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QUATERNARY GEOLOGY
OF ALASKA

By Troy L. PEWE

ABSTRACT

The earliest account of the geology of an Alaskan area was con-
cerned largely with Quaternary deposits. Otto von Kotzebue in 1816
examined the famous bone-bearing frozen silt and mysterious masses
of ground ice at a place now called Elephant Point in western Alaska.
Alaska has long intrigued Pleistocene geologists, not only because of
its interesting, and in places remarkably complete, stratigraphic rec-
ord of Pleistocene events, but also because spectacular effects of the
cold-climate geomorphic processes are well recorded there.

If colluvium is included, Quaternary deposits mantle virtually all of
Alaska. Glacial deposits are widespread in southern Alaska and on
the north and south sides of the Brooks Range. Eolian sediments are
widespread in the interior and western part of the State as well as in
the far north. Lacustrine sediments of middle and late Pleistocene age
are exposed in the Copper River Basin and elsewhere, and fluvial
deposits are extensive in major valleys and large tectonic basins.

Glaciers have covered about 50 percent of the present area of Alaska
at one time or another, but large areas in central and northern Alaska
have never been glaciated. The extents of late Tertiary and early
Pleistocene glacial advances remain almost unknown, but those of
middle and late Pleistocene and Holocene advances are well estab-
lished. In Illinoian, Wisconsinan, and Holocene times, glaciers were
much more extensive in southern Alaska than in northern Alaska and
much more extensive on the south flanks than on the north flanks of
individual mountain ranges, indicating that glaciers were nourished
chiefly by air masses moving northward or northeastward from the
northern Pacific Ocean.

D. J. Miller’s pioneering work and the subsequent work of others in
southern Alaska indicate that glaciation in Alaska started by at least
late Miocene time and perhaps early middle Miocene time. Glacial
deposits of Illinoian age were not commonly recognized prior to 1945,
but field and photogeologic studies since then have shown that drift of
Illinoian age is present in nearly every glaciated area in Alaska. Drift
of Wisconsinan age is found in nearly all the mountainous areas of
Alaska. Areas south of the crest of the Alaska Range and the Alaska
Peninsula were almost completely inundated by ice, and icecap condi-
tions prevailed over large areas. The Wisconsinan glacial cycle in
Alaska was clearly a complex event consisting of at least two major
glacial advances.

Loess probably is the most widely distributed sediment of Quater-
nary age in Alaska. It forms a blanket, ranging in thickness from a
few millimetres to more than 60 m, that covers almost all areas lying
below altitudes of 300-450 m. Thick deposits of loess are most widely
distributed in central and western Alaska. Most of the loess was
deposited during Illinoian and Wisconsinan time, but windblown silt
is still being deposited in many areas, particularly along most braided
streams in Alaska; measurements indicate an accumulation of
0.2-2.0 mm per year at present.

Extensive areas of Alaska are underlain by deposits that are the
result of mass wasting or frost action in a rigorous climate—a climate
widely known as periglacial. A widespread and unique phenomenon
of this climate is permafrost, or perennially frozen ground, which is

present throughout 82 percent of Alaska. The greatest known thick-
ness is 650 m at Prudhoe Bay.

It is estimated that 10 percent of Alaska is covered by fluvial
deposits, excluding the overlying loess blanket on the terraces. Many
large tectonic basins such as the valleys of the Kuskokwim and
Tanana Rivers, the Yukon Flats, and Yukon-Koyukuk lowland are
filled with 1 to a few hundred metres of Quaternary fluvial sediments.
Known lacustrine deposits are relatively limited in Alaska, and only
one large area, the Copper River Basin, exhibits widespread, well-
developed lake deposits. Alaskan marine deposits of Quaternary age
now above sea level are limited to a narrow strip of land along the
present coast, except in northern Alaska and perhaps in the Yukon-
Kuskokwim Delta area where they are more extensive.

Volcanic ash deposits are widespread and abundant in Quaternary
sediments throughout southern Alaska, from the far west in the
Aleutian Islands to southeastern Alaska. These ash layers have great
potential for resolving problems of Quaternary geology, archaeology,
paleopedology, and palynology.

The distribution of vegetation in Alaska is divided phytogeographi-
cally into two large areas, the glaciated and unglaciated regions. The
glaciated areas have a floral history of repopulation by either tundra
or forest during the past 1,000 to tens of thousands of years. The
unglaciated areas constitute 50 percent of the State and represent
refugia for plant and animal life during glacial maximums. In Wis-
consinan time, the pollen record indicates that an Arctic herbaceous
tundra was present on Seward Peninsula; forest was essentially ab-
sent from the interior of Alaska until the end of Wisconsinan time.
The tree line was 500-600 m lower near Fairbanks at that time.

A rich Quaternary fauna is present in Alaska, but only in the study
of marine invertebrates and terrestrial vertebrates has a serious
beginning been made. During the two decades since detailed studies of
Quaternary stratigraphy began in Alaska, a modest but growing
number of vertebrate fossils have been found in significant strati-
graphic context; most are from the Fairbanks area. Canis, Rangifer,
Mammuthus, Bison, Cervus, Ochotona, Lemmus, Microtus, Equus,
and Pliomys are now known from sediments of pre-Illinoian age. The
list of documented finds of mammal remains of Illinoian age is slowly
growing, and it is evident that many taxa were present in North
America earlier than is generally recognized. It is now known, for
example, that Rangifer, Ovibos, Alces, Saiga, Pliomys, Bootherium,
Symbos, and Dicrostonyx, as well as Bison, Mammuthus, and Equus,
were in North America prior to Wisconsinan time.

Many mammals became extinct in Alaska at the end of Pleistocene
time, and most of the species were grazers. It is thought that the loss of
grassy habitat alone did not cause the extinction of the grazers at this
time; rather, the restriction of ideal habitat plus additional stress in
the form of man probably caused the demise of these species.

Climatic fluctuations during Quaternary time in Alaska were re-
sponsible for the formation and disappearance of glaciers and perma-
frost and changes in distribution of plants and animals. Extensive
glacial advances during Illinoian time indicate a long duration of a
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colder or wetter climate than now. The growth of ice wedges in central
Alaska indicates a rigorous periglacial climate with a mean annual
air temperature of at least —7° to —8°C, which is about 2°-4°C colder
than the present. In Wisconsinan time precipitation probably did not
increase markedly, but rather, mean summer temperatures de-
creased, and summer cloudiness increased. According to the calcu-
lated position of the past snowline, the mean July air temperature in
Nome and Kotzebue during Wisconsinan time was 1.9°-2.1°C colder
than today. Fairbanks and Northway were a minimum of 4°C and
4.8°C colder, with mean July Wisconsinan air temperatures of 11.5°
and 9.9°C, respectively.

Frozen mammal carcasses found in Wisconsinan sediments support
the concept that permafrost has existed from the time of their death
until now, indicating that the mean annual air temperature has been
colder than about —1°C since their death, except perhaps for short
periods of time.

It is believed that in much of Alaska the climate of Wisconsinan
time gradually warmed to a postglacial thermal maximum between
3,500 and 7,500 years ago. However, in central and western Alaska
there is good evidence for a warm period beginning 10,000 years ago.
It is as yet unclear whether evidence from the north slope represents
the early postglacial warm period or the conventional thermal max-
imum. Glacial retreats and thermal records from permafrost indicate
a warming during the last 100 years.

INTRODUCTION

It has been accurately said that the environment of
the Pleistocene Epoch that formerly existed in temper-
ate climes still exists in Alaska. Volcanic, marine,
fluvial, lacustrine, glacial, and eolian deposits of
Quaternary age are widespread in Alaska and are being
formed today, many under periglacial conditions. Both
glacial and nonglacial marine sediments are ac-
cumulating along the extensive coast, and volcanic
eruptions are common in the southwestern part of the
state. Glaciers are widespread. Dust is blown from ac-
tive valley trains and outwash fans to be deposited as
loess over adjacent terrain (fig. 1). Geologic processes,
such as solifluction, frost action, and formation of per-
mafrost, common in cold regions under periglacial con-
ditions, are active in most parts of the State.

This paper summarizes results of studies in many
areas of Quaternary geology. It is hoped that this ac-
count will lead to a better understanding of the Pleis-
tocene and Holocene Epochs in Alaska and will also be a
useful résumé of the progress of investigations in
Quaternary geology in this important section of North
America. A serious attempt has been made to point out
current areas of disagreement, unsolved problems, and
fertile areas for future research. '

The following discussion is arranged according to the
age of the deposits or events, insofar as information on
age is available. Where the age data are too scanty, the
presentation is ordered on the basis of the character and
distribution of the deposits and landforms. This report
was written between 1960 and 1972, and no studies
published after 1972 are included, unless unpublished
versions were available earlier.

GEOGRAPHY

LOCATION AND EXTENT OF AREA

Alaska is part of the largest peninsula of North
America and extends from long 130°W to 173°E and
from lat 52°to 72° N. (pl. 1). It is bounded on the north by
the Arctic Ocean, on the south by the Pacific Ocean, on
the east by Canada, and on the west by the Bering Sea,
Bering Strait, and Chukchi Sea.

The area of Alaska is 1,520,000 km?, about 20 percent
of the area of the 48 contiguous United States. The state
contains extensive lowlands and towering glacier-clad
mountains, including Mount McKinley, 6,660 m in ele-
vation, the highest peak in North America.

PHYSIOGRAPHY

The main physiographic provinces of Alaska are out-
lined by major topographic units and are similar to
those of the western United States and Canada. The
four major provinces, which were outlined by Brooks
(1906) and were used in the most recent description of
the physiographic divisions of Alaska (Wahrhaftig,
1965), are fromr south to north the Pacific Mountain
System, the Intermontane Plateaus, the Rocky Moun-
tain System, and the Arctic Coastal Plain (pl. 1). The
Pacific Mountain System extends in an arc from south-
eastern to south-central Alaska and includes to the west
the Alaska Peninsula and the Aleutian Islands. It con-
tains the coastal mountains, Alaska Range, Wrangell
Mountains, Talkeetna Mountains, Aleutian Range, and
intervening lowlands. The Intermontane Plateaus in-
clude the lowlands and rolling hills of interior and west-
ern Alaska between the Alaska Range on the south and
the Brooks Range on the north and also the Bering
platform. The Brooks Range constitutes the Rocky
Mountian System. The Arctic Coastal Plain extends
north from the Rocky Mountain System to the sea.
These major divisions have been subdivided into 12
provinces and further subdivided into 60 sections by
Wahrhaftig (1965) (pl. 1).

CLIMATE

As might be expected, the climate of Alaska varies
greatly; in fact, its range is greater than that between
Florida and Maine in the conterminous United States.
This is caused by a varied topography, different condi-
tions of the seas bounding Alaska on three sides, and its
great geographical extent. The northernmost point of
Alaska is within 18° of the latitude of the North Pole,
and the southernmost tip of southeastern Alaska is near
the latitude of Copenhagen, Denmark.

Several distinct climatic zones have been recognized
in Alaska, and the early climatic subdivisions (Abbé,
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1906, p. 140-141) differ only slightly from the four used
today by the U.S. Weather Bureau (fig. 2) (Watson,
1959, p. 24). The southernmost climatic zone, a zone of
dominant maritime influence, includes southeastern
Alaska, the south-central coast, the southeastern coast
of the Alaska Peninsula, Kodiak Island, and the Aleu-
tian Islands (fig. 2). This area is characterized by small
temperature variations, high cloudiness, and abundant
precipitation, especially in southeastern Alaska. The
highest recorded mean annual precipitation, 560 cm, is
at Little Port Walter in southeastern Alaska. This zone
has no permafrost but contains extensive glaciers.

A zone of transition from maritime to continental
climate lies north of the maritime zone (fig. 2). This zone
includes the Wrangell Mountains and extends to the
west, widening to include the Cook Inlet area, the
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southern Alaska Range, the Yukon-Kuskokwim Delta,
and the southern half of the Seward Peninsula. Tem-
perature variations in this zone are more pronounced,
and there is less cloudiness and precipitation than in
the maritime zone. The mean annual air temperature is
colder that 0°C (fig. 3), and permafrost is common in this
zone.

The dominant continental climate zone lies north of
the Alaska Range, south of the Brooks Range, and east
of the Seward Peninsula (pl. 1). These topographic bar-
riers and remoteness from the closest open ocean areas
tend to prevent the inland movement of moist maritime
air masses; the area is semiarid. This zone has great
extremes of temperature, from 37.8°C to —60°C. The
mean annual air temperature ranges from —4°C to
—8°C (fig. 3), and permafrost is widespread.
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In the zone of Arctic climate, in northern and north-
western Alaska including the north half of the Seward
Peninsula (fig. 2), mean annual air temperature ranges

from —4°C to —12°C, and precipitation is slight (10-30
cm annually). Permafrost is present almost every-
where.
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The earliest account (Kotzebue, 1821) of the geology
of an Alaskan area was concerned largely with Quater-
nary deposits. Kotzebue’s report contains an account of
the famous bone-bearing frozen silt and of mysterious
masses of buried ice at a place now called Elephant
Point on Eschscholtz Bay, about 35 km south of the
Arctic Circle. Accounts of exploration in Alaska during
the latter part of the 19th century and the many ac-

Nichols, George Plafker, A. S. Post, C. E. Ray, C. A.

azcq,,

Cx, UKC’ 7
SE. "4

162

counts of the regional geology published by the Geologi-

EXPLANATION
-2
Isotherm
Line of equal mean annual air
temperature. Interval, e

150 300 MILES
1

0
I
0

'
T T
150 300 KILOMETRES

= |
520 {

|
J

P
4_‘ East oiGreenw;ch

2| e %

178° 178°

! WestofGreenmch 1\
———"’r SLANDS

AN

i

ALEUTIAN

FiGUurRe 3.—Mean annual air temperature (degrees Centigrade) from Péwé (1966b, fig. 4; effect of topography not considered). Climatic
zones: A, Arctic; B, Continental; C, Maritime-Continental Transitional; D, Maritime. Modified from Watson (1959, p. 24).




6 QUATERNARY GEOLOGY OF ALASKA

cal Survey from 1898 through 1940 almost invariably GLACIOLOGY

contain descriptions of the physiography and of the The magnificent and spectacularly fluctuating
Quaternary sediments as well as descriptions of the glaciers of southern Alaska (fig. 4) began to receive
bedrock geology. Brooks (1906) wrote the earliest com- | attention in the latter half of the 19th century, through
prehensive account of Alaska Quaternary geology. the work of Muir (1884), Reid (1892, 1896), and Russell

FicURE 4.—Oblique aerial view of Columbia Glacier entering Prince William Sound, south-central Alaska. View to the north with
Chugach Range in the background. The highest peak is Mount Witherspoon, 3,644 m in elevation. Columbia Glacier has an area of
960 km?. Photograph by Austin S. Post, U.S. Geological Survey, August 25. 1965.
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(1892a, 1892b, 1893). Coastal Alaska’s great glaciers
have always been of interest to Pleistocene geologists
and have been under close observation since the 1890’s
(Russell, 1892a; Reid, 1896; Gilbert, 1910). Tarr and
Martin (1914) summarized their systematic observa-
tions, and Grant and Higgins (1913) carefully observed
the glacier termini in Prince William Sound and Kenai
Peninsula. Continuing studies between 1920 and 1950
(Cooper, 1937; 1939; Field, 1932a, 1932b, 1941, 1942,
1947,1950; Wentworth and Ray, 1936) led ultimately to
coordinated glaciological and glacial geological studies
of the Malaspina-Seward ice field system (Sharp, 1951a,
1951b, 1956, 1957) and of the Juneau ice field (Miller,
1952, 1953, 1970; Field and Miller, 1950, 1951; Hubley,
1955, 1957; Thiel and others, 1957; Heusser and Mar-
cus, 1964). The glaciers of interior Alaska received less
intense scrutiny for many years, although the spectacu-
lar advance of Black Rapids Glacier in 1937 (Hance,
1937; Moffit, 1942; Geist and Péwé, 1957) and Muldrow
Glacier (Péwé, 1957a; Post, 1960) indicated that in-
teresting problems awaited study. Only recently, with
the growth of the study of glacier surges (Meier, 1969;
Post, 1969; Meier and Post, 1969). has it been under-
stood that Black Rapids Glacier and Muldrow Glacier
advances were the vanguard of documented glacial
surges.

Systematic glaciological and glacial geological
studies in the Alaska Range and in the Brooks Range
did not begin until the International Geophysical Year
in 1957, with the studies of Péwé and his associates in
the Alaska Range, mainly on Gulkana Glacier, (Péwé,
1957a, 1957b, 1961a, 1961b, 1963; Sellmann, 1962;
Moores, 1962; Mayo and Péwé, 1963; Mayo, 1963;
Reger, 1964, 1968; Ragan, 1964, 1966, 1967, 1969; Rut-
ter, 1965; Ostenso and others, 1965; Reger and Péwé,
unpub. data, 1963) and of R. C. Hubley, G. W. Holmes,
and E. G. Sable in the Brooks Range (Keeler, 1958;
Sater, 1959; Holmes and Lewis, 1961; Sable, 1961).
Also, pioneer glaciological studies in the Wrangell
Mountains were published (Benson, 1968). The U.S.
Geological Survey now has a long-range detailed pro-
gram of glacier studies on Gulkana Glacier in the
Alaska Range and on Wolverine Glacier on the Kenai
Peninsula (Meier and others, 1971).

The Alaska earthquake of March 27, 1964, provided
an unequaled opportunity to examine the effect of an
earthquake on glaciers, because the epicenter was in
Prince William Sound, an area bordered by hundreds of
glaciers. Many observations and studies were made of
glaciers and of avalanches on glaciers during the first
days and months after the quake (Bull and Marangunic,
1968; Field, 1965, 1968; Field and others, 1964; Hack-
man, 1965; La Chapelle, 1968; Marangunic and Bull,
1968; Marcus, 1968; Miller, 1965a, b; Péwé, 1964a, b,

1968b; Plafker, 1968; Post, 1967; Ragle and others,
1965a, b; Reid, 1968; Sater, 1964; Shreve, 1966, 1968;
Tuthill, 1966; Tuthill and others, 1968).

As a result of the 1899 earthquake in southern
Alaska and a study of glacier advances there, Tarr and
Martin (1914) discussed the ideas that earthquakes
caused glaciers to advance either immediately or at a
later date as a result of great quantities of snow on
mountainsides being shaken loose and cascading down
on the glaciers below. After the 1964 quake observa-
tions from the air of hundreds of glaciers revealed no
advancing ice streams as the result of the earthquake. It
will take some time, however, to determine whether the
glaciers will expand as the result of snow avalanched
down onto the ice. Observations indicate that most of
the snow knocked down would have fallen later in the
spring under ordinary circumstances. Spectacular de-
bris avalanches (fig. 5) on glaciers did occur, and studies
are underway to evaluate the effect of the debris on
glacier regimen (Bull, 1969).

GLACITAL STRATIGRAPHY

Aside tfrom attempts to date Holocene fluctuations of
the coastal glaciers, studies of glacial stratigraphy were
for many years quite desultory. To be sure, most Geolog-
ical Survey reports took note of the distribution of
moraines and glaciated terrain; Capps particularly con-
cerned himself with the possibility that more than one
glacial cycle was represented in Alaska and sum-
marized (1931) the existing knowledge of the glacial
history of Alaska. Most of the recognized glaciated
areas rather clearly dated from the glaciation of Wis-
consinan age (Capps, 1915b), and older glacial deposits
were commonly overlooked; however, Capps (1916b)
discovered deformed deposits of apparent glacial origin
and of probably early Pleistocene age in the White River
area on the north and east flanks of the Wrangell Moun-
tains (Capps, 1910b, 1915a), and Taliaferro (1932) dis-
covered marine tillites of late Tertiary and possible
Pleistocene age along the Gulf of Alaska; these were

- studied in more detail by Miller (1953a, 1957). Shortly
. after World War II, intensive studies of glacial stratig-

raphy were begun in many parts of Alaska and resulted
in a brief publication by Péwé and others (1953). Sev-
eral notable papers on individual areas include those by
Wahrhaftig (1958), Detterman and others (1958), Mil-
ler and Dobrovolny (1959), Fernald (1960), Hopkins and
others (1960), Holmes and Lewis (1961), Coulter and
Coulter (1961, 1962), Péwé and Holmes (1964), and
Karlstrom (1964). These and other works were sum-
marized by the Alaska Glacial Map Committee of the
U.S. Geological Survey in a map showing the extent of
glaciations in Alaska (Coulter and others, 1965).
Péwé, Hopkins, and Giddings (1965) summarized
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various events, and Péwé, Ferrians, Nichols, and Karl-
strom (1965) presented detailed information on
Quaternary geology in central Alaska. Detailed work
on glacial deposits of the Brooks Range was only re-
cently undertaken (Fernald, 1964; Porter, 1964, 1966;
Holmes and Lewis, 1965; Hamilton, 1969; Reed, 1968).
The following glacial mapping elsewhere in Alaska
adds a fuller understanding of the glacial history of the

State: The upper Tanana valley (Fernald, 1965a), York
Mountains (Sainsbury, 1967a), Chagvan Bay area in
southwest Alaska (Porter, 1967), the Johnson River
area of the Alaska Range (Holmes and Foster, 1968),
and the Ray Mountains (Yeend, 1971). The chronology
of the late Holocene in Alaska was well summarized by
Porter and Denton (1967). Rampton (1970) reported
recent glacial changes near the Alaska-Canada line.

Ficure 5.—Earthquake-induced landslide of 1964 on Sherman Glacier, south-central Alaska; 107m3 of slide debris covers 8 km? of ablation
zone. Glacier regimen changed from negative to strongly positive (Marangunic and Bull, 1968). Photograph by Austin S. Post, U.S.

Geological Survey, 1965.
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Glacial mapping is being continued on the south flank
of the Brooks Range by T. D. Hamilton and his as-
sociates at the University of Alaska. Denton and others
are unravelling the interbedded volcanic and glacial
deposits in the Wrangell Mountains with the aid of
potassium-argon dating (Denton and Armstrong, 1969;
Stuiver and others, 1969). The great challenge of glacial
geology today in Alaska is to relate the glacial record to
the volcanic deposits by radiometric dating and
paleomagnetic observations. Alaska abounds with
areas in which these methods can be employed.

NONGLACIAL DEPOSITS

The stratigraphy and paleontology of the richly fos-
siliferous silts of nonglaciated areas of Alaska continue
to arouse interest that began with the earliest studies
by the Kotzebue and Beechey expedition. In 1907 and
1908, Quackenbush (1909) revisited and reexcavated
the historic bluff at Elephant Point. Eakin (1916; 1918)
and Mertie (1937) gave extended accounts of silt de-
posits in central Alaska. Taber (1943) presented an
even more elaborate account of the stratigraphy of silts
near Fairbanks that he considered to be the result of
long-continued frost-riving of bedrock; however, Tuck
(1940) had shown that these deposits were actually
loess, and Péwé (1955) confirmed this conclusion and
also demonstrated a long and complex late Pleistocene
history in the Fairbanks area. The University of Alaska
in cooperation with the American Museum of Natural
History has collected vertebrate remains from the
placer pits near Fairbanks, and in other parts of Alaska
through the efforts of Geist (1953), an enormous quan-
tity of vertebrate material has been accumulated
(Frick, 1930, 1933, 1937) of which only the bison have
been systematically described (Skinner and Kaisen,
1947). Guthrie and his associates at the University of
Alaska initiated a new era of study of Pleistocene ver-
tebrates in Alaska, especially a study of the great collec-
tion from the Fairbanks area (Guthrie, 1966a, b, c;
1967; 1968a, b; 1972). The Quaternary geology of un-
glaciated central Alaska has been under study by Péwé
(1952a; 1958a, b; 1965a, b; 1970a, b; 1975).

Understanding of the climatic history recorded in the
nonglacial deposits has been deepened greatly by
palynological studies conducted during the last two
decades by many investigators, most notably by Heus-
ser (1960, 1966), Livingstone (1955, 1957), Colinvaux
(1962, 1963, 1964a, b; 1967a, b, c¢), and Matthews
(1968a, 1970).

ARCHAEOLOGY

The latest events of Quaternary time involve the com-
ing of man. In addition to enlarging our knowledge
concerning the record of man, archaeological studies in

Alaska have contributed greatly to our understanding
of sedimentation, climatic and vegetation changes, and
stratigraphy of nonglacial deposits of the last
8,000-10,000 years. A summary of the archaeology of
Alaska is beyond the scope of this report, but a brief
review of such research is presented because it concerns
the Quaternary record.

Alaska is almost surely the route by which the first
humans came to North America, but until the recent
discoveries of Giddings (1962), no undisputed occupa-
tion sites or artifacts older than 6,000 years had been
found there. Until the early 1940’s, in fact, the only
known archaeological sites aside from the Campus site
(Rainey, 1939) were those occupied within the last few
centuries by Eskimos. The discovery of the Ipiutak site
at Point Hope, occupied about 2,000 years ago, marked a
tremendous advance in our understanding of Eskimo
prehistory (Larsen and Rainey, 1948). The reports of
Geist and Rainey (1936) and Collins (1937) on St. Law-
rence Island presented a nearly complete understand-
ing of the last 2,000 or 3,000 years of Eskimo history
there. More recently, the discovery of the Denbigh Flint
complex at Iyatayet, on Norton Sound (Giddings, 1951,
1964, 1967; Hopkins and Giddings, 1953), and of
6,000-year-old artifacts in the Trail Creek caves on
Seward Peninsula (Larsen, 1951, 1953, 1968) indicated
that the Eskimo has had a long history in Alaska. Re-
search on Anangula Island in the Aleutian Islands pro-
duced insight into about 8,000 years or more of Aleut-
Eskimo history there (Laughlin, 1963). Radiocarbon
dates of 8,000 and 8,500 years are reported, but Black
and Laughlin (1964) believed the age may be more
easily 12,000 years. In more recent years, many work-
ers have found sites comparable in antiquity to the
Denbigh Flint complex in other parts of northern and
western Alaska (Campbell, 1962; Hadleigh-West,
1963). The present knowledge of Eskimo archaeology is
ably summarized by Giddings (1960) and more recently
by Dumond (1965). Shortly before his death, Giddings
compiled a succinct summary of archaeology in Alaska
in (Péwé, Hopkins, and Giddings, 1965).

The record of man in Alaska is constantly being
pushed back in time, and latest views involve one of the
oldest known sites and one of the newest. Discovered in
1933 on the campus of the University of Alaska (Rainey,
1939, 1941), the Campus site, with its typologically old
artifacts with Old World relations is of major impor-
tance. Clear stratigraphy and dating are missing. Re-
cently, Hadleigh-West (1967) described artifacts from
the Donnelly Ridge site on a moraine of Wisconsinan
age (Péwé and Holmes, 1964) 120 km southwest of the
University of Alaska. He believed that the artifacts in
the Donnelly Ridge site have many affinities with the
Campus site artifacts. Because of affinities of the ar-
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tifacts of both sites with Asian finds 10,000-15,000
years old, Hadleigh-West believed the Alaskan arti-
facts fall into this range of time.

There is no geologic reason to believe the Campus site
cannot be this old, or older. The Donnelly Ridge site may
perhaps be this old but not more, because the Donnelly
moraine is not more than 15,000 years old. Recent dis-
coveries by McKennan and Cook (1968) at Healy Lake
150 km southwest of Fairbanks show cultural layers
older than 11,000 years, and materials similar to the
Campus site seem to occur in a level dated at 8,960 years
old (Hosley, 1969).

After more than 20 years of patient searching, which
revealed outstanding finds, J. L. Giddings discovered in
1961 “what is undoubtedly the most important ar-
cheological site ever found in the Arctic” (Collins, 1967).
This was the Onion Portage site on the Kobuk River (pl.
1; Giddings, 1962, 1967; Anderson, 1968, 1970), a
clearly stratified site of silt and sand of eolian and
fluvial origin that is as much as 6 m thick and contains
many occupational levels. The oldest dated level is
8,500 years old, and the record may go back 6,500 years
more, making it the oldest site in Alaska as well as the
one with the longest continual record.

With a growing body of evidence that man was pres-
ent in North America at least as early as 25,000-30,000
years ago or more, it is imperative to search further for
man in Alaska in deposits of late Quaternary age.

MARINE DEPOSITS

Pleistocene and Holocene marine deposits are found
in many areas on the coasts of Alaska and were recorded
(though erroneously assigned to the Miocene Epoch)
early in the history of exploration of Alaska by Dall and
Harris (1892). The most comprehensive accounts of the
Pleistocene marine mollusks are those of MacNeil and
others (1943) and MacNeil (1957); Black (1964) and
O’Sullivan (1961) studied the stratigraphy of the Pleis-
tocene marine Gubik Formation of the Arctic Slope;
Hopkins devoted much attention to the Pleistocene se-
quence at Nome (Hopkins and others, 1960); and Miller
(1953b) presented the most complete account of the late
Cenozoic marine deposits along the Gulf of Alaska
coast. Twenhofel (1952) described the deposits of the
postglacial marine transgressions in southeastern
Alaska. Present knowledge of the stratigraphy and age
of Quaternary marine deposits in Alaska is summarized
by Hopkins (1965, 1967b), and correlation with marine
deposits in the U.S.S.R. across Bering Strait has been
presented (Hopkins and others, 1965). McCulloch
(1967; see also McCulloch and others, 1965) studied
marine Pleistocene deposits along the northwest coast
as far south as Seward Peninsula, with special em-
phasis on the Kotzebue Sound area.

PERIGLACIAL STUDIES

Alaska has intrigued Pleistocene geologists not only
because of its interesting, and in places remarkably
complete, stratigraphic record of Pleistocene events,
but also because the spectacular effects of cold climate
geomorphic processes are well recorded there. Many of
the early Geological Survey Bulletins on Alaska con-
tain discussions of the surface features resulting from
solifluction and intense frost action. Eakin (1916) and
Cairnes (1912a, b) called attention to the unique aspects
of the landscape cycle in regions where frost action is
intense. Porsild (1938) described ice laccoliths in tundra
regions of Alaska and christened them pingos. More
recently, pingos were discovered and dated in central
Alaska (Krinsley, 1965; Holmes and others, 1966,
1968). Sharp (1941, 1942) described microrelief features
in the Wolf Creek Range just east of the Alaskan border
in Canada. During the late 1940’s and early 1950’s
interest quickened in frost features and the resulting
landscape. Hopkins and Sigafoos (Hopkins and
Sigafoos, 1951, 1954; Sigafoos and Hopkins, 1952) wrote
a series of papers dealing with the interrelations of frost
action and vegetation. Wallace (1948), Hopkins (1949),
Anderson and Hussey (1963), and Black (1969b) de-
scribed the origin and development of thaw lakes. Black
and Barksdale (1949), Livingstone (1954), Carson and
Hussey (1959, 19604, b, 1962, 1963), and Black (1969b)
offered explanations for the pronounced orientation
shown by thaw lakes in many parts of Alaska. Capps
(1910a) coined the word “rock glacier” for glacierlike
tongues of rock debris that are common in mountainous
areas in Alaska; Wahrhaftig and Cox (1959) thoroughly
described rock glaciers, the mechanisms by which they
move, and the climatic conditions that control their
distribution.

Most writers discussing frost action and the develop-
ment of periglacial landscapes have been concerned
with tundra landscapes, but Drury (1956) wrote an in-
teresting and widely quoted account of the geomorphic
and vegetational processes involved in the development
of “bog flats,” a conspicuous variety of muskeg that is
widespread on gently sloping surfaces in the forested
region of central Alaska.

Leffingwell gave the first description of ice wedge
polygons in Alaska and the first correct explanation of
their origin in 1915. Taber (1943) contributed greatly to
our understanding of frost heaving and the origin of
small lenses of ground ice, but his explanation for the
origin of ice wedges is no longer accepted by most work-
ers. The investigations of Black (1951b, 1952a, 1969a),
Péwé (1952a, 1958a, 1962, 1966b, 1973,1974a, b, 1975),
Lachenbruch (1960a, b, 1961, 1962, 1966), and Brown
(1967a) considered the structure, petrography, stratig-
raphy, and thermal environment of ice wedges. Their
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distribution and climatic significance were noted by
Péwé (1964c, 1966a).

Dissemination of information on the periglacial fea-
tures in Alaska was stimulated by the field conference
and symposium held in central Alaska in 1965 (Péwé,
Ferrians, Nichols, and Karlstrom, 1965).

Among the least known, but most widespread, peri-
glacial features in the world are altiplanation terraces.
Study of the origin, age, and distribution of these fea-
tures in central Alaska has begun (Péwé and Reger,
unpub. data 1969; Péwé, 1969b, 1970b; Reger and Péwé,
unpub. data 1974).

VOLCANIC ACTIVITY

The presence of active volcanoes in the Aleutian Is-
lands and on the Alaska Peninsula was known te the
earliest explorers of Alaska. An eruption on Bogoslof, a
minute volcanic island north of the Aleutian chain, was
described by Dall (1884, 1885). The cataclysmic,
caldera-forming eruption of Mount Katmai and the re-
sulting deposits were described in detail by Griggs
(1922, and several later publications) and Fenner (1920,
1923, and many later publications). The discovery of
Aniakchak caldera by Smith (1925) indicated that cal-
dera-forming eruptions took place elsewhere in the re-
gion. An eruption at a small cone in Okmok caldera
near the military post at Fort Glenn, Umnak Island, in
1945 and an eruption of Mount Cleveland on
Chuginadak Island in 1944 demonstrated potential
threat of the volcanoes in the Aleutian chain to human
activities and resulted in a coordinated study by the
Geological Survey of the geology of the entire region
during the late 1940’s and early 1950’s (U.S. Geological
Survey, 1955-61).

Basaltic lava plateaus that occupy large areas in cen-
tral and western Alaska constitute a separate and dif-
ferent sort of volcanic province from the andesitic vol-
canoes of southern and southwestern Alaska. Barth
(1956) and Hopkins (in Cox and others, 1966) prepared
detailed descriptions of basaltic volcanic rocks on the
Pribilof Islands, and Hopkins (1963) on central Seward
Peninsula. Geologic mapping, paleomagnetic stratig-
raphy, and potassium-argon dating were used in a
thorough study to determine the time and volume rela-
tions of tholeiitic and alkalic basalt on Nunivak Island
(pl.1) (Hoare and others, 1968). A summary of the dis-
tribution and importance of volcanic ash deposits is
included in the present report, but no summary is at-
tempted of the Quaternary volcanoes and flows.

PALEOMAGNETIC STUDIES

Quaternary paleomagnetic stratigraphy in Alaska is
in its infancy, but significant contributions have al-
ready been made. The first confirmation of the Olduvai

normal polarity event was made in a study of basalt
flows on St. Paul Island (Cox and others, 1966), and the
Nunivak normal polarity event was established on the
basis of studies on Nunivak Island (Cox and Dalrymple,
1967; Hoare and others, 1968). With further examina-
tion of the abundant widespread volcanic rocks of
Quaternary age in Alaska and sediments in the Arctic
Basin, great opportunities will be present to tie into,
and perhaps refine, the geochronometric time scale of
geomagnetic polarity epochs (Cox and others, 1963a, b,
1964a, b, 1965; Cox, 1969; Clark, 1969).

QUATERNARY TECTONISM

The first summary of Quaternary tectonics in any
large part of North America was by King (1965). No
such summary is available for Alaska, or perhaps yet
possible in any detail. More than half of Alaska is seis-
mically active today and has a rich tectonic record.
Effects of Quaternary tectonism have long been known
and are reflected in faulting of glacial deposits (Richter
and Matson, 1971; Stout and Brady, 1972; Stout and
others, 1972), uplifted glacial terraces in mountains
(Wahrhaftig, 1958), uplifted marine terraces in south-
central Alaska (Twenhofel, 1952; Miller, 1953a), the
York terrace on western Seward Peninsula (Sainsbury,
1967a, b), and faults in the frozen nonglacial deposits in
central Alaska (Péwé, 1958b; Patton and Hoare, 1968)
and elsewhere.

The study of Quaternary tectonics received a tremen-
dous impetus from the great Alaska earthquake of 1964
(Plafker, 1965; Wood, 1966; National Academy of Sci-
ences, 1968,1970, 1971). Various aspects of Quaternary
tectonism are discussed by Plafker and Rubin (1967).

THE PLIOCENE-PLEISTOCENE BOUNDARY

The position of the worldwide Pliocene-Pleistocene
boundary is currently a controversial issue. The prob-
lem was reviewed by Flint (1971, p. 381-382) and can
be summarized as follows. Historically, the boundary
was placed on the basis of either evolutionary differ-
ences between fossil organisms or evidence for the
climatic cooling (Flint, 1965), expressed mainly in
glaciation. In fact, the Pleistocene became equated with
the glacial or the ice age period. It has been known from
Alaska since 1932 (Taliaferro, 1932) that glacial de-
posits in the Gulf of Alaska were Pliocene in age, and
this was carefully documented by Miller (1953a, 1957).
However, not until the sixties did widespread evidence
appear that glacial sediments, both terrestrial and
marine, were deposited in Pliocene and Miocene time
(table 1), especially in the high latitudes.

The presence of cold-water marine and terrestrial
faunas in lower latitudes, representing a migration
from the polar areas, is thought by many to mark the
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TaBLE 1.—Position of the Pliocene-Pleistocene boundary—Continued
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beginning of Pleistocene time; however, such migra-
tions are also represented in strata of late Tertiary age.
Therefore, glacial climates are not a satisfactory
method for determining the position of the Pliocene-
Pleistocene boundary. As Flint remarked (1971, p.2),
we now think in terms of late Cenozoic cold climates and
glaciers and do not associate them only with the
Quaternary. In a rather informal manner, some scien-
tists use the term Quaternary to mean the last 2 or 3
m.y. (million years).

Under the auspices of international congresses, the
position of the Pliocene-Pleistocene boundary (and
therefore the Tertiary-Quaternary boundary) has re-
ceived much study and official recommendations have
been made. It was recommended at the 18th Interna-
tional Geological Congress in 1948, the 6th Interna-
tional INQUA Congress in 1961, and at the 8th Interna-
tional INQUA Congress in 1969 that the La Castella
section in southern Italy be regarded as the boundary
stratotype fixing the position of the Pliocene-
Pleistocene marine boundary. The boundary is placed
at the horizon characterized by the sudden appearance
of Hyalinea baltica (table 1), a cold-water species of
Foraminifera which migrated from the North Atlantic.
Selli (1967) and Nakagawa, Niitsuma, and Elmi (1971)
gave a date of 1.8 m.y. for the Pliocene-Pleistocene
boundary in the La Castella section (table 1) on the
basis of magnetic, microfaunal, and radiometric evi-
dence.

In this report, the writer uses the date 1.8 m.y. for the
temporal position of the Pliocene-Pleistocene boundary,
although it is abundantly evident that in Alaska there
is no known sharp break at this time in the glacial
record, in either marine or terrestrial sediments, or an
abrupt change in faunal or floral types (table 1).

Attention has only recently been focused on the prob-
lem of defining the Tertiary-Quaternary boundary in
Alaska. Continuing studies of faunas, floras, and rem-
nant magnetism coupled with potassium-argon dating
of rocks of late Tertiary or early Quaternary age have
begun to provide more precise age assignments (table
1). In many areas, sediments of middle or late Pleis-
tocene age lie unconformably on much older, pre-
Quaternary rocks; in other areas the oldest Quaternary
rocks whose ages can be established rest on still older,
little deformed sediments or volcanic rocks of either
early Quaternary or late Tertiary age.

At the present time, the position of the Pliocene and
Pleistocene boundary can be most closely approximated
in sequences of fossiliferous marine sediments. A land
bridge existed in early Pliocene time; Hopkins (1967a,
p. 454) stated “there is a clear record of repeated disper-
sals of land animals across Beringia through much of
the Pliocene, during the interval from 10 to 4 million
years ago.” However, in late Pliocene time, about 3.5-4

m.y. ago, Bering Strait was reopened and permitted
marine animal migrations. This is inferred from the
presence of identical species of diagnostic Pliocene mol-
lusks in both the North Pacific and the North Atlantic
at this time (Durham and MacNeil, 1967). Late Pliocene
sediments interbedded with basaltic lava flows and til-
lites on the Tjornes Peninsula of Iceland record an
influx of Pacific mollusk species, reflecting the opening
of Bering Strait about 3.5 to 4 million years ago (Einars-
son, 1967) (table 1). It also now seems possible to corre-
late certain marine deposits in Alaska with the Pliocene
Coralline Crag of England and certain other Alaskan
marine deposits with the Pleistocene Red Crag of Eng-
land on the basis of the common occurrence of several
members of rapidly evolving stocks of Neptunea,
Chlamys, and Astarte. Most of the beds diagnosed as
Pliocene in Alaska on the basis of these genera also
contain mollusks apparently restricted to Pliocene beds
on the Californian, Siberian, and Japanese coasts.
Alaskan beds diagnosed as Pleistocene contain few or
no forms indicative of Pliocene age elsewhere on North
Pacific shores.

One of the most complete records of late Cenozoic
glacial and faunal data in the world is that reported
from the Gulf of Alaska. It is also here that a gocd
chance exists for the accurate placement of the
Pliocene-Pleistocene boundary. The Yakataga Forma-
tion has long been known to contain Pliocene and Pleis-
tocene fossiliferous marine tillites (Taliaferro, 1932;
Miller, 1953a, 1957; MacNeil, 1967; Bandy and others,
1969). The most critical exposure is the well-
documented section of 1,220 m of conglomerate, silt-
stone, and conglomeratic sandy mudstone beds on Mid-
dleton Island (pl. 1; Miller, 1953a, table 1).

On the basis of the study of pectinids in the section,
MacNeil (1967, p. 32) suggested that the Pliocene-
Pleistocene boundary be placed at the top of unit 17 of
Miller’s section. Unit 17 is about 3G0 m from the top of
the section and marks the position where Chlamys
pseudislandicc plafkeri first appears. The top of the
range of Chlamys (Leochlamys) tugidakensis lies im-
mediately below and is Pliocene (table 1).

Because of the critical nature of the Middleton Island
section in regard to the Pliocene-Pleistocene boundary,
Plafker, Mankinen, and Doell (written commun., May
9, 1972) attempted to relate the section to the standard
paleomagnetic scale. On the basis of preliminary ex-
amination, they inferred that the section covers the
time interval from about 2 to 0.7 m.y. ago (table 1). Unit
17 would be at about 1.5 m.y. ago, if the deposition rate
were constant.

Subsequent to MacNeil’s (1967) report, additional
fossil collections have been made, and Plafker stated
(oral commun., May 11, 1972) that C. plafkeri now is
more widespread and occurs lower in the section than
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previously reported. Future studies will undoubtedly
reframe the placement of Pliocene-Pleistocene bound-
ary on Middleton Island.

Small late Pliocene or early Quaternary floras (of
pollen and wood) provide broad correlations between
marine and nonmarine sediments in Alaska. However,
an essentially modern taiga flora (spruce to birch) has
been found in sediments underlying a 5.7-m.y.-old lava
flow 30 km south of Cape Deceit (Hopkins and others,
1971). More details will be needed to position the
Pliocene and Pleistocene boundary on the basis of floras.

Paleomagnetic and potassium-argon studies made on
some of the widespread and almost continuous late Ter-
tiary and Quaternary volcanic sequences in Alaska aid
in relating the events near the Pliocene and Pleistocene
boundary to the worldwide geomagnetic chronology. A
rather complete record of late Cenozoic volcanism is
documented by paleomagnetic and potassium-argon
studies on Nunivak Island (Hoare and others, 1968)
(table 1).

GLACIAL GEOLOGY

Because of the difficulty of correlating one isolated
area in Alaska with another and the early impossibility
of relating Alaskan glacial sequences to the better
known glacial sequences of the north-central United
States and western Europe, provincial names were
given to many local Alaskan glacial chronologies estab-
lished during the late 1940’s and the 1950’s. As field and
photogeologic studies have progressed, however, it has
become possible to trace or compare sequences of
moraines in series of adjoining valleys throughout large
areas. Radiometric dates, significant stratigraphic rela-
tions with marine sediments and other interglacial de-
posits, and an improved understanding of the nature
and rates of weathering and denudation have now made
it possible to make correlations with considerable
confidence within single mountain ranges and with
somewhat less confidence between different mountain
ranges (table 2). It has also become possible in a general
way to separate drift sheets in most areas into units of
pre-Illinoian, Illinoian, Wisconsinan, and post-
Wisconsinan ages. By no means have correlation prob-
lems been completely eliminated; nevertheless, prog-
ress has been sufficient to permit the preparation of a
glacial map of Alaska at a scale of 1:2,500,000 (Coulter
and others, 1965); figure 6 is based upon this compila-
tion but incorporates certain modifications resulting
from new information since the map was compiled and
from the writer’s differences of opinion concerning cer-
tain correlations.

Eventually, it will no doubt be possible to relate pre-
Illinoian Quaternary events in Alaska to the classical
glacial sequences of north-central United States and
western Europe. However, until the earlier glacial se-
quences in the classical areas, as well as in Alaska, are

dated accurately, terms such as Nebraskan and Kansan
probably should not be applied to pre-Illinoian glacial
events in Alaska, and only provincial names should be
used (table 2).

The most reliable correlations are based on the trac-
ing of moraines from one area to another, on radiocar-
bon dating, and on similar stratigraphic relations. A
comparison of the topographic expression of moraines of
various ages in widely separated areas is more difficult
and less reliable because, in Alaska, denudational pro-
cesses differ in nature and rate of operation from one
region to another. Moraines are modified much more
rapidly by solifluction and frost creep in northern
Alaska than in southern Alaska; stream erosion and
gullying probably progress more rapidly in southern
Alaska than in northern Alaska. Furthermore, the sur-
faces of the older moraines differ considerably, even
within small areas, as a result of local and regional
differences in the thickness of the loess mantle.

Glaciers have covered about 50 percent of the present
area of Alaska at one time or another, but large areas in
central and northern Alaska have never been glaciated
(fig. 6). Deposits assigned to each of the four major
Pleistocene glaciations recognized in north-central
United States are present in at least some parts of
Alaska. The extents of the late Tertiary and early Pleis-
tocene glacial advances remain almost unknown, but
the extents of middle and late Pleistocene and Holocene
advances are well established.

During Illinoian, Wisconsinan, and Holocene time,
glaciers were much more extensive in southern Alaska
than in northern Alaska and much more extensive on
the south flanks than on the north flanks of individual
mountain ranges, indicating that the glaciers were
nourished chiefly by air masses moving northward or
northeastward from the northern Pacific Ocean. In
western Alaska glacial ice was much more extensive
during Illinoian time than during Wisconsinan time,
but in eastern Alaska the maximum Illinoian and Wis-
consinan glacial advances differed very little. Illinoian
snowline was about 170 m lower than Wisconsinan
snowline throughout Alaska, and the greater difference
between the extent of Illinoian and Wisconsinan
glaciers in western Alaska seems to reflect the wide
distribution of uplands there that were just high enough
to serve as source areas for glaciers during Illinoian
time but not high enough to serve as source areas dur-
ing Wisconsinan time.

Wisconsinan time as used in this report encompasses
the interval that started at the end of the Sangamon
Interglaciation (approximately 70,000 years ago) and
ended about 10,000 years ago. The maximum
Wisconsinan ice advance was attained during early
Wisconsinan time; advances of late Wisconsinan time
were less extensive. Glacial advances during the past
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10,000 years were much less extensive than any late
Wisconsinan glacial advance in most parts of Alaska,
but Holocene glacial advances that culminated
1,000-2,000 years ago extended well beyond any recog-
nized glacial advance of Wisconsinan age on the Pacific
coastal plain and the Pacific slope of the Chugach
Mountains between Cape St. Elias and Russell Fiord
(the eastern arm of Yakutat Bay) (Plafker and Miller,
1958; D. J. Miller, oral commun., 1961). The anomal-
ously large extent of Holocene glaciation between Cape
St. Elias and Russell Fiord may reflect great uplift of
this tectonically active coastal area during late Wiscon-
sinan and Holocene time. Reid (1970a, b) showed that

the late Wisconsinan terminal moraine of Martin
Glacier, a few miles west of Cape St. Elias, marks the
most extensive advance of that glacier on land; earlier it
was a tidewater glacier. Reid concluded that this
phenomenon too is probably the result of the tectoni-
cally active coast during late Wisconsinan and
Holocene time.

EVIDENCE OF MIOCENE TO
EARLY PLEISTOCENE GLACIATION

The strongly deformed Yakataga Formation and cor-
relative deformed sedimentary sequences exposed be-
tween Cape Spencer and Cape St. Elias, on Middleton
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Island, and on some of the Trinity Islands south of
Kodiak Island contain many thick beds of conglomera-
tic sandy mudstone. This mudstone contains abundant
striated clasts; its completely ungraded texture and the
abundant mollusk shells in apparent growth positions
indicate that the sediment consists of material “rained”
upon the sea bottom rather than material transported
laterally by turbidity currents or submarine landslides
(Miller, 1953a, 1957). For these reasons, this mudstone
is interpreted as glacial drift that accumulated either
beneath an ice shelf or beneath icebergs broken from
tidewater glaciers in Tertiary time (table 1). The com-
posite outcrop thickness of the Yakataga Formation is
about 5,500 m (Plafker, 1967, 1971). The base of the
Yakataga Formation is of early to middle Miocene age
on the basis of its molluscan fauna (Miller, 1961b, fig.
46; Plafker, 1971). Foraminifera, however, indicate
that it could be as young as late Miocene (Bandy and
others, 1969). Cooling is first indicated by the influx of a
cold-water molluscan fauna (Addicott and others, 1970,
p. 5¢) and the cold-water foraminifera Turborotalia
pachyderma at about the same stratigraphic horizon as
the lowest beds containing marine glacial deposits.
These faunas indicate decreases of surface water tem-
peratures of 10°-15°C in early Yakataga time. The
youngest beds of the Yakataga Formation, which are
exposed at the top of a 1,170-m-thick section on Middle-
ton Island, are presumably of early Pleistocene age ac-
cording to F. S. MacNeil (in Plafker, 1967, 1971). At
least one sheet of tillite at Middleton Island, in the
upper part of the section was deposited by grounded
glaciers, not by icebergs or shelf ice (D. M. Hopkins,
written commun., 1968).

In an area in the eastern Wrangell Mountains, Capps
(1915a, 1916b, p. 63-67) reported at least 10 layers of
supposed tillite in a deformed sedimentary sequence
that is clearly no younger than early Pleistocene in age,
but it seems possible that the tillite layers actually
represent volcanic agglomerate or volcanic mudflow
deposits. Denton and Armstrong (1969) demonstrated
that these deposits are tillites, and that the earliest
tillite is about 10 m.y. old. In the Arctic Ocean, work on
magnetic stratigraphy, coupled with faunal patterns in
deep sea cores taken from Ice Island T-3, suggests that
glaciation began more than 4 m.y. ago (Steuerwald and
others, 1968; Clark, 1969, 1971). Herman (1970; Her-
man and others, 1971) suggested that glaciation began
2.4 m.y. ago (table 1).

Thus, D. J: Miller’s pioneering work and the subse-
quent work of others in southern Alaska indicate that
glaciation in Alaska started at least in late Miocene
time, and perhaps as early as early middle Miocene
time. This conclusion agrees with the data suggesting
late Tertiary glaciation in Antarctica (table 1) (Denton

and others, 1969, 1971) and Iceland (Einarsson, 1967).
EARLY PLEISTOCENE GLACIATIONS

Local patches of pre-Illinoian drift have been recog-
nized in most of the glaciated areas in Alaska; wide-
spread deposits are found only along the coast of the
Gulf of Alaska, on Middleton Island, possibly in the
upper part of the Yakataga Formation, and in a few
places on the north flanks of the Alaska Range and the
Brooks Range. Many areas are too small to be shown in
figure 6. Throughout much of Alaska, glacial advances
of Illinoian age evidently were approximately coexten-
sive with, or more extensive than, the early Pleistocene
advances. Where early Pleistocene drift is present, it is
found only in isolated patches on ridges above the limits
of ice advances during Illinoian time, in rare exposures
beneath Illinoian drift, or in areas slightly beyond the
outer limits of Illinoian drift.

Along the Gulf of Alaska coast, drift of early Pleis-
tocene age occurs in areas where ice advances of
Holocene age extended well beyond the limits of late
Pleistocene ice advances. Here, drift is assigned pre-
Illinoian age on the basis of its degree of deformation
and induration and of molluscan faunas enclosed in
intercalated marine sediments. The fauna suggests
that the beds are equivalent in age to the Beringian,
Anvilian, and Einahnuhtan transgressions (Hopkins,
1967b, p. 57). Two large shells from Pleistocene beds
on Middleton Island have been dated by the Uz23s/
Th230 method as being 210,000+ 20,000 years
and 220,000 + 20,000 years (Blanchard, 1963), which
places the beds in late Pleistocene time. However, an
extensive molluscan fauna collected from these same
beds indicates to F. S. MacNeil an early or early middle
Pleistocene age (in Plafker, 1971). Furthermore, a com-
plex postdepositional tectonic history—involving
northwestward tilting at an average angle of 28°, trun-
cation of the tilted strata, uplift above sea level, and
offset by active minor faults—suggests to George
Plafker (written commun., Apr. 21, 1970) that the
radiometric dates are probably too young.

In areas away from the Gulf of Alaska coast, the early
Pleistocene drift typically consists of patches of till or
sprinklings of erratic boulders scattered over old ero-
sion surfaces high above the present valley bottoms.
There are no recognizable glacial landforms, such as
end moraines, but in the north-central Alaska Range,
Wahrhaftig (1958, p.22-27) distinguished the outer
limit of his Browne Glaciation of early Pleistocene age
by concentrations of boulders on a loop pattern enclos-
ing the lower middle course of the lower Nenana River.

Karlstrom (1964, pl. 1) mapped extensive areas cov-
ered by pre-Illinoian glaciers on the north side of the
Alaskan Range from the Tonzona River to the Delta
River. Many glacial geologists working in this area do
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not hold this view, and this controversy gave rise to the
straight-line boundary of the early Pleistocene extent of
glacier ice along the 153 degree meridian on the map of
glacial extents in Alaska (Coulter and others, 1965).
The writer believes the glaciers of early Pleistocene
time were not as extensive as shown by Karlstrom. One
point to consider is that these early glaciations may
have occurred 1-2 m.y. ago or earlier, and the Alaska
Range may not have been as high as it is now. This
controversy may stimulate further work on the north
side of the Alaska Range.

Submarine drift and glacial topography are now
known on the sea floor in the Bering Strait (fig. 6) (Grim
and MacManus, 1970; D. M. Hopkins, oral commun.,
1969) and are thought at this time to represent both
[llinoian and pre-Illinoian glacier advances or perhaps
an icecap in the Strait area. Carsola (1954) indicated a
lack of glaciation of the Continental Shelf of the Chuk-
chi Sea to the north.

Precise age assignments can be given to a few of the
occurrences of drift of early Pleistocene age. Hopkins (in
Hopkins and others, 1960, p.61) considered the single
sheet of pre-Illinoian drift in the coastal plain at Nome
to be early and middle Pleistocene because it under-
lies the marine sediments of “Intermediate Beach.” “In-
termediate Beach” was formerly considered to be of
Yarmouth age, but it is now (Hopkins, 1967a) assigned
to the Anvilian transgression because its molluscan
fauna contains many more extinct species‘and in other
respects contrasts sharply with the Kotzebuan fauna in
marine sediments of later pre-Illinoian (Yarmouth?)
age in the Kotzebue Sound area (Hopkins and others,
1962; McCulloch and others, 1965; Hopkins, 1967a).
The writer tentatively considers the Browne and Dry
Creek Glaciations in the north-central Alaska Range to
be two early and middle Pleistocene advances because
they were separated from one another and from the
later Healy Glaciation of probably Illinoian age by long
periods during which considerable regional tilting and
stream erosion took place (Wahrhaftig, 1958, p. 31,
41-42). Recently, Clyde Wahrhaftig (oral commun.,
July 4, 1970) suggested that the Browne Glaciation is
more than 2.7 m.y. old on the basis of field relations and
radiometric dating near Jumbo Dome on the north side
of the Alaska Range and therefore is pre-Pleistocene in
age.

Karlstrom (1960a) considered the Mount Susitna and
Caribou Hills Glaciations of Cook Inlet areas to repre-
sent the Nebraskan and Kansan Glaciations, but with-
out dates all that can be said is that they are pre-
Illinoian in age. Glacial landforms assigned to these
stages are much more modified than those of the Ek-
lutna Glaciation, and the Illinoian age of the Eklutna
Glaciation seems well established.

GLACIATION OF ILLINOIAN AGE

DISTRIBUTION OF DRIFT

Prior to 1945, where abundant erratic boulders forced
the recognition of a glacial event, the glaciation was
ascribed to an ice advance of Wisconsinan age. Studies
since 1945 have shown, however, that drift of Illinoian
age is present in nearly every glaciated area in Alaska.
There is general agreement as to which areas of surface
drift should be assigned to the Illinoian glacial cycle
throughout most of Alaska. However, uncertainties
persist for areas in southeastern Alaska and on the
north flank of the Brooks Range.

The largest areas of Illinoian drift exposed at the
surface are in western Alaska in the Kotzebue Sound
and Bristol Bay areas and on Seward Peninsula (fig. 6).
Farther eastward along the flanks of the Brooks Range
and along the north flank of the Alaska Range, Illinoian
end moraines lie only short distances in front of
moraines of Wisconsinan age. An Illinoian glaciation
has been identified on the Pribilof Islands (Hopkins and
Einarsson, 1966). No till of either Illinoian or Wiscon-
sinan age is recognized along the Alaskan coast be-
tween Cape Fairweather and Russell Fiord; apparently
glaciers in this area were thinner and less extensive
during Illinoian and Wisconsinan time than they have
been during the last few thousand years. Little atten-
tion has been given to the pre-Holocene glacial history
of southeastern Alaska, and no attempt has been made
there to recognize traces of glaciation of Illinoian age.

Distribution of drift of Illinoian age in far western
Alaska has been clarified recently. Sainsbury (1967a, b;
oral commun., 1969) stated that Skull Creek erratics
are widespread in western Seward Peninsula, and he
believed that much of the Bering Strait was covered by
ice at this time. One of the active areas of glacial re-
search in Alaska today centers on the extent and age of
glaciations in Bering Strait and adjacent Bering and
Chukchi Seas and the relation to sea level. As indicated
in figure 6, glaciers from the Chukotka Peninsula of
U.S.S.R. adjacent to the Bering Strait once extended
southward and eastward more than 100 km onto the
Bering shelf, reaching St. Lawrence Island (Hopkins
and others, 1972, p. 125). Hopkins (1972) believed that
the glaciers could hardly have extended this far if it
were a time of high sea level and glacial margins were
afloat as suggested by Soviet workers. Grim and
McManus (1970) indicated large-scale deformation
structures on the sea floor probably caused by glacial ice
in contact with the ground surface. Hopkins (1972)
further concluded that this extent of Siberian ice then
occurred during Illinoian time rather than during a
time of high sea level, the Kotzebuan transgression.

New work by Hopkins has extended the limits of the
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Nome River Glaciation in the southern part of the Sew-
ard Peninsula and in Bering Strait (compare fig. 6 this
paper and fig. 3 in Péwé, Hopkins, and Giddings, 1965).

BASIS FOR AGE ASSIGNMENT

Drift of Illinoian age is most firmly identified on
stratigraphic and radiometric evidence near Nome and
in the shore bluffs of Kotzebue Sound and Cook Inlet.
Elsewhere, drift sheets are assigned to the Illinoian
Glaciation on the basis of similarities in surface expres-
sion and in positions in local glacial sequences to the
Illinoian drift in the Nome, Kotzebue Sound, and Cook
Inlet areas. The drift of Illinoian age at Nome (till and
outwash of the Nome River Glaciation—Hopkins and
others 1960, p.51) overlies marine sediments of an ear-
lier Pleistocene interglacial interval and is covered lo-
cally by marine sediments of Sangamon age from which
shells have been dated by radiocarbon as more than
38,000 years old (W-810, Rubin and Alexander, 1960, p.
174) and by the U238/Th230 method as 100,000 years old
(Blanchard, 1963). The Illinoian drift on the shores of
Kotzebue Sound was first described by Hershey (1909).
More recent work (Hopkins and others, 1962; McCul-
loch and others, 1965) showed that the till overlies
marine sediments dated by the U23s/Th23o method as
175,000+16,000 and 170,000+17,000 years (Blanchard,
1963); this drift is covered in some places by marine
sediments and in others by a forest bed more than
38,000 years old (W-344, Rubin and Alexander, 1958, p.
1483) of probable Sangamon age. Here sediments of
Sangamon age are overlain in turn by unoxidized loess
of probable Wisconsinan age.

In the Cook Inlet area near Anchorage, oxidized drift
of the Eklutna Glaciation of Illinoian age is overlain by
unweathered drift of the Knik Glaciation of early Wis-
consinan age (Miller and Dobrovolny, 1959, p. 11; Karl-
strom, 1964, p. 33; Trainer and Waller, 1965). On St.
George Island in the Pribilofs (fig.1), Illinoian till is
bracketed by marine deposits of Kotzebuan (pre-
Illinoian) and Pelukian (Sangamon) age (Hopkins and
Einarsson, 1966).

EVIDENCE OF MULTIPLE GLACIAL ADVANCES

Most areas of Illinoian drift contain more than one
recognizable morainal ridge, suggesting that the Il-
linoian glacial cycle, like the Wisconsinan cycle, was a
complex event consisting of several glacial advances,
retreats, and readvances. Stratigraphic evidence of
multiple glacial advances during Illinoian time has
been found, however, only in the Selawik Lake area,
inland from the southeast corner of Kotzebue Sound.
Here, D. M. Hopkins, D. S. McCulloch, and R. J. Janda
(unpub. data, 1961) found two exposures about 40 km
apart in which marine and fluvial sediments about
175,000 years old are overlain by two sheets of [llinoian

drift separated from one another by a few metres of
stratified silt and peat.

SURFACE MORPHOLOGY

The degree of preservation of primary microrelief on
the Illinoian drift varies greatly in different physio-
graphic settings. The larger primary relief features re-
sulting from glacial erosion and sedimentation, cirques,
U-shaped valleys, major morainal ridges, and outwash
terraces, remain recognizable, but smaller features,
such as minor morainal ridges, kames, eskers, and ket-
tles have been modified by and commonly obscured by
mass wasting, deposition of colluvium from nearby
slopes, and dissection by consequent gullies. In many
places, the addition of a mantle of loess, several metres
thick, of late Illinoian and Wisconsinan age has
contributed further to the obliteration of minor surface
features on the Illinoian moraines.

Illinoian moraines consist of large, smoothly rounded
ridges with irregular crests and gentle slopes that are
devoid of primary microrelief features (fig. 7) and that
are incised by consequent gullies at intervals of about 1
km. In the northeastern part of the Alaska Range,
Péwé and Holmes (1964) and Holmes and Foster (1968)
showed that slopes are consistently more gentle on
moraines of the Delta (Illinoian) Glaciation than on
moraines of the Donnelly (Wisconsinan) Glaciation.
Lakes are common on Illinoian moraines, but nearly all
are “second cycle” thaw lakes developed in initial low
areas on the surface of the drift. The Delta moraine of
Illinoian age contains only 1.2 kettle ponds per km?
while the adjoining Donnelly moraine of Wisconsinan
age contains an average of 6.2 kettle ponds per km?;
bogs, however, are twice as abundant on the Delta
moraine as on the Donnelly moraine (Péwé and Holmes,
1964; Holmes and Benninghoff, 1957, p. 63-69). Mining
excavations in Illinoian drift near Nome show that orig-
inal kettle holes have been obliterated by a fill of collu-
vial silty gravel several metres deep (D. M. Hopkins,
unpub. data, 1955-1957). Cirques that were occupied by
Illinoian ice but have remained vacant ever since dis-
play the typical hemiamphitheater form, but the origi-
nal rock cliffs at the head walls have been reduced to
lines of low rock bluffs 2-6 m high on the upper slopes,
adjoined by long smooth aprons of colluvium or vege-
tated talus.

SOILS AND WEATHERING PROFILES

Drift of Illinoian age commonly displays a soil and
weathering profile several times deeper and much more
intensely developed than profiles of Wisconsinan drift
in the same area. The post-Illinoian weathering profile
is most easily interpreted as a product of surficial
weathering processes in places where it is developed in
fine-grained sediments such as till or glaciolacustrine
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Ficure 7.—High oblique aerial photograph of part of a terminal moraine of Illinoian age along the east side of Delta Creek, interior Alaska.
View looking southwest toward Alaska Range. Photograph by U.S. Army Air Corps, April 24, 1947, 10,000 feet elevation. Photo-

graph No. 75RT-46 PL-m-7m56-46RS-24 Apr 47-65A.

silt and clay; well-exposed fine-grained sediments of
Illinoian age are easily distinguished from similar sed-
iments of Wisconsinan age on the basis of their weather-
ing profiles. In coarse sediments such as outwash sand
and gravel, deep and intense oxidation caused by
surficial weathering frequently has been confused with
discolorations resulting from the redistribution of iron
by ground water (for example, see discussion in Miller
and Dobrovolny, 1959, p. 33-34); thus, distinctions be-
tween coarse sediments of supposed Illinoian and Wis-
consinan age based only upon the presence or absence of
oxidation colors must be regarded with suspicion.

The post-Illinoian weathering profile on Illinoian

drift is deeper and better developed in southern Alaska
than in northern Alaska. Till, silt, sand, and gravel of
the Eklutna (Illinoian) Glaciation near Anchorage are
oxidized to depths of 10 m or more (Miller and Dob-
rovolny, 1959, p.11; Karlstrom, 1964). Drift of Illinoian
age in mining excavations near Platinum is oxidized to
depths of nearly 15 m (D. M. Hopkins, unpub. data,
1957). Illinoian till near Nome and on the shores of
Kotzebue Sound shows oxidation to depths of about 3 m,
and an excavation in an Illinoian esker showed a
well-defined Arctic Brown soil profile more than 1.7 m
thick (D. M. Hopkins, D. S. McCulloch, and R. J. Janda,
unpub. data, 1961). Till of the Delta (Illinoian) Glacia-



GLACIAL GEOLOGY

tion in the northeastern Alaska Range is oxidized to
depths of 1.2-3 m near Big Delta (Holmes and Benning-
hoff, 1957, p. 79; Holmes and Péwé, 1965) and to 3 m
near the Johnson River (Holmes, 1965, p. H10; Holmes
and Foster, 1968). No descriptions of weathering
phenomena in drift of Illinoian age are available for the
north flank of the Brooks Range.

Some investigators (for example, Péwé and others,
1953; Péwé and Holmes, 1964; Holmes and Benning-
hoff, 1957, p. 79; Wahrhaftig, 1958, p. 32) found a high
proportion of rotten clasts, especially of granitic rocks,
in near-surface zones in the Illinoian drift. In western
Alaska, however, D. M. Hopkins (unpub. data, 1957)
was unable to recognize a consistent relation between
abundance of weathered clasts and age of the enclosing
drift.

A deep post-Illinoian weathering profile underlies
drift of early Wisconsinan age in several places in the
Cook Inlet area (Miller and Dobrovolny, 1959, p. 11).
The post-Illinoian weathering profile is covered by loess
of Wisconsinan age on the shores of Kotzebue Sound
(Hopkins and others, 1962; McCulloch and others,
1965), indicating that most of the weathering was ac-
complished during the Sangamon Interglaciation.

SNOWLINE

The writer and his coworkers made a series of compi-
lations of the former positions of snowline during Il-
linoian and Wisconsinan time as interpreted from the
altitudes of cirque floors in various parts of Alaska.
Illinoian snowline lay approximately 500-600 m below
present snowline and about 150-250 m below Wiscon-
sinan snowline throughout a large part of Alaska (figs.
8, 9). Snowline was highest in the dry continental cli-
mate of east-central Alaska and lay at an altitude of
about 1,250 m during Illinoian time (Péwé and Bur-
bank, 1960; Péwé and others, 1967). It sloped downward
to an altitude of less than 300 m on Seward Peninsula in
western Alaska (fig. 8). Snowline lay appreciably lower
on the south sides than on the north sides of individual
mountain ranges.

Hopkins (written commun., 1968) suggested that at
one time the Illinoian(?) snowline intersected present
sea level on the Aleutian Ridge because glacial ice came
from present water areas southwest of Amchitka Island
(pl.1) and overrode the east end of the island. On St.
George Island 700 km northwest of the Aleutians, the
Illinoian snowline was at an altitude of 150 m (Hopkins
and Einarsson, 1966).

SIGNIFICANCE OF THE DISTRIBUTION
PATTERN OF ILLINOIAN DRIFT

In Western Alaska, glaciers were vastly more exten-
sive during Illinoian time than during Wisconsinan
time, but the difference in extent decreases eastward.
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However, snowline during Illinoian time lay about 170
m below the position of snowline during Wisconsinan
time (fig 8) (Péwé and others, 1967) throughout a large
part of Alaska. The relatively greater extent of glaciers
during Illinoian time in western Alaska evidently is a
result of the wide distribution of upland areas that were
just high enough to support cirques and small icecaps
during Illinoian time and that were not high enough to
project above snowline during Wisconsinan time.

The pronounced asymmetry in the extent of glacia-
tion and the position of snowline on all mountain ranges
of Alaska, including the Brooks Range, indicate that
during both the Illinoian and Wisconsinan glacial cy-
cles, the glaciers were nourished primarily by moisture
from airmasses arriving from the south or southwest.
This feature was first pointed out by Capps (1912) and
restated by Karlstrom (1964) and later workers.
Neither the common features in the two patterns of
glaciation nor their differences seem explicable in
terms of changes in the amount of moisture that might
have been contributed by airmasses entering Alaska
from the Arctic Basin as suggested by Ewing and Donn
(1956, 1958). The Bering shelf, constituting approx-
imately the northwestern third of the Bering Sea, was .
evidently dry land during most of Wisconsinan time and
probably during most of Illinoian time (Hopkins,
1959b). Airmasses moving into Alaska during these
glacial intervals must have obtained most of their mois-
ture while passing over the north Pacific Ocean and
western Bering Sea.

GLACIATION OF WISCONSINAN AGE
DISTRIBUTION AND EXTENT

Drift of Wisconsinan age is found in nearly all the
mountainous areas of Alaska (fig. 6). North of the crest
of the Alaska Range and of the Alaska Peninsula, the
glaciers were essentially alpine in character; they filled
mountain valleys and in places spread as piedmont
lobes in adjoining lowlands. However, most lowland and
upland areas in central and northern Alaska were free
of ice. Areas south of the crest of the Alaska Range and
the Alaska Peninsula were almost completely inun-
dated by ice, and icecap conditions prevailed over large
areas. Glaciers originating in the mountains filled ad-
joining lowland basins such as the broad Susitna valley
and spread onto the then-dry continental shelf, thicken-
ing to form icecaps as much as several tens of kilometres
wide and several hundreds of kilometres long. An icecap
in Shelikof Strait sent outlet glaciers northward
through low passes in the mountainous backbone of the
Alaska Peninsula (pl.1) to spread as piedmont lobes on
the coastal plain along the southeastern coast of Bristol
Bay; other ice tongues pushed from Shelikof Strait
southward into valleys in southwestern Kodiak Island
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that were too low to support local alpine glaciers during
the Wisconsinan glacial cycle (Coulter and others, 1965;
E. H. Muller, Clyde Wahrhaftig, and T. N. V. Karl-
strom, oral commun., 1955-57). Similar icecaps ac-
cumulated in several places on the southern half of the
Aleutian Ridge and moved northward over the lower
parts of the present islands (Judson, 1946; Bradley,
1948; Scruton, 1953; Coats, 1956; Byers, 1959; Powers
and others, 1960; Hopkins and Einarsson, 1966). Wis-
consinan drift is lacking along the coast of the Gulf of
Alaska between Cape St. Elias and Russell Fiord.
Glaciers there may have been less extensive during
Wisconsinan time than during Holocene time; appar-
ently mountains north of this part of the Gulf of Alaska
coast were lower during Wisconsinan time than at pres-
ent and consequently supported less extensive glaciers
(D. J. Miller, oral commun., 1960).

Wisconsinan glaciers pushed south into Prince Wil-
liam Sound and are in part responsible for the present
submarine topography (Von Huene and others, 1967).
The increase in submarine geological work in Prince
William Sound and adjacent areas, stimulated by the
1964 Alaskan earthquake, has already enlarged our
views of glacial action in this area and may lead to a
better understanding of ice shelf deposits.

Deglaciation during late Wisconsinan time in areas
of alpine glaciation north of the crest of the Alaska
Range seems to have consisted of a gradual shrinkage in
the thickness and extent of ice tongues that remained
active even in their frontal areas. However, deglacia-
tion in areas of large coalescent and piedmont ice mas-
ses south of the Alaska Range was much less orderly.
Widespread dead-ice features, such as areas of kame-
kettle topography, networks of eskers, and successions
of (annual?) marginal channels in the wider valleys and
lowland areas, record ice stagnation and down-wastage
without further movement in large areas. Dead-ice fea-
tures are especially abundant in the lower Matanuska
Valley northeast of the head of Cook Inlet (Trainer,
1960), in parts of the Copper River Basin (D. R. Nichols
and J. R. Williams, oral commun., 1955-60), and in the
belt of the lowlands just south of the Alaska Range
between the Alaska Railroad and the Richardson
Highway (Péwé, 1961c, 1965c; Kachadoorian and
others, 1954; Jahn, 1966, fig. 38, p. 127).

BASIS FOR AGE ASSIGNMENT

The Wisconsinan glacial cycle in Alaska was clearly a
complex event consisting of at least two major glacial
advances; several minor oscillations of ice fronts oc-
curred during the latter of the two major glacial events
(table 2). In several areas the two major divisions of the
Wisconsinan glacial cycle are well established by
stratigraphic investigations and radiometric dating as
approximately equivalent to the early and late Wiscon-
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sinan glacial cycles in north-central United States.
Some of these areas are Cook Inlet (Karlstrom, 1964;
Trainer and Waller, 1965), southwestern Brooks Range
(Hamilton, 1969), Chagvan Bay (Porter, 1967), and
York Mountains (Sainsbury, 1967a, b) (table 2).

Records of early Wisconsinan Glaciation have not yet
been recognized in some areas. Sainsbury (1967a, b)
pointed out that early Wisconsinan deposits have not
yet been mapped in the Kigluaik Mountains of the Sew-
ard Peninsula but that they probably do exist.

Drift of Wisconsinan age in the shore bluffs of Cook
Inlet has been dated as a result of detailed studies by
Miller and Dobrovolny (1959) and by Karlstrom (1965).
An abundance of stratigraphic observations and
radiometrically dated organic specimens establish that
the Knik Glaciation is of post-Sangamon age but older
than 37,000+2,000 years, and thus it is of early Wiscon-
sinan age (Karlstrom, 1964, p. 57).

Karlstrom (1957, 1960a) considered the Knik drift to
be of “post-Illinoian, pre-Wisconsinan (Sangamon)”’
age, and Miller and Dobrovolny (1959, p. 15) considered
it to be pre-Wisconsinan but not necessarily as old as
Sangamon or Illinoian. These differing age assign-
ments reflect different concepts of the duration of the
Wisconsinan Glaciation, rather than different opinions
as to the absolute age and correlation of the Knik Glaci-
ation.

Drift of the Knik Glaciation rests on interglacial de-
posits of Sangamon age and is covered by the Bootlegger
Cove Clay. The clay consists of three units and was
regarded in the past as estuarine, lacustrine, or marine.
Smith (in Hanson, 1965, p. A20) studied the Foraminif-
era and concluded that the clay is entirely marine. After
deposition of the middle unit, the Naptowne glacial
advance occurred in the Anchorage area.

During the fifties and sixties, the Bootlegger Cove
Clay was thought to be middle Wisconsinan in age and
indicative of a higher stand of sea level. A Uz23s/Theso
date of 38,000-48,000 years (Blanchard, 1963) on shells
from the clay supported this concept. The Naptowne
Glaciation was thought to be late Wisconsinan in age
(Karlstrom, 1964).

Four recent radiocarbon age determinations and a
new uranium series age on shells from the Bootlegger
Cove Clay indicate that it was deposited about 14,000
years ago (Schmoll and others, 1972). The clay, desig-
nated the type deposit for the Woronzofian transgres-
sion, is now interpreted by Schmoll, Szabo, Rubin, and
Dobrovolny (1972) as representing a marine transgres-
sion after the maximum development of the glaciation
of Wisconsinan age, rather than an interstadial event of
middle Wisconsinan age or an older glacial or intergla-
cial event. The Naptowne advance is younger than
14,000 years and is not of conventional late Wisconsin-
an age as documented by Karlstrom.
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In the Anaktuvuk Pass area of the central Brooks
Range, Porter (1964) showed by radiocarbon dating that
the Itkillik Glaciation of Detterman, Bowsher, and
Dutro (1958) is late Wisconsinan in age instead of early
Wisconsinan and also divided the Itkillik Glaciation
into four stades (table 2), the youngest of which culmi-
nated about 6,200-8,300 years ago and the second oldest
of which culminated about 13,300 years ago. On the
south side of the central Brooks Range, Hamilton (1969)
demonstrated by use of radiocarbon dating that his
Siruk Glaciation is late Wisconsinan in age (younger
than 31,000 years) and his Alatna Glaciation is early
Wisconsinan in age (older than 38,000 years).

In the Chagvan Bay area southeast of the Kilbuck
Mountains at Platinum (fig. 6), Porter (1967) reported
multiple glaciations. Although early workers (Mertie,
1940; Hoare and Coonrad, 1961a, b) assigned the drift a
Wisconsinan age, Porter recorded two glaciations of
pre-Wisconsinan age and two of Wisconsinan. His
Chagvan Glaciation is early Wisconsinan and more
than 45,000 years old. The overlying Unaluk drift is
termed late Wisconsinan and dated as older than 8,900
years but less than 45,000 years.

In the far western part of Seward Peninsula, Sains-
bury (1967a, b) mapped drift of early Wisconsinan age
overlying the Lost River terrace of Sangamon age and
itselfoverlain by drift of a younger glaciation older than
10,000 years. Near Mount McKinley National Park or-
ganic material in the sediments of a former lake that
had been partly confined by the outermost glacial ice at
the culmination of the Riley Creek Glaciation in the
Nenana River valley has been radiocarbon-dated as
being 10,560+200 years old (W-49, Suess, 1954; also see
Wahrhaftig, 1958, p. 45-46).

“Stop dates” establishing minimum ages of
8,090-12,000 years for Wisconsinan drift are available
from the upper and lower Delta River areas (Péwé,
1965¢, p. 66 and 91; Ives and others, 1964, p. 67-68) and
in a few other areas, but throughout most of Alaska, the
assignment of particular drift sheets to the Wisconsin-
an glacial cycle is based upon similarities in topo-
graphic expression and position in local glacial se-
quences to the Wisconsinan drift in dated positions in
Alaska.

SURFACE MORPHOLOGY

Primary depositional and erosional topography on
Wisconsinan drift is so sharply defined and well pre-
served that the glaciated character of the terrain is
immediately obvious to the most casual observer (fig.
10). Mass wasting has modified the surfaces of
moraines, valley walls, and cirques of the older ad-
vances of Wisconsinan age compared with those af-
fected by the latest Wisconsinan advances, but the dif-
ferences are subtle and emerge only upon detailed ex-
amination.
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Frontal slopes on older Wisconsinan moraines appear
to be slightly less steep than those on youngest Wiscon-
sinan moraines, but no quantitative studies have been
published demonstrating a consistent difference. Ket-
tles on the older moraines commonly contain an appre-
ciable thickness (as much as 3-5 m) of fine sediment and
peat, and some kettles are now the sites of meadows and
bogs; but, again, no studies demonstrating a systematic
difference in the character of kettles on the older and
younger Wisconsinan moraines have been reported.
Older and younger Wisconsinan lateral moraines have
not been observed to differ appreciably in most places.

The steep walls of alpine valleys and cirques
glaciated during earlier and later Wisconsinan time
differ more appreciably. The walls of valleys glaciated
in earlier Wisconsinan time have been markedly re-
graded by mass wasting.

SOILS AND WEATHERING PROFILES

Soils and weathering profiles on drift of Wisconsinan
age are much thinner and less conspicuous than those
on drift of Illinoian age. Older Wisconsinan moraines
commonly show soil profiles about twice as thick as
those developed on the younger Wisconsinan moraines
in the same area. In general, soils are thinner and less
intensely developed as one proceeds northward or to
higher elevations.

In the Anchorage area, till of the early Wisconsinan
Knik Glaciation is oxidized to depths of 1-2 m where it
is exposed at the surface and to depths of 35-60 cm
where it is covered by the Bootlegger Cove Clay; no
depths of oxidation are reported for till of the Naptowne
Glaciation, but outwash of Naptowne age has a soil
profile 60 cm deep in one exposure (Miller and Dob-
rovolny, 1959, p. 6, 22, 24). Till of late Wisconsinan age
in the southwestern Copper River Basin is oxidized to a
depth of 1 m (J. R. Williams, written commun., 1964).

Holmes and Benninghoff (1957, p. 84) reported soils
only 30-90 cm deep, expressed by oxidation and secon-
dary lime concentrations, in moraines of the Donnelly
Glaciation probably of late Wisconsinan age. Donnelly
till in the Johnson River area is weathered to a depth of
50 cm (Holmes and Foster, 1968, p. 32). Till of late
Wisconsinan age at altitudes of 250-900 m along the
Denali Highway on the south flank of the Alaska Range
displays a well-developed podzol accompanied by oxida-
tion extending to depths 0of 30-60 cm (Kachadoorian and
others, 1954). D. M. Hopkins (unpub. data 1957) was
unable to detect soil profiles on Wisconsinan drift on
Seward Peninsula, but outwash and alluvial fan gravel
of probable late Wisconsinan age show Arctic Brown
soil profiles 30-60 cm thick. In the northeastern Brooks
Range, Holmes and Lewis (1961) reported a “faint
weathering profile approximately 1 m thick” and the
presence of iron-stained and weathered rocks in the
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Ficure 10.—High-altitude oblique aerial photograph of part of a terminal moraine of Wisconsinan age along the Delta River in interior
Alaska. The roughness of this moraine is typical of moraines of Wisconsinan age in Alaska. View looking southwest toward Alaska
Range from over Delta Junction. Photograph by U.S. Army Air Corps, August 29, 1949, 10,000 feet elevation, photograph No.

206RT-55RT M864 55SRW 29 Aug. 49 9M58.

upper 60 cm of till of the Schrader Glaciation. Till of the
Peters Glaciation lacks a perceptible weathering profile.

SNOWLINE

One of the parameters which yields quantitative in-
formation about the distribution of Pleistocene glaciers
in Alaska as compared with today is the position of past
and present snowlines. Such information is also valu-
able in speculating on Pleistocene climates. The term
snowline is used in various ways, and also, different
methods of calculations are in vogue. Definitions used
here are those suggested by glaciologists and appear in
the revised glossary of the American Geological Insti-
tute (1972) and in the International Hydrological Dec-

ade guide entitled “Seasonal Snow Cover”
(UNESCO/IASH, 1970).

Climatic snowline. (1) Theaverage line or altitude
delineating, as of a specified time, the area with more
than 50 percent snow cover on horizontal surfaces, av-
eraged over a long time period (for example, 10, 30
years) of climatic significance. (2) The preceding line as
observed in late summer so that it approximately coin-
cides with the firn line or equilibrium line on glaciers.
Cf.: regional snowline.

Equilibrium line. The level on a glacier where the
net balance equals zero and accumulation equals abla-
tion; the line separating the superimposed ice zone of

the accumulation area (below). For some temperate
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mountain glaciers, it is very nearly coincident with the
firn line, in which case it is common practice to use the
latter term; on subpolar glaciers, the equilibrium line is
lower than the firn line because freezing of meltwater
occurs below the firn line forming superimposed ice.
Synonym: equilibrium limit.

Firn line. (1) The highest level to which the winter
snow cover retreats on a glacier. (2) The edge of the snow
cover at the end of the summer season, thus the bound-
ary between the superimposed ice zone below and the
saturation zone above. Cf.: equilibrium line. Synonym:
firn limit.

Glaciation limit. The lowest altitude in a given
locality at which glaciers can develop or form, usually
determined as below the minimum summit altitude of
mountains on which glaciers occur but above-the max-
imum summit altitude of mountains which have topog-
raphy favorable for glaciers but on which no glaciers
occur.

Orographic snowline.
See climatic snowline.

Regional snowline. The level above which, aver-
aged over a large area, snow accumulation exceeds
ablation year after year. Cf.: climatic snowline.

Snowline. (1) Momentary line delimiting an area
or altitude with complete snow cover, or in a zone of
patchy snow the area or altitude of more than 50 percent
cover of snow. Synonym: transient snowline. Cf.:
climatic snowline. (2) The line or altitude on land
separating areas in which fallen snow disappears in
summer from areas in which snow remains throughout
the year; on glaciers it is identical with the firn line. Cf:
orographic snowline, regional snowline, equilibrium
line. Also written snow line.

Term not recommended.

MODERN SNOWLINE

METHODS OF DETERMINATION

Existing methods for determining the height of mod-
ern snowline was succinctly summarized by @strem
(1966, p. 126-129). The methods can be divided into
three groups: (1) Those related to the firn line on
glaciers, (2) those based on distribution of glaciers, and
(3) those not directly connected with the study of
glaciers.

Various methods have been used to plot the distribu-
tion of firn line, or climatic snowline of present usage.
The best method is to make direct mass-balance meas-
urements on a glacier for several years. From this it is
possible to determine the average height of firn line
(equilibrium line altitude, ELA); however, this method
requires extensive fieldwork. A variation of this method
is to use one or two glaciers, for which there are mass-
balance measurements, as standards and extend the
area of snowline distribution by using good topographic
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maps or aerial photographs taken at the end of the
: ablation season. This has been used in Norway (Liestel,
1962) and western North America, including Alaska
(Meier and Post, 1962).

Another technique for finding the position of equilib-
rium line altitude on glaciers is to use the accumulation
area ratio (AAR). Accumulation area ratio is defined
(Meier, 1962, p. 256) as the quotient of accumulation
area divided by the total surface area of the glacier.
Meier and Post (1962, p. 73) demonstrated that healthy
glaciers (glaciers in dynamic equilibrium or advancing)
have accumulation area ratios of 0.6 or more. Therefore
by measuring the total surface area of the glacier, the
equilibrium line is placed in that position on the glacier
to permit an assumed accumulation area of that ratio.
This method is gaining favor and has recently been used
by Andrews and Miller (1972).

Other methods which are less accurate but entirely
satisfactory require only good topographic maps and
permit plotting of snowline over large areas. These
methods are those in which climatic snowline (firn line)
is (1) determined from an interpretation of the contour
lines on a glacier to place the boundary between ac-
cumulation and ablation areas, (2) determined to be the
mean elevation of the glacier, or (3) determined to be a
line separating the accumulation and ablation areas at
a position separating a percentage (one-quarter to
three-quarters) of the lower part of the glacier from the
upper part.

A method which eliminates considerable subjectivity,
does not refer to firn line, and has wide use is the plot-
ting of the “glaciation limit.” @strem (1964, 1966)
showed that the altitude of glacier formation can be
determined by studying the distribution of glaciers and
the altitude of surrounding summits. It is possible to
determine a critical height (the “glaciation limit”)
which has normally to be exceeded to form glaciers.
Ostrem (1966) stated that the glaciation limit is about
100 m higher than climatic snowline (firn line). This has
been supported by work in Baffin Island (Andrews and
Miller, 1972). The “glaciation limit” method works best
where there are many small local glaciers; it is not
applicable to icecap areas.

Another method for determining modern snowline
disregards modern glaciers and relies instead on
meteorological data. Modern snowlines are controlled
in part by summer temperatures, and some writers re-
port the elevation of modern climatic snowline may
nearly coincide with the level of the mean O°C summer
or July isotherm (Leopold, 1951). By using the known
lapse rate at a particular point and knowing the mean
summer temperature near the ground, it is possible to
calculate the elevation of the O°C summer isotherm and
thus, perhaps, elevation of modern climatic snowline at
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that particular locality. Charlesworth (1957, p. 9-10)
concluded from his literature review, however, that the
correlation is invalidated locally by the effects of pre-
cipitation and wind drifting. He stated (p. 9) that for
climates between lat. 35° and 70° north, snowline coin-
cides with the isotherm of 4°C+3° in the warmest

month.
MODERN SNOWLINE IN ALASKA

The modern snowline in Alaska was probably first
discussed by Romer (1929) and first sketched from
glaciers on reconnaissance maps for eastern Alaska by
Wasowicz (1929). A small-scale map of the equilibrium
line altitude of the same area was plotted by Meier and
Post (1962) from firn line and mass-balance measure-
ments on five Alaskan glaciers and observations of firn
lines on other glaciers from aeria! photographs. A more
detailed map of the equilibrium line altiftude was pre-
pared by Meier, Tangborn, Mayo, and Post (1971) for
the entire western part of North America using the
same techniques as in 1562. Karlstrom (1964) plotted
modern snowline from cirque glaciers in south-central
Alaska.

To test the technique for locating modern climatic
snowline in Alaska by using meteorological data alone,
several localities were analyzed where temperatures,
lapse rates, and past snowline locations are known
(Péwé and Reger, 1972). The climatic snowline level is
close to 1,800 m elevation on two small north-facing
cirques at the head of the east fork of Itikmalakpak
Creek approximately 27 km east-northeast of Anak-
tuvuk Pass (pl. 1). Using the mean July temperature of
Anaktuvuk Pass (10.3°C at 700 m elevation) and apply-
ing the lapse rate of 0.59°C/100 m suggested by Porter
(1966, p. 87), one can extrapolate that the mean July
temperature at the 1,800-m level is close to 6.8°C. A
similar analysis with data provided by Larsson (1960)
for Chamberlin Glacier shows that the 1958 climatic
snowline (2,400 m) occurred where the mean July
temperature was 4.0°C. At McCall Glacier, Benson,
Fahl, Trabant, Well, and Wendler (1970) showed that
the 1969 firn line was at an elevation of 2,210 m. Using
their measured lapse rate of 0.57°C/100 m, the writer
concludes that climatic snowline for that year was
found where the mean July temperature was —1.5°C.
Aerial photographs, topographic maps, and data pro-
vided by Péwé, Church, and Andreson (1969, table 1, p.
71-72) were used to determine that the mean July
temperatures of 10 north-facing glaciers in the north-
ern part of the east-central Alaska Range within 58 km
of Delta Junction approximate 3.8°C. Thus in the
Brooks Range and the northern flank of the east-central
Alaska Range, the mean July temperatures at climatic
snowline probably range at least from —1.5° to 6.8°C.
This wide variation is undoubtedly a function of differ-
ing amounts of precipitation owing to differences in
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distance from precipitation source, wind drifting, and
topographic effects. The writer thinks that the varia-
tion is too large and unpredictable to use for estimating
the level of modern snowline in Alaska, unless no other
data are available.

Methods Used In This Report

Several maps of modern and past snowlines have
been compiled over the years by the writer and col-
leagues. Figure 11 is a map of Alaska showing distribu-
tion of isolines (isoglacihypses) of modern climatic
snowline altitudes as determined from glaciers and
perhaps a few perennial snowbanks. The points are
located by plotting elevations of the lowest, small,
north-facing cirque glacier from maps on a scale
1:63,360. Actually the points in each quadrangle are
generally an average of the lowest cirques, thus
eliminating an isolated single anomalous low point.
Many of the central and western Brooks Range data are
from maps on a scale of 1:250,000. Aerial photographs
were used where necessary, especially for Grand Union
Glacier on the Seward Peninsula. On the map, snowline
was located at two-thirds of the elevation difference
between the glacier toe and the upper ice limit on small
circular cirque glaciers, or it was located where low
medial moraines disappear beneath the snow cover on
valley glaciers.

A few of the points plotted from the maps may be on
perennial snowbanks and below modern snowline.
Manley (1949, p. 185-186) concluded that in moist,
cloudy, maritime areas such as Scotland, small snow
beds may survive 450 m below firn line, as determined
meteorologically. Ives (1960, p. 51) suggested that for
continental climates the distance of snow patches below
firn line could be between 763 and 825 m.

This method of snowline surface determination can
be readily used in Alaska because good topographic
maps are available for the entire State. However, the
writer believes that although such a method gives a
good representative pattern of modern snowline in
Alaska, because of selecting the lowest cirque glaciers
and perhaps also including a few snow patches, the
snowline surface portrayed is perhaps slightly lower
than it actually is.

Interpretation Of The Map

As Flint remarked (1971, p. 66), the snowiine in three
dimensions is the trace of a surface with complex undu-
lations determined by temperature, precipitation, and
forms of the land. The feature most clearly revealed by
the map of modern snowline (fig. 11) is the characteris-
tic rise from the windward coast of the State toward the
interior—a broad effect of precipitation. This feature is
also graphically demonstrated by the cross sections
from west to east and south to north showing positions
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of snowline and the amount of precipitation (fig. 8, 9). In
the central part of the State, the snowline rises steadily
from a low of about 600 m in far western Alaska to about
2,000 m in adjacent Yukon Territory. Landward from
the Gulf of Alaska, an abundant source of moisture, the
snowline rises abruptly inward from about 400 to 600 m
to the northwest, to the north, and to the northeast. It is
interesting to see that moisture for the south side of the
Alaska Range, even in the eastern part, apparently
enters through the Cook Inlet trough.

Besides generally rising inland, the snowline rises
over major topographic highs and forms a subdued rep-
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lica of the mountain mass, owing to a decrease of pre-
cipitation with altitude, especially with the windward
“direction. If precipitation is insufficient for develop-
ment of a complete icecap over a mountain mass, then
small cirques and valley glaciers must form at various
favorable sites up the slopes on all sides of the mountain
range.

Perhaps the most interesting point illustrated by the
map of modern snowline is the apparent lack of mois-
ture for the glaciers contributed by the Arctic Ocean.
Snowline rises from west to east along the axis of the
Brooks Range and northern Alaska in general owing to
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F1GURE 11.—Modern snowline surface in Alaska. Data points indicate
the positions of north-facing glaciers found en maps at scales of
1:63,360 or 1:250,000. A total of 27 data points were mapped in the
Yukon Territory, Canada, but 13 of these could not be shown as
they lie within the area covered by the information block. Snowline
was located at two-thirds of the elevation difference between the
glacier toe and the upper ice limit on small circular cirque glaciers,

or it was located where low medial moraines disappear beneath the
snow cover on valley glaciers. The level of snowline on the small
cirque glacier at the head of Grand Union Creek, western Seward
Peninsula, was more precisely located using 1950 U.S. Navy aerial
photographs. Compiled by R. D. Reger, 1970; data points in south-
eastern Alaska were plotted by R. H. Stinchfield, 1970.




30 QUATERNARY GEOLOGY OF ALASKA

moisture from the west. This relative lack of moisture
contribution from the north today perhaps results from
the perennial ice cover over most of the Arctic Ocean.

WISCONSINAN SNOWLINE
METHODS OF DETERMINATION

Position of snowline in Wisconsinan time can be es-
timated in many ways. One group of methods is con-
cerned with utilizing the position of the cirque, another
involves the reconstruction of the past equilibrium line
by reconstructing past glacier surfaces, and another
method develops a “glaciation limit” similar to the line
determined with modern glaciers.

Wisconsinan snowline is commonly inferred to be the
average altitude of floors of small cirques (Flint, 1957).
Andrews (1965) placed the altitude at the junction of the
cirque floor and the back wall. Another method for ap-
proximating former snowline is to follow the suggestion
of Manley (1959) that snowline occurs at three-fifths of
the altitudinal difference between the terminal and
upper ice limit of a cirque glacier. Some place the Wis-
consinan snowline at the median altitude between the
terminal moraine of a given glacial advance and the
highest point of a cirque headwall. Another method is to
estimate snowline from the lower limit of icecaps.
Richmond (1965) showed that for the Rocky Mountains,
the late Pleistocene snowline depression obtained by
using the figure for the median altitude between the
terminal moraine and the highest point on the cirque
wall is greater than using the figure obtained from
cirque floors. He finds that the greatest snowline
depression is recorded by a line approximated by the
lower limit of icecaps.

It is possible to reconstruct a past “glaciation limit”
using the same technique described for the modern
snowline. Instead of mapping the summit altitudes of
peaks containing small glaciers, one would map the
summit altitude of peaks containing fresh cirques and
the summit altitude of nearby mountains that have no
cirques. This method would probably produce a surface
that is actually above the past snowline surface but a
generalized one quite acceptable for use. Flint (1971, p.
68) stated that using the “glaciation limit” produces a
past snowline about 450 m higher than the actual past
snowline.

Another technique for finding the position of past
snowline is to determine the position of equilibrium line
altitude on past glaciers using the accumulation area
ratio (Porter, 1968, 1970), as mentioned under modern
snowline. To apply this technique, the average accumu-
lation arearatio of healthy glaciers (glaciers in dynamic
equilibrium or advancing) in an area must be known,
and the extent of the former ice limit must be accurately
mapped so that the surface topography of the former

glacier can be reconstructed. This technique applies
only to symmetrical area-altitudinal distributions
about the median altitude; piedmont glaciers cannot be
used, nor can valley glaciers with large terminal bulbs.

Meier and Post (1962, p. 73) demonstrated that
healthy glaciers have accumulation area ratios of 0.6 or
more; therefore, as mentioned under the calculation for
modern snowline, it is necessary to assume that the
active past glaciers had an accumulation area ratio
close to the 0.6 when calculating past equilibrium line
altitude.

Determination of the elevation of snowline by this
more accurate method puts the position of Wisconsinan
snowline many metres lower than the position obtained
for snowline using floors of empty cirques. In a study of
Indian Mountain near Hughes, the writer determined
the lowering of Wisconsinan snowline from modern
snowline to be about 450 m on the basis of cirque floor
studies (figs. 11, 12). R. D. Reger (in Reger and Péwé,
unpub. data, 1974) calculated that Wisconsinan snow-
line was 585 m lower than modern snowline using the
above equilibrium line altitude method. Therefore,
snowline changes determined by differences in cirque
floor must be considered minimum for valley glaciers.

Aside from the example from Indian Mountain, the
writer knows of no application of this new method in
Alaska. Calculation of the positions of Wisconsinan
snowline in Alaska by this method must be made widely
in the future and will be a strong step forward.

MEeTHODS USED IN THIS REPORT

Because elevations of empty cirques can be easily
plotted for most areas of Alaska and because all the
information needed to calculate Wisconsinan snowline
by Porter’s method is not yet available, a surface rep-
resenting the altitude of snowline in Alaska during
Wisconsinan time (fig. 12) was compiled by plotting
elevations of junction of the floor and back wall of sharp,
empty, north-facing cirques from maps on a scale
1:63,360. Data for much of central and western Brooks
Range are from maps on a scale of 1:250,000. Critical
areas on the north side of the Brooks Range, Seward
Peninsula, and on St. Lawrence Island were studied
using aerial photographs. All maps used are modern
compilations made by the U.S. Geological Survey using
aerial photographs. The lowest sharp cirque was plotted
in each 1:63,360 map that showed cirques except in
southeastern Alaska where 593 cirques were plotted.

Inasmuch as it is difficult to differentiate between
cirques of early and late Wisconsinan and Holocene
ages without detailed studies and because some cirques
were possibly reoccupied and deepened during two or
more glaciations, the snowline surface is regarded as
generalized Wisconsinan in age.
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Another factor to be considered is tectonic displace-
ment of cirques during and since Wisconsinan time.
Many cirques along the edge of the Gulf of Alaska (espe-
cially Blying Sound, pl. 1) and along the south side of
the Alaska Peninsula have been lowered or raised by
tectonic movement. This movement accounts for the
many cirques near or below sea level (figs. 13, 14)
(Alpha, 1970).

INTERPRETATION OF THE MaAP

The surface of climatic snowline in Wisconsinan time
in Alaska parallels modern climatic snowline every-
where at a lower elevation. The surface is lowest in the
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south and far west. There is an abrupt rise in the Gulf of
Alaska from near sea level to about 1,500 m in interior
Alaska and adjacent Yukon Territory. There is a
steady, gradual rise from the Bering Sea on the west,
eastward to Canada through central Alaska. In general,
the depression of Wisconsinan snowline from modern
snowline is about 300-400 m in the west and 450-600 m
in the east (figs. 8, 9), but local variations occur. The
vertical separation of the two snowline surfaces be-
comes greater toward the drier interior, as Hastenrath
(1967, p. 546; 1971, p. 255) discovered in Peru.

The map supports the concept that the source of mois-
ture in Wisconsinan time was the same as now, even
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Ficure 12.—Wisconsinan snowline surface in Alaska. Data points in-
dicate the positions of the bases of the lowest, empty, north-facing
cirques found on maps at scales of 1:63,360 or 1:250,000. South-
ward from Yakutat Bay only even-hundred-metre contours are
shown owing to the steep gradients of the snowline surface. A total
of 573 data points have been mapped in southeastern Alaska, but to

preserve clarity, their locations are not shown. In adjacent Canada
a total of 47 data points have been mapped, but not all are plotted;
some lie within the area covered by the information block. Com-
piled by R. D. Reger, 1970. E. M. Schern plotted data points from
southeastern Alaska, 1970.
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Ficure 13.—Cirques drowned largely by tectonic lowering of the
land. South side of the Kenai Peninsula. U.S. Geological Survey
Blying Sound C-7, D-7 topographic quadrangles, 1950, 1952. Scale
1:63,360; contour interval on land 100 ft.

though the Bering Sea was smaller or perhaps absent
during part of Wisconsinan time. The snowline dis-
tribution illustrates an apparent lack of significant
moisture for glaciers contributed by the Arctic Ocean,
which supports the suggestion that the Arctic Ocean
has long been ice covered (Steuerwald and others, 1968)
but does not support the concept of Ewing and Donn
(1956, 1958; Donn and Ewing, 1966) that the Arctic
Ocean was ice free and contributed abundant moisture
to form ice sheets during Pleistocene time.

On the south side of the Chugach Mountains and the
east side of the Kenai Mountains (figs. 13, 14) of south-
ern Alaska, Wisconsinan snowline is detected as lying
below present-day sea level (fig. 9). Such a lowering of
cirques is the result of tectonic activitiy since Wiscon-
sinan time (Plafker and Rubin, 1967; Plafker, 1969, p.
I58). In 1964 parts of the area were further warped
downward by the March 27 earthquake (Plafker, 1965).
The snowline study indicates that except in certain
tectonically active areas, Wisconsinan topography,
wind belts, and precipitation were generally similar to
what they are today. It is perhaps now timely to con-
sider a position reconstruction of the climatic pattern
and atmospheric circulation in Alaska during Wiscon-
sinan time by statewide information on snowline
depression.

HOLOCENE GLACIATIONS

Events that took place less than 10,000 years ago are
assigned in this report to the Holocene Epoch. The date
10,000 B.P. (before present) has been adopted as the
beginning of the Holocene by the International Associa-
tion for Quaternary Research (INQUA). At about
10,000 B.P., a worldwide warming occurred, recorded in
marine deposits, the pollen spectrum, and snowline pos-
ition (Fairbridge, 1968, p. 528-530; Morrison, 1969). A
warming is recorded at this time in northwest Alaska
(McCulloch and Hopkins, 1966) and in central Alaska
(Péwé, 1975). Two or possibly three glacial cycles are
recorded in many parts of Alaska during this interval.
The early cycle took place between 8,500 and 6,000
years ago in some areas. A later series of glacial cycles
began about 4,000 years ago and ended only a century
ago, but the multiple early and late glacial advances
within this interval may have been separated by a
significant deglacial interval of unknown duration
approximately 1,500-2,000 years ago.

The Holocene glacial record as recognized throughout
much of central and northern Alaska is typified by the
sequence recorded by Porter (1964) in the Anaktuvuk
Pass area of the Brooks Range. Glaciers were there in
an advanced position from about 8,300 years ago until
about 6,300 years ago (table 2), during Porter’s Anivik
Lake Stade of the Itkillik Glaciation (as interpreted by
Porter). A long deglacial interval was followed by the
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Alapah Mountain Glaciation (as interpreted by Porter),
which culminated about 2,800 years ago. Finally, the
double moraines of the Fan Mountain Glaciation, which
generally lie near or in the cirques or near small rem-
nant glaciers, are believed to have formed during the
last several centuries.

DINGLESTADT GLACIER

NUKA RIVER

YALIK GLACIER

Karlstrom (1964, pl. 7, p. 44, 56, 64) reported a some-
what similar sequence on the Kenai Peninsula of south-
ern Alaska. The last readvance during the Tanya Stade
of the Naptowne Glaciation is thought by Karlstrom to
have taken place about 6,000 years ago. Logs buried in
drift indicate that some glacial advances during the
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FicURE 14—Orthographic drawing of Nuka Bay, Alaska, south side of Kenai Peninsula, showing drowned cirques and glacial valleys. Draw-
ing by Tau Rho Alpha, U.S. Geological Survey, 1970.
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Tustumena Stade of the Alaskan Glaciation took place
more than 2,500 years ago, and indirect evidence led
Karlstrom to conclude that the Tustumena Stade ex-
tended from about 5,000 to 2,000 years ago. The Tunnel
Stade, also of the Alaskan Glaciation and well dated by
radiocarbon analyses of logs buried in the older
moraines and by ring counts from trees growing on
young moraines, consists of several glacial advances
during the last 1,500 years.

Records of early Holocene glaciations along the coast
of the Gulf of Alaska and in southeastern Alaska are
lacking. Plafker and Miller’s careful study (1958) of the
moraines of the Malaspina and neighboring glaciers
records a glacial advance that culminated between
1,400 and 700 years ago and that was more extensive
than any Wisconsinan or early Holocene glacial ad-
vance. A glacial recession followed, succeeded by a
readvance that began before A.D. 1700 and that ended
in different places between A.D. 1791 and A.D. 1904.
Studies of various parts of southeastern Alaska also
suggest that glaciers advanced farther during the last
few centuries than at any previous time within the last
10,000 years (Lawrence, 1950, 1958; Heusser and Mar-
cus, 1964). The most detailed record is provided by
Goldthwait’s study of Glacier Bay (1963, 1966). A pro-
longed process of filling the bay with outwash gravel
began about 7,000 years ago. Glaciers were present in
the mountains but were lacking in the fiords and low-
land valleys of the Glacier Bay area; glaciers in south-
eastern Alaska then withdrew farther than where they
are today. Forest beds and beds of sand apparently re-
cord a slackening of sedimentation and perhaps an ac-
celerated or renewed glacial retreat during a few cen-
turies after 2000 B.C., but by 1500 B.C., glaciers had
begun to advance again, and during the ensuing three
millennia they filled the entire bay. Finally, shortly
before A.D. 1791, a rapid glacial recession began that
has continued essentially without interruption to the
present day. This catastrophic retreat has resulted in
recessions of the major ice tongues through distances of
75-100 km.

Work by Williams and Ferrians (1961) in the upper
Matanuska River valley reveals a history of Holocene
advances of the Matanuska Glacier supported by
radiocarbon dating (table 2). After its retreat in late
Wisconsinan time, the glacier readvanced 4-8 km more
than 8,000 years ago and then receded. After local can-
yon cutting by streams, the glacier readvanced 1.6 km a
few thousand years ago. Moraines a few hundreds of
years old lie near the glacier front.

Detailed work wusing dendrochronology and
lichenometry enabled Péwé and Reger (Péwé, 1951a,
1957b; Reger, 1964, 1968; Reger and Péwé, 1969) to date
recent advances of five glaciers in the central part of the
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Alaska Range. Advances were dated as A.D. 1830, 1875,
1650(?), 1580(?) and pre-1580(?). An inspection of aerial
photographs shows that fresh moraines similar to those
dated as A.D. 1830 and 1650(?) are widespread
throughout Alaska. An unpublished report by James
Rowe of Arizona State University on dendrochronologic
and lichenometric dating of Holocene moraines of Puget
Glacier on the southeast side of the Kenai Peninsula
indicates two prominent moraines that probably date
from 1830 and 1650(?).

Recent summaries of the glacial history of the last
5,000 years in the North American Cordillera are by
Porter and Denton (1967) and Viereck (1968).

SUMMARY

Alaska contains one of the longest and best records of
late Cenozoic glaciations in the world, extending from
late Miocene time until today and including both terres-
trial and marine glacial sediments. The deposits in
some areas may be tied into known marine deposits and
correlated worldwide. Early and middle Pleistocene de-
posits not associated with the sea are correlated with
difficulty, but Illinoian, Wisconsinan and Holocene de-
posits are widespread and dateable.

Glaciers in the past occupied about 50 percent of
Alaska and today cover only 5 percent. During glacial
maximums, snowline was lowered many hundreds of
metres, with Illinoian snowline about 170 m below Wis-
consinan snowline. The Wisconsinan snowline parallels
the modern snowline everywhere at a lower elevation.
A steady rise of modern and Wisconsinan snowlines
from the west and south to the east and northeast
reflects the broad effect of precipitation on snowline.
There is no evidence for nourishment of glaciers by
moisture from the Arctic Ocean.

Glaciation in Wisconsinan time was complex, and
deposits of at least two major glacial advances are wide-
spread. Glacial advances of the last 10,000 years are
excellently displayed in Alaska, and dendrochronology
and lichenometry will be useful for differentiating
widespread recent advances from erratic glacial surges.

EOLIAN DEPOSITS

Eolian deposits cover a large part of the low-lying
areas of Alaska and are mostly of middle to late Pleis-
tocene age; only a few deposits are Holocene. The de-
posits include large areas of loess and reworked loess,
smaller areas of stabilized dunes, and very small areas
of active dunes. Practically all loess was derived from
glacial outwash plains, and the few areas where loess is
accumulating in significant quantities today adjoin the
braided flood plains of silt-laden glacial streams. Most
stabilized sand dunes also adjoin sandy, gravelly glacial
outwash plains of late Pleistocene age, but a large area
of stabilized dunes on the Arctic Coastal Plain and a
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small area of stabilized dunes on Adak Island in the
Aleutians (Judson, 1946) probably accumulated on the
lee side of extensive sandy beaches. Most of the pres-
ently active dune areas in Alaska adjoin low-lying
sandy beaches, but two large active dune areas lie in-
land within larger areas of stabilized dunes.

SAND DUNES

Many of the older reports on the regional geology of
areas in Alaska note the presence of active dunes, but
the much larger areas of stabilized dunes commonly
escaped notice. Not until 1951 was the first small-scale
map published showing the distribution of active and
stabilized sand dunes (Black, 1951a), and four addi-
tional large areas of dunes have been recognized within
the ensuing 10 years (fig 15). The areas of stabilized
dunes are not easily recognized because they commonly
are heavily vegetated, and until aerial photographs
came into wide use, their distinctive form was not obvi-
ous.
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Ficure 15.—Major areas of stabilized sand dunes in Alaska. Most
coastal dunes as well as small parts of the stabilized sand dune
areas on the Koyukuk and Kobuk Rivers are active today.
Symbols: D, small areas of sand dunes; K. R., Kantishna River.
Compiled by F. R. Weber from published and unpublished sources,
1961.
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ACTIVE DUNES

Active dunes on the coastal beaches are 0.3-18 m high
and consist mainly of blowout and transverse dunes,
foredunes, and cliff-head dunes. They are known
mainly from the Yakutat area (Miller, 1961a), the delta
of the Copper River (Tarr and Martin, 1914, p. 466), the
Bristol Bay area (Black, 1951a, p.103), Seward Penin-
sula (D. M. Hopkins, unpub. data, 1957), and northern
Alaska (Black, 1951a) but are present everywhere on
sandy coasts. The two largest areas of active dunes in
Alaska are not, however, along modern beaches but are
in the Koyukuk and Kobuk River valleys. The active
Nogahabara dune field in the lower valley of the
Koyukuk is only a small part of a much larger Pleis-
tocene dune field that is now mostly inactive. The active
dune area is approximately 65 km? and is composed
mainly of transverse dunes 15- 60 m high and 90 m long
or more. The middle Kobuk valley contains another
large area of Pleistocene dunes, of which 130 km? con-
tains active dunes (Fernald and Nichols, 1953; Fernald,

1964).
STABILIZED DUNES

Stabilized dunes, probably of Illinoian and Wiscon-
sinan age, are widespread, especially in central and
northern Alaska, but only locally have they been map-
ped in even a reconnaissance fashion. Most of the dunes
occur in the valleys of the Tanana, Yukon, Kuskokwim,
Koyukuk, and Kobuk Rivers—rivers that were impor-
tant streams draining glaciated areas in the past.

ILLINOIAN

An area of about 780 km? of poor to fairly well formed
sand dunes lies against the bedrock hills up to an eleva-
tion of 520 m north of the Tanana River in the vicinity of
Big Delta, about 145 km southeast of Fairbanks. These
dunes are parabolic and have rather subdued to fairly
fresh relief. Local relief is from 0.3 to 3 m. The dunes are
thought to have originated in Illinoian time (table 3)
when winds blew sand northward from the widespread
outwash plains and glacial flood plains of the Delta and
Tanana Rivers (Péwé, 1965b, p. 46 —51). Most of the
sand forms a blanket covering the hills and has no dune
form. The sand blanket and dunes subsequently have
been dissected and covered with loess 0.3-2 m thick (fig.
16).

The largest area of stabilized dunes in Alaska extends
from the Tanana River southward for 160 km into the
drainage of the upper Kuskokwim River (fig.1). These
dunes, which are thought to be Illinoian in age, occur on
high terraces of the Tanana River and its tributaries
from the south, especially the Kantishna River. Several
masses of sand dunes, which total 15,500 km? (fig.16),
were mapped by F. R. Collins (unpub. data, 1958) and
Péwé, Wahrhaftig, and Weber (1966). The dunes are
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Ficure 16.—Distribution of loess, sand dunes, and ventifacts in the Big Delta area, Alaska, in the time of the Delta Glaciation (Illinoian)
and Donnelly Glaciation (Wisconsinan) in relation to the glacial advance. From Péwé (1965b).

well formed and have a local relief of 2-60 m. In most of
the areas, they occupy the lowland at an elevation of 100
m; elsewhere, they lap up against the bedrock hills and
are well formed up to 300 m above sea level. These
stabilized dunes are dominantly longitudinal but loc-
ally have a parabolic form. Like others in interior
Alaska, they are covered with spruce, birch, and aspen.
Dune sand was blown by northeast winds from the gla-
cial outwash plains of such rivers as the Tanana, Kan-
tishna, Toklat, and others draining the Alaska Range.
The dunes are covered with a few centimetres to a few
metres of loess.

An area of 500 km? of gently rolling sand ridges
occurs in the valley of the middle Kuskokwim River
(Fernald, 1960). These dunes were derived from sedi-
ments of outwash plains and are related to the Selatna
Glaciation (tables 2, 3). Fernald believed they are Wis-
consinan and pre-Wisconsinan in age; however, the wri-
ter believes that they are Illinoian in age because of
their association with the Selatna Glaciation.

Vegetated, topographically rather subdued dunes,
largely of the parakolic type, occupy an area of 3,200
km? on high terraces in the lower Koyukuk River valley
(Weber and Péwé, 1961). These dunes, formed by north-

east winds blowing across outwash deposits, are prob-
ably pre-Wisconsinan in age (table 3).

Dunes that are now stabilized were deposited by wind
blowing across glacial outwash in the middle Kobuk
River valley (Fernald, 1964). These dunes cover approx-
imately 600 km?2 of high river terraces and may have
originated as early as late Illinoian time but no doubt
were reactivated and enlarged during Wisconsinan
time.

WISCONSINAN AND POST-WISCONSINAN

Well-formed parabolic and compound dunes of Wis-
consinan age (table 3) cover approximately 1,150 km?
on high terrace remnants of the upper Tanana valley
(Fernald, 1965b). These dunes are 30-60 m high and are
best developed in the vicinity of Northway and Tok (fig.
15). Much of the sand blanket laps up on the bedrock
hills to the north of the present river valley. The sand is
gray to black and is derived from the wide glacial valley
trains and outwash plains. The dune areas are much
dissected and covered with a thin blanket of loess.

Fernald (1960) described an area of about 800 km? of
well-formed parabolic dunes of Wisconsinan age on
high terraces in the middle Kuskokwim River valley.
About 600 km?2 of eolian sand of Wisconsinan or greater
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age covers most of the upland marginal to the Yukon
Flats (Williams, 1962), and eolian sand of Wisconsinan
age covers approximately 500 km?2 of the Yukon Flats.

Dunes are widespread in an area of 13,000 km? on the
Arctic Coastal Plain west of the Colville River (fig. 15).
In this region large areas of stabilized longitudinal,
parabolic, and multicycle dunes and local areas of active
dunes occur along most rivers and streams (Black,
1951a, p. 92-96; Walker, 1967). Stabilized dunes gener-
ally have a longitudinal and parabolic form. Most of the
longitudinal dunes are less than 1 km long, but the
longest is about 2.4 km. These sand deposits are as
much as 3-6 m thick. Black believes that these
stabilized dunes were formed in Holocene time by
northeast winds, the same direction as the present pre-
vailing winds that formed the active dunes along the
streams (Rickert and Tedrow, 1967). There have been
many incidental observations on the sand dunes of
northern Alaska during the geomorphic studies of the
past 10 years (Rosenfeld and Hussey, 1958; Living-
stone, 1954).

Stabilized dunes cover a belt several miles wide on
the east and northeast sides of St. Paul Island. The
dunes are of the transverse type but have been slightly
modified by secondary development of small paraboloid
dunes prior to.complete stabilization. Dune crests stand
3-5m above interdune areas. The dunes were formed by
winds blowing from the east and northeast. The dunes
cover a Pelukian (Sangamon) (table 3) shoreline and lie
on pillow lavas of Sangamon age; they contain ice wedge
casts, and a thick soil profile is developed on them. The
sand contains abundant quartz and mica minerals that
are not found in the basaltic lavas of St. Paul Island.
These observations indicate that the dunes formed dur-
ing the Wisconsinan Glaciation at a time when sea level
was low, the Bering shelf exposed, and a large braided
river—probably the Yukon—was delivering large
quantities of sediment to a shoreline nearby (D. M.
Hopkins, written commun., Feb. 3, 1968).

VENTIFACTS

Ventifacts, stones abraded by wind-blown sand were
reported in Alaska (Smith and Mertie, 1930, p. 249;
Black, 1951a, p. 108-109; Péwé, 1965b) but are not
widespread. Well-developed ventifacts were reported by
D. M. Hopkins (written commun., 1968) on Black
Diamond Hill on St. Paul Island in the Pribilofs. These
ventifacts, which are as much as 2 m in diameter, are
Holocene and are still being formed today. The most
widespread and best developed ventifacts known in
Alaska occur in the glaciated Big Delta area and in the
adjacent unglaciated terrain in the middle Tanana val-
ley. Here the ventifacts of both Illinoian and
Wisconsinan age have been useful in interpreting the
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geologic history of the area (Péwé and others, 1953;
Péwé and Holmes, 1964; Péwé, 1965b, p. 47-52) (fig. 16).

LOESS
HISTORY

Loess probably is the most widely distributed sedi-
ment of Quaternary age in Alaska. It forms a blanket,
ranging in thickness from a few millimetres to more
than 60 m, that covers almost all areas that lie below
altitudes of 300-450 m. Thick deposits of loess are most
widely distributed in central and western Alaska (fig.
17) (Péwé, 1968a). Most of the loess was deposited dur-
ing Illinoian and Wisconsinan time, but wind-blown silt
is still being deposited in many areas (Péwé, 1951a).
The loess is of great economic importance because it
forms the soils of the principal agricultural areas in
Alaska (Bennett and Rice, 1919; Péwé, 1954, 1958b;
Trainer, 1961).

The wind-blown silt of Alaska was first described by
Spurr (1898 p. 200-211), who applied the name “Yukon
silts” to deposits in the valleys of the Yukon River and
its tributaries. For nearly 50 years, the origin of these
silts was a matter of controversy; various workers ar-
gued for a fluvial origin, a lacustrine origin (Spurr,
1898, p. 200-230; Prindle, 1913, p. 50; Eakin, 1916, p.
73, 1918, p. 45; Dorsh, 1934, p. 4), a marine and es-
tuarine origin (Harrington, 1918, p. 30), or a residual
origin (Wilkerson, 1932, p. 18-19). Although Tuck
(1938) and Eardley (1938) correctly recognized that
most of the silt was of wind-blown origin and Capps
(1940) referred to eolian origin, Taber (1943, p.
1471-1479; 1953, p. 321-336; 1958) argued that the silt,
including the reworked valley-bottom silt rich in or-
ganic material, was entirely the product of prolonged
disintegration of local bedrock by frost riving. The wri-
ter, however, (Péwé, 1955) showed that the thick silt
deposits of the Fairbanks district are of eolian origin,
and Trainer (1961) and Hopkins (1963) confirmed the
eolian origin of surficial silt blankets in the Matanuska
Valley and central Seward Peninsula.

ORIGIN AND PHYSICAL CHARACTERISTICS

The loess of Alaska was blown from the vegetation-
free flood plains of braided glacial rivers; consequently,
loess is thickest near streams draining glaciated areas.
At the present time, loess is being deposited most
rapidly near the modern outwash streams. Loess has
been deposited on ridges as high as 760 m above sea
level, but most seems to have been deposited at al-
titudes of less than 450 m. A large part of the loess
falling on summits and slopes of hills has been washed
into valley bottoms to form thick deposits of bedded to
massive silt that is rich in organic debris. These de-
posits locally are called muck (Péwé, 1952a). The bed-
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ded character of the valley-bottom silt has been used as
evidence to support hypotheses for the marine, lacus-
trine, and residual origin of loess.

The loess in Alaska is similar in texture and color to
loess elsewhere in the world. Typically, 80-90 percent of
the particles are between 0.5 and 0.005 mm in size (fig.
18). Particle size increases with decreasing distance
from the river flood plains that constitute the source
areas (Trainer, 1961; Péwé and Holmes, 1964; Davidson
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and others, 1959; Lindholm and others, 1959, p. 49).
Colors range from chocolate brown through tan to olive
gray and neutral gray. Mineral and chemical composi-
tion reflect differences in bedrock composition of the
glaciated valleys from which the particles were ulti-
mately derived. Loess typically contains minerals that
are not present in the bedrock of areas where it was
deposited by the wind (Péwé, 1955; Hopkins, 1963).
Textural studies by Dement (1962) indicated no im-
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Ficure 17.—Loess deposits of Alaska. General thickness indicated by density of stippling. Compiled by T. L. Péwé, 1961.




EOLIAN DEPOSITS 39
100 I TTTTT 1777 T T TTTT TTT T T 1 T I TTTTTT TTTT 177 T T TTTTT
EXPLANATION
90 - B - lkpikpuk River ,2/_
E - Imuruk Lake area -
H - Nulato
J - Manley Hot Springs
80—y . Livengood A
O - Circle yad
= Q - Fairbanks /
w 70 |-U - Big Delta -
2 Y - Medfra
o AA- Palmer
2 60 F |
>
2
2 50
3 _
i}
o
W
w -
> 40 7
g
5
=z 30 -
2
o
20 - _
10 [— —
7,
7 s F
0 | [ | +71 11 | | Ly Il ot O O N | | Ll
0.3 0.1 0.01 0.005 0.1 0.05 0.01 0.005 0.1 0.05 0.01 0.005

DIAMETER, IN MILLIMETRES
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portant changes in clay content throughout the Fair-
banks Loess. Thin textural bands high in fresh clay-
sized particles occur parallel to the surface. The tex-
tural bands are not generic and not part of a soil de-
Source of data for specific localities cited
[Symbols:a3, thickness in metres; mechanical analyses
shown in figure 18.e15, thickness in metres]
A—e R.F.Black (written commun., 1961).
B—a P.V.Sellmann (oral commun., 1961).
C—e R.F.Black (written commun., 1961).
D—e D.M.Hopkins (unpub. data, 1961).
E-a Do.
F—o Do.
G-e A.T.Fernald (written commun., 1961).
H-a T.L.Pewe' (unpub.data, 1961).
I-e Do.
J—a T.L Pele' (1955, p. 708).
K-e J.R. Williams (written commun., 1961).
L-a T.L.Pewe (1955,p.707).
M-e J.R. Williams (written commun., 1961).
N-—e Do.
O-a Do.
P—e  T.L.PeWwe (unpub.data, 1961).
Q-a T.L.Pewe (1955, p.704).
R—e  Clyde Wahrhaftig and R. F. Black (1958, p. 87).
S—e Do.
T-e T.L.PeWwe' and G. W. Holmes (1964).
U-a T.L.PeWe' (1955, p.707).
V—e T.L.Pewe'and G. W. Holmes (1964).
W-e T.L.Pewe' (unpub.data, 1961).
X—e A.T. Fernald (1960, p. 247).
Y-a A.T.Fernald (1960, p. 247-249).
Z—o A.T.Fernald (1960, p. 247).
AA-a  F.W.Trainer (1961, p. 14).
BB-e D.R.Nichols (written commun., 1961).
CC—e A.T.Fernald (written commun., 1961).
Ficure 17.—Continued.

velopment. They probably are depositional, the result of
slight changes in source and deposition of loess. Frost
action also has been suggested as a process involved in
the concentration of clay.

The carbonate content differs from place to place,
both as a result of differences in the amount of carbon-
ate rocks in the ultimate source areas and as a result of
local differences in the history of postdepositional
weathering. Near Fairbanks the freshest loess has no
appreciable quantities of carbonate, but unweathered
loess near Manley Hot Springs, 130 km to the west,
effervesces vigorously upon application of hydrochloric
acid. Most loess is highly micaceous, but Fernald (1960,
p. 250) found very little mica in loess in the upper
Kuskokwim River valley. The few mineral and chemi-
cal analyses of Alaskan loess that have been published
are from the Fairbanks area (Péwé, 1955), Palmer and
Big Delta (Stump and others, 1959, p. 17; Lindholm and
others, 1959, p. 53), the upper Kuskokwim River valley
(Fernald, 1960, p. 250), and the Imuruk Lake area of the
Seward Peninsula (Hopkins, 1963).

As is typical of loess throughout the world, Alaskan
loess is massive, cliff forming, and locally perforated
with swallow-nesting tunnels. Only in some areas of
Alaska does the loess contain fossils of air-breathing
mollusks. In the great loess areas of the interior of
Alaska, especially the Tanana and Yukon valleys, the
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loess, though examined in hundreds of exposures, has
yielded fossils of air-breathing snails in only the very
young loess near Big Delta (Péwé, 1955) and in loess of
probable Wisconsinan age near Tofty (Repenning and
others, 1964). However, the loess near Chitina and Gul-
kana in the Copper River Basin contains many pulmo-
nate snails, as does the loess near Fort Hamlin in the
middle Yukon River valley (Williams, 1962). In the
Kotzebue Sound area, air-breathing and aquatic snails
and clams were collected from the deposits of thaw lakes
that existed during loess deposition (McCulloch and
others, 1965).

DISTRIBUTION AND THICKNESS

The extent of loess in Alaska and thickness data at
selected localities are presented in figure 17. The thick-
est loess known in Alaska is north of the Tanana River
near Fairbanks, where a blanket 61 m thick covers the
top of Gold Hill (Péwé, 1955). Greater thicknesses of
silty sediments (as much as 95 m) occur in the bottoms
and lower slopes of small valleys in the Fairbanks area,
but these represent deposits reworked from adjoining
slopes. Deposits 3-12 m thick occur along the entire
north side of the Tanana valley and on both sides and in
the middle of the lower Yukon River valley (Eardley,
1938). Loess is thick adjacent to the Yukon Flats (Wil-
liams, 1955, p. 125; 1962) and the upper Kuskokwim
valley (Fernald, 1960, p. 247) (fig. 17). Many metres of
wind-blown silt exist along the central Copper and
lower Chitina valleys and near Palmer (Stump and
others, 1959). Loess more than 1.5 m thick covers about
three-quarters of the area of Seward Peninsula (Hop-
kins, 1963, pl. 3). The major river valleys on the Arctic
Slope are flanked by loess that is generally many metres
thick, but the loess blanket thins considerably im-
mediately away from the rivers (Smith and Mertie,
1930, p. 249; Black, 19514, p. 92; Detterman and others,
1963, p. 304-305). Loess on the Pribilof Islands (outside
area mapped in fig. 17) averages 15 cm thick, and some
slopes on St. George Island have 2 m of loess. This loess
probably originated as silt blown from the extended
flood plains of the Yukon and Kuskokwim Rivers across
the Bering platform in Illinoian and Wisconsinan times
(D. M. Hopkins, unpub. data, 1965; Scholl and others
1968, p. 320). Deposits a few centimetres to a few metres
thick are known locally elsewhere in Alaska (Black,
1951a; Muller, 1955, p. 132; Karlstrom, 1955, p. 133;
Hoare and Coonrad, 1959; Coonrad, 1957; Hoare and
Condon, 1971; Chapman and others, 1971) (fig. 17).

It is interesting to note that loess is said to be absent,
or nearly so, from St. Lawrence Island. J. M. Hoare, W.
H. Condon, D. S. McCulloch, and D. M. Hopkins (writ-
ten commun., 1968) confirmed this, for example, in the
vicinity of Savoonga on the north side of the island.
These observations perhaps suggest that the position of

the major rivers across the Bering shelfin glacial times
may not have been close to the island. This suggestion
should be added to the growing body of evidence shed-
ding light on the environment and glaciation of the
Bering shelf, a subject of current controversy and inves-
tigation.

A thin layer (about 10 cm) of loess of Holocene age
seems to be present near Barrow, but loess of
Wisconsinan time apparently is lacking. Brown (1965a)
believed that the Holocene silt is loess and was derived
from drained lake basins; however, Carson (1968, p. 25)
stated the silt does not represent “wind-laid deposit, but
simple reworked Gubik sediments winnowed from
lighter weight organic fines by normal wave processes.”

Detailed studies were made in some localities regard-
ing the thicknesses of loess. Hundreds of measurements
were taken in the Fairbanks area (Péwé, 1955, 1958Db;
Péwé and Rivard, 1961; Williams and others, 1959), and
isopach maps were made for the Matanuska Valley
(Trainer, 1961) and for the lower reaches of the Delta
River valley (Davidson and others, 1959; Péwé and
Holmes, 1964). In all instances, the loess is thickest

near the rivers.
STRATIGRAPHY

The periods of greatest loess deposition in Alaska
correspond to glacial maximums. During these periods
the source areas, vegetation-free flood plains and out-
wash plains, were at their greatest extent. In the peri-
glacial areas, such as the Tanana, Yukon, and Kuskok-
wim valleys, repeated glacial advances with related
wind conditions and source areas favorable for loess
deposition have created multiple loess blankets (table
3) (Péwé, 1955; Fernald, 1960; Péwé, 1965b). At Cape
Deceit near Deering (pl. 1) on the south shore of Kot-
zebue Sound, Guthrie and Matthews (1971) recorded
thin loess layers of pre-Illinoian, Illinoian, Wisconsin-
an, and Holocene age. This is the oldest loess reported in
Alaska.

Detailed stratigraphic studies of loess are limited to
the Seward Peninsula and adjoining area (Hopkins,
1963; McCulloch and others, 1965; Guthrie and Matth-
ews, 1971) (fig. 19) and to the central Yukon-Tanana
Upland (Péwé, 1952a, 1955, 1958b).

One of the most interesting records of Quaternary
events in Alaska comes from an interpretation of the
loess deposits and underlying creek gravel near Fair-
banks (table 3). Extensive exposures created by placer
mining operations have revealed a complicated history
of loess deposition alternating with periods of fluvial
erosion.

In Illinoian time, the hills were blanketed with loess
derived from the flood plain of the Tanana River and
glacial outwash plains south of the Fairbanks area.
Much of this windblown silt was retransported to creek
valley bottoms, incorporated much organic debris, in-
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Early Holocene beaver dams
and beaver pond sediments,
> buried forest, and
ice wedge casts

Wisconsinan loess, thaw lake
sediments, and inactive ice
wedges

buried forest, and ice wedge

>Sangamon weathering profile,
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Late-lllinoian loess, thaw lake
deposits, and flood plain
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—~

pre(?)—Illinoian marine
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Ficure 19.—Diagrammatic cross section of Baldwin Peninsula, Alaska, showing Quaternary deposits. From

cluding vertebrate remains, and became perennially
frozen. Indications of the antiquity of this loess are (1)
its position unconformably beneath a younger silt de-
posit, the base of which is older than 56,900 years
(Matthews, 1968b, 1970) (fig. 20), (2) joints that were

Retransported silt
(Wisconsinan)
>56,900 years /___

(inactive)

Gold-rich zone

McCulloch (1967).

Gold-rich zone

Older brown gravel

heavily stained by iron oxide and cemented before the
deposit became perennially frozen, and (3) evidence
from fossil ice wedges that the loess, once frozen, was
thawed, then again perennially frozen.

This period of loess deposition was followed by an
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Fi1cURE 20.—Schematic composite cross section of a creek valley in central Alaska illustrating the relations of the Quaternary silt and

gravel deposits.
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TABLE 4.—Rates of deposition of Holocene loess along rivers in central Alaska

Rate of
accumulation

Duration of
accumulation

Measured
thickness

Area Location Source (metres) (years) (mm per yr)
East side of Adjacent to east side of Péwé, Hopkins, and 2.4 1950+150 1.14-1.33
Delta River. river flood plain 32-80 Giddings (1965, p. 362). (L-163K)
km south of Big Delta 4650+250 .78-.86
on terraces and alluvial Reger, Péwé, Hadleigh- 3.8 (L-137Q)
fans. West, and Skarland 7000275 1.93-2.07
(1964 p. 95-96). 14.0 5900=250 .85-.92
5.2 (1-646)
3.7 2300180 1.49-1.75
(1-647)
North side of Adjacent to north side of Péwé (1965b, p. 48-49, (1) 0.61 2565+290 21-.27
Tanana River. river near junction with p. 53). (GX0254)
Delta River. ®) 1.2 8040+190 .15
(1) On southeast facing (GX0255)
slope 1 km from river.
(2) On low terrace at
edge river.
Fairbanks ________ Gold Hill 70 m above and Péwé (1965a, p. 16, 20). 6.0 4020+200 1.40-1.57
5.4 km north of the (W-183)

present Tanana River.

erosional period when most of the retransported silt in
creek valley bottoms and some of the loess on the hill-
side slopes and hilltops were removed. The loess was
deeply gullied, and block slumping occurred. Long
parallel gullies more than 10 m deep and 180 m long
formed on almost all loess-covered slopes in the Fair-
banks area. Permafrost thawed and perhaps disap-
peared during this warm erosional interval (Péwé,
1975).

In Wisconsinan time, additional loess was deposited
on the uplands, and much loess was retransported to
valley bottoms to form a carbonaceous, fetid, peren-
nially frozen deposit, locally termed “muck” (fig. 20).
This valley-bottom facies of loess of Wisconsinan age is
3-46 m thick and contains abundant vertebrate and
plant fossils, including partial carcasses of vertebrates
that were entombed in the silt and perennially frozen.
The most common vertebrate remains in the muck of
Wisconsinan age, in order of their abundance, are those
of bison, mammoth, and horse. The retransported silt
(valley-bottom facies) of Wisconsinan age contains
many ice wedges 0.3-3 m wide and as much as 10 m
long.

The gullies and ridges of pre-Wisconsinan age cut in
loess of the middle and upper slopes in the Fairbanks
area were rounded and subdued by the blanket of loess
deposited over these undulations in Wisconsinan time.

About 10,000 years ago a warming interval occurred
that caused the permafrost table to be lowered 2-3 m
and the top of the ice wedges to melt down about 0.3-3
m. Loess and the valley-bottom facies (retransported
silt) of the loess that has been deposited since and dur-
ing the thawing lie unconformably over the thawed-
down flat-topped ice wedges and retransported silt of
Wisconsinan age (fig. 20). This Holocene silt is 0.3-8 m
thick, and all but the upper 1.5. m is perennially frozen

(Péwé, 1975). The silt contains no bones of extinct ani-
mals.

On the hilltops, the loess deposited in Illinoian, Wis-
consinan, and Holocene time constitutes one relatively
uniform loess layer, and it has not yet been possible to
differentiate this loess into layers of separate ages. All
the upland loess is grouped together under the name
Fairbanks Loess (fig. 20).

RATE OF DEPOSITION

Loess is still being deposited along most braided gla-
cial streams in Alaska, most notably adjoining the
Delta River (fig. 21) (Péwé, 1951a), along the Knik and
Matanuska Rivers (Tuck, 1938; Trainer, 1961), and
near the junction of the Tanana and Yukon Rivers.
Information on the rate of eolian silt accumulation can
be obtained in some of these areas. The 7.2 m of silt
measured on the top of Bodenberg Butte in the western
Matanuska Valley near Palmer (Stump and others,
1959, p. 9), for example, is entirely post-Wisconsinan in
age. Measurements of loess thicknesses and radiocar-
bon dating of stumps and logs in the loess have yielded
rates of loess accumulation in a few places in central
Alaska (table 4). Assuming no erosion of the accumulat-
ing loess during the measured interval, the rate of ac-
cumulation is 0.2-2.0 mm per year. The writer consid-
ers this to be a valid figure because the areas of accumu-
lation are flat to almost flat and heavily vegetated.

SUMMARY

Most of the low-lying areas of Alaska (except perhaps
the southeastern part) are covered with either sand
dunes or loess from a few millimetres to 100 m thick.
Almost all these deposits are associated with glacia-
tions. Most sand dunes are stablized and have not re-
ceived detailed study.
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Alaska has one of the largest, if not the largest, areas
of loess in North America and perhaps contains the
thickest deposits. The loess has been studied in some
detail, and valuable stratigraphic sections of Illinoian,
Wisconsinan, and Holocene loess are known in central
and western Alaska. The sections, especially in central
Alaska, illustrate a detailed history of deposition, re-
transportation, and permafrost and a record of mam-
malian remains.

43

The rate of loess deposition in North America has
.long been sought, and perhaps the best place to find the
answer is in association with Holocene glaciations in
Alaska. Studies here indicate loess is accumulating at
0.2-2.0 mm per year.

PERMAFROST AND PERIGLACIAL DEPOSITS
Extensive areas of Alaska are underlain by deposits

that are the result of mass wasting or frost action in a

Ficure 21.—Oblique aerial photograph of clouds of silt transported by wind from the Delta River flood plain, central Alaska. View looking
north. Photograph by U.S. Navy, 1948 (Péwé, 1951a).
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rigorous climate—a climate widely known as perigla-
cial. Lozinski (1909) introduced the term “periglacial”
for the concept of a cold climate outside of the glacial
border; specifically, the term “periglacial” referred to
the area that bordered the continental ice sheet, its
climate, and features developed in this rigorous envi-
ronment.

The term “periglacial” has not been accepted by all,
although the concept is now firmly entrenched (Tricart
and Cailleux, 1967). Such terms as “subnival,” “subgla-
cial,” and “subgelid” and “frost-climate” have been sug-
gested, but the term “periglacial” remains most widely
used. No single definition agreeable to everyone study-
ing the periglacial environment has been formulated,
owing to differences of opinion concerning the climate of
the periglacial zone. For instance, Zeuner (1945) re-
stricted the periglacial zone to that area where the
annual air temperature is —2° C or colder. Others stated
that permafrost is not actually necessary for a perigla-
cial environment and that such a climate could include
regions where it is absent but where a considerable
number of freezing and thawing cycles occur annually.
Although exact definition of the periglacial environ-
ment has not been developed, workers agree that it has
a rigorous climate. The writer considers all areas of
existing permafrost to be in the modern periglacial
zone.

The periglacial environment is characterized by fro-
zen ground and intense frost action in fine-grained sed-
iments and considerable sorting of fine and coarse mat-
erials. Therefore, mechanical weathering is acceler-
ated, and ice is abundant in perennially and seasonally
frozen ground. Local sorting of sediments is common,
producing small-scale patterned ground. Water is con-
centrated in fine-grained surficial sediments by ice seg-
regation. This concentration of water, when released,
and the impeded infiltration of surface waters owing to
impervious frozen subsoil aids in downslope mass
movement of debris. Growth of large masses of ground
ice occurs in permafrost with the formation of tundra
polygons and pingos.

PERMAFROST

Permafrost, the most widespread phenomenon of the
periglacial climate, is defined as a thickness of soil or
other superficial deposits, or even bedrock, which has
been colder than 0°C for 2 years or more; it is defined
exclusively on the basis of temperature, irrespective of
texture, degree of induration, water content, or
lithologic character (Muller, 1945, p. 3). Permafrost,
perennially frozen ground (Mozley, 1937; Taber, 1943),
or vechnaya merzlota® (Sumgin, 1927) is widespread in

1This term means “eternal frost” and is being replaced in the recent Russian literature by
“mnogoletnémerzlyy grunt” which means “perennially frozen ground.”
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the northern part of the northern hemisphere (fig. 22),
as well as in Antarctica. About 20 percent of the land
area of the world is estimated to be underlain by per-
mafrost (Muller, 1945, pl. 1; Black, 1954, p. 842; Péwé,
1966¢, 1969a, fig. 1; Ferrians and others, 1969).

Perennially frozen ground is present throughout 82
percent of Alaska (fig. 23) but is more widespread and
extends to greater depths in the north than in the south
(Ferrians, 1965a, b, 1966). Permafrost in Alaska has
long been divided arbitrarily into three generalized
zones: the continuous, discontinuous, and sporadic
zones (Black, 1950, 1954; Péwé, 1954; Hopkins and
others, 1955; Péwé and Paige, 1963; Wahrhaftig, 1965).
The terms refer to lateral continuity of permafrost. This
threefold division has followed the manner of mapping
employed in the U.S.S.R., where the divisions are
further qualified by the temperature of permafrost
(Sumgin and others, 1940). (See Baranov (1956) for a
later, more refined division.) Inasmuch as the bound-
aries between the discontinuous and the sporadic per-
mafrost zones are difficult to place without temperature
information, and inasmuch as thermal data for perma-
frost in Alaska are still limited, the writer uses only two
permafrost zones in Alaska (Péwé, 1966b), the continu-
ous and the discontinuous. A similar classification has
been followed in Canada for the same reason (Jenness,
1949; R. J. E. Brown, 1960, 1966, 1969, 1970). The
discontinuous zone as used here includes the discon-
tinuous and sporadic zones of the earlier classification.
In the continuous zone of the northern part of Alaska,
permafrost is almost everywhere present and extends to
a calculated depth of 405 m, 12 km south of Barrow
(Brewer, 1958, p. 19), and to 650 m at Prudhoe Bay
according to Stoneley (in Lachenbruch, 1970b, p.
J3-J4). In this area, away from large bodies of water,
permafrost at a depth of 15-25 m is colder than —5°C
(15-25 m is the maximum depth to which appreciable
annual temperature fluctuations occur).

Although permafrost was known to exist offshore
northern Alaska and Yukon Territory, only recently
has extensive work been undertaken to investigate its
extent and origin (Shearer and others 1971; MacKay,
1972b; Lewellen, 1973). One of the pressing problems
for future work is the study of offshore marine perma-
frost in North America.

Southward, in the discontinuous permafrost zone of
Alaska, permafrost thickness decreases, and unfrozen
areas are more and more abundant until, near the
southern boundary (fig. 23), only rare patches of per-
mafrost exist. The southern boundary of permafrost as
shown in figure 23 is placed to include relict permafrost
as well as small areas of permafrost existing because of
current favorable microclimatic conditions. This boun-
dary lies a short distance south of the 0°C mean annual
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Research and Development Institute, written commun., 1966; Péwé (1969a).

Norway, B.J. Andersen, University of Bergen, written commun.,

air? isotherm, an isotherm generally thought to be now | at the southern boundary of permafrost. The tempera-
ture of permafrost at a depth of 15-25 m in this zone

2]n this report the air temperature referred to, unless otherwise stated, is that measured at __FEo z
a height of 1.5 m above the ground, the standard height for the U.S. Weather Bureau ranges .from 5 C A the northern part Of the zone to
approximately 0°C farther south.

recording stations.
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The maximum thickness of permafrost in Alaska
ranges from an estimated 650 m in the north to a few
metres on the Alaska Peninsula in the south (fig. 23).
Permafrost has not been found in the Aleutian Islands
or in southeastern Alaska. North of the Brooks Range,
thickness ranges from 180 to 650 m, on the basis of a few
deep test holes drilled for petroleum investigations. At
Prudhoe Bay on the north coast of Alaska, holes drilled

for petroleum penetrated permafrost to depths of about
650 m (Stoneley, 1970; Howitt and Clegg, 1970).
Lachenbruch (1970b) noted that this is 50 percent
deeper than at Barrow (fig. 23) and 100 percent deeper
than at Cape Simpson, although all three localities prob-
ably have similar mean surface temperatures. He ex-
plains this difference as the result of “an increased
proportion of siliceous sediments from Simpson to Bar-
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row to Prudhoe, which would cause a corresponding
increase in conductivity and decrease in geothermal
gradient.” Maximum thickness of permafrost in central
and southwest Alaska ranges from a few metres to 180
m. Borings are numerous but mostly limited to valley
bottoms and lowlands.

No attempt has been made to map isopachs of perma-
frost thickness in Alaska because of the almost com-
plete lack of information in the mountainous areas.
This lack of information precludes any but the broadest
generalizations at this time. Bateman and McLaughlin
(1920) record permafrost in the Kennecott mine in the
Wrangell Mountains. This record, plus one from Keno
Hill (Wernecke, 1932) at an elevation of 1,500 m, 150
km east of Dawson in adjacent Yukon Territory,
Canada, constitute about the only information of per-
mafrost at great depth in mountainous areas in Alaska
and adjacent Canada.

The temperature of permafrost is one of the most
critical quantitative parameters necessary to evaluate
not only the existence of frozen ground at depth, but also
to calculate the thicknesses, mean annual air tempera-
ture, and even history of permafrost and geomorphic
changes on the surface (Lachenbruch, 1962). Accurate
mapping of permafrost is possible only with abundant
temperature data. Temperature data in northern
Alaska (fig. 23) were collected by the U.S. Geological
Survey at Cape Simpson (fig. 24), Barrow, the
Shaviovik River area (Brewer, 1958), and at Ogotoruk
Creek near Point Hope (Lachenbruch and others, 1961).
Lachenbruch (oral commun., 1962) provided data on the
permafrost at Umiat. The coldest permafrost tempera-
ture recorded in Alaska is —10.6°C, 12 km south of
Barrow (Brewer, 1958, p. 20).

Permafrost temperature in central Alaska near Fair-
banks is —0.9°C at a depth of 15-25 m in frozen silt
(Péwé and Paige, 1963, p. 376). In the Copper River
Basin the temperature of permafrost at a depth of 6 m in
undisturbed ground along the Richardson Highway is
—1.5°C (Greene and others, 1960, p. B141; Williams,
1970, fig. 10).

Permafrost forms when more heat leaves the ground
than enters and when a temperature below 0°C is pro-
duced continuously for 2 years or more. This heat bal-
ance is delicate, and the “cold reserve” grows or shrinks
as heat flow is modified by either climatic changes or by
changes at the interface between permafrost and the
atmosphere—that is, changes in the vegetation, snow,
and characteristics of the upper layer of thawed ground.

Inasmuch as permafrost is defined on the basis of
temperature alone, any material, whether it is silt,
sand, gravel, peat, refuse piles, or bedrock, as long as it
has been colder than 0°C continuously for more than 2
years, is termed permafrost. In some places, permafrost
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FIGURE 24.—Geothermal profile for Cape Simpson well 28, northern
Alaska; data for May 22, 1953, after well had essentially returned
to thermal equilibrium. Modified from Brewer (1958, p. 20).

has been formed by artificial freezing, as under cold-
storage rooms in England (Cooling and Ward, 1944;
Ward and Sewell, 1950) and in Canada (Hardy and
D’Appolonia, 1946). Oddly enough, perenially frozen
ground was created by artificial means in unfrozen loess
to prevent landsliding in placer mining operations near
Fairbanks, Alaska (J. D. Crawford, oral commun., Feb.
6, 1955).

Lane (1946, p. 401-402) stated that the temperature
of permafrost below the depth of measureable seasona-
ble change is approximately the same as the local mean
annual air temperature if the permafrost is in equilib-
rium with the existing climate. Redozubov (1946, p. 2)
stated that the mean annual air temperature is always
slightly lower than the local permafrost temperature, in
some places several degrees lower (Brewer, 1958, p. 22).
Actually, at a depth where the seasonal temperature
fluctuations are minimal, the average temperature of
permafrost is close to the average temperature of the
ground surface; however, it is 2-6°C warmer than the
mean annual air temperature determined from U.S.
Weather Bureau recording stations (Lachenbruch,
1970b). Temperature records of the U.S. Weather
Bureau are the only ones readily available over wide-
spread areas and therefore must be used in constructing
maps of climatological data such as figure 3. The south-
ern boundary of permafrost roughly approximates the
position of the 0°C mean annual air isotherm. This
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supports the suggestion that most permafrost is a pro-
duct of the present climate. Redozubov (1946, p. 10)
showed that it would take many thousands of years to
form 700 m of permafrost. Permafrost no longer in con-
tact with seasonal frost may be a holdover from earlier
colder climates.

Many temperature profiles show that permafrost is
not in equilibrium with the present climate at the sites
of measurements (Lachenbruch and others, 1962;
Lachenbruch and Marshall, 1969; Lachenbruch, 1968,
p. 835). Lachenbruch, Greene, and Marshall (1961,
1966) stated, for example, that only 260 m of the 356 m
of permafrost observed in a drill hole in Ogotoruk Val-
ley, 35 km southeast of Point Hope (pl. 1), would exist if
present surface conditions were to persist for several
thousands of years. “In a sense, about 25 percent of the
permafrost beneath Ogotoruk Valley is a product of an
extinct climate” (Lachenbruch and others, 1966, p. 158).

In a hypothetical example in central Alaska near
Fairbanks, the temperature of permafrost below the
zone of annual change is —1°C (fig. 25). By extrapolation
downward along the known curve of the geothermal
gradient, it is possible to calculate that the thickness of
permafrost is about 60 m. This agrees with known
thicknesses measured in the Fairbanks area. The mean
annual air temperature in the region is —3°C, 2.5°C
colder than the temperature of permafrost.

As the climate becomes colder or warmer (mean an-
nual air temperature remaining below 0°C), the temp-
erature and thickness of the permafrost change accord-
ingly. The base level of permafrost fluctuates but not
the top (the permafrost table), providing that the active
layer, vegetation, and snowfall do not change. If the
mean annual air temperature rises above 0°C, the top of
the permafrost will be lowered by thawing. The rate at
which the base or top of permafrost changes depends not
only on the amount of climatic fluctuation, but also on
the amount of ice in the ground. Frozen silt generally
thaws more slowly than gravel because it generally
contains more ground ice. Many unfrozen areas in the
discontinuous zone of permafrost in Alaska (fig. 23)
consist of sand and gravel, and the nearby perennially
frozen areas consist of silt (Péwé and others, 1969).

GROUND ICE

Ice content is probably the most important feature of
permafrost affecting human activity in the north. Of
equal importance is the fact that it provides evidence
concerning past climates beyond the range possible by
geothermal calculations. Ice in the perennially frozen
ground varies in size and shape and has definite dis-
tribution characteristics. The origin of ground ice con-
stitutes one of the most interesting and controversial
problems connected with permafrost. The writer groups
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Ficure 25.—Hypothetical example showing temperature profile and
thickness of permafrost in central Alaska.

ground ice into five main types: (1) pore ice, (2) segre-
gated or Taber ice, (3) foliated or ice wedge ice, (4) pingo
ice, and (5) buried ice.

Pore ice is defined as ice that fills or partly fills pore
spaces in the ground. It forms by freezing pore water in
situ with no addition of water. The ground contains no
more water in the solid state than it could hold if the
water were in the liquid state. Black (1954) termed
frozen ground with such ice as undersaturated or satu-
rated.

Segregated or Taber ice is described as ice seams,
lenses, or layers generally 1-100 mm thick that grew in
the ground by drawing in water as the ground became
frozen. Taber (1929, 1930) was a pioneer in demonstrat-
ing this phenomenon, although Beskow (1947) worked
actively in this field at about the same time. Although
the idea that water must be supplied for an ice crystal to
grow is generally accepted, not everyone agrees on how
this is accomplished (Jackson and Chalmers, 1956;
Jumikis,.1955; Cass and Miller, 1959; Winterkorn,
1943).

Segregated ice has been referred to by various
terms—ice seams, ice segregations, ice gneiss (Taber,
1943), and sirloin-type ice (Higashi, 1958), among
others. The writer has long used the term “Taber” ice,
originally suggested to him by A. H. Lachenbruch, U.S.
Geological Survey, for ice segregations in the ground.

Pore ice and Taber ice occur both in seasonally frozen
ground and in permafrost. Black (1954) referred to per-
mafrost composed of this type of ice as being supersatu-
rated because it contains more water in the solid state
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than the ground could possibly hold if the water were in
the liquid state.

Foliated ground ice or wedge ice is the term given to
large masses of ice that grow in thermal contraction
cracks in permafrost.

Pingo ice is clear or relatively clear ice that occurs in
permafrost in nearly horizontal or lens-shaped masses
3-15min diameter. It evidently originates from ground
water under hydrostatic pressure (Miiller, 1963).

Buried ice in permafrost includes buried sea, lake,
and river ice and recrystallized snow. Buried blocks of
glacier ice in a permafrost climate would also fall into
this category.

Small ice segregations are the least spectacular and
yet one of the most extensive types of ground ice. They
occur in both seasonally and perennially frozen ground,
and as grains, granules, films, lenses, layers, pods,
dikes, and irregular masses that range in diameter from
less than 1 mm to 4 cm. The freezing of ground and
formation of small, clear ice segregations has received
much study from engineers and geologists interested in
ice growth and its effect on engineering structures. As
population increases in the far north, the effects of the
growth of ground ice on construction have been the
subject of growing concern (Beskow, 1947; U.S. Army
Corps of Engineers, 1946, 1947, 1949, 1954, 1956; John-
son, 1952; Reed, 1969).

When considering the subject of ground ice, the ques-
tion if generally raised as to how much ice actually
exists in the ground. Because such information would
be interesting and valuable from a historical standpoint
as well as essential in solving engineering problems
posed by permafrost (Lachenbruch, 1970a), the ques-
tion is being considered in an ambitious attempt to
make an inventory of all perennial ice and snow masses
on and beneath land surfaces of the earth as a project of
the International Hydrological Decade (Fritz Miiller,
unpub. data, 1968).

Estimates the volume of worldwide ground ice range
from 0.2 to 0.5 million km3, less than 1 percent of the
total volume of the earth (Shumskiy and Vtyurin, 1966;
Shumskiy and others, 1964, p. 433). Estimates of
ground ice in Alaska are sorely needed and represent a
challenging project. Brown (1967¢) made a first approx-
imation of the ground ice inventory for the Arctic
Coastal Plain (pl. 1). The plain lies in the continuous
permafrost zone (fig. 23) and represents a fairly uniform
set of geologic, geomorphic, and permafrost conditions.
An underground ice inventory for other regions of
Alaska would be more difficult owing to discontinuities
in the permafrost and the presence of large ice masses
with no physiographic expression.

On the basis of an examination of ice in the ground in
many bore holes in the Barrow area (Brown, 1965b,
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1966a, b, 1967b, 1969a, b; Brown and Johnson, 1965;
Sellmann and Brown, 1963, 1965; Sellmann and others,
1964, 1965) and the extrapolation of information from
the bore holes to the rest of the coastal plain by use of
aerial photographs and geologic maps, it is estimated
(Brown, 1967¢c) that 10 percent by volume of the upper
3.5 m of permafrost on the coastal plain is composed of
ice wedges (foliated ground ice); Taber ice is the most
extensive type of ground ice, in places representing 75
percent of the ground by volume. In measurements
made by the writer in the Fairbanks area, samples of
frozen ground may contain as much as 200-1,000 per-
cent ice by weight (Péwé, 1958b; Williams and others,
1959). For purposes of computation, Brown (1967¢) as-
sumed that no segregated ice exists below 8 m and that
the only ground ice present is pore ice. This is probably
correct for most areas, but especially in syngenetic ice
areas, the writer has seen deposits below a depth of 8 m
with ice seams 1 cm thick and buried ice 2 m thick.
Brown calculated that the pore and Taber ice content in
the depth between 0.5 and 3.5 m (surface to 0.5 m is
seasonally thawed) is 61 percent and between 3.5. and
8.5 mis 41 percent by volume. The total amount of pingo
ice is less than 0.1 percent of the permafrost. The total
amount of perennial ice in the permafrost of the Arctic
Coastal Plain is estimated to be 1,500 km?® and below 8.5
m most of that is present as pore ice.

ICE WEDGES

The most conspicuous and controversial type of
ground ice in permafrost is the large ice wedges or
masses characterized by parallel or subparallel folia-
tion structures. Most foliated ice masses occur as
wedge-shaped, vertical, or inclined sheets or dikes 1 cm
to 3 m wide and 1-10 m high where seen in transverse
cross section (fig. 26). Some masses seen on the face of
frozen cliffs may appear as horizontal bodies a few cen-
timetresto 3 min thickness and 0.5-15 m long. The true
shape of these ice wedges can be seen only in three
dimensions. Ice wedges are parts of a polygonal network
of ice enclosing polygons or cells of frozen ground 3-30 m
or more in diameter.

The network of foliated ice in the ground generally
causes a microrelief pattern on the surface of the
ground, generally called polygonal ground or tundra
polygons (fig. 27). Troughs that delineate polygons are
generally underlain by ice wedges 1-2 m wide at the top.
These polygons are 2-30 m in diameter and should not
be confused with small-scale polygons or patterned
ground produced by frost sorting.

Polygons may be low centered or high centered. Up-
turning of strata adjacent to the ice wedge may make a
ridge of ground at the surface on each side of the wedge
(Leffingwell, 1919, fig. 25 and pl. 29b), thus enclos-
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Fi1GURE 26.—Foliated ground-ice mass (ice wedge) in silt exposed in placer gold mining operations on Wilber Creek near Livengood,
Alaska. Photograph No. 474 by T. L. Péwé, September 19, 1949.
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Ficure 27.—Oblique summer aerial view of raised-edge ice wedge polygons on the northern Alaskan sea coast near Barrow, Alaska. Di-
ameters of polygons are 7-15 m. Photograph by R. I. Lewellen, August 11, 1966.

ing the polygons. Such polygons are lower in the center
and are called low-centered polygons or raised-edge
polygons. They are erroneously termed by some “de-
pressed center” polygons. Low-center or raised-edge
polygons indicate that ice wedges are actually growing
and that sediments are being actively upturned (Brown,
1969c, p. 124). If erosion, deposition, or thawing is more
prevalent than the up-pushing of the sediments along
the sides of the wedge, or, if the material being pushed
up cannot maintain itself above ground level, low ridges
will be absent, and there may be either no polygons at
the surface or the polygons may be higher in the center
than troughs over the ice wedges that enclose them.
Such high-center polygons are erroneously termed
“raised center” polygons by some. Both high-center and
low-center tundra polygons are widespread in Alaska
and are good indicators of the presence of foliated ice
masses; but care must be taken to demonstrate that the
pattern is not a relic and evidence of ice wedge casts.

The origin of large ground-ice masses in perennially
frozen ground of North America has been discussed in

print since Kotzebue recorded ground ice at Elephant
Point in Eschscholtz Bay (Kotzebue, 1821). The origin of
ground ice was first discussed in Siberia (Bunge, 1884,
1902). The general theory for the origin of ice wedges
now accepted is the thermal contraction theory of
Leffingwell (1915, 1919), which was succinctly sum-
marized by Lachenbruch (1962):

During the Arctic winter, vertical fractures on the order of one-
tenth of an inch wide and several feet deep are known to form in the
frozen tundra—this process is generally accompanied by loud reports.
They are assumed to be the result of tension caused by thermal
contraction of the tundra. In early spring it is supposed that water
from the melting snow freezes in these cracks and, with accumulating
hoarfrost, produces a vertical vein of ice that penetrates permafrost.
Horizontal compression caused by reexpansion of the permafrost dur-
ing the following summer results in the upturning of permafrost by
plastic deformation. In the winter that follows, renewed thermal
tension supposedly reopens the vertical ice-cemented crack which is
presumed to be a zone of weakness. Another increment of ice is added
when the spring meltwater enters the renewed crack and freezes.
Such a cycle, it is argued, acting over centuries, would produce the
vertical wedge-shaped mass of ice. The polygonal configuration is
generally thought to be a natural consequence of contraction origin.
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The thermal contraction hypothesis receives the most
support (Bunge, 1884, 1902; Leffingwell, 1915, 1919;
Black, 1952b, 1954, 1963; Popov, 1955, 1965; Hopkins
and others, 1955; Shumskiy and others, 1955; Wash-
burn, 1956; Britton, 1958b; Péwé, 1958a, 1959, 1962,
1966a, b; Lachenbruch, 1961, 1962, 1966; Brown,
1967a; Journaux, 1969). Taber (1943) and Schenk
(1965), however, do not agree with this hypothesis.

For the maximum annual thermal tension at the top
of the permafrost to be of the same order of magnitude as
the strength of foliated ground ice, the ground must cool
at a certain rate for a certain period of time during a
winter cold snap. A. H. Lachenbruch (oral commun.,
1962) stated that although the relations that determine
whether an ice wedge cracks are extremely complex, a
single simple criterion that takes account of many of the
factors is the minimum winter temperature at the top of
the permafrost. He suggested that when its value is
below —15° to —20°C, the active cracking of ice wedges
might be expected in many permafrost materials.

Ice wedges may be classified as (1) active, (2) inactive,
and (3) ice wedge casts. There is a complete gradation
from one category to the next in areal distribution.
Active ice wedges are defined as those which are ac-
tively growing. The wedge may not crack every year,
but during many or most years cracking does occur, and
an increment of ice is added. Under these conditions,
low-center (raised-edge) polygons are well developed
and ubiguitous. Such microtopography is widespread in
polar areas of actively growing ice wedges and sand
wedges (Péwé, 1959; Péwé and Church, 1962). High-
center polygons may also be present.

The area of active ice wedges in Alaska appears to
coincide roughly with the continuous permafrost zone
(fig. 28) and is, in a general way, restricted to northern
and northwestern Alaska. The meager thermal data
available indicate that the winter temperature of the
ground at the top of permafrost is about —15°C or colder.
This area is limited almost entirely to tundra. Here
active ice wedges occur in silt, sand, and gravel. From
north to south across Alaska, a decreasing number of
wedges crack frequently. The line dividing zones of ac-
tive and inactive ice wedges is arbitrarily placed at the
position where low-center or raised-edge polygons are
uncommon and where it is thought most wedges do not
frequently crack. When more data become available
concerning the termperature at the top of the perma-
frost, this arbitrary line may be more accurately placed.

The area of active wedges in Alaska outlined in figure
28 has the most rigorous climate of the State. The mean
annual air temperature ranges from about —6° to —8°C
on the south to —12°C at Barrow on the north (fig. 3).
Minimum temperature of the ground in winter at the
permafrost table (top of the ice wedge) ranges from
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Ficure 28.—Distribution of ice wedges and permafrost in Alaska.
From Péwé (1966b).

about —15°C on the south and —11° to —14°C nea:
Kotzebue (estimated from incomplete data from Cold
Regions Research and Engineering Laboratory
(CRREL), U.S. Army Corps of Engineers, Hanover,
N.H., 1963) to about —30°C in the far north near Barrow
(Lachenbruch, 1962). Temperature at the top of the
permafrost table at Ogotoruk Creek near Point Hope is
about —18° to —20°C on the basis of a two-year record
(A. H. Lachenbruch, oral commun., Nov. 20, 1962).

Inactive ice wedges are defined as those that are no
longer growing. The wedge does not crack in winter, and
therefore no new ice is added. Of course, a gradation
between active ice wedges and inactive ice wedges is
represented by those wedges that crack rarely. Inactive
ice wedges have no ice seam or crack extending from the
wedge upward to the surface in the spring. The wedge
top may be flat (fig. 26), especially if thawing has low-
ered the upper surface of the wedge at some time in the
past. Low-center or raised-edge polygons are absent or
rare, but high-center polygons are common.

The area of inactive ice wedges in Alaska lies south of
the Brooks Range and the south half of the Seward
Peninsula (fig. 28); the northern boundary of the zone
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roughly coincides with the discontinuous-continuous
permafrost line (fig. 23). This region extends south to
the Alaska Range and almost to the lower Kuskokwim
drainage. Few data are available to permit the placing
of even a broad line indicating the southern border of
inactive ice wedges in the Yukon-Kuskowim Delta
area. Inactive ice wedges in Alaska have been described
only from frozen silt (Taber, 1943; Péwé, 1948, 1958b,
1962, 1966b); none are known to exist entirely in sand
or gravel. The inactive ice wedges are of Wisconsinan
age.

In the area of inactive ice wedges outlined in figure
28, the mean annual air temperature ranges from about
—2°C in the south to about —6° to —8°C in the north (fig
3). Minimum winter temperatures at the top of perma-
frost are —3.3°C (temperature data for the cold winter of
1961-62 from F. Kitze, oral commun., 1963) near Fair-
banks, —4°C at Northway (temperature data from
CRREL, U.S. Army Corps of Engineers, Hanover, N.H.,
1963), are estimated to be —3° to —6°C in the Copper
River Basin on the basis of a 4-6-year record (A. H.
Lachenbruch, oral commun., Nov. 20, 1962), and are
suggested to be —10° to —15°C near the northern border
of the zone. Such ground temperatures probably rarely
permit thermal cracking of the ice wedges; therefore, no
or rare ice increments are added to existing ice wedges,
and they can be considered dormant, relict, or inactive.

In this zone the permafrost in some areas of perme-
able sand and gravel has been thawed by heat supplied
from moving ground water. Ice wedges that formerly
existed in such sediments, therefore, are no longer pres-
ent (Péwé and others, 1969).

South of the zone of inactive ice wedges in Alaska,
there lies a zone of discontinuous permafrost that con-
tains practically no ice wedges. This area lies south of
the Alaska Range and includes the Copper River Basin,
the middle Susitna River valley, the Bristol Bay low-
land (E. H. Muller, written commun., Mar. 8, 1963), and
perhaps the southern part of the Yukon-Kuskokwim
Delta (fig. 28). Ice wedges are not growing in this zone
now. Perhaps they did not form in most of this zone
during the Wisconsinan Glaciation because during all
or part of Wisconsinan time most of the zone was under
massive glaciers or proglacial lakes. After withdrawal
of the ice or lakes, permafrost has formed locally, but
the climate evidently has not been rigorous enough for
many ice wedges to form except perhaps for a few small
wedges that have grown in favorable places where the
wind blows the snow cover away or where the vegeta-
tion cover is thin. Nichols reported (1966; written com-
mun., 1968) that a few small ice wedges of Holocene age
exist in the Copper River Basin. Areas outside glacial
advances of late Wisconsinan age may have had ice
wedges, but many or all of these wedges have now
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melted, as exemplified by the presence of ice wedge cast
polygons in the Bristol Bay lowland.

AGE OF ICE WEDGES

The writer examined ice wedges in Alaska, Canada,
Scandinavia, Siberia, and Antarctica and considers all
wedges he has seen as Wisconsinan or Holocene in age.
None to his knowledge have been proved to be pre-
Wisconsinan. Wedges in Alaska are of several ages, but
none appear older than the last major cold period—the
Wisconsinan. Those formed prior to that time have
either melted or are so rare or deeply buried that they
are no longer exposed or penetrated in drilling.

Most wedges are dated by geologic association; how-
ever, attempts have recently been made to date wedges
by radiocarbon analyses of the organic debris in the ice.
This debris is primarily washed down the contraction
crack throughout its history or is incorporated from the
sides as the wedge grows. Radiocarbon dates should be
younger or no older than the enclosing sediments, and
this is borne out by samples collected by the writer (fig.
29). A wedge at Barrow was dated at 14,000 years old
(Brown, 1966b), wedges at Fairbanks near Fox at
31,400 and 32,300 years old (Sellmann, 1967,1972), and
at Eva Creek (fig. 29) and Ready Bullion Creek near
Fairbanks as older than 25,000 years. Problems of dat-
ing ice wedges using radiocarbon have not yet been
solved. One of the first refinements probably should be
to date samples collected systematically along vertical
and horizontal lines from a “typical” large wedge. As-
sociated soil and wood should also be dated as illus-
trated in figure 29. Another method to study the age of
ice wedges would involve the use of the O'¢-0O*8 ratio in
the ice. To the writer’s knowledge, this technique has
not yet been tried.

ICE WEDGE CASTS

In places in western, central, and south-central
Alaska ice wedges have melted, and these voids have
been filled with sediments collapsing from above and
the sides. Although it is well known that ice wedges are
common in Alaska, it is not generally realized that ice
wedge casts exist. Actually, although most work on ice
wedge casts has been done in Europe (see Péwé and
others, 1969, for list of references; see Brown and Péwé,
1973, and Péwé, 1973, for discussion of ice wedge casts
and their paleoclimatic significance in North America),
Alaska offers perhaps a great opportunity for the study
and use of ice wedge casts as paleoclimatic indicators.
This is because a good record of pre-Illinoian, Illinoian,
and Wisconsinan permafrost exists in Alaska as well as
sediment replacements of ice wedges of those ages. Such
is not recorded elsewhere. Also, in Alaska, ice wedges
and permafrost of Wisconsinan age still exist and aid
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Notes for figure 29:

The permafrost table was lowered throughout central Alaska 1-5 m about
10,000 years ago and has subsequently risen to its present position. All
sediments in the deep thaw layer were unfrozen for hundreds if not
thousands of years. Flat-top ice wedges and collapse of sediments over
ice wedges remain as evidence of this thawing episode.

(2) The age of this formation in the Fairbanks area is well documented (Péwé,

1952a, 1958b, 1965a, 1975). More than a dozen samples have been dated
from the Holocene loess and retransported loess in many different min-
ing exposures; the dates range from about 3,000 to 10,000 years, with
most of them in the neighborhood of 5,000-7,000 years. A date of
3,750+200 years (L-117H) was obtained on a sample of wood collected by
the writer in 1951 from the Holocene loess and retransported loess in
Eva Creek 2 m below the surface. A date of 10,000+500 years (L-137S)
was obtained on a sample of wood collected by the writer in 1951 from the
base of the Holocene loess on Eva Bench mining exposure 3 m below the
surface.

In 1967 the writer collected for dating samples of ice, wood, and organic-rich
silt that were adjacent. All were dated by the radiocarbon laboratory at
the University of Arizona as more than 25,000 years old. More detailed
dating probably would have indicated an age between 25,000 and 30,000
years. A wood sample collected in 1951 by the writer 2.5 m below the top
of the Wisconsinan sediments on Eva Creek was dated at 23,300+1,000
years (W-435). Wood samples collected by the writer in 1952 at the base
of the Wisconsinan formation and near the middle were dated as greater
than 23,000 years old (L-157A) and greater than 30,000 years (1-163J),

rocgnaotivaly
réspecuivesy.

(4)

%)

(6)

W]

(8)

9

A radiocarbon date of 24,400+650 years (I-2116) was obtained on wood
collected at the base of the ice wedges (Matthews, 1968a, p. 207).
Matthews (1968a, b) examined fossil beetles from Wisconsinan and Sanga-
mon deposits. Beetles, plus a pollen study by Matthews and of samples
collected by the writer, indicate a treeless tundra environment during
Wisconsinan time. In 1949 Péwé also collected bones of mammoth and
Citellus undulatus from Wisconsinan sediments here. Guthrie (1968b)
recovered Microtus gregalis, Lemmus sibericus, Dicrostonyx torquatus,
and Citellus undulatus from both Wisconsinan and Illinoian deposits in

this section.

Péwé (1952a) reported a forest bed at this stratigraphic horizon from many
exposures in the Fairbanks area. The oldest date obtained on this bed
was reported by Matthews (1968b) as more than 56,900 years (Hv-1328).
This organic-rich silt layer with tree stumps and logs unconformably
overlies the deformed loess. (See fig. 20).

In innumerable exposures of the contact between Wisconsinan and Illinoian
silt in the Fairbanks area a 1-cm-thick, white, vitric, volcanic ash bed
occurs at the top of the Illinoian loess and is truncated by an unconfor-
mity. This bed is deformed by faulting and solifluction (Péwé, 1975).

The writer collected (1949-67) mammoth tusks and various bones of bison
from loess of Illinoian age of Eva Creek.

At Dawson mining cut and others a well-developed organic silt crops out
(Péwé, 1952a, 1975). This unit contains large stumps and logs that are
partly flattened and deformed; it is thought to represent an interstadial
or interglacial forest bed. One particularly fine white spruce stump (fig.
39) from the organic silt of the Eva Creek section and with roots in the
underlying gravel is more than 28,000 years old (L-137X).
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tremendously in the interpretation of description,
origin, and paleoclimatic importance of ice wedge
pseudomorphs. The presence of ice wedges in perma-
frost offers a refinement in paleoclimatic interpretation
not possible in permafrost without ice wedges.

Although ice wedge casts have been reported from
southern Canada and the northern part of the United
States, they have been most thoroughly studied in
North America in Alaska, particularly in glacial out-
wash of Wisconsinan age near Big Delta (pl. 1) (Péwé
and others, 1969). To date, of the 21 localities where ice
wedge casts have been mentioned in North America
outside Alaska, none have been demonstrated to be
pre-Wisconsinan in age. In Alaska both pre-Wis-
consinan (Illinoian(?)) and pre-Illinoian ice wedge casts
are present (table 5; fig. 30).

In Alaska ice wedge casts in sediments of Wisconsin-
an age occur south of the glacial border in Bristol Bay
(Hopkins and others, 1955, p. 139), on the Pribilof Is-
lands (D. M. Hopkins, oral commun., Dec. 4, 1972), and
near Nome (Hopkins and others, 1960). Ice wedge casts
indicative of Wisconsinan permafrost have been re-
ported in gravel along the Tanana valley outside the
Wisconsinan ice limits (Péwé and others, 1969; Black-
well, 1965; Ager, 1972). Ice wedge casts in the south
probably indicate a northward retreat of the southern
boundary of permafrost. Those in the Tanana valley
indicate a thawing of permafrost in well-drained gravel
areas with a minimum of vegetation and winter snow
cover.

In addition to aiding in the reconstruction of the dis-
tribution of permafrost in Alaska during Wisconsinan
time, ice wedge casts indicate the earlier existence of
permafrost, for example in Illinoian(?) time on the
Pribilof Islands (Hopkins and Einarsson, 1966) and var-

TABLE 5—Ice wedge cast localities in Alaska

Location Time of
No. ice wedge
(fig. 30) Author Date Locality formation
1 Hopkins, 1960 NOME i Wisconsinan.
MacNeil,
and Leopold.
2 Péwé __________ (unpub. Fairbanks ____________ Wisconsinan.
data)
3 Blackwell ______ 1965 Tanana River ________ Wisconsinan.
4 Péwé, Church, 1969 BigDelta ____________ Wisconsinan.
and Andreson.
5 Ager —o-ooooooc 1972 Healy Lake __________ Wisconsinan.
6 Hopkins ______ 1972 (oral Pribilof Island ________ ‘Wisconsinan.
commun.)
7 Hopkins ______ 1972 (oral Kvichak Peninsula____ Wisconsinan(?).
commun.)
8 Hopkins % Bristol BaY .oooooooon Wisconsinan.
and others. p. 139
9 Hopkins and 1966 Pribilof Island ________ Nlinoian(?).
inarsson.
10 McCulloch 1966 Northwestern Alaska Illinoian(?).
and Hopkins.
11 McCulloch, 1965, Baldwin Peninsula, Illinoian(?).
Taylor, and p- 449 northwestern Alaska.
Rubin.
12 51— 1966b Fairbanks ____________ Illinoian(?).
13 Guthrie and 1971 Northern Pre-Illinoian.
Matthews. Seward Peninsula.
14 Péwé __________ 1965:17 Fairbanks ____________ Pre-Illinoian.
p. 1
15 Péwé __________ 1965b, Shaw Creek __________ Pre-Illinoian.
fig. 4-22
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ious places in northwestern Alaska (McCulloch and
others, 1965; McCulloch and Hopkins, 1966). Ice wedge
casts in two areas in Alaska permitted the writer to
delineate permafrost of an extremely ancient age,
perhaps a million years or more. In central Alaska Péwé
(1965b, fig. 5-22) described well-developed ice wedge
casts of pre-Illinoian age in solifluction deposits at Shaw
Creek. Also, an ice wedge casts of sand underlying two
different ages of loess are exposed in excavations on the
University of Alaska campus and are thought to be
pre-Illinoian in age (Péwé, 1965a, p. 17).

In the far western part of Alaska, Guthrie and Mat-
thews (1971) indicated the presence of ice wedge casts
near Cape Deceit which were thought by Hopkins
(1972) to be at least a million years old.

PINGOS

Another type of massive ground ice in permafrost is
that found in pingos. Pingos are conical ice-cored hills or
mounds, round to oval in plan, 20-400 m in diameter,
and 10-70 m high that form when large, massive layers
of ice grow near the surface in permafrost (Porsild,
1938; Muller, 1963; MacKay, 1966; Holmes and others,
1968). Pingos are of two distinct genetic types: the
closed system and the open system. The closed-system
type forms in nearly level areas when unfrozen ground
water migrates under pressure to a site where then
permafrost is domed up to form a mound. These are the
larger of the two types of pingos and occur in areas of
continuous permafrost, the tundra areas. The open-
system type is generally smaller and forms on sloping
ground where water beneath, or within, the permafrost
penetrates the permafrost under high hydraulic pres-
sure, which along with crystallization pressure heaves
the overlying material to form a mound.

The distribution of pingos in Alaska has become
much better known in the last decade. The presence of
pingos are not only of value in indicating the presence of
permafrost, but in indicating continuous or discontinu-
ous permafrost. With one or two exceptions, the first
local maps of pingo distribution in Alaska and adjacent
Canada have appeared in the last 10 years (MacKay,
1963, 1973; Holmes and others, 1968; Hughes, 1969);
the first map of pingo distribution in north-northwest
North America is shown in figure 31.

Considerable progress has been made in the discovery
and mapping of many open-system pingos in un-
glaciated central Alaska and adjacent Yukon Territory
(fig. 31), as well as in the discovery of pingolike mounds
in the shallow waters of the Beaufort Sea north of the
mouth of the Mackenzie River (Shearer and others,
1971). The greatest advance in pingo research in the
last decade has been a consideration and understanding
of theory and rate of pingo growth by MacKay (1968,
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Ficure 30—Distribution and age of ice wedge casts in Alaska.

1971, 1972a, b, 1973; MacKay and Stager, 1966; Mac- | Burns (1964) occurring on the Yukon-Kuskokwim
Kay and Black, 1973). Delta are probably not pingos, but palsas.

After restudy of the photographs of the mounds in the Pingos are abundant in the forested, subarctic, dis-
Yukon-Kuskokwim Delta in Alaska and an examina- | continuous permafrost zone of Alaska. Although Har-
tion of palsas elsewhere in the world, Péwé believes that | rington photographed pingos in central Alaska 60 years
the 200 so-called closed-system pingos mentioned by | ago (Leffingwell, 1919, pl. 17A; Mertie and Harrington,
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MacKay, L. Tailleur, O. J. Ferrians, Warren Yeend, Helen Foster, and O. L. Hughes in 1972.

1924, p. 8), and although the writer and his colleagues | vented acceptance or recognition of pingos in forested
noticed mounds and circular lakes in permafrost of the | areas until the late fifties.

valleys in central Alaska for many years, the overriding It then became obvious that open-system pingos are
idea that pingos were arctic features probably pre- | widespread in central Alaska and are even adjacent to
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the University of Alaska and the populated environs of
Fairbanks (Péwé, 1965a). At least one was even chosen
for a house site (Péwé, 1965a, p. 31). Holmes, Hopkins,
and Foster were the first to point out the existence, type,
distributuion, and abundance of pingos in central
Alaska (Holmes and others, 1966, 1968). Subsequently
more than 700 open-system pingos have been recog-
nized in central Alaska (Péwé, 1965a; Krinsley, 1965;
Foster, 1967) and adjacent Yukon Territory (Vernon
and Hughes, 1966; Hughes, 1969; Fyles and others,
1972; Hughes and others, 1972).

From figure 31 it is easily seen that open-system
pingos are essentially restricted to discontinuous per-
mafrost zones. Open-system pingos lie near the base of
slopes. Evidently water enters the subsurface system
from the surface in the nonpermafrost areas upslope.
Studies in the last decade indicate overwhelmingly that
almost all open-system pingos in northwest Alaska and
Yukon lie on the south or southeast-facing slopes of
alluvium-filled valleys (Holmes and others, 1968;
Hughes, 1969). The reason for this is still unknown,
although perhaps there are more opportunities for sur-
face water to enter the ground in the nonpermafrost
areas on south-facing slopes.

One of the most interesting features of the distribu-
tion of pingos in northwestern North America is the
relation of pingos to the glacial border (fig. 31). Almost
all open-system pingos lie in the unglaciated part of the
country, but a few pingos are known in areas that have
been glaciated more than 25,000 years ago. Pingos are
extremely rare in areas glaciated within the last 25,000
years; none are known in Alaska and only two are
known in Yukon Territory (Hughes, 1969), but perhaps
about halfof the 1,500 in the Mackenzie delta (MacKay,
1973) are in areas glaciated during the late Wisconsin-
an. Hughes (1969) speculated that the absence of open-
system pingos in the glaciated areas may be attributed
to glacial modification of the topography and surficial
materials necessary for their origin or to differences in
the extent and thickness of permafrost resulting from
glacial and postglacial history of the area. The reason
for such a distribution of open-system pingos in relation
to the glacial border constitutes one of the problems that
should be investigated in the near future.

Radiometric dating indicates that most pingos in
Alaska are less than 4,000-7,000 years old (Krinsley,
1965). MacKay (1973) showed by careful field meas-
urement over several years that many are probably less
than 1,000 years old and some less than 100 years.

One of the remaining problems in need of more re-
search is a study of the water associated with open-
system pingos as well as the roll of artesian pressure. In
1968, Lissey began a study of hydrology of open-system
pingos near Dawson, Yukon Territory, but no detailed

results are yet available (Lissey, 1970). Williams and
vanEverdingen (1973) mentioned that one of the prob-
lems to be solved is a better understanding of the
pressure developed to lift the static load of a pingo,
inasmuch as a total force of 6-22 atmospheres is
thought to be required. The only work known on the
chemical and biological properties of water in a pingo
lake is the preliminary study by Lotspeich, Miieller,
and Frey (1969) on a lake in east-central Alaska.

GEOCHEMISTRY OF PERMAFROST

A relatively new approach to the study of perennially
frozen ground is the chemical investigation of ice and
sediments associated with permafrost; this approach
appears to hold great potential. The work is being
pioneered in Alaska by Jerry Brown and his associates
of the U.S. Army Cold Regions Research and Engineer-
ing Laboratory (Brown, 1965b, 1966a, b, 1967a, 1969a,
b, d; Brown and Johnson, 1965; Brown and others, 1967,
1969; Sellmann, 1967, 1968; Allan, 1969), although the
first worker in the field in Alaska was perhaps
O’Sullivan (1961, 1966). Brown stated (1969a, p. 1)

The spatial distribution of cations and anions in near-surface,
earthy materials, such as soils and frozen ground, provides a means of
interpreting and assessing present and past chemical regimes and
geomorphological activities of a given landscape. This technique is
particularly applicable to cold, perennially frozen ground in which
movement of soluble ions is small and perhaps even insignificant.
Therefore, the existing ionic concentration gradients and their lateral
dimensions can be indicative of cold regions environments and pro-
vide a measure of conditions prior to the formation of the perennially
frozen ground. "

The distribution of soluble and exchangeable ions in soils, peren-
nially frozen ground, and sediments underlying water bodies is
influenced by both the materials and the present and past depositional
and leaching environments. For the same material and environment,
low concentrations indicate considerable leaching or freshening and
high concentrations indicate lack of these active processes or enrich-
ment by ground or surface waters. Silts and clays retain more soluble
and exchangeable ions than do sand and gravels. Ionic concentration
generally increases with depth, particularly in uplifted marine sedi-
ments.

Most of the work in this field has revolved around the
distribution of soluble salts of sodium, magnesium, cal-
cium, and potassium in perennially frozen sediments as
areflection of past thermal and leaching regimes. It has
been shown that a relatively low concentration of solu-
ble salts in permafrost indicates leaching during an
unfrozen state and then refreezing. At Barrow (Brown,
1969a), this low concentration in Holocene marine sed-
iments has been interpreted as freshening due to past
lake migration or to local or regional thawing, leaching,
and refreezing.

For the Fairbanks area, Sellmann (1967, 1968) indi-
cated an abrupt change in chemical concentrations of
extractable cations in permafrost at a stratigraphic un-
conformity in retransported sediments of Wisconsinan
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age (fig. 20). Preliminary interpretations suggest thaw-
ing and refreezing above the unconformity. Four cores,
the longest 25 m deep, of perennially frozen ground from
near Fairbanks were examined by Brown (Brown and
others, 1967, 1969) and also indicate an increase of
soluble salts beneath an unconformity. The soluble salt
content is low in the active layer and increases in step-
like fashion at depth in the perennially frozen ground.

The writer applied techniques developed by Jerry
Brown and P. V. Sellmann to the excellent exposures of
frozen ground in the mining cuts near Fairbanks that
have long been studied by other means. Perennially
frozen samples collected by the writer from critical
points in a 40-m vertical exposure on Eva Creek, 16
km west of Fairbanks, were analyzed for soluble salts by
Brown and Sellmann at the U.S. Army Cold Regions
Research and Engineering Laboratory (written com-
mun., Dec. 28, 1967 and May 19, 1971) by a method
described earlier (Brown and others, 1967) and reported
in terms of conductivity (umho). The work is continu-
ing, but preliminary results are presented here, in table
6 and figure 29, to illustrate possible value of such
studies and their application elsewhere.

As table 6 shows, the present active layer is charac-
terized by the low conductivity figure of 65-85. It has
long been known that the upper 1 or 2 m of permafrost in
interior Alaska thawed during early to middle Holocene
time and then refroze (Péwé, 1952a, 1968b, 1975). This
cycle is supported by the relatively low conductivity

TaBLE 6.—Conductivity and stratigraphy of sediments exposed at Eva
Creek gold placer mining cut

[Conductivity examination made at U.S. Army Cold Regions Research and Engineering
Laboratory, Hanover, N.H., by Jerry Brown and P. V. Sellmann]

Th(i,c,}:)ness Unit Conductivity (umhos) of samples Age
1967 1970
Surface
2 Loess 65 Holocene
dashed Bines = codence e o _8_5 ______
present permafrost 156 155
table)
(dashed line = ----g-—m-mmmm oo
past permafrost 314 235
table) 249
252
285
13 Retransported 304 Wisconsinan
loess 317
234
250
410
1 Silt-forest bed 143 Sangamon
Sangamon soil? 100
355
965
300
450
19 Loess 300 Illinoian
480
200
1,125
1,100
1 Silt-forest bed 883 Yarmouth(?)
Gravel 1,285 Pre-Yarmouth(?)
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figure in the perennially frozen Holocene silt, a figure
lower than frozen Wisconsinan sediments but higher
than current active layer sediments. Leaching was ac-
tive during the thaw period. Conductivity jumps to 300
just below the Wisconsinan-Holocene unconformity,
and all values in Wisconsinan sediments are about that
magnitude, supporting the suggestion of an accumula-
tion and freezing period. Thermal “unconformities”
within the Wisconsinan sediments could be present but
missed in the sampling.

The drop in conductivity from 410 at the base of the
Wisconsinan sediments to 143 in the forest layer (San-
gamon) is quite striking and supports the suggestion of
an interglacial period of no permafrost and perhaps
little accumulation. A period when the ground was un-
frozen or when little or no loess accumulated would be
favorable for leaching (Péwé and Sellmann, 1971).

A sample at the very top of the loess section of I1-
linoian age yields a conductivity of 100. It is thought
that this low figure represents the Sangamon soil and
indicates thawing and leaching of Illinoian loess.

The pronounced drop in values in the forest soil layer
at the base of the section relative to bounding deposits is
similar to the forest layers higher in this section and
strongly supports the suggestion of an interglacial or
interstadial period with thawing and little deposition.

The figures for conductivity of the sediments near the
base of the section are much different from the upper
part (table 6). The base of the permafrost in many ex-
posures in central Alaska today, and perhaps in the
past, was at the base of the silt deposits, that is at the
contact between the overlying loess or retransported
loess and the underlying creek gravel. Ground water
may have circulated freely in the gravel just under the
silt and may have been high in soluble salts. This would
account for the high conductivity figures at the base of
the silt section, including the forest bed, and the top of
the creek gravel. In nearby exposures many ironstone
and calcium carbonate concretions occur at the contact
between the silt and the gravel. Also, contemporary
ground water analyzed from near Fairbanks has a con-
ductivity figure of about 1,000 wmhos. Therefore,
perhaps the high conductivity figures at the base of the
section at Eva Creek are the result of ground-water
modification.

It is perhaps logical to assume, as Brown, Gray, and
Webster (1967) mentioned, that the low soluble salt
content of fine-grained soil is probably due to removal
by ground-water movement (leaching) during a time
when the sediments are unfrozen, especially near the
surface. Specifically, they found that unfrozen sedi-
ments of the present active layer at Fairbanks, which
has been leached for many years, have a conductivity
value of 25. Also, in periods of rapid, thick accumula-
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tion, sediments have less opportunity to be leached than
in periods of little or no accumulation. This has been
clearly demonstrated in loess in Iowa (Davidson and
Handy, 1952, table 5) and Mississippi (Krinitzsky and
Turnbull, 1967, p. 9). In areas there where loess ac-
cumulates slowly, the carbonate is almost entirely
leached out, in contrast to high carbonate content in
areas where loess accumulates rapidly.

Preliminary geochemical investigations dealing with
ice wedges indicate that the ionic content of the ice is not
all from surface meltwater moving down the contrac-
tion crack as was earlier assumed but in part is the
result of addition of debris from the sides by wedge
growth. The percentage of soluble salts increases with
depth in the wedges at Barrow. It would be well to
continue this work on wedges of different ages, sizes,
shapes, and geologic locations elsewhere in Alaska.

Preliminary geochemical analyses of frozen sedi-
ments and ice in northern and central Alaska suggest
that the chemical investigation of frozen ground in
permafrost regions holds a great potential for gross
correlations, and perhaps for interpretation and
geomorphological and thermal changes in Quaternary
time.

PERIGLACIAL PROCESSES AND DEPOSITS

In parts of central, northwestern, and northern
Alaska, some of the modification of the landscape is by
geologic processes active in a periglacial region. These
processes include nivation, frost riving, frost stirring
and sorting, solifluction, and choking of small streams
with detrital material moved downslope in part by frost
action. Both Troll (1948, fig. 1) and Peltier (1950) pro-
posed a specific geomorphic cycle of denudation and
wearing down of the landscape by the processes which
might be described by Bryan’s (1946) term “cryoplana-
tion,” although terms such as “altiplanation” (Eakin,
1916, p. 78) and “equiplanation” (Cairnes, 1912a, p.
338-348) suggested by earlier workers in Alaska and
the Yukon perhaps are equally appropriate.

Periglacial processes can be grouped into two types:
processes such as nivation and frost action that produce
erosional landforms and erosional debris, and processes
such as solifluction, rubble sheet and block stream, and
rock glacier movement that transport this debris down
slopes to form depositional landforms. The erosional
landforms produced are altiplanation terraces, scarps,
cliffs, and tors. The deposits include slope and valley
bottom accumulations owing to mass wasting and are
termed solifluction deposits, rubble sheets, block fields,
and rock glaciers. The term “colluvial” deposits or col-
luvium of some authors has been used, at least in part,
synonymously in Alaska for periglacial deposits (Fer-
nald, 1960, p. 214-219; Hopkins and others, 1960, p. 54;
Holmes, 1959b, p. 54; Péwé and Holmes, 1964).
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Inherent in the term “periglacial” is that the process-
.es and the deposits under consideration generally occur
below snowline. Inasmuch as the position of snowline
varies from one part of the State to another, the altitude
at which the processes are active also varies. In addi-
tion, the position of snowline changed several times
during the Quaternary Period. Both present and past
variations in snowline are shown along a line extending
from Seward Peninsula east to the Canadian border and
another line extending from the Gulf of Alaska north to
the Arctic Ocean (figs. 8, 9).

In Alaska it may be possible to study the gap that
exists between actively forming periglacial deposits
and the “fossil” deposits. Therefore, periglacial deposits
may occur at various altitudes in Alaska and be of
various ages. Variations in location of deposits and ac-
tivity of the processes occur with changes in latitude
and altitude. The writer and his colleagues are analyz-
ing the past and present distribution of periglacial proc-
esses and deposits in Alaska.

Altiplanation terraces are the most widespread peri-
glacial erosional form in Alaska (fig. 32); fresh and
relict forms occur throughout the central, western,
northwestern, and southwestern part of the State. Alti-
planation terraces are large bedrock steps or terraces on-
ridgecrests and hilltops (Eakin, 1916, p. 78); the ter-
races possess at least one scarp (ascending and (or)
descending) and a tread surface. The tread or “flat” area
is 10 to several hundred metres wide and long, and
slopes from 1° to 15°, parallel to the ridgecrest. Terrace
scarps are from 1 to 30 m high. Treads and scarps are cut
into all bedrock types, but altiplanation terraces are
best developed on closely jointed resistant rocks such as
basalt and andesite. They are more poorly developed on
granite and tilted sedimentary or low-grade metamor-
phic rocks. Residual bedrock knobs (tors) project above
some terrace treads.

Altiplanation terraces form perhaps a little below the
general altitude of snowline. The scarp retreats by niva-
tion, forming a tread, and surficial debris is removed
across and over the treads by mass movement. Above
snowline, glaciers, cirques, horns, and arétes form. On
isolated ridges and peaks not large enough to support
large glaciers, however, altiplanation terraces form
above snowline. As terraces form, frost-rived debris is
shed as a blanket of mass-wasting material from the
terraces down the slopes to creek valley bottoms.
Whether this abundant bedrock rubble is transported
as solifluction material, rubble sheets, or rubble steps
depends largely on the amount of fine material and
water.

The widespread altiplanation terraces in Alaska
occur at different altitudes and vary in sharpness of
form; some are well developed with sharp edges to the
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Ficure 32.—Altiplanation terraces cut into a greenstone ridge of Indian Mountain, Hughes A-2 quadrangle, Alaska. View toward
south of transverse snowbanks against north-facing terrace scarps. Photograph No. 2498 by T. L. Péwé, June 25, 1967.

scarps, and some are less “fresh.” In all areas the
fresher, sharper ones are at higher altitudes, and in
some places they can be traced continuously to lower
altitudes on the same ridge, where they are older and
more rounded.

Well-formed altiplanation terraces occur at
1,100-1,400 m in the Yukon-Tanana Upland. Farther
west in the Indian Mountain area near Hughes, they
occur at 900-1,000 m above sea level (Eakin, 1916, pl.
7). They are well formed at lower altitudes farther west,
for example, at 400 m above sea level near Marshall
(Harrington, 1918, pl. V). A plot of the elevations of
well-formed altiplanation terraces from east to west in
Alaska falls on a line below, but parallel to, past and
present snowlines (fig. 8).

It is not known if altiplanation terraces are actively
forming in Alaska today. It is known that terraces were
formed in Wisconsinan time (Péwé, 1965c, p. 90; Reger
and Péwé, unpub. data, 1974), and some may still be
slightly active.

One of the problems remaining is the determination
of the climatic conditions necessary to produce the ter-
races. The exact knowledge of such conditions would aid
in determining the paleoclimatic conditions under
which ancient altiplanation terraces formed. Relict al-
tiplanation terraces have elevations of about 1,600 m in
the Yukon-Tanana Upland; at Fairbanks, however, al-

tiplanation terraces of pre-Illinoian age occur at an
elevation of 260-900 m (Péwé, 1969b, 1970b).

Most periglacial deposits in Alaska can probably be
attributed to the mass-wasting processes described by
solifiuction. The meaning of the term as introduced by
Andersson (1906) is now slightly modified, and Smith’s
(1949, p. 1499) definition, “progressive downslope
movements of presumably saturated detrital material
under action of gravity, probably working in conjunc-
tion with frost-heave in most instances,” is used here.
The fact that this material moves in a semifluid condi-
tion is suggested by the lobelike or sheetlike flows com-
monly exhibited on slopes. One of the outstanding fea-
tures of solifluction is the mass transportation of mater-
ial over low-angle slopes (Capps, 1919, p. 69; Wahrhaf-
tig, 1951, p. 180; Sigafoos and Hopkins, 1952, p. 183).

Solifluction deposits are widespread in Alaska and
consist of a blanket, approximately 0.3-6 m thick, of
unstratified or poorly stratified, unsorted, heterogene-
ous, till-like detrital material of rather local prove-
nance. The debris is either angular or rounded, depend-
ing upon the parent material. In actively forming de-
posits, turf and peat may be incorporated.

In some areas of active solifluction in Alaska, the
terrain is characterized by relatively smooth, rounded
hills and slopes bearing well to poorly developed
solifluction lobes or terraces. If the debris is blocky and
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angular and fine material is absent, the lobes are poorly
developed or absent entirely. Areas in which
solifluction lobes are well formed lie almost entirely
above or beyond the forest limit (fig. 8). The lobes are at
an elevation of 1,200 m in central Alaska on the Cana-
dian border and at progressively lower altitudes to the
west, until on the Seward Peninsula they are only a few
hundred metres above sea level (fig. 9). Table 7 gives
elevations of some active solifluction lobes in Alaska.

In northern Alaska, solifluction deposits are actively
forming over a wide area from elevations near sea level
tonear 1,500 m. Solifluction lobes have been detected on
aerial photographs of central, western, and northern
Alaska. It should be noted that whereas well-formed
lobes are an easily recognizable indication of the process
of solifluction, the process may be active and important
at altitudes several hundreds of metres lower than
where such lobes occur.

Quantitative studies of active mass wasting in
Alaska are only beginning (Everett, 1962, 1966). Most
studies of solifluction deposits have been made in temp-
erate latitudes where solifluction is no longer active.
These studies have proved valuable in the interpreta-
tion of past geologic events and paleoclimatic environ-
ments. Examination of the widespread stabilized
solifluction deposits in Alaska has only just begun, but
they hold great promise for a more detailed interpreta-
tion of Quaternary events in nonglaciated regions.

At Cape Denbigh (Hopkins and Giddings, 1953, p.
18), along the Firth River in northwest Yukon Terri-
tory, in Canada near the Alaska-Canada boundary
(Mackay and others, 1961, p. 46), and at the Onion
Portage site on the Kobuk River (Giddings, 1967), evi-
dence of solifluction within the past few thousands of
years has been helpful in interpreting the geologic his-
tory of archaeological sites.

Stabilized solifluction sheets of pre-Illinoian age are
widespread in the Yukon-Tanana Upland and are best
known in the Fairbanks area. Underlying the extensive
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TaBLE 7T—Elevation above sea level of active solifluction lobes in Alaska

Elevation

(m) Location Source

Central and Western Alaska

1,100-1,200 ______ Yukon-Tanana Upland ____________ Taber (1943, p. 14),
Péwe (1952a, fig. 7).
1,400 ____________ Central Alaska Range ____________ Péwé (1952a, fig. 8),
Wabhrhaftig (1958, p. 59).
600-900 ________ Kokrine Hills ___________ Eakin (1916, pl. 7A).
750 ____ Near Hughes, north side T.L. Péwé (unpub. date, 1970);
of Ray Mountains. Eakin (1916, pl. 7A).
200 _____________ Nome and vicinity ________________ Sigafoos and Hoskins (1952).
100-150 ________ Cape Denbigh ____________________ Hopkins and Giddings
(1953, pl. 1).
150 ______ Pribilof Islands____________________ D.M. Hopkins (written
commun., 1969).
Northern Alaska
Near sea level __ Alaska-Canadian border __________ MacKay, Matthews, and
MacNeish (1961, p. 44-46).
500._____________ Alaska-Canadian border __________ Drew and Shanks (1965).
600-900 ________ North flank of Brooks Range ______ Holmes (1959b, p. 55).
600______________ Anaktuvuk Pass ____.______________ Porter (1966, pl. 18).

loess deposits of central Alaska are one or more sheets of
stable solifluction material 0.3-3 m thick blanketing
the hillsides (fig. 20) (Péwé, 1965a, fig. 1-2; 1965b, figs.
4-21, 4-22; Blackwell, 1965; Péwé, 1969b). The poorly
developed stratification is “dragged out downslope.”
One of the most thoroughly studied areas of ancient
solifluction deposits is on the campus of the University
of Alaska. Here a complex series of events is recorded by
solifluction layers and ice wedge casts (“fossil” ice
wedges) beneath Wisconsinan and Illinoian loess (fig.
33). The two mass-wasting deposits are thought to be
early to middle Pleistocene in age, and the ice wedge
casts probably are evidence for the oldest permafrost
known in Alaska. D. M. Hopkins (oral commun., 1965)
observed a similar stratigraphic record in the Tofty
mining district 130 km west of Fairbanks. It should be
noted that the stabilized solifluction deposits in the
Yukon-Tanana area occur at an elevation of 150 m
above sea level or even lower, a lowering of at least 900
m from the position of the well-formed lobes present
today (table 7). In the absence of tectonic movement, we
must assume a dramatic lowering of rigorous
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Ficure 33.—Early Quaternary solifluction deposits and ice wedge casts of sand exposed in excavation for Duckering Building, University
of Alaska campus. Drawn by L. Burbank and R. D. Reger.
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solifluction conditions on the north side of the Tanana
valley.

In many areas the frost-rived debris contains less fine
material and less water and consists of angular frag-
ments of well-jointed, resistant rock such as quartzite,
basalt, or andesite. Under such circumstances
solifluction lobes do not commonly occur; instead, con-
spicuous sheets or streams of angular rubble form.
These rubble sheets consist of angular to semirounded
bedrock fragments a few to 60 cm in diameter; they form
a blanket 30 cm to 2 m thick on slopes and hills. These
sheets may be hundreds of metres long and wide. Active
rubble sheets occur in northern and western Alaska,
but little is known of the mechanics of movements and
distribution.

The best documented inactive rubble sheets in
Alaska are on Jumbo Dome on the north side of the
central Alaska Range (Wahrhaftig, 1949). Here the
evidence indicates at least five periods of rubble-sheet
formation on the andesite dome, interspaced with
periods of dissection. The sheets are between elevations
0f 900 and 1,200 m and were active during times of more
rigorous climate. The snowline was 370 m lower during
Wisconsinan time (Wahrhaftig, 1949, p. 220), and
periods of rubble-sheet formation are correlated with
glaciations in the Alaska Range. The youngest rubble
sheet may be correlative with the late Wisconsinan
glacial stage.

In the Amphitheater Mountains on the south side of
the central Alaska Range along the Denali Highway,
rubble sheets of Wisconsinan age occur at 1,200 m
(Péwé, 1965c, fig. 7-39). The rubble was derived from
higher slopes during formation of altiplanation terraces
during the rigorous climate of the Denali (Wisconsinan)
Glaciation (table 2; Péwé, 1961c, D200-D201; 1965c).
The rubble overlies till of Illinoian age.

Rock glaciers, tongue-shaped or lobate masses of un-
sorted, angular frost-rived material with interstitial ice
(if active) and with steep lichen-free fronts 10-100 m
high, are one of the most spectacular periglacial de-
posits (fig. 34) but are limited in aerial extent. They are
150-3,200 m wide and 300-1,600 m long, and in Alaska
most of them occur in cirques. Rock glaciers are abun-
dant in the Talkeetna Mountains and the Chugach
Range and were reported by Capps (1910a) and Moffit
and Capps (1911, p. 52) from the Wrangell Mountains
(fig. 34). They are widespread in the central Alaska
Range (Wahrhaftig and Cox, 1959; Foster and Holmes,
1965).

Active rock glaciers occur below snowline, and a
study of topographic maps and aerial photographs indi-
cates that they are at an elevation of approximately
1,600 m on the north side of the Alaska Range, at 1,500
m in the Talkeetna Mountains, at 1,200 m in the
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Chugach Range, and at 1,150 m in the Wrangell Moun-
tains. Porter (1966, fig. 85) reported active rock glaciers
at an elevation of 1,600-1,800 m in the central Brooks
Range.

The most detailed study of rock glaciers in Alaska
was by Wahrhaftig and Cox (1959) in the central Alaska
Range. They defined a rock glacier as a type of glacier
formed under the influence of a periglacial climate in an
area lacking the net accumulation of snow required for
a conventional glacier to form. A permafrost environ-
ment must be present (mean annual air temperature
colder than 0°C) to enable the snow and water which
trickles down into the interstices between the rocks to
remain as ice. The abundant supply of coarse blocky
debris necessary for formation of rock glaciers is most
often found at the base of cirque walls. A periglacial
climate with its intense frost action is ideal for frost
riving of the fractured bedrock of the cliffs.

Active rock glaciers move slowly. Measurements of
one rock glacier in the central Alaska Range by Wahr-
haftig and Cox (1959, p. 383) indicate that it moved at
the average rate of 73 cm annually from 1949 to 1957.

An active rock glacier is in equilibrium with a cli-
mate necessary to produce the frost-rived debris and to
permit the interstitial ice to exist. The rock glacier
becomes inactive when these climatic conditions are not
met and thus loses its steep front, interstitial ice, and
forward motion. In Alaska, inactive rock glaciers can be
found at lower elevations than the presently active
ones, and no doubt they represent the lowering of snow-
line and changing of other climatic parameters in the
past. Wahrhaftig and Cox (1959) carefully showed that
an understanding of rock glaciers permits an interpre-
tation of paleoclimatic conditions. They documented
many post-Wisconsinan inactive rock glaciers in the
Alaska Range. In the central Alaska Range, they stated
that the rock glaciers formed in two separate cold
periods that occurred after the post-Wisconsinan ther-
mal maximum. Almost all inactive rock glaciers in
Alaska occur in Wisconsinan cirques and must there-
fore be post-Wisconsinan in age; however, at an eleva-
tion of 1,200 m along the Denali Highway between the
Tangle Lakes and MacLaren River, inactive rock
glaciers(?) of Wisconsinan age are reported (Péwé,
1965¢, p. 91). In the Anuktuvuk Pass area, Porter (1966,
fig. 85) found inactive rock glaciers at elevations from
1,200 to 1,500 m.

Rock glaciers in Alaska are excellent records of late
Holocene events, but only in the central Alaska Range
have they been used in interpreting the history of the
last tens of thousands of years (Wahrhaftig and Cox,
1959). A great opportunity exists in most of the moun-
tains in Alaska to document this span of history care-
fully by means of rock glaciers.
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Ficure 34—Rock glacier on Sourdough Peak in the southern foothills of the Wrangell Mountains 13 km east of McCarthy. View looking
north. Photograph by Bradford Washburn.

THERMOKARST FEATURES

One phenomenon restricted to the periglacial land-
scape is thermokarst topography. The thawing of per-
mafrost creates an uneven topography which consists of
mounds, sinkholes, tunnels, caverns, short ravines,
lake basins, and circular lowlands caused by melting of
ground ice. Thermokarst fzatures differ from other
periglacial phenomena inasmuch as they are not
formed by the repeated freeze and thaw of bedrock with
subsequent breakup of the rock and transfer of the de-
bris; they are the result of thawing of permafrost and
associated ground ice, and they form either by warming
of the climate or by artificial or natural removal of the
overlying vegetation cover.

Thermokarst features have been noted in Alaska for
many years. In the Arctic Coastal Plain, modern and
ancient lake basins (Black and Barksdale, 1949; Black,
1969b; Britton, 1958a, b; Tedrow, 1969) as well as

ravines (Anderson and Hussey, 1963) and polygonal
topographic microrelief (Hussey and Michelson, 1966)
(fig. 28) are widespread. Sinkholes and lake basins are
reported from the Seward Peninsula (Hopkins, 1949)
and central Alaska (Wallace, 1948; Péwé, 1965a, 1966c¢,
p. 27). Mounds and pits are abundant in cultivated fields
near Fairbanks (Péwé, 1949, 1954).

Despite these observations, no systematic studies of
the thermokarst topography have been made on a re-
gional basis such as those done in the U.S.S.R. (See
references in Czudek and Demek, 1970.) Several areas
in central Alaska appear to exhibit well-developed,
widespread thermokarst topography, such as the lake-
pitted plains on the south side of the Yukon Flats (pl. 1).
The same type of topography in the middle reaches of
the Tozitna River may yield basic data on the origin of
thermokarst topography and the regional history of
permafrost.
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Ice wedge casts are one of the features of buried ther-
mokarst topography that have been used in the in-
terpretation of Quaternary climates; however, recogni-
tion of other interesting thermokarst features is rare,
although ancient slumping and gulleying are known in
the Fairbanks area (Péwé, 1952a, 1965a).

GEOBOTANICAL PERIGLACIAL FEATURES

Two periglacial geobotanical features that are well
developed in Alaska but have not been studied, even in
a reconnaissance manner, are palsas and string bogs,
which are geobotanical features related to permafrost
and seasonal freezing of the ground; they have been
studied in the subarctic in Europe, Asia, and Canada.

Palsas are mounds of peat and ice, 1-7 m high and
10-50 m in diameter, that occur in bogs. They protrude
well above the level of the bog, have a rather hard and
dry surface, and are generally blown clear of snow in the
winter. The segregation of ice in thin layers and in
bodies 2 m thick is palsas, plus the accumulation of peat,
accounts for their formation. Palsas are thought to be-
long to the southern region of discontinuous permafrost
(Lundquist, 1969). They are well developed and abun-
dant along the Denali Highway west of the MacLaren
River valley on the south side of the Alaska Range and
are probably widespread in the nearby upper Susitna
valley and perhaps in the upper Kuskokwim valley. The
grass and peat-covered pingos reported near Bethel in
the Yukon-Kuskokwim Delta by Burns (1964) are
thought by the writer to be palsas (fig. 31).

Though Alaska is an ideal place to study palsas and to
learn more of their origin, age, and relation to the gla-
cial record and permafrost, thus far only one has been
investigated, a dissected palsa in the MacLaren River
valley. The feature was termed a peat pingo, and
a radiocarbon date of 10,565+225 years (GX-0249)
(Péwé, 1965¢) (table 2) was obtained from the peat at the
upper contact with the clear-ice core. This palsa was
photographed (Hamelin and Cook, 1967, p. 29) and dis-
cussed during the 1965 Alaska-INQUA field excursion.
A nearby undissected palsa has also been photographed
(Jahn, 1966, p. 93).

String bogs (strangmoore; tourbiére réticulée) are
boggy areas marked by a gentle undulating surface
characterized by long, low serpentine moss ridges al-
ternating with long, water-filled swales. The ridges or
“strings” are 1-3 m wide and as much as 1 m high. They
trend across the bog generally at right angles to the
areal drainage. Troll (1944, p. 72-74) reported them
from various parts of Europe, Asia, and Canada.

The only detailed study of their origin was done 40
years ago in Finland by Auer (1920), who believed that
they are produced by seasonal ice growth under ridges
which are generally blown clear of snow. Different
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moisture situations permit certain species of moss and
other plants to grow on the ridges while other species
grow in the wetter swales. Auer concluded that string
bogs are an expression of seasonal frost and are not
related to permafrost.

There is considerable controversy at present over the
origin of string bogs, and other ideas of origin concern
their relation to solifluction and to permafrost. Schenk
(1966) stated that string bogs are the result of collapse
of formerly perennially frozen bogs when permafrost
disappears. Rapp and Annersten (1969) strongly ob-
jected to this idea.

String bogs are excellently developed and widespread
in the lower Susitna River valley and other drainages
from the Alaska Range and are well exhibited in bog
flats of the western Kenai Peninsula. Drury (1956)
studied bogs in the upper Kuskokwim River region and
discussed them in detail. However, string bogs are
poorly developed, if at all, there and in central Alaska.
They are best formed near the southern border of per-
mafrost. Although the writer has examined them from
the air and on the ground and although photographs of
these bogs were published by Schenk (1966) and in a
classic paper on Alaskan bogs (Drury, 1956), no re-
search has been undertaken to determine their origin
and relation to the glacial record and permafrost dis-
tribution.

SUMMARY

Permafrost is perhaps the most impressive perigla-
cial phenomenon in Alaska. Currently present in about
82 percent of the State, it was more extensive in glacial
cold periods and less extensive in past interglacial
periods. It is more continuous, thicker, and colder north
of the Brooks Range than in central Alaska. Although
permafrost is forming today in most of Alaska, much of
the deep-lying permafrost is not in thermal equilibrium
with the present climate.

Ground ice, the most significant feature in permafrost
affecting human activity in the north, is a key factor in
the creation of microrelief and macrorelief forms and
provides evidence useful in the interpretation of Wis-
consinan and Holocene geologic history. Although de-
tailed studies of ground ice have been made, more are
needed, and new information is becoming available
with increased engineering construction in central and
northern Alaska. New information is now available
concerning pingos in central Alaska and even under the
shelving shores of the Arctic Ocean.

Periglacial processes are active, and periglacial ero-
sional and depositional landforms are widespread in
Alaska. The landforms and deposits are mainly Wiscon-
sinan and Holocene in age, but some Illinoian and pre-
Illinoian forms and deposits exist and are excellent
clues for the reconstruction of geologic history and
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paleoclimates. Some provide opportunity for more criti-
cal work, especially periglacial geobotanical features
such as palsas and string bogs.

FLUVIAL DEPOSITS

Some 10 percent of Alaska may be covered by fluvial
deposits, if the overlying loess blanket on the terraces is
excluded (fig. 1). In addition to low- and high-level ter-
races and modern flood plains of rivers, huge areas of
glacial outwash fans flank most major mountain
ranges. Many large tectonic basins (Payne, 1955), such
as the valleys of the Kuskokwim and Tenana Rivers,
the Yukon Flats, and Yukon-Koyukuk lowland, are
filled with 1 to a few hundred metres of fluvial sedi-
ments of Quaternary age. Extensive areas of delta de-
posits occur in western and northern Alaska.

A complex Quaternary history is recorded by the
fluvial deposits in Alaska, but only in the last 25 years
have systematic investigations of fluvial deposits been
undertaken, particularly in connection with various
engineering geology projects of the U.S. Geological Sur-
vey.

B YUKON FLATS

One of the most extensive areas of fluvial deposits in
Alaska is in a tectonic basin termed “the Yukon Flats
basin” (Miller and others, 1959), which lies along the
Yukon River south of the Brooks Range and north of the
Yukon-Tanana Upland. According to Williams (1962),
the basin includes two physiographic units: the Yukon
Flats and the marginal upland. The Yukon Flats is a
broad lowland, approximately 23,000 km? in extent,
which lies along the Yukon River and its tributaries
and includes flood plains, terraces, alluvial fans, and
small areas of sand dunes. The marginal upland, oc-
cupying an area of more than 12,000 km? around the
edge of the basin, is 30-150 m above the alluvial low-
land and consists of a thick sequence of older alluvial
deposits of the Yukon and its larger tributaries and of
alluvial aprons formed by small streams draining the
adjoining highlands. The fluvial deposits of the upland
are a few to more than 30 m thick, but in the center of
the flats near Fort Yukon, 30 m of fluvial deposits of
Quaternary age overlies more than 90 m of lacustrine
deposits (Williams, 1960, 1962); the lowest part of the
lacustrine deposits contains a pollen flora of late
Pliocene or early Pleistocene age (Williams, 1960,
1962).

The high-level alluvium consists of rounded pebble to
cobble gravel with lenses of sand and silt. These fluvial
deposits are remnants of a system of high river terraces
and are late Tertiary and early Quaternary in age (table
3). A very small pollen flora from an exposure of the
alluvium at Birch Creek suggests that this high-level
gravel is the same age as lake deposits in wells at Fort
Yukon (E. B. Leopold, written commun., 1959).
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In the central and eastern part of the Yukon Flats,
large alluvial fans and related terraces of the Yukon
and its tributaries that drain the Brooks Range cover an
area of thousands of square kilometres. The higher and
older parts of these fans are correlated with the early
and middle Pleistocene morainal complexes in the
southern Brooks Range (Williams, 1962) (table 3). The
stream deposits of the older fans and terraces are, where
observed, heavily iron stained and slightly cemented by
iron oxide. Younger alluvial fans and related terraces
that can be traced to the younger glacial morainesinthe
Brooks Range are thought to be of middle and late
Pleistocene age (table 3). The apices of the younger fans
are at lower elevations than those of the older fans, but
toward the Yukon River the younger fans appear to
bury the older ones.

Major streams today have wide flood plains, and flood
plain and low terrace alluvium cover thousands of
square kilometres. The alluvium is of late Pleistocene
and Holocene age and is still being deposited at the
present time.

TANANA RIVER VALLEY

The upper Tanana River valley, upstream from
Cathedral Bluffs, is 160 km long and 15-30 km wide.
Drainage is poor, and many lakes dot the surface. Flu-
vial and glaciofluvial sediments have accumulated here
for at least the last half of the Quaternary Period; the
total thickness of sediments is unknown. Most of the
sediments poured into the valley from the Alaska
Range on the south in the form of glacial outwash fans
and alluvial fans. Wallace (1948) and Black (1951a,
1958) held that much of the sediment in the upper
Tanana valley may be lacustrine. The most detailed
work in this area was done by Fernald (1965b), who did
not recognize widespread lacustrine deposits; he de-
scribed outwash, alluvium, and sand dunes (table 3).

The middle Tanana Lowland is a 21,000-km? basin
between the Alaska Range on the south and the
Yukon-Tanana Upland on the north and extending
from near Big Delta on the east to near Manley Hot
Springs on the west. It is a structural basin, the floor of
which is below sea level in much of the trough (Péwé,
1958b; Williams and others, 1959; Barnes, 1961; An-
dreasen and others, 1964). Quaternary deposits
120-180 m thick are largely an accumulation of fluvial
and glaciofluvial sediments shed from the rising Alaska
Range. This deposition pushed the Tanana River to the
north against the Yukon-Tanana Upland (Mertie, 1937,
p. 22; Péwé, 1958b). The sediments bury a fairly rugged
topography, the hilltops of which now form small knobs
above the plain. Well-drained fans 50 km long flank the
Alaska Range. The northern part of the basin consists of
aswampy flood plain and the terraces of the Tanana and
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smaller streams. In the western part of the basin, fluvial
deposits are covered with a thick blanket of eolian sand.

Péwé, Wahrhaftig, and Weber (1966) suggested that
in Illinoian time, when glaciers were more extensive on
the north side of the Alaska Range than now, great
alluviation occurred in the basin, and several lakes,
which still exist today, were formed between the fill and
the Yukon-Tanana Upland (Blackwell, 1965). Some of
the fill may be related to continuing tectonic activity. In
Sangamon time the rivers cut down, forming prominent
terraces 30 m high along the Tanana River upstream
from Fairbanks and in the huge outwash fan of the
Wood River in the southern part of the basin. In Wiscon-
sinan time alluviation was renewed, especially along
the glacial streams, and was followed by local dissection
in Holocene time.

KUSKOKWIM REGION

In the vicinity of Lake Minchumina, between the
middle Tanana Lowland and the upper Kuskokwim
region, is a lowland 80 km wide blanketed partly with
fluvial sediments. Little is known yet about this region,
although the Quaternary history is perhaps similar to
that of the upper Kuskokwim region (Fernald, 1960), a
15,000-km? lowland and bordering piedmont between
the Alaska Range on the southeast and the Kuskokwim
Mountains on the northwest (pl. 1). Fernald (1960)
showed that more than half of the area is underlain by
fluvial deposits of flood plains, outwash plains, and al-
luvial fans. Fluvial sedimentation on the south side of
the basin pushed the Kuskokwim River northward
against the edge of the Kuskokwim Mountains. A well
at McGrath reveals 70 m of fluvial sediment, and a well
at Farewell, near the foot of the mountains, penetrated
110 m of unconsolidated sediments, most of which are
fluvial, although a small amount may be glacial (A. T.
Fernald, oral commun., April 16, 1969).

The outwash plains and fans are composed of well-
rounded boulder, cobble, and pebble gravel that be-
comes increasingly fine downstream. The fluvial de-
posits of the Kuskokwim River flood plain are mainly
silt and sand with only local beds and lenses of gravel.
Considerable organic material is present. Much of the
lowland is covered with bogs (Drury, 1956) that are
several hundred square kilometres in extent.

The history of fluvial deposits is related to glacial
advances from the nearby Alaska Range. In Illinoian
time (thought to be Wisconsinan(?) by Fernald, 1960, p.
268) considerable alluviation occurred, and dissection
followed in Sangamon time. In Wisconsinan time, more
fluvial deposits were laid down, and the major rivers,
especially near the Alaska Range, are aggrading today,
according to Fernald (1960), p. 269).
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KOYUKUK RIVER VALLEY

Extensive lake-dotted lowlands underlain by fluvial
deposits occur in the Koyukuk valley. The largest low-
land, and the only one that has been investigated, is the
Yukon-Koyukuk lowland, where the Koyukuk River
joins the Yukon River (Weber and Péwé, 1970) (fig. 35).
The Yukon-Koyukuk lowland is an unglaciated area of
10,000 km? that was subject to alternating periods of
great deposition and erosion. Quaternary fluvial de-
posits are more than 126 m thick in places, and locally, a
few bedrock knobs project above the alluvium. It cannot
be ruled out that some of these sediments may be es-
tuarine (Eardley, 1938), because the major rivers in the
area are only 30 m above sea level today and much of the
bedrock floor is 50-100 m below sea level.

The lowland consists of two major terraces and broad
flood plains of the Yukon and Koyukuk Rivers. The
terraces, composed of silt and locally of sand, are 10-75
m above the flood plain (Weber and Péwé, 1961, p.
D371).

The flood plains of the Yukon and Koyukuk Rivers in
this area are classic examples of development of flood
plains by meandering rivers under subarctic conditions
(Péwé, 1947). The flood plains are composed of four
mappable units, each successively older: linear, ad-
vanced linear, coalescent, and scalloped; the units are
arbitrary phases in the development of the flood plain
(fig. 35). The classification of these flood plain units has
been extended successfully to the flood plain of the Kus-
kokwim River (Drury, 1956). The four units can be
distinguished on the basis of shape of the lakes, vegeta-
tion, shape and position of the unit, depth to permafrost,
amount of ground ice and organic material, as well as
character of the river bank and distribution of driftwood
(Péwé, 1948, p. 8), and can be easily distinguished on
aerial photographs and maps.

Precise dating of the events in the area is not yet
possible; however, tracing the periods of alluviation to
the mountains suggests that deposits forming the high
terrace accumulated during Illinoian time (table 3).
This was followed by terrace formation with downcut-
ting in Sangamon time. Inasmuch as this area is only
30-60 m above sea level, however, the fluctuations of
sea level in Quaternary time may have reversed the
period of downcutting from interglacial to glacial time,
similar to events in the lower Mississippi River valley
(Fisk and MacFarlan, 1955). Also, movement along the
Kaltag fault may have complicated the Quaternary his-
tory of the valley (Patton and Hoare, 1968). Bones of
Pleistocene land mammals have been found in deposits
of the oldest terrace, but none have been reported from
younger units.

In Wisconsinan time, alluviation occurred and dissec-
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Ficure 35—High-altitude oblique aerial photograph looking south
toward the junction of the Yukon and Koyukuk Rivers. The
Koyukuk River (dark color) joins the silt-laden Yukon River
(light color) at the right. Flood plain units indicated by number

tion followed, possibly at the end of Wisconsinan time,
forming low terraces. A radiocarbon date of 8,140+300
years (W-472) (Rubin and Alexander, 1958, p. 1479)
was obtained from organic material taken from frozen
organic-rich silt of the scalloped phase of the flood plain.
Therefore, the formation of much of the modern flood
plain postdates this time (Péwe, 1962), and the lowest
terrace is more than 8,000 years old.

OTHER FLUVIAL BASINS

In addition to the major fluvial basins where geologic
investigations have been undertaken, many major and

are the (1) linear phase, (2) advanced linear phase, (3) coalescent
phase, and (4) scalloped phase. Unit (5) is the high terrace. Photo-
graph by U.S. Army Air Corps, August 24, 1941. From Péwe,
(1948) and Weber and Péwé (1961).

minor river valleys with large areas of fluvial deposits
exist (pl. 1) about which little or nothing is known,
except for casual references or generalized mapping as
reported in the early bulletins of the U.S. Geological
Survey devoted mainly to bedrock geology. Little is
known, for example, of the fluvial deposits in the Innoko
Lowland of western Alaska or of the Holitna lowland in
the middle Kuskokwim region. The Kobuk and Noatak
River valleys in the western Brooks Range contain ex-
tensive fluvial sediments, especially in their lower
reaches, but to date mostly reconnaissance information
(Fernald, 1964) is available.
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NORTHERN ALASKA

The Arctic Slope of Alaska contains extensive fluvial
deposits about which little is known except for recent
studies along the route of the Alaskan oil pipeline. The
two physiographic provinces that lie north of the Brooks
Range and compose the North Slope are the Arctic
Foothills and Arctic Coastal Plain provinces (pl. 1).

The Arctic Coastal Plain province is almost com-
pletely blanketed by the Gubik Formation of Pleis-
tocene age (Gryc and others, 1951, p. 167; Black, 1964).
Only part of the Gubik Formation consists of fluvial
sediments (Coulter and others 1960; Faas, 1966); most
of it is composed of unconsolidated marine deposits.

Fluvial deposits of Pleistocene age in the Arctic
Foothills province consist of numerous terrace deposits
along the major streams. In the Utukok-Corwin area of
northwestern Alaska, Chapman and Sable (1960, p.
128-129) reported Quaternary gravel deposits 4.5-7.5
m thick, capping terraces 6-150 m above major rivers.
As many as three levels of terraces are recognized. The
position of the terraces may indicate uplift or changes in
the fluvial regimen caused by glaciation during
Quaternary time.

Conspicuous terraces covered with gravel exist along
the middle and upper Colville River. In the eastern part
of the Arctic Foothills province, the major rivers also
are flanked by Pleistocene terrace deposits, but no de-
tailed studies have been made.

DELTAS OF YUKON, KUSKOKWIM,
AND COLVILLE RIVERS

The delta of the Yukon-Kuskokwim Rivers is a large
area of fluvial sedimentation that undoubtedly records
a complex history of alternating marine and freshwater
deposition, probably like the Mississippi River Delta.

The delta of the Yukon-Kuskokwim Rivers, about
62,000 km? in extent, is a vast lowland 15-60 m above
sea level and is termed the “Bethel Basin” by Miller,
Payne, and Gryc (1959, pl. 1). Local bedrock knobs pro-
trude through the sediments; some are of the basement
rock, and others are volcanic cones of Quaternary age
(Coonrad, 1957; Hoare and Condon, 1971).

Subsurface data are needed to interpret the history of
these deltaic sediments; to date, only 14 water wells,
one attempted oil well, and two core tests have pene-
trated the delta in the Yukon-Kuskokwim area. The 14
water wells near Bethel (Waller, 1957) penetrated as
much as 184 m (Feulner and Schupp, 1964) of silt and
fine sand, with sparse gravel layers, without reaching
bedrock. The presence of wood chips and bark in the
sediments suggests freshwater or estuarine deposits. A
wood fragment, believed to have come from just below
the base of permafrost, has been dated as older than
34,000 years (W-1287) (Feulner and Schupp, 1964). The
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Pan American Oil Co. drilled a well near Napatuk
Creek and penetrated 296 m of Quaternary(?) sedi-
ments before reaching old rocks (William Van Alen,
written commun., Mar. 14, 1963). Tests of the Pleis-
tocene foraminifer, Elphidium orogonese, were found at
a depth of 195 m in this well. The Quaternary sedi-
ments, which contained wood chips and “snail” shells,
have not yet been studied in detail, but no doubt many of
the sediments are of marine origin, deposited during
marine transgressions.

The subsurface of the delta of the Colville River in
northern Alaska is even less known. It is considerably
smaller than the Yukon-Kuskokwim Delta and un-
doubtedly frozen to greater depths. Walker and his as-
sociates are currently studying the surface of the delta
and its erosional processes (Walker and Morgan, 1961,
1964; Walker and Arnborg, 1966; Walker, 1967; Walker
and McCloy, 1969).

AURIFEROUS GRAVEL OF CENTRAL ALASKA

Perhaps the most famous of the fluvial deposits of
Alaska and adjoining Yukon Territory, Canada, are the
late Tertiary(?) to middle Quaternary auriferous creek
and river gravels now buried by frozen silt or other
sediments. These gravel deposits are almost entirely
confined to unglaciated central Alaska and, in most
instances, are buried by retransported loess. Although a
large part of the geologic literature on central Alaska is
associated in some way with placer gold deposits, em-
phasis has not been on the Quaternary history of the
deposits. Since 1945, the emphasis has shifted.

Not all is yet published, but considerable material
has been assembled on Quaternary stratigraphy of
nonglacial fluvial deposits in the Yukon-Tanana Up-
land (Péwé, 1952a, 1958b, 1965a, 1975; D. M. Hopkins,
1963, unpub. data), the Seward Peninsula (Hopkins,
1963; unpub. data), the Platinum area (Hopkins, field
notes), and the adjoining Klondike area near Dawson,
Yukon Territory (O. L. Hughes, written commun., 1962).

The lithology of the buried gravel varies widely de-
pending upon the locality. Cobb and Kachadoorian
(1961), among others, described the auriferous gravel
deposits. The larger streams typically have rounded
river gravels, but the hundreds of small creeks have
gravel that is characteristically angular and poorly
sorted. Most of the gravel represents solifluction mater-
ial that has been transported only short distances by
stream action. The placer gold generally lies on bedrock
or in the basal gravel, but in some places gold may be
concentrated in the gravel section (Péwé 1952a). In
glaciated areas on or in stratified glacial drift (Mertie,
1925, p. 241), the gold may be on “false” bedrock. The
thickness of gravel varies from several centimetresto at
least 74 m, the latter recorded under 57 m of silt near
Fairbanks (Péwé, 1958b, boring log No. 78).
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The Fairbanks area is one locality where the aurifer-
ous gravels have been studied (Péwé, 1952a, 1958b,
1965a, 1975; Anderson and Johnson, 1970). In late
Tertiary or early Quaternary time, creeks in the area
began to alluviate, and rich gold placers were buried
under 3-75 m of coarse, very angular, local, sandy
gravel. This gravel has been stained brown by percolat-
ing ground water. The alluviation may have been
caused in part by tectonic action and in part by raising
of local base level, the Tanana River, as a result of
glacial advances in the nearby Alaska Range. This
early period of gravel deposition was followed by erosion
and removal of most of the gravel. Streams reconcen-
trated much of the gold in the earlier placers and depos-
ited additional gcld placers. Most of the stream chan-
nels of the second gold placer concentration are offset
from the location of the earlier channels, and therefore
some of the first placer accumulations still exist as
fragmentary bench deposits (Péwé, 1965a, fig. 109) (fig.
20). A second cycle of gravel alluviation iollowed. The
younger gravel is not stained as dark a brown as the
older deposit and so is easily differentiated from the
older in gold dredge tailing piles of the Fairbanks area.
Both gravel deposits are unconformably overlain by
loess, or if in valley bottoms, by retransported loess rich
in organic remains (fig. 20).

The younger gravel deposit appears to be definitely
Quaternary in age because it contains the tusks and
bones of mammoths. Identifiable wood remains are
rare, but white spruce is recorded. The poorly sorted,
angular gravel grades into, and in some places is over-
lain by, solifluction deposits thought to have originated
under periglacial climatic conditions.’

In almost all creeks, both gravel deposits lie on a
3-cm- to 2-m-thick auriferous clay layer thought to re-
sult from decomposition of the underlying bedrock.
Whether the clay resulted from pre-Pleistocene weath-
ering or formed by percolation of ground water during
Pleistocene time is currently being studied by the wri-
ter and his associates. (Bell, 1974)

If the age of the gravel is Quaternary, it is early to
middle Quaternary because the deposits are deeply
buried under two or more reworked silt deposits of con-
siderable antiquity. Because of the antiquity, faunal
content, and probable origin under rigorous climatic
conditions (solifluction), the older gravel deposit of the
creeks in the Fairbanks area is thought to be Pliocene to
Pleistocene in age, and the younger gravel deposit is
thought to be early to middle Pleistocene (Péwé, 1975).

In some glaciated areas, buried placers and as-
sociated gravel deposits are known to be Quaternary in
age, although details of their ages are not yet available
(Mertie, 1925, p. 241). O. L. Hughes (written commun.,
1962) of the Geological Survey of Canada stated that the
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high-level auriferous gravel deposits of the Klondike at
Dawson, Canada, near the Alaska-Canada border are
pre-Pleistocene in age, but the auriferous gravel de-
posits of the inner valleys of the area are early Pleis-
tocene.

LACUSTRINE DEPOSITS

Known lacustrine deposits are relatively limited in
Alaska, and only one large area, the Copper River
Basin, exhibits widespread, well-developed lake de-
posits. In the early days of geologic reconnaissance in
Alaska, several workers reported Quaternary lake de-
posits throughout the central part of the State. This
concept was based on the presence of a widespread
blanket of well-sorted tan silt on the valley slopes, val-
ley bottoms, and on the tops of low hills throughout
central Alaska. Spurr (1898, p. 200-230) was the first to
consider some of the silt in the Yukon River area as
lacustrine in origin. Prindle (1913, p. 50) extended this
concept to the upland silts of central Alaska.

CENTRAL ALASKA

The strongest support for the existence of widespread
iake deposits in central Alaska came from Eakin (1916,
p. 73; 1918, p. 45), who postulated two vast inland lakes.
One lake is thought to have existed in the Yukon Flats
and Porcupine River valley. It was supposed to have
been formed when the middle Yukon, which was as-
sumed to have flowed north up the Porcupine to the
Arctic, was blocked by glaciers in the present upper
regions of the Porcupine River. This hypothetical lake
later drained to the southwest by cutting through a
bedrock constriction near Rampart. The other lake was
created when the Tanana-Nowitna drainage, supposed
to have flowed south to the Kuskokwim River basin,
was blocked by glacier tongues extending northwest
from the Alaska Range. Later this lake drained by cut-
ting through a bedrock ridge near Ruby.

The existence of these large lakes was seriously ques-
tioned by A. H. Brooks (in Eakin, 1916, p. 9). The con-
cept of lacustrine origin for the upland silt in central
Alaska is considered invalid for several reasons: The
glacier barriers cannot be demonstrated to have ex-
isted; shorelines-and deltas are absent; the silt is pres-
ent above the 360-m level, the upper level of the lakes;
no stratification exists in the silt; little clay is present;
no lacustrine fossils are found in the upland silt; and
mud cracks and ripple marks are unknown (Péwé, 1955,
p. 715-716).

Although the middle and late Quaternary deposits,
now known to be loess, around the Yukon Flats do not
indicate a lake at that time, it is noteworthy that Wil-
liams (1960) reported lake sediments 45 m below late
Quaternary deposits in a borehole at Fort Yukon. Wil-
liams believed that the presence of at least 89 m of
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relatively uniform, fine-textured sediments and the
topographic form of the basin suggested a large lake;
palynology indicates a late Tertiary or early Quater-
nary age. (See p. 67.)

Instead of a lake formed in the Yukon Flats and
Porcupine River valley in Wisconsinan time by glacier
blockage in the upper regions of the Porcupine, recent
work indicates that a different situation existed. In
Wisconsinan time, glaciers in the Yukon Territory
blocked river drainage in the upper Porcupine, and a
large lake formed in Old Crow Flats near the Alaska
border (O. W. Geist, 1949, T. D. Hamilton, 1970, O. L.
Hughes, 1971, all oral communs.). The lake overflowed
a bedrock divide and drained largely to the southwest
down the Porcupine River into the Yukon Flats.

Black (1951a, p. 100; 1958,p. 79) stated that a lake
about 4,700 km? in extent existed in the upper Tanana
valley from Tetlin to the Canadian border and drained
southeast into Canada. The silt and sand deposits in the
area were therefore assumed to be lacustrine in origin.
Fernald (19654, b), however, believed that the sand and
silt, as well as the gravels of the upper Tanana valley
area, are mostly glaciofluvial sediments and represent
aggradation of the valley in middle and late Quaternary
time rather than deposition into an extensive lake.

NENANA RIVER VALLEY

A small deposit of lacustrine clay in the Nenana River
Gorge in the central Alaska Range is well documented
(Wahrhaftig, 1958, p. 34-36). During the retreat of ice of
the Healy Glaciation (table 2), the Nenana River gorge
was occupied by a lake 0.5 km wide and 15 km long; this
has been termed Lake Moody. The lake deposits are as
much as 75 m thick and consist of blue and yellowish-
gray, varved silty clay. Delta deposits of coarse sand and
gravel interfinger with the clay. The Alaska Railroad
traverses the clay for several kilometres, and thawing
of this perennially frozen clay produces serious land-
slide conditions (Wahrhaftig and Black, 1958, p.
77-109).

COPPER RIVER BASIN

Lake sediments are widely distributed in the Copper
River Basin, an intermontane basin about 14,000 km?
in extent, bounded by the Chugach, Wrangell, and Tal-
keetna Mountains and the Alaska Range (fig. 36). It is
termed a basin in this report, although listed as the
Copper River Lowland by Wahrhaftig (1965). The basin
is drained by rivers which flow in canyons (pl. 1)
through the surrounding mountains that support large
glaciers today and that contained much larger glaciers
in the past. During Pleistocene glacial cycles, glacial ice
repeatedly blocked the exits from the basin, producing
huge lakes (fig. 36).
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FicUure 36.—Extent of a lake in the Copper River Basin during the
last major Wisconsinan glaciation. Modified slightly from Coulter,
Hopkins, Karlstrom, Péwé, Wahrhaftig, and Williams (1965).

The lacustrine sediments in the Copper River Basin
were first reported by Mendenhall (1900, 1905) and by
Schrader and Spencer (1901, p. 74), but detailed studies
of the Quaternary glacial, volcanic, and lacustrine de-
posits were not undertaken until the 1950’s. Only pre-
liminary accounts of these studies were pubiished (Fer-
rians and others, 1958; Nichols, 1956, p. 11-12; 1961,
1963; Ferrians, 1963a, b; Ferrians and Schmoll, 1957;
Ferrians and Nichols, 1965; Nichols and Yehle, 1961a,
b; 1969).

The Copper River and its tributaries have dissected
the Quaternary sediments of the basin in Holocene
times and now flow in steep-walled valleys and canyons
as deep as 170 m. Lacustrine, glacial, fluvial, and vol-
canic mudflow deposits are well exposed in the valley
walls (Ferrians and others, 1958). A generalized
stratigraphic section of the deposits in the northeastern
part of the Copper River Basin is shown in figure
37 (0. J. Ferrians, unpub. data, 1964).
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Ficure 37.—Generalized stratigraphic section, northeastern part of
Copper River Basin. Compiled by O. J. Ferrians.

The lacustrine deposits are, in many places, finely
laminated, rhythmically bedded sand, silt, and clay
with a few layers of volcanic ash (Nichols, 1960). The
laminated silt and clay deposits are gray to bluish gray
and dry with a blocky fracture. In some places the beds
are folded by subaqueous sliding (Nichols, 1960). Many
of the fine-grained deposits contain ice-rafted pebbles,
cobbles, and boulders, and these grade laterally into
well-sorted sand and gravel. Some of the beds were
described as diamiction deposits (Ferrians, 1963a, b).
Ripple marks are common in the ancient lake sands.
The lake sediments deposited during the last major
glaciation are as thick as 45 m in the lower parts of the
basin, but they are very thin along the margin of the
basin. More than 5,000 km?2 of the basin floor is under-
lain by these deposits.

Apparently, a large lake formed in the basin during
each major glaciation that blocked the rivers. During
some pre-Wisconsinan glaciations, however, the ice ex-
panded until it filled the basin, overriding previously
deposited lake sediments and incorporating them into
glacial material. Ferrians (oral. commun., 1962) found
evidence in the northeastern part of the Copper River
Basin of three major periods of deposition of lake sedi-
ments. No basis exists at the present time for relating
these major periods of lake sedimentation to glacial

sequences elsewhere in Alaska (table 2), except that the
most recent episode began more than 38,000 years ago
and ended shortly before 9,400 years ago (Ferrians and
Schmoll, 1957). Ferrians believed that the three strati-
graphic units of lake sediments probably represent
episodes of late and early Wisconsinan and Illinoian age
(written commun., 1962), whereas the author views
them as representing Wisconsinan, Illinoian, and pre-
Illinoian episodes.

In the southeastern part of the Copper River Basin,
Nichols (oral commun., 1965) found evidence of three
periods of lake-sediment deposition that correspond to
those of Ferrians and, in addition, two or more older
periods. The record of the last lake is clearest, not only
because it is more recent, but also because the basin was
not completely filled with glacial ice during this inter-
val, and shorelines and deltas remain. The highest
shorelines of this age reported by Ferrians and Schmoll
(1957) in the northeastern part of the basin lie at an
altitude of 750 m, but D. M. Hopkins and D. R. Nichols
(unpub. data, 1954) observed lake sediments and
shoreline features as much as about 975 m high in the
western and northwestern parts of the basin. A
radiocarbon date gives a minimum age of 9,400 years
for the former lake at Gakona in the northeastern part
of the Copper River Basin (Ferrians, 1963a, p. 120).

The glaciolacustrine deposits are now perennially
frozen and presumably became so as the lake withdrew
(Nichols and Yehle, 1961a, p. 1080-1081; Nichols,
1966). These lake beds are rich in ice and cause serious
construction and ground-water problems (Nichols,
1956, p.11-12). The ice-rich lake clays would present
one of the most serious problems in the construction of
an oil pipeline from northern Alaska to Valdez
(Lachenbruch, 1970b).

COOK INLET

Lake clay has been reported from the Cook Inlet area.
Near Anchorage, the Bootlegger Cove Clay, a light-
gray to dark-greenish-gray silty to pebbly clay ranging
in thickness from 1 to 75 m (Miller and Dobrovolny,
1959, p. 41), underlies much of the local sand and clay
(Trainer and Waller, 1965) and was the cause of the
destructive slides during the 1964 earthquake (Hansen,
1965; Shannon and Wilson, Inc., 1964). Karlstrom
(1964) and Schmidt (1963) believed that the clay was
lacustrine or estuarine in origin, but detailed studies of
its Foraminifera obtained from continous drill cores by
P. J. Smith (Hansen, 1965, p. A20) indicate that the
entire unit is of marine origin. Schmoll, Szabo, Rubin
and Dobrovolny (1972) demonstrated that the clay is
14,000 years old and not middle Wisconsinan age as
previously thought (p. 24).

According to Karlstrom (1980b, fig. 154.1), a glacial
lake 13,000 km? in extent occupied the upper Cook Inlet
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and lower Susitna valley in late Wisconsinan (Nap-
towne) time and deposits from this lake, “Lake Cook,”
covered the lowland and moraines of much of the Kenai
lowland and the lower part of the Susitna valley (Karl-
strom, 1964, 1965, fig. 9-47; Karlstrom and others,
1964). However, the study of drill cores of the Bootleg-
ger Cove Clay discussed refutes this interpretation.

MIDDLE KOYUKUK RIVER VALLEY

Large lakes are known to have existed in the Middle
Koyukuk River valley near Allakaket in late Pleis-
tocene time (pl. 1). Lake clays and drainage anomalies
were noted by early workers. Hamilton (1969) outlined
parts of these ancient lakes, among them two large
ones, 780 and 520 km? in area, which occupied part of
the middle Koyukuk valley in nearly Wisconsinan
time. These lakes were ponded by glaciers pushing
south from the Brooks Range in Illinoian and
Wisconsinan time.

Much work remains to be done on the drainage
anomalies and the determination of the extent of former
lakes. R. D. Reger and T. L. Péwé (unpub. data, 1969)
mentioned lake clay associated with Illinoian moraines
along the northeastern base of Indian Mountain, 67 km
southwest of Allakaket. Modern topographic maps, aer-
ial photographs, and the use of helicopters will permit
efficient study of these swampy lowlands. These studies
will augment knowledge of the Pleistocene events in
this area and will aid in planning roads and other con-
struction on the lake clays, which are extremely suscep-
tible to frost action.

WESTERN BROOKS RANGE

A large Wisconsinan proglacial lake, 60-70 km
across, is thought to have formed in the Noatak River
valley and its tributaries, between the De Long and
Endicott Mountains of the western Brooks Range (Coul-
ter and others, 1965). Most information concerning the
lake comes from aerial photograph interpretation, and
a great need exists for detailed information on charac-
ter, extent, origin, and age of this lake, or lakes.

SUMMARY

Pleistocene lakes have been postulated for many
areas of Alaska. Detailed work, however, indicates that
the sediments of supposed lacustrine origin in central
Alaska and the Cook Inlet area can best be ascribed to
other origins. Lake deposits are present in the Copper
River Basin and present a fine record of late Pleistocene
time, but most of the work on these sediments is as yet
unpublished. Widespread lake deposits may have
formed in the western Brooks Range area when glacial
advances blocked drainages. The history and extent of
these deposits have not yet been studied.
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MARINE DEPOSITS

Alaskan marine deposits of Quaternary age now
above sea level are limited to a narrow strip of land
along the present coast, except in northern Alaska and
perhaps in the Yukon-Kuskokwim Delta area. Most of
the deposits were laid down during episodes of higher
stands of the sea.

Quaternary marine deposits were recognized in
Alaska at the turn of the century (Spurr, 1900;
Schrader, 1904), especially on the North Slope (Meek,
1923), in southwestern Alaska, and on the Seward
Peninsula (Dall, 1920). However, these isolated reports
and later faunal studies were not, for the most part,
placed in a firm stratigraphic perspective until the late
1950’s and 1960’s (Hopkins, 1959b, 1965, 1967a, b;
Hopkins and MacNeil, 1960; Hopkins and others, 1960;
Hopkins and others, 1962).

Hopkins (1967a) summarized existing knowledge of
the distribution, correlation, paleontology, and paleo-
climatic and tectonic implications of the Quaternary
marine deposits of Alaska, and the following short
summary is based mainly on his work. He divided the
Quaternary marine deposits of Alaska into seven dis-
tinct ages on the basis of flora and faunal content,
stratigraphic and geographic position, and paleo-
magnetic information. Deposits of each age represent a
higher eustatic sea level and, therefore, marine se-
quences of transgression and regression. The marine
transgressions affected wide areas simultaneously and
have been given provincial names. He then attempted
to correlate these transgressions and glacial sequences
in western Europe and central United States, although
only for the later part of the record because the ages of
pre-Wisconsinan events are not precisely known for the
classical areas (table 8).

BERINGIAN TRANSGRESSION

The type locality of the Beringian transgression is
near Nome (fig. 38). The deposits consist of a few metres
of gold-bearing and richly fossiliferous sand and clay
(Submarine Beach), of marine origin, covered by till of
the Iron Creek Glaciation (table 2) and are charac-
terized by a molluscan fauna that has a decidedly mod-
ern aspect (although some assemblages are unlike any
modern ones). Other bodies of marine sediments tenta-
tively assigned to the Beringian transgression on the
basis of their marine fauna are the lower part of the
Gubik Formation (Schrader, 1904) on the lower Colville
River and possibly at Skull Cliff near Point Barrow on
the Arctic Coastal Plain; deposits of clay and sand 6-9 m
above present sea level near the mouth of the Kivalina
River; deposits on the Pribilof Islands (Cox and others,
1966) and on some of the Aleutian Islands; and some of
the upper part of the Yakataga Formation near Lituya
Bay and on Middleton Island. Hopkins (1967a) sug-
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TABLE 8 —Quaternary marine transgressions recorded on Alaskan coasts

[After Hopkins (1967a)]

i " . Correlation
Climate as compared Archaeological or
Transgression Type locality Altitude of shoreline with the present radiometric dating Novth. America Europe
Krusensternian ______ Recent beach ridges Within 2 m of present Same __________________ <5,000 yr at Cape Late Wisconsin Late Wiirm
at Cape Krusenstern. sea level for deposits Krusenstern; up and Recent. and Recent.
<4,000 yr old. to 10,000 yr for
terraces along
Gulf of Alaska
coast.
Woronzofian __________ Bootlegger Cove Clay Probably a few metres Water colder; <48,000 yr; Middle Wisconsin Middle Wiirm
near Point Woronzof, below present sea air colder. >25,000 yr. Interstade. Interstade.
Anchorage area level.
(Miller and
Dobrovolny, 1959).
(See p. 77.)
Pelukiah oocooneeee Second Beach at Nome Two distinct high Water warmer; Ca. 100,000 yr. Sangamon Broerup
(Hopkins and others, sea-level stands at air slightly warmer. Interglaciation. Interstade(?)
1960). +7-10 m. and Riss-Wiirm
Interglaciation.
Kotzebuan____________ Marine beds below Probably ca Water same; 170,000 yr; Pre-Illinoian Mindel-Riss
Illinoian drift along +20 m. air unknown. 175,000 yr. Interglaciation. Interglaciation.
eastern shore of
Kotzebue Sound
(McCulloch and others,
1965). )
Einahnuhtan ________ Einahnuhto Bluffs, Probably ca. Water same; <300,000 yr; Pre-Mindel
St. Paul Island +20 m. air unknown. >100,000 yr. Interglaciation.
(Cox and others, 1966). . .
Anvilian ____________ Third Beach-Intermediate ~ Probably much higher Water warmer; Probably <1,900,000; Middle Pleistocene
Beach at Nome (Hopkins than Kotzebuan and air warmer. >700,000. Interglaciation.
and others, 1960). Einahnuhtan: <+100 m;
>+20 m. i
Beringian ____________ Submarine Beach at Two distinct episodes Water much warmer; Last episode ca. Late Pliocene.
Nome (Hopkins and during which sea air much warmer. 2,200,000 yr on
others, 1960). level was higher St. George Island.
than at present but
probably lower than
Anvilian sea level.
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FicUure 38.—Cross section through coastal plain at Nome (from Hop-
kins, 1967a). Recent work by Hopkins and Nelson at Nome reveals
that drift of the Nome River Glaciation extends 2,500 m offshore, and

Marine sand and gravel of Third

|
Beach and Intermediate Beach ‘I
(Anvilian) |

Contact; dash_e:i “where
inferred

offshore. Also, a Pliocene beach was reported at the depth of 50 m
offshore, as well as Pleistocene beaches lying offshore from 1,000 to
7,500 m at depths of 12, 22, and 25 m (Nelson and Hopkins, 1972, fig.

thick deposits of drift of the Iron Creek Glaciation extend 4,500 m 5; see also Tagg and Greene, 1970).

gested that there were two distinct episodes during
which sea level was higher than now but not as high as
during the later Anvilian transgression. Later work

(Hopkins, unpub. data, 1974) indicates the beds of Skull
Cliff are no older than middle Pleistocene.
The deposits of Beringian age are considered to be of
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Pliocene age (D. M. Hopkins, oral commun., Dec. 10,
1969) (table 1). (See also Tagg and Greene, 1970, figs. 3,
13.) The Beringian transgression beds on St. George
Island in the Pribilofs were deposited during the early
part of the Matuyama reversed geomagnetic polarity
epoch. The pillow lava overlying the youngest part of
the Beringian deposits on this island has a potassium-
argon date of 2.13+0.06 m.y. (Cox and others, 1966)
(table 3).

ANVILIAN TRANSGRESSION

The type locality of the Anvilian transgression is near
Nome (fig. 38), and the transgression occurred after the
first glacial advance recorded in the area (table 2). De-
posits of this transgression can be distinguished from
the preceding Beringian and the following
Einahnuhtan transgression by their fauna and stratig-
raphy. The fauna of the Anvilian transgression con-
tains appreciable numbers of extinct species but more
closely resembles modern faunas than do Beringian
forms.

The deposits at Nome consist of a discontinuous sheet
2-3 m thick of gold-bearing and fossiliferous sandy and
gravelly beach and littoral sediments that extend in-
land 5 km from the present coastline. These sediments
are known locally as Third Beach, Monroeville Beach,
and Intermediate Beach. In places the deposits lie on
drift of the Iron Creek Glaciation of early Pleistocene
age, and in most places they are covered by drift of the
Nome River Glaciation (table 2).

According to Hopkins (1967a), sediments of the An-
vilian transgression perhaps constitute most of the
Gubik Formation in that part of the Arctic Coastal
Plain that lies inland from the highest beaches of the
Einahnuhtan transgression (the middle Pleistocene
transgression of McCulloch, 1967). The formation ex-
tends 120 km from the sea and is 1-50 m thick. Both
Black (1964) and O’Sullivan (1961) described measured
sections of the Gubik but have no age control; Hopkins
(1967a) considered parts of the measured sections to be
of Anvilian age on the basis of fauna and stratigraphy.

Other localities with evidence of the Anvilian trans-
gression include Solomon, 55 km east of Nome, the
Pribilof Islands, and tentatively, some of the Aleutian
Islands. Sea level probably stood at least 20 m higher
than at present and may have been as high as 100 m
above present sea level.

The deposits of the Anvilian transgression at Nome
were considered for many years to be Pliocene (Dall,
1920; MacNeil and others, 1943); however, new findings
show that the Anvilian deposits at Nome were laid
down after the Iron Creek Glaciation. A recent discov-
ery of well-preserved Anvilian deposits with a rich
fauna (Hopkins and others, 1974) was made on
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California Creek in western Seward Peninsula. Study
of this area suggests that two glaciations preceded the
middle Pleistocene Nome River Glaciation, rather than
one early Pleistccene glaciation. A shoreline of 90 m on
St. George Island lies considerably above fossiliferous
Beringian beds and is cut in reversely magnetized vol-
canic rocks, which belong to the latter part of the
Matuyama polarity epoch and which are dated as be-
tween 0.7 and 1.9 m.y. old. These lines of evidence sug-
gested to Hopkins (1967a) that the shoreline is of An-
vilian age.

EINAHNUHTAN TRANSGRESSION

The Einahnuhtan transgression is represented by a
sequence of fossiliferous beach and littoral sediments
about 30 m thick at its type locality in the Einahnuhto
Bluffs on St. Paul Island in the Pribilofs. These deposits
overlie a basaltic flow that has been dated at 280,000
and 380,000 years (Cox and others, 1966) and in turn
are overlain by sediments of Kotzebuan age that are
capped by a lava flow around 100,000 years old. Sedi-
ments of Einahnuhtan age were reported by McCulloch
(1967) on the Arctic Coastal Plain. Fourth Beach at
Nome may be either Einahnuhtan or Kotzebuanin age.

The name Middletonian transgression was proposed
by Karlstrom (1965, 1968) for a high sea-level stand
that he believed took place at about the same time as the
Einahnuhtan transgression. Hopkins (1967a) did not
use this term because he believed the results of
radiometric dating of the Middletonian beds are open to
question, and the molluscan fauna suggests the beds are
Anvilian in age.

The fauna of the Einahnuhtan deposits is essentially
modern in aspect. The Einahnuhtan transgression rep-
resents an interglacial interval of late middle Pleis-
tocene time.

KOTZEBUAN TRANSGRESSION

The Kotzebuan transgression tock place during the
interglacial interval that immediately preceded the II-
linoian Glaciation (table 3). The type locality is the sea
cliffs facing Kotzebue Sound on the west shore of Bald-
win Peninsula south of Kotzebue (McCulloch and
others, 1965). The deposits are silty clay and peaty silt
of deltaic origin. In places they are covered by drift
comparable in topographic expressicn to drift of the
Nome River Glaciation at Nome. Sediments of the
Kotzebuan transgression are recognized in many other
places on the shores of Kotzebue Sound. Sediments of
possible Kotzebuan age are recognized on the Pribilof
Islands, Cape Prince of Wales, and Nushagak and
Kvichak Bays of southwestern Alaska. McCulloch
(1967) tentatively assigned some of the marine deposits
along the northwest coast to this transgression.
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Sea level during the Kotzebuan transgression in Kot-
zebue Sound was about 21-36 m higher than at present,
and the sediments generally lie inland from, and higher
than, the well-preserved wave-cut cliffs and ancient
beach ridges formed during the following Pelukian
transgression (Sangamon).

On western St. Lawrence Island, sediments of Kotze-
buan age occur under drift of Illinoian age. A compari-
son of the mollusk fauna of this age from St. Lawrence
Island, Chukotka Peninsula, and Kotzebue Sound sug-
gest that during Kotzebuan time cold Arctic water
pushed southward through the Bering Strait, a flow
which is reversed from the present northward flow
through Bering and Anadyr Straits (Hopkins and
others, 1972).

PELUKIAN TRANSGRESSION

The type locality of deposits of the Pelukian trans-
gression is at Nome and consists of a sheet of marine
sand and gravel 3-7 m thick, overlying drift of the Nome
River Glaciation, and a layer of estuarine sandy silt and
black organic clay 2-4 m thick on the south side of the
Snake River valley, also lying on drift of the Nome
River Glaciation (fig. 38). Pelukian sediments are cov-
ered by eolian silt and colluvium of late Wisconsinan
and Holocene age and were deposited during an eustatic
rise of sea level that coincided with the Sangamon In-
terglaciation. The Pelukian transgression is rep-
resented by well-preserved marine terraces and fairly
well preserved marine scarps that lie inland from
Holocene deposits.

Deposits of the Pelukian transgression are also pres-
ent in northern and western Alaska (Sainsbury and
others, 1965; Sainsbury, 1967a, b) as well as on St.
Lawrence Island and the Pribilofs. The highest terraces
along the coast of the Gulf of Alaska between Katalla
and Icy Point may have been carved by the sea during
the Pelukian transgression. Two distinct Pelukian sea-
level stands probably lay between 7 and 10 m above
present sea level.

A fossiliferous interglacial beach deposit at South
Bight on Amchitka in the Aleutian Islands (pl. 1), 35 m
above sea level, yielded bones of Steller’s sea cow
(Hydrodamalis) which were dated as 135,000 years
(Gard and Szabo, 1971; Gard and others, 1972). It is
thought the deposit in this tectonically active area is
Sangamon (Pelukian) in age.

WORONZOFIAN TRANSGRESSION

The marine Bootlegger Cove Clay in the vicinity of
Anchorage constitutes type sediments for the
Woronzofian transgression as described by Hopkins
(1967a, b). The clay contains mollusks and Foraminif-
era (Hansen, 1965, p. A20) as well as ostracodes
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(Schmidt, 1963). It is as much as 16 m thick and
interfingers laterally with proglacial outwash deltaic
sediments. Underlying it is drift of the Knik (early
Wisconsinan) Glaciation (table 2); overlying it are out-
wash sediments and an end moraine of the Naptowne
(late Wisconsinan) Glaciation. On the basis of a Th 230
date of 33,000-48,000 years (Sackett, 1958) on mollusk
shells from the Bootlegger Cove Clay, Hopkins (1967a)
assigned an age of 25,000-35,000 years to the
Woronzofian transgression. He believed that sea level
then was a few metres lower than at present, as also
suggested by Curray (1965).

Because the Bootlegger Cove Clay has evoked wide-
spread interest and controversy both as a stratigraphic
unit important in establishing a late Pleistocene
chronology for southern Alaska (p. 24, 73) and as the
formation responsible for the disastrous landslides that
occurred in Anchorage during the 1964 earthquake (p.
73), Ernest Dobrovolny and H. R. Schmoll (oral com-
mun., 1970), in their detailed geologic work in the An-
chorage area, attempted to determine the age of the unrit
more precisely. Four radiocarbon age determinations
on shells indicate that the Bootlegger Cove Clay was
deposited about 14,000 years ago (Schmoll and others,
1972). A new uranium-series age of 15,200 = 2,800
years on shells supports the radiocarbon age (Schmoll
and others, 1972, p. 1110); thus the previously reported
uranium-series dates are apparently incorrect.

As reported by Schmoll, Szabo, Rubin, and Dob-
rovolny (1972), the Bootlegger Cove Clay particularly
the zone with some microfossils, may be interpreted as
representing a marine transgression during an early
phase of eustatic rise in sea level that followed the
maximum extent of glaciation in Wisconsinan time.

Inasmuch as the Bottlegger Cove Clay was desig-
nated as the type deposit for the Woronzofian marine
transgression, it is clear that this transgression can no
longer be considered a mid-Wisconsinan interstadial as
defined by Hopkins (1965, 1967a) or a pre-Wisconsinan
interglacial event as considered by Karlstrom (1964,
1968). As Schmoll, Szabo, Rubin, and Dobrovolny
(1972) suggested, the term Woronzofian should either
be redefined as an event of late Wisconsinan age (as
already suggested by Morner, 1571) or be discarded to
avoid further confusion. In any case, dated deposits
elsewhere that have been considered part of the
Woronzofian transgression, such as marine deposits at
Point Barrow (MacCarthy, 1958; Hopkins, 1967a;
Brown, 1965a) or the Karginsky deposits of northern
Siberia (Hopkins, 1965; Karlstrom, 1968; Kind, 1967),
probably should be reclassified.

Schmoll, Szabo, Rubin, and Dobrovolny (1972) illus-
trated that other events in various parts of the world,
however, can be correlated, on the basis of the new
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radiometric dates, with the transgression represented
by the Bootlegger Cove Clay. Among these are (1) a
short-lived warm phase at 14,100 years B.P. recorded in
ice cores in Greenland (Dansgaard and others, 1969); (2)
deposition of marine “Clay III” at Boston (Kaye, 1961)
from which radiocarbon dating of four shell samples
yielded an average age of 13,900+ 300 years B.P. (Kaye
and Barghoorn, 1964; Krueger and Weeks, 1966, p. 142;
Stuiver, 1969, p. 566); and (3) a sea level stillstand at
—38 m in the Bering and Chukchi Seas which probably
is between 13,000 and 14,000 years old (D. M. Hopkins,
oral commun., April 1972; Creager and McManus,
1967; Sheth, 1971, p. 13).

KRUSENSTERNIAN TRANSGRESSION

Marine deposits of the last 10,000 years or so are from
the transgression that resulted from the melting of con-
tinental glaciers during the late Wisconsinan and
Holocene time. This was named the Krusensternian
transgression, from Cape Krusenstern in northwestern
Alaska. In most parts of Alaska, deposits of the Krusen-
sternian transgression lie within a few metres of pres-
ent sea level and are less than 6,000 years old; however,
elevated marine terraces in southern and southeastern
Alaska that formed 11,000-6,000 years ago are consid-
ered to have been carved early in the Krusensternian
transgression.

Archeological studies of associated cultural se-
quences suggest that progradation of the coast began, in
different places, from 1,000 to 4,500 years ago. The
marine sediments of the vast Yukon-Kuskokwim Delta
are in part of Krusensternian age, and many major
tributaries were diverted during Krusensternian time.
Hopkins (1967a) believed that sea level lay far below its
present position until 6,000 years ago and within a few
metres of its present position since'about 5,000 years
ago. This is supported at Barrow by radiocarbon dating
of coastal peat (Brown and Selimann, 1966a) and by
geothermal studies by Lachenbruch (1957). However,
Moore (1960) suggested from a study of arctic beach
ridges that sea level rose about 3 m during the last 5,000
years.

Regressions of the sea during glacial maximums in
Pleistocene time exposed many shallow-water offshore
areas in the world. One of the most interesting and
well-studied areas is the Bering-Chukchi platform, a
wide, gently sloping area between the Alaskan and
Siberian coasts and now covered by 30-150 m of water
(Scholl and others, 1974). Although this area formed a
barrier to the migration of marine organisms during
glacial times, it also provided a land bridge between
Siberia and Alaska for the migration of vertebrates,
including man, during these times. This wide, treeless
land bridge with a severe Arctic climate existed during

major Pleistocene glaciations (Hopkins, 1959b; 1967a,
p. 451-484), and the history of the land bridge during
the past 35,000 years is summarized as follows: (1)
Bridge present more than 35,000 years ago; (2) bridge
narrowed and probably severed during middle Wiscon-
sinan time about 35,000-25,000 years ago; (3) land con-
nection restored during late Wisconsinan advances
from 25,000 to 12,000 years ago, although land connec-
tions may have been drowned occasionally for short
periods during the interval; and (4) land bridge drowned
by the rising sea between 11,000 and 10,000 years ago.

SUMMARY

The first clear stratigraphic picture of Alaskan
marine deposits of Quaternary age now above sea level
has appeared over the past decade. Well-preserved
beaches and shallow-water sediments from late
Pliocene to Holocene age represent marine transgres-
sions during higher eustatic stands of sea level. The
transgressions are fairly well dated radiometrically and
are given provincial names. Because eustatic sea level
changes can be correlated worldwide, they provide an
excellent means of tying Alaskan Quaternary events
into happenings elsewhere.

VOLCANIC ASH DEPOSITS

Volcanic ash deposits are widespread and abundant
in Quaternary sediments throughout southern Alaska
from the far west in the Aleutian Islands to southeast-
ern Alaska. Ash deposits are present but less abundant
in central Alaska, and are unknown in northern
Alaska. An ash layer constitutes an ideal stratigraphic
marker and forms the basis of what Wilcox (1965) calls
volcanic-ash or volcanic-ejecta chronology. Ash deposits
have been useful in solving stratigraphic problems
throughout the world; Thorarinsson (1944, 1949) used
the name “tephrochronology” for the use of ash deposits
in stratigraphic correlations in Iceland.

The ash deposits in Alaska have been noted for years,
but despite their potential, little use has been made of
them in Quaternary stratigraphy. A technique recently
developed for ash identification—accurate, rapid, quan-
titative chemical analyses of the glass shards of an ash
by using the electron microprobe (Smith and Westgate,
1969)—should greatly stimulate use of recognized ash
horizons in Quaternary work (Smith and others, 1969).

Potassium-argon methods make it possible to date
some ash horizons, especially near the source where the
ash may be thick. A radiometrically dated ash horizon is
an excellent marker bed when traced from the source
into sediments of different origins. The distribution of
an ash bed may also be used to infer wind directions at
the time of eruption. Such work has already been done
in Alaska with the Katmai ash (Curtis, 1969, p. 159)
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and the White River Ash (Lerbekmo and others, 1968).
SOUTHERN ALASKA

In Southern Alaska, as might be expected of this
volcanic area, ash beds are numerous. However, since
much of this area was once covered and scoured by
glacier ice, almost all the ash layers are postglacial or
post-Wisconsinan in age. Many layers have proved use-
ful in providing dates in several areas. Ash horizons
have been used by Black to date Anangula, the oldest
archeological site in the Aleutians (Black and Laugh-
lin, 1964), estimated to be between 8,000 and 12,000
years old.

Heusser (1960, p. 186-188; table 5) used ash layers as
stratigraphic markers in his pollen work along the
south and southeast coast of Alaska. An ash layer about
6,700 years old is recorded on Kodiak Island and Kenai
Peninsula; an ash layer about 1,200 years old is noted in
the Prince William Sound and Icy Cape section.

An ash bed in southeastern Alaska has been dated as
about 2,300 years old. This may be the same as the ash
layer from Mount Edgecumbe described by Reed and
Coats (1942, p. 48-57). McKenzie (1970a) suggested an
age of 11,000 years for an ash layer at Glacier Bay
thought to be derived from Mount Edgecumbe.

At least four pre-Katmai ash marker beds occur in
peat sections at Brooks Lake just northwest of Mount
Katmai. The pre-Katmai ash beds are younger than
6,000 years (Heusser, 1963a; Nowak, 1969; L. S. Cress-
man and D. E. Dumond, unpub. data, 1962).

Miller and Dobrovolny (1959, p. 78) mentioned ash
layers 1-10 mm thick in bogs near Anchorage. No men-
tion of age is made except that they are perhaps post-
Wisconsinan. Dachnowski-Stokes (1941) also men-
tioned ash horizons in bogs near Anchorage, as well as
elsewhere in Alaska.

The most outstanding ash fall in Alaska during his-
toric time is from the 1912 eruption of Mount Katmai
and Novarupta in the Aleutian Range (pl. 1). Griggs
(1922, p. 29) estimated that 20x10° m3 of ash was
ejected over an area of at least 280,000 km2. Ash de-
posits as much as 15 m thick exist in the mountains, and
an ash layer 6 mm thick was deposited at a distance of at
least 660 km from the mountains.

The tephra described by Griggs (1922) and by Fenner
(1920) was restudied in considerable detail by Curtis
(1969). This new work shows that nine layers of tephra,
each with distinguishing characteristics, can be recog-
nized and that practically all the ejecta came from
Novarupta instead of Mount Katmai. This so-called
Katmai ash is now a valuable stratigraphic marker and
has been recognized by Heusser (1960, table 5) on
Kodiak Island and on Kenai Peninsula.

The glaciers adjacent to Mount Katmai were buried
under many feet of ash, and the ablation of the ice has

been severely hindered since 1912. Except for recon-
naissance observations of changes in glacier regirhen by
Muller and Coulter (1957), the opportunity to study
glacier regimen and ablation changes caused by a thick
ash deposit of known age has been little used.

One significant application of volcanic ash beds is
that of marker beds in firn fields of glaciers in Alaska. It
is suggested that the 1912 Katmai ash bed can be
identified in the firn of the Greenland icecap (C. C.
Langway, Jr., oral commun., 1964).

The application of the new techniques, which permit
precise dating and chemical identification of source,
may make the isolated small occurences of ash more
useful in deciphering Quaternary history in Alaska.
There is great potential for the use of recognizable ash
horizons in archeology, paleopedology, and palynology.
This is especially true in southern Alaska, where vol-
canic ash is still being deposited. On July 9, 1953, a
6-mm layer of volcanic ash from Mount Spurr was
deposited on the city of Anchorage (Juhle and Coulter,
1955; Wilcox, 1959, fig. 63). The ash fall partly blocked
the sunlight.

SEWARD PENINSULA

An area of about 1,000 km in northern Seward Penin-
sula near Cape Espenberg is overlain by volcanic ash.
The ash is derived from several large maars the
youngest of which, Devil Mountain, erupted in late
Wisconsinan time, near the end of the last episode of
loess deposition in the area (D. M. Hopkins, unpub.
data, 1968).

CENTRAL ALASKA

The oldest volcanic ash layers in central Alaska are
known from gold mining exposures in the central part of
the Yukon-Tanana Upland, especially over a large area
in the vicinity of Fairbanks (Péwé, 1952a). Except for
the White River Ash of Lerbekmo, Hanson, and Camp-
bell (1968) in east-central Alaska, no source area has
yet been identified. Ash horizons, from Illinoian to
Holocene, have been used in stratigraphic work near
Fairbanks. The oldest and thickest deposit is the Ester
Ash Bed (fig. 39; table 3) (Péwé, 1955, p. 713; 1965a, fig.
1-8), a 15-cm-thick white vitric ash bed of at least early
Illinoian age; it lies near the base of the oldest known
loess deposit. A white vitric ash bed (Péwé, 1952a, p.
86), 1-2 cm thick, thought to be late Illinoian in age, is
exposed in many placer cuts (fig. 29). In all exposures
the ash has been contorted by solifluction movement
and block slumping (Péwé, 1975). A 1-cm-thick white
ash layer is known from Wilber Creek (Péwé, 1952a, p.
156), where it is thought to be less than 4,200 years old.
A 1-cm-thick white ash layer, dated as 14,000 years old
by bracketing radiocarbon dates, is exposed along the
Chatanika River, 40 km north of Fairbanks, and has
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Ficure 39.—Ester Ash Bed of Illinoian age in Fairbanks Loess, exposed near base of mining cut between Ester and Cripple Creeks 16 km
east of Fairbanks, Alaska. Photograph No. 354 by T. L. Péwé, August 23, 1948.

been named the Chatanika Ash bed (Péwé, 1975). The
ash layer is characteristically distorted by ice wedge
growth (Péwé, 19654, fig. 1-15). The stratigraphic posi-
tion of the ash layers seems fairly well authenticated
(Péwé, 1975); electron microprobe analysis is now un-
derway to refine these interpretations and correlate
these ash layers with other exposures.

A distinctive 6-mm-thick white ash bed, widespread
in the lower Delta River area, is well exposed along the
Delta River and Jarvis Creek and has been termed the
Jarvis Ash Bed (Péwé, 1965¢, p. 63-66). The ash layer is
exposed in many loess sections and is dated as 2,000-
4,000 years old (Péwé and Holmes, 1964; Reger and
others, 1964).

The most remarkable ash fall recorded in Alaska is a
light-colored pumiceous ash described by Capps (1916a)
in the upper White and Yukon River valleys and named
the White River Ash by Lerbekmo, Hanson, and Camp-

bell (1968). It was termed an andesitic pumiceous ash by
Knopf (Moffit and Knopf, 1910, p. 43-44) and a
rhyodacitic or dacitic ash by Berger (1960). The possible
source of the ash was Mount Natazhat, at the east end of
the Wrangell Mountains approximately 7 km west of
the Alaska-Canada border (Lerbekmo and others, 1968,
p. 284). Capps (1916a) estimated that about 40 X107 m3
of ash was deposited over an area of more than 360,000
kr 2. Ash beds as much as 90 m thick are noted near the
source. The ash thins to less than 0.5 m in 30 km and
then spreads a thin blanket 1-25 mm thick for 500-700
km north and east in a bilobate pattern (Lerbekmo and
others, 1968; Lerbekmo and Campbell, 1969). The thin
seam of white ash is widespread in east-central Alaska
and western Yukon Territory and has been reported
since 1885 (Schwatka, 1885; Dawson, 1889; Hayes,
1892; Johnson, 1946; Bostock, 1952; Hansen, 1953;
Hanson, 1965). The ash lies generally just beneath the
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vegetation mat, except where peat or loess accumula-
tion has been rapid.

Capps (1916a) estimated the age of the ash fall to be
1,400 years by counting growth rings of spruce trees
that produce successively higher lateral roots as peat
accumulated over the ash with consequent rise of the
permafrost table. The accuracy of this ingenious dating
method has been borne out inasmuch as Fernald’s
(1962) radiocarbon data indicate that the ash layer is
about 2,000 years old, and Stuiver, Borns, and Denton
(1964) radiometrically dated the ash fall at 1,425 years
in adjacent Canada. Recent work (Lerbekmo and
others, 1973) suggest the ash fall may be more complex
than previously realized. There may be three layers
closely spaced in time, with the youngest about 1,000
years old.

The White River Ash has proved useful in archeologi-
cal studies, studies of Holocene glacial advances (Borns
and Goldthwaite, 1966, p. 615), and investigations on
the deposition rate of loess and peat.

Heusser (1960, table 5, p. 188) believed that a thin ash
horizon in peat bogs from Kodiak Island to Icy Cape
near Mount Saint Elias is correlative with the ash bed
described by Capps (table 3). He placed the age of the
ash, in absence of radiocarbon dates, at about 2,500
years. The work of Lerbekmo, Hanson, and Campbell
(1968), however, showed that the White River Ash did
not drift along the southern coast. The ash described by
Heusser, therefore, has a different source, and its age
estimate is less tenable.

In addition to these stratigraphically controlled ash
horizons in central Alaska, there are many other ash
beds, some of them mentioned in the literature. Fernald
(1960, p. 251) and Capps (1935, p. 87) reported a thin ash
layer near the surface in the upper Kuskokwim region.
Florence Weber (oral commun., 1961) noted a lenticular
pocket of white volcanic ash 30 cm thick in Quaternary
sediments along the lower Koyukuk River.

FLORA

The present-day vegetation of Alaska consists of
three major types: the coastal Sitka spruce-hemlock
forests of southeastern and south-central Alaska, the
interior white spruce-birch forest of central Alaska,
and the treeless tundra of western and northern Alaska
(Sigafoos, 1958) (fig. 40).

The coastal forests extend a few tens of kilometres
inland along the coast of southeastern and southern
Alaska westward to Cook Inlet and northeastern
Kodiak Island. In addition to the Sitka spruce (Picea
sitchensis) and western hemlock (T'suga heterophylla),
the coastal forest includes mountain hemlock (T'suga
mertensiana), Alaska cedar (Chamaecyparis noot-
katensis), lodgepole pine (Pinus contorta), and Doug-
las fir (Pseudotsuga menziesii), and smaller areas
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of Alpine fir (Abies lasiocarpa, Pacific silver fir (Abies
amabilis), .and western redcedar (Thuya plicata)
(Sigafoos, 1958; Heusser, 1960).

The interior forest is distributed today through most
of central Alaska north of the coastal mountains and
south of the Brooks Range. In addition to the white
spruce (Picea glauca) and birch (Betula papyrifera), the
common species are black spruce (Picea mariana), bal-
sam poplar (Populus balsamifera), aspen (Populus
tremuloides), larch (Larix larician), and willow (Salix
sp.) (Sigafoos, 1958; Hiltén, 1941-48). Various species of
alder (Alnus) grow in both forest and tundra regions.

The tundra is found beyond the limits of forest in
central and western Alaska and elsewhere in highland
areas above tree line. Tundra covers approximately 25
percent of Alaska and is a mosaic of many different
types of vegetation, some of which are limited to either
southern or northern tundra regions (Griggs, 1936;
Spetzman, 1959; Britton, 1958b; Wiggins, 1962).

The distribution of vegetation in Alaska falls into two
large phytogeographic areas: the glaciated and the un-
glaciated regions (fig. 6). The glaciated areas have a
floral history of repopulation of the land by either
tundra or forest during the last 1,000 to tens of
thousands of years. The unglaciated part of Alaska con-
stitutes 50 percent of the State and represented refugia
for plant and animal life during glacial maximums
(Hultén, 1937; Heusser, 1960). In the unglaciated areas,
especially of central and western Alaska, the vegetation
history records the shifting of tree line and the change
from one type of tundra vegetation to another.

In general, the changes in vegetation from glacial to
interglacial times in Alaska are small compared with
the great changes in temperate latitudes (Sears, 1935,
1938). Yet, recognizable changes in the vegetation did
occur in Alaska throughout Quaternary time.

The record of Quaternary vegetation is based largely
on palynology. In the Arctic, however, palynology is a
blunt instrument because the tundra pollen diagram is
much simpler and less informative than forest records
of temperate regions (Colinvaux, 1967a). Information
concerning vegetation of Wisconsinan age or earlier is
limited mainly to deposits of the Yukon-Tanana Upland
and to terrestrial and marine sediments of western and
northern Alaska. Studies of post-Wisconsinan vegeta-
tion are available for some parts of Alaska, particularly
of the southern and southeastern coastal areas.

EARLY TO MIDDLE PLEISTOCENE

The floral record in Alaska earlier than about Yar-
mouth(?) time is scanty and limited to western Alaska,
particularly Seward Peninsula. Because the classical
midwestern glacial terminology of North America has
not been dated, the early Quaternary deposits in Alaska
cannot be directly related to it. However, the deposits
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Ficure 40.—Generalized map of major forest types and unforested areas in Alaska. After Sigafoos (1958) and Hopkins (1959a).

can be related to named Alaskan marine transgressions
or glaciations.

The earliest record of flora in Alaska important to the
Quaternary history is the pollen and wood preserved in
deposits of the Beringian transgression (late Pliocene)
in western and northern Alaska and the Aleutian Is-
lands (Hopkins, 1967a). Picea and Pinus were reported
on the Arctic coast, near Nome, and on Tanaga Island in
the Aleutians; Larix also occurs in the coastal and Nome
areas (Hopkins, 1965). Abies, Tsuga, and Carya that
were reported in Beringian deposits at Nome (Hopkins,
1965) probably represent pollen reworked from older
beds (Wolfe and Leopold, 1967, p. 197-198; Hopkins,
1967a, p. 61) a few miles off the present coast (Nelson
and Hopkins, 1972). It is noteworthy that in Beringian
time Picea and Larix were several hundred kilometres
beyond their present limits, and Pinus was many hun-
dreds of kilometres beyond its present limit.

The lowest part of a lacustrine deposit in the Yukon
Flats contains a pollen flora of pine, spruce, alder, birch,
hemlock, fir, and hickory (Williams, 1962, p. 304) and
may be late Pliocene or early Pleistocene in age.

The record of pre-Yarmouth(?) Quaternary flora is
limited to the detailed study made by Guthrie and
Matthews (1971) on a complex sequence of vegetation-
rich silts at Cape Deceit near Deering on the south shore
of Kotzebue Sound. The sediments are rich in fossil
vertebrates and flora, peat, pollen, and tree macrofos-
sils. The vertebrate study was reported (Guthrie and
Matthews, 1971) along with comments about the vege-
tation; work on description and interpretation of the
flora is not yet finished. This study reported the most
complete sequence of Quaternary sediments in Alaska,
from perhaps earliest Pleistocene to and including the
Holocene. The section is divided into three formations:
the Cape Deceit Formation, early Pleistocene to and
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including Iron Creek Glaciation [Gunz I(?)-Gunz I/Gunz
I1(?)-Gunz II(?)]; Imnachuk Formation [Mindle/Gunz
I1(?)-Mindel(?)-Einahnuhtan or Anvilian transgres-
sion]; and Deering Formation [from Mindel/Riss(?)
(Kotzebuan transgression) to present].

Guthrie and Matthews (1971) believed that on the
north side of eastern Seward Peninsula during a very
early interglacial(?) period thought to be Waal(?) (Gunz
I/Gunz II) a forest tundra existed and conifer tree line
advanced as far as Cape Deceit. Larix was sparsely
distributed in the region. This environment was fol-
lowed by a period with a more severe tundra environ-
ment than now and with the formation of nonwoody
peat. This is thought to correlate with the time of the
Iron Creek Glaciation (tables 2, 3).

No vegetation record is present for the next inter-
glaciation, which may be either the Einahnuhtan or
Anvilian, but a peat deposit representing a tundra envi-
ronment is thought to be equivalent to a glaciation
(Mindel?).

YARMOUTHC(?)

Three types of evidence, each from different areas, are
available to indicate an interglaciation prior to the Il-
linoian Glaciation, the time of the Kotzebuan trans-
gression (Yarmouth?): marine and nonmarine beds
from Kotzebue Sound, pollen from lake deposits in cen-
tral Seward Peninsula, and wood at the base of loess
near Fairbanks.

Hopkins (1967a) stated that plant remains are abun-
dant in beds of the Kotzebuan transgression in the Kot-
zebue Sound area but as yet have received little study.
Wood of Pinus and Populus is known, and Pinus pollen
in silt is recorded. The presence of pine should be inves-
tigated further because studies at nearby Cape Deceit
and Imuruk Lake reveal spruce but no pine at that time.
Pine does not extend to central and western Alaska
today. Guthrie and Matthews (1971) indicated that at
Cape Deceit during the time of the Kotzebuan trans-
gression(?) (Yarmouth?) the area was forested and
spruce tree line advanced to at least that position (fig.
40).

Colinvaux (1962, 1963) studied the pollen of an
8-m-long core from sediments of the bottom of Imuruk
Lake in central Seward Peninsula (fig. 40). He found a
record of changing tundra types consisting of three
periods when vegetation was similar to now, alternat-
ing with periods when vegetation was different (colder).
Because of an anomaly in the radiocarbon dating, the
record can be interpreted as representing either the last
22,000 years or the span of time from a pre-Illinoian
interglaciation (Yarmouth?) until the present. Colin-
vaux favored the latter interpretation, and he (1967a)
did not list the “anomalous” radiocarbon dates, al-
though he stated that there was no radiocarbon support
for the lower part of the core. Black (1966) stated that

the use of the lower part of the core might be meaning-
less.

This controversy over the interpretation of the lower
part of the core may now be solved by Colinvaux (oral
commun., Oct. 24, 1969) and Colbaugh (1968). A core
from a lake on St. Paul Island in the Pribilofs revealed
the same type of anomalously young dates below older
dates (Colinvaux, 1967¢) as does the Imuruk Lake core.
The young dates are not from organic mud but from
sandy layers that permitted ground water to flow down
the side of the basin under the mud plug and to enrich
the sand with modern carbon and so produce the
anomalously young radiocarbon ages. This idea of
ground-water flow was confirmed with tritium tracers.

The anomalously young dates in the first Imuruk
Lake core are also from sandy sediment permitting
ground-water flow. Since publication of the original
data (Colinvaux, 1964a), other cores collected from Im-
uruk Lake by Colinvaux have been analyzed. Core II
and core IV were analyzed by Colbaugh (1968, figs. 5, 6),
including radiocarbon dating, and her work completely
supports Colinvaux’s interpretation.

Accepting Colinvaux’s later interpretation, the pol-
len record from Imuruk Lake indicates that during a
pre-Illinoian interglacial time (Yarmouth?), the vege-
tation of the area was similar to now, with much tundra
flora of cotton grass (Eriophorum), dwarf birch (Betula
nana), and alder (Alnus) present. The spruce tree line
was not far distant.

In central Alaska at the junction of Engineer Creek
and Dawson Cut, as well as at Eva Creek (fig. 29), Sheep
Creek, and Ready Bullion Bench, there is exposed in
mining cuts at the base of the Illinoian loess a bed of
large white spruce stumps (22 c¢m in diameter) in
growth position (fig. 41) and prostrate spruce logs 3 m
long and 30 cm in diameter (Péwé, 1952a). These plant
remains appear older and more weathered than wood in
the overlying Illinoian and Wisconsinan frozen loess.
This wood is smashed, flattened, and iron stained. These
stumps date from a time of a well-developed forest, a
time that may be part of the interglaciation just prior to
the deposition of the Illinoian loess. This forest bed has
been termed the Dawson Cut Formation (Péwé, 1975).
The wood at the base of the loess and on the underlying
tightly cemented iron-stained gravel at Sheep Creek
was identified as spruce and that from Ready Bullion
Bench as alder (R. C. Koeppen, written commun., Sept.
28, 1967).

ILLINOIAN

The record of flora in Alaska is still scant in deposits
of Illinoian age. Information is restricted to data from
Seward Peninsula and Fairbanks. The record of the
flora for the Illinoian interval of the Imuruk Lake core
(Colinvaux, 1967a) shows that there was an Arctic
grass tundra with little or no alder. Dwarf birch was
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Ficure 41.—White spruce stumps rooted in soil and gravel at base of loess of Illinoian age, Eva Creek, 16 km west of Fairbanks, Alaska.
Large stump was submitted to three different laboratories for radiocarbon dating and was beyond the range of dating—University of
Michigan, 18,000 years; University of Chicago, >20,000 years;Lamont Geological Observatory (1-137X), >28,000 years. Photograph

No. 471 by T. L. Péwé, September 18, 1949. (See fig. 29.)

present but less common than during interglacial
times. Sage (Artemisia) was more common than now or
in an interglacial period. The tree line was not close. At
Cape Deceit (Guthrie and Matthews, 1971) during II-
linoian time, a tundra environment was present.
Pollen analysis of peat collected by the writer in Il-
linoian loess in valley bottoms of the Fairbanks area
indicates that the tree pollen content was conspicuously
and significantly lower than today, indicating a rela-
tively sparse tree cover. No pollen of the Gramineae was
present (E. S. Barghoorn, written commun., May 1,
1957). A lowering of tree line to the level of the creek
valley bottoms requires a drop of 450-600 m, which
suggests that the climate was colder than now. A much
more restricted forest area is also borne out by the
greater number of grazers (mammoth, bison, horse)
than present (Péwé, 1952a; Péwé and Hopkins, 1967).

In the Fairbanks area today, the boreal forest is well
developed, and tree line is approximately 600-700 m
above sea level. Above this elevation, the rounded hills
are clothed in a tundra rich in dwarf birch and alder as
well as willow. Two contemporary peat samples col-
lected from creek valley bottoms by the writer contain
tree pollen percentages of 53 and 33 percent. The tree
pollen percentage is entirely spruce except for three or
four erratic pine pollen grains. The nonarboreal pollen
in the samples is 35 percent shrubs and 10 percent
herbs. Pollen of the Gramineae is less than 1 percent (E.
S. Barghoorn, written commun., May 1, 1957).

SANGAMON

The only records of known Sangamon vegetation re-
ported from Alaska come from three localities on Sew-
ard Peninsula, one from the Baldwin Peninsula, two
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from St. Lawrence Island, and several in the Fairbanks
area. Hopkins, MacNeil, and Leopold (1960, p.53)
showed from pollen® and from spruce logs found in es-
tuarine sediments near Nome that tundra vegetation
prevailed and that the forest was near at the time of the
Sangamon maximum. In late Sangamon time, the tree
line reached the Snake River valley (pl. 1). Spruce trees
were 50-80 km west of their present limit in the Kot-
zebue Sound and Nome areas (Hopkins, 1965). Locally,
there was tundra with dwarf birch, and alder bushes
were nearby. The pollen spectra suggest (Colinvaux,
1967a, p. 217) that during at least part of Sangamon
time, the vegetation near and at Nome was comparable
to that of the present.

Colinvaux (1962) studied pollen from the Imuruk
Lake core in central Seward Peninsula and reported
that the vegetation was a sage-alder tundra similar to
the present conditions and that tree line was near.

At Cape Deceit (Guthrie and Matthews, 1971) a
tundra environment existed with the formation of non-
woody peat. From two adjacent localities on St. Law-
rence Island in the Bering Sea (pl. 1), Colinvaux (1967b)
cautiously suggested that pollen analyses show that the
local tundra, at a time thought to be Sangamon, was
comparable to the modern tundra. All evidence so far
indicates that the Alaskan side of the Bering Sea had a
vegetation comparable to that of the present.

McCulloch, Taylor, and Rubin (1965) reported that in
the Kotzebue area in Sangamon time, the forest had
advanced westward into areas that are now treeless
tundra. Stumps more than 42,000 years old rest on
Illinoian till in this area of the Baldwin Peninsula.

In all the mining-cut exposures in the Fairbanks
area, the contact between the retransported silt of Wis-
consinan age and the underlying loess of Illinoian age
(fig. 19) isrepresented by a poorly formed to well-formed
topographic bench. In sections in Eva Creek (fig. 29),
Dawson Cut, Gold Hill and elsewhere, the bench is
conspicuous because of a forest layer of rooted stumps
and prostrate logs of birch and spruce as much as 25 cm
in diameter (Péwé, 1952a). It is very likely that in most
localities this concentration of tree remains represents
forest of Sangamon time. These concentrations occur at
the correct stratigraphic horizon and may represent the
return of the forest to the area. Samples collected by the
writer from the lower part of the Wisconsinan deposits
in the area have all been older than 35,000 years. A
sample from the possible Sangamon forest bed on Eva
Creek was dated as more than 56,900 years (Matthews,
1968b, p. 207, 1970). The forest bed is now termed the
Eva Formation (Péwé, 1975). The forest environment
was probably similar to that now.

3Samples are from a basal peat on the Second Beach (Pelukian transgression) (table 7) at
Nome. Analyzed by E. B. Leopold.

WISCONSINAN

Information needed to reconstruct the vegetation pat-
tern in Alaska during Wisconsinan time comes from
two broad areas: the tundra zone adjacent to the Bering
Sea, including Point Barrow, and the forested interior
near Fairbanks.

From the far west, most of the information is from
pollen analysis, and only one record covers the entire
Wisconsinan time, the other being mainly the end of
Wisconsinan time. In central Seward Peninsula,
Colinvaux’s (1962) pollen analysis indicated that from
early Wisconsinan time until the end of Wisconsinan
time, an Arctic herbaceous tundra was present, Arctic
sage was relatively common, but dwarf birch was ab-
sent or scarce. Tree line was not near. At Nome,
analysis of pollen by Leopold (Hopkins and others,
1960) indicated that at least near the end of Wiscon-
sinan time (13,600 years ago), a grass-sage tundra ex-
isted. Tundra also existed at Cape Deceit (Guthrie and
Matthews, 1971).

Cores from Kotzebue Sound and Ogotoruk Creek to
the north contain pollen representing a time near the
end of the Wisconsinan. Heusser (1963b) concluded that
the bottom of the core from Ogotoruk Creek represents
the late glacial period and a tundra with little birch.
The core from Kotzebue Sound indicates that 12,000
years ago a tundra with dwarf birch was already pres-
ent (Colinvaux, 1967a, p. 221).

To the far north at Point Barrow, a peat sample dated
at 25,000 years old (Brown, 1965a) lacks alder and
birch, and Colinvaux (1967a) believed an herbaceous
tundra prevailed in the Arctic Coastal Plain at least in
that part of the Wisconsinan glacial episode. Pollen
from St. Lawrence Island suggested that in Wisconsin-
an time a cold Arctic tundra existed in which grasses
and sages predominated (Colinvaux, 1967b). A peat
sample from near Goodnews Bay collected by Hopkins
from a drained kettle lake in an end moraine of late
Wisconsinan age was analyzed for pollen by E. B.
Leopold. The oldest sample is 11,500 years old and con-
tains pollen of an herbaceous tundra. Colinvaux (1967a)
stated that even at the south margin of the Bering land
bridge, the Wisconsinan tundra vegetation was com-
parable to that in the Bering Strait area in late Wiscon-
sinan time.

In central Alaska the greatest source of information
concerning the flora of Wisconsinan time is from the
exposures made by large-scale placer gold mining in the
perennially frozen, retransported, organic-rich silt (fig.
20), termed the Goldstream Formation (Péwé, 1975).
The silt contains abundant layers, lenses, and isolated
pods of plant remains. Peat beds as much as 2 m thick
are present, and frozen nests and seed caches of rodents
occur (Wilkerson, 1932, p. 15; Chaney and Mason, 1936,
p. 14; Mertie, 1937, p. 193; Péwé, 1952a, p. 177; 1966¢,
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fig. 3). Some forest beds are present as well as beaver
dams; wood from one dam was dated at 13,600 years
B.P. (Péwé, 1975). Wood remains include alder (Alnus),
spruce (Picea), willow (Salix), cottonwood (Populus),
and birch (Betula). The logs and limbs throughout the
formation are fresh, and some have pieces of bark. Wood
is not nearly so abundant, however, as in the overlying
post-Wisconsinan silt deposits. In general, more
megafossils occur in central Alaska than in the coastal
tundra areas because of the existence of small patches of
forests in valley bottoms in the interior.

Peat samples collected by the author from different
stratigraphic horizons in the Wisconsinan retrans-
ported silt (Goldstream Formation) (fig. 20) in the Fair-
banks area were studied by E. S. Barghoorn. He re-
ported that the samples from Fairbanks Creek are
statistically and significantly low in tree pollen, indi-
cating a very sparsely forested or almost treeless area.
The samples from this creek valley indicate that the
tundra was rich in alder and dwarf birch with little
grass. Pollen from a thick peat bed near the base of the
Wisconsinan retransported silt in Ester Creek indicates
that coniferous trees were absent (E. S. Barghoorn,
written commun., Nov. 23, 1954). The vegetation of the
valley bottoms at the time was a grass-sedge-
moss-Equisetum cover associated with small stands of
dwarf birch and willow. Such evidence indicates a low-
ering of tree line by 600 m in Wisconsinan time. The
most thorough study of pollen from the frozen silts of
Eva Creek is by Matthews (1970), who reported conclu-
sive evidence that spruce woodlands were almost to-
tally eliminated from interior Alaska in Wisconsinan
time.

Among the vertebrate fossils of the retransported silt
are Citellus undulatus, Lemmus siberius, Dicrostonyx
torquatus, and mountain sheep (Ovis nivicola). These
mammals do not live in the Fairbanks area today but
live near or above tree line or on the tundra. Such
mammal distribution also suggests that tree line was
500-600 m lower in the Fairbanks area during Wiscon-
sinan time. The restricted forest area is also shown by
the high percentage of grazers at this time (Péwé,
1952a; Guthrie, 1968a).

Repenning, Hopkins, and Rubin (1964) clearly dem-
onstrated lowering of tree line by 500 m in the Tofty
area, 130 km to the west of Fairbanks, by the presence of
tree-line fauna living in valley bottoms in late Wiscon-
sinan time.

All specimens studied by E. S. Barghoorn or by Rol-
land Brown of the U.S. Geological Survey or megafossils
observed by the writer and those reported by Chaney
and Mason (1936) and Chaney (1938, p. 390-391) are of
the species living in the Fairbanks area today. Al-
though the flora of the Wisconsinan time in central
Alaska contains the same species as today, forest cover
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was greatly restricted, perhaps limited to major valley
bottoms.

Hopkins (1970; 1972) put forth the idea that a treeless
vegetation prevailed in central Alaska during “full gla-
cial” time and that the spruce persisted in a refugium
somewhere in southwestern Alaska until 6,000-8,000
years ago. The writer believes that such a source is not
necessary, at least for central Alaska, because scattered
spruce probably persisted in isolated creek bottoms in
central Alaska, inasmuch as spruce wood occurs in the
frozen retransported silt of Wisconsinan age in the
Fairbanks area (fig. 20). Spruce wood in beaver dams,
isolated sticks, and rooted stumps have been dated as
13,600, 10,500, 9,685, 8,930, 8,500, and 7,500 years old
(Péwé, 1975). Dates of 20,000-30,000 years are also
known on small sticks, but the species of wood is not

known.
POST-WISCONSINAN

The post-Wisconsinan vegetation record is, as might
be expected, the most clearly and thoroughly
documented part of the floral history. Evidence of the
postglacial thermal maximumor hypsithermal interval
is recognized from pollen spectra in northern and north-
western Alaska (north of the Brooks Range). However,
from central and western Alaska the record is mainly
that of forest return or expansion about 10,000 years
ago.

The first pollen record of postglacial time in northern
and western Alaska was that by Livingstone (1955)
from a 5-m-long core taken from Chandler Lake (pl. 1)
in the Brooks Range (fig. 40). He set up a threefold
chronology that has been used as a general guide
throughout northern and northwestern Alaska. The
chronology, which is supported by pollen analyses of the
radiocarbon-dated core of valley fill from the un-
glaciated part of the North Slope near Umiat (Living-
stone, 1957) (table 3), shows that an herbaceous tundra
was present 8,300 years ago but at 7,500 years ago
yielded to a tundra in which dwarfbirch was very abun-
dant. About 5,800 years ago, alder became very com-
mon, and Livingstone stated the alder maximum is
climatically equivalent to and contemporaneous with
the thermal maximum. Today, the tundra in the Umiat
region is characterized by alder and willow (Churchill,
1955).

Good support for the advance of alder north of the
Brooks Range is from megafossils of alder found by
Tedrow and Walton (1964) in the upper Killik valley
(pl.1). Alder leaves 5,650 years old preserved in the
frozen ground 13 m beneath the surface led Tedrow and
Walton to believe the climate of the area was warmer
5,000 years ago than now, inasmuch as alder does not
grow there today.

Work by Colinvaux (1964b, 1965, 1967a, p. 212-213)
on samples collected by Brown (1965a, 1969b) at Point
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Barrow revealed that from 8,000 to 9,500 years ago a
grass-sage tundra was predominant. A stratigraphic
hiatus covers 4,000 years, and the last 5,000 years re-
cords a higher alder content and vegetation similar to
that now. Colinvaux (1967a, p. 213) stated that no broad
change in the vegetation record is detectable in the
pollen record of the last 5,000 years. However, because
of the 4,000-year gap, it cannot be demonstrated
whether an alder maximum, indicating the thermal
maximum like that recorded at Umiat, was present in
the Barrow area.

A pollen analysis by Heusser (1963b) from peat de-
posits at Ogotoruk Creek about 500 km west of Chand-
ler Lake records a change from an herbaceous tundra
in early postglacial time to a tundra in which birch was
common. Heusser showed that the record is similar to
the early part of the Livingstone chronology determined
in the Brooks Range farther east. Schweger (1971) care-
fully examined a detailed stratigraphic section on the
Kobuk River near Onion Portage representing the last
12,000 years and reported no record of a thermal max-
imum, but rather a gradual change from tundra vegeta-
tion to spruce cover.

For an area near Nome, E. B. Leopold (in Hopkins and
others, 1960) analyzed pollen that indicates that a
threefold spectrum similar to that of Livingstone is
present but that the sequence started earlier. Herba-
ceous tundra (zone I) was dated as 13,000 years B.P. and
zone II (birch tundra) as 10,000 years B.P. Zone I1l is the
alder tundra that began 3,500 years ago. Colinvaux
(1967a) recognized these three zones from Imuruk Lake
but indicated that they span a much.longer period of
time, with only the sage alder tundra being postglacial.

In the late forties, Hopkins determined from logs and
stumps exposed in mining excavations that about
8,000-10,000 years ago the spruce forest advanced
westward from its present limits on the Seward Penin-
sula (Hopkins an Giddings, 1953). This evidence, plus
additional findings of alder, birch, and poplar logs
(8,500-9,500 yr) on Seward Peninsula and Baldwin
Peninsula (McCulloch, 1967), indicates that the forest
spread westward in response to the warming that ended
the Wisconsinan Glaciation. Colinvaux (1967a) com-
mented that this temporary westward extension of tree
line has not yet been noticed in pollen diagrams,
perhaps because pollen work in the tundra or near
tundra areas is not a delicate enough measurement.

To the south, on St. Paul Island of the Pribilof Islands,
Colinvaux (1967c) noted that the pollen record shows
that vegetation similar to the present has existed for the
last 9,000 years. From Goodnews Bay, pollen analyses
reveal that in the last 10,500 years a threefold spec-
trum of herbaceous, birch, and alder tundras parallel to
the three-zone sequence at Chandler Lake existed.

The record of post-Wisconsinan vegetation distribu-
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tion on the east side of the Bering land bridge from Point
Barrow to Goodnews Bay was summarized by Colin-
vaux (1967a). Heusser (1960) showed by detailed pollen
analyses and radiocarbon dating that from 10,000 to
about 8,000 years ago tundra was present on the south
coast and that pine forests were present in the southeast
(table 3). From about 8,000 to 3,500 years ago, Sitka
spruce and hemlock predominated in both areas. In the
last 3,500 years hemlock predominated in both areas. In
the last 3,500 years hemlock and Sitka spruce have
been luxuriant on the southeast coast. The shifting of
forest areas with variation of glacier extents in the
southeastern part of Alaska in the last 8,000 years was
chronicled by Cooper (1923, 1931, 1937, 1942).

A few isolated pollen studies have been made else-
where in Alaska. For an area near Naknek on the Alas-
kan Peninsula, Heusser (1963a) showed that in postgla-
cial time alder pollen predominated over birch pollen in
the tundra until 7,000 years ago. Birch pollen reached a
maximum between 7,000 and 3,000 years ago and then
declined in percentage. Spruce migrated from the in-
terior of Alaska (fig. 40) within recent centuries. Little
is known of the tundra changes in the Aleutians during
Quaternary time, but Anderson and Bank (1952) indi-
cated pollen analyses will be fruitful.

In interior Alaska during post-Wisconsinan time, the
birch-white spruce forest expanded rather rapidly
around 10,000 years ago from valley bottoms to reclothe
the hills as tree line rose 450 to 600 m higher than it was
during Wisconsinan time. In the Fairbanks area, re-
transported organic-rich silt (fig. 20), deposition of
which began 10,000 years ago (Péwé, 1975) and is still
going on, has abundant plant remains, including rooted
stumps. This silt is termed the Ready Bullion Forma-
tion (Péwé, 1975). Peat beds 25-30 cm thick can be
traced for 25 m. Taber (1943, p. 1538) was the first to
recognize the unconformity between the Wisconsinan
and Holocene sediments when visiting the Fairbanks
area in 1935; however, he attributed it to erosion during
Yarmouth interglacial time.

Matthews (unpub. data, 1968) showed from a study of
pollen from cores at Isabella Creek at Fairbanks that a
climatic change occurred about 10,000 years ago and
spruce became common around 8,000 years ago. De-
tailed pollen work by Rampton (1971) at the Alaskan-
Canadian border at the head of the Tanana River indi-
cated a climatic amelioration around 10,000 years ago,
with the invasion of shrub tundra and the invasion of a
spruce woodland by 8,700 years ago. Detailed study of
the late Quaternary stratigraphy in the Fairbanks
area, including occurrence of megafossil remains of
spruce, leads the writer to believe that scattered stands
of spruce remained in lowlands in central Alaska dur-
ing Wisconsinan time. Reinvasion of the forest began
about 10,000 years ago (Péwé, 1975) from these low-
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lands. This view contrasts with Hopkins’ (1972) opinion
that invasion occurred around 8,500 years ago from a
refugium on the exposed continental shelf (Beringia) in
the vicinity of Nunivak Island.

As many as three spruce forest layers are superim-
posed upon one another (Giddings, 1938; Péwé, 1952a)
in this Holocene formation at Fairbanks. The trees are
typical of those today; the wood, which is excellently
preserved in the frozen ground, differs only in color from
trees of the modern interior forest. The superimposed
forest layers have been cross-dated by tree-ring count-
ing (Giddings, 1938), but the chronology outlined has
not been connected with a chronology extending to
present time. ‘

Isolated pollen analyses on post-Wisconsinan sedi-
ments from localities along the highways in central
Alaska indicate spruce dominance throughout the sec-
tions (Hansen, 1953; Gerard, 1954). In addition to ter-
restrial flora, diatoms were recovered from pond sedi-
ments of Wisconsinan age in central Alaska (Taber,
1943; Péwé, 1952a), Kenai Peninsula (Plafker, 1956),
and near Palmer (Moxham and Eckhart, 1956). No
stratigraphic, climatologic, or taxonomic importance
can be ascribed to them at this time.

Much work remains to be done toward refining the
sequences of floras in the Pleistocene of Alaska. The
large nonglaciated areas will undoubtedly provide most
of this material, as they have to date. There are already
clear indications of changes in the position of tree line
and in the composition of floras which can be related to
the climate during glacial and interglacial times and
the Wisconsinan thermal maximum.

Several other disciplines, in addition to palynology
and the study of megafossils, may yield interesting re-
sults. Among these is the possibility of establishing a
tree-ring chronology that can tie together Holocene and
late Wisconsinan events. Much work remains to be done
on lake sediment cores, correlating them with other
areas and fitting them to a radiocarbon date chronology.
With the continuing attemps to define the climatic re-
quirements of modern arboreal and tundra species, the
rather fragmentary record of vegetation distribution in
Quaternary time will take on greater significance.

FAUNA

A rich fauna of Quaternary age is present in Alaska,
but only in the study of the marine invertebrates and
terrestrial vertebrates has a serious beginning been
made. These preliminary studies have permitted
statements concerning distribution and age of the
fauna, and the marine invertebrates have also been
instrumental in defining the times of emergence of the
Bering land bridge, important to the coming of man to
North America.

QUATERNARY GEOLOGY OF ALASKA

INVERTEBRATES
NONMARINE MOLLUSKS

Fossil land and freshwater mollusks were reported
near the turn of the century (Dall, 1905), but only re-
cently has any systematic collecting relating to stratig-
raphy been done. Even though little can be done at
present with nonmarine mollusks in Alaskan Quater-
nary stratigraphy, the writer has listed and sum-
marized all finds for ready reference.

TERRESTRIAL MOLLUSKS

Fossil land mollusks are not abundant anywhere in
Alaska except in loess of post-Wisconsinan age near
Gakona and Chitina in the Copper River Basin. Here
the Holocene loess is peppered with white shells, but
this fauna has not been studied. A few mollusks were
reported from loess of probable Wisconsinan age near
Tofty (Repenning and others, 1964). The writer (Péwé,
1955, p. 714) collected Succinea avara Say, Discus cron-
khitei Newcomb, and Euconulus fulvus alaskensis
Pilsbry. The last of these forms is identified by T. C. Yen
of the U.S. National Museum, but the Succinea form is
reported by Taylor (McCulloch and others, 1965, p. 450)
to be less confidently identified. These species were
found in loess less than 1,000 years old along the lower
Delta River 160 km southeast of Fairbanks. These
species also occur in loess of Wisconsinan age in Kansas
(Leonard, 1952, p. 8) and Illinois (Leonard and Frye,
1960).

Fossil pulmonate snails were collected on the Seward
Peninsula (D. M. Hopkins, unpub. data, 1955) and from
near Rampart and Tanana (Mertie, 1937, p. 192), and
Succinea strigata Pfeiffer (identified by J. P. E. Morri-
son, U.S. National Museum) was collected from loess at
depths of 1-2.5 m near the Yukon River at the west end
of Yukon Flats (J. R. Williams, unpub. data, 1960). Late
Wiscensinan and Holocene forms were found in sedi-
ments of Kotzebue Sound (table 9) (McCulloch and
others, 1965).

Until more is known about both modern and fossil
forms and more collections are available, however, it is
not possible to make any positive statements about the
importance .of Quaternary terrestrial mollusks in
Alaska.

FRESHWATER MOLLUSKS

Near Fairbanks (fig. 20), retransported silt of Wis-
consinan age rich in organic remains yielded the gas-
tropods Helisoma subcrenatum (Carpenter), Stagnicola
palustris (Muller), Gyraulus parvus (Say), and Valvata
lewisi (Currier); the pelecypods Sphaerium tenue
(Prime) and Pisidium casertnum are also present
(Péwé, 1952a, p. 119-120). Taber (1943, p. 1491) also
recorded the first three of these snail species in silt near
Fairbanks. Mertie (1937, p. 192-193) listed fossil mol-
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TABLE 9.—Fossil nonmarine mollusks from the Kotzebue Sound area, northwestern Alaska
[After McCulloch and others (1965, table 1). Numbers in column headings are U.S. Geological Survey Cenozoic locality numbers ]

Holocene

L

Late
Illinoian

ate Wisconsinan to

early Holocene Sangamon

Wisconsinan

Fossil

Summary

23165
23180
23181
23182

123125

23163
23169
23170
23171
23172
23179
23186

Summary

23162
23173
23174
Summary
23126
23127
23164
23177
Summary
23178
23166
23167

Summary

23176

Pelecypods:

Anodonta beringiana Middendorff
Sphaerium lacustre (Miiller)? ___ ________
S. nitidum Clessin
Pisidium casertanum (Poli)
P. idahoense Roper
P. lilljeborgi Clessin
P. milium Held ________________________
P. nitidum Jenyns
P. obtusale (Lamarck)
Freshwater gastropods:
Valvata lewisi Currier
Lymnaea ef. L. turricula Held
L. randolphi Baker______________________
L. stagnalis (Linnaeus)
Gyraulus circumstriatus (Tryon)
G. parvus (Say)
Armiger crista (Linnaeus)
Helisoma subcrenatum (Carpenter)
Physa skinneri Taylor
Land gastropods:
Discus cronkhitei (Newcomb)
cf. succinea
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lusks collected by P. S. Smith from Quaternary silt
deposits in this area.

Gyraulus parvus (Say) and Valvata lewisi (Currier)
were found in lake sediments radiocarbon dated as
8,000 years old near Matanuska glacier (J. R. Williams,
written commun., 1964). F. R. Weber reported the fresh-
water pelecypod Pisidium lilljeborgii Clessin from late
Quaternary sediments near the Porcupine River and
from Cave-off Cliffs of the lower Yukon (oral commun.,
Jan. 20, 1963). Weber also collected Valvata lewisi
(Currier) from late Quaternary sediments on the Por-
cupine River and at two localities in the Yukon-
Koyukuk lowland. Hopkins (unpub. data, 1957) re-
ported Pisidium sp., Valvata lewisi (Currier), Valvata
helicoidea, and Stagnicola palustris (Muller) from
Quaternary sediments near Tofty.4

A large collection of pelecypods and gastropods, made
by McCulloch, Taylor, and Rubin (1965) near Kotzebue
Sound, represents the first data available on specimens
of pre-Wisconsinan age. As they point out (p. 442), how-
ever, our knowledge of geographic and stratigraphic
differences between fossil and living groups in Alaska is
so incomplete that we cannot at present use the faunas
to interpret changes of climate and changes in geo-
graphic range of species.

Sediments of Wisconsinan and post-Wisconsinan age

“Mollusks collected by Weber were identified by D. W. Taylor; those by Hopkins were

identified by Taylor and by G. D. Hanna. The writer’s specimens were identified by J. P. E.
Morrison and R. D. Reger.

from the many lakes in Alaska are beginning to yield
data on their fossil faunas (Livingstone and others,
1958; Charlotte Homquist, unpub. data, 1959).

Very little is known of the modern distribution of
freshwater mollusks in Alaska, and this information
seems essential to the interpretation of the fossil record.
The gastropods Stagnicola palustris (Muller) and
Helisoma subcreatum (Carpenter) live today in cold-
water ponds in central Alaska, near Fairbanks and
Galena (pl. 1). Hopkins (1963) stated that species of
Valvata and Pisidium live in lakes in central Seward
Peninsula today. In 1948 the writer collected specimens
of Anodonta beringiana Middendorf from a clear-water
tributary of the Yukon 16 miles southwest of Beaver,
which represents one of the few localities in Alaska for a
species that is probably widespread in both Alaska and
Siberia (R. D. Reger, oral commun., Dec. 10, 1969). It is
thought that this species migrated across the land
bridge to Alaska in Illinoian or Wisconsinan time; these
mollusks have not migrated farther east than the
approximate position of the Wisconsinan continental
ice sheet near the Canada-Alaska border. R. D. Reger
and B. W. Taylor have compiled a wealth of unpub-
lished information on freshwater mollusk distribution;
this type of study has great promise for Alaska.

The only study of living terrestrial and freshwater
mollusks associated with modern glacier termini is the
recent work of Tuthill (1970) near Martin Glacier in
southern Alaska. This study was very helpful in relat-
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ing conditions of present glacier fronts to those that
existed in Pleistocene time.

MARINE MOLLUSKS

The record of the Quaternary marine mollusks is
much more completely known and useful than that of
the terrestrial and freshwater mollusks. Marine os-
tracodes are reported but not yet widely used in stratig-
raphy (Swain, 1961; Schmidt, 1963; Schmidt and Sell-
mann, 1966). The foraminiferal fauna of the marine
deposits of Quaternary age from northern Alaska was
studied (Faas, 1962) and can be summarized as differing
little, if at all, from those living in the same area today.
This is equally true of the foraminiferal fauna from
glaciomarine sediments from Juneau (Smith, 1970).
Quaternary marine mollusks have been reported in
Alaska since the turn of the century, but these data,
plus later studies, were not of maximum stratigraphic
use until the collections were reevaluated, compared
with more recent collections, and put into stratigraphic
position (Hopkins, 1959b; Hopkins and others 1960;
Hopkins, 1965, 1967a).

The record of the marine mollusks of Quaternary age
in Alaska is from deposits formed by transgressions of
the sea (p. 75). The information presented here is sum-
marized from reports by Hopkins (1959b), Hopkins,
MacNeil, and Leopold (1960), Hopkins (1965, 1967a),
and McCulloch (1967).

Marine invertebrates in deposits of the Beringian
transgression (late Pliocene) have a decidedly modern
aspect, but most have subtle differences from the living
species. Some of the species are extinct. The strati-
graphic distribution of the more significant fossils in
marine sediments of Quaternary age in western and
northern Alaska was summarized by Hopkins (1967a,
table 2), Hopkins, MacNeil, and Leopold (1960, table 1),
and McCulloch (1967, table 1). (See table 10.)

Many of the extinct forms are unique to the deposits of
the Beringian age and to Alaska. Some are related to
Pliocene species of Japan or to the Pliocene and Pleis-
tocene of California. Several living forms that are com-
mon in younger beds make their first appearance in
Alaska in the deposits of Beringian age.

Perhaps the most interesting observation to be made
concerning the fauna of this age is in connection with
the Bering land bridge as a barrier to migration of
marine organisms. Hopkins (1959b, 1967b) pointed out
that the bridge served as a barrier for marine organisms
in the Pacific and Arctic Oceans. The presence of the
large scallop Patinopecten (Fortipecten) hallae (Dall) in
Beringian deposits at Solomon and Kivalina north of
Kotzebue indicates that by late Pliocene time a new
seaway extended across the Bering-Chukchi platform,
permitting marine organisms that had previously been
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TABLE 10.—Stratigraphic distribution of the more significant fossils
found in marine beds of Pleistocene age in Alaska [From Hopkins
(1967b)]

Column headings: (1) Beringian, (2) Anvilian, (3) Ei (@) K (5)P

(6) Woronzofian, (7) living in Alaskan waters at present time. Symbols: Tapered ends of line
indicate first or last recorded appearance in Alnh. wlld Imol indicate presence of animal
firmly ished; ried lines indi or i age
assignment for enclosing beds; dashed lines indicate animal probably present but has not
been collected. Notes: E—animal extinet; EC—animal extinct but closely related to a li'vlng
form; A t ive now fined to North Atlantic;J t relative now fi

to Japanese or Eastern Siberian waters.

Species 1|12(3|4|5|6|7

Notes

GASTROPODA
‘Margaritopsis grosvenori Dall
Littorina sp. aff. L. palliata (Say) and
L. mandschurica Schenck
Epi (B la) groenlandicum (Perry)
Tachyrhyncus erosus (Couthouy)
Tvichotropsis insignis Middendorf
T. bicarinatus (Sowerby)
Amauropsis purwma Dall
Natica (Cryp Deshay
Trophon kam.vchatkanu.v Dall
Buccinum angulosum Gray
Buccinum fringillum Dall
Buccinum glaciale Linne'
Pyrulofusus schraderi Dall
Pyrulofusus deformis (Reeve)
Beringius kobelti (Dall)
F sp. aff. P.
Neptunea leffingwelli (Dall)
Neptunea heros mesleri (Dall)
Neptunea heros (Gray)
Neptunea spp. '
v sp. aff. V.
Volutopsius stefanssoni Dall
Propebela sp. cf. P. exquisi
P. assimilis (Sars)
PELECYPODA

Yoldia koluntunensis Slodkewitsch
Portlandia arctica (Gray) ?
Chlamys (Leochlamys) tugidakensis MacNeil
Chlamys (Swiftopecten) kindlei (Dall)
Chlamys {“‘Chlamys"”) coatsi MacNeil
Chlamys (“‘Chlamys”’) coatsi middletonensis MacNeil
Chlamys (“Chlamys"’) lioica Dall
Chlamys (Chlamys) beringiana colvillm.rl.v MICNGll
Chlamys (Chlamys) il
Chlamys (Chlamys) plafkeri MacNeil
Chlamys (Chlamys) islandica kanagae MacNeil
Chlamys (Chlamys) islandica powersi MacNeil
Fortipecten hallae (Dall)
Astarte actis Dall
Astarte nortonensis MacNeil
Astarte borealis Schumacher®
Astarte broweri Meek
Astarte leffingwelli Dall
Astarte hemicymata Dall
Astarte sp. cf. A. soror Dall
Astarte sp. aff. A. bennetti Dall
Astarte bennetti Dall
Protothaca adamsi (Reeve)
Tellina (Peronidea) lutea Gray
M sp. cf. car Whi
Macoma baltica (Linne')
Siliqua patula (Dixon)
Mya (Arenomya) japonica Jay
Cyrtodaria kurriana (Dunker)
ECHINODERMATA
Echinocyamus sp. cf. E. pusillus (Muller)
CIRRIPEDIA
Verruca alask Pilsbry
! Beringian and Anvilian beds ces of Nep , in additi
above that are ancestral to but distinct from several modern species.
2 Portlandia arctica has not been found in Alaskan beds older than the Kotzebuan transgres-
sion, but it is present in Chukotka in the Pinakul’ beds of Einahnuhtan age.
3 Astarte lis is found th gh the Plei. marine of Tjornes, Iceland
(Einarsson and others, 1967),but this stock is represented in the older part of the Alaskan
Pleistocene sequence by the closely related A. nortonensis.

Dall

Dall

Bartsch or
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to those listed

confined to the north Pacific Ocean to migrate north-
ward.

Marine invertebrates of the Anvilian transgression
are best known from Nome and the Arctic coast and
consist largely of forms living in adjoining waters at the
present time. Some new forms first appear here. Extinct
Neptunea heros mesleri and Astarte leffingwelli occur in
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deposits of this age along the Chukchi Sea (McCulloch,
1967) but not in deposits younger than those of the ?
Einahnuhtan transgression. Several fossil forms are
closely related to species now limited to waters adjoin-
ing Japan, or to the North Pacific Ocean or southern
Bering Sea.

The faunas of the Einahnuhtan transgression are
essentially modern in character (table 10).

Marine invertebrates of the Kotzebuan transgression
(Yarmouth age) are best recorded in deposits from Kot-
zebue Sound. A rich molluscan fauna there consists
entirely of species living in nearby waters at the present
time. No extinct forms are present. Portlandia arctica
(Gray) and others made their first recorded appearance
in western Alaska at this time.

Molluscan faunas of the Pelukian transgression
(Sangamon age) consist entirely of living forms, with
the exception of the extinct Cardita (Cyclocardia) sub-
crassidens MacNeil. Fossils of this age have been re-
ported from northern and western Alaska and Pribilof
Islands. Several forms are limited in their present dis-
tribution to areas well south of their northernmost fos-
sil occurrence. Mya japonica Jay made its first Alaskan
appearance in Pelukian beds.

For the most part, marine mollusks of Quaternary
age in Alaska record cool-water environments. Early
Quaternary and late Pliocene forms indicate a warmer
marine environment, but mollusks of middle and late
Quaternary time indicate water temperatures about
the same as now except perhaps during Sangamon time.

The fauna is essentially modern in character, with a
few to many extinct forms recorded in deposits of early
Quaternary and late Pliocene age, but with only a rare
extinct form in deposits of middle to late Quaternary
age. An understanding of Quaternary marine deposits
and associated fauna in western Alaska is now availa-
ble and may stimulate study of the other coastal areas
in the State.

INSECTS

A new and potentially important method of paleoen-
vironmental study of the Quaternary deposits of Alaska
isbased on examination of fossil insects, mainly beetles,
from the frozen peats and silts. Well-preserved fossil
insects occur in sediments in Alaska, but no studies
have been done until recently.

Spurred by the success of recent studies of insects of
Pleistocene age in England, work was initiated on the
frozen deposits near Fairbanks. A pioneer effort by
Matthews (1968a, b) has led to enlarged studies else-
where in Alaska. Beetles, because of their rather
specific habitat preferences, may be more sensitive to
climatic change than plants and may eventually pro-
vide a more detailed record than pollen.

Matthews’ study (1968a, b) of the carabid beetles
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(ground beetle) from the retransported silt of
Wisconsinan age (fig. 20) from a mining exposure at Eva
Creek (fig. 29) near Fairbanks indicated that there was
a tundra environment during Wisconsinan time, that
coniferous tree line must have been below the present
elevation of the Eva Creek, and that the area was essen-
tially treeless. This interpretation of the environment is
also borne out by analysis of pollen from Eva Creek by
Matthews (1968b, p. 222) and earlier work by E. S.
Barghoorn (written commun., Nov. 23, 1954) on pollen
samples collected by the writer. Matthews (1974) has
now extended his study of insects to deposits at Cape
Deceit in western Alaska and obtained challenging
data on paleoenvironments of Pleistocene time. The
writer believes that a great opportunity exists to extend
this type of work elsewhere in the State and that only
the beginning has been made in such paleoenvironmen-
tal studies.

BACTERIA IN PERMAFROST

The possibility that viable bacteria may exist in per-
mafrost of Pleistocene age has intrigued microbiologists
for many years, for such bacteria could be the oldest
living organisms in the world. Investigations by Kriss
(1940) in the Arctic of U.S.S.R. and James and Suther-
land (1942) in Churchill, Canada, revealed bacteria in
permafrost, but no age assignment is available. Becker
and Volkmann (1961) recovered eight bacteria of four
genera from a core taken from permafrost at the U.S.
Army Cold Regions Research and Engineering Field
Laboratory on Farmer’s Loop Road at Fairbanks.
Becker continued the project for several years with dril-
ling at Ready Bullion Creek (Péwé, 1965a, p. 24) near
Fairbanks but felt the absence of true sterile conditions
prevented a positive proof of existence of viable bacteria
in permafrost (oral commun., 1965). Boyd and Boyd
(1964) carefully examined permafrost in large drill
holes near Barrow and found a few living bacteria but
noted that these may have been from the surface and
not of Pleistocene age. Kjgller and Jdum (1971) care-
fully sampled permafrost from Ready Bullion Creek
and believe it probable that living microorganisms are
present in the frozen Pleistocene sediments. Obviously,
too little is known of this subject and more detailed work
should be undertaken.

VERTEBRATES

Alaska, like northern Siberia, has long been famous
for the abundant remains of extinct Pleistocene mam-
mals, found in frozen deposits along major rivers and in
the valleys of many minor streams. The earliest account
of these fossils seems to be that of Kotzebue (1821, p.
218-220), who found abundant vertebrate remains at
Elephant Point in Eschscholtz Bay during his expedi-
tion to the Chukchi Sea in 1816. F. W. Beechey also
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collected there, and the mammal bones were reported
by Buckland (1831). Because early explorers (Dall,
1869, 1873) reported a great abundance of bones, sev-
eral expeditions were conducted in Alaska in the hope of
finding complete skeletons or perhaps even frozen car-
casses comparable with those found in Siberia (Mad-
dren, 1905; Gilmore, 1908; Quackenbush, 1909). When
large-scale gold mining began in the Fairbanks district
in 1928, extensive fossil collecting was undertaken
there and elsewhere in Alaska by the late O. W. Geist
and others on behalf of the American Museum of
Natural History. A small part of this material has been
described by Frick (1937) and Skinner and Kaisen
(1947). Later, Geist and others collected vertebrate fos-
sils from the Fairbanks area and northern Alaska for
the Museum of the University of Alaska. Some of the
most detailed work ever done on the late Pleistocene
mammals in central and western Alaska was that by
Guthrie (1966a, b, c; 1967; 1968a, b; Guthrie and
Matthews, 1971), who studied collections that he had
made, as well as the vast collection of Geist.

DISTRIBUTION

Most of the remains of land mammals are from the
unglaciated part of Alaska (fig. 42). Such distribution is
to be expected because animals were mostly absent in
glaciated areas during glacial maximums and glacial
advances tended to destroy or cover earlier fossil re-
mains.

The greatest collection of vertebrate specimens is
from the Fairbanks area, where tens of thousands of
specimens have been collected during the past 30 years.
For example, in 1938, a typical year, 8,008 cataloged
specimens weighing about 8 tons were collected by O.
W. Geist and shipped to the American Museum of
Natural History in New York City (University of
Alaska, “Collegian,” 1938, fall). Partial lists of mam-
mals from the Fairbanks area were given by Frick
(1930, 1937), Wilkerson (1932, p. 422), Mertie (1937, p.
191), Stock (1942), Hibben (1943), Taber (1943, p. 1487),
Skinner and Kaisen (1947), Skarland (1949, p.
132-133), Péwé (1952a, table 4), Geist (1953), Péwé and
Hopkins (1967), and Guthrie (1968a).

The geological literature (U.S. Geological Survey
Bulletins) in Alaska dealing with early placer mining
activities mentions in passing that bones of extinct
animals such as mammoth, mastodon, bison, horse, and
others were found in many localities in addition to the
Fairbanks area. Vertebrate remains on the Seward
Peninsula were mentioned by Collier (1902), Quacken-
bush (1909), Hopkins (1963), Harington (1970a, b), and
many others. Mertie (1937, p. 190-191) summarized
finds of several specimens from the Yukon-Tanana Up-
land. Whitmore and Foster (1967) listed finds from
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Chicken and Lost Chicken Creek, including Panthera
atrox, and Repenning, Hopkins, and Rubin (1964) listed
fossils from Tofty.

Chapman and Sable (1960, p. 124) mentioned mam-
moth tusks found along banks of the Utukok and
Kokolik Rivers of northern Alaska. Other references to
vertebrates on the Arctic Coastal Plain (pl. 1) were
made by Livingstone, Bryan, and Leahy (1958),
Harington (1969), and others. William Quaide (unpub.
data, 1953) collected mammal remains along the Kuk
and Ikpikpuk Rivers in northern Alaska, and Robert
Fladeland identified wolf, bear, large cat, mammoth,
horse, moose, caribou, musk ox, and bison. A Saiga bone
was also identified in this collection by C. R. Harington
(C. E. Ray, oral commun., Feb. 12, 1970). C. A. Repen-
ning (written commun. to D. M. Hopkins, Feb. 5, 1962)
provisionally identified many vertebrate remains col-
lected by W. J. Maher from the Ikpikpuk River includ-
ing Smilodon sp. and Felis (Lynx) lynx. Ray (1971) re-
ported that bones of the woolly mammoth were found on
St. Lawrence, Pribilof, and Unalaska Islands on the
Bering-Chukchi platform.

STRATIGRAPHY

Unfortunately, the stratigraphic context of most of
the vertebrate material of Pleistocene age from Alaska
now in museums is unknown. Fossils are most readily
seen when the enclosing matrix has been washed away,
and so most of the vertebrate fossils have been found
lying loose on beaches or riverbanks and the floors of
placer-mining excavations. Furthermore, detailed
studies of Alaskan Quaternary stratigraphy did not
begin until the late 1940’s; thus even when bones were
collected in situ in earlier years, no conclusions could be
drawn as to the age of the enclosing matrix. Skinner and
Kaisen’s (1947) thorough study of fossil Bison is based
upon Alaskan material whose stratigraphic context is
not known; their speculations on Bison evolution are
therefore based entirely upon the morphology of the
skeletal material and upon assumptions as to probable
evolutionary trends in critical dimensions such as horn
width and tooth size. The great collection of Pleistocene
mammal bones from the Fairbanks area in the Frick
Laboratory of the American Museum of Natural His-
tory will be important in many taxonomic studies, but
stratigraphic relations are missing.

During the last two decades, a modest but growing
number of vertebrate fossils have been found in
significant stratigraphic contexts, most in the Fair-
banks area but a few elsewhere. Most were in beds of
Wisconsinan and Holocene age, but a significant few
were in beds of Sangamon, Illinoian, and pre-Illinoian
age (Péwé and Hopkins, 1967; Guthrie and Matthews,
1971). Extensive collections of bones of small mammals
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from silts near Fairbanks by Guthrie (1968b) are from
sections where stratigraphy has been established.
(Péwé, 1952a).

PRE-ILLINOIAN

Vertebrate remains of pre-Illinoian age are rare.
Hopkins (in Péwé and Hopkins, 1967, p. 268-269) found
bones of Bison (Superbison) sp., Rangifer, and
Dicrostonyx torquatus in beds of the Kotzebuan trans-
gression at Kotzebue Sound, which he interpreted to
have been deposited during a pre-Illinoian(?) inter-
glaciation.

Mammoth bones were found in the perennially frozen
auriferous gravel in the Fairbanks area by early work-
ers (Prindle, 1908, p. 32). The writer collected speci-
mens of mammoth and bison from the gravel deposits
that underlie Illinoian and Yarmouth(?) beds and
thinks that these gravel units represent sediments laid
down during one or more pre-Illinoian glacial intervals.
These finds of Bison in central and western Alaska are
perhaps the earliest recorded evidence of these genera
in North America. The finds of Rangifer and
Dicrostonyx were until recently the earliest recorded in
North America.

The only record of early Pleistocene mammals in
Alaska was reported by Guthrie and Matthews (1971)
from Cape Deceit on the south shore of Kotzebue Sound
near Deering (pl. 1). A complex sequence of peat and
organic rebedded loess (the Cape Deceit Formation)
contains representatives of the genera Canis, Rangifer,
Cervus, Ochotona, Lemmus, Microtus, and Pliomys and
a newly described genus and species, Predicrostonyx
hopkinsi—predecessor of the extant genus Dicrostonyx
(table 11). Guthrie and Matthews stated that, in addi-
tion, new species of Ochotona, Pliomys, and Microtus
occur. From the stage of evolution of the fossils and from
a study of the stratigraphy, it is assumed that the Cape
Deceit Formation is at least pre-Cromerian in age. The
Cape Deceit fauna contains the earliest North Ameri-
can record of Rangifer, Equus, and Microtus and the
only North American record of Pliomys.

ILLINOIAN

The list of documented finds of fossil mammal re-
mains of Illinoian age is slowly growing. Péwé (1952a,
1958a, 1965a) reported such occurrences, and with con-
tinued work on Pleistocene mammal finds and interest
in land bridge migrations (Hopkins, 1967a), a clear
picture is beginning to appear. Much more work, how-
ever, is necessary to understand better the Palearctic
and Neararctic mammalian dispersal in late Cenozoic
time.

All the finds of mammalian fossils known to the writ-
er to be from Alaska sediments recognized as pre-
Wisconsinan are given in table 11. The evidence upon
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which the stratigraphic dating is based was discussed
by Péwé (1952a, 1965a; Fairbanks area), Wahrhaftig
(1958; Nenana Valley), Williams (1962; Chandalar Val-
ley), Hopkins, MacNeil, and Leopold (1960; Nome area),
McCulloch, Taylor, and Rubin (1965) and Guthrie and
Matthews (1971; Kotzebue Sound area), and Péwé,
Hopkins, and Giddings (1965; Alaska in general). Many
of the finds were discussed by Péwé and Hopkins (1967).

From table 11, it is evident that many taxa were
present in North America earlier than is generally rec-
ognized. One of the most recent good summaries of
Quaternary mammals in North America (Hibbard and
others, 1965, tables 2, 3; Flint, 1971, p. 766-768) indi-
cated no pre-Wisconsinan record for Rangifer, Ovibos,
Ovis, Alces, Saiga, Bootherium, Symbos, and
Dicrostonyx and no pre-Illinoian record for Bison.
Kurtén (1968, p. 268-269) also stated that Bison did not
migrate to North America until Riss time and that
Rangifer, Ovibos, and Saiga did not migrate to Alaska
from Eurasia until Wiirm time. However, all these gen-
era listed by Hibbard and Kurtén were present in
Alaska by at least Illinoian time and represent
Eurasian immigrants. Rangifer was in North America
in early Pleistocene time. The find of Bison in the Fair-
banks area in deposits of pre-Illinoian age is consistent
with Flerow’s (1967) idea that Bison priscus crassicor-
nis migrated from Asia to America before the Riss
Glaciation.

The Siberian steppe antelope, Saiga (fig. 42), was
found in the Pleistocene deposits of Alaska. The earliest
published find was that of O. C. Kaisen and O. W. Geist
at Lillian Creek near Fairbanks in 1930 (described in
Frick, 1937). Geist and others also collected Saiga from
Gold Hill in 1952, Cripple Creek Sump in 1949, Gilmore
Creek in 1931, and Goldstream Creek in 1933 (M. F.
Skinner, written commun., Mar. 3, 1970). Recently,
Guthrie (1968a, p. 353) identified bones of Saiga col-
lected by Geist from Cripple Creek in Gold Hill. John
Dorsh collected the left metatarsus of Saiga from Ban-
ner Creek in 1935. Saiga was identified in the collection
by William Quaide from the Arctic Coastal Plain from
Alaska (C. E. Ray, oral commun., Feb. 12, 1970). The
writer believes the Cripple Creek Sump and Gold Hill
specimens are Illinoian in age; other specimens could be
either Illinoian or Wisconsinan in age, most likely the
latter. C. R. Harington of the National Museum of
Canada is describing the Alaska specimens (written
commun., July 10, 1970).

Saiga is found nowhere in North America but Alaska;
this area represents the easternmost extension of its
Siberian range (Sher, 1967, p. 110). Southward pene-
tration from Alaska by this animal was probably pre-
vented by mountains, thick snow blankets, glaciers, or
forests, because Saiga requires an environment of




FIGURE 42.—Mammals of late Wisconsinan time. View is toward the southeast, across the westward flowing Tanana River near Fairbanks; Alaska Range is in background.
Mural by J. H. Matternes. (Reproduced through the courtesy of National Geographic Society, copyright 1972.)
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plainlike relief with a hard surface, little forest, and
little snow. The writer believes that such an environ-
ment existed in late Pleistocene time in Alaska on the
windswept, flat, braided flood plains of glacial streams
that were abundant at that time.

The yaklike Bos is another Siberian animal that was
rare in Alaska in Pleistocene time and that did not move
southward into North America. Since Frick’s early de-
scription, other bones in the Geist collection have been
identified as Bos from four different creeks in the Fair-
banks area (Guthrie, 1968a), but they have no strati-
graphic context; remains from Gold Hill perhaps are
Illinoian. Future work on the Alaskan collection in the
American Museum of Natural History may enlighten
our concept of Bos in Alaska.

Perhaps the only Pleistocene mammal that may have
been restricted to pre-Wisconsinan time in Alaskais the
extinct musk ox, Praeovibos. C. E. Ray (written com-
mun., Oct. 25, 1967) reported Praeovibos was quite rare,
for all the identified specimens are from the Fairbanks
area; only five brain cases or frontlets can be identified
with reasonable certainty, and two fragmentary speci-
mens are doubtfully referable to this genus. The five
specimens come from Cripple Creek Sump, one example
from Gold Hill, and are probably Illinoian in age. A
specimen from lower Cleary Creek may be either Il-
linoian or Wisconsinan, but no stratigraphic informa-
tion is available.

Until recently, Praeovibos was known from only the
middle Pleistocene deposits of Western Europe
(Kahlke, 1963), but Sher since found Praeovibos in mid-
dle and eastern Siberia in deposits of pre-Illinoian age
(Vangengeim and Sher, 1970; Sher, 1969, 1971).

WISCONSINAN

DISTRIBUTION

Most of the fossil vertebrate remains of Quaternary
age in Alaska occur in frozen silt deposits of Wisconsin-
an age and are common in central, western, and north-
ern Alaska. From Seward Peninsula Hopkins (1963)
reported mammoth, horse, and bison remains in de-
posits of known Wisconsinan age.

The most abundant large mammal remains in the
Fairbanks area are those of the bison (fig. 42). The
mammoth (Mammuthus primigenius) and horse (Equus
alaskae and other species) are next in abundance (Péwé,
1952a, p. 121). Bison (Superbison) crassicornis is the
most abundant of the four bison types defined by Skin-
ner and Kaisen (1947, p. 141), making up 87 percent of
the total bison skulls. All four bison subgenera estab-
lished by Skinner and Kaisen from central Alaska are
known to occur in sediments of Wisconsinan age. The
revision of the bison classification by Skinner and
Kaisen is not accepted by all workers; Guthrie (19664,
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TABLE 11.—Mammal remains found in beds of pre-Wisconsinan age in Alaska
[From Péwé and Hopkins (1967), with additions (footnoted)]

Fossil Age Location
Order Rodentia:

Castor sp (beaver) ____________________________________ Nlinoian ____________________________________ Fairbanks area.

Marmota sp. (marmot)________________________________ Early Pleistocene ____________________________ Cape Deceit.!

Ondrata zibethecus (muskrat) ________________________ Late Llinoian or Sangamon __________________ Kotzebue Sound area.

Pliomys sp. (meadow mouse) __________________________ Middle Pleistocene ____________________________ Cape Deceit.!
deeringensis (meadow mouse) ____________________ Early Pleistocene ____________________________ Do.

Microtus gregalis (vole) ______________________________ Nlinoian ____________ o ______ Falrbanks area.2
sp.(vole) ________________ . ____ Middle Pleistocene ____________________________ Cape Deceit.!
deceitensis (vole) ________ ___ _____ ________________ Early Pleistocene ____________________________ Do.

Lemmus sibericus (lemming)__________________________ Illinoian ______________ o _____ Falrbanks area.2
cf. sibericus (lemming) __________________________ Early Pleistocene ____________________________ Cape Deceit.!

Dicrostonyx torquatus (collared lemming) ______________ Pre-Illinoian(?) interglaciation ________________ Kotzebue Sound area.
Do _ _ Illincian ____________________________________ Fairbanks area.2
IO o i o e e et 5 do ______________________________________ Cape Deceit.!

Discrostonyx henseli ________________________________  do __________________ o _________ Do.

Predicrostonyx hopkinsi ______________________________ Early Pleistocene ____________________________ Do.

Citellus undulatus (ground squirrel) __________________ Ilinoian ________ o ___ Fairbanks area.2

0 - e do _______ Fairbanks area.?
sp. (ground squirrel) ____________________________ Early Pleistocene ____________________________ Cape Deceit.!
Order Lagomorpha:

Ochotona whartoni (pika) ____________________________ do Do.

Do e e o Mlinoian _____________________________________ Fairbanks area.!

Order Insectivora:
Sorex (Sorex) sp. (shrew)______________________________ Early Pleistocene ____________________________ Cape Deceit.!
Order Carnivora:

Ursussp. (bear)______________________________________ Ilinoian ____________________________________ Fairbanks area.*

Xenocyon sp. (huntmg dog) —_________________________ 00 e e Fairbanks area.

Canis sp. (wolf) ______________ . __ do Fairbanks area.?

Canis(®)sp. (wolf) ____________________________________ Early Pleistocene ____________________________ Cape Deceit.!

Vulpes sp. (fox) . ____________ o ______ llinoian ____________________________________ Fairbanks area.

Felis sp. (largecat) __________________________________ do Fairbanks area.?

Order Proboscidea:
Mammut sp. (mastodon) ______________________________ do e Fairbanks area.
Mammuthus sp. (mammoth) __________________________ 2 Lo SR O Nenana valley.
______________________________________________ do - ____ e Fairbanks area.’
Do Pre-Illinoian glaciation ______________________ Fairbanks area.
Order Artiodactyla:

Cervus sp. (elk) __________________ o ________ Mlinoian ____________________________________ Fairbanks area.’
cof. elaphus (elk) ._________________________________ Early Pleistocene ____________________________ Cape Deceit.!

Cervalces sp. (giantelk) ______________________________ Illinoian ____________________________________ Fairbanks area.

Alces sp. (moose) ___________________.________________ do Do.

Rangifer sp. (caribew) ________________________________ do Fairbanks area.’
IO, s e e o Pre-Illinoian(?) interglaciation ________________ Kotzebue Sound area.
Do . Early Pleistocene ____________________________ Cape Deceit.!

Saiga sp. (steppe antelope)____________________________ JINROTAD e e e Fairbanks area.*

Bison (Superbison) sp. (large bison) __________________ Sangamon __________________________________ Tofty mining district.
5 S IBNOIAR e e o Fairbanks area.’

B o S S Pre-Nllinoian glaciation ______________________ Fairbanks area.

1 . o S Pre-Illinoian(?) interglaciation ________________ Kotzebue Sound area.
Bootherium sp. (extinet musk ox)______________________ Illinoian ____________________________________ Fairbanks area.
Ovibos moschatus (modern musk ox) __________________ O e e —— S S S S i Nome area.®

sp. muskox) ____________________________________ do e Fairbanks area.5
Symbos sp. (musk oxBovid) __________________________ o oo e Fairbanks area.?
Praeovibos sp. (extinct muskox) ______________________ do e Do.

Ovis sp. (mountainsheep) ____________________________ s o Fairbanks area.
cf. Quvis sp. (mountainsheep)______________________ do e Nenana valley.

Order Perissodactyla:

Equus lambei (horse) ________________________________ IMinoian(?) - e Yukon Flats.
sp. thorse) _________________________________ lincian ____________________________________ Fairbanks area.5
D6 e Early Pleistocene ____________________________ Cape Deceit.!

Order Pinnipedia:
Odobenus sp. (walrus) ________________________________ LSF 11 T+4:111 001 + ORI Nome.8
Eumetopias sp. (Steller'ssea lion) ____________________ s Lo S — St. Paul Island.®
Order Sirenia:
Hydrodamalis sp. (Steller’s sea cow) __________________ do Amchitka Island.1®
!Guthrie and Mathews (1971). SHarington (1970b).
2Guthrie (1968b, p. 232). 7C. E. Ray (written commun., Oct. 25, 1967). Stratigraphic interpretations by T. L. Péwé.
3Péwé, Fairbanks Creek, Fairbanks area, June 10, 1952. Samples from Cripple Creek Sump.
0. W. Geist (written commun., Dec. 5, 1950). Stratlgraphlc interpretations by Péwé. UD W. McCulloch (written commun., 1967).

Samﬂ,es from Cripple Creek Sump. 'D. M. Hopkins (written commun. from C. A. Repenning, Apr. 20, 1970).
addition to specimens from Cnpple Creek Sump given in Péwé and Hopkins (1967), lOGard Lewis, and Whitmore (1972).

Péwé and Geist collected bison, horse, mammoth, lion, fox, muskox, caribou, wolf, and elk

from loess of Ilinoian age in Gold Hill mining cut (unpub data, June 1, 1952).
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p. 739) believed that all the large extinct bison fossils in
Alaska represent one species, Bison priscus (=B. cras-
sicornis).

Except for Citellus, the remains of small mammals
had not been described in stratigraphic context from the
Fairbanks area. Guthrie (1968b) made an exhaustive
study of rodents that he carefully collected from known
stratigraphic horizons. He found the following in sedi-
ments of Wisconsinan age: Microtus gregalis
(predominant member of the assemblage), Lemmus
sibericus, Dicrostonyx torquatus, Citellus undulatus.?

SVarious species and subspecies names have been used for the ground squirrels in Alaska
(Rausch, 1953). Citellus parryi (Richardson) was used in the older literature (Hill, 1942) but
C. undulatus in the newer (Guthrie, 1968b). Rausch (1953, p. 121) pointed out that C.
undulatus has priority over C. parryi. However, Liapunova and Vorontsov (1970), studying
chromosomes of the Citellus and evolution of the various species, concluded that C. un-
dulatus, C. pachyderma, and C. parryi are distinct species. (Similar habitats have resulted in
the convergent similarity between C. parryi and C. undulatus, confusing to many tax-
onomists.) They further believed that C. undulatus became extinct over the territory from the
right bank of the Lena River to Alaska and Canada during Sangamon time. In early
Wisconsinan time, C. richardsoni migrated from the south and by late Wisconsinan time C.
parryi had originated from it (Liapunova and Vorontsov, 1970, p. 1037).
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A detailed study (Repenning and others, 1964) of fos-
sil rodents from the valley-bottom silt deposits of Wis-
consinan and post-Wisconsinan age near Tofty, 160 km
west of Fairbanks, listed the following:

Lepus sp

Spermophilus (Spermophilus) undulatus (Pallas)
Beaver (gnawed wood)

Discrostonyx torquatus

Lemmus sibericus

Synaptomys sp. (identified by T. M. Stout)
Clethrionomys sp. (identified by T. M. Stout)
Microtus miurus

Microtus (large form)

Also present in the Wisconsinan silt near Tofty are
remains of Proboscidea?, Equus, Rangifer(?), Alces(?),
Bison, bovid, and an unidentified fish.

Most of the mammal remains from the Fairbanks
area are from retransported valley-bottom silt of Wis-
consinan age rich in organic material (figs. 20, 29; table

TaBLE 12.—Fossil mammeals reported from perennially frozen creek-valley silt deposits of Pleistocene age in the Fairbanks district

Name Genus Name Genus

Insectivora: . Artiodactyla—Continued
Shrew ________________ Genus not determined.! Bison ________________ Bison (Platycerobison) geisti

Carnivora: S. and K.1!

Beal ocoone e Ursus sp.2 ) Caribou ______________ Rangifer sp.®
Do_______ Ursus yukonensis Lambe.? 0 - Rangifer tarandus.*
Do_______ Ursus arctos.* Moose . ____ Alces sp.®
Dire wolf Canis dirus alaskensis Frick.? Do Alces alces.*
Coyote _______ Canis latrans.* Ek _____ Cervus sp.2
Wolf __________________ Canis sp.® Do _ o ___ Cervus elaphus.®
L5 " Canis lupuzs.“ Elk, giant ____________ Cervalces alaskensis Frick.1°
Fox __________________ Vulpes sp. Sheep . _______ Ouis dalli kaisent Frick.1?
Badger _______________ Taxidea sp.2 ) Bo ________________ Ovis dorshi Frick.*®
Weasellike animal ____  Genus not determined.? Do____________ Ovis nivicola*
Wolverine ____________ Gulo sp.® Muskox ______________ Ovibos yukonensis Gidley.1®
Saber-toothed tiger ____  Smilodon sp.2,* Do - (?MOvibos giganteus Frick.1®
Lion __________________ Felis atrox alaskensis Frick.? Do__ Ovibos moschatus.*
15,y S — Felis (lynx) sp.® Do _____ Praeovibos.1?

Proboscidea: L Musk oxlike Bovide .___  Symbos tyrrelli Osgood.°
Elephant ______________ Mammuthus grlngemus.“," 0 - e Bootherium nivicolens Hay.1®
Mastodon______________ Mastodon sp.= ) Yaklike Bovid ________ Bos sp.4

Do__ Mastodon americanus alaskensis.® Do Bos (Poephagus) bunnelli Frick.1°

Perissodactyla: Edentata:

Horse ________________ Equus alaskae Hay.? Groundsloth __________ Megalonyx sp.1?
Do ________________ Equus lambei Hay.® Rodentia:
) Do _ . ____ Equus caballus.* Beaver . ______________ Castor sp.5

Artiodactyla: . Ground squirrel________ Citellus parryi.14,15,16

Camel ________________ Camelops race Gidley.? Vole __ Microtus sp.’
Antelope ______________ Saiga sp2° Do Microtus gregalis.'?
Do________________ Saiga ricei Frick.1,® Lemming______________ Lemmus sp.?
Do Saiga tatarica.* ) . Do Lemmus sibericus.'”
153117 T Bison (Superbison) crassicornis Collared lemming ______ Dicrostonyx.?
Richardson.! ) ) Do ___ Dicrostonyx torquatus.'”
Do________________ Bison (Bison) preoccidentalis Porcupine ____________ Erethizon sp.’
S. and K. . . Lagomorpﬁa:
Do __ . __ Bison (Platycerobison) alaskensis are —— Lepus sp.?
Rhoads.!! Pika . ___ Ochotona whartoni.18

1Pruitt (1955) (oral commun.; Arctic Aereomedical Lab., U.S. Air Force, Fairbanks,
Alaska).

2Geist (1947-55) (oral commun., research associate, Dept. of Paleontology, Univ. Alaska).

3Frick (1930).

4Guthrie (1968a).

8Mertie (1937).
SSkinner (1970) (written commun., March 3, 1970) Am. Mus. Nat. History.

10Frick (1937).

1iSkinner and Kaisen (1947); referred to as Bison Priscus by Guthrie (1966a, p. 739).

12Ray (1967), (written commun., Oct. 25, 1967) Supervisor, Div. Vertebrate Paleontology,
Smithsonian Institution.

13Stock (1942).

14Hill (1942).

15Stout (1956) (written commun., Aug. 12, 1956) Univ. Nebraska.

18Guthrie (1968b) used the term “Citellus undulatus”. (See footnote 5 and Rausch, 1953, p.
121.)

1"Guthrie (1968b).
18Guthrie and Matthews (1971).
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12). Most of the fossils are found in valley bottoms,
owing to gradual downslope movement. Some transpor-
tation also occurs down the stream axes, and the
greatest concentrations are found where small
tributaries join large creeks. These great accumula-
tions of bones are thus not “animal cemeteries” or un-
natural concentrations. Bones are recovered through-
out a given valley and do not come only from “bone pits”
as stressed by Osborn (1942, p. 1035). Most vertebrate
remains in interior Alaska are Wisconsinan; the
vertebrate-rich valley-bottom facies of the loess of Il-
linoian age was, in most instances, removed before Wis-
consinan sediments were deposited (fig. 20).

The writer believes that all taxa reported from the
perennially frozen silt in the Fairbanks area (table 11)
are represented in silt of Wisconsinan age (fig. 42),
except perhaps Praeovibos, because in most instances
only sediments of Wisconsinan age were exposed in
mining cuts at the times of collection.

CARCASSES

Frozen mammal carcasses have been known from the
Arctic and subarctic for centuries (Nordenskiold, 1881,
p. 408-410; Herz, 1904; Tolmachoff, 1929; Markov and
Popov, 1959; Tikhomirov, 1958). The first direct report
of a carcass of a mammoth in frozen ground of Siberia
was by E. Yssbrants Ides in 1692 (Tolmachoff, 1929, p.
21).

Although not so well known as the Siberian carcas-
ses, partial remains consisting of bones with dried flesh,
skin, or hair still clinging to them have been found in
frozen silt (Dall, 1896, p. 857; Quackenbush, 1909, p.
108-109; Wilderson, 1932, p. 6; Skarland, 1949, p. 68;
Geist, 1940, 1953; Péwé, 1966¢). Many important finds
of carcasses have been from the retransported organic-
rich silt of Wisconsinan age in the Fairbanks area.
Partial carcasses of mammoth, bison, musk ox, Symbos,
Bootherium, moose, horse, lynx, caribou, and ground
squirrel were found in the environs of Fairbanks (Péwé,
1952a, p. 123-126). Several complete carcasses of the
ground squirrel have been found in nests. The most
celebrated find was the partial forequarters of a baby
mammoth, collected in 1948 from Fairbanks Creek (fig.
43) (Anthony, 1949). The well-preserved hide of the
head, neck, trunk, and one front leg was about 6 mm
thick and almost hairless. The partial carcass was pre-
served in commercial glycerine by the collector, O. W.

FIGURE 43.—Partial carcass of a juvenile mammoth recovered in 1948
by Otto W. Geist from perennially frozen silt of Wisconsinan age
at Fairbanks Creek, 30 km northeast of Fairbanks, Alaska.
Photograph from Bunnell Collection, University of Alaska.
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TaBLE 13.—Radiocarbon dates of Pleistocene mammals from the perennially frozen silt in the Fairbanks area

[Specimens collected by O. W. Geist were provisionally identified by Geist; they were then placed in the Frick Collection of the American Museum of Natural
History and identification was confirmed by members of the staff of the American Museum. Laboratory numbers: ST = radiocarbon laboratory of Geological
Survey of Sweden, Stockholm; SI = radiocarbon laboratory of Smithsonian Institution, Washington, D.C.; GX = radiocarbon laboratory of
Boston; M = radiocarbon laboratory of University of Michigan, Ann Arbor; L = radiocarbon laboratory of Lamont Geological Observatory, New York; W =
radiocarbon laboratory of U.S. Geological Survey, Washington, D.C.]

ochron, Inc.

Age Laboratory Collector
Animal Sample years (B.P.) No. and year Locality Submitter Source Remarks
Carnivora:
Felis atrox Tendon from 22,680+300 SI 456 0. W. Geist, Ester C.E.Ray ____ Stuckenrath
left tibia. 1938. Creek. and Mielke
(1970, p. 203).
Proboscidea:
Mammuthus Flesh from 15,380+300 SI 453 R. H. Osborne, Fairbanks R. H. Osborne__ ________ ([, — 85 ft below surface;
primigenius. lower leg. 1940. Creek. partial carcass.
sp________ Hide from 21,300+1300 L 601 0. W. Geist,  _-____ do______ W. R. Farrand_. Farrand (1961). Hide soaked in
carcass. 1948. glycerine by
collector; date
invalid(?).
Do ______ Hail: iiriom 32,700+980 ST 1632 0. VgV5 Geist, Dome Creek __ T. L. Péwé ____ Péwé (1965a, p. 33).
skull. 1951.
Perissodactyla:
Houus —ovons Bone ________ 26,760+300 SI 355 H. L. Foster, Lost Chicken F.C. Mielke and Long
1965. Creek. Whitmore, Jr. (1969, p. 177).
Artiodactyla:
Bison Bison) Horn sheath __ 11,735+130 ST 1631 0. W. Geist, Cleary T. L. Péwé ____ Péwé (1965a, p. 33). From internal piece of
preoccidentalis. 1937. Creek type specimen;
,,,,,,,,,,,,,,,, (3 |+ 12,460+ 320 SI 290 o do______ e do______ C.E.Ray ____ Mielke and Long Skinner andKaisen
; (1969, p. 177). (1947, p. 174-176).
BiSOH cossemecny mmased (s < I— >35,000 SI 844 0. W. Geist, Little Eldorado R. D. Guthrie__ Stuckenrath
1938. Creek. and Mielke
(1973, p. 397). .
preoccidentalis. ______ [ (7 — 5340+110 SI 845 0. W. Geist, Goldstream  ______ do e Stuckenrath Not preoccidentalis
39. area. and Mielke or contamination
(1973, p. 397). present .
Bison . _____  ______ do______ 29,295+2440  SI 842 0. W. Geist, Cripple ... do._____ Stuckenrath Small sample, diluted
40. Cpreek. and Mielke
(1973, p. 397).
i Ii [ >39,000 SI 840 0. W. Geist, ______ B0L e e [\ S Stuckenrath
47. and Mielke
(1973, p. 396).
Do ________  _____. do______ 21,065+1365 SI839 . dou e ol Pocmne  sommam I Stuckenrath
and Mielke
(1973, p. 396).
DO meponie s ;o p— 18,000+200 SI 841 0. W. Geist, Manley Hot ~  ______ A0k Stuckenrath
1948. Springs. and Mielke
(1973, p. 397).
(Superbison) Hide from >28,000 L 127 0. W. Geist, Dome Creek __ 0. W. Geist __ Kulp and others,
crassicornis. carcass. 51. (1952, p. 411).
________ Hide and hair 31,400+ 2040 ST 1721 ceeeodo______ RN, T.L. Péwé ____ Péwé (1965a, p. 33).
from carcass.
Bison __________ Horn sheath __ 17,170+840 SI 838 0. W. Geist, Fairbanks R. D. Guthrie__ Stuckenrath
1952. Creek and Mielke
(1973, p. 396).
DO soemmmy spen.d do______ 20,445+885 SI837 0 . 5 L SO 0iem—s s BO0rssone:  semutumd A0 ot
preoccidentalis. ______ do______ 31,980+4490 SI 843 0. W. Geist, Fairbanks ____  ______ (e [, 7s |1 Do.
no date.
(Superbison)  ______ (37 . 16,400+ 2000 M38 do Creek near C. Hibbard ____ Crane (1956 p. 670).  Date obtained by solid
crassicornis. Fairbanks. carbon method.
(female). Hide from 11,980+135 ST 1633 ______ L [ Fairbanks T.L. Péwé ____ Péwé (1965a, p. 33).
carcass. Creek.
Ovibos sp__________ Hair from 17,210+500 SI 454 0. W. Geist, Fairbanks C.E.Ray_____. Stuckenrath
hind limb 40. Creek. and Mielke
(1970, p. 203).
Muscle 24,140+2200 SI455 do._____  ______ do._____ ... (s (o) IO go ,,,,,,,, From small
from scalp. sample,
diluted.
Symbos ________ Horn 25,090+1070 SI 850 0. W. Geist. Cleary R. D. Guthrie__ Stuckenrath 1
sheath. 1939. Creek and Mielke
(1973, p. 397).
giganteus ... Dung(?) ________ >40,000 sr291 0 . do______ Creek near C.E.Ray ____ Mielke and Date may be
Fairbanks. Loxlxg 7()1969 on gut.
Symbos __________ Horn 17,695+445 SI 851 0. W. Geist, Dome R. D. Guthrie__ Stflckem'ath
sheath. 52. Creek. and Mielke,
(1973, p. 397).
Bootherium ~ ______ do______ 22,540+900 SI 292 0. W. Geist, Creek near C. E. Ray and Long an
nivicoleus. 35. Fairbanks. M. F. gkinner. Mielke (1967,
p. 380).
Rodentia:
Citellus Nest_-...o.o—- 14,760+850 GX 0250 T. L. Péwé Chatanika T. L. Péwé ____ Péwé (1965a,
undulatus. 1963. River at p- 35).
Livengood
Road.
5 . S Coprolites ____ 14,510+450 W 2703 T.L. Péwe, ______ A0 e s {2 [ S M. Rubin
1971 (oral commun.,
1972).

Geist; therefore the date of 21,300 + 1,300 years must,

unfortunately, be questioned (table 13).

A partial bison carcass was found in perennially fro-

zen silt at Dome Creek in 1951 during mining opera-

tions. The carcass consists of a head, complete with hide,

horns, and one ear, as well as four legs with hooves;
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F1GURE 44.—Partial carcass of an extinct bison, Bison (Superbison) crassicornis, discovered August 1951, in perennially frozen, retransported,
organic-rich silt of Wisconsinan age during placer gold mining operations on Dome Creek, 13 miles north of Fairbanks, Alaska. Radio-
carbon dated at 31,400 (42,040 or —1,815) years old (ST 1721). Collector, O. W. Geist, is examining fragment of the hide. Photograph

No. 600 by T. L. Péwé, September 3, 1951.

much of the torso hide is about 4 mm thick (fig. 44). The
carcass shows evidence of having been transported only
a short distance. A date of more than 28,000 years old
(I-217) was obtained on a piece of the carcass in 1951
(table 13). In 1965 a date of 31,400+2,040 years old (ST
1721) was obtained by the radiocarbon laboratory at the
Geological Survey of Sweden on a piece of the same
carcass (Péwé, 1965a). Pieces of fur and hide of a female
superbison recovered from Fairbanks Creek near Fair-
banks have been dated as 11,950+135 years old (ST
1633) (Péwé, 1965a).

At Dome Creek near Fairbanks, a fairly complete
skull and tusks of mammoth were recovered in the early
1950’s. The mammoth tusks are 3.7 m long (outside
curve) and weigh approximately 160 kg apiece. Pre-
served with the skull was considerable mammoth hair
which was dated at 32,700+980 years old (ST 1632)

"(Péwé, 1965¢). The writer submitted some of this hair to

J. M. Gillespie, Senior Principal Research Scientist of
Division of Protein Chemistry of CISRO, Australia, for
examination. He reported (Gillespie, 1970) that al-
though the mammoth hair at first sight seems undam-
aged, is intact externally, and is quite strong, it has, in
fact, been extensively damaged, perhaps during decom-
position that preceded freezing. This is additional evi-
dence against instantaneous death and refrigeration.
Some of the hair was also submitted to Prof. Shoichi
Yada of the Department of Legal Medicine at Gifu Uni-
versity, School of Medicine, Japan.He reported (written
commun., May 13, 1971) that, morphologically, most of
the specimens were in good condition, presumably
owing to the extremely high resistance of the keratin
tissue to decomposition. He further stated that the
mammoth hair is furnished with an A antigen similar




FAUNA

to that of group A human hair and mentioned it is
surprising indeed that the blood group A antigen occur-
ring in the mammoth hair had successfully survived
through tens of milleniums of weathering without los-
ing its serological specificity.

Within the last few years, samples of fleshy organic
matter clinging to bones collected in the Fairbanks area
in the 1930’s and 1940’s have been dated, especially by
the Smithsonian Institution (table 13). R. D. Guthrie is
continuing this work and is currently having approx-
imately 100 mammal specimens from the Fairbanks
arearadiocarbon dated by the Smithsonian Institution.

Many partial carcasses of rhinoceroses were reported
from Quaternary deposits in Siberia (Tolmachoff, 1929,
p. 20),but no carcasses or even bones of this animal have
been recognized in Alaska. Flerow (1967, p. 273) be-
lieved the rhinoceroses did not migrate to Alaska be-
cause they were forest inhabitants and probably could
not feed on the grass of the Bering land bridge.

The frozen carcasses of extinct animals have long
caught the fancy of the general public and scientist
alike, especially the hugh mammoths reported from
remote areas of Siberia. Stories quickly sprang up and
have been repeated for many years, both in print and
orally, regarding the mammoth meat being served at
banquets, mammoths dying with buttercups in their
mouths, and the large beasts perishing as cataclysmic
climatic changes took place turning the tropical climate
into the frigid Arctic. It is not necessary to envision such
conditions to explain the distribution, preservation, and
extinction of the ice age vertebrates as suggested over
the years by Howorth (1887), Velikovsky (1955), Hap-
good (1958, 1960), Hooker (1958), Sanderson (1960),
Patten (1966), and Dring (1967).

The presence of vertebrates of many species in the
sediments of Illinoian and Wisconsinan age in Alaska
abolishes the long-held idea that the animals must have
lived only in interglacial times (Flint, 1957, 1971) or
were exterminated by severe conditions of glacial times
(Johnston, 1933, p. 32). Detailed work, especially near
Fairbanks, demonstrated that all the carcasses are be-
tween 10,000 and 70,000 years old and could hardly be
older because they probably would not have survived
the Sangamon Interglaciation, a time when permafrost
probably disappeared in central Alaska (Péwé, 1952a,
1958Db). It is evident that most of the permafrost present
today in the Fairbanks area must have existed since
Wisconsinan times to preserve the carcasses in nature’s
deep freeze. The geologic association, plus radiocarbon
dates (table 13), indicates that the carcasses are Wis-
consinan in age and not “a million years old,” as casu-
ally announced.

The mammoth, bison, and others lived on the
tundra-covered hills and grassy flood plains (fig. 42),
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when a rigorous glacial climate prevailed. The tundra
then, as today, supported several species of Ranunculus
(buttercup) and Potentilla. For example, a fossil seed
cache of Citellus undulatus collected by the writer from
Wisconsinan sediments in Dome Creek near Fairbanks
was found by R. W. Browne (written commun., Jan. 29,
1953) to consist of seeds of Ranunculus hyperboreus
Rottboell (Arctic buttercup) and Potentilla sp. (a cin-
quefoil). Buttercups also made up a part of the diet of
mammoths; pollen of Ranunculus has been found be-
tween the teeth and in the stomach of the frozen carcass
of the Berezovka mammoth. Some mammoths did in-
deed die “with buttercups in their mouths,” but thisis a
perfectly natural association and occurrence. Virtually
all evidence suggests that the carcasses represent
natural deaths in a rigorous environment (Farrand,
1961).
HOLOCENE

In the Fairbanks area no bones of extinct vertebrates
have been found in the post-Wisconsinan sediments
(figs. 20, 29). Only bones of living forms have been
found. A complete frozen and untransported moose car-
cass was found in silt of Holocene age (Giddings, oral
commun., Nov. 4, 1950). Guthrie (1968b) reported
Microtus xanthognathus, a living form, from the frozen
Holocene sediments at Eva Creek. Hopkins (1963)
stated that there is no evidence for extinct species living
after 11,000 years ago in the Seward Peninsula. He
recorded the presence of beaver (Castor sp.) in central
Seward Peninsula between 8,000 and 9,500 years ago
and again around 3,500 years ago; they do not live there
today. McCulloch reported an expanded range of beaver
at about the same time in the Kotzebue Sound area
(McCulloch and Hopkins, 1966).

In the Holocene flood plain deposits of large streams,
rare finds of Bison bison have been made. Geist stated
(oral commun., 1950) that the finds of Bison bison re-
ported in Skinner and Kaisen (1947) were from such
sediments and that a bone of Bison bison was found in
Holocene sediments of the Chena River (pl.1) at Fair-
banks.

The return of mammals to areas glaciated in Wiscon-
sinan time, generally referred to as the postglacial dis-
tribution pattern of mammals, has been studied in
temperate latitudes. However, except for Klein’s work
(1965) in the southern coastal regions, Karlstrom’s re-
port (1969) on Kodiak Island, and the studies of the
distribution of early man in Holocene time, little sys-
tematic work has been done on this problem in Alaska.
Perhaps the migration of mammals locally north and
south from the large interior refugium presents no prob-
lem. Nevertheless, the present land areas of the coastal
regions of Alaska bordering the Gulf of Alaska were
virtually completely glaciated, and the present flora
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and fauna of the region had to become established in the
last 10,000 years, since the recession of the ice. Klein
(1965) carefully showed that although some local re-
fugia existed in this region, all large mammals in the
region either migrated through mountain passes from
the refugium in the interior of Alaska or came from
south of the ice sheet. For example, the brown and black
bear, wolf, goat, and mountain sheep probably came
from the north as did one form of moose. Other moose
forms and the blacktailed deer are known to have mi-
grated from the south.

EXTINCTION

In Alaska, as in the rest of the world, many mammals
became extinct at the end of Wisconsinan time.
Moreover, many large mammal genera, grazers, brow-
sers, and predators, present in both Illinoian and Wis-
consinan time, became extinct. In Alaska the most
common and largest were the bison, mammoth, and
horse. These three grazers represent more than 90 per-
cent of the large-mammal biomass (Guthrie, 1968a).
Guthrie (1968a) concluded that during late Pleistocene
time, vegetational patterns must have been radically
different from those today, especially in central Alaska.
He believed that a widespread grassland environment
existed in the northern Holarctic region, rather than a
shrub tundra or herbaceous tundra environment as ex-
ists today, and that it was the disappearance of this
grassland that caused the animals to become extinct.

It has long been known from studies of pollen and
presence of grazers that tree line was lowered 450-600
m in central Alaska and that the tundra environment
was much more widespread than now. However, pollen
studies by Livingstone (1955), Colinvaux (1967a), and
Heusser (1963b) in western and northern Alaska did
not indicate a “grassland” but, rather, an herbaceous to
shrub tundra with some grass. Pollen analyses by E. C.
Barghoorn on samples collected by the writer from criti-
cal localities in Illinoian and Wisconsinan sediments
near Fairbanks indicated an absence of coniferous trees
and the presence of a grass-sedge-moss cover with dwarf
birch and willow, but no “grassland.”

A simple model of vegetation distribution in central
Alaska during late Pleistocene time may account for
extinction of a large percentage of grazers, in part with-
out the necessity of postulating unique climatic condi-
tions. During Illinoian and Wisconsinan time, all major
and most minor streams in Alaska drained glaciated
areas. These streams were extensively braided with
wide, relatively flat flood plains, and on the flood plains
vegetation was in a disclimax condition. Such wide-
spread, flat flood plains also existed on the Bering land
bridge. Evidence for the existence of these nonforested,
wide, braided flood plains is the abundant loess of I1-
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linoian and Wisconsinan age in Alaska adjacent to the
flood plains (figs. 16, 20) (Péwé, 1951a, 1968a; Péwé and
Holmes, 1964; Péwé and others 1966); the flood plains
were the source of this loess (fig. 42).

These extensive flood plains and adjacent low ter-
races in central, western, and northern Alaska were
ideal locations for grasslands in Pleistocene time. The
soil was well drained, permafrost table low, and muskeg
at a minimum. Today the greatly restricted flood plains
of glacial streams support grasslands. The two places
where modern bison have successfully been introduced
in central Alaska are in such habitats, and,
significantly, extinction of the few lingering bison
(Bison bison) of the great Pleistocene herds is recorded
only in Holocene sediments of large glacial flood plains,
and not in the creek valleys of the uplands where the
Pleistocene bison remains are found.

The wide grassy flood plains of major rivers were the
home of and best food supply for the late Pleistocene
grazers, especially in winter. In summer, undoubtedly
many, if not most, grazers wandered to the hills, to the
less grassy tundra, perhaps to escape flies. Like the
modern elk (Murie, 1951, p. 241), perhaps the Pleis-
tocene grazers ate less grass and more sedge, herbs, and
other plants in summer, but in winter the grass,
perhaps always their choice, became a necessity. Horses
used by miners, trappers, and geologists years ago in
Alaska subsisted on “native grasses” during the sum-
mer. But when the first frost came in the middle of
September, the horse feed was “ruined”; the plants,
mainly nongrass subsistence, lost their nutritional
value (Brooks, 1953, p. 408). If this sort of seasonal
change in environment also took place in early
Holocene time, the grazers could live after a fashion
away from the flood plain, especially in summer, but in
the winter they probably searched for grass on the
windswept flood plains where the snow blanket was
thinnest.

Therefore, the large population of grazers with fewer
browsers and predators evidently thrived during the
rigorous glacial climate in the nonforested areas of
Alaska. In interglacial times forests reinvaded the val-
leys and low hills, and an environment not too different
from that today must have existed in central Alaska.
This tremendous reduction of their ideal habitat must
have caused extensive stress for the grazers. Still, they
did not become extinct in the Yarmouth(?) or Sangamon
Interglaciations but died out at the end of the Wisconsi-
nan Stage.

If the grazers did not become extinct during the time
of stress during interglacial times, it is unlikely that
they would become extinct at the end of the Wisconsi-
nan because of the loss of grassy habitat alone. No doubt
an additional stress was added at this time, in the form
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of man. The combination of loss of ideal habitat and
more efficient predation by man is therefore regarded as
having caused the demise of the late Pleistocene grazers
in Alaska, 10,000 years ago.

MARINE VETEBRATE AND BIRD REMAINS

To complete a summary of vertebrate remains from
Quaternary deposits of Alaska, mention should be made
of several finds that may lead to a detailed study. A
walrus tusk and fish remains were recovered from the
estuarine silt of Sangamon age (Pelukian transgres-
sion) at Nome (Hopkins and others, 1960, p. 52), and a
metacarpal of a walrus (Odobenus) was found in late
Pleistocene sediments from the south shore of Kuk Inlet
on the north coast of Alaska (William Quaide, unpub.
data). McCulloch dug a walrus humerus out of an old
beach ridge 5-6 miles up the Kokolik River, northeast of
Point Lay, and at one time he considered these to be
deposits of the Pelukian transgression. Also, spinal
disks from whales were collected by O. W. Geist (oral
commun., 1959) from the “muck” banks of the In-
glutalik River (pl. 1), where it empties into Norton Bay
at the base of Seward Peninsula. The first discovery of
Steller’s sea cow (Hydrodamalis) in place in Pleistocene
deposits was made in beach sand and gravel thought to
be interglacial, 35 m above present sea level on Am-
chitka, Aleutian Islands (Gard and others, 1972). The
bone was dated at about 135,000 years old and is
thought to be Sangamon in age.

C. A. Repenning (written commun., Apr. 20, 1970)
supplied the following identification of marine verte-
brates of Pleistocene age collection by D. M. Hopkins in
western Alaska from various Pleistocene horizons
(table 10):

Phoca vitalina(?)
(?)Callorhinus sp.
Pusa hispida
Eumetopias sp.

In additon, F. H. Fay (written commun., Apr. 24,
1970) stated that bones of walrus of Pleistocene age
were recovered from Nelson and St. Lawrence Islands.

Rare bones of birds of Pleistocene age were reported
from the Fairbanks are (O. W. Geist, written commun.,
Dec. 5, 1950) and from the Arctic Coastal Plain. No
informaion is available as to the exact age and
identification. A unique study by Hoskin, Guthrie, and
Hoffman (1970) demonstrated that bird gastroliths of
Pleistocene age are perhaps widespread in Alaska. It
would be well for workers in the Quaternary deposits of
Alaska tobe aware of the existence and the properties of
these small gastroliths.

SUMMARY

Remains of Pleistocene mammals are widespread in
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Alaska, and large collections have been made. Al-
though stratigraphic context is unknown for most of the
early collections, good stratigraphic control is available
for later and current work. Most of the remains are of
Wisconsinan age, but there is a growing number of
significant pre-Wisconsinan specimens. Only one good
early Pleistocene collection is known. For a better un-
derstanding of mammal life in Alaska, more detailed
knowledge is needed concerning early Pleistocene time
and especially regarding the time between early Pleis-
tocene and Illinoian time. Detailed meticulous sieving
of the extensive silt deposits, especially in valley bot-
toms, should continue to yield valuable results.

It is abundantly clear from the work in Alaska over
the last 20 years that many taxa were present in North
America earlier 'than generally recognized. Alaska
perhaps will provide a significant link in the under-
standing of the time of Pleistocene vertebrate origins in
North America.

Remnants of frozen carcasses of Pleistocene mam-
mals in permafrost are not rare in unglaciated Alaska,
especially central Alaska. Geologic association plus
radiocarbon dates indicate all carcasses are Wisconsin-
an in age and thus abolish the long-held idea that the
animals must have lived only in interglacial times. All
specimens show some sign of decay, and the animals
were not frozen instantaneously by cataclysmic hap-
penings. Specimens are available for detailed labora-
tory studies, and it is hoped that more work on the
preserved specimens will be initiated by scientists in
various disciplines.

Studies of Alaska vertebrates shed light on extinction
of mammals at the end of the Pleistocene. Although
there is no complete agreement in regard to details, it is
thought that the loss of grassy habitat and increased
predation by man may have caused the extinction of the
late Pleistocene grazers in Alaska 10,000 years ago.

CLIMATE

Quaternary climatic fluctuations in Alaska as else-
where in the world were reponsible for formation and
disappearance of glaciers and permafrost and changes
in distribution of plants and animals. In this review the
climatic changes of late Cenozoic time, mainly Quater-
nary, are based on available physical and biological
data from glaciated and unglaciated areas. The causes
of the climatic changes of the Quaternary are not dealt
with here; they were recently summarized by Mitchell
(1965; 1968).

EVIDENCE FROM GLACIATED AREAS

A parameter to be considered in evaluating past
Quaternary climates in the glaciated areas, in addition
to the existence and size of the glacial advances, is the
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past position of snowline and what it may mean in light
of the vertical change of temperature of the atmosphere
(lapse rate). A probable Pleistocene depression of mean
annual or mean monthly air temperatures can be calcu-
lated by determining the difference in elevation be-
tween the present (fig. 11) and Pleistocene (fig. 12)
snowlines and by multiplying this figure by the current
average adiabatic lapse rate. Basic assumptions that
must be made are that the Pleistocene lapse rate were
similar to the present and that temperature decrease
alone is responsible for lowering the snowline. Calcula-
tion of temperature depression from past snowline posi-
tions in Quaternary time has only been undertaken in
Alaska in the last decade (Péwé and Burbank, 1960;
Porter, 1966; Péwé and others, 1967; Péwé and others,
1969). This technique is not applicable to climatic
changes earlier than Illinoian time because cirques of
pre-Illinoian age are not recognized.

The temperature decrease calculated by this method
is necessarily a minimum figure because snowline on
even small valley glaciers is lower than cirque base.
Probably more accurate is a calculation based on de-
termining the position of the equilibrium line of past
healthy glaciers using the accumulation area ratio
(Porter, 1968, 1970). This technique has not yet been
applied to Alaska except at Indian Mountain (R. D.
Reger and T. L. Péwé, unpub. data, 1974).

EVIDENCE FROM UNGLACIATED AREAS

Geologic features useful in detecting Quaternary
climatic changes in a periglacial area are frost features
such as permafrost, ice wedges, altiplanation terraces,
solifluction deposits, and patterned ground, and other
features. The use of such features in interpretation of
Quaternary climates in temperate latitudes is wide-
spread (Wright, 1961); however, only recently have
quantitative data become available to permit a more
thorough understanding of the periglacial environ-
ment.

The mere presence or absence of permafrost as a
climatic indicator is actually less valuable in Alaska
than in temperate latitudes because permafrost is still
present in most of Alaska and is actively forming in
certain areas where the mean annual air temperature is
—1°C or colder. The presence or absence of ice wedges is
more valuable in Alaska than in temperate latitudes
because of the different types of ice wedges still present,
such as active, inactive, and ice wedge pseudomorphs.

Ice wedges, or foliated ice masses, constitute the criti-
cal parameter in permafrost that is of the most value in
reconstruction of past climates. From the earlier discus-
sion of permafrost, it is apparent that ice wedges readily
grow in regions where the mean annual air tempera-
ture is colder than —6°C to —8°C. Ice wedges may exist
inactively for thousands of years in areas where the
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mean annual air temperature is between —2° and —6°C.
Of course, it is always possibile that cold microclimatic
conditions may occur so that a few small local ice
wedges could grow in a broad area of “inactive” ice
wedges.

Other geologic features used as climatic indicators
are loess, sand dunes, and ventifacts. In Alaska these
features (figs. 15, 16, 17) do not necessarily indicate
greater aridity or wind action than at present, nor are
they in themselves indications of a colder climate. It is
felt that widespread loess and sand dune deposits of
Quaternary age are mainly indicators of much larger
source areas of silt and sand in the past. All these
features, at least in central Alaska, are associated with
extensive glaciations and, therefore, form with the
changes of the climate.

Biogeographic evidences of past climates are the
changes in the position of tree line and floral com-
munities (from pollen analyses) and the changes in en-
vironment and distribution of marine and terrestrial
fauna.

LATE TERTIARY

As a generalization, it is believed that the climate of
late Tertiary time in Alaska was relatively equable and
not intensely cold, although glaciers were present in
Alaska 10-13 m.y. ago (table 1).

Glaciation was probably extensive in the mountains
facing the Gulf of Alaska. Ice pushed to the interior from
the Wrangell and St. Elias Mountains (Denton and
Armstrong, 1969). Ice reached the sea to the south and
sporadically for at least 10 m.y. repeatedly formed shelf
ice and discharged icebergs into the ocean (Taliaferro,
1932; Miller, 1953a, 1957; Plafker, 1971; Bandy and
others, 1969; Kent and others, 1971; Scholl and others,
1971). A record of the fauna and the glacial deposits
exists in the Yakataga Formation and shows that the
adjacent sea was about 10°C colder than now as indi-
cated by the presence of the cold-water planktonic
foraminifer Turborotalia pachyderma (Bandy and
others, 1969). Plafker (written commun., Apr. 21, 1970)
believed the molluscan and foraminiferal faunas indi-
cate a decrease of surface-water temperature of
10°-15°C in early Yakataga time.

The Yakataga Formation is in an extremely rugged
(pl. 1) and tectonically active region which today re-
ceives exceptionally heavy precipitation (upwards of
250 cm per year at sea level) (fig. 2). Despite a relatively
mild climate, it is one of the most heavily glaciated
areas in Alaska, and many glaciers reach sea level,
invading the temperate Sitka spruce and hemlock
forest that fringes the shore. The presence in this area of
late Tertiary deposits of glacial origin probably indi-
cates that relief was high, rainfall heavy, and the cli-
mate cool-temperate, much like the present, and not
intensely cold.
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Leaves of beech (Fagus sp.) were found with an early
Pliocene mollusk fauna in the fine-grained beds
interstratified with conglomeratic sandy mudstone at
Cenotaph Island in Lituya Bay, indicating that land
climates at sea level were somewhat milder than at
present and that the glaciers probably invaded a forest
of beech trees (Hopkins, 1972).

From the Arctic Basin comes information regarding
late Tertiary climate based on interpretation of fauna
and sediments in deep cores. Evidence for glaciation
and cooling, at least in the adjacent highlands 4-6 m.y.
ago, is indicated by ice-rafted pebbles. This does not
indicate ice-pack conditions or especially cold waters.
According to Hopkins (1972), the Arctic Ocean could not
have been frozen or even been very cold about 3.5 m.y.
ago, because at that time Pacific mollusks invaded the
North Atlantic (Beringian transgression) (table 1). He
further stated that the recent discovery of Turritella in
Pliocene marine beds offshore at Nome indicates temp-
erate shelf waters during Pliocene time. Later, ice-
rafting increased and pack ice cover occurred (table 1).

The forest vegetation of spruce, birch, pine, and hem-
lock in northern Seward Peninsula 5.7 m.y. ago (Hop-
kins and others, 1971) (table 1) indicates an environ-
ment similar to southeastern Alaska and coastal
British Columbia rather than the Arctic climate of
today. In general, flora of Beringian times (table 1)
indicates that the climate of western and northern
Alaska was considerably warmer than at present (Hop-
kins, 1967a, p. 61). The tundra cover and associated
cooler climate probably did not arise in the northern
Seward Peninsula until early Pleistocene time.

EARLY PLEISTOCENE

The early and middle Pleistocene of Alaska record
glacial episodes, interglaciations, and major changes in
climate with corresponding modification cf permafrost
and other periglacial features and changes in the dis-
tribution of the flora and fauna of the sea and land. In
this report, climatic changes of pre-Yarmouth time are
labeled as early and middle Pleistocene in age, and
provincial names are used.

A cold episode of early and middle Pleistocene age is
recorded in many areas of Alaska. The cooling of the
climate resulted in the Iron Creek Glaciation on Seward
Peninsula, deposits of which underlie beds cf the An-
vilian transgression and are thought by Hopkins to be
1.0=0.5 m.y. old. The transgression is less than 1.8 m.y.
old but more than 700,000 years old. Glacial advances
elsewhere in Alaska around this time or before may be
the Browne Glaciation (Wahrhaftig, 1958) in the
Alaska Range, thought to be more than 2.7 m.y. old
(Wahrhaftig, oral commun., July 4, 1970), and the
Mount Susitna Glaciation in Cook Inlet (Karlstrom,
1964).
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An excellent record of tundra biota is reported from
Cape Deceit on the south shore of Kotzebue Sound
(Guthrie and Matthews, 1971). Ice wedge
pseudomorphs are reported at this locality, and Hop-
kins (1972) believed they represent a permafrost period
of 1.0 0.5 m.y. ago.

In valleys of small streams and rivers in central
Alaska, an angular coarse auriferous gravel of great
antiquity is preserved on benches (fig. 20) and repre-
sents a drainage pattern slightly different from that of
the present. In places, the material grades laterally up
slopes into solifluction deposits. The gravel is the result
of the accumulation of frost-rived local debris produced
in a rigorous climate. The solifluction layer is wide-
spread in central Alaska and contains well-developed
ice wedge pseudomorphs (fig. 33). They are thought to
be at least 1 m.y. old inasmuch as they represent the
older of two permafrost periods, both of which predate
the Illinoian glaciation. As outlined earlier, ice wedges
indicate that the mean annual air temperature was
colder than —6° to —8°C.

Data regarding temperature of sea water in early
Pleistocene time are rare, but mollusks (particularly
Portlandia) dredged from rocks of early Pleistocene age
in the southern Bering Sea are indicative of water
temperatures that were colder than at present (Hopkins
and others, 1969). (Portlandia is not known to occur
south of the Bering Strait at the present time.)

After the early Pleistocene cold period(s), a warmer
period termed “the Anvilian transgression” occurred.
Hopkins (1967b) stated that mollusks indicate a
warmer sea water temperature than in the modern Ber-
ing and Chukchi Seas as well as the Arctic Ocean (Hop-
kins, 1972). For example, Natica janthostoma was found
in Anvilian sediments near Nome and Skull Cliff in
northern Alaska but now is limited to waters adjoining
Japan. During the warmer part of the Anvilian trans-
gression, winter ice probably did not reach Nome and
may not have reached the Arctic coast of Alaska.

A warm episode also occurred in central Alaska, caus-
ing the glaciers to withdraw and permafrost with ice
wedges to thaw. The ice wedges were replaced with
windblown sand that filtered down from the overlying
sand dunes forming ice wedge pseudomorphs (fig. 33).
The lowering of the permafrost table and disappearance
of the ice wedges indicate that the mean annual air
temperature was at least warmer than 0°C. From both
sea and land, then, comes strong evidence of a major
warm interglacial period perhaps 1 m.y. ago.

MIDDLE PLEISTOCENE

In several parts of Alaska there is evidence of two or
more Pleistocene cold periods of pre-Illinoian age. The
exact stratigraphic positions are unknown, but one or
two of the cold periods lie in what may roughly be called
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middle Pleistocene time. The Dry Creek Glaciation in
the Alaska Range (Wahrhaftig, 1958) and the Caribou
Hills Glaciation in Cook Inlet (Karlstrom, 1964) are not
the earliest recorded glaciations in the respective areas,
yet they are pre-Illinoian. In many other Alaskan
localities, glacial deposits indicate a major cooling of the
climate sometime in pre-Illinoian, perhaps in middle
Pleistocene time (table 2). Pack ice, for example, ap-
peared in the Arctic Ocean at least 700,000 years ago
(Herman, 1970; Hunkins and others 1971).

In central Alaska, inactive solifluction deposits and
altiplanation terraces record a major cold period. The
upper of the two well-developed inactive solifluction
layers on the campus of the University of Alaska (fig.
33) is probably middle Pleistocene in age. The inactive
solifluction layer lies at an elevation of 150 m and is
covered by loess of Illinoian and Wisconsinan age. Ac-
tive solifluction occurs in central Alaska today at an
elevation of 1,000 m.

Still preserved at elevations of 260-900 m are relict
altiplanation terraces now covered by loess of Illinoian
and Wisconsinan age. Well-developed but inactive alti-
planation terraces of Wisconsinan age exist at 1,600 m
near Fairbanks. A rigorous climate is necessary to form
altiplanation terraces. Barring major tectonic move-
ment, the low-level inactive solifluction deposits and
relict altiplanation terraces at Fairbanks indicate that
the climate was then much more rigorous than in any
later Quaternary time (Péwé, 1970b).

The last of two or perhaps three periods of deposition
of coarse, angular, local, auriferous gravel in creeks of
central Alaska is middle Pleistocene in age (fig. 20). It is
felt that the gravel is the debris shed from the hills by
solifluction during the time that the ancient altiplana-
tion terraces were cut (Péwé, 1970b) and, therefore, is
additional evidence of a rigorous cold period.

In addition to the cold periods recorded in middle
Pleistocene time, Hopkins (1967b) has evidence of an
interglacial period, the Einahnuhtan transgression of
between 250,000 and 50,000 years ago. The marine
fauna indicates the temperature of the water was about
the same as at present; no information is available on
air temperature. According to Hopkins (1967b, p. 72),
the transgression was preceded by a severe cold inter-
val, because frost-disturbed beds under the
Einahnuhtan beds on St. Paul Island indicate perma-
frost at low altitudes on the island. The warm interval
cannot be directly associated with the cold intervals
because of the lack of dating of the well-documented
cold intervals of the middle Pleistocene in Alaska.

YARMOUTH(?)

Events associated with a climatic warming just prior
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to Illinoian time are treated here as Yarmouth(?) in age.
Correlations with central United States and Europe
time equivalents are probable, although not proved.
The glacial record at various places in Alaska indicates
that the immediate pre-Illinoian interglacial episode
was an important warming period; however, more de-
tailed information is available from western and cen-
tral Alaska.

In the Bering and Chukchi Sea areas, deposits from
the marine transgression of Yarmouth time (termed
“Kotzebuan transgression” by Hopkins, 1965, 1967a)
contain a molluscan fauna indicative of a water temp-
erature the same as that now at Amchitka and St.
Lawrence Islands. However, deposits of the Kotzebuan
transgression around the shores of Kotzebue Sound and
along the Siberian coast contain high-Arctic molluscan
and foraminiferal faunas indicative of very cold water
(Hopkins, 1972). McCulloch, Taylor, and Rubin (1965)
referred to this transgression as Yarmouth in age near
Kotzebue. Later, McCulloch (1967, p. 102) labeled the
transgression as pre(?)-Illinoian on the basis of
Th230/U238 dates of 170,000 and 175,000 years (Blan-
chard, 1963). These dates may be suspect (Plafker,
1971) on the basis of the Th230/U238 dates on shells by
Blanchard from Middleton Island. Hopkins (1972) later
stated that the marine beds at South Bight on Amchitka
Island are of a Kotzebuan age, and uranium-thorium
age determinations on bones and shells there are about
130,000 years old (Gard and others, 1972).

A study of pollen from the long core from Imuruk
Lake (fig. 40) led Colinvaux (1964a, 1967a) to believe
that the vegetation in central Seward Peninsula was
similar to that now and that tree line was not too far
distant. The summers were longer and warmer than
those now.

From interior Alaska comes a record of a warmer
climate, especially summers, as indicated by well-
developed forests and thawing of permafrost and ice
wedges. Underneath loess of Illinoian age in several
exposures in the Fairbanks area is a well-developed
forest bed, the Dawson Cut Formation (figs. 29, 41)
(Péwé, 1952a, 1975).

It is thought that with warmer summers tree line rose
and forests were widespread. Permafrost was gone, and
loess deposition slowed, as suggested by geochemical
analyses of silt of the forest bed (see p. 59;fig. 29).
Thawing of permafrost indicates that the mean annual
air temperature had warmed to at least 0°C or probably
a few degrees warmer. Presence of ice wedge
pseudomorphs in solifluction deposits at Fairbanks
(fig. 33) and near Shaw Creek in central Alaska indi-
cates warming of the climate either in Yarmouth time
or earlier (Péwé, 1965b, fig. 4-22).
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ILLINOIAN
EVIDENCE FROM GLACIATED AREAS

Extensive glacial advances during Illinoian time in-
dicate a colder or wetter climate than now and of long
duration. On the basis of cirque floors of Illinoian time,
snowline was about 500-600 m lower than now and
150-250 m lower than its position during Wisconsinan
time in the southwestern Seward Peninsula (Péwé and
others, 1967). The rising of snowline to the east and
north (figs. 11, 12) indicates the source of moisture was
to the west and south and the climate became drier and
more continental toward the interior of the State. R.
Reger and V. Reger (unpub. data, 1971) calculated the
mean July lapse rate for nearby Nome from 250 to 3,600
m elevation: 0.49°C per 100 m. On the basis of this
vertical air temperature gradient and the 500-m lower-
ing of snowline, the mean July air temperature in Il-
linoian time at Nome was 7.4°C, 2.4°C lower than today.
By this method, mean July temperature at Indian
Mountain near Hughes was probably at least 3.3°C
lower than today. As previously noted, however, the
amount of temperature drop calculated from cirque
floor levels is a minimum figure.

EVIDENCE FROM UNGLACIATED AREAS

Abundant evidence indicates the presence of perma-
frost and ice wedges during Illinoian time in both cen-
tral (Péwé, 1952a) and far western Alaska (McCulloch
and others, 1965). These features reflect a rigorous
periglacial climate with a mean annual air temperature
of at least —7°C, 2°—4°C colder than the present mean
annual air temperature in these localities.

Undoubtedly, periglacial frost features other than
permafrost and ice wedges were present in unglaciated
areas during Illinoian time, but as yet, none are recog-
nized, except perhaps the rubble sheets on Jumbo Dome
(Wahrhaftig, 1949). No quantitative data are available
on the climate needed to produce the rubble sheets on
Jumbo Dome; however, a rigorous climate must have
existed.

Thick loess deposits of Illinoian age are widespread in
central and western Alaska, indicating widespread gla-
cial advances and extensive accompanying vegetation-
free flood plains that existed a long time. The loess
indicates great source areas and not necessarily higher
winds or greater aridity. Silt deposits of Illinoian age in
Fairbanks (fig. 20) have a conspicuous unconformity in
the middle, which may mean a change in rate of deposi-
tion and perhaps in climate.

Biogeographical evidence to support the rigorous
climate in Illinoian time is available but difficult to
quantify. For the Imuruk Lake area, Colinvaux (1962)
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showed a colder climate than now, with an Arctic grass
tundra and little or no alder and some dwarf birch; the
tree line was not very close. In the Fairbanks area, tree
line was lowered 600 m, and trees were sparse as the
result of cooler and shorter summers (see p. 84).

In summary, the climatic conditions of at least cen-
tral and western Alaska were rigorous and thought to
be colder and of longer duration than during Wiscon-
sinan time on the basis of more extensive glaciation and
lower snowline. Ice wedge studies indicate that the
mean annual air temperature in the central and west-
ern part of the State was at least —7°C, 2°~4°C colder
than now. Snowline studies on the basis of cirque floor
elevations suggest a depression of mean July tempera-
ture of 2.4°C in the far west. Reconstruction of forest
distribution also indicates shorter and colder summers.

SANGAMON

During the Sangamon interval, the climate was
warmer than now. Marine molluscan and fish fossils
indicate that water temperatures off western and
northern Alaska also were warmer in Sangamon time
(Pelukian transgression of Hopkins) than at present
(Hopkins, 1965). Plant remains interbedded with
marine sediments indicate that the present forests of
western Alaska extended 50-80 km more to the west,
which suggests that the summers were appreciably
warmer and longer than at present in that part of the
State. This was also suggested by Colinvaux (1962)
from his work at Imuruk Lake. He stated that the vege-
tation of Sangamon time was a sage-alder tundra simi-
lar to present conditions and tree line was nearby.
McCulloch, Taylor, and Rubin (1965) also recorded
westward advance of forests in Sangamon time into
areas now tundra covered near Kotzebue. Hopkins
(1972) cited R. L. Detterman to support the suggestion
that spruce forest extended into the Arctic drainage of
the Brooks Range in regions now supporting only shrub
tundra.

The exposures near Fairbanks of white spruce-
birch-aspen forest beds of Sangamon age indicate warm
summers and severe winters. Summers were consider-
ably warmer than in Illinoian and Wisconsinan time.
However, vegetation alone does not reveal whether the
mean summer air temperature was warmer than now.

From far western and central Alaska more quantita-
tive paleoclimatic information is obtained from the
study of past permafrost. The presence of ice wedge
casts in now perennially frozen sediments of Illinoian
age in both western (McCulloch and others, 1965; Hop-
kins, unpub. data) and central Alaska (Péwé, unpub.
data, 1952) indicates that during the interval between
Illinoian and Wisconsinan time the climate ameliora-
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ted to give a mean annual air temperature that was
warmer than 0°C, thereby causing the ice wedges to
melt.

The geochemical studies of perennially frozen sedi-
ments at Fairbanks (p. 59;fig. 29) (leaching of salts, as
well as other evidence of ground-water movement
through now perennially frozen sediments) further
support the belief that most of or all the permafrost in
central Alaska thawed in Sangamon time, and there-
fore, the mean annual air temperature was warmer
than 0°C for a considerable length of time. Thawing of
permafrost would necessarily thaw mammal carcasses
preserved in the frozen ground; no carcasses of pre-
Wisconsinan age are known, thereby strengthening the
concept that permafrost perhaps thawed entirely in
central Alaska in Sangamon time.

Formation of a weathering profile 3 m thick on the
drift of the Nome River Glaciation (Illinoian in age) (p.
20) and on loess near Kotzebue (McCulloch and others,
1965) on the Seward Peninsula indicates that the per-
mafrost table was lower or that permafrost was absent.
On the north shore of Eschscholtz Bay during Sanga-
mon time, there may have been a warm period followed
by a cold period (regarded as pre-Wisconsinan in age)
with formation of ice wedges, and then a return to a
warm climate (Hopkins, 1965).

The climate of Sangamon time in central and western
Alaska was warmer than now to allow permafrost to
thaw and had longer and warmer summers to permit
rise of tree line and further extension of it to the west
and north. The mean July temperature in Sangamon
time, for example, probably was warmer than the pres-
ent mean July temperature 0of 9.9°C at Nome and 15.5°C
at Fairbanks.

WISCONSINAN

The Wisconsinan Stage in Alaska represents the
latest major cold phase in Quaternary time, as it does
elsewhere; however, in this region work has not pro-
gressed in sufficient detail to divide climatic
fluctuations of Wisconsinan time, except perhaps in a
few areas. Therefore, all discussions of climatic condi-
tions in Wisconsinan time will mean “Wisconsinan un-
differentiated” unless otherwise indicated.

EVIDENCE FROM GLACIATED AREAS

A comparison of snowline maps of the present and
Wisconsinan time for Alaska reveals quite strikingly
the similarity of pattern of the isolines and of wind and
moisture sources during these two times. This pattern
and the close parallelism of modern and Wisconsinan
snowlines strongly suggests that there probably was no
increase in precipitation to produce Wisconsinan
glaciers, but rather that glaciation probably was caused
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by a decrease in mean summer temperatures and in-
crease in summer cloudiness which resulted in de-
creased snow and ice ablation.

Wisconsinan July mean temperatures were calcu-
lated from present lapse rate and the position of snow-
line in Wisconsinan time in many parts of the world
(Charlesworth, 1957, p. 645). Values for Wisconsinan
July mean temperatures range from 3° to 12°C. How-
ever, snowline was perhaps a bit lower than cirque
floors (R. D. Reger and T. L. Péwé, unpub. data, 1974),
especially for all but cirque glaciers. Nevertheless, ele-
vation of cirque floors, an easily obtainable figure, is
used throughout the world and therefore is used in this
report. It may eventually be possible to calculate the
position of snowline in Alaska from equilibrium lines
(thelevel on a glacier where the net balance equals zero,
and the accumulation equals ablation) on past glaciers.
This should permit more accurate calculations of past
temperature changes.

Calculations also assume that for a given locality the
present lapse rate is the same as in Wisconsinan time.
R. Reger and V. Reger (unpub. data, 1971) showed that
this is probably not true. Especially in Alaska, prox-
imity to the coast should probably be taken into consid-
eration (R.D. Reger and T. L. Péwé, unpub. data, 1974).
Table 14 shows that the lapse rate for coastal stations is
much lower than for those in the interior part of the
State. During Wisconsinan time, when the strait area
was dry and stations such as Nome and Kotzebue were
inland, the lapse rate was probably higher than now.
However, the amount of difference is not known, and in
this report modern lapse rate will be used; only
minimum temperature changes are thus recorded.

A traverse from the west coast of Alaska to the in-
terior reveals that snowline dropped more in the central
part of the State than near the moisture-rich coasts
(figs. 8,9, 11, 12). Modern lapse rates also increase from
coastal stations toward the interior. Therefore, the dif-
ference between Wisconsinan and modern mean July
temperatures increases from the coast inland (table 14).
In Wisconsinan time, the mean July air temperatures
at Nome and Kotzebue were 8°C and 9.2°C, respectively,
drops of 1.9°and 2.1°C. In the interior, however, Fair-
banks and Northway show minimum drops of 4°C and
4.8°C for a mean July air temperature of 11.5°and 9.9°C
respectively, in Wisconsinan times. At Indian Moun-
tain near Hughes, the drop in mean July temperature
was 2.7°C for early Wisconsinan time from calculations
of past snowline on the basis of cirque floors. Calcula-
tions using the equilibrium line give a drop of mean
July temperature of 3.9°C at Indian Mountain. Evi-
dence of a middle Wisconsinan climatic change is the
withdrawal of glaciers and transgression of the sea at
this time.
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TABLE 14.—Present-day
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and Wisconsinan mean July temperatures of selected stations in Alaska calculated from present lapse rate and

estimated change of snowline based on elevation of Wisconsinan cirque floors

. Estimated Present July Elevation of Present Wisconsinan Difference between

Station Elevation lowering of lapse rate interval of July mean mean July present and Wisconsinan

(m) snowline per 100 m2 lapse rate temperature® temperature mean July temperature
(m)* (m) C) & °C)
Nome ____________________ 5 400 0.49 250-3,600 9.9 8.0 -19
Kotzebue . 3 400 54 750-3,700 11.3 9.2 -2.1
Utopia _____ 330 450 61 500-3,600 413.8 511.1 6-2.7
Fairbanks _ 150 600 67 500-3,600 15.5 11.5 -4.0
Northway 522 600 81 1,250-3,700 214.7 9.9 -4.8
McGrath ___ 102 450 62 250-3,700 214.5 11.6 -29

Anchorage 38 300 58 250-3,700 13.8 12.1 -1.74

Anaktuvuk Pass” __________ 700 8700 59 1,475-3,000 10.3 2 6.5 -3.8

!Estimated from figures 11, 12.

2From R. Reger and V. Reger (unpub. data, 1971).
3From U.S. Weather Bureau (194%).

“R. D. Reger and T. L. Péwé (unpub. data, 1974).
SEarly Wisconsinan.

EVIDENCE FROM UNGLACIATED AREAS

Permafrost was more extensive during Wisconsinan
time than now. Deep-lying relics of Wisconsinan per-
mafrost are present in the glacial outwash sediments
near Big Delta (Péwé and Holmes, 1964; Péwé and
others, 1969), as well as along the south border of the
permafrost area in Alaska (fig. 22). Such information
means only that the mean annual air temperature was
—1°C or colder. Along the south border of the State this
indicates a rise in the mean annual air temperature of a
few degrees centigrade since Wisconsinan time.

In northern and northwestern Alaska, ice wedges
were actively growing in Wisconsinan time and still
are. All that can be deduced from this information is
that the climate there in Wisconsinan time was at least
as cold and snow cover as thin as now. In central Alaska,
however, inactive ice wedges are widespread. If large,
typical ice wedges such as are present require a mean
annual air temperature of —6°to —8°C or colder to form,
then the mean annual air temperature near Fairbanks,
for example, would have to have been at least 3°—4°C
colder than at present. The mean annual air tempera-
ture of the Fairbanks area thus must have been at least
—7°C in Wisconsinan time.

Many of the large deep-lying ice wedges in the Fair-
banks area have flat tops, indicative of downward thaw-
ing of permafrost and ice wedges. This thawing was
dated at more than 38,000 years old (Sellmann, 1967)
and is thought to represent a short middle Wisconsinan,
or earlier, warm period with a mean annual air temper-
ature of more than 0°C.

If the large-scale polygonal ground in the Bristol Bay
area (Hopkins, Karlstrom, and others, 1955, pl. 39) is
the result of ice wedge growth, as believed by the writer,
the Wisconsinan mean annual air temperature in that
area was at least —6° to —8°C, 8°-10°C colder than at
present.

Preliminary results of work by R. D. Reger and T. L.

A figure of 3.9°C was obtained by R. D. Reger and T. L. Péwé (unpub. data, 1974) calculating
early Wisconsinan snowline from the equilibrium line of the past glacier.

7From Porter (1966, p. 93).

8Modern snowline placed above existing glaciers by Porter.

9Classical Wisconsinan.

Péwé (unpub. data, 1974) on paleoclimatic implications
of altiplanation terraces indicate that at an elevation of
840 m on Indian Mountain near Hughes in western
Alaska, the mean July temperature was at least as cold
as about 5° or 6°C when the terraces were forming in
Wisconsinan time. By extrapolation, it was at least that
cold in July in the highlands of the Yukon-Tanana
Upland, in the Amphitheater Mountains 30 miles west
of Paxson, in the highlands of the Seward Peninsula,
and elsewhere where altiplanation terraces formed dur-
ing Wisconsinan time.

Other periglacial frost features, such as solifluction
deposits, rubble sheets, rock glaciers, and patterned
ground, are present in Alaska, both in the active and
inactive form, but are less quantitative indicators of
Wisconsinan climatic changes than ice wedges, altipla-
nation terraces, or permafrost. Throughout central and
western Alaska a colder climate in the Wisconsinan
glacial phase is indicated by the lower altitudinal limit
of solifluction (fig. 8) (T. L. Péwé, unpub. data, 1964),
rubble sheets (Wahrhaftig, 1949; Péwé, 1961c), and
other frost features at that time.

There has been little investigation of paleowinds, or
winds of Wisconsinan time, in Alaska similar to studies
that have been done in Europe. Except for one or two
local references, no critical work has been done, and in
fact some misinterpretations of the paleoenvironment
of the eolian sand and loess distribution are known. To
produce the widespread, now stabilized sand dunes, it
was necessary either to have had more widespread and
more powerful winds than exist now or to create a much
more widespread source of sand and silt. To produce a
greater source, it is necessary to remove much of the
vegetation. This can be done by creating more arid
conditions, by dropping the water table, or by greatly
increasing the size and number of wide, braided flood
plains and outwash fans of glacial streams. Withdrawal
of the sea from shelving shores would create larger
sandy beaches than now exist. Both the increased size
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and number of braided streams as well as the lowering
of the sea level took place as glaciation occurred in
Wisconsinan time in Alaska. For example, Hopkins
(1972) stated that the sheet of dune sand and loess
covering some 12,000 km?2? of northwestern Seward
Peninsula is evidently derived largely from a blanket of
marine sand left exposed beneath the present-day
Chukchi Sea.

Until detailed work reveals new facts, the model the
writer suggests for paleowinds is that the extensive
eolian sand and loess of Wisconsinan age do not indicate
former greater aridity of any substantial change in
amount or direction of winds but instead indicate an
extensive increase in poorly vegetated or treeless
gravelly-braided flood plains and outwash fans and
plains throughout Alaska.

Comparison of modern and Wisconsinan snowline
maps (figs. 11, 12) suggests that there was no increase in
precipitation in Wisconsinan time and that the major
wind directions and sources of moisture were probably
the same. Grass and some sage (Artemisia) perhaps
were abundant on the well-drained, more extensive ac-
tive flood plains, outwash fans, and outwash plains.
These broad generally flat areas were favored by great
herds of grazers such as the bison, mammoth, and horse.
The writer believes that grazers, grasslands, and xeric
vegetation can be explained by the great increase of the
treeless flood plains, outwash plains, and active sand
dune areas in Wisconsinan time, and it is not necessary
to call on greater general aridity throughout the entire
unglaciated part of the State. The rolling lower hill-
slopes and small creek bottoms were probably boggy,
perhaps more so than today, because the permafrost
level was higher in Wisconsinan time and drainage was
even poorer than now. Peat layers are common in the
frozen retransported loess in valley bottoms, contrary to
suggestions by Hopkins (1972).

In the pioneer study of the oriented lakes of the North
Slope of Alaska, Black and Barksdale (1949) suggested
that the lakes were oriented by winds blowing north-
west (or southeast), parallel to the long axis of the lakes.
This direction is 90° from the present northeast winds
and from the wind direction associated with the modern
and Wisconsinan sand dunes. Later studies by Carson
and Hussey (1959, 1960a, b, 1962, 1963) showed that
the lakes were, and still are, oriented by winds from the
northeast.

BIOGEOGRAPHICAL EVIDENCE

It has been shown that the position of tree line in
Wisconsinan time was 450-600 m lower in central
Alaska and had withdrawn eastward of its present posi-
tion on the Seward Peninsula. Tundra replaced the
forests. Such changes indicate a more rigorous climate
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in Wisconsinan time than now. But inasmuch as the
forest boundary is probably independent of the severity
of winter temperatures, such shifts in tree line indicate
changes in summer climate. Summers were shorter and
cooler than now. Hopkins (1959a) showed that the
spruce forest in Alaska is restricted to areas that have
at least 90 “degree days” per year when the temperature
reaches or exceeds 10°C. “Degree days” above 10°C was
calculated by multiplying the amount by which the
mean monthly temperature of the warmer months ex-
ceeds 10°C by the number of days in these warm
months. In Fairbanks, for example, today the mean
annual number of “degree days” above 10°C is 440
(Hopkins, 1959a, table 1). During much of the Wiscon-
sinan interval, at least, the hills in the Fairbanks area
were forest free; therefore, it is assumed that the
number of mean annual degree days above 10°C was
less than 90. There were a few spruce in the valleys (fig.
42), and the valley bottoms probably were at the
threshold value of 90 “degree days” above 10°C; thus,
Fairbanks probably had a summer climate similar to
Moses Point or Council on the Seward Peninsula today.

Terrestrial mammal remains also provide informa-
tion about Pleistocene climates. As shown, all forms
known from Quaternary deposits could have lived
under severe conditions; many live today in central
Alaska. Forms such as the bison, mammoth, and horse
were grazers and thus indicate more widespread grass-
lands. Mountain sheep, ground squirrels, and lemmings
live today in tundra above tree line. These species indi-
cate the reduction of forest and the concurrent shorter,
colder summers. The Wisconsinan frozen carcasses sug-
gest that permafrost has existed since the time of the
animal’s death. The mean annual air temperature must
therefore have been colder than —1°C since their death,
except for short warm periods which did not greatly
affect the permafrost. Further, the presence of certain
ground beetles (Matthews, 1968b) in silts near Fair-
banks indicates a tundra environment and colder, shor-
ter summers in Wisconsinan time.

SUMMARY

Many lines of evidence converge to indicate that
summers were colder and cloudier in Wisconsinan time.
Lower snowline suggests that mean July temperature
dropped by 3° or 4°C, and the distribution of tree line,
mammals, and beetles suggests colder summers also.
Permafrost, especially ice wedges, demonstrates that
the mean annual air temperature was several degrees
colder in many parts of the State. A mean annual air
temperature of at least —6° to —8°C is indicated for
central Alaska and perhaps even as far south as Bristol
Bay.

Although active sand dunes and loess deposits were
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widespread in Wisconsinan time, there is no good
evidence to prove higher wind velocities or greater arid-
ity.

HOLOCENE

With the amelioration of climate since Wisconsinan
time, the massive glaciers have withdrawn, and snow-
line has risen. The climatic record in Alaska does not
illustrate a simple warming since Wisconsinan time but
an oscillation of climate. Throughout the State, the
rather abrupt warming that began 10,000 years ago is
reflected in a dramatic change in vegetation, perma-
frost, and glaciers. In some areas the Holocene warming
peaked in a thermal maximum (hypsithermal interval)
from about 7,500 to 3,500 years ago; in others, the
warming maximum was recorded earlier. The thermal
maximum of 7,500-3,500 years ago is not only recorded
as a time of glacial minimum, and thus a warm period,
but also is well inscribed in the botanical record. In the
Brooks Range and near Umiat on the north side of the
range, the slight warming at about 6,000 years ago may
have been responsible for an alder maximum recorded
(Livingstone, 1955, 1957). The warming is further sup-
ported by a date of 5,600+230 years from frozen alder
remains in soils north of the Brooks Range (Tedrow and
Walton, 1964). To Tedrow and Walton, the fossils indi-
cate that the climate was warmer than now; they be-
lieve that alder does not grow in the area today. How-
ever, R. L. Detterman reported (written commun., Dec.
10,1970) that there are good stands of alder today in the
Colville River valley near Umiat. Perhaps because of an
incomplete record, no thermal maximum is documented
in the pollen record from Barrow. '

On the Alaskan Peninsula (Heusser, 1963a) and in
south-central and southeastern Alaska, detailed work
by Heusser (1960) indicates a cool moist period from
about 10,000 to 8,000 years ago, followed by a warm and
drier thermal maximum period of 8,000-3,500 years
ago (table 3). On St. Lawrence Island (Colinvaux,
1967b) and at the MacKenzie River delta (Ritchie and
Hare, 1971), pollen studies indicate that the thermal
maximum peaked at about 5,000 years B.P.

A detailed glacial record of Anaktuvuk Pass in the
Brooks Range suggests that a period of maximum
warmth somewhere between 6,260 and 2,800 years ago,
but no quantitative data as to the degree of warming are
available (Porter, 1966, fig. 22).

In parts of Alaska the classic postglacial thermal
maximum (hypsithermal interval) is not recognized.
Instead, an earlier dramatic warming and vegetation
change are apparent, or the vegetation record shows
only gradual warming and forest establishment to the
present. In coastal Alaska, from Nome northeastward
to at least the Sagavanirktok River, a warming is re-
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corded 10,000-8,000 years ago, during which the cli-
mate became milder than at any other time since the
last interglacial interval (Hopkins, 1972). Summers
were considerably warmer, but winters may have been
as severe as NOW.

Beaver-gnawed wood 9,400-8,300 years old in now
treeless areas (Hopkins and Giddings, 1953; Hopkins,
1963) and evidence of thawing of 3 m of permafrost and
melting of ice wedges 10,000-9,000 years ago on the
Seward Peninsula (Hopkins and others, 1960, p. 54-55)
are examples of this warming. Hopkins (1972) found
wood of a large willow 8,360 years old in an ice wedge
cast near Bering Strait where only depauperate her-
baceous tundra now exists.

Evidence from the Kotzebue Sound area, combined
with stratigraphic studies and radiocarbon dating,
thoroughly documents a well-developed warming be-
tween 10,000 and 8,300 years ago in western and north-
ern Alaska (McCulloch and Hopkins, 1966). In addition,
in the Barrow area, Douglas and Tedrow (1960) found a
buried discontinuous organic horizon in permafrost
that is between 8,200 and 10,000 years old (Brown,
1965a) and, as such, might reflect a warmer climate.

A recent discovery of a poplar log 8,400+300 years old
(Detterman, 1970) in stream gravels near the
Sagavanirktok River in northern Alaska some 50 km
north of the present limit of poplar trees is thought to be
further evidence of the early Holocene warm interval.

Not all studies in western Alaska support this early
thermal maximum. Schweger’s (1971) pollen study
from Onion Portage (p. 10) representing the last 12,000
years reports no record of a thermal maximum but a
gradual change from tundra vegetation to spruce cover
as the climate ameliorated.

The warming of the climate to give a mean annual air
temperature of 0°C or warmer has long been recognized
in central Alaska from the lowering of the permafrost
table and melting of tops of ice wedges. This conspicuous
feature was noticed by Taber (1943) but attributed to
the Yarmouth interglacial warming.

From stratigraphic studies in the forties, it soon be-
came apparent that this warming with subsequent low-
ering of ice wedge tops and the permafrost table was a
post-Wisconsinan feature (Péwé, 1952a, 1958b, 1965a),
possibly the hypsithermal interval. As more radiocar-
bon dates became available it was established that the
warming began 10,000 years ago and the forest ex-
panded from valley bottoms. The summers were consid-
erably warmer.

Pollen studies from Fairbanks by J. V. Matthews
(unpub. data, 1966 ) and from the Alaska-Canada bor-
der (Rampton, 1971) indicate only a general warming
from 10,000 years ago but no hypsithermal warming.

The cause of the early thermal maximum is not clear.
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McCulloch and Hopkins (1966) suggested that the
warming in the coastal areas may have been due to a
lower sea level and more widely exposed continental
shelf from 10,000 to 8,000 years ago. However, Hopkins
(1972) stated that new work by C. H. Nelson (unpub.
data, 1970) indicates sea level was not low enough to
expose a wide continental shelf. Also it is not clear how
this would seriously affect interior Alaska. At the pres-
ent time, the cause of the early thermal warming is
undetermined.

Since the early or middle Holocene thermal max-
imum, glaciers have advanced in most parts of Alaska.
Advances have been most extensive in south-central
Alaska (Plafker and Miller, 1958) and indicate a cooler
or moister climate, as also indicated by Heusser’s study
(1960) of the pollen record in the same area. A cooler
climate since 3,500 years ago is also recorded in the
Brooks Range (Livingstone, 1955, 1957). In the Fair-
banks area, permafrost has reformed in the sediments
that were thawed starting 10,000 years ago, indicating
areturn to a mean annual air temperature colder than
0°C. However, the climate is not cold enough or snowfall
is too great to permit ice wedge growth, except in rare
localities.

Rock glaciers form only in a permafrost climate and
at altitudes lower than snowline; therefore, they are
excellent indicators of these parameters. Wahrhaftig
and Cox (1959) indicated that the many rock glaciers of
the Alaska Range formed after the hypsithermal inter-
val. This indicates that the mean annual air tempera-
ture cooled until the interstitial water remained as ice
and, therefore, a mean annual air temperature colder
than 0°C was reached. Yet, this cooling was not
sufficient to bring the snowline down low enough to
create new glaciers in these valleys. Therefore, the
mean July temperature, although colder than in the
thermal maximum, did not drop the 3°-5°C necessary to
produce glaciers as it did in Wisconsinan time. Wahr-
haftig and Cox believed that the two relatively cold
periods that gave rise to corresponding periods of rock
glacier formation consisted of a 1,000-2,000 year cold
period about 4,000-2,000 years ago and another cold
period of perhaps 600-1,000 years within the last mil-
lennium.

Tree-ring studies in southeastern Alaska (Lawrence,
1950) and interior Alaska (Péwé, 1951b, 1957b) and
lichenometry (Reger and Péwé, 1969) suggest that the
greatest extent of glaciers since the thermal maximum
was reached about 200-300 years ago and that the cli-
mate has since become warmer. Several photographic
sequences covering almost 100 years are available,
showing glacier retreat and thinning in the Brooks
Range (Hamilton, 1965b), central Alaska (T. L. Péwé,
unpub. data, 1952), and southeastern Alaska (Field,
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Alaska (solid lines). Extrapolations are shown as broken lines.
From Lachenbruch and Marshall (1969).

1932b, 1942, 1947; Cooper, 1937). Maps covering glacier
retreat for about the last 200 years are available for
areas in southeastern Alaska.

Quantitative data on climatic changes in northern
Alaska over the last 100 years are available. Lachen-
bruch and Brewer’s (1962) study of thermal records of
deep permafrost near Barrow (fig. 45) indicates that the
mean annual ground surface temperature rose about
4°C since about 1850, with about half of the increase
occurring since 1930. In the Ogotoruk Creek area of
northwestern Alaska, the thermal record of a borehole
357 m deep in permafrost approximately 1,200 m from
the Chukchi Sea indicates that the mean ground sur-
face temperature rose by 2°-2%°C in the last 100 years
(Lachenbruch and others, 1966). Lachenbruch showed
that the mean annual surface temperature at Barrow
100 years ago was about —12°C, and with the recent
warming it should be about —8°C. However, the mean
annual surfice temperature today is slightly colder
than —9°C (Lachenbruch and others, 1962). He demon-
strated that recent cooling must have taken place and
has penetrated to a depth of only 30 m (fig. 45). This
recent cooling is also recorded in the thermal profile
from Cape Thompson (Ogotoruk Creek). Such a cooling
probably has been in progress only about 10 years
(Lachenbruch and Marshall, 1969).

This warming of about the last 100 years is further
substantiated by Hamilton (1965a), who deduced from a
study of U.S. Weather Bureau records from the late
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1800’s to the present that there has been a net gain in
air temperature of about 0.5°C-0.75°C.

Moore and Giddings (1962) suggested that wind di-
rection for the past 5,000 years can be deduced from
beach ridges at Cape Krusenstern. They hypothesized
that the wind direction changed periodically as the
polar front shifted. Additional information from else-
where in the Arctic should be sought to more fully
evaluate this idea.

Thus, in far western, northern, and central Alaska,
maximum postglacial warming was reached early in
the Holocene with cooling later. A fairly well
documented record exists outlining a warming of the
climate from rigorous Wisconsinan time climaxing in
the thermal maximum of 7,500-3,500 years ago in some
parts of Alaska. During this time the permafrost table
dropped, the vegetation patterns changed slightly, and
snowline rose. Since the early or middle Holocene
warming, glaciers have advanced, rock glaciers have
formed, the permafrost table has risen, and the climate
has cooled slightly overall. However, glacier retreat and
thermal records from permafrost indicate a warming
over the last 100 years.

LATE CENOZOIC HISTORY OF ALASKA

A record of many events over the last few millions of
years has been reviewed in the preceding pages, events
that form a geological, biogeographical, and climatolog-
ical history of Alaska during the development of mod-
ern landscapes, vegetation patterns, and faunal dis-
tributions, and the coming of man. Landscapes have
been identified that, at one time, were forested, with
glaciers mere pockets of ice in the high mountains; at
another time landscapes were dominated by a tundra
vegetation, disrupted by wide, braided glacial streams
from which sand and dust were blown, and magnificient
glaciers flowed from the ranges, spreading piedmont ice
sheets on the lowlands. Other landscapes existed when
sea level was lower, exposing wide tundra-covered
shelves, then the home of large grazing land mammals;
such terrains at other times were under the sea. Cli-
mates varied from those colder than now when ice
wedges and permafrost existed even in southern
Alaska and altiplanation terraces, solifluction lobes,
and rubble sheets were actively forming at elevations
hundred of metres lower than at present, to climates
when permafrost was essentially absent in central
Alaska and conditions were more equable than now in
most of the State. A review of the late Cenozoic history
can be pieced together from large and small fragments
of information concerning the past 2-5 m.y. in Alaska;
this history reveals controversies and paradoxes in a
chronological review of events of late Cenozoic time and
points up problems that remain to be solved.
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LATE TERTIARY

Mountain glaciation probably began about 10-13
m.y. ago in the St. Elias Range and other ranges facing
the Gulf of Alaska, and magnificent tidewater glaciers
poured seaward. The earliest evidence of glaciation is
about early middle Miocene (Miller, 1961b; Plafker,
1971); Bandy, Butler, and Wright (1969) believed it
could be as young as late Miocene. The glaciers re-
peatedly formed ice shelves and discharged icebergs
into the ocean (Taliaferro, 1932; Miller, 1953a, 1957;
Plafker, 1971; Bandy and others, 1969; Kent and
others, 1971; Scholl and others, 1971). In the Gulf of
Alaska a mudstone accumulated at this time with
abundant striated clasts and completely ungraded tex-
tures. The sediment consists of material that “rained”
upon the sea bottom from floating glacier ice. This clas-
tic mudstone is interpreted as glacial drift and is today
part of the Yakataga Formation (table 1). Large
glaciers also existed on the flanks of the Wrangell
Mountains as early as 10 m.y. ago (Denton and Arm-
strong, 1969).

The extremely rugged and tectonically active
glacier-clad terrain bordering the Gulf of Alaska in late
Tertiary time was probably one of high relief. The cli-
mate was of the cool, temperate type such as exists
today, not intensely cold, and rainfall was heavy. In
fact, Hopkins (1972) mentioned that leaves of beech
(Fagus sp.) were found with an early Pliocene mollusk
fauna in the fine-grained beds interstratified with the
tillites, indicating that land climates at sea level were
somewhat milder than at present. The glaciers probably
invaded a forest of beech trees.

The oceans off the southern coast into which the
glaciers discharged were about 10° colder than now, as
indicated by the cold-water planktonic foraminifer
Turborotalia pachyderma (Bandy and others, 1969).
Surface-water temperature decreased about 10°-15°C
in late Miocene time, as indicated by molluscan and
foraminiferal faunas (George Plafker, written com-
mun., Apr. 21, 1970).

Little is known of glaciation elsewhere in Alaska
prior to Quaternary time; however, evidence suggests
(Clyde Wahrhaftig, oral commun., July 4, 1970) that
one of the most extensive and earliest glaciations (the
Browne Glaciation) on the north side of the Alaska
Range may be 2.7 m.y. old. If so, this would indicate that
the Alaska Range was a prominent topographic barrier
to moisture-bearing winds from the south before the
Pleistocene began (fig. 12).

In the highlands adjacent to the Arctic Basin, cooling
and glaciation undoubtedly occurred 4-6 m.y. ago, as
indicated by ice-rafted pebbles in the sediments on the
sea floor (Steurwald and others, 1968). Although the
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waters of the Arctic Ocean must have begun to cool
slightly, Hopkins (1972) pointed out that the Arctic
Ocean probably was either ice free or only seasonally ice
bound prior to 3 m.y. ago because the rich fauna of the
North Pacific mollusks migrated to the Atlantic Ocean
by way of Bering Strait about 3.5 m.y. ago and later, the
time of the Beringian transgression.

Hopkins further stated that the recent discovery of
Turritella in Pliocene beds offshore indicates temperate
shelf waters during Pliocene time. Later, ice-rafting
must have increased in the Arctic Ocean and eventually
pack-ice cover formed (table 1). However, the Arctic
Ocean probably remained essentially free of pack ice
throughout the Pliocene epoch (Herman, 1970; Herman
and others, 1971).

In general, the climate of late Tertiary time in Alaska
must have been relatively equable and not intensely
cold, although glaciers were present in the southern
highlands during part of Miocene and all of Pliocene
time. Little evidence is available concerning Alaskan
vegetation in late Tertiary time, but in northern Sew-:
ard Peninsula a forest of spruce, birch, pine, and hem-
lock existed 5.7 m.y. ago (Hopkins and others, 1971),
indicating an environment similar to southeastern
Alaska and coastal British Columbia rather than the
Arctic climate of today. In general, the flora of the time
of the Beringian transgression indicates that western
and northern Alaska was considerably warmer than at
present.

Inlate Tertiary time the Bering land bridge existed at
various intervals. The Pacific and Arctic Oceans be-
came connected by a shallow, sinuous seaway in late
Miocene time, but the land bridge was reestablished
about 5 m.y. ago. However, 3.5 m.y. ago, during the time
of the Beringian transgression, there was free marine
communication between the Bering and the Chukchi
Sea.

Apparently toward the end of Pliocene time, the cli-
mate began to become more rigorous when perhaps the
glaciers grew and the climate cooled to produce frost
features. Hopkins (1972) reported boulder pavements
created by frost action on basaltic lavas as old as 2 m.y.
on St. George Island. Also, in very late Pliocene or very
early Pleistocene time in central Alaska, angular,
coarse auriferous gravel was being created in part by
cutting of altiplanation terraces by nivation. The frost
rubble produced by nivation and hillside rubble pro-
duced by frost action and other weathering processes
moved downhill by solifluction to be buried by later
Quaternary sediments. The tundra cover and as-
sociated colder climates probably did not arise in north-
ern Seward Peninsula until early Pleistocene time.

EARLY PLEISTOCENE

The earl&' Pleistocene history of Alaska is less clearly
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seen than the late Tertiary or the later part of the
Pleistocene. Massive glaciers drained from mountains
on the north side of the Gulf of Alaska and discharged
into the sea, forming marine till. The fauna in most of
the marine till indicates that part of the sediment is
equivalent in age to the Anvilian transgression and
later. In fact, sediments in the upper part of the section
described by Miller (1953a) from Middletown Island
represent the earliest Pleistocene ice advances and
represent continual deposition from Pliocene time.
Also, large glaciers of early Pleistocene age existed in
parts of the St. Elias Range and Wrangell Mountains
(Denton and Armstrong, 1969). Large glaciers evi-
dently poured south from the Alaska Range (pl. 1)
through the Cook Inlet trough and probably represent
the Mount Susitna Glaciation of Karlstrom (1964). On
the Seward Peninsula, glaciers moved south from the
Bendeleben Mountains and entered the sea. This glaci-
ation, called the Iron Creek Glaciation by Hopkins
(1972), is thought to be 1.0+0.5 m.y. old. The glacial
deposits underlie beds of the Anvilian transgression
(table 8) that are less than 1 m.y. old but more than
700,000 years old.

Little information is available regarding tempera-
ture of the sea water in early Pleistocene time, but
mollusks, particularly Portlandia, dredged from rocks
of early Pleistocene age in the southern Bering Sea
indicate that water temperatures were colder than now
(Hopkins and others, 1969). Portlandia is not known to
occur south of the Bering Strait at the present time.

Undoubtedly, the ice cover on the Arctic Ocean was
becoming more extensive than in late Pliocene time,
because by about 1 m.y. or 700,000 years ago, the per-
manent icepack was established (Herman, 1970; Her-
man and others, 1971). Steurwald, Clark, and Andrews
(1968) believed that the Arctic Ocean was no warmer
than at present for as long as the last 1.5 m.y.

The cooling of Alaska in early Pleistocene time is
further borne out by periglacial phenomena. Ice wedge
pseudomorphs are reported at Cape Deceit on the south
shore of Kotzebue Sound (Guthrie and Matthews, 1971),
and Hopkins (1972) believed they represent a perma-
frost period of 1.0+0.5 m.y. ago.

Around the beginning of Pleistocene time, the valleys
of the small streams and rivers in central Alaska began
to receive great amounts of angular, coarse auriferous
gravel as altiplanation terraces were cut on the glacier-
free highlands in the periglacial environment. The an-
gular gravel was carried downhill by solifluction to ac-
cumulate in the valley bottoms, inasmuch as most of the
material could not be removed by the drainage of the
time. Remnants of solifluction layers of this age are
widespread in central Alaska and contain well-
developed ice wedge pseudomorphs (fig. 33). The ice
wedges are thought to be at least 1 m.y. old because they
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represent the older of two permafrost periods, both of
which predate the Illinoian Glaciation. Central Alaska
must have had a mean annual air temperature less than
—6° to —8°C at this time.

On the north side of eastern Seward Peninsula during
a very early glaciation, thought to be correlative with
the Iron Creek Glaciation, the forests were absent, and
a more severe tundra than now existed. At this time
nonwoody peat formed. However, just prior to this cold
period and in very early Pleistocene time, a forest
tundra existed, and the tree line advanced as far as
Cape Deceit (Guthrie and Matthews, 1971); the vegeta-
tion was vastly different from that of late Tertiary time.

There is a clear record of repeated dispersals of land
mammals from Asia to Alaska through much late
Cenozoic time. The environment was such that most
northern species of mammals could migrate across the
land bridge; however, animals that inhabited forested
mountain regions found it difficult or impossible to
move across the open tundra landscape. The musk deer
as well as the woolly rhinoceros were confined to the
forest areas and did not move from Asia into Alaska.
Many genera and species of animals moved across the
bridge into Alaska much earlier than ordinarily recog-
nized. In the Cape Deceit Formation (Guthrie and
Matthews, 1971), there is evidence that in rather early
Pleistocene time Rangifer, Equus, and Microtus had
already moved into Alaska as had Pliomys. Other
mammals that definitely were in Alaska in the early
Pleistocene were Canis, Cervus, Ochotona, Lemmus, as
well as an early collared lemming, Predicrostonyx hop-
kinsi (table 11).

MIDDLE PLEISTOCENE

The nature of the subaerial climate and landscape in
Alaska is still poorly known in the rather ill-defined
period of time from the earliest glaciation in the Pleis-
tocene Epoch to the definite interglacial period prior to
the Illinoian Glaciation. Nevertheless, enough
significant data are becoming available from various
areas to attempt to construct an outline of events during
this interval.

After the early Pleistocene cold period, or periods, the
Anvilian transgression occurred. This higher stand of
sea level probably took place between 1.8 and 0.7 m.y.
ago (Hopkins, 1972) (tables 1, 3). Warmer water temp-
eratures than in the modern Bering and Chukchi Seas
as well as the Arctic Ocean existed in Anvilian time,
according to mollusk distribution. Natica janthostoma
lived in the vicinity of Nome and Skull Cliff in northern
Alaska but is now limited to waters adjoining Japan.
During the warmer part of Anvilian time, winter ice
probably did not reach Nome and may not have reached
the Arctic coast of Alaska (Hopkins, 1967b). The Arctic
Ocean was somewhat warmer than at present, but there
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is no unanimity as to whether pack ice was present
(Herman, 1970; Herman and others, 1971; Hunkins and
others, 1971).

A warm episode in central Alaska that possibly may
be correlated with the Anvilian transgression in the
west caused the glaciers to withdraw and permafrost to
thaw. The ice wedges in solifluction deposits melted and
were replaced with windblown sand that filtered down
from the overlying sand dunes, forming ice wedge
pseudomorphs (fig. 33). Lowering of the permafrost
table and disappearance of ice wedges indicate that the
mean annual air temperature was at least warmer than
0°C. From both marine and terrestrial deposits, then,
comes strong evidence of a major warm interglacial
period perhaps 1 m.y. ago.

In several parts of Alaska, there is evidence of two or
more Pleistocene cold periods of pre-Illinoian age. The
exact stratigraphic positions are unknown, but one or
two of the cold periods lie in what may roughly be called
middle Pleistocene time. After the warm period marked
by the Anvilian transgression, the climate became more
rigorous. Glaciers flowed northward into the Tanana
valley from the Alaska Range during the Dry Creek
Glaciation (Wahrhaftig, 1958) and Darling Creek
Glaciation (Péwé and others, 1953). Larger glaciers
pushed south from the ice-mantled Alaska Range and
other ranges surrounding the Cook Inlet —Susitna val-
ley trough to produce the massive trunk glacier of the
Caribou Hills Glaciation (Karlstrom, 1964).

In other areas scant evidence suggests (table 2) that
glaciers were quite extensive in this middle Pleistocene
time in such areas as the Alaska Peninsula, the Brooks
Range, and the Delta River area of the central Alaska
Range. Undoubtedly, massive glaciers also continued to
exist on the Wrangell Mountains and the ranges facing
the Gulfof Alaska. Pack ice was probably widespread in
the Arctic Ocean, since it appears to have been estab-
lished at least 700,000 years ago (table 1).

Periglacial deposits in central Alaska record cold-
climate processes active at this time. Solifluction lobes
were moving downhill at an elevation as low as 150 m
above sea level in central Alaska at this time. Today,
active solufluction lobes exist only above an elevation of
1,000 m in central Alaska. Perhaps the upper of two
well-developed inactive solufluction layers on the cam-
pus of the University of Alaska (fig. 33) is middle Pleis-
tocene in age. Periglacial processes in middle Pleis-
tocene time were active in the creation of altiplanation
terraces from the Canadian border to far western and
southwestern Alaska. Near the Fairbanks area, alti-
plantation terraces were being cut at elevations be-
tween 300 and 900 m above sea level, indicating a most
rigorous climate because such terraces are not being cut
today even at elevations of 1,600 m near Fairbanks.

Permafrost was widespread throughout Alaska dur-
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ing the one or more middle Pleistocene cold intervals, as
indicated by the presence of ice wedges then. It is
thought that permafrost existed even at low altitudes
on St. Paul Island at this time (Hopkins, 1967b); per-
mafrost does not exist on St. Paul Island today.

In addition to the cold periods recorded in middle
Pleistocene time, an interglaciation is recorded by a
high stand of sea level, the Einahnuhtan transgression
of between 250,000 and 100,000 years ago (Hopkins,
1967Db). The temperature of the sea water at that time
was about as at present, and pack ice probably was
present in the Arctic Ocean. The Bering Strait and the
Arctic Ocean were connected at this time. The warm
interval cannot be directly associated with the cold in-
tervals because of the lack of dating of the well-
documented cold periods of middle Pleistocene time in
Alaska.

YARMOUTH(?)

The history of the period of climatic warming just
prior to Illinoian time is clearer in Alaska than earlier
Pleistocene events and is here treated as an interglacial
episode, probably Yarmouth(?) in age. Although the
correlations with the central United States and Europe
time equivalents are not proved, evidence accumulated
from marine deposits in the far west indicates that this
is probably a correlative event.

During this time, the glaciers had greatly withdrawn,
and sea level had risen probably 20 m above present sea
level. This event was termed the Kotzebuan transgres-
sion by Hopkins (1965) and is correlative with the Hol-
stein transgression of northern Europe. Hopkins (1972)
thought it might correspond to the high sea level
episode dated on many tropical shores at about 120,000
years old. Perhaps the marine beds at South Bight on
Amchitka Island are of a Kotzebuan age; bones and
shells there are about 130,000 years old (Gard and
others, 1972).

During this high stand of the sea, the Pacific Ocean
was connected to the Arctic Ocean. Hopkins (1972) be-
lieved that the usual northward circulation through
Bering Strait was probably reversed at this time and
cold water must have persistently flowed southward
because high-Arctic molluscan and foraminiferal fauna
around the shores of Kotzebue Sound, as well as on the
Siberian side of the strait, indicate very cold water.

During the interglacial period, northwestern Seward
Peninsula was forested, and spruce line advanced to at
least as far as Cape Deceit. Today this area lies in the
tundra region (fig. 40). In central Seward Peninsula
summers were longer and warmer than now. In interior
Alaska the climate was warm, in fact warmer than now,
tree line rose, and forests were widespread. Well-
developed forests were present, as indicated by the
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widespread forest beds at the base of the Illinoian loess
(figs. 29, 41).

The thawing of the permafrost and melting of ice
wedges in central Alaska indicate that the mean annual
air temperature had warmed to at least 0°C and prob-
ably a few degrees warmer.

ILLINOIAN

Illinoian time in Alaska was one of maximum glacia-
tion. Glaciers were extensive, and about 50 per cent of
the State was covered by ice (fig. 6) the earlier glacia-
tions probably were not much more extensive. The
mountains in southern Alaska were clothed with mas-
sive valley glaciers and small icecaps which coalesced to
form large trunk or trough glaciers as well as piedmont
ice sheets. Ice from the Alaska Range moved south,
completely blanketing the lowlands between the
coastal ranges to the south; the ice then moved south
and southwest toward the Alaska Peninsula. Ice was
undoubtedly widespread in southeastern Alaska at this
time, but no information is available. Local cirque and
short valley glaciers were present in central Alaska. Ice
coverage in Illinoian time in the Brooks Range was
extensive (fig. 6) and much greater than in later Wis-
consinan time, probably because most of the Brooks
Range was high enough to intersect the Illinoian snow-
line but not high enough to intersect the higher Wiscon-
sinan snowline. The major ice coverages in the Brooks
Range and the Alaska Range-Coastal Range complex
extended to the east, where they joined to form part of
the Cordilleran ice sheet of North America.

Glaciers on Seward Peninsula pushed south from the
central mountains and also were present on the far
western tip of the peninsula. Glaciers from the
Chukotka Peninsula of the U.S.S.R. adjacent to the
Bering Strait pushed southward and eastward, reach-
ing as far as St. Lawrence Island. Ice from U.S.S.R.
probably pushed across dry land and did not exist as
floating ice during the Kotzebuan transgression, as be-
lieved by Soviet workers (Hopkins, 1972).

Between the major ice-covered areas of the south and
north in Alaska the Beringian refugium existed, which
extended westward across the Bering land bridge.
Many lobes of valley glaciers pushed into this refugium
both from the Brooks Range on the north and the
Alaska Range on the south (fig. 6). To the north of the
Brooks Range an ice-free polar desert existed (Péwé,
1974a).

The altitudinal and areal distribution of the glaciers
clearly indicates that as today, moisture sources were
clearly to the south and the southwest in the north
Pacific Ocean and the shrunken Bering Sea. Little
moisture was contributed by air masses entering
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Alaska from the Arctic Basin, as suggested by Ewing
and Donn (1956, 1958). As in later time and today, the
glaciers were more extensive in the southern part of the
State than in the north and formed larger ice streams on
the south side than on the north side of single mountain
ranges (Karlstrom, 1964). Snowline was about 500-600
m lower than now and 150-250 m lower than its position
during Wisconsinan time in different parts of Alaska. It
was highest in the dry continental climate of east-
central Alaska where it lay at an altitude of about 1,250
m during Illinoian time. Snowline sloped downward to
an altitude of less than 300 m on Seward Peninsula in
western Alaska (fig. 8).

If we visualize such an extensive glacial cover over
Alaska in Illinoian time, we must, as a consequence,
understand that all major streams and almost all minor
streams drained glaciated terrain. Therefore, the gla-
cial streams were undoubtedly choked with glacial silt,
were aggrading, and had extensive braided,
vegetation-free flood plains (fig. 42). Winds in the val-
leys blew silt from these barren flood plains and depos-
ited it as loess over the countryside. Loess was deposited
on ridges as high as 750 m above sea level, but most of it
was deposited at lower altitudes, being thickest near
streams. The Kuskokwim and Yukon Rivers wandered
across the then dry floor of the Bering Sea, and from
their flood plains, silt was blown to be deposited as loess
on the Pribilof Islands. The greatest loess deposits are
confined to central and western Alaska (fig. 17) and are
locally as much as 50 m thick. Huge areas of dust blown
from the flood plains were common throughout parts of
Alaska, similar to areas of dust being deposited today as
loess near such outwash streams as the Delta and Knik
Rivers (pl. 1). Although sparse vegetation on flood
plains is indicated by this wide distribution of eolian
deposits, it does not necessarily indicate sparseness of
vegetation away from the flood plains or aridity
throughout Alaska, nor does it require exceptionally
high winds.

Closer to the glaciers and mostly along the major
streams, sand was blown, and widespread dune fields
and sand blankets formed. Active dune fields were
common along the Yukon, Tanana, Koyukuk, and Kus-
kokwim Rivers as well as near the flood plains of major
rivers on the North Slope of Alaska.

The climate of the Illinoian glacial interval was
rigorous, and abundant evidence indicates that perma-
frost was widespread. Ice wedges throughout most of
Alaska reflect a periglacial climate with a mean annual
air temperature of at least —7°C, about 2°-4°C colder
than the present mean annual air temperature in cen-
tral and western Alaska. Undoubtedly, periglacial frost
features other than permafrost and ice wedges were
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present in unglaciated areas during Illinoian time, but
as yet few have been recognized except perhaps rubble
sheets on Jumbo Dome (Wahrhaftig, 1949).

In Illinoian time central Alaska and the North Slope
were refugia, most probably with a tundra environment
and perhaps with a scattering of some spruce and other
trees in a few of the valley bottoms of central Alaska.
The record of the flora in Alaska at this time is very
scant and restricted to the Seward Peninsula and the
Fairbanks area. In central Seward Peninsula, study of
pollen from a core from Imuruk Lake (Colinvaux, 1962)
indicates an Arctic grass tundra with little or no alder
and some dwarf birch. Sage (Artemisia) was more com-
mon than now or in an interglacial period. Tree line was
not close. On the northern part of Seward Peninsula at
Cape Deceit, a tundra environment was present (Guth-
rie and Matthews, 1971).

Pollen analysis of samples of peat from Illinoian loess
collected by the writer in valley bottoms of the Fair-
banks area indicates that at this time tree line was
significantly lower and trees were conspicuously rare. A
lowering of tree line to creek valley bottoms required a
drop of 450-600 m from today’s tree line, suggesting
that the climate, especially the summers, was indeed
colder than now. A much more restricted forest area is
also borne out by the greater number of grazers (espe-
cially mammoth, bison, and horse) then than now. The
increase in Artemisia at this time probably does not
support a case for widespread aridity in Alaska. Ar-
temisia probably found a more favorable habitat on the
almost vegetation-free sand dunes and flood plains of
braided glacial streams that were so abundant at this
time, rather than a general widespread increase of Ar-
temisia throughout the entire tundra environment of
hillslopes and boggy valley bottoms.

Although data are very meager, Hopkins (1972) be-
lieved that the exposed continental shelf of the Bering
Sea at this time had a relatively maritime climate and
supported a shrub tundra.

Over this widespread tundra environment wandered
a large vertebrate population similar to that which ex-
isted in Wisconsinan time (fig. 42). Animals such as
ground squirrels, lemmings, goats, and sheep limited to
above or near tree line today lived at lower altitudes.
The most abundant of all the mammals in Illinoian time
were mammoth, horse, and bison. Despite information
in modern literature to the contrary, Rangifer,
Praeovibos, Ovis, Alces, Ovibos, Saiga, Bootherium,
Symbos, and Discrostonyx as well as others were wide-
spread in Illinoian time in Alaska. Perhaps most of
them lived near the flood plain in winter where the
winds blew much of the snow from the sparse vegeta-
tion; in summer they may have migrated to the lower
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slopes. Saiga is found nowhere else in North America
but Alaska; this area represents the easternmost exten-
sion of its Siberian range, and southward penetration
from Alaska was probably prevented by mountains and
glaciers. Saiga is found both on the North Slope and in
central Alaska during Illinoian time, and the environ-
ment favored by this animal is one that would have
existed on the abundant windswept, flat, braided flood
plains of glacial streams.

SANGAMON

The interglaciation between the Illinoian and Wis-
consinan cold periods is well documented in Alaska. It
was a time of great withdrawal of the glaciers, rising of
sea level, thinning and disappearance of permafrost in
many areas, and the return of the forests to most of the
tundra regions, at least south of the Brooks Range.

With the warming of the climate in Sangamon time,
the glaciers withdrew in Alaska as elsewhere around
the world, and sea level rose. The rise of sea level and
transgression onto the land in Alaska was termed the
Pelukian transgression by Hopkins (1965). It is re-
corded widely throughout Alaska by well-preserved
marine terraces and fairly well preserved marine scarps
that occur 7-10 m above present sea level. Mollusks and
fish present in the waters at this time off western and
northwestern Alaska indicate that the sea was warmer
than at present. For example, Hopkins (1972) men-
tioned that the deposits near Nome contain several
species of mollusks such as Pholadidea penita, Littorina
littorea, Natica janthostoma, and others which are now
limited to more southern waters.

The warming of the climate is further recorded by the
deep oxidation profiles present on Illinoian glacial
moraines throughout central and western Alaska and
by evidence of thawing of permafrost. Permafrost prob-
ably completely disappeared in Fairbanks, as indicated
by the abundant ice wedge pseudomorphs, thick oxida-
tion profiles in Illinoian loess, and absence of preserved
mammal carcasses of Illinoian age. The mean annual
air temperature undoubtedly was well above 0°C for a
long period of time. Although it may have been absent
in central Alaska, permafrost was still abundant in
northern Alaska, and some was present in western
Alaska, even though frozen ground melted to consider-
able depths and ice wedges melted (McCulloch, 1967).

At the time of thawing, the loess in central Alaska
was deeply gullied, and block slumping occurred. Long
parallel gulleys more than 10 m deep and 180 m long
were cut in the easily eroded loess on slopes in the
Fairbanks area.

The tundra environment present earlier in central
Alaska was replaced by a spruce-birch forest. Forests
were widespread, as indicated by buried forest layers
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dated at more than 56,900 years old between Illinoian
and Wisconsinan loess (fig. 29). Summers were longer
and warmer; the mean July temperature in the Sanga-
mon, for example, was undoubtedly warmer than the
present mean July temperature of 15.5°C at Fairbanks.
The forest probably pushed northward to a position on
the north side of the Brooks Range, as indicated by large
logs found in the frozen ground (Hopkins, 1972), and
advanced westward into the area of now treeless tundra
(fig. 40) on the Baldwin Peninsula near Kotzebue
(McCulloch and others, 1965). At Cape Deceit, however,
a tundra environment existed; also, Colinvaux (1962)
noted that at Imuruk Lake at this time the vegetation
was a sage-alder tundra similar to the present condi-
tions, but tree line was near. Colinvaux (1967b) sug-
gested that in Sangamon time tundra was present on St.
Lawrence Island, and all evidence so far indicates that
the Alaskan side of the Bering Strait had a vegetation
comparable to the present, even though spruce trees
were 50-80 km west of their present limit in the Kot-
zebue Sound and Nome areas.

WISCONSINAN

In Wisconsinan time glaciers existed in nearly all the
mountainous areas of Alaska. North of the crest of the
Alaska Range and on the Alaska Peninsula, the
glaciers were essentially the alpine type; they filled
mountain valleys and in places spread as piedmont
lobes in adjoining lowlands. However, central and
northern Alaska were essentially ice free. Areas south
of the crest of the Alaska Range and the Alaska Penin-
sula were almost completely inundated by ice, and
icecap conditions prevailed over large areas (fig. 6).
Glaciers filled adjoining lowland basins such as the
broad Susitna valley and spread onto the then dry con-
tinental shelf, thickening to form icecaps as much as
several tens of kilometres wide and several hundreds of
kilometres long. The icecap in the Shelikof Strait sent
glaciers northward where they penetrated passes into
the mountainous backbone of the Alaskan Peninsula.
Similar icecaps accumulated at several places in the
Aleutian Range. During this latest major cold period,
glaciers pushed south into Prince William Sound, and
ice shelves were undoubtedly present. In the south half
of Alaska the glaciers were almost as extensive as in
Illinoian time. However, in northern Alaska the
glaciers of the Brooks Range were much less extensive,
as were those in the Bering Strait and on the Seward
Peninsula (fig. 6). Wisconsinan glaciers may not have
been very extensive along the Gulf of Alaska between
Cape St. Elias and Russell Fjord because the mountains
north of this part of the Gulf of Alaska coast were lower
during Wisconsinan time.

Glaciers in the Copper River Basin did not extend far
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enough to completely cover this lowland, and ice
blocked all the exits from the basin, producing a huge
lake at least once during Wisconsinan time. The lake(s)
existed for thousands of years, and laminated clays
were interbedded with glacial deposits and volcanic
mudflows. Undoubtedly, volcanic flows poured from the
Wrangell Mountains into the Copper River Basin prob-
ably over glaciers or under glacial ice. Near the end of
Wisconsinan time, drainage from the basin was rees-
tablished, the lakes drained, and the former lake floor
was entrenched.

In the western Brooks Range a large proglacial lake
was formed by glacial blockage between the DeLong
and Endicott Mountains.

A comparison between snowlines in Wisconsinan
time and the present in Alaska reveals a strikingly
similar pattern of isolines and of wind and moisture
sources. The pattern and close parallelism of modern
and Wisconsinan snowlines strongly suggest that in-
creased precipitation did not produce Wisconsinan
glaciers, but rather a decrease in mean summer temp-
eratures and an increase in summer cloudiness, which
resulted in decreased snow and ice ablation. Also, in
Wisconsinan times the major sources of moisture, as in
the past, were from the south and southwest in the Gulf
of Alaska and the shrunken Bering Sea. There is no
evidence that the ice-covered Arctic Ocean contributed
enough moisture to sustain glacier growth. Interest-
ingly, much of the precipitation for the south side of the
central and eastern Alaska Range evidently entered
through the Cook Inlet trough, as it does today. As
indicated in figures 8 and 9, and especially 11 and 12, in
Wisconsinan time there was an abrupt rise in snowline
from near sea level in the Gulf of Alaska to about 1,500
m in interior Alaska. There was a steady rise from the
Bering Sea on the west, eastward to Canada through
central Alaska. In general, Wisconsinan snowline was
about 300-400 m lower than modern snowline in the
west and about 450-600 in the east, but local variations
occurred. The vertical separation of the two snowlines
becomes greater toward the interior because probably
in Wisconsinan time, as now, the interior is drier than
the far west.

Knowledge of the position of snowline in Wisconsinan
time permits us to calculate past temperatures on the
basis of the knowledge of the present lapse rate. For
example, as indicated earlier, values for Wisconsinan
mean July temperatures based on a critical evaluation
of the present lapse rate and snowline in turn based on
Wisconsinan cirque floors give us a broader view of
summertime climate in central Alaska in Wisconsinan
time (table 14). The difference between Wisconsinan
and modern mean July temperatures is greater in the
interior of Alaska than in the more cloudy, cool west. In
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Wisconsinan time, for example, the mean July air
temperatures at Nome and Kotzebue were 8°C and
9.2°C, respectively, which is 1.9°C and 2.1°C lower than
now. In the interior, however, at Fairbanks and North-
way, mean July air temperatures were at least 4°C and
4.8°C lower in Wisconsinan time, if the temperatures
there were 11.5°C and 9.9°C, respectively.

As in Illinoian time, all major and most minor
streams drained glaciated areas and exhibited braided
scantly vegetated flood plains which were excellent
sources for silt and sand picked up and blown by the
winds probably similar in velocity to those of today.
Great quantities of sand were blown from these flood
plains, glacial outwash fans, and outwash plains to pro-
duce extensive dune fields along the major streams such
as the Tanana, Yukon, Koyukuk, and Coleville Rivers.
These dunes, widespread as they were, were much more
restricted than those of Illinoian time. With the lower-
ing of sea level, large areas of the Bering Strait were
exposed, presenting sand and silt to deflation. Hopkins
(1972) believed that the great area of dune sand and
loess covering 12,000 km? of northwestern Seward
Peninsula was derived from a blanket of marine sand
left exposed beneath the present-day Chukchi Sea.
Also, the sand and loess on the Pribilof Islands date
back to a time when the shoreline was much farther
south than present.

During the Wisconsinan Glaciation, winds deposited
a blanket of loess across central and western Alaska.
Much of the loess deposited on the hills of central
Alaska was retransported to valley bottoms to form an
organic-rich, fetid, perennially frozen deposit. These
deposits accumulated to a thickness as much as 60 m
and incorporated abundant vertebrate and plant fossils
of the time, including partial carcasses of vertebrates
that did not completely decay prior to burial.

The gulleys and ridges of pre-Wisconsinan age in the
loess on middle and upper slopes in the Fairbanks area
were rounded and subdued by the Wisconsinan loess
blanket.

The extensive eolian sand and loess of Wisconsinan
age are interpreted not as an indication of former great-
er aridity or any.substantial change in the amount and
direction of winds but, instead, as in earlier major glaci-
ations, as an extensive increase in poorly vegetated or
nonvegetated sandy, gravelly, braided flood plains and
outwash fans and plains throughout Alaska.

Permafrost in Alaska extended much farther south
than at present (fig. 22), indicating that the mean an-
nual air temperature was —1°C or colder at the south
border of the State, a few degrees colder than now. In
northern and northwestern Alaska, ice wedges were
actively growing in the cold permafrost as they are
today. In central Alaska permafrost and the mean an-
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nual air temperature may have been colder than today
because ice wedges were actively growing then; today
they are, for all practical purposes, inactive. Active ice
wedges indicate that the mean annual air temperature
was —6° to —8°C or colder; this would require a mean
annual air temperature at least 3-4°C colder than at
present. Perhaps it also indicates that the light, fluffy
snow was somewhat more windblown and packed, prob-
ably because of the scarcity of trees.

Many of the existing large deep-lying ice wedges in
the Fairbanks area have flat tops indicative of a down-
ward thawing of permafrost and ice wedges sometime in
Wisconsinan time. This thawing was dated as more
than 38,000 years old (Sellmann, 1967) and is thought
to represent a short middle Wisconsinan, or earlier,
warm period when the mean annual air temperature
was warmer than 0°C.

Rubble sheets, rock glaciers, and solifluction lobes
were active on the slopes of central and western Alaska
at lower altitudes than at present. Rubble sheets indi-
cating a colder climate and more rigorous frost action
were common on the south side (Péwé, 1961c) and the
north side (Wahrhaftig, 1958) of the Alaska Range.
Such frost-shattered and transported bedrock is also
common in Seward Peninsula and even reported active
on St. Paul Island almost at sea level during Wiscon-
sinan time (Hopkins, 1972).

Approximately 50 percent of Alaska was ice free in
Wisconsinan time and supported, for the most part,
some form of tundra. The present taiga forest was
greatly restricted and almost eliminated. Various types
of tundra existed; in the far west Colinvaux reported
(1967a) an Arctic herbaceous tundra, and Arctic sage
was relatively common. Heusser (1963b) assumed that
a tundra with little birch existed around Kotzebue
Sound and Ogotorok Creek. On St. Lawrence Island was
a tundra with grasses and sages predominating (Colin-
vaux, 1967a)

In central Alaska peat samples collected by the writer
from Wisconsinan loess indicate that the valleys were
covered with tundra rich in alder and dwarf birch with
little grass. They also indicate that coniferous trees
were scarce. In the valley bottoms at that time was a
grass-sage-moss-Equisetum cover associated with
small stands of dwarf birch and willow. The forest was
not entirely absent as indicated by tree remains in
beaver dams of late Wisconsinan age. Such dams in-
clude alder, spruce, willow, cottonwood, and birch wood.

Matthews (1970) reported that the spruce woodlands
were nearly eliminated from interior Alaska in Wiscon-
sinan time. Tree line in central Alaska dropped about
500 — 600 m, and the following tree-line mammals ex-
isted in lowlands near Fairbanks: ground squirrel,
lemming, collared lemming, and mountain sheep.
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These animals now live at or above tree line on the
tundra and not in the now-forested Fairbanks area.

During much of Wisconsinan time, grass and some
sage (Artemisia) perhaps were abundant on the well-
drained, much more extensive braided glacial flood
plains, outwash fans, and outwash plains in un-
glaciated Alaska. These broad, flat areas were favored
places for great herds of grazers such as the bison,
mammoth, and horse, especially for part of the year.
The habitat for grazers and the records of grasslands
and xeric vegetation can most easily be explained by the
great increase of these treeless flood plains and active
sand dune areas in Wisconsinan time, rather than by a
widespread arid condition throughout the unglaciated
part of the State. The rolling, lower hill slopes and small
creek bottoms were probably boggy, perhaps more so
than today, because the permafrost level was higher in
Wisconsinan time and drainage was even poorer than
now. Peat layers were common in the valley bottoms.

It is also unnecessary to assume that a treeless vege-
tation prevailed in central Alaska in full glacial time
and that the spruce persisted in a refugium somewhere
in southwestern Alaska until about 6,000-8,000 years
ago. Scattered spruce persisted in isolated creek bot-
toms in central Alaska (fig.42), inasmuch as spruce
wood occurs in the frozen retransported silt of Wiscon-
sinan age in the Fairbanks area. It seems more logical
that repopulation of the forest of the interior and far
west was from small nuclei preserved in the valleys of
central Alaska. In fact, Young (1971) noted that the
central part of Alaska would be expected to have a
continental climate with summers warm enough to
permit the growth of trees.

Throughout Wisconsinan time, the unglaciated re-
fugia were occupied by an extensive mammal popula-
tion, many species of which no longer exist today. As
mentioned elsewhere, many more grazers were present
then than now, and many of the tree-line and above
tree-line species were more widespread than at present.
The most abundant larger mammals were the mam-
moth, horse, and bison. It is in this environment that
many of the carcasses of the animals were preserved
because of the cold winters and short summers and
eventually became buried to be perennially frozen until
today.

Toward the end of Wisconsinan time, as the forest
began returning, the ideal habitat of many of the graz-
ers began to disappear. With the loss of the ideal habitat
and increased predation by man, many mammals be-
came extinct about 10,000 years ago. In late Wisconsin-
an time a marine transgression, the Woronzofian (Hop-
kins, 1967a), occurred, during which sea level was only
a few metres lower than at present. Recent work by
Schmoll, Szabo, Rubin, and Dobrovolny (1972) indi-
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cated that this transgression occurred around 14,000
years ago.

With the regressions and transgressions of sea in the
Bering Strait area during Wisconsinan time, the Bering
land bridge, the gateway from Asia to North America
for many forms of life including man, was present for
thousands of years and then narrowed and disappeared
for intervals of time. It was demonstrated (Hopkins
1967a) that the bridge was present prior to 35,000 years
ago but that it probably narrowed and was severed
during middle Wisconsinan time, about 35,000-25,000
years ago. The land connection was restored during late
Wisconsinan time, 25,000-12,000 years ago, although
land connections may have been drowned occasionally
for short periods during that interval. The land bridge
was closed at the end of Wisconsinan time, between
11,000 and 10,000 years ago, when the sea rose.

HOLOCENE

About 10,000 years ago, the landscape began to take
on aspects present today. Glaciers began to retreat, the
forest began to return to much of the unglaciated ter-
rain of central Alaska, and permafrost began to thaw
and retreat northward. The record in Alaska does not
illustrate a simple warming, retreat of the glaciers, or
change of vegetation since Wisconsinan time but an
oscillation of events. In general, the glaciers did begin to
retreat about 10,000 years ago, but they still were in a
rather advanced position on the north side of the Brooks
Range, for example, from 8,300 to about 6,300 years ago
(Porter, 1964). In most of Alaska the glaciers record the
greatest retreat and farthest withdrawal at a time of
thermal maximum, perhaps around 5,000-3,000 years
ago. In southeastern Alaska the glaciers had with-
drawn farther at that time than they have today
(Goldthwait, 1963, 1966).

After this major post-Wisconsinan withdrawal, the
glaciers advanced in the Brooks Range about 2,800
years ago. In southeastern Alaska they started to ad-
vance about 3,500 years ago, reaching a maximum
probably only 300 or 400 years ago. In central Alaska it
appears that greatest glacier advance after post-
Wisconsinan thermal maximum was reached only as
late as 200 or 300 years ago. In most parts of the State,
glaciers have been retreating dramatically for the last
200 years.

In parts of Alaska the classic postglacial thermal
maximum (hypsithermal) is not recognized. Instead, an
earlier dramatic warming and vegetation change began
around 10,000 years ago, and then the record shows
gradual warming and forest establishment with some
cooling to the present. In the west and northwest, the
spruce forests were farther westward 9,400-8,300 years
ago than now, and 9,000-10,000 years ago permafrost
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with ice wedges thawed down 3 m on the Seward Penin-
sula (Hopkins and others, 1960).

Around 10,000 years ago near Fairbanks, there was a
thawing of permafrost, lowering of the tops of the ice
wedges, and reintroduction of forest (Péwé, 1975).
Subsequently, the permafrost table has risen. Pollen
studies (Rampton, 1971) also indicate a major change of
climate 10,000 years ago.

The vegetation changes in the Holocene in Alaska
reflect many local differences. In some localities spruce
appears to have returned before alder; in others, alder is
the vanguard. A thermal maximum is recorded by vege-
tation changes in some areas and not in others. For
example, at Onion Portage, Schweger (1971) reported
no record of a thermal maximum but a rather gradual
change from tundra vegetation to spruce cover. Further
north, pollen work at Barrow does not demonstrate a
thermal maximum, possibly because of an incomplete
record. However, support for the advance of alder north
of the Brooks Range in what might have been thermal
maximum time is from alder leaves 5,650 years old
preserved in the frozen ground in the Killik valley (Ted-
row and Walton, 1964). Alder does not grow in the
Killik valley today where these ancient leaves were
recovered.

A record from Chandler Lake in the Brooks Range
(Livingstone 1955, 1957) supports the presence of a
thermal maximum and indicates that an herbaceous
tundra was present 8,300 years ago, but at 7,500 years
ago dwarf birch tundra became common. About 5,800
years ago, an alder maximum occurred which Living-
stone thought was climatically related to the thermal
maximum. To the south, on St. Paul Island of the
Pribilof Islands, Colinvaux (1967¢) noted that the pol-
len record shows that the vegetation similar to the pres-
ent has existed for the last 9,000 years. In southeastern
Alaska 10,000-8,000 years ago, pine was present (table
3), but from 8,000 to 3,500 years ago Sitka spruce and
hemlock predominated (Heusser, 1960).

As in interglaciations before, the return of the forest
to central and western Alaska was the most dramatic
change in the vegetation in that part of the State. A
controversy exists as to whether the exact time when it
returned was 10,000 or 8,000 years ago. However, early
in Holocene time the central and near western part of
the State was indeed forested, and through Holocene
time the forest boundary has evidently oscillated, espe-
cially on the north side of the Brooks Range and in the
central and western Seward Peninsula. Hopkins (1972)
believed that the Alaskan summers in the western part
of the State are at present becoming warmer, and the
greatest expansion of forests since the early Holocene
warm intervai appears to be happening now in north-
western Alaska.
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Therefore, it is apparent that in some areas the vege-
tation type present today was essentially established
within 1,000 or 2,000 years after the Holocene began,
while in other areas, the modern vegetation dates back
to a period immediately after the thermal maximum,
only a few thousand years ago.

In addition to the advance of glaciers in the last 3,000
years, it should be noted that rock glaciers were active
in the Alaska Range 4,000-2,000 years ago as well as
during another cold period that occurred perhaps
within the last 1,000 years (Wahrhaftig and Cox, 1959).
The permafrost table rose in central and western
Alaska since the warming of the early part of the
Holocene. The advance of glaciers and rock glaciers and
the rise in the permafrost table all point to a cooling of
the climate in the last 3,000 years.

For the last 100 or 200 years, glaciers throughout
Alaska have been rapidly retreating, and from a study
of thermal records of deep permafrost near Barrow, it is
evident that the annual ground surface temperature
has increased about 4° since 1850 and half of this since
1930 (Lachenbruch and Brewer, 1962). Further warm-
ing was substantiated by examination of detailed
weather records from the 1800’s (Hamilton, 1965a).
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