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QUATERNARY GEOLOGY OF THE MOUNT CHAMBERLIN
AREA, BROOKS RANGE, ALASKA

By G. WLiam Hormes and Cuarrtes R. Lewis

ABSTRACT

Glaciers originating in the Franklin Mountains of the northeastern Brooks
Range advanced in four major Pleistocene glaciations and in two minor Recent
fluctuations. The oldest advance, the Weller Glaciation, covered the foothills
and reached the south flank of the Sadlerochit Mountains. This advance is
recorded by scattered quartzite and granitic erratics on bedrock ridges and by
smooth sheets of till on the middle and lower slopes. These oldest till deposits
have been profoundly modified by frost action and by processes caused by gravity.
Next, the Chamberlin Glaciation deposited till sheets and outwash aprons which
still retain some of their original form. The end moraine of this glaciation is
clearly mappable, and the moraine-outwash relationship is generally preserved,
but minor topographic features have disappeared. The less extensive Schrader
Glaciation is represented by ridged lobate end moraines, some of which enclose
Lake Schrader. These moraines are marked by a few shallow ponds and low
hillocks and by a widely distributed, well-formed assortment of frost features.
The last major advance, the Peters Glaciation, did not extend beyond the moun-
tain front. The moraines are fresh, bouldery, and steep sided., and frost features
are rare or absent. Modern glaciers have formed two groups of moraines: a
slightly weathered single or double moraine several hundred yards from the ice
front, and a very fresh moraine in contact with the ice.

The development of colluvium, alluvial-fan deposits, terrace deposits, alluvial
silt, and stream gravel, although it does not clearly record all climatic changes
within the Quaternary, was an important aspect of the present landscape.

INTRODUCTION

The Mount Chamberlin area, which includes Lakes Peters and
Schrader, is in the eastern Brooks Range, northeastern Alaska (fig.
1). The area mapped includes the Mount Michelson B-2 quadrangle
and the southern part of the Mount Michelson C-2 quadrangle. Nei-
ther of these maps has been published, but manuscript copies, which
were used in compiling the 1956 edition of the U.S. Geological Survey
Alaska Topographic Series Mount Michelson sheet (scale 1:250,000),
were available as a base for the geologic map (pl. 1). Mount Cham-
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Fieure 1.—Map showing physiographic provinces of northeastern Alaska.
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berlin is about 60 miles south of the Arctic Ocean, 100 miles west of
the Canadian border, and 30 miles north of the crest of the Brooks
Range. The area is drained by the Sadlerochit River and its tribu-
taries. The large Hulahula River valley lies immediately to the east,
and the Canning River drains the region to the west. The mapped
area lies within the recently created Arctic National Wildlife Range.

Investigations were conducted by Holmes from June 21 to Au-
gust 29, 1958, and in April and May 1959, and by Lewis in June 1959.
Traverses were made throughout the northern half of the area, down
the Sadlerochit River, and up the major valleys and tributaries in the
mountains. The area immediately east of Mount Chamberlin was
mapped by photogeologic methods, supplemented by reconnaissance
from a single engine plane.

The project was conducted by the U.S. Geclogical Survey on behalf
of the Terrestrial Sciences Laboratory, Geophysical Research Direc-
torate, U.S. Air Force Cambridge Research Laboratories. Fernand
de Percin, meteorologist, U.S. Army Quartermaster Research and
Engineering Center, and John E. Hobbie, limnologist, University of
California, took time from their own studies and assisted Holmes on
several traverses. Livingston Chase, geologist, and Lloyd Spetzman,
botanist, both of the U.S. Geological Survey, accompanied Lewis on
the Sadlerochit River traverses. The base camp at Lake Peters and
other logistic functions were under the management of Maj. Frank
Riddell, Royal Canadian Army (Ret.).

The Mount Chamberlin area has received considerably more scien-
tific attention than other parts of the eastern Brooks Range. Leffing-
well (1919) spent three seasons in the region, including a two-month
study of the area around Lakes Peters and Schrader. He described,
mapped, and named many of the major bedrock units, devoted some
attention to the glacial deposits and the frost features, and noted
especially the glacial deposits around Lake Schrader (1919, p. 136
138). Whittington and Sable (1948) and Brosgé and others (1952)
reexamined the bedrock in the central and northern parts of the area.
Their interest was in extending the stratigraphic and structural in-
vestigations of Naval Petroleum Reserve No. 4, which lies along the
north slope of the range to the west. These investigations also re-
sulted in two recent papers on glaciation of the north-central Brooks
Range (Detterman, 1953; Detterman, Bowsher, and Dutro, 1958),
which are especially germane to the present study. During the Inter-
national Geophysical Year, glaciological and geological studies were
conducted in the area east of the Hulahula River (Mason, 1959 ; Sater,
1959; Keeler, 1959; Sable, 1961). More recently, Stephen Porter
(1963) modified the chronology of Detterman and others.
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GEOGRAPHIC SETTING
TOPOGRAPHY

The mountains of this region, specifically the Franklin and the
Romanzof Mountains (fig. 1),are as rugged as any part of the Brooks
Range, and include the highest peaks in the North American Arctic
area. Mount Chamberlin (fig. 2) and, to the east, Mounts Michelson
and Hubley rise in the drainage of the Okpilak and Jago Rivers and
are approximately 9,000 feet above sea level. The general level of the
peaks is 6,000 feet and local relief is typically 3,000 to 4,000 feet. The
mountains are sharp crested and steep and are deeply dissected by
closely spaced streams.

North of the Franklin Mountains is a double pair of ridges and
valleys, beyond which are the outlying Shublik and Sadlerochit Moun-
tains. The Arctic Foothills province borders the Sadlerochit Moun-
tains on the north and extends to the basin of Lake Schrader. North
of the foothills is the Arctic Coastal Plain, which is narrow in this
region.

Descriptions of the physiographic subdivisions of Arctic Alaska
appear in Payne and others (1951), Black (1955, p. 118), and Reed
(1958, p. 5-10). Physiographic boundaries on figure 1 are based on
recent work by Lewis.

The Sadlerochit River drains most of the area by means of its main
branch on the west and the Kekiktuk River (“lake branch” of Leffing-
well, 1919, p. 56). Streams in the area rise from small glaciers, from
melting snow and seasonally frozen ground, and from rainfall. Al-
though total precipitation is light, the streams respond quickly to
rainstorms because the shallow permafrost restricts infiltration. Most
of the streams in the Brooks Range have flood plains of boulders and
gravel, whereas those originating on the rolling tundra of the Arctic
Foothills flow over silt- and peat-mantled valley floors. Some of the
streams of the foothills have developed beaded drainage features con-
sisting of small circular thaw ponds along the paths of the streams.

VEGETATION

The following summary of the vegetation is based on the work of
Spetzman (1959). The Arctic Coastal Plain, the Arctic Foothills, and
the north slope of the Brooks Range are mostly covered by tundra
vegetation, except for the barren areas on the mountains and some of
the larger valleys, where willow and poplar grow in narrow groves.
The tundra consists of a mosaic of several plant communities, such as
moist cottongrass meadows, dry meadows, sedge marsh, and willow
brush. The largest and greatest variety of species occur in the foot-
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types of patterns are easily recognized on aerial photographs: straight,
parallel swales on moderate slopes of Chamberlin ground moraine
that meet the main streams more or less at right angles; and series
of curving, parallel, branching, or converging swales that form on
the flat and gently sloping surfaces of Schrader and Chamberlin till
and on colluvium derived from these tills. The swales on steeper
slopes may be in part derived from earthflows (see below), but those on
nearly flat surfaces are probably drainage or frost phenomena.

MASS MOVEMENT

Wastage by gravity movement, here accelerated by frost riving and
frost churning, is one of the most important erosional processes. Two
mappable products of mass movement, talus and colluvium, have been
described, but it should be noted again that nearly all slopes are
covered by various thicknesses of material transported downslope by
gravity. Much of this material is in the form of uneven or smooth
sheets in addition to talus cones, fans, or stripes.

Much of the colluvium is readily identified by step features such
as turf-banked and stone-banked terraces, or by solifluction lobes.
These terraces or lobes are normally covered with a moss-lichen-sedge
turf and have smooth profiles. Their length ranges from a few feet to
several hundred feet, and the riser may have a relief of 10 or more feet.

The most obvious type of mass movement is the earthflow, a sudden
movement of saturated till or colluvium that leaves a scar typically
5 to 10 feet deep, 50 to 100 feet wide, and several hundred feet long
(fig. 8). The lower end of the earthflow is a rough lobe consisting
of blocks of soil, turf, and peat in a matrix of till or colluvium.

Earthflows are common on colluvium and till that rests on black
shales, and on morainal slopes facing Lake Schrader. Twelve large
flows occurred on the lakeshores between August 1950 and the autumn
of 1957, and one more formed suddenly on or about August 16, 1958.
The flow of 1958 followed 2 days of unusually warm weather during
a season that was probably milder than normal. The flow occurred
on a 10° to 15° slope, leaving a scar 6 to 8 feet deep and a berm of
turf 2 to 3 feet above the original surface. Conspicuous movement
of turf blocks, boulders, and saturated till continued for 3 days, and
the upper end of the scar enlarged during the following week. An-
other smaller earthflow apparently occurred the same summer on the
shore of a small pond near Katak Creek (fig. 14). Several similar
flows may be seen on north-facing slopes of Chamberlin till at the bend
in Kekiktuk River.

A majority of the flows extend to a lake or stream, where the mate-
rial is transported by waves or running water. Commonly a rill flows



B28 CONTRIBUTIONS TO GENERAL GEOLOGY

down the scar; deepens the depression, and removes additional mate-
rial from the thawing permafrost. After the scar is healed by vegeta-
tion, small streams continue to flow, and eventually a layer of silt and
peat accumulates. Some, but not all, of the parallel peat-covered
swales on the steep slopes were probably formed in this manner.

Although evidence from aerial photographs suggests that earthflow
activity has increased in the past decade, the common occurrence of
old turf-covered earthflow scars and lobes indicates that this cata-
strophic mass-wastage process has taken place, at least intermittently,
since the oldest glaciation. The present activity, which is presumed
to be related to the warming trend in the Arctic, suggests that
earthflow of high intensity is related to the warmer phases of the
Quaternary.

QUATERNARY HISTORY

Major uplift of this part of the Brooks Range in the late Pliocene
or early Pleistocene (Payne, 1955) set the stage for repeated alpine
glaciations. The distribution of the oldest drift indicates that the
topography has remained virtually unchanged and that little local
tectonic activity has occurred since the earliest recorded glaciation.
This situation contrasts with that in the Rocky Mountains (Flint,
1957, p. 328-330) and in the Alaska Range (Wahrhaftig, 1958) where
uplift occurred after the earliest glaciation.

During the Weller Glaciation, the oldest and most extensive glacial
advance in the area, ice from valleys in the Franklin Mountains coa-
lesced into extensive piedmont glaciers that covered most, if not all,
of the foothills south of the Sadlerochit Mountains. The piedmont
ice was deflected eastward by the Sadlerochit Mountains and ter-
minated in the lower course of the Sadlerochit River. Lateral drain-
age during the glaciation may have escaped through Sunset Pass to
the north, as suggested by Leffingwell (1919, p. 137), although no
erratics have been found in this broad valley. Colluvium and talus
probably formed on slopes beyond the ice border during and
following this glaciation.

A considerable interval elapsed between the Weller and Chamberlin
Glaciations, as indicated by the contrast between the severely eroded
oldest drift and the modified but recognizable moraines of the
Chamberlin Glaciation.

The Chamberlin Glaciation was likewise a major event. Ice from
the largest valleys coalesced and formed very broad, thick piedmont
glaciers that moved northward and overrode the low foothills north
of the Franklin Mountains. Drainage from these glaciers deposited
what are now well-preserved, extensive outwash plains. On ungla-
ciated piedmont slopes, broad sheets of alluvium were deposited.
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Lakes probably formed in the Peters and Schrader basins after the
Chamberlin advance.

The Schrader advance was also a major glaciation, although less
extensive than earlier advances. It is recorded by erosionally modi-
fied end moraines which retain some constructional features such as
ponds, parallel ridges, or knobs. One of the moraines encloses a large
lake.

The last Pleistocene advance, the Peters Glaciation, extended only
to the mouths of the canyons of the Franklin Mountains and depos-
ited moraines much smaller than those of earlier glaciations. The
moraines are bouldery, steep sided, and little weathered.

Moraines in the cirques of the Katak Glaciation are at least one
order of magnitude smaller than the Peters moraines. This fact sug-
gests that they represent Recent advances and there is abundant evi-
dence in many alpine regions to support this assumption. Deposition
of silt, alluvial fans, and stream gravel continued into the Recent.

The tentative correlation of the glaciations described here with
those in the Brooks Range, the Alaska Range, or elsewhere, as shown
in table 4, are little better than guesses. No radiocarbon data are
available, and weathering characteristics and soil profiles are of lim-
ited value. Moreover, the reduction of Pleistocene landforms in the
Arectic may not be primarily a function of absolute age but may rather
depend upon the number, length, and intensity of periods of warm
climate that the landforms have undergone. During warm periods
the permafrost table would be deeper, and mass movement, frost
churning, and stream action would be more effective than they are at
present or were during the glacial advances. Greater precipitation,
which may have accompanied higher temperatures and more maritime

TABLE 4.—Tentative Quaternary chronologies in the Brooks and Aleskae Ranges

Alaska Range Brooks Range
Epoch
Péwé (1952); Holmes and Lewis | Detterman, Bowsher, | Porter (1963)
Holmes (1959) (present report) and Dutro (1958)
Blacdeapids II F%ntaltg)untain n
Recent Blacdeapids I Katak Glaciation | Fan Mountain Stade Elt:l 1\14101‘%33 aIilgltade
st Glaciation
Alapah Mountain
(Post-Donnelly Glaciati
advance) Poters Glaciation | goncoka River Gla- | Itkillik Glaciation
Donnelly Glaciation ciation (subdivided into four
et it - - === - - - - -| advances)
Pleistocene Delta Glaciation Sctl;rader (lacia- | Itkillik Glaciation
on
- " "7 " 77| Chamberlin Gla- | Segavanirtok River o
Darling Creek Gla- ciation laciation
ciation Weller Glaciation | Anaktuvuk River
Glaciation
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conditions (possibly a result of open water in the Arctic Ocean),
would also encourage stream action. Conversely, during cooler
phases of the Pleistocene, frost churning and mass movement would
be minimal.

Tentative correlation with glaciations in the north-central Brooks
Range is based in part on information in Detterman, Bowsher, and
Dutro (1958), on personal conferences with Dutro and Porter, and
on comments by Detterman (table 3). According to Detterman
(written commun., 1963), Weller moraines appear very similar to
Anaktuvuk River drift, Chamberlin moraines are similar to the type
Sagavanirtok River moraines, and the Schrader moraines, with their
vestiges of constructional topography resemble the Itkillik moraines.
Uncertainty arises when attempting to correlate the Peters advance,
which in this area resulted in the last major Pleistocene moraines.
Detterman believes the Peters Glaciation is equivalent to the Echooka
River advance; if it is, the Alapah Mountain advance was either not
represented or was not recognized here. As stated by Porter (1963),
the Alapah Mountain drift may be Recent in age; hence in the Mount.
Chamberlin area the Alapah Mountain Glaciation might be included
in the Katak advances.

Keeler (1959, p. 93-94) correlates a series of five glaciations in the
McCall Glacier area (fig. 1) with the sequence described by Detterman,
Bowsher, and Dutro (1958). He also notes that the oldest moraine
deposits in the McCall River valley are probably equivalent to the
Anaktuvuk or the Sagavanirtok advances.

Porter (1963) has recently extended the meaning of the term
Itkillik to include the original Itkillik and Echooka advances plus
two others heretofore not recognized in the Anaktuvuk Pass area.
Porter provisionally correlated the four advances of the Itkillik
Glaeiation with the classical four-fold Wisconsin Glaciation of central
North America, and, as stated, believes that the Alapah Mountain
advance is Recent.

Sable (1961, p. 186) correlates the recessional and end moraines
which lie 1,000 to 8,000 feet from the terminus of the Okpilak Glacier
(about 9 miles south-southeast of Mount Michelson, beyond the bound-
aries of location map, fig. 1) with the Fan Mountain advance of the
north-central Brooks Range. The Katak moraines in the Mount
Chamberlin area are probably equivalent to the Okpilak moraines
described by Sable, which he regards as historically recent in age.

A more tenuous correlation is attempted between the Brooks Range
and the Alaska Range, with which the senior author is familiar.
This suggested correlation is based primarily on geomorphic
similarities.
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Correlation with the glacial chronology of central North America
is even more tenuous. The Weller deposits, which have no morainal
form, are probably considerably older than the Chamberlin moraines,
and, as a corollary, it is suggested that succeeding Chamberlin,
Schrader, and Peters deposits, which have morainal form, were depos-
ited at closer intervals than that which occurred between the Weller
and Chamberlin Glaciations. This relationship may indicate that
the Weller Glaciation was pre-Wisconsin and that the Chamberlin,
Schrader, and Peters Glaciations were Wisconsin in age.
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