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A CURIOUS though little remarked fact is that glacial deposits at least

A tentatively correlative with the four major stages of Pleistocene glacia-

tion are exceedingly rare in the mountainous areas of the western United States.

To date, they have been found in only three ranges, despite more than 50 years

of investigations.
The common explanation {or the scarcity of early Pleistocene glacial de-

posits in the western mountains is that long and vigorous erosion has removed

all tiaces of such deposits in most localities. Another possible explanation,

however, is that early Pleistocene glacial deposits nevet existed in some western

ranges now bearing the impress of glaciation, because these ranges were below

glacial snowline early in Pleistocene time and rose into snowline during Pleis-

tocene time. This possibility seems not to have been considered seriously in

this counffy, although a number of glacial geologists in Europe, more impressed

than American geologists by the evidence of large amounts of uplift in

Pleistocene time. consider it a satisfactoty explanation for the slight degree

of glaciation evident in some European tanges. Summarizing the European

literature, Charlesworth (1957) writes: "Thus Pleistocene earth-moYements

explain why in the German Mittelgebirge, in the Mediterranean, including

the Apennines, Sierra Nevadas, Atlas Mountains, Anatolia and the Balkans . . .

only one glacial epoch and that the last is present."

Resume of Mountain Glaciation ia the Western United' States

The evidence of glaciation in the Rocky Mountain area, as summarized by

Flint (1957), consists in general of thtee elements:

1. Young glacial deposits, showing {resh constructional topography and

only slight weathering; referred to the Pinedale glaciation of late Visconsin

tlme.

2. Older drift, showing constructional forms much blurred by mass wasting

and by cover of loess, distinctly weathered and frequently exhibiting a mature

soil profile; referred to the Bull Lake glaciation of early \Tisconsin time.

3. Patches of deeply weathered drift normally showing no ttaces of con-
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stuctional forms, in many places lying on erosion surfaces hundreds to more
than a thousand feet above present stream levels; originally referred to a
Buffalo glaciation, now to one or more pre-Visconsin stages of glaciation.

\(zork by Richmond (1957) has demonstrated the evidence of three pre-
\X/isconsin glaciations in the \7ind River Mountains of \Zyoming, the moun-
tains of northern ldaho and ITyoming (Glacier National Park area), and
the la Sal Mountains of Utah. The evidence consists of sheets of till that are
separated by zones of weathering and mature soils. Richmond tentatively
correlated the three pre-ITisconsin glaciations with the Nebraskan, Kansan,
and Illinoian glaciations of the midcontinent.

A point to be stressed is that the evidence of three pre-ITisconsin glacia-
tions has been found only in three of those mountainous areas that extended
far higher into glacial snowline than the majority of the other glaciated areas.

\7e may examine two types of evidence to test the hypothesis that many
ranges showing evidence of glaciation lay below glacial snowline early in
Pleistocene time, or not as far above it as they do at present. The {irst is
the heights of glaciated areas above glacial snowline. The second is the
probable amount of uplift of the mountainous areas during Pleistocene time.

Heights of Glaciated, Areas abooe Glacial Snouline
The heights that the glaciated ranges of the western Unired States extend-

ed above snowline, at least in I7isconsin time, are considered to equal the
differences between summit elevations and the elevations of the lower cirque
floors. The assumption that cirque floors and snowline coincide roughly is
a fairly strong one that has been argued at length elsewhere (Fllnt, 1957;
Charlesworth, 1957). "lhe elevations of cirque floors accord well in any
given range after allowing for expectable clifferences on opposite sides of
ranges and northward decline in elevation (in the northern hemisphere) in
long ranl;es.

Figute 1 shows the differences in elevation between summits and snow-
line, as shown by cirque floors, in 44 western ranges for which data are avall-
able (Flint, 7957). The range in differences in elevation shown for a number
of the glaciated mountain areas reflects the differences in elevation of lower
cirque floors on opposite side or norrhern and southern ends of individual
mountain ranges,

The figure shows clearly the great differences in the heights of western
mountains above snowline of glacial times, from an average of atound 5000
feet in the Sierra Nevada to virtually zero on the Aquarious Plateau of Utah.
More significantly, the figure shows that the highest summits of nearly half
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the glaciated mountain areas extended less than about 2000 feet above snow-

line. If these mountainous areas fose as much as 2000 feet during Pleistocene

time, about half of the areas that show evidence of glaciation would have

Heiqhts of summits above cirque floors, in I
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FiAure 1, Diffetences in elevation between summits and snowline ol glacial
time, as determined from cirque floors, in 44 glaciated mountain areas in the
western United States. (Data from Ftint, 1!57.)

-tr
-1

'1

LO
6-

O).+

3
o

f,
0)

)
0,-1

o,
o

ca3-tle Lttns.,Monll
Looko.rt Peak.ldaho

San bernardino Mtns..calif
Madison'edlbtin Ranqcs. Moii.
Whit€ River Plal€au, Callt
sierra NeY-Mt Elwellar6, Callf.

sah Franci5.o Mtns.. Ariz.
Tu5har Mtns., Utah
Crow <re€k Mtos., Morit.

Absaroka Ranqe. Wqo.
Park Rang., colo.
gan fuan Mln5., Colo.
Whtte Mlns.. calii
M4dicine Bow Mtns.,Wgo
RuDq - E. Humboldt Mtns., NeY
MT, Evans €rea. Colo.
cr-azg |r'tlns., Mont.
Culcbra Renqe, Col6.
Big Horn Mtns. .Wgo.
\^/allow. Mtn3.. ore.
sangre d. Cr''sto Mtn... Colo.

West 5pani5h Peak, colo.
Maan Rockies of  Colo.
Wasatch N4tns.. Lltah
Snowg R.- B?artoolh Pbt, Mont
Lost River Ranqc, lftho
Klamath Mtns. .  Cal l f
Crdler Lake dre€, Ore.
Salmon Rivc. Mtn5-, ldaho
o lqmpic  Mtn . . ,  w€sh.  

I
sie.rd Nev.- Lass€n Peak ar€ai Calli

Mtn3.  o f  N . ld . - -  N \^ l  Moht .

Anaconda l'r1'rns-, Moht]
wind River Ranqe, \ 'go.



Eugene H. \9alker

been below snowline eady in Pleistocene time, assuming that snowline had
about the same elevation above sea level during the early glaciations as during
the later slaciations.

Probable Amounts of Uplif t d,uring Pleistocene Tinte

It is now generally agreed that continental areas have risen considerably
since Plio-Pleistocene time. According to Flint (1957) post-Pliocene uplift
has raised the mean heights of the continents about 1600 feet, from below
about 980 feet to around 2600 feet. The reported uplifts since Plio-Pleistocene
time in many mountainous areas around the world arc latger; they are rarely
estimated at less than a few thousand feet (Flint, 1957; Charleswo rth, 1,957 ),
and in the Himalayas have been estimated at around 13,000 feet by Hagen
(1963)..

Many ranges cf the western United States have risen thousands of feet
since late Pliocene time, according to those who have studied them. The
Front Range of the Colorado Rockies has risen about 5900 feet ($[ahlstom,
7947); the San Juan Mountains of Colorado 3280 feet ( Atwood and Mather,
7932); the mountains of westefn Montana "several thousand feet" (Pardee.
1950); and the Alaskan Coast Range as much as 5000 feet ( Capps, 1931).
Although estimates of uplift since late Pliocene time are lacking for most of
the other ranges, it seems likely that rhey have risen at least the 1600 feet
that Flint estimates for the continents as a whole. and probably considerably
more.

There is a tendency on the part of some geologists to deny that the high
surfaces of the western mountains indicate large uplifts. The upland surfaces,
the argument runs, are the higher portions of pediments left isolated by
erosion of the lower and once very extensive pediment slopes. According to
this interpretation, the relief berween upland surfaces and the lowlands has
been caused by a change in stream regimen, from conditions under which
graded streams widened out pediments and spread waste to conditions in
which streams cut downward strongly.

Opposed to this concept that the present relief represents a change in
process, not uplift, we may set not only the opinions of the many geologists
who have reported large uplifts, bur also the forcible evidence of uplift in
some mountains. The uplift of around 5000 feet of the Alaskan Coast Range
that Capps (1931) teports is based on the presence of sedimenrs carryrng
Pleistocene marine fossils at thar height. In California the exhaustive studies
of Bull ( 1964) on segmented alluvial fans show convincingly that the Coastal
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Range has risen probably "more than 2000 feet during and since the Coast
Range orogeny," which is generally considered to be of middle to late
Pleistocene age.

A more important question is: are the present high elevations of con-
tinents and mountains due primarily to large-scale uplift in Plio-Pleistocene
or early Pleistocene time, or are they due to recurrent uplifting movements
that began at those times?

The weight of the present evidence seems to indicate that intermittent
uplifts continuing into the present are responsible for a major part of the
total uplift of these areas since Plio-Pleistocene time. The surfaces of erosion
that one commonly finds between uplands and modern lowlands tell a story
of recurrent uplift rather than of one grand uplift early in Pleistocene time.
Also, considerable uplift and erosion apparently occurred between such in-
dividual glaciations as can be recognized. As Richmond ( 1957) notes, deposits
of pre-IX/isconsin till in most places "cap high interstream divided or remnants
of broad-valley erosion surfaces along the upper slopes of canyons," and
"tend to be dissected from 200 to over 1,000 feet by modern trunk streams."

Here again some geologists may question whether the downcutting be-
tween glacial events necessarily signifies uplift. However, most geologists
probably will prefer to believe that the cuding of valleys a thousand feet
below old erosion surfaces, into strong rocks, signifies uplift rather than a
change in stream regimen due to climatic fluctuation, at least until stronger
evidence is inrroduced ro supporr the larrer theciry.

The belief that present elevations are due to Pleistocene movements is
fortified by the accurnulating evidence, interestingly summarized by Charles-
worth (i957), that all of Pleistocene time has been a revolutionary period,
not merely the beginning of it. Although the Rockies and most of the ranges
farther west do not show the activity registered in California, where mid-
Pleistocene sediments have been folded in the Coast Range orogeny (Bull,
7954) and the San Bernardino Mountains are now rising at a tate of two
feet per hundred years (Gilluly, 1949), they certainly are not dead. For
example, from tree-ring data Pardee (1950) estimated a movement of 10
to 30 feet along the {ault at the foot of the Madison Range ln wesrern
-tvlontana srnce 1/ /tr.

The available data therefore suggest most sttongly that the westerfl ranges
in the United States have risen a few to several thousand feet since Plio-
Pleistocene time, and that much of this total uplift is due to fecurrent move-
ments through Pleistocene time, which are continuing in certarn areas even
now.
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S u.mmar I and C on c lu sion s
To the present, evidence of glaciation in all four glacial stages of the

Pleistocene has been found in only three of the mountainous areas of the

western United States that extend much further above glacial snowline than
average. This scarcity of early glacialr deposits may very well be interpreted
as showing that many mountairis bearing the impress of glaciation were uI>
lifted into glacial snowline during the Pieistocene.

In about half of the glaciated are s for which there are data the summits

stand from barely above to little more than 2000 feet above glacial snowline

as determined from elevations of lower cirgue floots. Uplift of the mountains

during Pleistocene time probably equalled or exceeded 2000 feet on the

average. Therefore mountain areas that extended only a few hundted to

1000 feet or so above glacial snowline during the rVisconsin glaciation almost

certainly were below glacial snowline during one or more of the earlier
glaciations. To take an actual example, the San Bernardino Mountains of

California, which stood slightly less than 1000 feet above snowline in -J7is-

consin time, are rising two feet per hundred years (Gilluly, L949) ard at
this rate would have been 1000 feet lo*'er and below snowline only 50,000
years ago. Other ranges were flot so high above .qlacial snowline in the eady

Pleistocene-which includes both Kansan and Nebraskan glaciations-as in

the late Pleistocene, and consequently were then only lightly glaciated, leaving
less evidence to survive the extensive erosion since Kansan time.

If the foregoing hypothesis is true, early glacial deposits should not be
expected in a considerable percentage of the glaciated ranges of the western
United States because they were below glacial snowline in eatly Pleistocene
time. As a corollary, periglacial deposits such as outwash and loess of early
Pleistocene age will also be missing in the vicinity of such ranges, and also
the evidence in lake beds of environmental changes accentuated by the waxing
and waning of nearby glaciers.
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