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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-
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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.




HISTORY OF RESEARCH 9

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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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-
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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.
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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
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