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INDEX MAP OF ALASKA SHOWING THE LOCATION OF THE
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(1) Number of cirques of older glaciation opening toward direction N
shown

(2) Number of cirques of older glaciation, reoccupied during younger
glaciation, opening toward direction shown
Each rose diagram is divided into 18 directions, each with an area of 20°
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Total number of cirque directions
measured for the younger and
older glaciations combined

Total number of cirque directions
measured for the younger glaci-
ation in the Yukon-Tanana Up-
land
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Extent of younger Quaternary glaciation
Minor readvances are shown within glacier outline
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Extent of older Quaternary glaciation
Contact is dashed where inferred, omitted where unknown
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Poorly-preserved cirque of unknown age
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but not evident on aerial photographs
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MISCELLANEOUS GEOLOGIC INVESTIGATIONS

MULTIPLE GLACIATION OF THE
YUKON-TANANA UPLAND,ALASKA

At least two major Quaternary glaciations are re-
corded in the Yukon-Tanana upland of east central
Alaska. In contrast to the large glaciers and ice caps
which were present in the Brooks Range, Alaska
Range, and the Chugach Mountains, the glaciers of
the Yukon-Tanana upland consisted of several hun-
dred small cirque and valley glaciers.

The Yukon-Tanana Upland, an area of approxi-
mately 38,000 square miles, is a mountainous region
bounded on the north by the Yukon River and on the
south by the Tanana River. Field work, begun in
1911 by geologists of the U.S. Geological Survey, in-
dicated that valley glaciers had emanated from at
least six high mountainous areas of the upland
(Prindle, 1913, p. 34-35, and Mertie, 1937, p. 185-186).
Not until the advent of aerial photographs, however,
was it feasible to map the major glacial features of
this remote area. This study is based on interpre-
tation of aerial photographs, supplemented by low-
altitude aerial observations and spot checks on the
ground.

PHYSIOGRAPHY

The Yukon-Tanana Upland consists of an extensive
area of rounded hills and ridges several thousand feet
high. The higher mountains, composed of granite
and gneiss, and 4,000 to 6,700 feet in elevation, have
been carved and steepened by glacial erosion. The
dendritic drainage pattern of the area is controlled
by a northeastward trend of the bedrock structures.

No glaciers are present today, and although peren-
nial snowbanks may exist on the higher mountains,
none have been observed. Altiplanation terraces—
large flat areas—occur in step-like fashion on ridges
and mountains tops, at elevations slightly lower than
the adjacent glacial cirques. Active solifluction is
common on the slopes, and patterned ground is well
developed on the altiplanation terraces. Permafrost
is present in the valley bottoms and north-facing
slopes to depths as great as several hundred feet
(Péwé, 1958).

CLIMATE

The present climate of the upland is continental
with long cold winters and short cool summers. In
the valleys bordering the upland, there are 17 weather
stations. The temperatures at nearly all of the sta-
tions range from a maximum summertime high near
100° F to a minimum wintertime low near —70° F.
The mean annual temperature at all of the stations
is within a few degrees of 25° F. Mean annual pre-
cipitation at the weather stations is within the range
of 10 to 15 inches water equivalent per year, indic-
ative of a semi-arid climate. The precipitation is
light because the Yukon-Tanana upland lies in a pre-
cipitation shadow ringed by mountain ranges. Moist
air from the Gulf of Alaska is blocked by both the
Chugach Mountains and the Alaska Range.

OLDER GLACIATION

During the older of the two major glaciations rec-
ognized in the Yukon-Tanana upland, about %00 cirque
glaciers were perched in the high mountains and
nearly 100 larger glaciers flowed down the valleys.
Although the number of glaciers was great, glacial
ice covered no more than an estimated 3 to 5 percent
of the upland. Some valley glaciers consisted of a
main trunk glacier with several tributary ice streams.
The longest ice stream, located in the Mt. Harper
area, was 16 miles long from cirque to terminus. All
of the glaciers originated from cirques and no exten-
sive icecaps developed in the upland. Nearly 1,100
cirques formed at this time.

Almost all of the many small north-facing cirques’
glaciers were about 4,000 feet above present sea level.
Because a small cirque glacier has only a small ac-
cumulation and ablation zone it can lie neither above
nor below the snowline; it is therefore a good indi-
cator of regional snowline. Snowline at this time
was about 4,000 feet above present sea level (fig. 1).
Cirque bases of the larger glaciers also lie at about
4,000 feet elevation (fig. 2) allowing only a small po-
tential accumulation area.

A general northward orientation of cirques in the
northern hemisphere has long been known, but to the
authors’ knowledge, no previous cirque orientation
analysis of this scope has been published. The orien-
tation of 1,088 cirques were measured in the Yukon-
Tanana Upland. The direction which the cirque
opening faces is taken as the direction or orientation
of the cirque. The direction of all cirques measured
was plotted on rose diagrams in increments of 20 de-
grees of arc (fig. 3). The orientation of 30 cirques
was measured in the Trinity Alps of northern Cali-
fornia (Sharp, 1960), 39 cirque orientations were
measured in Idaho (Dort, 1962), and cirque orientation
studies comparable to the study presented in this
paper are in progress in Sweden (Valter Schytt, Univ.
of Stockholm, personal communication).

In the Yukon-Tanana Upland the greatest number
(16 percent) of the cirques face between north and N
20° E (5 percent of the possible circle) (fig.3). With
this orientation they face away from the sun at the
time of afternoon temperature maximums. The few-
est number of cirques face east and west. Several
general east-west oriented ridges occur in the Yukon-
Tanana Upland and these have numerous cirques on
their north and south flanks. Thus, the ridges am-
plify the number of north-south facing cirques and

diminish the number of east-west facing cirques. An
alternate but less likely hypothesis is that the south

facing secondary maximum orientation is caused by
moist air-mass movement and precipitation from the
south. At the present time, however, the dominant
moisture source for the Yukon-Tanana Upland is from
the west or south-west. The cirque elevations and
pattern of orientation remain nearly constant over
the entire Yukon-Tanana Upland.

Ice from the larger cirques flowed down presumably
preexisting valleys forming 0.5 to 0.7 mile-wide U-
shaped valleys, faceted spurs, deflected drainages, and
laternal moraines. The clearest evidence for the ex-
tent of large glaciers during the older glaciation is
the remnants of extensive terminal moraines. The
termini of several glaciers reached an elevation as
low as 2,000 feet. Down-valley from some terminal
moraines of the older glaciation are patches of ter-
raced outwash. :

Modification of the glacial features of the older
glaciation is distinetive and allows correlation of gla-
cial features throughout the area, as well as providing
a means by which the older and younger glacial fea-
tures can be differentiated.  Cirques of the older
glaciation are partially filled with colluvium, have no
tarn lakes, have subdued headwalls, and some are
partially obliterated by cirques of the younger glaci-
ation. The presence of many cirques of the older
glaciation which were occupied by glacier ice during
the younger glaciation is inferred by the presence of
other older glaciation features such as terminal mor-
aines. Lateral and terminal moraines are fragmen-
tary, have subdued knob and kettle topography, and
have few or drained kettle lakes. The outwash plains
are identifiable as terrace remnants only with diffi-
culty.

YOUNGER GLACIATION

During the younger glaciation approximately a
third of the north-facing cirques of the older glaciation
were re-occupied by ice. Most of the glaciers were
cirque glaciers; valley glaciers formed again but were
less extensive than during the older glaciation. At
least 200 glaciers were formed from ice originating
in about 400 cirques. The longest glacier reached 9
miles north from Mt. Harper, the highest peak in the
Yukon-Tanana Upland. About 2 percent of the up-
land was covered by glaciers during the younger
glaciation.

Almost all north facing cirques of the younger
glaciation are about 4,500 feet above present sea level
(fig. 1). Less than 1.4 percent of the upland (fig. 2),
or less than approximately 500 square miles lies above
4,500 feet elevation, and of this, only a fraction of the
area was suitable for snow accumulation. Almost all
of the cirques of the younger glaciation are north
facing, only a few are east and west facing, and there
are almost no south facing cirques. Twenty-two per-
cent of all the cirques face between north and N 20°
E (fig.3). A greater percentage of the cirques of the
younger glaciation are oriented to the north than
those of the older glaciation because of the great
lack of south facing cirques. It is interesting to note
that a comparison of orientation diagrams from
Illinois, Idaho, and central Alaska show no cirques
with orientation to the south in Wisconsin time.

Cirques of the younger glaciation lack thick collu-
vial deposits, they expose fresh bedrock surfaces, and
they commonly have tarn lakes. In all but seven
places, younger cirque glaciers reoccupied cirques of
the older glaciation.
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Ice of the younger glaciation flowing down the
older glacial troughs scrubbed them, and left rather
fresh-appearing moraines. The troughs of the young-
er glaciation are not extensively eroded or incised,
have small recessional moraines, and are not as long
as are the troughs of the older glaciation. Cols were
formed between cirques, hanging cirques and hanging
valleys were developed, and at the sides of the glacial
troughs are side glacial stream channels and kame
terraces. The younger terminal moraines have steep
front slopes, fresh knob and kettle topography, nu-
merous lakes, and often lie at an angle to the older
glacial features. Outwash from the younger glaci-
ation is easily recognizable, is more intact, and gen-
erally lies within and partially covers the troughs of
the older glaciation.

Fresh morainic loops lie within the terminal mor-
aines of the younger glaciation. Such moraines may
be either recessional moraines or indicate slight re-
advances during the waning stages of the younger
glaciation. As many as three such moraines were
formed by glaciers in the Mt. Harper, West Point,
Charley River, and Glacier Mt. areas (see fig. 3 for
area designations and geologic map for location of
recessional moraines). One or two late moraines are
located in 20 other valleys in the eastern half of the
Yukon-Tanana upland.

CORRELATIONS WITH OTHER AREAS IN

ALASKA

The nearest glaciated area in Alaska to which the
glaciation of the Yukon-Tanana upland can be cor-
related is the Alaska Range. In the Alaska Range,
features of glaciations have been described in the
Robertson-Johnson River area (Holmes, 1965), Delta
River area (Péwé and others, 1953; Péwé and Holmes,
1964), Wood River area (Péwé, Wahrhaftig, and
Weber, 1966), and the Nenana River Canyon, (Wah-
rhaftig, 1958). Moraines of the younger glaciation in
the Yukon-Tanana upland appear topographically
similar to moraines of Donnelly age in the Robertson-
Johnson River and Delta River areas, and to moraines
of Riley Creek age in the Wood River and Nenana
River canyons. In all cases, including the younger
glaciation of the Yukon-Tanana upland, the Alaska
Range moraines are thought to be Wisconsin in age.

The moraines of the older glaciation in the upland
appear to be similar to moraines of Delta age in the
Robertson-Johnson River and Delta River areas, and
moraines of Healy age in the Wood River and the
Nenana River areas. These older moraines in the
Alaska Range are believed to be Illinoian in age, and
therefore, the most likely age for the older glaciation
of the Yukon-Tanana upland is Illinoian. Elsewhere
in Alaska, the two glaciations are termed middle to
late Pleistocene and late Pleistocene (Coulter and
others, 1965).

Correlation of the inferred Pleistocene snowline
elevations in the Yukon-Tanana upland with other
areas in Alaska is made along east-west and north-
south lines (fig.1). The elevation of present snowline
was determined by field observations and studies of
photographs and topographic maps. The elevation
of Pleistocene snowlines elsewhere in Alaska was de-
termined in the same manner as outlined earlier for
the Yukon-Tanana upland. From west to east across
Alaska, the elevations of snowlines rise gradually
(fig. 1). The present climate becomes drier and sum-
mer temperatures are higher from the Bering Sea on
the west to the Canadian border on the east. These
climatic relationships probably existed also during the
time of the younger and older glaciations.

From south to north, the past and present snowline
elevations are more complex. From Prince William
Sound on the south, present snowline generally rises
(fig.2), in contrast to the world-wide pattern of a de-
crease in elevation toward the poles from the equator.
This northward rise of snowline seems to be con-
trolled mainly by precipitation, for the snowline rises
away from the Gulf of Alaska, the dominant moisture
source area. In Prince William Sound, the elevation
of the younger glaciation snowline appears anoma-
lously depressed in the northern side of the Sound
(fig. 1). This is evidence for tectonie warping of the
land surface since the cirques were formed.

SUMMARY

Cirques, U-shaped valleys, moraines, and outwash
plains, all of two distinct geomorphic ages, indicate
that at least two major alpine glaciations occurred in
the Yukon-Tanana upland of Alaska. Although sev-
eral hundred cirque and valley glaciers were present
during each glaciation, only 3 to 5 percent of the up-
land was glaciated. A correlation of the glacial
features in the upland to other areas of Alaska sug-
gests that the older and more extensive glaciation is
Illinoian in age and the younger glaciation is Wiscon-
sin in age. The semi-arid climate of the upland
restricted the extension of the glaciers into valley
glaciers, the longest of which was 16 miles. These
glaciers never coalesced to form large piedmont ice

shests. The orientation of 1,088 cirques formed
during the older glaciation is dominantly toward the
north. During the younger glaciation, at least 388
cirques were oriented more strongly northward than
the older cirques. Almost all of the cirques of the
younger glaciation were located in cirques of the older
glaciation.
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