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Late Quaternary Glacial and Vegetative History of the
Glacier National Park Region, Montana

By Paul E. Carrara

Abstract

Deglaciation was at least 90 percent complete in the
Glacier National Park region by the time the Glacier Peak G
{11,200 yr. BP) and Mount St. Helens Jy (11,400 yr. BP)
ashes were deposited. The presence of these two ashes at
Marias Pass, on the Continental Divide, indicates that the
Marias Pass area was deglaciated before 11,400 yr. BP. The
fact that the Two Medicine Glacier, a large piedmont glacier
on the plains of Montana, was supplied by ice that flowed
through Marias Pass indicates that this glacier retreated from
the plains of Montana long before 11,400 yr. BP. Hence, by
that time, former tributary glaciers along the eastern side of
the Lewis Range in Glacier National Park no longer flowed
east beyond the mountain front but were confined to their
respective mountain valleys.

On the west side of Glacier National Park, the large
trunk glacier that filled the valley of the North Fork Flathead
River had retreated at least 10 km north of the site of the
present-day town of Polebridge by the time the Glacier Peak
G and Mount St. Helens Jy ashes were deposited. Similarly,
the valley of the Middle Fork Flathead River was ice-free by
the time the Glacier Peak G ash was deposited. Furthermore,
stratigraphic evidence in both valleys suggests that the large
trunk glaciers that occupied these valleys may have retreated
from these areas several hundred to several thousand years
before the deposition of the Glacier Peak G and Mount St.
Helens Jy ashes.

By 11,200 yr. BP, glaciers in the Lewis, Livingston,
Whitefish, and Flathead Ranges that were formerly tributary
to the North and Middle Fork trunk glaciers were confined to
their local mountain valleys. This conclusion is indicated by a
radiocarbon age of 11,150+30 yr. BP (W-5043) from a bog
on a moraine at the lower end of Bowman Lake and by the
presence of the Glacier Peak G ash in a bog on a moraine
deposited by the former McDonald glacier about 1 km
southeast of the site of the present-day town of West Glacier.

By 11,000 to 10,000 yr. BP, remaining glaciers in
Glacier National Park were probably confined to the same
cirques and well-shaded niches where present-day glaciers
and snowfields lie. Although evidence was not found in the
park, data from other areas in the Rocky Mountains suggest

Manuscript approved for publication, June 30, 1989.

that by as early as 11,000 yr. BP remaining glaciers may have
been similar in size to present-day glaciers. Radiocarbon
ages near present-day glaciers in Banff and Jasper National
Parks, Alberta, and Yoho National Park, British Columbia,
indicate that by 10,000 yr. BP, late Wisconsin glaciers had
receded to positions close to those of present-day glaciers. A
similar amount of deglaciation by these times is inferred for
the Glacier National Park region.

Initial revegetation of the Glacier National Park region
had also occurred by the time the Glacier Peak G and Mount
St. Helens Jy ashes were deposited. At Marias Pass, a
conifer needle and an alder strobile were found beneath the
Glacier Peak G ash, and several small willow fragments were
found beneath the Mount St. Helens Jy ash. Pollen and
insect macrofossils below the Mount St. Helens Jy ash at this
site indicate that when this ash was deposited treeline was at
least 500 m lower than present and possibly as much as 700
m lower.

Reforestation by at least 10,000 yr. BP is documented in
several areas in Glacier National Park. In the McGee Meadow
area, radiocarbon ages on lodgepole pine fragments indicate
that this species was established by at least 10,000 yr. BP.
Stratigraphic evidence from one bog in this area suggests
that lodgepole pine may have been established as early as
11,000 yr. BP. In the Howe Lake area, a radiocarbon age on
a wood fragment indicates that either spruce or larch was
growing in this area by at least 10,600 yr. BP. In the Kootenai
Lakes area, a radiocarbon age on lodgepole pine fragments
suggests that this species was growing there by about
10,000 yr. BP. On Snyder Ridge, a radiocarbon age on gyttja
containing coniferous wood fragments indicates the
presence of conifers there by about 10,000 yr. BP.

Two groups of moraines have been identified fronting
the present-day glaciers and snowfields in the higher areas of
Glacier National Park. Mazama ash in the soil overlying
moraines of the older group establishes a minimum age of
6,845 yr. BP for these moraines. Vegetative evidence and
correlation with other moraines elsewhere in the Rocky
Mountains suggest that the older moraines are latest Pleis-
tocene in age. Whether these moraines were formed by the
last advance or stillstand of Wisconsin glaciers or formed by
a separate advance after the Wisconsin glaciation is not
known.

Abstract 1



The younger group of moraines was formed by
advances that culminated in the mid-19th century as
indicated by tree-ring studies at several localities in the park.
During that time, Glacier National Park contained more than
150 glaciers. The climatic cooling of the mid-19th century that
produced these moraines, although mild compared to full-
glacial conditions, was the most severe climatic deterioration
in the Glacier National Park region since the end of the
Wisconsin glaciation.

Since the mid-1Sth century, glaciers in Glacier National
Park have shrunk dramatically. From the mid-19th century
until about 1920 retreat rates were slow. From 1920 to the
mid-1940’s the Glacier National Park regicn experienced a
period of above average summer temperatures and below
average annual precipitation that caused the glaciers to
retreat drastically; many disappeared altogether. After the
mid-1940’s, the overall retreat rates slowed. Between 1966
and 1979, several of the larger glaciers in the Mount Jackson
area advanced slightly.

INTRODUCTION

Purpose and Methods

This report presents the late Quaternary glacial
and vegetative history of the Glacier National Park
region, northwestern Montana, based on field mapping,
volcanic ash identification, radiocarbon age deter-
minations, and tree-ring analysis. Field mapping was
done during the summers of 1981 to 1985 as part of a
U.S. Geological Survey project to update the geological
knowledge of Glacier National Park.

Three volcanic ashes erupted from volcanos in the
Cascade Range of the Pacific Northwest have been
identified in postglacial deposits in the Glacier National
Park region. These ashes are the (1) Mazama, (2)
Glacier Peak G, and (3) Mount St. Helens Jy. The
Mazama ash, erupted in the middle Holocene, is a useful
time-stratigraphic marker because it is commonly found
in bogs and exposures throughout the Glacier National
Park region. In addition, because this ash is also found in
soils overlying glacial deposits in the higher areas of the
park, it provides a minimum age for these deposits that
could not be radiocarbon dated because of a lack of
associated organic material (Osborn, 1985; Carrara,
1987).

The Glacier Peak G and Mount St. Helens Jy ashes
were erupted in the late Pleistocene, when the Glacier
National Park region was undergoing extensive degla-
ciation. Because these ashes would not be preserved if
they had fallen on glacial ice, the presence of these ashes
at a site provides information concerning the extent of
deglaciation at the time they were deposited (Carrara,
1986). Also, at sites where these ashes arc associated

with pollen, plant fossils, and insect macrofossils,
information concerning environmental conditions during
the late Pleistocene has been obtained (Carrara and
others, 1986). Because of the problems associated with
the radiocarbon dating of late Pleistocene events in the
Glacier National Park region, the Glacier Peak G and
Mount St. Helens Jy ashes are invaluable time-
stratigraphic markers.

Thirteen radiocarbon ages were obtained from
organic material collected from bogs and exposures in
the Glacier National Park region. Radiocarbon dating of
the lowermost organic material at these sites has yielded
minimum ages for deglaciation and the beginning of
organic sedimentation. Radiocarbon dating of wood
fragments from some of these sites has yiclded minimum
ages for the establishment of shrubs and trees following
deglaciation.

Cores were taken from trees within the forest
trimlines fronting the Agassiz and Jackson Glaciers and
also from trees immediately beyond the fresh, bouldery
moraines of several other glaciers in the park. These
cores were analyzed to date the glacial advance of the
mid-19th century.

This report documents the presence of the three
late Quaternary ashes in the Glacier National Park
region and describes the stratigraphy at the sites of these
ashes and (or) organic material on which radiocarbon
age determinations were made. Next, this report
discusses the implications of these ashes and radiocarbon
ages to the late Quaternary history of the Glacier
National Park region. The use of the Mazama ash to
establish a minimum age for glacial deposits in the higher
areas of the park is also discussed. In addition, this report
documents the use of tree-ring analysis to date the minor
glacial advance of the mid-19th century and subsequent
recession.

Geology and Geography

Glacier National Park, located in northwestern
Montana adjacent to the Canadian border and
comprising parts of Flathead and Glacier Counties,
covers about 4,000 km?® (fig. 1). The park is an area of
diverse topography underlain by rocks ranging in age
from Precambrian to Tertiary (fig. 2), which are in many
places mantled by surficial deposits of late Quaternary
age (Carrara, 1989).

On the west, trending northwest to southeast, are
the valleys of the North and Middle Forks Flathead River
(fig. 1) whose valley floors range in altitude from about
1,280 to 975 m. These valleys have been down-dropped
on the east and are underlain by about 5,000 m of the
upper Paleogene Kishenehn Formation, consisting of
lacustrine and fluvial sedimentary rocks (Constenius,

2 Late Quaternary History, Glacier National Park Region, Montana
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1981). In some places, these rocks have failed, resulting
in large landslides, such as the one in the Halfmoon Lake
area. In other areas the Kishenehn Formation is covered
by late Wisconsin till as much as 30 m thick. Depressions
within this till contain many bogs filled with peats,
organic muds, and volcanic ashes. Valley glaciers
emerging from the western flank of the Livingston Range
carved large, U-shaped valleys in the underlying Kish-
enchn Formation. Many of these valleys now contain
large, deep lakes (including Kintla, Bowman, Quartz,
Logging, and McDonald Lakes).

The central part of Glacier National Park is
dominated by two rugged mountain ranges (fig. 1),
trending northwest to southeast, that contain many small
glaciers and snowfields. The Livingston Range on the
west extends about 35 km from the Canadian border
south to the Lake McDonald arca. The Lewis Range on
the east extends about 100 km from the border south
through the park to Marias Pass. Large areas of these
two ranges lie above timberline (about 2,000 m), and

many peaks exceed 2,800 m in altitude. Mount Cleveland
(3,191 m), about 8 km south of the border in the Lewis
Range, is the highest peak in Glacier National Park.
Local relief between many valleys and the surrounding
summits is as much as 1,500 m. The Continental Divide
follows the crest of the Lewis Range northward to about
16 km south of the border, then swings westward and
follows the crest of the Livingston Range to Canada.

Both mountain ranges are underlain by Prot-
erozoic sedimentary rocks of the Belt Supergroup (fig. 2)
ranging from about 1,600 Ma to 800 Ma (Raup and
others, 1983). These rocks consist of a sequence of
argillites, siltites, and carbonates with a maximum strat-
igraphic thickness of about 5,200 m (Whipple and others,
1984). Although these rocks have been affected by low-
grade regional metamorphism, many of their original
sedimentary features (ripple marks, mud cracks, salt
casts, and fossil algal stromatolites) are well preserved. In
places, these rocks have been intruded by diabasic and
gabbroic sills and dikes. Near the upper part of the
section, mafic lava flows 10-60 m thick are present
(McGimsey, 1985). In the Paleocene, this entire
sequence of rocks was displaced about 65 km east over
Cretaceous sedimentary rocks along the Lewis thrust
(Raup and others, 1983). Today these rocks form a broad
syncline whose axis closely parallels the Continental
Divide (Ross, 1959).

The Lewis and Livingston Ranges contain various
surficial deposits (Carrara, 1989). A large block slide is
present immediately west of Avalanche Lake and several
block slides are also present in the area north of Glenn
Lake. Steep valley sides, whose forest is scarred by snow
avalanche tracks, are mantled by colluvium. Talus cones
and sheets are common at the base of steep slopes and
cliffs. Late Wisconsin till mantles the floors of many of
the mountain valleys. In the higher areas of both ranges,
two groups of moraines front the present-day glaciers
and snowfields (Osborn, 1985; Carrara, 1987; Carrara
and McGimsey, 1988). On the high, unglaciated upland
surfaces, stone stripes, sorted polygons, and solifluction
deposits have been formed on the regolith by severe frost
action (Carrara, 1989).

East of the Lewis thrust lies the western margin of
the Montana plains. Here altitudes range from about
1,370 to 2,000 m. This area consists of low, rounded hills
mantled in places with a veneer of glacial till and
underlain mainly by a dark-gray marine mudstone of the
Upper Cretaceous Marias River Shale (Mudge and Ear-
hart, 1983). In many places immediately east of the Lewis
thrust, Pleistocene valley glaciers gouged deep, steep-
sided valley walls in these soft rocks as they emerged
from the Lewis Range. These rocks have since failed and
formed large landslides (Carrara, 1989).

4 Late Quaternary History, Glacier National Park Region, Montana



Two large rivers, the North and Middle Forks
Flathead River (fig. 1), drain the west side of Glacier
National Park. The North Fork Flathead River, one of
the major rivers of northwestern Montana, heads in
British Columbia and flows southeast about 120 km,
draining an area of about 4,200 km* (Erdmann, 1947).
Streams draining the eastern flank of the Whitefish
Range and the western flank of the Livingston Range in
Glacier National Park (Kintla, Akokala, Bowman,
Quartz, Logging, Anaconda, Dutch, and Camas Creeks)
are tributary to this river. The Middle Fork Flathead
River heads in the Lewis and Clark Range, south of
Glacier National Park in the Great Bear Wilderness, and
flows northwest about 100 km to the town of West
Glacier, draining an area of about 2,900 km? (Erdmann,
1947). Streams draining the eastern flank of the Flathead
Range and the western flank of the Lewis Range in
Glacier National Park south of Lake McDonald
(Lincoln, Harrison, Nyack, Coal, Park, and Ole Creeks)
are tributary to this river. Near the town of West Glacier
the Middle Fork Flathead River is joined by McDonald
Creek, which drains a large area in the north-central part
of the park enclosed by the Livingston Range on the west
and the Lewis Range on the east. About 7 km southwest
of the town of West Glacier, the North and Middle Forks
Flathead River join and flow south 10 km to the town of
Hungry Horse, where they are joined by the northwest-
flowing South Fork Flathead River. This river, which
heads in the Swan Range and the Lewis and Clark Range
about 140 km southeast in the Bob Marshall Wilderness,
drains an area of about 4,450 km? (Erdmann, 1947). The
combined Flathead River then flows west about 3 km
through Bad Rock Gap, where it turns south and flows
about 65 km to Flathead Lake. The Flathead River is a
tributary of the Clark Fork of the Columbia River.

The east side of Glacier Park is drained by several
rivers that head along the Continental Divide (fig. 1). The
Waterton, Belly, and St. Mary Rivers drain the northern
and northeastern areas of Glacier National Park. These
rivers flow north and northeast into Canada and are part
of the Hudson Bay drainage system. The Two Medicine,
Cutbank, and Milk Rivers drain valleys along the east
flank of the Lewis Range south of St. Mary Lake. The
Two Medicine and Cutbank Rivers flow east about 100
km to the Marias River. The Milk River flows northeast
into Canada, then southeast and east back into the
United States about 400 km to the Missouri River.

Climate

The Continental Divide separates the Glacier
National Park region into two areas dominated by
different climatic systems. The area west of the
Continental Divide, which is the wettest part of Montana,

is dominated mainly by Pacific air masses. However,
during the winter, cold continental polar air masses from
Canada sometimes pour over the mountains into this
area. Also, in the spring and summer, air masses from the
Gulf of Mexico sometimes invade this area (Cunning-
ham, 1982). In this area, winter is the wettest season and
snowfalls are quite heavy. However, both the towns of
Polebridge and West Glacier record significant
precipitation during May and June (U.S. Dept. of
Commerce, 1982), reflecting the effect of the invasion of
warm moist air masses from the Gulf of Mexico. The
period of minimum precipitation on both sides of the
park is July and August (Finklin, 1986).

The area east of the Continental Divide is
dominated by cold, dry continental-polar air masses
during the winter. Here winter precipitation is slight.
From October to March, the towns of Babb and
Browning receive only 28 percent and 33 percent,
respectively, of their annual precipitation (U.S. Dept. of
Commerce, 1982). During the winter, strong Chinook
winds can occur when Pacific air masses invade this area.
These air masses, which lose their moisture as they
ascend the western slopes, warm adiabatically as they
descend the eastern slopes, producing winds that may
exceed 160 km/hr (Cunningham, 1982; Finklin, 1986). In
this area, the wet season is from April through June and
is caused by the incursion of air masses from the Gulf of
Mexico after the northward retreat of the polar front in
the spring (Cunningham, 1982).

These air masses from the Gulf of Mexico can
cause extensive flooding when heavy rains from them fall
on late-lying snowpack. For instance, in June 1964 as
much as 37 cm of rain fell over a 30-hour period in the
central region of Glacier National Park (U.S. Dept. of
Commerce, 1964). The towns of Browning, East Glacier
Park, and Summit (fig. 1) received about 20 cm of rain
during this period. Record floods resulting from heavy
rain on snowpack occurred in northwestern Montana on
both sides of the Continental Divide. The floods were so
severe that several dams were destroyed, including the
Two Medicine Dam at Lower Two Medicine Lake (U.S.
Dept. of Commerce, 1964).

Climatic data from several stations in the Glacier
National Park region are presented in table 1. Some
climatic data also exist for the higher areas of the park.
Annual precipitation near the Grinnell Glacier (fig. 1)
(2,135 m altitude) averaged 265 cm between 1950 and
1966. Annual precipitation in the Grinnell valley below
the glacier averaged 375 cm between 1956 and 1966
(Dightman, 1961, 1967). A storage precipitation gage on
Flattop Mountain (fig. 1), at an altitude of 1,920 m,
indicates an average annual precipitation of 200 cm
(Finklin, 1986), most of which falls as snow. Snow may
fall in the higher areas of the park during any time of the
year, and will often linger there until mid-summer.

Introduction 5



Table 1. Climatic data (1951-1980) from stations in the Glacier National Park region’

[n.a., data not available]

Average annual

Average Average

Station Altitude (m) precipitation (cm) Jan. temperature (°C)  July temperature (°C)
Kalispell 903 39.0 -5.5 19.1
West Glacier 962 76.0 -6.3 17.3
Polebridge 1125 59.3 -8.3 15.8
Babb 1311 47.6 n.a. n.a.
Browning 1328 39.4 -8.4 16.8

lunited States Department of Commerce (1982).

Forests

Forests in Glacier National Park reflect the two
different climatic systems that affect this region. Because
of the influence of Pacific air masses west of the
Continental Divide, many trees common in the Pacific
Northwest reach their eastern limits in the western part
of Glacier National Park (Hansen, 1948). These trees
include western hemlock (Tsuga heterophylla), western
red cedar (Thuja plicata), western white pine (Pinus
monticola), and Pacific yew (Taxus brevifolia). Grand fir
(Abies grandis), also common in the Pacific Northwest,
extends into Glacier National Park and areas farther to
the southeast (Hansen, 1948). These trees, along with
western larch (Larix occidentalis), Douglas fir (Pseudot-
suga menziesii), western paper birch (Betula papyifera),
and quaking aspen (Populus tremuloides) form dense
forests in moist sites at lower altitudes. Douglas fir and
Rocky Mountain juniper (Juniperus scopulorum) can also
be found at dry sites along the valley of the North Fork
Flathead River. Lodgepole pine (Pinus contorta) and
ponderosa pine (Pinus ponderosa) are common at lower
altitudes along the west side of the park, and usually grow
in drier, open areas. Trees in the subalpine zone on the
west side of the park include subalpine fir (Abies lasio-
carpa), Engelmann spruce (Picea engelmannii), subal-
pine larch (Larix lyalli), and whitebark pine (Pinus albi-
caulis).

Forests in Glacier National Park cast of the
Continental Divide contain species also found in the
southern Rocky Mountains of Colorado and New
Mexico. These forests are more open and drier than
those on the west side of the park. Trees here include
lodgepole pine, quaking aspen, Douglas fir, limber pine

(Pinus flexilis), subalpine fir, and Engelmann spruce.
Lodgepole pine inhabit low and mid-altitudes and form
almost pure stands in some areas. Aspen is found at
lower altitudes in moist sites and also on the many
landslide deposits east of the Lewis thrust. Douglas fir
inhabit low, dry sites in %is area. Limber pine is found at
dry, windy sites at lower altitudes, such as along the
shores of St. Mary and Lower St. Mary Lakes, as well as
near upper timberline. Engclmann spruce and subalpine
fir are found from higher altitudes to treeline.

Timberline in Glacier National Park is at an
altitude of about 2,000 m. Above this altitude, thickets of
dwarf, windswept (krummholz) subalpine fir and
occasional Engelmann spruce extend upward to treeline,
where they give way to tundra vegetation, at an altitude of
about 2,050 m. Studies indicate that treeline in Glacier
National Park is migrating upward (Habeck, 1969).

Thickets of thinleaf alder (Alnus sp.) and willow
(Salix sp.) are found on both sides of the park. These
shrubs commonly inhabit moist sites, such as stream
banks and the margins of bogs.
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GLACIER NATIONAL PARK DURING THE
LATE WISCONSIN GLACIATION

During the height of the late Wisconsin glaciation,
much of northwestern Montana, including Glacier
National Park, was covered by glacial ice (fig. 3). West of
Glacier National Park lay the Cordilleran ice sheet,
whose southern margin stretched from the Puget Sound
arca of Washington eastward to western Montana. This
large ice sheet formed from the coalescence of large
valley glaciers within the mountains of British Columbia.
It then flowed south, overriding low mountain ranges in
Washington, Idaho, and Montana, and sending ice lobes
into the major valleys. The easternmost lobe of this ice
sheet, the Flathead lobe, flowed south into the present-
day Flathead Lake area (Alden, 1953; Richmond and
others, 1965; Waitt and Thorson, 1983; Richmond,
1986a).

On the plains of Montana east of Glacier National
Park lay the southwestern lobe of the Laurentide ice
sheet. This ice sheet covered most of Canada, and its
southern margin stretched from Montana east to the
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Atlantic Ocean. The southwestern lobe of this ice sheet,
the Shelby lobe, advanced south from Canada onto the
plains of Montana (fig. 3) (Alden, 1932; Mickelson and
others, 1983).

Between these two large ice sheets, in the
mountains along the Continental Divide, valley glaciers
and icefields covered the Glacier National Park region
beneath hundreds of meters of ice (Alden, 1953;
Richmond, 1986a). Only the higher peaks protruded
above this ice cover as nunataks. Radiocarbon age
determinations from the Colorado Rockies suggest that
late Wisconsin valley glaciers reached their maximum
extent in that area about 23,000 to 22,000 yr. BP (Rosen-
baum and Larson, 1983; Madole, 1986). Obsidian
hydration dating from the Yellowstone region suggests
that late Wisconsin ice reached its maximum extent there
as early as 30,000 yr. BP (Pierce and others, 1976; Pierce,
1979).

West of the Continental Divide in the Glacier
National Park region, a large trunk glacier flowing
southeast down the valley of the North Fork Flathead
River was fed by glaciers flowing from valleys along the
western flank of the Livingston Range and from valleys
along the eastern flank of the Whitefish Range. Many of
these tributary glaciers were 10-20 km long and several
hundred meters thick. This large trunk glacier headed
about 30 km north of the U.S.-Canadian border and
filled the valley of the North Fork Flathead River with at
least 1,000 m of ice. This ice thickness is indicated by
striations and erratics along the crest of the Apgar
Mountains and Demers Ridge (Alden, 1953), and by
many sinuous meltwater channels, trending northwest-
southeast, on the interfluves on the west side of the
Livingston Range, such as Adair Ridge (Carrara, 1989).
This ice - overrode the Apgar Mountains, flowed
southwest, and merged with the Flathead lobe of the
Cordilleran ice sheet.

Another large trunk glacier filled the valley of the
Middle Fork Flathead River. This glacier was fed by
glaciers flowing from valleys along the western flank of
the Lewis Range and from valleys along the eastern flank
of the Flathead Range. This trunk glacier, which headed
in the Lewis and Clark Range about 100 km to the
southeast in the present-day Great Bear Wilderness,
formed a local ice field west of Marias Pass. Some of this
ice flowed northwest and joined the Lake McDonald
glacier (which drained the Flattop Mountain area) and
the large trunk glacier flowing down the valley of the
North Fork Flathead River. This combined ice body then
flowed south-southwest and merged with the Flathead
lobe of the Cordilleran ice sheet. Still other ice from the
ice field west of Marias Pass flowed cast across the
Continental Divide as a major tributary of the Two
Medicine glacier.

East of the Continental Divide in the Glacier
National Park region, some glaciers advanced beyond the
mountain front onto the adjoining plains, where they
formed large piedmont glaciers. The largest of these
piedmont glaciers was the Two Medicine glacier (fig. 3).
Glaciers along a 60-km length of the mountain front
merged to form this glacier, including glaciers from Two
Medicine valley and from the ice field west of Marias
Pass. The Two Medicine glacier had a maximum width of
about 50 km, extended about 55 km beyond the
mountain front, and left a scattered veneer of hummocky
till over an area of 2,000 km® (Calhoun, 1906; Alden,
1932).

To the north, other glaciers heading in Glacier
National Park extended beyond the mountain front onto
the plains. Glaciers in the valleys of Lake and Cutbank
Creeks flowed east and merged on the plains into a small
piedmont lobe that extended about 15 km beyond the
mountain front (Calhoun, 1906; Alden, 1953). Farther
north, a large glacier in the St. Mary River valley flowed
beyond the mountain front and into Canada (fig. 3),
where its terminal deposits lie beneath till of a
subsequent advance of the Laurentide ice sheet (Cal-
houn, 1906; Alden, 1932; Horberg, 1954). The St. Mary
glacier was fed by tributary glaciers flowing from the
valleys of Divide, Red Eagle, Boulder, Swiftcurrent,
Kennedy, and Otatso Creeks in Glacier National Park.
At Lower St. Mary Lake this glacier was about 370 m
thick (Alden, 1932). In the interior of the park, in the
valleys of the Belly and Waterton Rivers, large glaciers
about 400 m thick flowed north into Canada.

VOLCANIC ASHES IN THE GLACIER
NATIONAL PARK REGION

The Mazama, Glacier Peak G, and Mount St.
Helens Jy volcanic ashes (from youngest to oldest) have
been found in the Glacier National Park region. These
late Quaternary ashes were identified on the basis of (1)
stratigraphic position, (2) radiocarbon dating, (3) matic
mineral assemblage, and (4) various properties of their
glass fraction including shard morphology, refractive
index, and major element values. Because these ashes
were used to establish a chronology for late Quaternary
events in the Glacier National Park region, a brief
summary discussion of each ash follows.

Mazama Ash

The Mazama ash is the most widespread late
Quaternary ash in the western United States and
southwestern Canada. It has been found in Oregon,
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Washington, Idaho, northern California, northern
Nevada, northern Utah, western Montana, western
Wyoming, southern British Columbia, and southern
Alberta (fig. 4). After some initial confusion this ash was
identified as having originated from the great eruption of
Mount Mazama (present site of Crater Lake, south-
central Oregon) (Powers and Wilcox, 1964), a former
volcano about 900 km southwest of Glacier National
Park. This volcano was a complex assemblage of
overlapping shield and stratovolcanic deposits whose
climatic eruption about 6,845+50 yr. BP produced the
Mazama ash (Bacon, 1983). This ash has been identified
in about 25 bogs or exposures in the Glacier National
Park region (Carrara, 1989).

Glacier Peak G Ash

Glacier Peak is a stratovolcano in north-central
Washington, about 550 km west of Glacier National Park
(fig. 4). Powers and Wilcox (1964) identified a
widespread late Pleistocene ash as originating from this
volcano, and subsequent work has shown that Glacier
Peak has erupted many times since the late Pleistocene
(Porter, 1978; Beget, 1982a, 1982b). Porter (1978)
identified at least nine ashes erupted from Glacier Peak
since the late Pleistocene. However, only two ashes,
designated B (youngest) and G, have been identified as
far east as Montana; of these only the G ash was found in
the Glacier National Park region. These two ashes were
deposited from distinct plumes by closely spaced
eruptions about 11,200 yr. BP (Mehringer and others,
1984). Layer B spread southeast from Glacier Peak (fig.
4) and has been reported as far east as Lost Trail Pass
bog in the Lemhi Range on the Idaho-Montana border
(Mehringer, Arno, and Petersen, 1977; Mehringer, Blin-
man, and Petersen, 1977; Mehringer and others, 1984),
and Cub Creek Pond in Yellowstone National Park
(Waddington and Wright, 1974; Westgate and Evans,
1978).

Layer G spread east from Glacier Peak and has
been reported as far as southern Alberta (Westgate and
Evans, 1978). Layer G has also been found in the
Kootenai River area, Montana (Mierendorf, 1984);
Sheep Mountain bog, about 18 km northeast of Mis-
soula, Mont. (Mehringer and others, 1984); the Sun
River Canyon area, Montana (Lemke and others, 1975;
Carrara and others, 1986); and the Glacier National Park
region (Carrara, 1986; Carrara and others, 1986). In the
Glacier National Park region the Glacier Peak G ash has
now been identified at 10 sites (Carrara, 1989).

Mount St. Helens Jy Ash

Mount St. Helens, a stratovolcano in southern
Washington about 700 km west-southwest of Glacier

National Park (fig. 4), erupted many times during the late
Quaternary (Mullineaux and Crandell, 1981; Mullin-
eaux, 1986). Most ashes produced by these eruptions are
of only local extent, but several have been found far to
the east.

Ash layers of the Mount St. Helens set J were the
product of explosive eruptions between about 11,500 and
10,800 yr. BP (D.R. Mullineaux, written commun.,1986).
East of Mount St. Helens, three ash layers have been
recognized in set J. From youngest to oldest these ash
layers are the Jb, Jy, and Js. In addition, west of Mount
St. Helens, another layer, Jg, thought to be the youngest
set J ash, is present (Mullineaux, 1986). The Jy ash
consists of at least two voluminous, overlapping beds
without known evidence of a significant time lapse
between them (Mullineaux, 1986). This ash, which has
been found in the Glacier National Park region strat-
igraphically below the Glacier Peak G ash, was estimated
by Carrara and others (1986) to date from about 11,400
yr. BP.

Both layers Jb and Jy are extensive enough to be
useful marker beds far from Mount St. Helens. The Jb
ash spread southeast as a narrow plume, whereas the Jy
ash covered a broader area from northeast to southwest
of Mount St. Helens (fig. 4) (D.R. Mullineaux, oral
commun., 1986). Set J ashes have been reported
previously from two localities in Montana. An ash of set
J (probably Jy, based on the K:Fe ratio) has been
reported in the Kootenai River valley, about 150 km west
of Glacier National Park (Mierendorf, 1984). In addition,
the Jy ash has been reported near Marias Pass
immediately south of Glacier National Park (Carrara and
others, 1986). In the Glacier National Park region the
Mount St. Helens Jy ash has been identified at three sites
(Carrara, 1989), including the Marias Pass site. At these
three sites it is stratigraphically below the Glacier Peak
G ash.

Although the Glacier Peak G and Mount St.
Helens Jy ashes were not identified in many of the bogs
inspected in this study and were not found in soils in the
high areas of the park, their absence cannot be taken as
conclusive evidence that the underlying deposits postdate
these ashes. Where found, the Glacier Peak G and
Mount St. Helens Jy ashes are usually less than 2 cm
thick. As the majority of these ash localities are in bogs,
the ashes were recovered by augering several meters
below the surface. Thus, it is possible that in some bogs
these ashes were present but not identified. In addition,
the likelihood of preservation of these ashes on a deposit
in the higher areas of the park would be minimal in a
sparsely vegetated, recently deglaciated landscape. In
support of the idea that ash preservation would be
minimal in a recently deglaciated terrain, Jackson and
others (1982) found that the early postglacial period was
a time of active geomorphic processes not conducive to
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ash preservation. Hence, the absence of the Glacier Peak
G or Mount St. Helens Jy ashes in a bog, in an exposure,
or in a soil does not prove that a given deposit postdates
these ashes.

Identification of Ashes in the Glacier
National Park Region

In the field the middle Holocene Mazama ash may
tentatively be distinguished from the late Pleistocene
Glacier Peak G and Mount St. Helens Jy ashes by
stratigraphic position and the amount of mafic crystals.

Stratigraphically, in bogs or exposures, the
Mazama ash is usually within 0.5 to 2 m of the surface in
the highly organic, dark-brown (10YR 3/3) to black
(10 YR 2/1),! fine-grained sediment characteristic of the
middle Holocene in the Glacier National Park region.
The ash consists of a silty layer ranging in thickness from
3 cm to as much as 100 cm. Grain-size analyses of several
samples of this ash yielded an average sand:silt:clay ratio
of 13:63:24. Where thick and containing little organic
matter, the ash is light gray (10 YR 7/1); where thin and
contaminated with detrital sediment and organic matter,
the ash is pale brown (10 YR 6/3) to dark yellowish brown
(10 YR 3/6). However, because of its gritty feel, caused by
its sand-sized fraction, and because of its lighter color,
which contrasts with the darker surrounding organic
sediment, the Mazama ash is easily recognized even
when highly contaminated.

Stratigraphically, in bogs or exposures, the Glacier
Peak G and Mount St. Helens Jy ashes are usually within
the lowermost organic sediments, or in the underlying
inorganic sediments deposited soon after deglaciation.
The Glacier Peak G ash ranges in thickness from 3 mm
to 3 cm, whereas the Mount St. Helens Jy ash is from 1
mm to 1 cm thick. Grain-size analyses of several samples
of the Glacier Peak G ash yiclded an average sand:silt:
clay ratio of 18:57:25. Grain-size analysis of the Mount
St. Helens Jy ash from the Marias Pass exposure (Car-
rara and others, 1986) yielded a sand:silt:clay ratio of
9:69:22. Both ashes are white (10YR 8/1) to light gray
(10YR 7/1) in color.

The Mazama ash has also been identified in soil in
many places in Glacier National Park, and is common in
areas above treeline (Osborn, 1985; Carrara, 1987). In
these places, the ash is a light-yellowish-brown (10 YR
6/4) to reddish-brown (2.5 YR 5/6) (due to mafic mineral
oxidation) silt, 5-10 cm thick in small depressions at a
depth of 10-20 cm. Grain-size analyses of two samples
yielded an average sand:silt:clay ratio of 8:67:25.

LAl colors given in this report are for moist or wet sediment.

Mafic crystals, easily seen with a hand lens, are
relatively abundant in the Glacier Peak G ash compared
with the Mazama and Mount St. Helens Jy ashes (Powers
and Wilcox, 1964; Lemke and others, 1975). In the
Glacier National Park region, mafic crystals compose
about 15-20 percent by volume of the Glacier Peak G
ash. In contrast, mafic crystals make up only about 5
percent of the Mazama and Mount St. Helens Jy ashes.

Microscopically, the Mazama ash is also easily
distinguished from the Glacier Peak G and Mount St.
Helens Jy ashes. Although all three ashes contain crystals
of plagioclase, hornblende, hypersthene, and opaque
oxides, the Mazama ash also contains crystals of augite
and apatite (Lemke and others, 1975, table 1; and
Sarna-Wojcicki and others, 1983, table 5-2). Numerous
elongate frothy glass shards containing tubular voids
separated by thin glass walls are characteristic of
Mazama ash (fig. 5 4). In addition, the refractive index of
the glass is >1.502, higher than any other Holocene or
late Pleistocene ash reported in Montana (Wilcox, 1965,
fig. 2). Glass shards within the Glacier Peak G ash
contain small crystals, are vesicular, and relatively equi-
dimensional in comparison to shards in the Mazama ash
(fig. 5 B). Glass shards within the Mount St. Helens Jy
ash are similar in appearance to those of the Glacier
Peak G ash but are relatively free of crystals (fig. 5 C).

Chemically, glass from the Mazama ash can also be
distinguished from that of other common Holocene and
late Pleistocene ashes, including the Glacier Peak G and
Mount St. Helens Jy ashes. Mazama glass has less silica
and more iron and titanium than these other ashes. For
instance, Mazama glass commonly is about 73 percent
Si03, 2 percent FeO, and 0.4 percent TiOz, whereas
common values for glass within the Glacier Peak B, G,
and Mount St. Helens Jy ashes are 76-77 percent, 7677
percent, 75-76 percent SiOz; 1.2 percent, 1 percent, 1.3
percent FeO; and 0.2 percent, 0.2 percent, 0.2 percent
TiO; respectively (Lemke and others, 1975; Westgate
and Evans, 1978; Westgate and Gorton, 1981; Sarna-
Wojcicki and others, 1983; Mehringer and others, 1984).
The higher iron content of glass within the Mazama ash
compared to Glacier Peak B and G, and Mount St.
Helens Jy ashes is also shown by K:Fe ratios. In this
study, K:Fe ratios determined by wavelength dispersive
X-ray fluorescence for 11 samples of Mazama ash from
bogs in the Glacier National Park region ranged from
1.37:1 to 1.51:1 and averaged 1.46:1 (table 2). K:Fe ratios
also determined by X-ray fluorescence for five samples of
Mazama ash from soils in the high areas of Glacier
National Park ranged from 1.46:1 to 1.51:1 and averaged
1.49:1 (table 3). As will become apparent in the following
discussion, these K:Fe values for the Mazama ash are
significantly lower than K:Fe values of the Glacier Peak
B, and G, and Mount St. Helens Jy ashes.
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Figure 5 (above and following pages).

Although the Glacier Peak B ash was not found in
the Glacier National Park region, at the start of this study
its presence could not be ruled out. Hence, its mineral
and chemical characteristics are discussed and contrasted
with the Glacier Peak G and Mount St. Helens Jy ashes
that are present in the region.

The Glacier Peak B and G and Mount St. Helens
Jy ashes all contain crystals of hornblende, hypersthene,
plagioclase, and opaque oxides. The refractive index of
the glass shards of all these ashes is about 1.498. Hence,
these ashes cannot be distinguished from one another
under a microscope. Because these ashes are very close
in age, they could be considered as a single time-
stratigraphic marker in order to establish a chronology
for upper Quaternary deposits in the northwestern
United States and southwestern Canada. Howeyver, their
specific identifications are important in gaining a better
understanding of their distribution and age relationships.

Fortunately, these ashes can be distinguished by
chemical analysis of their glass fractions. The Glacier
Peak B ash contains more calcium and iron and less

Scanning electron micrographs of glass shards. A, Mazama ash.

potassium than the G ash (Westgate and Evans, 1978).
Glass within the Glacier Peak B ash commonly contains
about 1.3-1.4 percent CaO, 1.2 percent FeO, and 3
percent K,O, whereas glass within the Glacier Peak G
ash contains about 1.2-1.3 percent CaO, 1 percent FeO,
and 3.5 percent K,O (Lemke and others, 1975; Westgate
and Evans, 1978; Sarna-Wojcicki and others, 1983;
Mehringer and others, 1984). These seemingly small
chemical differences are readily apparent in the K:Fe
ratios. Smith and others (1977) found that K:Fe ratios of
7 samples of B ash ranged from 2.7:1 to 2.9:1 and
averaged 2.8:1, and that K:Fe ratios of 10 samples of G
ash ranged from 3.1:1 to 3.7:1 and averaged 3.4:1.

In this study, K:Fe ratios, determined by X-ray
fluorescence for nine samples of Glacier Peak G ash
from the Glacier National Park region, ranged from
3.05:1 to 3.41:1 and averaged 3.23:1 (table 4). The ratio
for the Guardipee Lake sample determined by electron
microprobe was 3.69:1.
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