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Quaternary Correlations
across Bering Strait

Recent Soviet and American studies cast new light
on the history of the Bering land bridge.

D. M. Hopkins, F. S. MacNeil, R. L. Merklin, O. M. Petrov

The broad continental shelf extend-
ing beneath the Bering and Chukchi
seas from Siberia to Alaska holds
great interest for biogeographers. It
has been the site, repeatedly, of a land
connection, and thus of a migration
route for land biota between Asia and
North America; and when this land
connection has been interrupted, as it
is at present, the resulting seaway has
been an avenue of migration for ma-
rine biota between the North Pacific
and the North Atlantic oceans (7).
Knowledge of the history and past en-
vironments of land bridges and sea-
ways in this area must be sought
largely through the study of the late
Cenozoic sediments exposed along the
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Alaskan and Siberian shores of the
Bering and Chukchi seas and through
attempts to establish the synchroneity
of individual sets of late Cenozoic sedi-
ments on opposite sides of Bering
Strait.

The presence of marine sediments
of late Cenozoic age in scattered places
on the Siberian and Alaskan shores of
the Bering and Chukchi seas (Fig. 1)
has been known for many years, but,
until recently, the more exact dating
of these deposits has been very un-
certain. Through stratigraphic and pa-
leontologic  investigations conducted
during the last few years we are be-
ginning to have a better idea of the
probable ages of the late Cenozoic ma-
rine sediments of Chukotka and
Alaska. In this article, and in a com-
panion paper recently published in the
Izvestia of the Academy of Sciences of
the U.S.S.R. (2), we compare and at-
tempt to correlate these sequences
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(Fig. 2). However, the comparison is
complicated by several factors.

1) There are strong contrasts at
present between the temperatures of
coastal waters on the eastern and the
western sides of Bering Sea, Bering
Strait, and Chukchi Sea, because a
strong current of relatively warm wa-
ter from the North Pacific Ocean flows
north along the Alaskan coast and a
much weaker and colder return cur-
rent flows south and west along the
coast of Chukotka (3). If the corre-
lations proposed in this article are cor-
rect, then the temperature contrast,
the resulting faunal contrast, and
presumably the circulation pattern that
causes both, existed whenever Bering
Strait was open during Quaternary
time and perhaps during late Tertiary
time as well.

2) American and Soviet paleontolo-
gists have somewhat different concepts
of some of the difficult and variable
species complexes that characterize
arctic and boreal molluscan faunas.
Because of this, published faunal lists
for Siberian and Alaskan deposits are
not strictly comparable. In some cases,
different taxa are given the same spe-
cies name, and in other cases the same
taxa are given different names on op-
posite sides of Bering Strait. These
taxonomic problems probably cannot
be resolved until an opportunity arises
for American and Soviet paleontolo-
gists to examine their respective col-
lections together.

3) The late Cenozoic marine se-
quences have been at least slightly de-
formed in many areas in both western
Alaska and Chukotka. Therefore cor-
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relations cannot be based upon the
present altitudes of former shorelines.

4) The late Cenozoic marine beds
of western Alaska are interpreted by
Hopkins (/, 4) as having been de-
posited during preglacial and inter-
glacial intervals when sea level was
approximately as high as it is at pres-
ent. Although these beds have obvi-
ously been deformed in many areas,
this interpretation seems reasonable be-
cause most of the known occurrences
adjoin the inner part of the broad,
shallow, Bering-Chukchi continental
shelf, hundreds of kilometers from the
position in which the shoreline prob-
ably lay during worldwide glacial epi-
sodes when sea level must have been
100 meters or so lower than it is
now (5). Furthermore, this interpre-
tation is supported in several places
by the nature of local stratigraphic re-
lationships between marine deposits,
glacial drift, and unconformities that
record episodes of lowered sea level.
Moreover, most of the Alaskan ma-
rine fossil faunas of late Cenozoic age
indicate water temperatures at least
as high as those of the present time,
and some of them indicate water tem-
peratures considerably higher.

Some of the late Cenozoic marine
beds in Chukotka, on the other hand,
are interpreted as having been de-
posited during glacial intervals (6, 7),
and thus at times when worldwide sea
level must have been lower than it is
now. This interpretation is based on
occurrences of fossiliferous sediments
believed to be marine glacial deposits;
it is supported by the presence, in
some of these deposits, of molluscan
faunas indicative of water tempera-
tures considerably lower than those of
the present day. The late Cenozoic
marine deposits of Chukotka are
nearly as remote from the southern
margin of the Bering-Chukchi conti-
nental shelf as are those of western
Alaska. Therefore, crustal disturbances
involving large areas of the Bering-
Chukchi shelf must have taken place,
if parts of the present Chukotkan coast
were the sites of marine sedimentation
during glacial intervals.

Despite these complications, enough
knowledge has now been accumulated
to encourage an attempt to correlate
the Chukotkan and western Alaskan
sequences of marine sediments of late
Cenozoic age. However, the correla-
tions suggested here must be consid-
ered preliminary; they can serve only
as models to be tested by further in-
vestigations.
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The Chukotkan Sequence

The discussion that follows is based
principally upon Petrov’s recent ac-
count of the stratigraphy of the late
Cenozoic deposits of southern Chu-
kotka (7) and upon Merklin, Petrov,
and Amitrov’s description of the fossil
faunas (6).

The oldest late Cenozoic marine
sediments known in Chukotka consist
of a sequence of littoral sand and
gravel beds constituting the Pestsov
Suite (8), exposed in the northern
foothills of the Zolotoy Mountains
(Fig. 1). Molluscan faunas collected
during 1964 indicate that the Pestsov
Suite is of early Pliocene age. The
Pestsov Suite contains a relatively
warm-water (south boreal) molluscan
fauna consisting of extinct species such
as Taras cf. semiasperum (Philippi)
and Cardita piltunensis Slodkewitsch,
species such as Glycymeris yessoensis
(Sowerby) that now inhabit more
southern and warmer waters, and, in
smaller numbers, species such as Mya
arenaria Linné and Mytilus edulis
Linné that now reach the Anadyr Gulf,
Pollen floras from the Pestsov Suite
are dominated by pollen of Picea,
Pinus, Betula, and Alnus, but pollen
of Tsuga, Larix, Abies, Corylus, Fagus,
Quercus, and Ulmus is present in suffi-
cient quantities to suggest that trees
of these genera, now common in more
temperate latitudes, were present in
western Chukotka when the Pestsov
Suite was being deposited. The area
in which the Pestsov Suite is found
lies approximately at the present-day
boundary between taiga and tundra.

The Koynatkhun Suite, a sequence
of preglacial lacustrine and alluvial
beds exposed on the east and west
shores of Kresta Bay, probably repre-
sents the next younger sequence of
late Cenozoic sediments in Chukotka.
The contact between the Koynatkhun
Suite and the Pestsov Suite is not ex-
posed, but the geomorphic relation-
ships, as well as comparisons of pollen
floras, suggest that the Koynatkhun
Suite is younger than the Pestsov
Suite. The Koynatkhun beds contain
pollen floras generally suggestive of
the modern taiga of eastern Siberia,
but pollen of Tsuga, Abies, and
Corylus is present in sufficient quanti-
ties to suggest that these trees, now
found only in more temperate lati-
tudes, were present when the Koynat-
khun Suite was deposited. This sug-
gestion is supported by the occurrence
in the Koynatkhun Suite of cones of

Pinus monticola Douglas, which now
grows only in temperate latitudes in
North America, along with cones of
the Siberian conifers Picea bilibinii
Vassk., P. anadyrensis Kryscht.,, and
Larix cf. siberica Ldb. A comparison
of pollen floras suggests that the Koy-
natkhun Suite is correlative with the
Ermanov Suite of Kamchatka, con-
sidered by Soviet geologists to be of
late Pliocene age (9). The Ermanov
Suite includes both marine and non-
marine beds.

The Koynatkhun Suite is uncon-
formably overlain by the Pinakul’
Suite, a sequence of bouldery silt (ma-
rine glacial deposits?), sand, and clay
beds exposed in several places along
the south and east coasts of Chu-
kotka, from the east shore of Kresta
Bay eastward to the village of Pinakul’
at the north entrance to Lavrenty
Bay. The Pinakul’ Suite contains a
fauna consisting entirely of living spe-
cies, including Astarte borealis Schu-
macher and the Neptunea communis
(Middendorf) of Merklin and Petrov
[= N. heros (Gray) of MacNeil]. Sev-
eral arctic species, such as Portlandia
arctica siliqua (Reeve), make their
first appearances in Chukotka south of
Bering Strait in the Pinakul’ Suite, but
the Pinakul’ fauna also includes a few
southern boreal forms that no longer
occur as far north as Lavrenty Bay.
Pollen spectra indicate that tundra
vegetation grew at Lavrenty Bay and
that a mixture of tundra and forest
was present on the eastern shore of
Kresta Bay during the accumulation
of the Pinakul’ Suite. Merklin and
Petrov consider the Pinakul’ Suite to
be of early Quaternary age.

The next younger marine sequence
in Chukotka, the Kresta Suite, is
widely distributed along the south and
east coasts of Chukotka. Beds of the
Kresta Suite rest unconformably upon
beds of the Pinakul’ Suite in several
places on the east shore of Kresta Bay.
The Kresta Suite consists of a lower
sequence of marine beds, a middle
sequence interpreted by Petrov as con-
sisting of marine glacial deposits, and
an upper sequence of normal marine
beds. The marine glacial beds appear
to interfinger laterally with drift, rep-
resenting the most extensive Quater-
nary glaciation recorded in Chukotka.

The lower and upper members of
the Kresta Suite contain faunas com-
posed mostly of mollusks now found
in adjoining waters. The faunas are
dominated by various species of
Astarte, but they include Portlandia
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arctica siligua (Reeve), which no
longer ranges south of Bering Strait.
The middle marine glacial member
contains abundant specimens of sev-
eral arctic mollusks that no longer
range south into Bering Sea, including
Portlandia arctica  siliqgua  (Reeve),
Bathyarca glacialis (Gray), and Yoldi-
ella intermedia (Sars), and thus re-
cords extremely cold water condi-
tions. Pollen and spores are rare in
the beds of the Kresta Suite; Petrov
ascribes their scarcity to sparse vege-
tation on adjoining land during the
time in which the Kresta Suitc was
being deposited. Merklin and Petrov
consider the Kresta Suite to have been
deposited before, during, and after a
major middle Quaternary glacial episode
which they tentatively correlate with
the Riss Glaciation of Europe.

Still younger marine deposits, the
Val’katlen beds, form a terrace along
much of the south and east coasts of
Chukotka. In some places the terrace
is notched into the deposits of the

Kresta Suite, and the Val'katlen beds
are covered locally by glacial drift (the
Vankarem beds). The Val’katlen beds
contain a molluscan fauna nearly iden-
tical with the Recent fauna of north-
western Bering Sea. Pollen spectra in-
dicate that tundra vegetation prevailed
in Chukotka when these beds were
deposited. Merklin and Petrov think

the Val'katlen beds were deposited
during the Riss-Wiirm interglacial
interval.

A still later episode of marine deposi-
tion is recorded in Chukotka by the
Amguem beds, principally represented
by a marine terrace extending along
the straight coast east of Kresta Bay
(Fig. 1). The small molluscan faunas
found thus far in the Amguem beds do
not differ from modern faunas in the
adjoining sea. Pollen spectra from
river terraces correlated with the Am-
guem beds record tundra vegetation.
Merklin and Petrov think the Amguem
beds record an interstadial episode with-
in the Wiirm Glaciation, because river

terraces assigned to this unit are
older than end moraines (the Iskatlen’
beds) which mark the most recent re-
advance of glaciers in the mountains
of Chukotka. The marine deposits in-
cluded in the Amguem beds are the
youngest known on Chukotka except
for the Recent beaches and barrier
bars along the modern coasts.

The Western Alaskan Sequence

Hopkins (4) recently described the
late Cenozoic marine deposits of
Alaska as recording six episodes of
preglacial, interglacial, and postglacial
high sea level; these he termed the
Beringian, the Anvilian, the Kotze-
buan, the Pelukian, the Woronzofian,
and the Kruzensternian transgressions,
ranging in age from late Pliocene or
early Pleistocene to Recent. New data
suggest that the Beringian deposits
represent a long span of time and that
they can be more finely subdivided;
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the comparison of marine sequences in
Siberia and western Alaska set forth
here also suggests that an additional
episode of high sea level is recorded
by deposits that are probably younger
than the Anvilian and older than the
Kotzebuan transgression.

Marine beds of early Pliocene age
are widely distributed in southern
Alaska and may be present in north-
eastern Alaska (/0), but none have
been recognized in western Alaska ad-
jacent to the Bering-Chukchi continen-
tal shelf. The middle member of the
nonmarine Kougarok Gravel of cen-
tral Seward Peninsula (/) contains
a rich pollen and wood flora, consist-
ing of a mixture of coniferous and
dedicuous trees, that includes repre-
sentatives of several genera that now
reach their northern limits 5° to 15°
south of Seward Peninsula. Although
the flora of the middle member of the
Kougarok Gravel is generally similar
in character to the flora of the lower
Pliocene Pestsov Suite of Chukotka,
comparisons with better studied floras
in southern Alaska (/2) suggest that
the Kougarok Gravel is considerably
older than early Pliocene.

The oldest late Cenozoic marine de-
posits known in Alaskan areas adjoin-
ing the Bering-Chukchi marine plat-
form consist of beds of fossiliferous
sand, pebbly sand, and clay, at Nome
(deposits known locally as Submarine
Beach) (13, 14), and beds containing
comparable molluscan faunas at Kiva-
lina (I5) and Solomon (4), and at
Tolstoi Point, St. George Island, in the
Pribilof Islands (4, 16) (Fig. 1).
Hopkins designates these beds collec-
tively as the deposits of the Beringian
transgression, and designates Submarine
Beach at Nome as the type deposits
for this transgression (4). Fossils of
the types most useful for recognizing
deposits of the Beringian transgression
in areas adjoining the Bering-Chukchi
shelf have not yet been found along
the Pacific coast of Alaska, but the
Beringian faunas of the Bering-Chukchi
shelf area have some species in com-
mon with, and are most similar in the
number of modern forms they contain
to, faunas from the uppermost part of
the Yakataga Formation and from the
upper part of an unnamed sequence
of marine beds on Middleton Island
in southern Alaska (I7).

The Beringian molluscan faunas
from areas adjoining the Bering-
Chukchi shelf have a decidedly mod-
ern aspect, and most of the taxa pres-
ent are closely related to modern
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species. Nevertheless, many of the mol-
lusks present in these Beringian de-
posits differ to some degree from their
nearest living relatives. The assem-
blages of small pectinids, especially,
are unlike any modern ones, and most
of the Neptunea and Astarte are un-
like any living species of these genera.
Patinopecten (Fortipecten) hallae (Dall),
found at Solomon and Kivalina, be-
longs to an extinct subgenus whose
other representatives are found only
in beds of Pliocene age in Japan,
Sakhalin, and Kamchatka; the Alas-
kan species is most closely related
to P. (F.) kenyoshiensis (Chinzei),
found in middle or upper Pliocene
beds in Japan (I8). Yoldia kolun-
tunensis Slodkewitsch, found at Nome,
has been previously reported only from
the early Pliocene Kakert Suite of
Kamchatka (/9). The Beringian mol-
luscan faunas include a few species
that now occur only in warmer, more
southern waters.

The Beringian sediments at Nome
contain abundant pollen of Pinus and
Picea and sufficient quantities of pollen
of Abies, Tsuga, Larix, and Carya to
indicate that these trees were present
at Nome when the Beringian sediments
were being deposited; Beringian sedi-
ments at Kivalina contain abundant
pollen of Pinus and Picea but lack
pollen of Abies, Tsuga, Larix, and
Carya (20). Both areas now lie in
tundra regions, many Kkilometers be-
yond the present forest limit in north-
western Alaska.

The Beringian deposits on St. George
Island are overlain by lava flows that
were erupted at a time when the
earth’s magnetic field was reversed, fol-
lowed by lava flows of normal rema-
nent magnetism, and then by younger
lava flows of reversed remanent mag-
netism. Potassium-argon age determi-
nations on seven lava flows in the older
paleomagnetically reversed sequence in-
dicate ages ranging from 2.0 to 2.2
million years (21). One member of
this sequence is a pillow lava represent-
ing a flow that entered marine waters
and terminated the deposition of the
Beringian sediments now exposed near
Tolstoi Point, St. George Island.

The Beringian deposits at Nome are
covered by drift of the Iron Creek
Glaciation, a glacial cycle of early
Pleistocene age (I4). This ancient drift
is overlain in turn by marine sedi-
ments known locally as Third Beach
and Intermediate Beach, which Hop-
kins (4) designates as the type de-
posits of the Anvilian transgression.

Sediments containing similar faunas on
the northwestern part of the Arctic
coastal plain of Alaska between Wain-
wright and Point Barrow (22) are also
referred to the Anvilian transgression,
but some of the other deposits that
Hopkins previously assigned to the
Anvilian transgression (4) are now
thought to record a later transgression.
The marine faunas of the Anvilian
deposits consist mostly of forms now
living in adjacent waters, but they in-
clude several extinct forms—chiefly
species of Neptunea, Chlamys, and
Astarte—and several forms now limited
to warmer water (I3, 22). In both
the Anvilian and the Beringian de-
posits of Alaska the Neptunea heros
(Gray) lineage is represented by the
extinct N. heros mesleri (Dall), and
the Astarte borealis Schumacher line-
age, by the extinct Astarte nortonensis
MacNeil. A specimen of marine sedi-
ments recovered from the buckets of
a gold-dredge during the process of dig-
ging through the Anvilian deposits at
Nome contained, in all, 41 identifiable
pollen grains, including 17 grains of
Picea and six grains of Pinus (20).
Hopkins believes that the Anvilian

- transgression records a high stand of

sea level during an early Quaternary
interglacial interval, probably following
the first continental glaciation. The
Anvilian deposits at Nome are covered
by drift of the Nome River (Illinoian)
Glaciation.

A transgression later than the An-
vilian is probably recorded by fossilif-
erous marine beds at Tolstoi Point
and in the Einahnuhto Bluffs on St.
Paul Island (4, 16), and by certain
marine deposits that lie inland from
Point Lay and Wainwright on the
Arctic coastal plain (23, 24). These
beds contain molluscan faunas that are
much like the modern fdaunas in ad-
jacent waters. However, the rather var-
iable Neptunea heros populations con-
sist mostly of individuals that Mac-
Neil considers typical of the extinct
subspecies N. heros mesleri (Dall),
and the large populations of Astarte
borealis include individuals that are in-
termediate between the extinct 4. nor-
tonensis MacNeil and the modern A4.
borealis Schumacher. Potassium-argon
age determinations on lava flows of
normal remanent magnetism that lie be-
low and above the fossiliferous marine
beds in the Einahnuhto Bluffs indicate
that these beds were deposited between
100,000 and 400,000 years ago (21).
These marine beds and the beds inland
from Point Lay and Wainwright on the
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Arctic coastal plain were previously as-
signed by Hopkins (4) to the Anvilian
transgression because they contain Nep-
tunea heros mesleri and because the
Astarte borealis populations include
variants close to Astarte nortonensis.

However, the otherwise modern aspect
of their faunas, the relatively young
age indicated by radiometric dating
and by their position in the palcomag-
netic sequence, and the comparison be-
tween the Alaskan and the Chukotkan

marine sequences outlined here now
lead us to believe that these beds re-
cord an interval of high sea level con-
siderably later than the Anvilian trans-
gression.

The next younger marine sequence
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Fig. 2. Provisional correlation of Late Cenozoic stratigraphic sequences in Alaska and Chukotka with subdivisions of the late Ceno-
zoic Era in Europe and in the contiguous United States.
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recognized in western Alaska consists
of deposits of the Kotzebuan transgres-
sion found on the shores of Kotzebue
Sound (4, 25); correlative deposits are
probably present on the Arctic coastal
plain between Point Lay and Wain-
wright (24). The Kotzebuan deposits
are overlain in the Kotzebue Sound
area by an end moraine of the Nome
River Glaciation; in many places they
have been intensely deformed by the
overriding glacial ice. The abundant
molluscan fauna in the deposits of the
Kotzebuan transgression consists ex-
clusively of species that live today in
adjacent waters; it is characterized by
abundant and varied Astarte. Port-
landia arctica makes its first recorded
appearance in western Alaska in the
Kotzebuan deposits. No species now
limited to warmer waters are repre-
sented, but several species represented
by fossils in these deposits reach the
southern limit of their modern ranges
in the Kotzebue Sound area. Two shells
from the Kotzebuan sediments have
ages, determined by uranium-238-tho-
rium-230 dating, of 175,000 = 16,000
and 170,000 = 17,000 years, respec-
tively (26). Hopkins (4, 14) demon-
strates that the Nome River Glaciation
corresponds to the Illinoian Glaciation
of the northcentral United States; the
Kotzebuan transgression evidently re-
cords an interval of high sea level dur-
ing the preceding interglaciation.

A still later marine transgression is
represented by the marine deposits of
the Pelukian transgression, typified by
Second Beach at Nome (4, 13, 14).
These deposits form low terraces vis-
ible on low-lying coasts throughout
much of western Alaska; at Nome and
in the Kotzebue Sound area they ex-
tend inland .to ancient wave-cut cliffs
carved in drift of the Nome River
Glaciation (14, 25). Filled canyons
formed during the Salmon Lake Glaci-
ation of Seward Peninsula cut through
the Pelukian deposits at Nome (14).

Molluscan faunas in the Pelukian de-
posits are closely similar to Recent
faunas, but those in the Seward Penin-
sula-Kotzebue Sound area contain sev-
eral forms—~Natica janthostoma De-
shayes, Protothaca adamsi (Reeve),
Pododesmus macroschisma (Deshayes),
and Pholadidea penita (Conrad)—that
now range no farther north than the
Pribilof Islands. Fossil pollen and wood
record a westward advance of the
taiga to the area of Nome, Deering,
and Kotzebue during the Pelukian
transgression. Shells from a single col-
lecting locality in Pelukian deposits at
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Nome have yielded ages of more than
38,000 years, of 100,000 = 8000
years, and of 78,000 = 5000 vyears,
by radiocarbon dating, UZ238-Th230
dating, and U?38-Ra??% dating, re-
spectively (I4, 26). The radiometric
dating, the evidence of warmer water
temperatures and of an advance of the
forest beyond its present limits, and
the stratigraphic relationships between
the deposits of the Pelukian transgres-
sion and the drift of the Nome River
Glaciation all indicate that the Pelukian
transgression represents the high stand
of sea level during the Sangamon In-
terglaciation.

The deposits of the Pelukian trans-
gression are the youngest marine sedi-
ments recognized in western Alaska ex-
cept for those of Hopkins’ Kruzenster-
nian transgression, which consists of
spits, barrier bars, beaches, and la-
goonal sediments deposited within the
last few thousand years (4). In south-
ern Alaska, however, marine sediments
younger than the Pelukian transgres-
sion and older than the Kruzensternian
transgression are recognized in the
Cook Inlet area and near the west end
of Kodiak Island. These deposits, desig-
nated by Hopkins as the deposits of
the Woronzofian transgression (4), are
typified by the Bootlegger Cove Clay
near Point Woronzof in the Anchorage
area (27) (Fig. 1). They rest on drift
of the Knik (early Wisconsin) Glacia-
tion and are covered by drift of the
Naptowne (late Wisconsin) Glaciation.
The small molluscan faunas recovered
thus far from Woronzofian deposits do
not differ from the modern faunas in
adjacent waters. An age of 33,000 to
48,000 years has been obtained by
U238-Th23% dating for shells from the
Woronzofian deposits near Anchorage
(28).

Tentative Correlations

Similarities, in stratigraphic relation-
ships, to local glacial deposits indicate
that the Amguem beds of Chukotka
and the marine sediments of the
Woronzofian transgression in southern

~ Alaska are correlative and that both

were deposited during an interstade in
the last major glaciation, equated in
Alaska with the Wisconsin Glaciation
and in Chukotka with the Wiirm
Glaciation (Fig. 2). Similar evidence
indicates that the Val'katlen beds of
Chukotka and the Pelukian deposits of
Alaska are correlative; both were de-
posited during the high stand of sea

level of the last interglaciation, equated
in Alaska with the Sangamon Inter-
glaciation and in Chukotka with the
Riss-Wiirm Interglaciation.

It is more difficult to decide which,
if any, of the late Cenozoic marine
deposits of western Alaska correspond
to the deposits of the Kresta Suite of
Chukotka, but the choice is limited to
relatively young deposits in Alaska, be-
cause the Kresta Suite contains no ex-
tinct molluscan taxa. The Kresta Suite
is interpreted by Petrov and Merklin as
having been deposited before, during,
and after the Maximum Glaciation of
Siberia, which is customarily correlated
with the Riss Glaciation of FEurope
(29). The topographic expression and
the stratigraphic relations of drift of
the Maximum Glaciation in northern
and northeastern Siberia suggest that
this drift is correlative with the drift
of the Nome River Glaciation of west-
ern Alaska, Thus, the marine glacial
deposits constituting the middle part of
the Kresta Suite are probably equival-
ent in age to the drift of the Nome
River Glaciation. The upper beds of
the Kresta Suite may have been de-
posited during a waning phase of the
Nome River Glaciation, but we can-
not exclude the possibility that they
correspond to some part of the de-
posits of the Pelukian transgression.
The unconformity between the Kresta
Suite and the overlying Val’katlen beds
may record a temporary regression of
sea level, but it seems more likely to
be the result of a tectonic disturbance
affecting the area of Anadyr Bay and
adjoining parts of the Bering shelf.

The deposits of the Kotzebuan trans-
gression in western Alaska underlie the
drift of the Nome River Glaciation and
contain a fauna that does not differ
from modern faunas. Similarities in
faunas and stratigraphic relationships
suggest that the deposits of the Kotze-
buan transgression are approximately
correlative with the lower part of the
Kresta Suite. This correlation requires
that the Pinakul’ Suite of Chukotka
be correlated with pre-Kotzebuan de-
posits in Alaska—that is, with deposits
of the Anvilian transgression or with
younger, unnamed beds. However, the
presence in the Pinakul’ Suite of
Astarte borealis Schumacher and the
Neptunea communis (Middendorf) of
Merklin and Petrov [= N. heros
(Gray) of MacNeil] precludes a cor-
relation of the Pinakul’ Suite with beds
as old as the deposits of the Anvilian
transgression at Nome, which contain
the ancestral Astarte nortonensis Mac-
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Neil and Neptunea heros mesleri
(Dall). The Pinakul’ Suite is more
likely to correspond to the unnamed
beds at Tolstoi Point and in the
Einahnuhto Bluffs of St. Paul Island
and correlative beds inland from Point
Lay and Wainwright, which contain
Neptunea populations transitional be-
tween N. heros mesleri and N. heros
and Astarte populations intermediate
between A. nortonensis and A. borealis.

Beds correlative with the Anvilian
transgression at Nome have not yet
been recognized in Chukotka.

No marine deposits are known in
Chukotka that are correlative with
those deposits of the Beringian trans-
gression that adjoin the Bering-Chukchi
continental shelf in western Alaska.
These Beringian deposits differ from
the Pestsov Suite in that they contain
fewer extinct species, fewer warm-wa-
ter forms, and a higher proportion of
modern boreal species. Pollen floras
from these deposits contain fewer and
less diversified representatives of trees
now exotic to the region than do the
pollen floras of the Pestsov Suite. Thus,
the Beringian deposits of western Alas-
ka appear to be younger than the
Pestsov Suite of Chukotka. Similarities
in pollen floras suggest that they are
approximately correlative with the non-
marine Koynatkhun Suite of Chukotka.

Marine sediments correlative with
the Pestsov Suite’ have not yet been
recognized in western Alaskan areas
adjoining the Bering-Chukchi continen-
tal shelf, though beds of this age are
widely distributed along the southern
coast of Alaska. The middle member
of the nonmarine Kougarok Gravel of
central Seward Peninsula contains a
pollen flora generally similar to the
pollen flora of the Pestsov Suite, but
comparisons with better-studied floras
in southern Alaska suggest that this
member is not younger than late
Miocene.

Conclusions and Implications

The south and east coasts of Chu-
kotka and the Bering-Chukchi coasts
of Alaska have had somewhat different
late Cenozoic histories; as a result, only
a few sets of late Cenozoic marine de-
posits can be confidently correlated
from one side of Bering Strait to the
other. The Amguem beds, deposited in
Chukotka during an interstadial interval
in the last major glacial episode, evi-
dently correspond to the deposits of
the Woronzofian transgression in south-
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ern Alaska, but beds of this age have
not yet been recognized along the
Alaskan coasts of the Bering and
Chukchi seas, perhaps because they lie
slightly below present sea level. The
Val’katlen beds of Chukotka evidently
correspond to the deposits of the Pelu-
kian transgression in western Alaska;
both were deposited during the Sanga-
mon (Riss-Wiirm) Interglaciation.
These correlations imply that the Ber-
ing Strait was open during the last
interglaciation and that it may have
been open during at least one inter-
stade within the Wisconsin (Wiirm)
Glaciation. Chukotka and Alaska were
evidently joined by land at other times
during the last glacial interval.

All of the other late Cenozoic ma-
rine deposits known thus far in western
Alaska accumulated during nonglacial
intervals, when sea level was near its
present position, but the middle part
of the Kresta Suite, exposed in many
places on the shores of Kresta Bay and
Anadyr Gulf, Chukotka, accumulated
during a glacial interval when sea level
must have been 100 meters lower than
at present. It is possible that marine
glacial deposits are also present in the
Pinakul’ Suite at Lavrenty Bay, al-
though the presence in these beds of
molluscan species now limited to more
southern areas tends to refute this in-
terpretation.

The evidence available at present is
most reasonably interpreted as indicat-
ing that the coast of Chukotka had
approximately its present configuration
during the time that the Pinakul’ Suite
was deposited; that the area of Kresta
Bay, Anadyr Gulf, and adjoining
parts of the Bering shelf began to sub-
side during the time that the Kresta
Suite was deposited; and that tectonic
disturbances brought these areas to
their present level late in, or just after,
the Maximum Glaciation, producing
the unconformity between the Kresta
Suite and the overlying Val’katlen Suite.
Earlier cycles of deformation in the
Anadyr Bay region may be recorded
in the Pestsov Suite and the Koynatk-
hun Suite.

If these late Cenozoic episodes of
deformation affected areas wider than
the Anadyr Gulf, they may have re-
sulted in the development of temporary
connections between Siberia and Alaska
during nonglacial episodes of early or
middle Quaternary time, or they may
have resulted in the maintenance of a
water barrier between the continents
during some early and middle Quater-
nary glaciations.

The successions of late Cenozoic ma-
rine molluscan ‘faunas on both the
Alaskan and the Siberian coasts of
Bering Sea and Chukchi Sea show a
progressive modernization, in which
warm-water elements disappear and ele-
ments of the modern arctic fauna in-
creasingly take their place. Faunas in
the middle Quaternary deposits repre-
sented by the Kresta Suite of Chukotka
and by the deposits of the Kotzebuan
transgression in Alaska record a cold-
water maximum; the late Quaternary
interglacial marine beds were deposited
in water that was slightly less cold.
The present contrast in the tempera-
tures of waters along the coast of west-
ern Alaska and along the coast of Chu-
kotka seems to have existed throughout
much of Quaternary time.
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Soviet Search for Viruses That
Cause Chronic Neurologic Diseases

in the U.S.S.R.

Jacob A. Brody, William J. Hadlow, John Hotchin,
Richard T. Johnson, Hilary Koprowski, Leonard T. Kurland

Viral infections of the central nerv-
ous system are usually thought to pro-
duce acute illnesses such as aseptic
meningitis, encephalitis, or paralytic
poliomyelitis, The one exception known
to Western neurologists and virologists
has been von Economo encephalitis, a
disease of unknown but possibly viral
etiology, where Parkinsonism develops
after a latent period. Since persistence
of virus in human and animal orga-
nisms after acute infection of the cen-
tral nervous system has been disputed
and factors precipitating overt disease
have not been determined, relatively
little is known about the viral patho-
gens which may take part in chronic
forms of neurologic disease.

The authors were the members of the U.S.
delegation to the U.S.S.R. on “Latent Infections,
Chronic Intoxications, and Genetic Disorders of
the Nervous Systems of Man and Animals”
sponsored, within the framework of the U.S.S.R.-
U.S.A. cultural exchange program, by the United
States Public Health Service, 17 May to 12
June 1964. The names of the authors appear in
alphabetical order. Dr. Brody is with the Arctic
Health Research Center, Anchorage, Alaska. Dr.
Hadlow is with the National Institute of Allergy
and Infectious Diseases, Hamilton, Montana. Dr.
Hotchin is with the New York State Depart-
ment of Health at Albany. Dr. Johnson is with
the Cleveland Metropolitan General Hospital,
Cleveland, Ohio. Dr. Koprowski is with the
Wistar Institute, Philadelphia, Pennsylvania. Dr.
Kurland is with the National Institute of Neuro-
logical Diseases and Blindness, Bethesda, Mary-
land.
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The recovery of filterable agents
from animals with chronic diseases,
such as scrapie, Visna, and Aleutian
disease of mink, which are charac-
terized by pathological changes suggest-
ing degenerative or demyelinating dis-
eases, has created interest in the role of
slow viruses as pathogens of the central
nervous systems of animals and man.

Soviet research workers have long
been concerned with the relation of
virus to the etiology of chronic, pro-
gressive, or relapsing diseases of the
nervous system. Indeed, they were
among the first to search for viruses
in tissues of patients suffering from
tick-borne encephalitis (formerly called
Russian spring-summer encephalitis) in
its chronic and progressive form. The
viral etiology of other chronic or pro-
gressive diseases of the nervous system,
such as amyotrophic lateral sclerosis or
multiple sclerosis, is generally accepted
by scientists in the U.S.S.R.

While visiting several clinical and re-
search institutions in the U.S.S.R. in
May and June of 1964 (I), we had
an opportunity to observe Soviet re-
search on the viral etiology of human
chronic neurologic diseases, and we
now offer a summary and evaluation
of this research.
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Possible Viral Etiology of

Amyotrophic Lateral Sclerosis

In 1963, Zilber et al. reported that
intracerebral inoculation of homoge-
nates of medulla and spinal cord from
patients that died of amyotrophic lat-
eral sclerosis (ALS) induced a pro-
gressive neurologic disease in rhesus
monkeys after a latent period of 1 to 3
years. Monkeys inoculated with speci-
mens from three out of six patients
developed asymmetrical muscular atro-
phy of the upper and lower extremities
with increased tendon reflexes. The dis-
ease progressed over a period of 8
months to 3 years. Homogenates from
the brain of affected monkeys and, in
one case, homogenates of brains two
passages after the initial inoculation,
have produced similar disease in other
monkeys. However, the inoculum caus-
ing disease in monkeys was nonpatho-
genic for mice and other laboratory
animals.

Neuropathologic studies of speci-
mens from man and monkey by Buni-
na et al. at the Neurological Institute
of the Academy of Medical Sciences
in Moscow indicated that inoculated
monkeys had a “clear-cut” loss of
ganglion cells of the anterior horns,
accompanied by pronounced glial re-
action, satellitosis, and neuronophagia.
Oxyphilic intracytoplasmic inclusion
bodies of 0.5 to 3.5 my were found
in the nerve cells of the anterior horns.
The motor cortex showed focal loss
of large pyramidal and Betz cells in
the third and fifth layers. There was
pallor in parts of the lateral columns
corresponding to the location of the
pyramidal tracts in sections stained by
Spielmeyer’s method. The morphologic
changes in monkeys were described as
being similar to, but less intense than,
those observed in patients, presumably
because the monkeys were killed be-
fore the disease had reached an ad-
vanced stage. The Soviet scientists con-
cluded that their experiments “proved
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