a |longer succession of
richer plant growth stages than do the flat low ands. This is
particularly true of the south-facing slopes.

2. High country adjacent to catabatic wind activity reduces winter snow
cover, allowing access to winter range. If it becones traditional
winter range, it is unlikely to receive intensive use as summer range.

3. Areas in which mountain ranges interfinger With other ranges usually
concentrate | arge manmmal novenent from one systemto the other,
either to (a) use the high quality alpine vegetation, or (b} to
exploit the nore snowfree winter range (Fig. 3-5)

4. Over long distance migration, the sane is true, but for opposite
reasons. Shorter distances or lower relief routes are used nore
often than others. This often neans a movement through major *pass”
systens or mmjor gaps between nmountain systems (Fig. 3-5)

5. Because of its better footing and lack of relief, river vallesys are

frequent novenment avenues for |arge mammals, both ungulates and



‘S~ "bTd

Bottleneck Prominences between Mountain Range Connections & Passes

Ridge systems have irregular
“breaks” for cover.

Lowland habitat channels large

mammal movement Upland habitat channels large

mammal movement

AN



133.

their predators. A wde river valley traveling over sonme distance,

in either broken or open country, is a great concentration of

| arge memmal novenent, frequently on a seasonal basis. These are
particularly conducive to manmal novenment if the valleys are nore
deeply cut and the river is seasonally flushed, |eaving a wide,

gravel -barred wvalley with braided streans. And further, if the
valley is deeply cut with large, prominent terraces, it is especially

inviting to the location of human hunting canmps (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 mght find
seasonal concentrations or mgration paths. Even considering the
destructive processes of inundation and the marine sedinents changing
the | andscape, these ol der contours still nust have some rel ationship

to current bottom topography.

In the discussion and maps of terrestrial mammal resource
concentration, however, several things must be kept in mnd. There
has been scouring of terrestrial sedinments by marine currents, a |layering
of marine sediments over the terrestrial ones {Fig. 3-7) and, probably
nost inportant of alil, a highly destructive process of beach nigration
inland as the continental shelf was reflooded at the end of the

W sconsin glaciation. This may have destroyed or redistributed many

terrestrial deposits.

Wth this overall view, then, one can delineate severa
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Prom nences on River Terraces

Topogroghy offers irrequ ar
"oreaks' for cover

/

Riveis are arterial highways for
arge mamma s.

Fig. 3-6.
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Yukon River dumps sediment onto southwestern
portion of submerged shelf.

[ty
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M

Strong current in Bering Strait
region N. of St. Lawrence Island
removes both recent and fossil

bottom sediments. Potential terrestrial paleontological

and archeological sites buried under
thick marine sedimentary mantle.

Fig. 3-7.
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i mportant regions:

1

Spring ranges. After getting through the long Arctic winter on

lowquality vegetation, ungulates are quick to establish tradi-
tional grazing areas where the topographic relief or sone other
feature produces the first growh of green plants in the spring-
time. These are known to be the |lower portions of broadly south-
facinag sl opes, which enhance the radiation level of the |ow sun
angle (only around 35°, even during late spring in the far north).
This new growh is exceptionally rich in protein, needed for the
| at e- devel opi ng enbryos and the |actating females, which fall into
a negative nutritional balance throughout the w nter

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. Mose and caribou rut during Cctober and
sheep in | ate Novenber and Decenber. Equids, however, have an 11 -
12 nmonth gestation period, which nmeans that in order to have the
parturitium tine correspond with the early spring growth, rut would
al so occur in early spring. Likewse, the |iving proboscidians
have gestation periods of around 22 nonths. So, mammoths also would
have had their musth in the early spring. Bison rut in md-sumrer,
also requiring early nutritional resources. Anong those non-terri-
torial, social, nomadi c ungul ate species, there would, in all
probability, have been violent rut battles, not only expensive to
mal es, but also to fenal es being herded and tended by the dom nant

mal es.

S mw e e Sema e i s Gm h we s e YWY T TSI e S AP} a1 THiAmi AP CTObe Ao < 1
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Because of the denmands of the rut and the severe nutritiona
debts encountered during the winter, these species would have sought
the earliest green growth on south-facing slopes, concentrating
probably on the “banks” of what are now the Pribilofs, St. Mtthew,
St. Lawence and Nunivak | sl ands.

Because river valleys are usually nore open avenues of |arge mammal

travel, these are also prine |ocations of large manmal concentration.
Had the strong current and wave action of platformreflooding and
subsequent sedinentary manteling not been so mmjor, the river valleys
would be even nore prine sites for finding large mammal novenent
centers. Many of the old river channels are undoubtedly snoothed
fromtheir original relief. There are sone deeper channels renaining
in the Bristol Bay area and near Nunivak Island.

Lake shores do not usually concentrate large manmmals unless they are
on the route between inportant seasonal ranges. However, there is
evi dence that paleoindians did favor |ake shores to sone extent.
For exanple, both Irving (1967) , in the upper dd Crow River basin,
Yukon Territories, and West (1974} in the Tangle Lakes region south
of the Alaska Range in central Al aska have found inportant indications
of lake margin use. As we know little of the breadth of early human
economy iNn the Beringian area, it is possible that there were
seasonal | y abundant resources available other than |arge mammals--
fish, waterfow, etc.--which may have attracted early hunters. Lakes
are thus given a probability wvalue slightly higher than the flat
plains of the outer continental shelf.

Wnter range, unlike summer range, is nore difficult o pinpoint
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precisely. Among nodern species, it usually corresponds to areas
(a) which are exposed, alnobst snowfree, or else protected from

snow packing, and (b) areas which are not grazed much dining the

summer, |eaving standing dead and w nter-green plant bases for

Wi nter reserves.

In the far north, autumn peak protein levels are found on
north-facing slopes where plants in their early growh stages occur
latest. While in these broadly north-facing areas, species tend to
concentrate in wi ndswept local areas for their nain w nter resources.
However, anong caribou and noose there is often a nmovenent into
woodl and areas, where the lack of wind allows easy |oconption for
noose, using supernivian twi gs, and ease of cratering for caribou,
using the subnivian lichen for winter naintenance. It is likely that
neither of these strategies were used by the najor steppe ungul ates.
Bi son and horses in the north are known to concentrate where wi nd
exposes vegetation.

The only obvious area for winter range during the glaciation
was the potential north side of the alaska Peninsula. Tt was a
| arge valley with gradual north and south-facing slopes bordering
the trough lying to the north of the peninsula. This broad wvalley
may have supported substantial year-round popul ations as well.
Unfortunately, the northernnost extent of the Alaska Peninsul a
glaciers is not well known. Also, this area may have produced an
extremely heavy snowfall.

The area between the Seward Peninsula and the easternnost extension
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of the Soviet Union, called the Bering Strait, may have been an

important focus of |arge mammal novenment. Animals changing ranges
bet ween upl ands probably crossed this area seasonally as might have
mgrations fromthe Chukchi platformto the Bering platform It is
probably the npst strategic site in which to catch the funneling of
| arge mammal mgrations. Unfortunately, it has experienced extensive

scouring from the ocean currents.

RELEVANT ARCHEOLOG CAL RECORD OF LARGE MamMAL RESOURCE USE In THE FAR NORTH:

Areview of the literature of stratified canmp sites containing middens
shows that few have thus far been found in the far north of Asia and
North America. Mst of our know edge of Paleoindian~-Paleolithic hunting
econom es cones from farther south. Although the faunas were nuch the
same (the steppe ungulates and their predators often, even tc the species
[ evel), our know edge of hunting in the north is somewhat inferential.
Marmmot h 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 Creeksite, a partially excavated site near Healy, Al aska, have
produced Pl eistocene |arge manmal bones in situ. These were predom -

nantly bison and horse, two of the key elements of the “mammmoth 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 md-Paleolithic, the steppe fauna
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was represented in varying percentages. If any could be typical., the

t horoughl y excavated Lebenstedt Site in northern Germany night serve

as an exanple {Tode, 1954). It contained:
Wooly mammot h 143
Bi son 5%
Hor se 5%
Wooly rhino 2%
Rei ndeer 72%

Upper Pal eolithic northern European sites are diverse in
faunal conposition, but usually vary in percentages of the nain steppe
species. Some, like the famous Solutre in the Rhine Valley, are pre-
dom nantly horse, while others show mainly reindeer or nammoth or a
broad spectrum of prey species. Butzer (1971) has proposed a regional
speci al i zation specificity--reindeer in western Europe, manmoth in
eastern-central Europe, reindeer and horse in Central Russia and bison

in the southern Ukraine.

The sites of Molodora and Nezin lUkraine are especially
rich in large mammal fossils. Kl ein {1973) contends that mammoth
renmains are the “hallmark” of early man sites in the northern Ukraine.
Very few of these sites in Eurasia are "kill" sites. Judging from
repeat ed anal yses of the age structure of the prey assenbl age, it
appears that virtually all analysed canp sites were w nter canps
(Soergel, 1922; Butzer, 1971). \Wether they were only seasonally
occupied or the inhabitants Iived on winter stores throughout the

summer still remains a question.
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A SYNTHESI S OF CIRCUM~BERINGIAN PREHISTORY
AND DELI NEATI ON OF REG ONS OF HI GH ARCHEOLOG CAL SI TE POTENTI AL

E. Janes Dixon, Jr.

The provocative concept of a land connection between North
2merica and Asia has long captured the mnds of Western scholars and ex~
plorers. (For a summary of the history of the "Beringian problenf in
Western thought, see Hopkins, 1967b:1-6). However, it was not untili937
that N.C. Nelson presented the first concrete archeol ogical evidence
denmonstrating a strong technological simlarity between artifacts of
Mongolian origin and those fromthe Alaska Interior. Al though Nelson
did not attenpt to ascribe an age to the speci mens he was descri bi ng,
it became apparent to nost observers that the blade and core industry

he was conparing denonstrated considerable antiquity.

During the nearly forty years which have foll owed Nelson’s
initial conparison, numerous hypotheses have been advanced. They have
focused not only on the technological simlarities between artifacts of
Asian and Arctic North Anerican origin, but also on the population of the
New World from Asia via Al aska. However, nost of these hypotheses are
based on poorly dated archeol ogi cal conplexes and rely basically on typo-
| ogi cal conparisons between Al aska and the ¢1d Wrld. 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 region of North America. These few sites have
been subjected to absolute dating techniques and, for the first time, it
is possible to gain an initial understanding of |ate Pleistocene-early

Hol ocene prehistory in Arctic North Anerica.

Al though Pl eistocene antiquity has been ascribed to nunerous
archeol ogical sites in Arctic North Anerica, surprisingly few have been
verified through radi ocarbon or geonorphic dating. ZIn the interest of

brevity, this presentation will deal only briefly with archeol ogi cal
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conpl exes which investigators have “felt” represent Pleistocene occupations
of Arctic North America, but which have not been subjected to absolute or
relative dating techniques. The great majority of data presented will be
fromsites which have been subjected to conparatively sound dating net hods.
MacNei sh (1956) postul ated an early archeol ogi cal conplex, which
he called the British Muntain Conplex. Since that time, geomorphological
studies at the type site, known as the Engigstciak sSite, have denonstrated
that stratigraphy at the site is unreliable as a relative dating technique
due to solifluction. Mst archeol ogical scholars no longer believe that
the British Muntain Conplex exists. Canpbell (1961} al so theorized an early
date for the Xogruk (Complex, | ocated at Anaktuwvuk Pass in Al aska' s Brooks
Range. Once again, [claims of great antiquity are based on typological con-
siderations and, as vet, artifacts typologically simlar to the Kogruk
speci nens have not been found in a datable context. Neither the British
Mount ai n Conpl ex nor the Xogruk Conplex have been dated by absolute or
relative dating nethods, however, Canpbell (1961:14) suggests the Kogruk
site is probably no older than 10,000 B.P., based on deglaciation of the
site area. It is apparent that both researchers felt the collections were
of late Pleistocene age based upon topol ogical arguments. Both sites

remai n undat ed.

J. Louis Giddings assumed an early age for the archeologic al
speci mens he recovered fromthe Palisades at Cape Krusenstern, based on
weat hering of sonme of the specimens. He labelled this assenbl age
Palisades 1. It is now apparent that the Palisades | artifacts belong
to the Palisades Il Conplex, which is typified by notched points and
falls into the general time framework of the Northern Archaic Tradition,

ca. 2,600 - 4,000 B.C. (Anderson, 1968)
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Thus, the 1950's and very early 1960's nmay be viewed as an
era during which topological considerations, or ‘*general crudity” of
the artifact assenbl ages were seen as a primary neans of dating Arctic
assenbl ages. However, in the mid- and late 1960's and early 1970’s,

a nunber of archeol ogical sites have cone to light which lend thensel ves

well to radiocarbon dating.

During the Wsconsin glaciation in North Anerica, which
occurred between approxinately 70,000 and 10,000 years ago, a land
connection between Asia and North Anerica enmerged in the regions presently
occupi ed by the Bering and parts of the Chukchi Seas. This land con-
nection, commonly referred to as the Bering Land Bridge or Beringia,
was forned as a result of a global transfer of ocean waters into glacial
ice during the Pleistocene. Although marine transgressions and regressions
have occurred nunmerous times in the region of the Bering Strait, only
the last major glacial period, the Wsconsin aciation, is generally

consi dered to be of relevance to the human popul ation of the New Wrld.

The Wsconsin is divided into two major periods: the Early
and Late Wsconsin. The Early Wsconsin regression occurred sonetime
after 70,000 B.P. and probably lasted until sonetine after approxinately
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 M d-Wsconsin transgression probably peaked at roughly
25,000 years ago and Beringia was once again flooded. The Late Wsconsin
regression occurred sonmetime before 20,000 years ago and was term nated

by very late Wsconsin flooding of the Bering Land Bridge, approximtely

14,000 or 16,000 years ago (Hopkins, 1972; Sharma, this report). Fig. 2-1

depicts a reconstruction of Arctic North Anerica and eastern Siberia during
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t he maxi mum extent of Late Wsconsin glaciation, approxinately 18,000 years ago.

Most schol ars feel that early hunting popul ations di spersed across
Asia and into Alaska via the Bering Land Bridge during periods of marine re-
gression. Evidence that Beringia supported Pleistocene fauna is avail able
in the formof Pleistocene faunal renains secured directly fromthe outer
continental shelf off the Al askan mminl and. 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 mammot h tusk
and tooth from St. Paul and St. George |slands respectively. However, he
provides a cautionary note that these speci mens may have been transported to
the islands by recent inhabitants. In addition, Stein (1830:383, cited in
Jochelson, 1925:114) i ndicates that both mammth tusks and teeth were Zfound
on Unalaska |sland in 1801.

Simul taneous with the nmarine regression in the Beringia area,
the continental North Anmerican ice sheets (the Cordilleran and Laurentide)
expanded and merged east of the Rocky Muntains in Canada and the extremne
northern United States, thus blocking the novenent of flora and fauna between
the Arctic and nore tenperate regions of North Anerica. It nay 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 fromthe ice-
free regions of Arctic North Anerica to the nmbre southern regions of the

conti nent.

Miller-Beck (1966; 1967) has theorized that what he terms a
"Mousteroid" tradition entered the New World via the Bering Land Bridge
from Asia sonetine between about 26,000 to 28,000 years ago. He assunes
that man was able to enter the ice-free areas of Arctic North Anerica
prior to the Md-Wsconsin transgression and thus popul ate the more
southern regions of the continent during the retreat of continental ice

during the Md-Wsconsin transgression. He speculates that the later
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Llano tradition evol ved independently south of the coal escent Late

W sconsin continental ice and represents a late manifestation of the
"Mousteroid" tradition. He continued to postulate that a |ater "Aurig-
nacoid" tradition reached North Anerica during very late Wsconsin tines.
Al t hough the terns "Mousteroid" and "Aurignacoid™ are of doubtful utility
in describing New World archeol ogi cal assenbl ages for they imply European
origins or relationships, Miller-Beck has devised a conceptual framework

which is of utility in viewing the population of the New Worl d.

The Trail Creek Caves, |ocated on Alaska s Seward Peninsul a,
have yielded the earliest evidence of Al aska’ s occupation by early hunters.
Larsen (1968) indicates that the stratigraphy at the caves is difficult
to follow, and subsequent chronol ogical interpretations “should be taken
with reservation”. |t appears that the |owest |evel of Cave 9 yielded
several bison calcanei and a horse scapula. The pattern of breakage of
t he bison bones suggests that they were broken by man. The |evel from
whi ch the bison bones were recovered has been dated by radi ocarbon at
roughly 13,000 to 15,000 years B.P. (Larsen, 1968). Stratigraphically
above these faunal remmins and an associ ated 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 and
10,000 years ago (Larsen, 1968).

The Anangula site is located at the tip of the A aska Peninsul a
on Anangula Island. Tectonic uplift has created a unique situation in
that having been uplifted at a rate greater than the post-Wsconsin sea
level rise, the archeological site has not been inundated by the sea
A nean date 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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assenbl age consists of burins, house or tent depressions, pointed tools
on bl ades and ridge flakes, stone vessels, rubbing stones, the use of
red ochre, and both pumice and scoriaceous |ava abraders (Laughlin,

1967) . The presence of fragments of whale bone associated with hearths
and the geographic location of the site indicate an econony adapted to
mari ne manmmal hunting during this tine period. Laughlin feels that
the site represents the earliest manifestation of Bering Sea Mngol oid

culture in Arctic North Anerica.

The Aknmak assenbl age from the Onion Portage site |ocated
on the Kobuk River has been radi ocarbon dated at 9,570 * 150 B.P.
The Akmak assenbl age is conmposed of recognized type cores (canpus type
or wedge shaped cores), burins, burin span artifacts, |arge biface
knife bl ades, 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 |ocation foxr hunting caribou.
Stratigraphically above the Akmak assenbl age at Onion Portage is Band
Ei ght for which an occupation period between 8,000 and 8,500 years B.P.
has been established based on five radiocarbon dates. Band Eight
consi sts of backed microblades, canPus type microcore, burins, notched
flake artifacts, elongate side scrapers and utilized flakes. Anderson
feels that the Band Eight artifacts and the Akmak assenbl age may be
lunped into what he ternms the American Palecarctic Tradition. He
bel i eves that the American Paleoarctic Tradition is related to artifacts
fromTrail Creek Caves, dating approximately 7,000 B.C. In addition,

Anderson sees a relationship to the penali Conplex of the Al askan Interior.
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Stanford (personal communication) has recovered an archeol ogi ca
assenbl age from the Kahraok site which denonstrates topological simlarity

to the akmak collection, and is probably of the same age.

The Denali Conpl ex has been defined by Frederick Hadleigh-
West (1967). West considered the following artifact types as the
definitive characteristics of the Denali Conplex: bifacial biconvex
kni ves, end scrapers, |large blades and bl ade-like flakes, prepared
microblade cores, core tablets, microblades, burins, burin spalls,
worked flakes and retouched flakes. Although the Denali Conpl ex has
not been subject to radiocarbon dating, topological conparisons between
it and some Siberian assenbl ages |ed West (1967:378) to specul ate that
the Denali Conpl ex was between 8,000 to 13,000 B.C. West (1974:224)
has revised this assessnent and currently estimtes the age for the
Denali Conpl ex between approximately 8,000 and 10,000 years B.P.
Hol mes (1974) reviewed the Denali Conplex and divided it into two
maj or phases: an early phase and a |ate phase. Holmes feels that the
early phase of the benali Conplex may be enconpassed by the Akmak
Assenbl age, the lower levels at Dry Creek and possibly typologically
related finds in the Alaskan Interior. Continuity between the two phases

is inplied, but as yet undenonstrated (Hol mes, 1974:23).

The Chi ndadn assenbl age, recovered fromthe |owest lewvel at
the Healy Lake site in Central Alaska, is characterized by thin, tri-
angul ar projectile points, tear-drop shaped knives or projectile points,
bl ade-1i ke flakes, burins, and possible microblades. Eight radiocarbon

sanples fromthe Chindadn assenbl age have yiel ded dates rangi ng 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
postul ates that the Chindadn (neaning “ancestor” in Athabascan} assem
bl age represents the earliest manifestati on of Athabascan culture in

North Aneri ca.

Locality | at the Gallagher Flint Station (Dixon, 1975),
located in the arctic foothills of Alaska's Brooks Range, has been
radi ocarbon dated at 10,540 * 150 B.P. Locality | is characterized
by percussion flaked cores and bl ades, piatform flakes, bifacially
retouched artifacts, and waste flakes. Burins and bifacially chi pped
artifacts are apparently lacking. Due to poor preservation of organic
materials, all evidence of bone or other perishable nmaterials is absent.
Di xon believes the Locality | assenbl age denonstrates technol ogi cal

simlarities to material recovered fromthe Anangula site.

Ackerman (1974) describes a small artifact assenblage from
Gound Hog Bay in Sout heastern Al aska, not too far fromthe city of
Juneau. Conponent |11, recovered fromlLevel 4 at this site, produced
two obsidian biface fragnents, a scraper and a few flakes. Two radio-
carbon sanples fromthe site bracket the date of this occupational
peri od between approxinmately 9,000 and 10,000 years B.P. The small
sanpl e recovered fromthis occupational horizon nakes it extrenely

difficult to assess possible relationships with other Arctic sites.

At the newy discovered Dry Creek site, |ocated near the
town of Healy, Al aska, adjacent to M. MKinley National. Park, fossil

evi dence of horse and bi son have been discovered in unquestionable
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association with a Late Wsconsin occupational horizon (Powers et al.,
1974) . A maxi mum 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 approximtely 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, el ongate bifaces, burins and burin

spans, and bl ade-like flakes (Holnes, 1974).

There exists only one tantalizing bit of archeol ogi cal
data fromthe period prior to 20,000 years ago in the North Anerican
Arctic. Irving (1967) and Irving and Haringtom (1973} have descri bed
three bone artifacts, two of which have been manufactured from mammoth
bones and one from caribou bone. These speci mens 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 fromthe Add Crow Basin in the Northwest
Territories of Canada, which was ice-free during Wsconsin times. Mny
anal ogous artifacts exist in the University of Al aska Museunmis collec-
tions, which have been manufactured from bones of extinct fauna; however,
it is difficult to state whether these artifacts were manufactured at
the tine the animals died or by later occupants of the area. In addition
Von Koenigswald (1975, personal conmunication) has suggested that many
of these artifacts are, in reality, pseudo-artifacts and result from

chewi ng on the bones by predators and rumnants. Sone exanples of these
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specimens are illustrated in Fig. 471.

The maj or 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 nore contenporary inhabitants of the dd Crowregion. Especially
questionable is the serrated edged £lesher of caribou bone, dated ca.
27,000 years ago (Gx-1640). This tool greatly resenbles contenporary
fleshers as used in Interior Alaska and northwestern Canada; nodern
exanpl es are manufactured from netal files, trap springs, etc. Because
t hese speci nens have not been recovered in situ, their antiquity will

remain in question.
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LATE PLEl STOCENE- EARLY HOLOCENE SETTLEMENT patTeErRNs AND THE FLUTED

PO NT TRADI TI ON IN ALASKA:. This section considers the critical

question of dating fluted points in Alaska. It specifically deals wth
the Late Pleistocene glacial sequence of the upper Sagavanirktok River
vall ey, near the arctic flank of the Brooks Range, and two archeol ogi cal
sites fromthat region, the Gallagher Flint Station and the Putu site.
Both these sites are significant to the fiuted point problem The Putu
site is a fluted point site excavated by -Al exander in 1970 and 1973.
Locality | at the Gallagher Flint Station is the earliest dated occu-
pation of the Arctic slope yet discovered (Dixon, 1972, 1975).

Iocality I is characterized by a core and bl ade technology. No fluted
poi nts have been found at the Gallagher site. Both these archeol ogi cal
sites lie on Alaska’s North Slope in the upper Sagavanirktok River

vall ey, and are situated approxi mately 16 kiloneters from each other.

Since the first reported discovery of fluted points in
Al aska by Thonpson (1948), additional £inds have been reported through-
out the state. Solecki (1951) reported specimens fromthe Xugururock
River and since then Humphrey (1966), cClark (1972}, and Al exander {13872}
have all reported Clovis-like projectile paints in northern Al aska.
an additional fluted point site was discovered in 1974 along the route
of the trans-Alaska pipeline near Prospect Creek, south of the Brooks
Range, and there are undoubtedly nunmerous others which have not cone to
the attention of archeologists. Hall (1959) suggests that two speci nens
have been discovered in the Bristol Bay region and another specimen was

reportedly collected as a surface find near the Denali Hi ghway in Interior
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Alaska. It has becone apparent in recent years that Clovis-~like

fluted points enjoy a wide geographic distribution throughout Al aska.

Basic ‘co every discussion of fluted points in A aska is a
postul ated relationship with the Clovis tradition of the continenta
United States and southern Canada. It is difficult for nmost scholars
to believe that such a highly specialized and uni que method of point
manuf act ure devel oped in Al aska independently of nore southern regions
of North Anerica. Therefore, nost researchers have assumed that somehow

the finds in Alaska and those in the south are related

There are two major 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 extrenely unlikely. They propose that the fluted
point tradition reached Canada and the southern United States from Asia
via Alaska following partition of the nmerged Cordilleran and Laurentide
ice sheets. Martin (1973) has theorized that northern hunters bearing
the fluted point tradition are responsible for the rapid extinction
of nunerous species of Pleistocene mammals follow ng partition of the

continental ice.

An alternate hypothesis requires a south to north novenent
of the fluted point tradition, once again followi ng partition of the
continental ice {Xrieger, 1954; Wendorf, 1966; Miller-Beck, 1967,

Bryan, 1969). A mgjor source of disagreement with the south to north

hypothesis is that it requires the presence of man in southern North
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Arerica prior to the coal escence of the Cordilleran and Laurentide

ice in Canada, probably sonetime prior to 25,000 years ago. Al though
numerous sites have been nom nated as candi dates for occupation prior
‘co 10,000 to 11,000 years B.C. (Bryan, 1969), none have been unguestion-
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 B.C.

There is agreenent by all who have dealt with the problem that
the definitive answer to these alternate hypotheses lies in dating
both the partition of the continental ice and the £fluted point tradition
in Alaska. The Llano tradition has been well dated in the southwestern
United States and al so at Debert in central Nova Scotia (MicDonal d 1968).
An age ranging between 9,500 and 8,000 B.C. has been suggested for the
fluted point tradition in the southwestern regions of the United States
by Haynes (1964:1410). Because fluted points in Al aska have not yet
been dated, the origin of this tradition has remained in dispute. A
time slope between Al aska and the nore southern areas of North America
is critical to any argunent. The presence or absence of the “ice-free
corridor” is viewed by nost researchers as the prinmary factor in

controlling the dispersion of this point type.

During the initial phases of archeol ogical research in
t he upper Sagavanirktok River valley, it was realized that the area
denonstrated great potential for dating of the Itkiilik gl acial deposits,
which are broadly equivalent to the Late Wisconsin drift of the standard

North American glacial succession [HamIton and Porter, 1976}. By dating
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the various glacial units exposed in stratigraphic sections along the
Sagavanirktok River and its tributaries, nmaximum limting dates for human
occupation of the region could be established. Radiocarbon dates on
organic nmaterials deposited above and bel ow outwash, till, and other
gl aci al sedinents could establish mninumand maxi numlimting dates

for fluctuations of Itkiilik-age glaciers in that region.

Three major interpretations are presented as a result of
this research. First, a maximumlimting date for the Putu site has
been established. Second, an ecol ogical nodel is discussed which
attenpts to explain the juxtaposition of the Putu and Gall agher sites
in the upper Sagavanirktok River valley. Finally, the nodel is expanded
to propose an explanation for Hol ocene and Late W sconsin settlenent
patterns. The model is offered as the prinmary nechani sm by which the
fluted point tradition was transmtted to Alaska and is placed within

a testable framework.

FI ELD RESEARCH | N THE SAGAVANIRKTOK RIVER VALLEY: Archeol ogi cal field

research in the upper Sagavanirktok River wvalley was initiated in 1970
as part of an archeol ogi cal sal vage program associated with the trans-
Alaska pipeline. Both the Gallagher Flint Station and the Putu site

were discovered in that year (Dixon, 1972, 1975; Al exander, 1972, 13974).

The Gallagher Flint Station is a multi-conmponent site
(Di xon, 1972). Spatially discrete clusters of artifacts denonstrating
t opol ogi cal cohesiveness and radi ocarbon dates from the hearths about

whi ch they were clustered have provided dating in the absence of well-
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defined stratigraphic levels. The earliest occupational area yet dis-
covered at the Gallagher site is Locality I, which was radi ocarbon
dated at 8,590 ¥ 150 B.C. (S1-974) follow ng the 1971 field season

An additional charcoal sanple was secured fromthis same locality in
1974, but radi ocarbon determ nations are not yet available. The dis-
tinctive blade and core industry from Locality I, associated with a
singl e radi ocarbon date on charcoal, indicates a period of occupation

bet ween 8,000 and 9, 000 radi ocarbon years B.C.

Al exander discovered several fluted points at the Putu site,
which is located approximately 16 kiloneters south of the Gallagher
site. Because fluted points are associated with extinct fauna in the
“Lower 48,” and radiocarbon determ nations have verified their antiquity
the age of these points in Al aska has been assuned to be quite old,

but until this tine they had not been discovered in a datable context

d acial deposits of the sagavanirktok River valley were
mapped in 1972 by Thomas D. Hamlton (Hamilton, 1972). Hamlton sub-
di vided 1tkillik-age deposits into seven morainal belts which he con-
sidered to represent a mmjor advance, major readvance, and five lesser

readvances Of stillstands of the Sagavanirktok Valley gl acier (Fig. 4-2).

DATING: The extent of the z1tkillik gl aciation and subsequent sub-stades

and standstills is illustrated in the map (Fig. 4-2)} prepared by

Ham [ton (1975). A table (Fig. 4-3) 1lists all radiocarbon determ nations
in the sagavanirktok River valley relevant to the problem under consider-

ation. The location of the two late-Itkillik arch.eol ogical sites, the
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GLACIAL GEOLOGY
of the

SAGAVANIRKTOK
VALLEY
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Fig. 4-2. dacial geology of the sagavanirktok Valley: reconnaissance
map. Mdified fromHanmlton (1975) .
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TABLE OF RADI OCARBON DATES FROM
THE UPPER SAGAVANIRKTOK RIVER VALLEY

163.

SAMPLE SUBSTANCE EXPOSURE
DATE  NUMBER  DATED SIGNIFI CANCE OF DATE DESI GNATI ON*
10, 830 *|Au-72 Wod M ninum |initing age, E-5
440 B.C (willow?) Ribdon readvance
10,220 T|AU-71 Detrial wood | Maximum |initing age, E-4
270 B.C fragments Acconpl i shment readvance
g 9,940 |AS 70 Wody shrubs | Approxi maite terminal date E-2
200 B.C (willow for al luviation behind
dwarf bhirch? )| Atigun noraine
9,810 *]AU 69 Willow Cont enmpor aneous al | evi ati on E-1
200 B. C behi nd Atigun noraine
____________________________________________________________ I (RO
8,590 *|S1-974 Char coal Cccupation of Locality 1,
150 B.C Gal | agher Fiint Station
6,500 ¥{WSU~-1318 | "soil" Matrix associ ated Wi:j_l_T;UtU site| ---
130 B.C and linmiting date for
Acconpl i shnment deglaciation
325 *|S1-142 Grass Terninal date for alleviation E-1
110 B.C behi nd Atigqun noraine
770 ¥'S1-1428 | willow Eolian sand deposited | E-1
45 A.D. behi nd atigun noraine
*Keyed to Fig. 4-2
Fig. 4-3. Table of radiocarbon dates from the upper Sagavanirktok

Ri ver valley
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Gal | agher Flint Station and the Putu site, have been added to the map

to depict 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 radi ocarbon years B.C., and is
characterized by a core and blade technology. This earliest occupation
Locality I, indicates that its occupants probably did not use bifacially
flaked projectile points. Among the thousands of pieces of lithic
material recovered fromthis locality, only one small, crudely-flaked
bifacial stone artifact has been recovered. This was discovered during
the 1974 field season and, prior to that tine, no bifacial materia
had been recovered in association with this occupational period. The
hypot hesi s has been advanced (D xon, 1972, 19753) that the hunting kit
contai ned bone and antler projectile points, which have not been pre-
served. No burins or burin spans have been found in association with
the earliest occupation at the site, although they are present in assem-

blages whi ch have been radiocarbon dated to later periods of occupation.

Because less than 50 cm deposition has occurred at both
the Gall agher and Putu sites, the possibility of cultural mXing 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 (Al exander, 1972; Dixon, 1975}. Although the Putu site has not
been firmy dated, a radiocarbon determnation of 6,500 ¥ 130 radio-
carbon years B.C. (wsu-1318) has been obtained from what is apparently

t he loess matrix in which the artifacts were found. The fluted point
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locality at the Putu site also contains a well-developed burin techno-
| ogy, bifacially flaked knives, blades, and blade cores (Al exander,

1972, 1974).

It is apparent from exam ning the two assenbl ages that they
are quite dissimlar. Fluted points, bifacial knives, and the pro-
nounced burin technol ogy are all absent from Locality | at the Gallagher
Flint Station. In addition, the raw materials from which these assem-
blages were manufactured are strikingly different. The cores and blade
at the Gallagher Locality | have been manufactured from calcareous mud-
stone, which grades into a coarse-grained grey-brown chert, while Putu
artifacts are made from fine-grai ned cherts and one of the fluted

points is obsidian.

Both sites appear to represent the same activity. BOQh
comrand panoram ¢ views of the surroundi ng valley floor, | ocations
extrenely suitable for observing game novenents within the valley. Such
sites are commonly referred to as "lock-outs™ or “flint stations” in

Al askan archeol ogy.

It is generally assumed by nbst prehistorians that such
sites represent brief occupations by small groups of hunters waiting
to intercept gane which nay be easily observed in the surrounding terrain.
Consequently, attenpting to explain the differences between the two
assenbl ages on the basis of dissimlar functions proves extremely

difficult, if not inpossible.

Al exander (1972:9) cites Porter (1964a, 1964b) to denmpnstrate
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that the presence of obsidian at the Putu site suggests a |ate date
because its source lies south of the Brooks Range which was “bl ocked

by a tile high wedge of ice before 7,000 B.P.” However, Al exander
suggests that this date is entirely too extrene and that the site is
probably older. Al exander’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 coul d have been deglaciated by 10,000 years

ago.

Whet her the radiocarbon date of 6,500 * 130 B.C. actually
dates the period of occupation at the Putu site is problenatic; however,
it does provide a minimumlinmting age for the wastage of TItkillik ice
in this area of the Sagavanirktok River valley (Hamlton, 1975:8).
Hamilton (1975, personal conmunication) suggests that the kane upon
which the Putu site lies is at or below the Itkillik II linit and can
be no ol der than 11,000 B.C. Cccupation of the kame consequently occurred
after that time. Oher lines of evidence suggest a period of occupation

bet ween 7,000 to 8,000 B.C.

Anot her radi ocarbon date of 10,220 £ 270 B.C. discussed by
Hami[ton (1975:7) provides a maximum linmiting date for the brief
Acconpl i shment readvance, thus indicating that the glacial kame upon
whit-n the Putu site is situated lay withinr a few hundred meters of the
i ce-choked wvalley until at least 9,500 years B.C. The limting date
for the Acconplishment readvance “was obtained on small detrial WO d
fragments which lay al ong bedding planes in the sandy alluvium about

3 m bel ow the base of the outwash” (Hamilton, 1975:7). The outwash
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certainly dates the period of the Acconplishnent readvance and consequently
the sanple should date a period before deglaciation. |In other words

the radi ocarbon date which established the maximum linmiting date for the
Acconpl i shment readvance i S older than the advance itself and subsequent

deglaciation nust have occurred considerably |ater

This limting date for the Acconplishment 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 fromwhich the artifacts were recovered, and the fact that it
is extrenely 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. Wen the entire suite of eight radiocarbon dates from
t he upper Sagavanirktok River valley are considered in total, they form

a very cohesive picture of the glacial history of the region and it
becones increasingly difficult to ascribe an antigquity for the Putu site
much beyond the 7,000 B.C. to 8,000 B.C radiocarbon year range suggested

here.

The Putu kame is situated approximtely eight km up-valley
fromthe termnus of the Acconplishnment readvance. It is difficult to
envi sion the kame being an attractive hunting locale during Acconpli sh-
ment times for it lay sandwi ched between a steep nountain spur on one
side and glacial ice on the other- Human occupation of the kane seens
most feasible follow ng deglaciation and vegetation of the walley floor.

After deglaciation, the kame would command the walley bel ow and prove
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a suitable locale from which to intercept |arge herbivores.

If we assune that this date for the Putu site is applicable
to other flu-ted point sites in A aska, it becomes reasonable to
postulate that this tradition is older in the southern continenta
United States than it is in Alaska. A south to north tine slope for the
distribution of this point type in North Anerica is strongly suggested.
It seens highly unlikely that this point type was devel oped independently
in Alaska and that there is no connection between fluted points in the
“Lower 48" and Al aska. Although this is theoretically possible, it is
extrenely difficult to envision the independent devel opment &f such a
uni que 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
t he akmak assenbl age, the Chindadn Conpl ex, the admittedly scanty
archeol ogical remains from T Trail Creek Caves, nor the small sanple
recovered fromthe newly discovered site at Dry Creek. The striking
di fferences between Locality I material fromthe Gallagher site and
the Putu assenbl age indicate two i ndependent devel opmental histories.
It would seeminperative that two such diverse technol ogi es woul d have
to develop in spatial and/or tenporal isolation. The distance of 1& km
between the two sites hardly provides spatial isolation and, consequently,

tenporal isolation seens to be the only wviable concl usion

Hopki ns (1972) has indicated that land connections between
Al aska and Siberia were severed for the last tine approxi mately 14,000
years ago. Given the late date for the Putu site, it becomes quite

evident that the point type could not have spread from Al aska to Siberi a,
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for the flooded Bering Strait nost probably bl ocked diffusion of this
tradition 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 transnmitted across the

Bering Strait prior to 12,000 B.C

Si x independent lines of evidence strongly indicate that
fluted points are nore recent in Alaska than in the | ower 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 inplies that the kame would have remained unsuitable for human
occupation until sometime after 9,500 B.C.; (3) artifacts assumed to
represent an extrenely different cultural tradition (Locality I at the
Gal | agher site) denonstrate that the region was occupi ed 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 Al aska because |and connections between Al aska and Siberia were
severed approximately 12,000 years B.C.; (5) a radiocarbon date from the
lcess matrxix from which the fluted points were recovered was 6,500 radio-
carbon years B.C. and may indicate a late period of occupation; and (&)
the presence of obsidian at the site inplies that it was not occupied

prior to 8,000 years B.C

This late date in Al aska for the fluted point tradition is
extrenmely critical to man's occupation of the New World and Beringia itself.
It indicates that man nust have penetrated tke nore southern regions of

the North American continent prior to the coal escence of the Keewatin
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and Cordilleran ice sheets. It strongly supports the conclusion that
human popul ations di spersed into North Anerica 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 transnitted to Al aska by peoples popul ating
“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
Anerica may have occurred during very late Wsconsin tinmes with fluted
points constituting the first demonstrable evidence of nan in the New
Wrld. However, this does not appear to be the case and the data
strongly suggest human occupation of Beringia prior to the Late

W sconsin coal escence of the Laurentide and Cordilleran ice (prior

to ca. 18,000 years ago}.

A PROPOSED MODEL: The Arctic’'s short summers and intense winters have

made human reliance on floral resources in sufficient quantity to sustain

hunman popul ations inpossible, consequently a hunting or herding econony
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is essential to sustain human life in the Arctiec. Because northern
hunters have been forced to rely on animals as their major subsistence
resource, the distribution of the Arctic's fauna has |argely determ ned
what |ocations could sustain aboriginal settlements. An extensive

exploi tation of Alaska's ecotones (Fig. 4-4) has characterized settlement
patterns during Hol ocene tines. This has occurred for two prinary
reasons: {1) Ecotones are characteristically areas of seasonal biomass
concentration; and (2) ecotones are diverse in their faunal assenbl age

and permt alternate subsistence strategies.

To test the postul ated ecotone settlenent pattern model,
the distribution of 4,028 Hol ocene-age archeol ogical sites were plotted
in relation to Al aska’ s nmmjor ecosystens. To achieve this result, a
conputer programwas witten to execute a least square polynomal fit
to the third degree. The output of this program was a set of coeffici-
ents which could transformlatitude and longitude to x and y coordi nates
for plotting site locations on a transparent overlay. Aan IBM 360/4C
was used to produce a plot tape which was read by a NOVA 820. The NOVA
was then used to drive a Calcomp ten inch drum plotter. The resulting
“strips” were then overlaid on the Myjor Ecosystens of Al aska map and
the conposite is illustrated in Fig. 4-4. R striking visual correlation
between site distribution and ecotones may be observed. Wth a fairly
hi gh degree of certainty, we may state that approximately 92% of

Al aska’s archeol ogi cal sites occur no further than 1.25 miles fromthe

ecotone as depicted in the Major Ecosystens of alaska map.

Ecotones are taken here to mean those areas which are zones
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of transition between two or nore biomes. Mgrating species, such as
caribou, nust pass through ecotones in noving between biomes. The

di verse flora of ecotone areas seens to foster a rather diverse fauna.
It is not the ecotones thenselves that attract man, but their conpara-

tively high bionmass productivity.

A basic nodel is postulated for hunting economies. Human
habitation sites will occur in greatest frequency where aninal resources
tend to concentrate. Environmental conditions provide inportant controls
on vegetation and thereby the distribution of faunal resources. As
environmental conditions change, so does faunal distribution. Man adjusts
his settlenent locations to optimze his faunal harvest. Settlenents
are seen to result from faunal harvests which exceed the imrediate energy
requirenents of a population and an inability to transport large quan-—

titles of fresh neat.

Ecotones may be either static or dynamic. Static ecotones remain
in the same |ocation, whereas dynam c ecotones nobve. Dynani Cc ecotones
provide a reliable dating technique if their novenent can be traced
t hrough tine. 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 |ocations in order to remain within the region of greatest
bi omass productivity, and such regular and predictable shifts in the
envi ronnent can be correlated with changing settlenent patterns in

the archeol ogi cal record through horizontal. stratigraphy.



174.

G ddi ngs (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 hunters of Alaska's coast were drawn by this
strong ecological force, proximty to the sea and its rich resources.

G ddi ngs (1957:17) later 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 nost conveniently
scan both land and sea.” Thus, at Cape XKrusenstern and the Choris

Peni nsul a, he discovered that the age of forner habitation sites varied

directly with their distance fromthe present |ocation of the sea.

Ecotones exist within the marine environment. For exanple
the ice edge on the Bering and Chukchi Seas, as it retreats northward
in the spring, forns an area of contrasting tenperatures, which is an
area of extrenely high primary productivity. Mrine mammals are drawn
to the highly productive ecotone and man, as predator, strategically
situates hinself on prom nent spits, points and islands from which he

may “anmbush” this ecotone as it passes on its way northward.

G ddings’ work represents an important innovation in Arctic
archeol ogy, for he devel oped a neans of relative dating which incor-
porated environnental dynamics and did not rely on vertical stratigraphy.
There would be no reason for G ddings’ settlenent pattern to work as a
dating technique if it did not take into account the dynamics of a
movi ng ecotone; that is, the beach edge which borders the marine aquatic

and tundra biomes. Man found it advantageous to be situated in the
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ecotone and noved with it. Thus, Giddings assumed that although there
wer e nunerous older beach ridges suitable for camps, those which
occupi ed the ecotone during any given time period would attract man.

It is the novenent of the ecotone which provided Giddings with the
temporal dynamics of the rich archeol ogi cal sequence at Cape Krusen-

stern.

Many of Al aska's ecotones have renmained “static,” that is,
t hey have not noved throughout Hol ocene times. Therefore, Giddings
dating technique is not applicable in many areas. Static ecotones
result in a spatially diverse distribution of archeol ogical sites within
an ecotone. In the absence of a dynamic force to guide the residents
of the region to specific settlement localities, such as proximty to
the sea at Cape Krusenstern, various localities within the ecotone nmay
prove equally suitable. This is not to say, however, that there do
not exist specific localities within the ecotone Which are nore

favorabl e than others. Such places do exist and are generally re-used.

HOLOCENE SETTLEMENT PATTERN OF THE ARCTIC SLOPE: The spatial distri-

bution of scores of known archeol ogical sites in the upper Sagavani rktok
River valley indicates that the post-Itkillik, or Hol ocene, settlenent
pattern of this area reflects an intensive exploitation of the static
ecotone bordering the north flank of the Brooks Range. The ecotone is
bordered by the mpist tundra biome stretching northward to the Arctic
Ccean and the high alpine tundra of the Brooks Range. It is along this
ecotone that the nost diverse environnment is apparent, and it is al so

where the greatest nunber of archeol ogical sites have been found. The
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only other archeol ogi cal “hot spot®™ found on the North Slope i S the
coastal area, and once again, an ecotone settlenent pattern is reflected
The coastal region is the interface between the marine aquatic and
tundra biomes. Archeological sites do occur in non-ecotone areas, but
nost of these represent briefly occupied canmps resulting from transient
stops al ong the Sagavanirktok River by travel ers noving between eco-
tones. Thus, the river may be viewed as the mmjor artery connecting
the ecotones and is itself an ecotone, i.e., a fresh water aquatic

system bordering a variety of terrestrial biomes.

The limts of the Itkillik ice along the north flank of
the Brooks Range now roughly defines the ecotone. It is here that
t opographi ¢ features such as kames, noraines, and kettle lakes provide
the setting for greatest exploitation of the region by man. Topographic
relief provides many excellent |ookouts for gane animals such as caribou,
bear and moose, and the well-drained gravel kames and noraines greatly
reduce the difficulty of pedestrian travel in the boggy and tussock~ridden
t undr a. In addition, kames and noraines are the favored |ocation for
ground squirrel colonies, which represent inmportant resources for both
man and grizzly bears. The kettle |akes abound in arctic char, |ake
trout and grayling and offer a tenporary resting place for mgratory
water fow . The proximty of these glacial features to the Brooks
Range also provides ready access to Dan sheep, which inhabit the high
mountai n peaks. In many circunstances, local topography provides
excel | ent | ocations where migrating caribou nay be anmbushed. Hence

the extent of the Itkillik gl acial advance roughly delineates the region
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of greatest post-Itkillik archeol ogical potential on the North Sl ope.
This ecotone settlenent pattern represents the post~Itkillik hunan
adaptation to the drastic changes which occurred in the biota during

the transition between Itkillik and Hol ocene ti nes.

LATE ITRILLIK SETTLEMENT PATTERNS: There are two archeol ogical sites

in the upper Sagavanirktok River valley which have been ascribed dates
placing themin late Itkillik tinmes. Consequently, the Hol ocene set-
tlement pattern is not necessarily applicable in explaining their
occurrence. These sites are Locality | at the Gallagher Flint Station
and the Putu site. These two sites, and quite possibly others in Al aska,
are seen to represent a transition between the Hol ocene ecotone settle-
ment pattern and a drastically different one during Wsconsin tinmes.

It is suggested that the mechani smresponsible for this transition is
the replacement of an expansive tundra steppe by what are, today, recog-

nized as Al aska s mmjor ecosystens.

Guthrie (1968) has suggested that the major conponents of the
now extinct Pleistocene nmammalian fauna in Interior A aska were horse,
mammoth and bison. Because all of these species are primarily grazers,
Guthrie presents a strong argunent for a nore steppe-like environment
than exists today and his suggestion is supported by others [Hopkins,

1972; Matthews, 1974). & recent pollen core fromBirch Lake in A aska}s
Interior (agexr, 1975, personal conmmunication) further supports Guthrie's
hypot hesi s of Al aska's vegetation during Late Wsconsin tinmes. The
Birch Lake core contains a three-zone pollen sequence enconpassing the

past 16,000 years. Zone 1 denobnstrates 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
mar ks the invasion of spruce into the region approxinately 10,000

years ago (Ager, 1975a:1-2).

Thus, several lines of evidence suggest a drastic change
in the northern climte approximtely 14,000 years ago: (1) This is
atime at which the Pacific and Arctic COceans are connected by Late
Wsconsin 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 ITI time in
the Brooks Range. The period from approximtely 14,000 to approxi mately
10,000 years ago may be viewed as transitional between Wsconsin and
Hol ocene times. This period may be characterized by the donmi nance of
a shrub tundra, mnor readvances of glaciers in the Brooks Range, and a
rapid decline in the nunbers of Pleistocene grazers. After the transition
was conpl ete, pronounced glacial activity in the Brooks Range ceased.
The nejor ecosystens characteristic of contenporary vegetation were
establ i shed and nost probably remmants of the once-abundant Pl eistocene
grazers becane extinct. These environmental alterations may not have

occurred simultaneously in all regions in Al aska.

Ager {1975, personal communication) has suggested that plants
such as Artemesia and sonme grasses probably continued to persist in
m crohabitats such as dry, wi ndswept outwash deposits in the vicinity
of retreating glacier fronts. Ager feels that the sudden climatic

change which occurred approximately 14,000 years ago forced the rensining
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Pl ei stocene grazers into these microhabitats, where they coul d possibly
have persisted for several thousand years after the abrupt clinatic
change elimnated the once expansive tundra-steppe. The fact that all
Late Wsconsin archeol ogical sites in Alaska occur in regions which are
characterized by such soil disturbances strongly supports 2ager's hypo-
thesis. The upper Sagavanirktok River valley nost probably represents
such a mcroenvironnment and Pl ei stocene faunal remains are conmmonly

found behind the 1imits of the Ribdon (Itkillik |l|) readvance.

Grasses are colonizing species and are a prinmary constituent
of plant communities in areas where disturbance, such as forest fire or
hi gh wi nds have either destroyed a clinmax conmmunity or cause persistent
soil nmovenent and redeposition. Vi ereck {1966) has docunent ed plant
succession in a recently deglaciated area of Alaska’s M. MKinley
National Park. What Viereck refers to as the “Meadow Stage” consists
of “extensive areas of grass neadow interspersed with small clumps
of willow and other shrubs” (Viereck, 1966:187). Viereck's “Meadow

Stage” may well correlate with Ager's "refugium" concept.

As the successive glacial stades of the Itkillik gl aciation
in the Sagavanirktok River valley underwent nmass wastage, their drift
sheets were vegetated. There should be little doubt that these drift
sheets were first colonized by grasses and ot her opportunistic plants.
The presence of woody shrubs is indicated by the macro-fossils used in
dating the glacial sequence. This microenvironnent noved further and
further towards the Brooks Range with each successive wastage of the

stades of the Itkillik and nost probably represented one of the few
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remai ni ng refugiums for the then endangered grazing species such as
horse, bison and mammth. Increased pressure may have been placed
upon such species to occupy this niche in the face of an overall dis-

appear ance of the once expansive tundra-steppe.

There is no direct evidence for the association of Pleisto-
cene fauna such as horse, bison or mamoth with either Locality I at
the Gallagher Fl#zat Station or the fluted point locality at the Putu
site, for no faunal material has been preserved in association wth
t hese early assenblages. It is, however, a nmjor presunption 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 Wsconsin age archeol ogical sites in Al aska in which
faunal remai ns have been preserved, and they denonstrate concl usively
that a predator/prey relationship did exist between these extinct species
and the Late Wisconsin man. At the newly discovered Dry Creek site
in Alaskars Interior, fossil evidence of horse and bison have been
di scovered in unquestionable association with a Late Wsconsin occupationa
horizon (Powers et al., 1974), and Larsen (1968) has described the
presence of bison and horse renmmins 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 River valley, like nunerous others

on the North Slope, may be viewed as a mcro-environment which gradually
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m grated south towards the Brooks Range with the successive stages of
mass wastage during Itkillik tines. This mcro-environnent may have
persisted in the face of an overall transition in the biota froma
tundra-steppe to what we now recogni ze as the noist tundra biome, and
may have provided a refugium for the remants of the once-abundant

Pl ei stocene grazers. It is suggested that this noving mcro-environnent
attracted Pl ei stocene grazers and these herbivores, in turn, attracted
man . Thus, as the micro-environment noved 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

simlarities to Giddings' beach ridge dating with its dynam c ecotone.

The | ate Itkillik biota may, therefore, be seen as the driving
force which provides tenmporal dynamcs to the archeol ogical record of
the upper Sagavanirktok River valley during late Itkillik tines. It is
suggested that this nmoving mcro-environnment followed closely behind
the retreating Itkillik ice, colonizing the newy created |and forns,
and that its continuance was probably fostered by a brief period of
di sturbance related to wastage follow ng deglaciation. The retreat of
this ecological niche toward the Brooks Range during late Itkillik tines
is offered as an explanation for the relative positions of the Gallagher
Flint Station and the Putu site. It is suggested that the Putu site,
which is closer to the Brooks Range, was occupied later than the Gallagher

Locality 1.

If we assume an adaptive hunting strategy based on the

expl oitation of grazing species during rtkillik times, it is reasonable
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to assume that adaptive strategies were different during Hol ocene tines,
due to the difference in the conposition of the fauna. Archeol ogica
sites denonstrably older than late Ttkiliik times have not yet been
di scovered, possibly because the locations of nodern ecotones have been

the primary directive force in archeol ogical survey.

When repl acement of the tundra-steppe was conplete at the
end of Itkillik times, many of the areas which nay once have been refugia
became the location of nodern ecotones. Thus, archeological sites |ike
Locality I at the Gallagher Flint Station and the Putu site may be viewed
as transitional between a once-comon subsistence strategy based on
hunting Pl ei stocene grazers and Hol ocene ecotone exploitation. If we
assune the presence of an extensive grassland prior to |late Itkillik
tinmes, we can then also assune an extensive distribution of the abundant
Pl ei stocene grazers. This distribution would also reflect the distri-
bution of man during this period and, consequently, the canps of these
early hunters would not be expected to occur with regularity in the
present day ecotones. Only the very late ztkiilik settlements based on
the exploitation of grazers have been found because remants of these
once-nunmerous animals were huddl ed close to the retreating Itkillik ice
and feeding on the remants of their once-extensive steppe-like habitat.
If early early man is to be found in Al aska, survey strategies may have
to concentrate on regions which were once the lush plains of the tundra-

st eppe.

THE MODEL APPLIED TO THE DI STRIBUTION OF FLUTED POINTS: It has been

denonstrated that the kame upon which the Putu site is |ocated was not
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ice-free until sometime after 11,000 radi ocarbon years B.C. Qher Ilines
of evidence strongly indicate that the occupation of the kame did not
occur earlier than 7,000 to 8,000 years B.C. Assunming 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 A aska than it

is in the nore southern regions of North Anmerica. Thus, a tinme slope

for this technical tradition nmay be postulated with reasonabl e assurance.

The ecol ogi cal nodel presented in this paper nay explain the
nort hward novenent of the bearers of the fluted point tradition. Peoples
south of the coal escent Laurentide and Cordilleran Wsconsin glacial ice
devel oped the technique of manufacturing fluted points as an integrated
part of their subsistence strategy based on predation of Late Wsconsin
grazers, such as manmmoth and bison. As the glacial ice of the Laurentide
and Cordilleran retreated (Fig. 4-5), the newly exposed drift sheets
were rapidly colonized by plant species which created a habitat suitable
for Pleistocene grazers. Species such as horse, bison and nmammoth
filled this newy created niche. This response may have been accentuated
by alterations in the biota south of the coal esced Laurentide and Cor-
dilleran ice. Late Wsconsin hunters bearing the fluted point tradition
were drawn northward with these species as their range extended in that
direction. Wth final partition of the ice and subsequent vegetation
these hunters pursued this fauna into Al aska where remmant popul ations”
still persisted in mcro-environments such as the dry, wi ndswept outwash
deposits bordering the retreating glaciers. Asa result of this al nost

i nperceptible northward novement, the fluted point tradition, as manifest
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at the Putu site, did not reach Alaska until very late Itkillik tines.
Under these circunstances, the nodel suggests that this technol ogica
tradition did not nmerely diffuse to Al aska, but a physical “migration
of individuals bearing a unique technol ogy gradually noved from

southern regions of North Anerica northward

The medel whi ch has been proposed can be tested. The
postul ated tine slope can be verified or refuted by additional dating.
Folsom-like sites nust be discovered in the critical area of Canada which
lies between Alaska and the continental United States, and in southern
Canada. These sites nmust agree with the time slope and, in general, should
denmonstrate decreasing age northward. If the proposed model should with-
stand these tests, then such theories as that advanced by Martin (1973)
whi ch relies on a sudden burst of population fromthe north through the
“ice-free corridor”, cannot be entertained. That man may have contri -
buted to the extinction of remant popul ations of Pleistocene fauna is not
unreasonabl e, but his role in Pleistocene extinctions nmust have been minor
conpared to that of climatic change and its acconpanying alteration of

the flora

RECENT S| BERI AN DATA RELEVANT TO THE OCCUPATI ON OF BERINGIA: The first two

sections have attenpted to synthesize archeol ogical data relevant to Late
Pl ei stocene human occupation of Arctic North Arerica. The data presented
strongly supports a Wsconsin penetration of the North Anerican continent
by early man via the Bering Land Bridge. The age and diversity of these
early archeol ogi cal assenbl ages indicate that they represent |ater mani-

festations of earlier archeological traditions. These assenbl ages should
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be regarded as mininmum dates for man's occupation of Arctic North America

and this, in turn, supports an even earlier occupation of Beringia.

It is not the purpose of this presentation to provide a
detailed synthesis of Siberian archeol ogical data. However, it is
i nportant for this study to establish occupational horizons in Siberia
whi ch predate the Hol ocene inundation of the Bering Land Bridge.
Arguments supporting the Wsconsin occupation of Beringia gain addi-
tional strength when the presence of man on the Asian side of the Land
Bridge can be firmy established prior to the Hol ocene inundation of
Beringia. A brief discussion of the Siberian biuktai tradition is
critical to this problem As with the North American data, many
Si berian sites have been ascribed Pleistocene antituity in the absence
of radionetric or sound geonorphic dating. Again, in the interest of
brevity, and to avoid confusion, only those sites which have been
subjected to relatively sound dating techniques wiill be discussed in

sone detail.

The biuktai culture represents the ol dest yet discovered
Si berian archeol ogi cal tradition which denonstrates tenporal, spatial
and topol ogi cal cohesiveness. oOur know edge of the Diuktai culture is
attributable to the recent and rather spectacular work of IU. A.Mochanov
of the vakutsk Branch, Siberian Division of the Acadeny of Sciences of
the US. SR This tradition derives its nanme from the type site, Diuktai
Cave, located on the east bank of the aldan River. Mochanov (Arndt, 1976:8,
ci ting Mochanov, 1975) has recently divided the bDiuktai culture into twc

maj or periods: Proto-Diuktai and biuktai, but as yet 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 inplied. Undoubtedly this subdivision of Diuktai
culture will require further clarification, however there are, at

present, at |east four archeol ogical sites which have been placed within

t he Proto-Diuktai continuum by Mochanov. These are Ezhantsy, Ust'-Mil' II,
Ikhine | and Ikhine |1. Fig. 4-6 lists the spacial and chronological

pl acement of these sites as well as fauna associated with each.

The artifact assenbl age associ ated 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 coxes (simlar to nmulti-faceted burins) , Levallois (tortise}
cores, bifacial blanks, a chisel-shaped tool, a “crude blade”, waste
flakes, and a fragment of worked manmoth bone (Arndt, 1976:11-15). The
temporal placenment for Proto-Diuktai culture apparently spans the period
from approximately 35,000 B.P. to sonetinme before 20,000 B.P., for at
Ikhine ||, Mochanov {Arndt, 1976:153) classifies Horizon &, 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 te
Proto-Diuktai, its significance is readily apparent. Mst inportant is
that Proto-Diuktal is firmy dated fromat least three different sites,
and is supported by a suite of at least eight radi ocarbon dates which, in

turn, support the geonorphic placenent of additional horizons. At this
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Fig. 4-6. PROTO-DIUKTAI - CHRONOLOG CAL PLACEMENT *
BASI S FOR DATE
3ITE DATE or Cl4 SAMPLE # LOCATI ON ASSOCI ATED FAUNA
zzhantsy 35,000 geomorphological | junction of Mammathus primigenius
B.P.? (3rd river t he Aldan and Coelodonta antigquitatis
terrace) Mai a Rivers Bi son priscus
Eguus caballus
Jst'-Mil IT 33,000 * [ze-1000 60 km down- Mammathus primigenius
hori zon C 500 B.P. stream on the Bi son priscus
30,000 * |1E-1001 kaldan RI ver. Equus caballus
500 B.P rom Diuktai
i Cave
35,400 t |[LE-954
600 B.P.
hori zon B 23,500 } |LE-999
500 RB.P.
Ikhin | 34,000 to| geomorphological | east bank of Equus caballus
31, 000 (correlated with | Aldan R ver, Mammuthus primigenius
B.P. hori zon C at 284 km from Bi son priscus
Ikhin IT its nmouth deminutus 1
Citellus undulatus
fossilus
Ikhin IT 34,000 to,geomorphological | “close to” Mammuthus primigenius
horizon C 31, 000 (stratigraphi- Ixhin | Coelodonta antiquitati.
B.P. tally bel ow Bi son priscus
hori zon B) Ovibos moschatus
Equus caballus
hori zon B 31,200 ¥ |G 1?2-1020 Same as horizon C
500 B.P. with the notable
30,200 * [GN-1019 ;ggl E.Ifg:' tc:)cfarandus
300 B.?. I
24,600 * | IMSOAN-153
380 B.P.
24,330 * |LE-1131
200 B.P.

‘Compiled from Arndt (1976:10-16) citing Mochanov (1273, 1975) and
Mochanov and Fedoseeva (1968).
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time there can be 1little doubt that nman occupied Siberia s Aldan River

val l ey by 35,000 B.P., a period well before the Md-Wsconsin narine

transgression on the Bering Land Bridge

In addition, Proto-Diuktai conclusively denonstrates that man
was sufficiently adapted to subsistence on Asia’s tundra-steppe during
Early Wsconsin times. Faunal remains indicate that subsistence was
primarily based on predation of mammoth, horse and bison. It is firnly
establ i shed that these species ranged over Beringia into Al aska and
North America. There seems to be little reason to believe that human
predators woul d not assune the sane range as their prey. Al though
the Aldan River is considerably distant fromthe Bsring Strait, the
restrictions of Proto-Diuktai finds ‘co the Aldan valley nore surely
reflects the distribution of archeol ogists rather than the spatia

di stribution of Proto-Diuktai culture.

The second and | ater phase of the biuktai tradition spans
the time period from about 23,000 to 10,800 B.P. {Arndt, 1276:22) and
is referred to sinply as the Diuktai culture. Type traits for the Diuktai
culture are (Arndt, 1976:22):

smal | wedge- shaped cores; nmssive subprismatic cores made
on pebbl es; bifacially worked spear points and knives of
wllowleaf, subtriangular, and oval form central, |ateral,
angl e, and transverse burins; end scrapers and skreblos.
There are al so single specimins Of subdiscoidal and tortise
cores, spear points of mammth tusk, and bone burnishers
{Mochanov and Fedoseeva, 1975b:51}.

A host of radiocarbon dates supports the piuktai culture

and are too numerous to list here. Faunal remains from the Diuktai
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sites indicate that subsistence enphasis remained on horse, marmoth and
bi son, al though numerous small ganme species, waterfow and fish are

reported fromthe type site, Diuktai Cave (Powers, 1973:51).

The spatial distribution of piuktai sites enconpasses the
Aldan, Olenek, Markha, Vitim, Mai a, Indigirka, and Kukhtui Rivers and
t he Kanthat ka Peni nsul a (Arndt, 1976:26, citing Mochanov, 1975:7}. The
site distributions nay enconpass the Kolyma River region as well, for
Mochanov has attributed the Maiorych site to the Diuktai tradition
(Powers, 1973:76-77). This wi de geographic distribution for sites of
the Diuktai tradition may be described as stretching fromthe Lena River
basin to Kamchatka and fromthe Arctic Ocean to the Sea of Okhotsk. It
seens probabl e that when archeol ogical research is focused on the
extreme Siberian northwest, the distribution will most probably extend

to the western margins of the Bering Strait.

On the basis of Powers’ valuable 1973 contribution and
synthesis of Siberian literature, and particularly Arndt's recent
synthesis of current archeol ogical publications relating to the Aldan
River area, it seens reasonable to postulate a penetration of Arctic
North Anerica via the Bering Land Bridge during Early Wsconsin tinmes by
early man bearing a Proto-Diuktai-related tool kit. Diuktai-related
i nfluences may have played an inportant role in North Anerican Arctic
prehistory during Late Wsconsin tines. Very late manifestations of
Di uktai-related traits nay be manifest in the Chindadn conpl ex from Healy
Lake, the akmak assenblage at Onion Portage, the earliest conponents at

the Dry Creek site, and possibly the early phase of +the benali Conpl ex.

[,
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EARLY MAN ARCHECLOGY OF BERINGIA: Considerable specul ation has tradi-

tionally focused on the potential of nany islands in the Bering and
Chukchi Seas to yield evidence of early population by man during

Beringian times. It has long been realized that these islands once
were prom nent hills protruding fromthe relatively flat Beringian
t opography. However, surprisingly little non-coastal archeol ogica

field research has been executed on these islands

Nunerous reports deal with the coastal archeol ogy of the
islands in the Bering Sea. (See Jenness, 1929; Collins, 1937, GCeist
and Rainey, 3.936; Giddings, 1967; Ackerman, 1974; and Bandi, 1969.)
In spite of this conparatively large body of literature dealing with the
archeol ogy of these islands, the nost inportant being st. Law ence,
there is little reference to archeology in the interior portions of the
islands. The coastal sites on these islands, especially St. Law ence,
offer extremely appealing ivory-rich midden deposits and these magni-
ficent sites have captured the interest of virtually every archeol ogi st
who has attenpted to survey them Al though these excavations have
contributed greatly to Eskinp prehistory, they have had little bearing
on the problem of human migration to the ¥ew Wirld via the Bering Land

Bridge during pre-Holocene tinmes.

As a result of the post-Wsconsin eustatic sea |level rise
and subsequent stabilization of the Arctic coast, approximately 4,000 B.P.,
nost sites located directly on the coast post-date that tinme period due
to the marine orientation of their subsistence strategy. There is one

not abl e exception to this general rule, however, and it is the Anangula
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site, located cn Znangula |sland. 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

| ocation of the site strongly indicates a subsistence strategy involving

mari ne predation.

There exists one notable exception to the coastal orientation
of archeol ogi cal survey anobng the islands of the Bering Sea. This is a
survey executed by Alan L. Bryan, with the assistance of Robson Bonnichsen
and Ross Thonpson, during the late sumrer of 1966 (Bryan, n.d.). These
men conducted a 15-day archeol ogi cal survey of the Pribilof |slands, St.
Paul and St. Ceorge. The original purpose of their Pribilof Survey was

to attenpt to locate archeol ogi cal evidence dating to the period during

which the islands were hills rising above the Bering plain (Bryan, n.d.:6).

Al t hough, once again, the survey efforts seemto have devoted considerable
time to investigating coastal sites, Bryan reports having tested two |ava
tubes and one rock shelter on St. GCeorge Island. Unfortunately, “nothing
of interest” was discovered at the cave sites and only “occasional dis-
integrated bone, charcoal flecks, and sone water rolled pebbl es anpbngst
the sharp scoria® (Bryan, n.d.:5) were discovered at the rock shelter.
However fruitless this short survey nay have been in relation to the

early man problem it represents a pioneeéﬂng effort in the search for

human habitation of Beringia.

There exists one other inportant bit of data which may prove
of profound significance in attenpting to locate evidence of early nman

on Beringia. This find consists of what are believed to be artifacts
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dredged from the floor of the Bering Sea by David M Hopkins, persona
communi cation, 1976). The sanple was recovered from a depth of 40 meters
off the south shore of St. Lawence Island. The “flakes” recovered

are of fine~grained granite and it is apparent from the barnacle attach-
nment that they have been renoved fromthe parent core prior to their
recovery by the dredge, i.e. , they are not artifacts manufactured from
the dredging operation per se. Hopkins tentatively speculated that the
40 meter contour may‘have been innundated by 13,000 B.P. and, consequently,
it is likely that if these specinmens are truly the handiwork of early
man, then they predate this time. The specinens are currently in the
possession of John M Canpbell of the University of New Mexico, and

he has been contacted in hopes that they may be made avail able 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 attenpts to isolate human habitation of
Beringia during Wsconsin tines. These arxe Bryan's survey of the Pribilof
I sl ands and Hopkins' alert observation of possible artifacts on the
Bering Sea floor. Consequently, this research represents the first
concentrated inter-disciplinary research project to attenpt to locate
pre-Holocene age terrestrial habitation sites on the floors of the Bering
and Chukchi Seas. From a purely anthropol ogi cal point of view, human
popul ation dispersal into North Arerica via the Bering Land Bridge is a
hypot hesis which is currently accepted as the prime nechanismfor the

human popul ation of both the North and South Anerican continents. Al though
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there exists considerable data and even nore argunments in support of this
hypot hesi s, the concept is nevertheless a hypothesis and wiil remain so
until firmy dated archeol ogical remains dating to Pleistocene tinmes are
recovered from Beringia proper, i.e., either the ocean floor or the

i sl ands.

In conclusion, four lines of archeol ogical evidence strongly
support human occupation of Beringia: (1) The diversity of a nunber of
Al askan archeol ogi cal sites dating to Late Wsconsin tines suggests that
they represent later manifestations of earlier traditions; {(2) the late
date for the fluted point tradition in Alaska indicates that nan pene-
trated regions south of the coal escent Cordilleran and Laurentide ice
prior to merging during Late Wsconsin times; (3} the Proto-Diukta
tradition is manifest in Siberia at a tine suitable to permt an Early
W sconsin occupation of Beringia and Alaska and a M d-Wsconsin penetration
of the nore southern regions of North Anerica; and {4) so little work
has actually been done relating to early man archeol ogy of Beringia,
that the lack of early man sites fromthe region does not reflect

a lack of occupation.

e e
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THE THEORY anp MeETHOD OF ARCHECLOG CAL S 1T PREDI CTI ON

The previous sections have discussed denonstrating the
| ogi cal 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 environnent of sufficient size and
diversity ‘co support human occupation; (2} the reconstruction of probable
mari ne manmmal 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 vul nerable 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 cChukchi outer continental shelves.

A basic assunption for the model used for predicting archeo-
logical site locations in the Beringian region is” that human surviva
was predicated on a hunting economy. This assunption is based on
ant hropol ogi cal literature which suggests: (1) during Beringian times
hunting and gathering was the only econony being practiced in the chrono-
| ogy of evolution of human societies; (2) northern climatological and
bi ol ogi cal factors suggest hunting was nore viable than gathering; and
(3) the ethnographic and archeol ogical literature does not substantiate

any other types of economies in the northern prehistory of this area.

Ant hr opol ogi sts have 1long focused much attention on hunting

and gathering societies in the belief that the devel opnent of contenporary
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soci al institutions and the ordering and structure of npdern societies
has derived its institutions from adaptive social fornms devel oped

during man’s | ong devel opnent in the hunting and gathering “stage” of
human evolution. Murdock (1968) has denonstrated 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 Hol ocene times, virtually the Earth's
entire human population relied on hunting and gathering as their economc
mai nstay. Hunting and gathering has declined, until today, only a few

i sol ated pockets continue this life style in what are marginal habitats

unsuitable for other economc pursuits.

Lee and DeVore (1968:11) have attenpted to delineate the

mejor traits of hunting and gathering societies.

W meke two basic assunptions about hunters and gatherers:
1)y they live in small groups and 2) they nove around a lot.
Each local group is associated with a geographical range but
t hese groups do not function as closed social systens.
Probably fromreciprocal visiting and narriage alliances, so
that the basic hunting society consisted of a series of local
“bands” which were part of a larger breeding and |inguistic
comunity. The economic systemis based on several core features
i ncluding a home base or canp, a division of [abor--with nales
hunting and fenal es gathering--and nost inportant, a pattern
of sharing out the collected food resources.

A universal aspect of these societies is that all nust maintain a territory,
or range, fromwhich the essential resources to sustain Iife are derived.
within each territory or range, natural resources are not distributed
uniformy, and certain resource concentrations play a nore inportant

or domnant role in subsistence activities than others.

The severe arctic and subarctic winters and short, cool summers
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have greatly reduced the potential for gathering plant products in

the north. Wth the exception of berry products, and a few nonfaunal
utilitarian resources such as birchbark, certain grasses, etc., gathering
has been extrenely limted in subsistence activities of northern peoples
Even today, with nodern farming techniques, the devel opnent of hardier
grains, and fertilizers, direct reliance on vegital products for human

subsistence is, at best, a very tenuous enterprise.

The essential key to human survival in the north is faunal resources.
Northern animal species are the Arctic’s nost efficient machines for
converting and storing solar energy into usable protein and carbohydrates
suitable for human consunption. These animal species are adapted to
northern vegetation and are able to convert plant energy into body
tissue and of storing the sunmer peak in the energy budget in the form of
fats. Man's utilization of energy is consequently directed o predation
of these animal species rather than to the flora itself. There exist
two possible nmethods by which nan may harvest this energy. ‘These are

herding or predation.

There exi sts no archeol ogi cal nor echographic data (prior to
the introduction of reindeer herding in Alaska in the early 1900’s) for
herding economes in Arctic North America. ©One possible exception to
this was Giddings' (1957) suggestion of the possibility of reindeer
herding during choris times based on the conparatively small Size of
the caribou bones recovered fromthe Choris t-ype site. However, &Giddings
later withdrew his hypothesis and considered the Choris finds indicative

of caribou hunting. Al archeological and ethnographic data to date
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confirms human predati on of animal species as the primary subsistence

nmechani sm for the North Anmerican Arctic.

SETTLEMENT PATTERNS. Because human predati on on animal popul ations is

the primary subsistence activity for human popul ations, the distribution
of fauna commands the dominant role in determining settlenent |ocales.
Chang(1962:29) defines settlenent as “ . ..any formof human occupation
of any size over a particular locale for any length of tine with the
purpose of dwelling or ecological exploitation.” Chang's definition is
accepted as the definition of settlenent as applied in this study.

These | ocales may vary greatly in ternms of specific function and
duration of occupation and both these factors may be consi dered

dependent upon faunal resources.

Ant hr opol ogi cal investigators have |ong recognized the inportance
that the distribution of fauna has had upon the distribution of settle-
ment |ocales of northern hunters. Boas (1964:11}), in his nmonograph on
the Central Eskino, which resulted fromhis field work in Canada from
1883-1884, readily realized the role of natural resources in deternining
settlenent pattern. He wote

Al depends upon the distribution of food at the different

seasons. The migrations or accessibility of the gams conpe

the natives to nove their habitations fromtinme to tine,

and hence the distribution of villages depends, to a great

extent, upon that of the aninmals which supply themwth food.
Since Boas® classic monograph, virtually all anthropological literature
dealing with northern peoples has, in some fashion, dealt with the

important role played by faunal conposition and distribution in the lives

of northern peoples



When review ng the literature dealing w th subsistence
activities of northern hunters, three nmajor faunal resource categories
emerge. These are (1) terrestrial manmmals, (2) marine manmmal s, and (3)
fresh water aquatic resources (waterfow and fish). ‘The inportance of
t hese three species conplexes is that all, at some time in their annua
cycle, form seasonal aggregates. There exists a host of ethnographic
[iterature which describes nethods by which man has preyed upon these

aggregates, however, it is the surpluses which result from the harvest
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of the aggregates and the |ocations of these concentrations which enable

human settlenents and determine their |ocale.

Chang {(1962:28-29), in analyzing settlement patterns for
northern hunters-fishers, has observed:
..the settlenent patterns anong hunter-fishers provide a
w de range of varieties particularly suitable for micro-
typological purposes. The circumpolar region further
w dens this range by nmeans of marked seasonal fluctuations
of climate and the resultant seasonal cycles of anina
and plant life. Under such a natural environment, the
i npact of cultural ecology upon society is nmore plainly
observable and is less conplicated by historical factors
than in other areas of the world.
Chang's observations are significant, for he accurately identifies the
utility of extrene northern latitudes in concentrating faunal resources,
or energy, in time and space. The phenonmena of sharp energy peaks of
short duration have had a profound effect on human popul ation distri-
bution. As briefly outlined earlier in this section (p. 151), settle-

ment |ocales 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
nove about anong various |ocales according to the seasona
climtic fluctuations. Such novenents of settlenents
usual ly are made anong a network of locales, with a centra
base where nost of the nmenbers of the group gather together
at a particular season of the year and a varying number of
scattered canps occupied by |arge or small branches of the
group in particular seasons, engaging in various and specific
kinds of subsistence activities.
Canpbel | (1968) has advanced an excell ent typology of settlenments for
the Nunamiut. He has delineated six different types of settlenent,
ranging fromhis Type | settlenment, which served as the central canp
to which all menbers of the band identified themnselves, to Type VI

settlements, which consisted of brief, overnight stops while traveling.

WAt anabe (1968:69), speaking of northern food gatherers,
has delineated a universal pattern which he believes is comon 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

t echnol ogy upon environment.” In discussing Northern Athabascan

peopl es, MKennan (1969:100) states, “The primary ecol ogi cal basis for

t hese Al askan bands was the dependence of native technol ogy on geography.”
McKennan (1969) anal yzed the ecol ogical basis for northern Athabascan
band conposition and delineated two major technol ogical devices which
served to bind a regional band together; they were the fish wer and

the caribou fence. MKennan 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 and maintenance, they tended to focus the

popul ation in specific geographic |ocales and provide band identity.

In addition, it can be readily realized that these human aggregates

could only formby anticipating the occurrence of biomass peaks in tine
and space, and that they could only persist through the process of
securing a net energy budget which exceeded the i medi ate energy require-

ments of the population.

In short, bionmass “peaks concentrated the human popul ation,
whi ch through collective efforts,were able to nmaxim ze the faunal harvest.
Thus , the subsistence strategy resulted in predictable settlenment |ocales
whi ch coincided with the occurrence of biomass peaks, which were
restricted to specific geographic locations and specific points in tine.
Wthin the limts 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 primry settlenents.

Such primary subsistence |ocales may be considered to be
the hub of the aboriginal territory. Thus, the primary focus in the

aboriginal effective environnent may be viewed as faunal resources.

Satellite settlements result from specific resource exploitation of the

ef fective environment around the primary energy yieid |ocales. These sites
are generally task-specific, i.e., quarry sites, feather collecting, egg
collecting, etc. The territory may be defined as the resource range of

the population. \Wen energy expended exceeds the energy return, it may

be viewed as the limting factor in defining territorial area and
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configuration. Territorial range can be expanded by various wei ght
reduction techniques, such as drying and koning meat (well docunented in
McKennan, 1965:30, 95; 1959:32; Wentworth, 1956:561-2, 564-7; Giddings,
1952:42-3; 1961:129; and Petitot, 1971:114; and nunerous ot her sources).
Transportation devices such as sleds and boats are alsoc inportant energy

savers and may increase territorial range considerably.

Because there exists no firmdata relating to the time when
mari ne manmmal exploitation became a viable subsistence strategy in the
ci rcum Beringian area, we have assumed, for the sake of this study,
that it is a definite possibility throughout the Wsconsin history of
Beringia. By using Anangula as a minimumlinmting date for the denon-
stration of this form of subsistence orientation, we may state with some
certainty that it was a viable economc base prior to ca. 8,000 to
8,500 B.P. The lack of data prior to the occupation of Arangula is
attributable to eustatic sea level rise, which nost probably has inundated
archeol ogi cal sites |located al ong what were former coasts. As unlikely
as it may seem nmarine manmmal predati on may have been an early Wisconsin
human subsi stence strategy, and consequently, we have considered it a
possibility in this study, rather than risk omtting what may be an

extremely inportant, although undocunented, area of fo-rmer human habit at

THE METHOD OF SITE PREDICTION: This study has denonstrated that early

human habitation of Beringia is highly probable that any inhabitants would
have been reliant on a hunting econony, and that settlement |ocal es of
hunters are based upon resource distribution. It is possible through

paleogeographic and palecenvironmental reconstruction to delineate pal eo-
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resource distribution. It then follows that it should be possible to
del i neat e paleo-settlement di stribution. This basic axi om serves as

the mechani sm by which probability ranking for archeol ogi cal site
occurrence is postulated for Beringia. The ranking system which follows
expresses probability of site occurrence as high, nedium and |ow for the

Beringian area.

In an effort to rank specific areas in relation to one another
for this vast region, in terns of probable bionass productivity, the entire
region was divided into a series of 69 cells. In the interest of uniformty,
standard ©.5.G.C. quadrangl es were considered the basic spatial unit, or
cell. Using the nmaps prepared by the project’s physical oceanographer
both the marine mammologist and vertebrate pal eontol ogi st ascribed val ues
to every quadrangle under consideration. These values represent a quali-
tative statement as to the total biomass resource of any particul ar guar-
rangle during the nobst productive period during the tine period under
consideration, i.e., fromthe early Wsconsin to the end of the sea level
rise during Holocene tines. A summer and winter value was ascribed to
each quadrangle for each major (terrestrial/marine) series conplex,
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 neverthel ess repeatable. The overall distribution of
species is ultimately dependent on physical factors which control their
distribution. There is no need to reiterate these factors, for they are

dealt With in greater detail in the previous sections- However, other
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researchers using this same data would, in all likelihood, rank these sane
areas in a simlar fashion. The real differences between rankings by
different investigators nmay be considered to be nore a reflection of the
actual ranking system enployed rather than the the relative val ue of

one area to that of another. In short, although the system devel oped

here is subjective, it is based on physical evidence and shoul d be
repeatable by different investigators regardless of the artificial ranking

system chosen for analysis.

The ranking systeminplenented here is a sinple scale from
one to ten, one representing the |owest possible estinmte of resource
availability, and ten being the highest evaluation. It was felt that no
quadrangl e could be ranked as zero, for each in its turn occupied a coasta
position during sone period of marine transgression and nost certainly
each has at sonme time in the past supported sonme terrestrial mammal
popul ati on. Thus, all quadrangles denmpbnstrate some potential for past
exploitation of their faunal resources by nman, and consequently, there
is sone, albeit low in many cases, probability of human occupation of
any given region. An exanple of the ranking technique is depicted

bel ow, using the quadrangle presently occupied by St. Matthew |sland:

Smer value Wnter Value

Mari ne Mammal 07 | 01
Terrestrial Manmal 06 - l 06
13 X 07 = 91
(ascri bed
quadrangl e

value}
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This basic table illustrates the method by which the values
were ascribed to each quadrangle. The total summer resource val ue was
tabulated to quantitatively assess the total bionass resource avail able
during that season during the period of peak productivity for any par-
ticul ar quadrangl e throughout the time period under consideration. The
sane 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
val ues, the totals were multiplied. The value totals were nultiplied because
it was felt that this best expressed the possibility for faunal surpluses
which were nmost likely to result in primary settlenments. |In other words,
by multiplying the sumrer and winter walue totals, quadrangles with the
greatest year round potential for sustaining hunting human popul ations
woul d be favored in the ranking system This method enables a subjective
ranki ng of each quadrangle in relation to all others 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 val ue ascribed to
any individual quadrangle, he need merely to turn to the appropriate
section on marine or terrestrial species distribution and consult the
appropriate nmaps. The species distribution maps shoul d provide essentia
data relating to the value expressed. Relevant sedinmentation data is to

be found in the section dealing with paleogeography.

Human settlenent is dependent on energy surplus, i.e., a harvest

whi ch exceeds the basic energy requirements of the population. The values
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expressed for the biomass resources for each individual quadrangle are

thus directly transferable to the potential, or probability, of human
habitation |ocales. fThus, 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 m nimm
harvestabl e resources at any given point in tine. Consequently, if
surpluses are not stored during periods when food is abundant to carry

the popul ation through periods of marginal productivity, the popul ation
will find it difficult to sustain itself and famne may result.  Thus

the less the carrying capacity, the fewer or smaller should be the
settlenents. The greater the carrying capacity, the greater the popul ation
density. The values may be considered statenents of the peak carrying

capacity for any given quadrangle.

The one universal in northern hunting cultures seens to be
the presence »f sone form of winter settlenent. Such canps may be expected
in regions of high productivity which would enabl e surplus energy storage
to sustain a winter settlement with the energy stores being suppl emented
by harvest of species in winter range and local small game resources.
Generally winter settlements require substantial nodification of the
natural environment for the construction of some form of winter shelter.
It seens nost probable that such sites will be the easiest to detect
using the geophysical instruments available for the study. It is also
most likely that comparatively large winter settlenments nmay be |ocated in
such areas where the greatest possibility to store energy exists, i.e., the

regions ascribed the highest values in this study.
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. STUDY RESULTS

Fig. 4-7 depicts the series of U.S.G.S. quadrangl es for the
entire region under consideration, the Bering and Chukchi continenta
shelves fromthe International Date Line to the Al askan coast. ZIf the
date line crossed any portion of any quadrangle, it was considered as
part of the total sanple in the ranking system The total population of
U.S.G.S. quadrangl es were placed in a row and column matrix for the
purpose of organizing the data for analysis. University of Al aska
Comput er Center personnel assisted project researchers by witing a program
to conpute 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 sedinment depth. Additiona
conputer programs were generated to statistically analyze the sanple in
an effort to establish objective ranking through clustering the valued

for the total sanple. The values range from 2 to 154.

Fig. 4-8 is a bar graph depicting the absolute frequency
for each value computed fromthe qualitative ranking system Fig. 4-9
is a frequency polygon and nornalized curve for the sane data. Three
maj or breaks in the distribution of the values may be observed from these
di stributions. The | argest cluster of values ranges between 2 and 16, at
which point there exists a significant break between 16 and 21. This
di stribution has been considered as val ues of conparatively low probability.
Medi um range probability val ues range between 21 ‘and 36, and hi gh val ues
bet ween 40 and 154. These value clusters are depicted in Fig. 4-10,
in which three different synbols depict the three different value ranges.

From the distributions of the quadrangle wvalues depicted in the graphs,
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50 quadr angl es have been classified as being of |ow probability, eleven
fall within the mediumrange, and ei ght quadrangles are considered to be

of high archeol ogical potential

In keeping with the University's contract with the Bureau
of Land Managenent’'s Quter Continental Shelf Ofice, the physica
oceanogr apher has prepared maps on a scale of 1:250,000 for six of the
high probability areas. Two high probability areas have not been napped
in the area of the Bering Strait, for current scouring has resulted in
severe erosion of this region. Because high probability |ocales are
restricted to portions of the high probability quadrangles, maps were

only generated for those specific areas. These nmaps are to be found in

Appendi x |
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INTRODUCTION TC PHASES II and IIX

The Phase | report has discussed the data and reasoning
i ndi cati ng human popul ation of the Bering Land Bridge. It further
defines regions likely to have supported human popul ations in the past.
Phases 11 and III were designed to verify the Phase I study, by
actually attenpting to locate archeol ogical sites dating to Beringian
tinmes in high probability areas on the outer continental shelf. Two
i ndependent tests were devised. One (Phase II} consisted of a marine
archeol ogi cal survey fromthe University of Alaska s research vessel,
the R.V. RCONA, in an area adjacent to the Pribilef |slands. The
second test (Phase IIl) consisted of a terrestrial archeol ogical survey
of St. Matthew Island in the Bering “Sea. Both tests failed to discover
archeol ogical sites dating to Beringian tinmes, but, as will be discussed
in nmore detail in these sections, neither test can be considered adequate
for a variety of reasons. Followi ng the description and data presentation
for the marine archeol ogi cal survey, conclusions
and recomrendations for cultural resource surveys on the outer continenta

shelf relating to oil lease and drilling operations are presented.
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PHASE Il -- SH P CRUISE REPORT

Sam W St oker

1. Resume of field operations as performed, 28 May - 10 June 1976

Activities directly involved with comencenent of at-sea operations
began 28 May with the departure for Anchorage of M. Stoker, chief
scientist for shipboard operations. Upon arrival in Anchorage,

M. Stoker took receipt of air freight sent from Fairbanks and of

| eased equi pment (magnetoneter probe and cabie and Decca Trisponder
navi gation systent. Further equipment and supplies necessary to the
operation were purchased in Anchorage, and arrangenents were confirmed
for the charter of a DC-3 aircraft for transport of gear and
personnel from Anchorage to Dutch Harbor. Charter arrangenents were
conducted through Sea Airmotive, Inc., Anchorage, Alaska. On the
evening of 28 May, M. 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 Seattle and had air-
freighted same to Anchorage, where it was received by M. Freitag.
M. Stoker and M. Freitag renmmined in Anchorage overni ght, while

Dr. Sharma returned to Fairbanks.

On the norning of 29 May the renaminder of the scientific party arrived
in Anchorage from Fairbanks, and were joined at the airport by
St oker and Freitag, and by Civish and Brown of BiM, for departure to

Dutch Harbor. The charter departed at 11:00 a.m, encountered



215.

mechani cal difficulties, and returned to Anchorage at 2:00 p.m AllL
personnel were obliged to stay overnight in Anchorage while the plane

was repaired.

On 30 May the charter departed at 2:00 a.m wth all personnel and
equi pment, arriving in Dutch Harbor at 1:30 p.m  Equi pnent end
personnel were lightered to the R/V Acona from the airport that
afternoon, but departure of the ship was del ayed until the foll ow ng
morni ng due to inclenment weather. The ship sailed from Dutch Harbor
for St. George Island in the Pribilofs, at 10:00 a.m on 31 Muy.
Moderate to rough seas were encountered enroute, with winds fromthe

south and sout heast.

On 1 June the ship arrived at St. George and dropped anchor at
approxi mately 8:00 a.m in North Anchorage, in the |ee of the island
near the village of St. George. Mr. Stoker and M. Dixon went ashore
by skiff to confirm permission fromthe village to undertake onshore
operations and to arrange for shore transportation and assistance
through mMr. Roger Gentry, W.M.F.S. 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. Qperating 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 mle quadrant, the
consensus being that this area was extrenely favorable for human
habitation sites prior to the last Wsconsin subnmergence. Due to

deteriorating weather and sea conditions, however, it was decided that

s T s T T e DO U U U
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this original plan would have to be abandoned and that the survey

woul d have to be conducted to the north of St. George, close inshare

in the island’s lee, in order to ensure fulfillnent of the contract

as specified. Strong winds and heavy seas fromthe south and southeast
and forecasts for an extended period of the sane, made it seem unlikely
t hat operations could be conducted anywhere but in the island s lee
within the time alloted. This decision was later justified by

continued inclenment 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 Geadetie survey markers

are located on this shore (U S. Departnent of Commerce Provisiona

Chart #8995), and it was hoped that the radi o 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 the neans and time avail able.
Survey markers are in inaccessible |locations distant fromany road or
trail systems, so that to set up stations on them woul d have required
the expenditure of far nmore tine and effort than was possible to allot.
Consequently, the two shore stations were established on high ground
near the ends of the trail systens to the east and west of the village
of St. George (Fig. 5-3) so as to be visible from shipboard. These
stations ‘were not |ocated on permanent geophysical markers; ‘however,

it was felt that the sacrifice of absolute horizontal control for the
sake of fulfillment of the mgjority of the contract specifications was
justified under these conditions. 1In any case, relative horizontal

preci sion was maintained throughout the survey so that, if required,



217 .

any desired point on the survey track could be relocated with reference

to these stations.

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 transmtters. The ship then weighed anchor
and steanmed offshore to test the radio reception fromthe shore

navi gation stations, which was excellent, and to rig and test the sonar
sub-bottom profiler, and nagnetoneter prior to selection of a survey

site. After sonme operational difficulties, such as are generally

encount ered when using new techni ques and equi pnent under such conditions,
it was ascertained that all systens were operational and satisfactory.

This rigging and testing took nost of the night.

The following norning, 2 June, an area just north of St. George was
selected for the one square mle survey site (Fig. 5-3] and a format
was cal cul ated for navigating the survey tracts as prescribed in the
contract operating order (Appendix 1) . Since there was no absolute
hori zontal control of the two shore stations, relative control was

achi eved by measuring, with a sextant, the angle between the ship and
both stations, which were line of sight from the ship. The point at
whi ch this angle was measured was then assuned as the southeast corner
of the quadrant to be surveyed. Distances, in neters, which should be
recieved on the ship fromboth stations in order to maintain the
prescribed tracks were then calculated at 150 nmeter intervals and courses
plotted to conform to these calculations. Though feasible to do, this
net hod of rectilinear navigating proved very cunmbersome and shoul d be

i nproved upon. Mre will be said about this matter later, in the

recomendations section of the final report.
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Once these navigational calculations were nmade and courses established,

the acutal survey of the quadranti began at 1:00 p.m As prescribed

paral lel tracks were run at 150 nmeter intervals, with tracks at right
angles to these through the center and along both -nargins, and with two

di agonal s through the center (Figs. 5-1 & 5~2). For expedience and coordination
of data, all three insturments were operated sinultaneously along these
tracks, the sonar and magnetoneter by means of towed fish and the sub-
bottom profiler froma fixed side-nount on the ship. Though probl ens

and shortcom ngs were encountered in the operation of the sonar and
sub-bottom profiler, which will be dealt with in the recomrendations
section, it is strongly felt that such sinultaneous return fromthe

various instrunments enployed greatly enhances interpretation of results.
Despite mnor difficulties it is believed that satisfactory results

were obtained and that such surveys are very feasible, though nodifications
in gear and procedure might ease operational difficulties and enhance
results.  Suggestions for such nodifications will be made in the fina

report.

The entire survey of this one-square nile tract required about nine hours
steamng at the ship’s mninmumconstant forward speed of 4 knots.

I ncreased winds and seas fromthe south and southwest hanpered efforts

to some degree. At 10:00 p.m the survey was conpleted, 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 steaned to the east of St. George |Island where a
brief reconnai ssance of the area first selected as the survey site was
attenpted, the weather having abated sonewhat for the interim No
shore survey stations were available for this reconnai ssance? and since

LORAN~C navi gation was proving unreliable due to atnospheric effects,
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absol ute horizontal control was not possible. One long track was run
usi ng sonar, magnetoneter, and sub-bottom profiler along a submarine
rise extending to the east of the island, fromdepths of 10 tc 50
fathoms. Though results were inconclusive, it appears that this area
may i ndeed be of prinme interest for the |ocation of subnerged human
habitation sites. By evening the weather was worsening once nore and,
given the tine restraints placed on the ship, it was decided to break

off further work and sail for Dutch Harbor.

The ship arrived in Dutch Harbor at 7:00 a.m on 5 June after a 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, disenbarked
at Dutch Harbor for return by air to Fairbanks. M. Stoker remained
aboard for the return to Seward in order to see to the return of

supplies and equipnent.

The ship arrived in Seward at 11:00 a.m on 8 June, after a smooth
passage from Dutch Harbor. The follow ng nmorning, 9 June, all equipnent
and supplies related to this project were off-loaded. Gear and

equi pment to be returned to Fairbanks was transported from Seward by
Institute of Marine Science vehicle. The |eased equipnent (sonar,
magnet onet er probe and cable, survey system) was trucked by hr. Stoker
to Anchorage, fromwhere it was returned air freight to points of
origin. Mr. Stoker overnighted in Anchorage, returning to Fairbanks

by air on 10 June.



Sam W St oker Chi ef Scienti st

28 May

29 May

29 May -

10 June

10 June -
14 June

To Anchorage (with excess baggage) 7 am Alaska Fit. 092

Pick up additional equipnent and supplies.

Meet Freitag (reservations at Anchorage Westward) 272-7411

Charter DC-3 Anchorage to Dutch Harbor

Sea Airmotive
Anchor age
277-0522

R.V. Acona — University of Al aska (IMs Research Vessel)
Radi o Phone

Call Seward IMS Station {Dolly Deiter)
224-5261

or Marine Operator (Nome) RCA

or Coast Quard (in case o-f dire energency)

- ™ SEWARD

Return from Seward to Fairbanks via Anchorage on University truck
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James Di xon Archeologist
29 May To Anchorage (7 am
Al aska Fit. 092

Charter DC-3 Anchorage to Dutch Harbor

Sea Airmotivs

Anchor age
277-0522
29 May -
7 June R.V. Acona - University of Alaska (Inst. of Marine Science]
Research vessel
Radi o Phone:
Call Seward IMS station {Dolly Deiter)
224- 5261
or Marine Operator (Nome) RCA
or Coast @Quard (in case of dire energency)
7June Dut ch Harbor to Anchorage via
Winship Air ‘Service charter
Volpar Turboliner 600 WA
7 June -

9 June Anchorage Westward Hotel 272-7411

9 June Return to Fairbanks




G J). sharma Ceol ogi st

25 May To Seattle to pick up equi pnent
28 May Return to Fairbanks

29 May To Anchorage (7 am
Al aska Fit. 092

charter pc-3 Anchorage to Dutch Harbor

Sea Arimotive

Anchor age
277-0522
29 May -
7 June R.V. Acona - University of Al aska (IMS Research Vessel]
Radi o 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

Wnship Air Service charter
Volpar Turboliner 600 WA

Open return to Fairbanks



Robert Spi es El ectroni cs Technician

29 May To Anchorage 7 am
Al aska Fit. 092

DC-3 Charter Anchorage to Dutch Harbor

Sea Airmotive

Anchor age
277- 0522
29 May -
7 June R.V. Acona - University of Alaska IMS Research Vessel
Radi o Phone:
Call Seward IMs Station (Dolly Deiter)
224-5261

or Mari ne Qperator ( Nome) RCA
or Coast Quard (in case of dire emergency)

7 June From Dutch Harbor to Fairbanks via Anchorage

Winship Air Service charter
Valpar Turboliner 600 wWA

Qpen return to Fairbanks

225,
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Gary Freitag Research Assi stant

25 May Fai rbanks to Seattle to pick up equipment

28 May To Anchorage with 200 1bs. excess baggage (equip.}

Meets Stoker in Anchorage
Reservations at Anchorage Westward for3for 2 days

272-7411

29 May Charter DC-3 Anchorage to Dutch Harbor
Sea Airmotive

Anchor age
277-0522
29 May -
7June R.V. Acona - University of Al aska {IMS Research Vessel)
Radi o Phone:
Call Seward IMsS Station {(Dolly Deiter)
224- 5261

or Marine Operator (Nome) RCA
or Coast Guard (in case of dire emergency)

7 June Dut ch Harbor to Anchorage

Wnship Air Service charter
Volpar Turboliner 600 WA

Open return to Fairbanks



MARI NE_ARCHEOLOG CAL SURVEY

E. Janes Di xon, Jr

The marine archeol ogi cal survey was executed by a University
of Al aska research team onboard the R.V. Acona, the University of
Al aska’s research vessel, during the period of May 30 to June 5, 1976.
A high probability area south of the Pribilof |slands was selected as
the target area for the nmarine archeol ogical survey. Unfortunately,
adverse weat her conditions nmade an examination of this area inpossible.
Consequently, an area on the northeast side of St. George I|sland was
selected in order to permt use of the geophysical instruments essenti al
for the survey, i.e., sub-bottom profiler, side-scan sonar, and magneto-
meter. A nore conplete description of the |ogistics and personne

activities may be found in Stoker’s ship cruise report.

The marine archeol ogi cal 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-
geogr aphy of Beringia (the outer continental shelf stretching between
Asia and North Anerica, presently the floors of the Bering and Chukchi
Seas) and adjacent terrestrial areas.

Regional -- an analysis of specific areas within Beringia
i ncl udi ng probabl e seasonal distributional patterns of terrestrial and
marine mammal popul ations. Maps generated for these areas, at a scale
of 1:250,000 are anal ogous--but not idential to--U.S.G.S. quadrangl es.

Sectional -- A one square mle area equivalent to (but not

the same as) a U.S.G.S. Section
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Hi gh probability loci -- locations within the one square mle

area suitable for the location of former human habitation sites.

Thus, Phase | may be viewed as a conbination of both conti-
nental and regional spatial analysis, and Phase II as a conbination of
both sectional and high probability loci. In short, Phase 1 tells us
on a continental basis what regions are nore likely to contain prehistoric
archeol ogi cal remains and Phase II tells us what specific locales, within
a one square mle survey area, are nost likely to contain evidence of

former human habitation and | and use

Fig. 5-3 depicts the location of the marine archeol ogical
survey executed by the University Mseum research team  Strong w nds
and heavy seas fromthe south and southeast made it inmpossible to conduct
the survey on the south side of the Island, for conparatively calm
conditions are essential for proper operation of all of the geophysica
instruments utilized in the survey. Once it was realized that it would
be inpossible to execute the survey on the south side of St. George
Island as was originally planned, a field decision had to be nade either
to select an area on the 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 nmedium probability area. In addition

t he geophysical instruments enployed were tested for their feasibility
in detecting submerged archeol ogical sites on the outer continental

shel f under sub-arctic conditions.

Through inspection of bathynetric charts, a prom nent sub-

merged feature was identified. At some time in the past, this geol ogic

228.
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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 | report, this area was not inundated until sometime after
22,000 B.P. and was probably completely subnmerged by 16,000 B.P. A
one square mile area enconpassing this promnent feature was sel ected

for the marine archeol ogical survey.

There are several reasons why this area was not expected to
reveal archeological sites. Quite probably the econom c focus for any
human popul ation occupying this area would be marine subsistence. However,
our prelimnary analysis strongly indicated that adjacent areas to the
south during this tine period would have been far more favorable |ocales
for this subsistence pursuit and woul d have tended to draw | ocal popu-
lations in that direction. Furthernore, as stated earlier in Phase |
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 Quthrie (this report) there
is little” indication that the north side of St. George Island woul d hold
any great potential for funneling terrestrial mammal popul ations into
specific locales suitable for anbush, although he has defined the southern
sl opes of the island and the adjacent continental shelf as probabl e areas
of spring and early sunmmer range concentration for grazing mammal s.

Phase | devel oped the hypothesis that subnerged archeol ogical sites on the
outer continental shelf which are nost [ikely to be detected are winter
settlements which would have required a substantial alteration of the
natural environment. These settlenents require autum surplus in the

net energy harvest which could be suppl emented through wi nter harvests
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of other species. The survey area does not neet these requirenents.
Thus, a nediumto low probability area was tested. According to our
ranking system it would not be likely that an archeol ogical site would

be detected in such an area. None were found.

The marine archeol ogi cal survey of a one square mile area
(the equivalent of a standard |ease block} was executed utilizing a hull-
nmount ed sub-bottom profiler (Raytheon, portable survey system Model
RTT-1000 &}, Klein side-scan sonar {(dual channel recorder, Model 401
with Mdel 402 towfish), and Raytheon transducer (Mdel Tc-7}, and
proton magnetoneter (Geonetries, Airborne Mdel G 803). In addition,
on-shore radi o navigation stations were established at prominent |ocations
on St.Ceorge Island to achieve navigational accuracy required(f 50 ft. )
to neet contractual requirements. A Decca Trisponder (range 100 m to
80 km range accuracy ~3 m when naintaining an angle of 30° or greater)

was utilized.

Wth the navigational aids previously described, the survey
was executed aboard R/'V ACONA at its mininum constant forward speed
(4 knots) by running parallel tracks at 150 mintervals across the survey
area. All three instrunents were run simultaneously during the survey,
and the scal es of both the sub-bottom profile and the side scan chart
recorders were set to 1.5 in. per mnute so that the data strips would be
conpatible and thus facilitate the analysis. 150 mintervals for each
run were nore than adequate to provide overlap between successive runs

and conpl ete side scan coverage of the entire survey area was achieved.

During the course of the survey each instrument was visually
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moni tored and no anomolies which could not be attributed to natural
agents were noted at that tinme. If any such anomolies had been noted
during the course of the survey, the researchers would have consi dered
coring the anomoly or taking a grab sanple. Followi ng the survey, the
chart records were transported to the University of Al aska Miseum where
the final analysis was conducted. Each individual chart strip was

exam ned nmore thoroughly upon return to the University and no anomolies

were noted in any of the records

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 mninmal, thus indicating reflective nmaterials.
A closer examination of the side-scan records depicts a prominent |and
form which has been interpreted as a lava flow. This interpretation is
consi stent with the known geologic history of the Pribilof area. The
| ava tongue flowed seaward from the island as is evident from the bathy-
netric map, Fig.5-4 , of the survey area and it can readily be noted
that el evation decreases seaward from the source of the flow Stoker’s
anal ysis of the magnetometer data indicates that this flow may have
occurred sonetime prior to the Late Wsconsin sea level rise. Areas of
relatively low relief appear to have been filled with sand as is evident
in track record 14 fromthe 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 lowrelief is the poor penetration
achieved by the sub-bottom profiler. In other aré;s of the Al askan Shel f
good penetration has been achieved sing this same sub-bottom profiler,

where the sediment structure consists largely of silts and simlar £fine-
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grained material. The poor penetration realized fromthe 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 interpreted as sand
\WWhat are nost probably sand ripples have been noted near the end of

run 14, although reduction necessary to incorporate side-scan sonar

records in this presentation would make them al nost illegible.

Si de-scan sonar records of the overl appi ng passes of the
R/'V ACONA were synthesized into a photo mosiac which delineates the
maj or bottom features and visually portrays the general topography of
the survey area. The photo nmosaic facilitates interpretation on a
sectional level. Coupled with the geologic 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
model i ng of the outer continental shelf. Although the photo npsaic
provides a wuseful 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 pernmits one to focus special and
t horough attention to analysis of chart records on specific high

probability areas within a survey bl ock

As a supplenental aid for this level of interpretation, a
t opographic contour map (Fig. 5-4 ) has been prepared fromthe sub-
bottom profile records. This map has been extremely useful in relating
to phenomena such as conparatively stable beach |ines during periods of
sea level rise. Although sub-bottom profile data was used to generate

t he topographic map, a bathynetric sounder with chart recorder would
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serve this purpose better. CQur experience suggests that, if at all
possible, the sub-bottom ‘profiler should not be hull-nounted, for the
rocking notion of the ship in response to wave action creates dips and

peaks in the correspondi ng chart records.

The nagnetoneter records have al so been contoured in a
simlar fashion to the sub-bottom profile records. This technique
serves to lend interpretative strength at the section |evel of analysis
by aiding in delineating geonorphic features such as |ava flows,
morai nes quarried fromigneous rock, w nnowed sands, etc. The nagneto-
neter may also assist in establishing minimumIlimting dates for some
geol ogi ¢ features through paleomagnetic dating. The effectiveness of
magnet oneter surveys in detecting historic site renmins such as ship

wrecks, in other study areas, has already been denonstrated.

Three anal ytical nethods have been devel oped for sectiona
anal ysi s: (1) photo nosaic of the side-scan sonar records, (2) contour
map of the bathynmetric data, and (3) contour map of the geonagnetic data.
These three analytical tools facilitate analysis for |ocating high
probability locales wthin 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, sedinent structure, and
little magnetic variation. In addition, it cannot be overstressed that
none are a substitute for thorough exam nation of the original chart

records in attenmpting to |ocate evidence of former human habitation

The final analytical stage consisted of a detailed review of

the chart records fromall three instruments, which bore particular
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focus on loci within the survey area which denonstrated particul ar

t opogr aphi ¢ characteristics whi ch were considered of higher archeol ogica
site potential than other areas. Data quality was checked by conparing
data from both the side-scan sonar and sub-bottom profiler to determ ne
if specific features interpreted fromthe records could or could not be
verified éy the records of the other instruments. Through interplay and
interpretation of these two instrunents, with a constant eye on data
quality, loci of higher probability than surrounding areas were

t horoughl y exami ned- No anomolies Which could possibly be interpreted

as evidence of former human habitation or ship wecks were discovered.
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MAGNETOMVETER RESULTS

Sam w. St oker
Upon conpl etion of the nagnetoneter survey as described in

the Resumé of Field Operations section of this report, the nagnetoneter
chart graph was returned to Fairbanks for analysis. At the University
of Al aska, Fairbanks, a grid mas.drafted representing the one square
mle survey tract, with data points the equivalent of every .1 mile

al ong each of the horizontal, vertical, and transverse survey lines.

Val ues as interpreted fromthe magnetometer chart were then transferred
to appropriate data points, and iso-magnetic contours drawn in with 100

ganma contour intervals (Fig.5-6 ). Contour lines are, of course, open

to interpretation.

The results of this contouring indicate an alternating sequence
of total field intensity high/low values aligning along the general NS
magnetic axis. As nay be seen in Fig. 56,there is a high of 1600~
1800 ganmas in the southwest corner, followed by a |ow 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 bathynetry as evidenced in Fig. 5-6 , with
magnet onet er val ues being influenced both by the mass of the substrate
formation and by the changing water depth. As is apparent from overlaying
t he magnetometer and bathymetric charts, the steep magnetic contours
between the central |ow and northeast high line up approximately wth

bathynmetric contours along the |eading edge of th& bathynetric formation

Indications are that this bathymetric formation is an ancient

lava flow of reverse polarity, probably exceeding 300,000 years in age







240.

(personal comunication with bDr. David Stone, Geophysical Institute,
University of Alaska). The high in the southwest corner of the quadrant
is partly a reflection of the shallowi ng depth, although it may also
i ndicate a successive lava flow near the edge of the survey grid in that

corner.

No magnetic anonalies appeared which mght indicate sunken

ships or other historic cultural resources.

B - L e o o R £t P AT S T AT N MRS ¢,
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RECOMVENDATI ONS FOR PROCEDURE AND EQUIPMENT T0 BE EMPLOYED

Based on the experience gained through this survey it seens
justifiable to say that, with some nodifications, investigations of this
type are feasible to performin the Bering and Chukchi Seas and possess
potential for positive results in the area of marine survey archeol ogy.
Recommendati ons for nodifications in procedure and equi pnent apply to
navi gation requirenents, sub-bottom profiler usage, side-scanning sonar
met hods, and magnetoneter usage. Each of these topics wll be discussed

separately.

(1) Navigation

No presently established system of navigation covering the Bering
Sea, much |ess the Chukchi, permts the accuracy necessary for surveys of
this type. 1In the Bering Sea, Loran-C coverage is available over all
of the continental shelf, but permits accuracy, in general, of no better
than one-half mile. Satellite navigation is also available, but pernits
accuracy of only one-quarter mile, with fixes every 90 minutes. In the
Chukchi Sea, only satellite navigation is available. For surveys requiring
greater accuracy, such as the type under discussion here, some alternate
system usi ng shore-based transmitting stations is essential. Sufficient
accuracy can be obtained through nmultiple fixes with the satellite navigator,
but such a procedure would be so cunbersonme and tine-consunming as to be

al nost out of the question. ...

The system used for this surrey, Decca Trisponder, pernitted

3 neter accuracy at a range of up to 80 xm, and was found to be convenient
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to use and highly satisfactory in all respects. For much of the Bering/
Chukchi shel f, however, this range would not be sufficient, necessitating
a nmore powerful system such as the Decca Hi-Fix/6, with a range of 300 km.
Even this range, in sone areas, would not be sufficient. Cost of equipnent

and effort of installation increases greatly w th output power demanded.

Al'so, for nost of the coastal area and islands in the Bering/
Chukchi there are not sufficient geophysical markers for convenient |ocation
of these transmitters. In such cases, it would seem reasonable to sacrifice
absol ute accuracy for relative accuracy, to establish the transmtters on
rel ocatabl e monuments set up for that purpose even though such monuments
may not be referenced to geophysical markers of known absol ute position
This practice was undertaken for the study just conpleted, the feeling
being that what is required for surveys of this nature is an ability to
rel ocate any specific bottom feature, not absolute positioning. However,
if this nethod is adopted, description of the |ocation of shore stations
shoul d acconpany the survey report. In addition, the |ocation 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 the
most efficient method of conducting the fieid surveys. Wen positioning
by means of shore-based transmitters, it is often nmore efficient to hold
the survey course at a constant distance fromone of the transmtters. This
woul d result in curved tracts, the degree of curvature dependent on the
di stance from one of the transmtters, but would result in no sacrifice of
accuracy or coverage providing the spacing of each tract is close enough to

ensure overl apping side-scan coverage. such procedure woul d have the advantage
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of dispensing with conplicated course and distance cal cul ati ons and woul d
greatly sinplify procedure in general, zarticularly when operating off
tenmporary nonunents of uncertain absoluzz position. However, this

t echni que could make analysis of the records nore difficult. For exanple
a curved track would create greater side-scan coverage on the outside of
each track than on the inside. Also, it would not provide the reverse

i mage of the same object(s) recorded on the next consecutive survey track
Generation of such analytical aids as contour maps and photo nosaics could
prove extrenely tine-consunming. If this survey technique were employed,
it mght greatly facilitate Eield survey, but on the other hand could

greatly conplicate analysis pf the records.

(2) Sub-Bottom Profiler

Several problems and shortcom ngs were encountered with the
acoustic sub-bottom profiler used in this survey, some of which were due
to the type of instrument and nounting used and sone of which were due to

substrate encountered.

The instrument used for this survey was of relatively low
power and was side-nmounted on the ship. Due to the rolling notion of the
ship, this side-nounting practice was Discovered to be a di sadvantage,
resulting in oscillations on the graph corresponding to the ship's notion
Thi s does not seriously inpair results, but it is an inconvenience. It
is recommended, therefore, that future operations be conducted with the
transducer mounted on the keel to minimize the ship's notion effect or,
better yet, towed astern. In addition, the substrate encountered {(pro-

bably coarse sand) was of such reflectivity as to prevent desirable
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acousti c penetration. An instrument of increased power mght overcone

this problem though it is recognized that acoustic penetration difficulties
are encountered over much of the Bering shelf (personal comrunication with
Hans Nel son, u©.s.G.s., Menlo Park, Californial] . This instrument has per-

formed quite capably in areas of less reflective substrate.

Sharma (personal conmmunication) has indicated that possibly
90% of the floors of the Bering and Chukchi Seas are covered by sand,
thus posing the problem that highly reflective sediments will be encountered
in nmost marine archeol ogi cal surveys on the outer continental shelf.
Consequent |y, penetration by npst commercial instruments will be poor
Sharma has further indicated, however, that sone private conpanies have
devel oped instruments of higher resolution capable of penetrating sand
and defining subsurface anomal ous sand bodies. We are aware that the
t echnol ogy enployed in marine archeol ogical surveys is in its infancy and
rapi d devel opments are taking place which will, in the near future, greatly
increase the capability of these geophysical instrunments. Consequently,
the industry should denonstrate “state of the art” capability in conducting
marine archeol ogi cal surveys, for rapid technol ogi cal change will soon

make the specific instruments used in ‘ibis study obsolete

(3) Side-scanni ng Sonar

The sonar performed very well after sone initial difficulties.
The main probl em encountered was keeping tre fish depressed and at constant

di stance fromthe bottom at mninumship's forward speed of four knots.

For surveys oOf this nature, particularly when conducted over uneven bottom

it would be very desirable to use a sonar fish which has constant depth
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moni toring and control

(4) Chart __ Speed

It is reconmended that the chart 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 conpatible with the other. A chart speed of 1.5 inches per mnute

was used for this survey and was found to be quite adequate.

(5) Magnet onet er

The only recommendati on regarding the nagnetoneter applies to
its usage. It is felt that subnmerged aboriginal sites in this area would
not provide any magnetic anomaly sufficient to register on the instrunent.
However, the magnetoneter has demonstrated its useful ness in other study
areas (the Gulf of Mexico) by detecting conparatively recent historic
cultural resources, i.e., shipwecks. For this reason alone, the
magnet onet er shoul d be retained as an integral part of marine archeol ogica
surveys. As has been denonstrated in ‘this report, it may also be useful

i n paleogecographic reconstruction and paleomagnetic dati ng.

General Comments

When conducting surveys such as that just conpleted, using
magnet oneter, side-scanning sonar, and sub-bottom profiler, it is recom
mended that all instruments be operated sinultaneously along the survey
tracts for purposes of correlation of results. Ships utilized should

have towing and rigging capabilities compatible to such activities.



I't should be kept in mnd when working at sea in the Bering/
Chukchi that this is an area notorious Zor bad weather, poor visibility ,
strong winds and currents, and sudden storms, all of which serve to decrease
efficiency conplicate navigational difficulties, and increase the anount
of time necessary to acconplish desired objectives. Any ship used in this
area should be of sufficient size and capability to withstand predictable
storms, should be highly maneuverabl e in order to acconplish the required
navi gational feats, and should be capable of maintaining herself at sea
for extended periods. All of the continental shelf on the Bering and
Chukchi is subject, in addition, to seasonal pack ice and is unworkable

by all but ice-reinforced vessels from Cctober through early June.
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Appendix Il (Reconmmrended mini num Survey Requirenents to Protect
Cul tural Resources on the Alaska OCS) represents a nodified and slightly
altered docunent drafted by the National Park Service (after receiving
input fromrepresentatives of private industry, BLM OCS officials, and
menmbers of the Society of Professional Archeol ogists) during a week |ong
meeting held in Austin, Texas, during the summer of 1976. It represents
pr of essi onal consensus as to what |levels of data quality and professiona
standards are necessary to insure that marine archeol ogi cal surveys, analysis,
and report generation are meani ngful endeavors which achieve the objectives
expressed in regulations which require them

Cultural resource survey stipulations becone meaningless if the quality
of the data secured fromthe survey is so poor that accurate interpretation
is inpossible. If the professional standards of the archeol ogi st anal yzi ng
the records are so low that the presence of anonalies are overlooked, the
survey effort is wasted. In addition; there exists an inherent danger in
the analysis of marine archeol ogi cal survey data that the archeol ogi st
responsi ble 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 archeol ogists
anal yzing 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
inthe past, it is quite possible that as the tenpo of OCS devel oprent
i ncreases this problemnay becone very real. Hence, it is appropriate and
tinely that regulations simlar to those outlined in Appendix Il be

impl emented for marine archeol ogi cal surveys.
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Areas Recommended for Survey

The di scovery of any submerged aboriginal archeol ogical site
on the Al askan outer continental shelf would be a breakthrough of profound
scientific significance. Such a discovery would require a rethinking of
t he prehistory of North America and could quite possibly necessitate a
restructuring of global prehistory, depending on the age and |ocation of
the discovery. There can be little question that such significant
cul tural resources should be preserved for professional scientific
investigation. Marine archeol ogi cal surveys are feasible for the Al askan

outer continental shelf.

Based on the experience of this study, the attenpt to docunent
Pl ei stocene-age archeol ogical sites on the outer continental shelf is an
extrenely difficult and time-consunming task. The effort, danger and
expense required to undertake such surveys are considerable. To initiate
a marine archeol ogical survey in every |lease area in the Bering and Chukchi
Seas is unrealistic, for in nost areas the probability of encountering
subnerged archeol ogical 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 that marine archeol ogi cal surveys
be conducted in high probability areas on the outer continental shelf.

Hi gh probability area maps are included in the Appendi x.
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TERRESTRI AL ARC- GEOLOG CAL SURVEY OF ST. ¥ATTHEW | SLAND

E. Janes Di xon, Jr.

An archeol ogi cal survey of St. Matthew |sland was executed
July23through July 31, 1976. The Island was selected as a test area
based on a nunber of considerations. The st. Matthew area had received
a very high probability rating during the Phase | analysis. In addition,
according to what little historical information is available for the
Island, it has received |ittle human activity during historic tines.

It was felt that this fact woul d greatly enhance our ability to detect
early man sites, for archeol ogical remains from |ater periods would be
mnimal --thus not masking earlier cultural remains. At the tine of

Russi an contact, the Island was uninhabited. Finally, it was felt that
because no archeol ogi cal survey of St. atthew had ever been conduct ed,
any discoveries on the Island would, in themselves, provi de a-significant

contribution to the scientific conmmunity.

On July 18 the field party attenpted to reach the Island in
a Super-Wdgeon, a twi n-engine anphi bious aircraft, but heavy fog did
not permt a landing. Although Pinnacle Island was sighted through the
fog, St. Matthew itself renmmined obscured. The aircraft renmmined in the
vicinity of the island for approximately one hour hoping to find a
hole in the fog and achieve a landing. Anxiety over the fuel supply as
wel | as the gnawing fear that nuch of St. Matthew's coastline consisted
of thousand-foot cliffs rising directly out of the ocean, resulted in a
unamious decision to return to Nunivak Island and wait for a change in
weat her conditions. The field party was weathered in on Nunivak Island

between July 18 and July 23.
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The second attenpt to reach the Island on July 23 was
successful and the Super-Wdgeon set down on Big Lake, |ocated on the
east central side of the Island, and a base canp was established near
its margin. The £ield party divided into three separate survey groups.
Guthrie and Mrris surveyed an area north of the base canp, while Stoker
surveyed to the south. Bacon and Di xon surveyed the |large central wvalley
whi ch dissected the Island fromeast to west. All parties departed the
base canp on the norning of July 24 with the understanding that such areas
as natural |ookouts, possible interception |ocations which mght have
been advantageous in hunting terrestrial animals, caves, rock shelters,
lithic outcrops suitable for tool manufacture, and natural exposures
such as stream or beach cuts and bl owouts were to be given specia
attention. It was felt that habitation sites situated aleng the coast
woul d 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 al so recognized that marine erosion of Quaternary sedi-
nents along the coast might provide natural exposures suitable to our

survey interests.

Stoker’s and cuthrie'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 sStoker
as best as is possible at a scale of 1:250,000, which is the
only map scale available for the Island. Figure 6-3 illustrates the test

pit locations.

Survey conditions were poor for, comparatively speaking, the
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Island in general |acks Pleistocene deposits suitable for archeol ogica
preservation. Although the larger valleys have accumulated Quarternary
deposits, nobst elevated areas consist of pavenents of frost-spalled rock
Attenpting to | ocate stone artifacts in this extensive junble is not only
a frustrating, but futile experience. Natural agents have produced
literally millions of "naturefacts"”, many of which bear an uncanny

resenmbl ance to tool forms characteristic of known |ate Wsconsin archeo-

| ogi cal assenmbl ages, such as bl ades and flake cores. However, the context
of the St. Matthew speci mens npst surely indicates that they cannot be
attributed to former human occupation of the Island. It was inpossible to
ascertain prior to the archeol ogi cal survey, due to the paucity of
information relating to the Island, that the depositional situation would

not be conducive to preservation and detection of archeol ogical remains.

The | ack 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 popul ation 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 organi ¢ remains.

The survey method consisted of a foot traverse along the
margi ns 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 conparatively flat surrounding plain. Such
an ecol ogical situation would nost probably have funnel ed large mammal
novenents through it, thus presenting suitable ambush situations for

early nan. In addition, according to Patton et al. {1976:69) (Fig. 6-4 },

o S A e
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the valley has been filled with Quarternary deposits, thus offering sone
possibility for organic preservation so noticeably |acking in adjacent

areas of higher el evation.

Food, fuel, canmping gear and excavation equi pnent were back-
packed. Al test excavations were troweled until either bedrock, ground
wat er or permafrost made further excavation inpossible. all test pits
were backfilled followi ng excavation. Although one historic site, the
remai ns of what appeared to have been a lean-to (Fig. 6-5 ) which probably
dated to the 1944 U. S. Coast Quard occupation of the Island was discovered,
all test excavations were negative and no evidence of prehistoric hunan

occupation of the Island was discovered.

Of interest, however, was a ventifact |ayer 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. ILoess
deposition was negligible, thus possibly indicating that during Pleistocene
tines St. Matthew Island was not situated close to a source area, such as

an outwash plain, fromwhich wind-blown silts could have been derived.

The survey proceeded al ong the south flank of the valley
and test pits were excavated (Fig. 6-6 ) at proninent overlooks and near
the margins of bedrock outcrops. The survey of the south side of the
val ley was terminated at Sugarloaf Muntain where the wvalley neets the
ocean. The beach erosional face was then inspected for possible evidence
of human occupation and Pl eistocene fossils. In addition, stream cuts
through the eroding eastern beach were inspected. One possible archeol ogica
site was discovered along the southern end of the beach near Sugarloaf

Mountain. This find consisted of a log protruding fromthe cutbank which
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Fig. 6-5. Renains of a |ean-to, probably &ating to U.S. Coast Cuard
occupation, 1944,
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Fig. 6-6. Test pit excavation, interior St. Mtthew Island.
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had a piece of baleen lying directly on its upper surface. Bedding above
the log in the exposed section indicated that the specinen was no doubt
in situ and had remained so for sonme time. Test excavations were
attenpted, but the frozen bank made perstration of nobre than a few centi-
meters inpossible. The surrounding area was exanmined for artifacts which
may have been di sl odged fromthe bank through wave erosion, however, a
large snowice lens directly seaward from the exposure greatly reduced
the area available for examination. The log denonstrated no evidence,
such as adze narks, of having been culturally nodified. A sanple of the
bal een was collected. It is inpossible toc ascertain whether this uncanny
associ ation represented evidence of human occupation of the Island, or
was a rather fortuitous and sonewhat unlikely natural depositiona
situation. This “site” is depicted in rigs. 6-7 and 6-8. Whatever the
case, the site nost probably dates to sometime after approximtely 4,000
B.P. when sea level reached its present height and consequently contributes

iittle to denonstrating Pleistocene occupation of the Island.

The survey proceeded from this | ocation along the entire
| ength of the beach northward to a large lagoon adjacent to the abandoned
U S. Coast Cuard station. The deposits exposed in the beach cut appeared

to become nore contenporary along the northern portion of the exposure.

The survey of the wvalley was concluded by traversing the
southern flank of an adjacent valley, once zgain testing in areas of high
probability. The survey team then crossed back into the main valley near
Big Lake and returned to the base camp via the adjacent series of beach
ridges on the north shore. Because July 27 had been established as the

time at which the air charter was to initiate attenpts to reach the Island
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Fig. 6-7. Log and Bal een exposed by beach .erosion.

e ey e e e E e ] P et e e e A T G L e SR — - aa b A mmeascen i



Fig. 6-8.

C ose-up of

o SRy
L
=

3

| og zné bal een in situ.

260.




261.

and evacuate the project personnel, we were restricted during the remaining
days to conducting testing” near the base canp, for it was inperative that

the crew not be scattered if the aircraft should arrive. During this
three-day period, additional test excavations were conducted with negative
results. Two historic semi-subterranean “trappers’ cabins” were noted

along the extreme southern extremty of the beach ridge sequence adjacent

to Big Lake. ©Nearby the remmins of a handnade boat wi nch were |ocated on the
nmost recent beach ridge and were no doubt contenporaneous with the two

col | apsed and abandoned cabins. Al though the beach ridge sequence was

not surveyed, it is possible that this area could prove productive with

t he acconpanying benefits of relative dating of the beach ridges. In
addition, it was noted that the formation of these beach ridges has not

al ways been consistent with the present pattern. The alignment of the

beach ridges clearly indicates that they may provide a useful tool in

pal eoenvironnental interpretation.

The fact that the terrestrial archeol ogical survey of St. Mtthew

Island did not produce evidence of human occupation of this high probability
area during Pleistocene tines is not accepted by this researcher as a
definitive test of the Phase | probability nodeling for the follow ng’

reasons: (1) Adverse weather conditions limted the survey duration to

only three full days in one of the nbst prom sing areas of the island;

(2) the gepositional situation on the Island was not conduci ve to preser-
vation of organic archeol ogical remains, and (3} the huge areas of frost-
spalled rock in areas above the valley floor made detection of lithic
artifacts extremely difficult. 1In conclusion, it is inpossible to state,

on the basis of this survey, that the area was uninhabited during Pleistocene
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tines.

One final note should be adésé to a summary of the archeo-
logy of St. Matthew Island. The University of Al aska Museum houses a
collection of artifacts fromthe Island which were donated by Dr. Klein.
This assenblage is either early historic or late prehistoric in age.
Al though no historic artifacts are in ths collection, it does contain
aboriginal ceramics which are easily recognized as very |ate Eskino.
It is quite possible that this collection =may document- prehistoric
occupation of the island, but the obviously recent age of the assenbl age

does nothing to support Pleistocene occupation of the island.
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TERRESTRI AL ARCHEQLOG CAL survey OF ST. MATTHEW ISLAND

Sam W St oker

St oker’s planned route to the south end of the Island and
Cape Upright lay along the crests of the rather junbled ridge and valley
conpl ex 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 w nds
had increased to 40 to 50 knots, still from the south and sout hwest,
and fog had greatly increased in density. The resultant very limted
visibility made it virtually inpossible to maintain a selective route,

and contributed nmuch 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 extrene, w th w nds
estimated at 70 knots fromthe south and with very dense fog. In view
of the wind conditions and the unsheltered nature of the southern flats,
and due to limted visibility? which offered to make descent onto these
flats very hazardous, it was deci ded to abandon the venture to Cape
Upright and return to the relative shelter of the central valley. After
some travail and neandering in the fog, the south slope of this centra
val l ey was reached about 7:30 p.m  The wind was decreased toc 20 to 30
knots here, and the fog thinned to pernit relatively good visibility

(greater than 100 feet). The mmin canp on Big Lake was regained by 9:30 p.m



The terrain along the route covered (Fig. 6-2 ) consisted,
with the exception of the first and |ast few miles along the valley fl oor,
of a confusing (in the fog) ridge and stream wvalley system The ridge
crests were primarily of bare, broken scres. The hillsides were of
simlar broken scree, extensive steep talus slopes, and unstable areas
of loose nud and rock. The stream valleys, those which were blundered
i nadvertently into, were marshy grass interspersed with patches of muskeg
swamp . No caves or rock shelters were found, nor hopeful natural exposures.

Visibility at all tinmes was extremely limted, usually to under 50 feet.

On the north-facing southern side of the central walley severa
interesting disruptions of the normal contour of the slope, consisting of
shal | ow depressions, were observed and investigated, and four shall ow
test pits dug. It was concluded that these apparent anomalies were

however, natural results of frost and ground water action

On the morning of the 25th, Stoker departed the main canp
again, this time follow ng the beach line nerth to the north side of Big
Lake and thence west along the lake margin to the western side of the island.
Weat her on this day was much improved, with winds 10 to 15 knots fromthe

south, intermttent fog above 100 feet, and occasional glinpses of the sun

Several likely-Iooking locations were observed al ong the
foothills near the north margin of the lake, from where game herds m ght
have been intercepted, but no evidence of occupation was discovered.

Four nmore test pits were dug in apparent anomalies such as had been
investigated the day before but they, as the previous ones, were determ ned

‘co be the result of natural soil mechani sns.
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From the northwest corner of Big Lake, Stoker skirted the north
side of the adjacent snaller |ake, crossed the flats to the western beach
and followed this beach line north to the abandoned Coast Cuard station
in the foothills northwest of the central valley. The western beach
line provided a cutbank of up to several neters in height, but no evidence

of human occupation or aninal remains were observed in this exposure.

Canp was made the night of the 25th-26th in the abandoned
Coast Q@uard station. A bl own-down wooden cross was found on a bl uff
abvove the Coast Cuard station, apparently a grave marker, with the
inscription "Etiuri”. Weathering had obliterated other witing on the

nmar ker .

The morning of the 26th Stoker retraced his previous evening's
route back south along the western beach, net with Dixon and Bacon at
their night’'s canp in the northwest corner of the central wvalley (Fig. 6-1)
and proceeded fromthere back south along the beach to the foothills and
t hence along the southern side of the central wvalley to the main canp.
Several |ikely-looking areas were investigated, but no evidence of hunman
occupation was discovered save for the remains of an apparent trapping
canp of relatively recent age (Fig. 6-5 . The main canp was regained
that night by Stoker, Dixon and Bacon, by separate routes. The weat her

on that day was good, with light winds and intermttent sun.

Terrain along this two-day route consisted of gentle hills
covered by the ubiquitous |oose scree, flat grasslands varying from semi-
dry to marshy, arid areas of nuskeg swanp. Several small streans were
crossed in the central valley, none providing cutbanks of any |asting

i nterest.
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The only other excursion of any length undertaken by Stoker was on
t he 29th, when an attenpt was nmade to | ocate possibie outcrops of workable
lithic material (jasper and agate). ©Pebbles of this material were commonly
seen on the eastern beach. diffs and rock outcrops on both the northern
and southern ends of the beach were investigated, and it was concl uded
that such material, the jasper and agate, at | east, probably did not occur
in concentrated deposits but was eroding out nore’ or |less at random from

pockets in the country rock of the cliff faces.

No live nmarine mammals were observed on the beaches or at sea
along these routes, though poor visibility nade observations difficult and
often inpossible. Several skulls and assorted bones of large baleen
whal es were encountered on both the eastern and western beaches of the
central valley. Al were badly weathered, indicating exposure for at
least several years. Wathered bones of one wal rus {Odeobenus rosmarus
divergeins) were found on the southeast beach of the central valley, and

relatively fresh bones of another on the northeast beach.

U o et e [ T - L e e e e 2T s s ket e et ey wae o et
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A SURVEY FOR FOSSIL TERRESTRI AL MAMMALS ox ST. MATTHEW ISIAND
by Russell D. Guthrie

Being the major interruption of the now subnerged plain between St.Lawrence
Island to the north and the Pribiloff |slands to the south, St.Matthew |sland
is alikely focal point for investigations of Pleistocene mammals in Beringia.
Because it was a series of |ow nmountains on a nonotonous prairie it would

very likely have been an area well used by large mammals. There are a nunber
of aspects which suggest this. Ungul ates often seek topographic relief,
because of the variation in plant maturity - alsoc to escape insects, and to
use as a visually obvious traditional breeding or calving ground. It would
have served as a major hibernation location for bears and a sumer dJdenning

ground for lions and wol ves

As there had never been a paleontological search for fossil mammals on
St.Matthew, prospects seemed likely that there would be suitable deposits.
Qur survey turned up neither suitable sedinmentary deposits nor Pleistocene

remai ns of mammal s.

There was only a very thin mantle of silt, usually forming a nmatrix 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 nunber of streaqs_mere checked for
possi bl e erosion cutbanks and no |ikely ones were found. Unlike the
continental area of Northwestern Al aska there were no seacliffs of

Pl ei stocene sedinments. The sea cliffs were all rocks of volcanic origin.
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Literally thousands of bones Were examined Scattered in the gullies and along

the beaches; however, these all were either reindeer (Rangifer tarandus) or

sea mammals. During World War || the navy released a small herd of reindeer

on the i sl and. The herd expanded to 6,000 animals and crashed (Kl ein, 1973} .
Their bones, in various degree of decay, iitter the island. Likew se, over the
years carcasses of dead floating sea mammals have washed onto the beaches and

deconposed | eaving their bones scattered along the sand-gravel beaches.

The Island is mountainous. Not only the tundra vegetation cover but the genera
preponder ance of boul der pavenents and bedrock features near the surface and the
virtual absence of eclian deposits on the island suggest the possibility that
the rivers fanning out across the outer continental shelf were well enclosed

W th banks and not braided in a |ong broad delta which woul d have been a source

of loess deposits throughout the area.

AREA SURVEYED

On its northeast side the Island has three major lakes separated from the

sea only by a stern beach ridge of gravel. These cut-off |agoons mark the
outer margins of the area which we surveyed - essentially the central two-
thirds of the island. Both sides of the island within this segment were

wal ked, as were several of the interior drainages. A team of two backpacked
their canp over this area for a period of four days and then worked out of base

canp on Big Lake for three nore days.
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RECENT MAMMVALS OBSERVED

There was a popul ation high of the island’s only small nmanmal ., Microtus
abbreviates. These voles were al nost everywhere in great numbers. They
occupied virtually all habitats. Wile hiking around the siland their singing
vocal i zati ons were constantly ia the background. As many as thirty aninmals

were seen at one tinme.

Wi te foxes (Alopex lagopus) were al so common, probably as a result of the

| arge nunbers of voles. Two phases are present on the island - whites and
blues. In sumrer coat the whites are a dirty brown trimmed in |ight buff.
The summer coat of the blue phase is a dark grey. The frequency of the phases
on the island is probably close to50:50-o0our counts were 16:14 whites to
blues. Several dens were seen. Al had pups. W counted six pups at one
den. The pups were quite small wei ghing about 3 pounds. They could be run
down and caught they were so young. This is well behind Arctic fox

devel opnent described for other areas

Whal es, probably gray whal es (Eschrichtius glaucus), were seen feeding off

the coast of the middle |ake 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. W did not get to the eastern end of the island which he
described as summer range. However, we did see nunerous tracks and faeces
and observed five bull reindeer over the ridge east of Big Lake. Undoubtedly
there were nales remaining in 1966. The herd seens not to have increased

greatly due to the alnpst total annihilation of |ichens fromthe earlier
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popul ation peak in the 1960's. Lichens normally formthe bul k of reindeer

winter diet. The reindeer do, however, seem to be surviving at the level of

a few dozen. The bulls were healthy and fat - just as large as Klein had pictured
before the crash. The antler devel opnment was enornous also, suggesting a

heal t hy popul ati on.

BIRDS OBSERVED

Klein (19S9) gives a conplete list of the birds on the island. W observed

all the birds seen by his survey except the redpoll, Pacific fulmar, and

whi stler swans and black footed albatross. Beals (1944) describes several
other birds on the island. W saw all of these except for Golden plover, snowy
ow , red-breasted meganser, and rosy finches. In addition to their lists we

observed semipalinated plover and the continental snow bunting.

Klein (1959) lists the nunber of bird species. Althouch we did not attenpt
actual counts we did notice marked qualitative changes from the proportions
that he observed. | 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

t housands.

.2. He found fewer Al eutian sandpipers than red-backed sandpi pers,
we found the reverse.

3. ge found tufted puffins nore common than horned puffins, while
we saw t housands of horned puffins but only a few tufted puffins.

4,  wWe found more glaucous gulls than did Klein.
5. W found nore ruddy turnstones than did Klein.

6. All three species of jaeger were very abundant with long-tailed
j aegers nost comon.

7. Eiders were nore rare than what hs observed.
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an 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 |arge nunbers of jaegers and
gl aucous gulls can be accounted for directly on the basis of the food source.
The sunmer of 1976 coincides with a vole-lenm ng high across northern and
western Alaska. These 4-year cycles result in a synpathetic cycle of avian
mouse predators. Most of these avian predators are migrants and probably there
is aspill over into northern islands fromthe mainland. The vole cycle on

St.Matthew nmay be an artifact of the microtine cycle on the mainland.

The increased numbers of wvoles probably changes the habit for birds and nost
surely the presence of the avian predators, fromthe [ enmm ng popul ati on high

have a differential effect on various species of birds.

1t | ooked to us as if there were the continental snow buntings in addition
to MKay's snow bunting. The latter was subordinate to the former on the

beaches.

The genetic-specific nanes for the bird species nmentioned in this section

appear in Klein (1959).
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APPENDI X ||

M N MUM SURVEY REQUI REMENTS TO PROTECT
CULTURAL RESOURCES ON THE ALASKA OCS

Several legal instruments bear upon the treatnent of cultura
resources on the Quter Continental sheif (OCS). Those directly related
to their protection are: The Antiquities Act of 1906, Historic Sites
Act of 1935, National Historic Preservation Act of 1966, Nationa
Environnental Policy Act of 1969, Executive Order 11593, OCS Act of
1953 and 36 CFR 800. To satisfy these requirenents, recent OCS |eases
i nclude a stipulation concerning archeol ogi cal and historic resource
(cultural resources) surveys. Should such an archeol ogical survey be
required in the | eased area, or area sought for permt, the follow ng
m ni mum survey requirenments are recomended. It is recomrended that ful
surveys shall be conducted on those areas of proposed bottom di sturbance
identified on the current Bureau of Land Managenment OCS office cultura
resource nap as being an area of high probability. If any cultural resource
is discovered during the conduct of operations on any |ease, these should
be reported inmediately to the U S. Geol ogical Survey (USGS) supervisor
and every reasonable effort nade to preserve and protect such resources
from damage until the supervisor has given directions as to its disposition
Prior to drilling ox coring operations or the installation of any structure
or pipeline, the |essee should be required to conduct a (high resolution)
renote sensing survey in the immediate area to determine the possible
exi stence of cultural resources. These cultural resources nay be
i ndi cated by geophysical anomaly records, historical records or the
reconstruction of the total pal eo-environmental setting which nmay be

indicative of aboriginal sites. Evaluation and synthesis of data for



probability of cultural resource existence should be performed by.
persons qualified at | east according to the standards for “marine
survey archeol ogist” of the Society of Professional Archeol ogists.

Such data and synthesis should be submitted for review to the USGS
supervi sor and the Manager, Bureau of Land Managenment c¢cs of fice.

The foll owi ng m ni num equi prent and operating standards (representative
of the state of technol ogical developnent) are recommended and in
performng surveys. As new survey techniques, are develeped, parti-
cularly for aboriginal sites, these should be incorporated into the
field survey process on an as needed basis.

1. Magnetoneter - Total field intensity instruments should be

required. Sensors towi ng height should be less than 6 met:rs above the
bott om wherever possible. Depth of sensor should be deterrined by sensing
device using a single channel recorder. Sensitivity should be a m ninum
of £ 1 ganmma.  Noise | evel should not exceed + 3 ganmmas. Interference
(single spikes should be 1ess than 5 spikes every 10 minutes. Dual scale
continuous recording should be utilized with one scale at 10 ganmas and
the other at 10 or 1000 gammas. It is recommended that chart speed be, at
a mninum 4 inches per mnute. The cycle rate should be i pexr second

unl ess another rate is necessary to naintain the required scnsitivity.
Survey speed shoul d be conputed so as to obtain continuous coverage without
the existence of nmagnetic voids between pulses, Cable length should be
sufficient to place the sensor outside the survey vessel’s gradient and
within designated proxinmity to the bottom Cable length and | ength of

boat behind antenna should be recorded

2. Dual Side Scan Sonar - One hundred percent coverage of the sea

floor at a range scale width not exceeding 150 neters per side in the



proposed area is needed. Tow height above bottom should provide optimm
seafl oor detail. Vertical beamw dth should be appropriate to the water
depth and horizontal beamw dth shoul d provide optinum resol ution.
Tuni ng shoul d be appropriate to enhance the return from smaller nearby
objects and still retain acceptable returns from nore distant targets..
Cross talk should be minimzed to less than 20 percent conparative
shadi ng density on the opposite trace. Record annotation should be
perforned 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. Al anomalies should be
cross-annotated with the other equi pnent being used. Sensor |ocation
relative to the navigation antenna should be recorded.

3. Sub-Bottom Profiler and water Depth Recorder - For shall ow pene-

tration, the acoustic source should provide a pulse of an energy |evel and
frequency so as to resolve targets on the order of one to two neters

di mensi on occurring within the upper 15 neters of sediment. Tow speed

and pulse timing should be conputed so as to provide 100 percent along the
survey track. Mninumrecorder sizes should be adequate to provide full
second or 1/2 second scale. An analog recorder should bha used for bathymetry.
Sensor location relative to the navigation antenna nust be recorded.

Any equi pnment record containing noise sufficent to mask valid data
shoul d be the cause for the USGS supervisor to reject that data.

It is recomrended that the use of optional tools and methods such as
underwater TV, still or novie caneras, divers or subnersibles, be encouraged
in high probability areas where direct physical evidence or renonte sensing
data strongly indicate the presence of cultural resources. Any engineering

cores containing Wsconsin or Recent sedinents should be sade available for



the archeologist's inspection. These data should be eval uated for
evidence of cultural resources, such as stratigraphic anomalies, charcoa
flecks, bone fragments, or other detritus which may be attributable to
former human occupation or land use of the survey area

Navi gation for the surveys should utilize a state of the art
continuous navigation systemw th a mimimum accuracy of + 15neters 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 (AC) and tied in with the same tine clock. Point spacing
should be at a maximum of 150 neters.

The survey should be run along parallel primary lines spaced 75 neters
in protected bays and inlets and 150 neters apart in nore open waters with
perpendi cular tie lines spaced 330neters apart in all cases. The magnet-
ometer and sub-bottom profiler should be run on all lines. The side scan
sonar may only be necessary on alternate primary lines and on all tie |ines.
The central tie line should be 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 due to the existence of high relief
bottom conditions. The choice of survey pattern should be explained within
the body of the report. The area surveyed should include 125 percent of the
area within which physical and/or |ong-term magnetic disturbance will occur.
Physi cal disturbance should include, but not be limted to, the area within
which drilling vessel anchors may be placed but nay not include work boat
anchors or sinmilar niniml disturbances.

Future prospecting for cultural resources with a magnetomneter nay
be precluded in areas within the OCS where devel opnent results in the

accunul ation of magnetic debris or the installation of cables, pipelines



and ot her such sources of magnetic signals or perturbation of the
natural magnetic field. Therefore, areas within such activities

will result in a long-terminpact should be surveyed. For pipelines
and cables, the line spacing should include a line along the proposed
center line with offset parallel lines at 75meter spacing sufficient
to enclose an area 125percent of the area w thin which physical
(barge of boat anchors) and/or |ong-term magnetic disturbance will
occur.

The sane grid spacing should apply whether the survey is done in
conjunction with a point location or is done for an entire tract. To
clear an entire tract, the area of a tract within its boundaries
shoul d be surveyed as well as that portion external to the tract but
wi t hi n which physical and/or magnetic disturbances, as defined above,
will occur. A marine survey archeol ogist should not be required to
be present on all survey activities. A renpte sensing equipment operator
must insure that the survey equiprment is properly tuned and records are
accurate, readable, and properly annotated. Annotation st:ould be made
at the beginning and end of lines showing anomalies or mc-netic val ues.
Annot ati on of records should include, at a minimum: (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 neise, and (C
anomalies from other instruments. The records should be iaspected by the
mari ne survey archeol ogist along with the renpte sensing <« uipment operator

who shoul d advi se the marine survey archeol ogist as to rc.crd quality and



anomaly occurrences. The narine survey archeol ogi st should have the
option to decline review of any or all survey producing data which are
technically i nadequate to enable a reasonable professional judgement
concerning the presence or absence of cultural resources in the survey
area. Some exanpl es of inadequacy include, but are not limted to

poor record or data quality, inadequate coverage, inproper tuning or
sensor devel opnent, and unfavorabl e neteorol ogi c oceanographic or mag-
netic conditions. The total data should be naintained by the | essee and
shoul d be available to Bureau of Land Managenent and 11.S. Geol ogi ca
Survey upon request.

Survey Report

The archeol ogi cal survey report should include rvatuation of
appropriate geol ogical, geonorphic, historical, archiological and
other environnental factors, in addition to data generated specifi-
cally by the field survey. At a mininumthe report wbould include

1. Description of tract surveyed to include tract nunber, OCS
nunber, bl ock nunber, geographic area, e.g., Mobile South No. 1 Area,
and water depth.

2. Map (1" = 2000", or netric equivalent) of the |ease block
showi ng the area surveyed

Navi gati on post plot map (I” = 500", or metric eguivalent) of area
surveyed showing track lines and shot points with urTM x and y coordinates,
| atitude-l ongitude reference points, all located ancri:ies and al
i ndi cated pal eo-environnents possessing a high probability for

cul tural resource occurance.



3. A bathynetric map (1" = 500°. or metric equivalent) with vessel
tract lines, or an overlay showing vessel tract lines. Contour interva
shal | be appropriate to adequately reflect bottomterrain conditions.

4. Cassification of personnel and duties.

5. Survey instrunmentation, procedures and | ogs.

6. Narrative of sea state over length of survey (to include boat
si ze, neteorological conditions! neighboring vessels, and any changes
in these).

7. In all cases where an anomaly is encountered, the original of
all survey data for the line(s) indicating the anomaly should be
subnitted

8. Archeol ogical assessment. This should be a statement signed by
the marine survey archeol ogi st assessing the likelihood,? of cultural
resources being present. This assessnent shall include:

A Lease history and background.

i. oil and gas or other devel opmental activity on or
adj acent to the |ease
ii. known or suspected shipwecks or aboriginal sites;
iii. geological and geonorphic setting as related to the
identification of cultural resources; and
iv. projected late Pleistocene and Hol ocene adaptive
patterns of human settlenment drawn from adjacent |and areas.

B. Discussion of nethod.

i. surveying problems in either nethod of ingtumentation
affecting the archeol ogist’s opportunities to assess resoirces in

the area surveyed



ii. presentation of survey data relevant to identification
of cultural resources; assunptions and rational e 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.
Anomal i es shoul d be considered to be of cultural significance unless
unequi vocal contrary evidence is present; and

iii. where additional survey, i.e. , photo, television, diver
observation, etc. was, considered necessary, a general narrative
sumarizing this information shall be included

¢. Concl usions. -

i. identification of or statement of poi« :iai.for cultura

resources in the survey area; and

ii. reconmendations either for avoidance «x <t steps to
be taken to further identify the nature of electronic or-cther anomalies.
9. Copies of the cultural resources repori :hould bz submtted to

the appropriate offices of the US. Geological S.&ioy and Quter

Continental Shelf Ofice of the Bureau of Land s



