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RECENT ACTIVITY OF GLACIERS OF MOUNT RAINIER, WASHINGTON

SUMMARY, SOUTH TAHOMA AND
TAHOMA GLACIERS
Approximate dates that South Tahoma and
Tahoma Glaciers started to recede, including the
date for glacier arm below Emerald Ridge, are sum-
marized in the following table:

Age of moraines, A.D.

South Tahoma Tahoma Emerald Ridge
1520 - —
— 1620 -
— 1755 ——
1835 1835-40 1850

The variety of moraines and their ages show that one
cannot correlate glacier retreats closely without
precise information on morainal ages.

PUYALLUP GLACIER

Puyallup Glacier (figs. 1 and 2 on pl. 4) came to
within 250 yards of the present parking area at the
end of West Side Road about 120 vears ago. During
the advance to this point, ice cascaded in tongues
down two steep valleys (fig. 3 on pl. 4) and joined,
to flow downvalley. The moraines that were left when
the glacier receded are low and quite short. Two
active rock slides eroded or buried lateral moraines
on the steep valley wall north of the Puyallup River.
These slides and snow avalanches or a wind storm,
or both, destroyed a large area of forest that recently
grew on the moraines. A few trees remain on two
prominent ridges in the valley bottom on the north
side of the river (map on pl. 4).

The 19 trees sampled in four areas (table 5) in-
clude most of the large trees on two moraines of
Puyallup Glacier. This small number of trees did not
permit us to select trees of many different species or
of a wide range of trunk diameters. It is not possible,

TABLE 5.—Puyallup Glacier: ages of trees sampled
Jrom periglacial fealures

[Periglacial features: moraines]

Year (A.D.)
represented by inner

Number of trees ring of oldest cored

Sample area sampled tree
1 9 1847
3 3 1846
2 3 1855
4 4 1873

Bi1

then, to conclude that the oldest sampled trees are
among the first to grow after the ice receded. The
oldest in areas 1 and 3 indicate that the moraine
represents the position from which the northern
tongue of Puyallup Glacier started to recede about
1840. Another more conspicuous moraine (area 4,
map on pl. 4), visible from the parking area at the
end of the closed part of West Side Road (fig. 3 on
pl 4), is characterized by many fallen tree trunks,
alder shrubs, and a few standing trees. This ridge is
upvalley from the 1840 moraine.

These two ridges represent the maximum down-
valley position of Puyallup Glacier in modern time.
Tree ages show that the glacier was not farther
downvalley after 1846 than the position of the
moraines discussed above (map and fig. 3 on pl. 4).

CARBON GLACIER

The advancing front of Carbon Glacier (map and
figs. 1 and 4 on pl. 5) is closer to moraines which
mark its maximum advance since postglacial times
than any other major glacier at Mount Rainier. In
September 1966, the front was barely more than half
a mile upvalley from a moraine formed about A.D.
1760. Unlike some other glaciers at Mount Rainier
which are advancing over stagnant ice, Carbon
Glacier dadvanced about 250 feet over bedrock and
gravel between July 1960 and September 1966 (time
derived by comparison of aerial photographs).

Wonderland Trail passes within a few feet of the
remnant of the terminal moraine from which ice
started to recede about A.D. 1760 (table 6) (area 4)

TABLE 6.—Carbon Glacier: ages of trees sampled
from periglacial features

[Periglacial features: OW, outwash; M, moraine; FP, flood plain]

Year tA.D.)
represented by
inner ring of

Number of trees oldest cored Periglacial
Sample area sampled tree feature
7 3 1640 ow
3 5 1513 M
8 3 1519 M
4 12 1763 M
2 11 1840 M
10 9 1851 M
9 8 1856 M
11 10 1847 M
5 7 1851 M
1 2 1879 M
la 3 1876 M
12 5 1903 FP
13 5 1901 Fp
14 7 1907 FP
6 4 1937 FP
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(fig. 5 on pl. 5). Two lateral moraines formed by
minor readvances after the recession from the
terminal moraine are prominent within the forest on
the east side of Wonderland Trail (areas 1 and 2)
opposite the point where the trail formerly crossed
Carbon River. The older of these two, dating from
1835, is represented on the west side of Carbon River
by a small ridge several hundred feet above the river
(area 10), and at a lower altitude where it is crossed
by the old trail (area 11).

The oldest moraines near the terminal moraine are
short segments lying on each side of the valley. On
the east side, the moraine (area 3) is 100 to 200 feet
upslope from the younger moraines (areas 1 and 2).
On the west side of the valley a small ridge (area 8)
is seen where the Spray Park Trail turns up Cataract
Creek a few feet south of the bridge (figs. 2 and 3
on pl. 5). A thick layer of vellowish-brown sandy
volecanic ash which erupted from Mount St. Helens
between 3,000 and 3,500 years ago (Crandell and
others, 1962, p. D67) is present beneath till of the
moraine and just beneath the forest humus less than
500 feet north of Cataract Creek. Thus Carbon
Glacier has not advanced beyond this part of the
valley in several thousand years.

Steep walls enclosing the narrow Carbon River
valley combine with the steeply sloping valley floor
to provide forces that have destroyed most moraines
that once may have existed, especially on the east
side of the valley. Gravity acting upon newly de-
posited moraines, aided by rock and snow avalanches
from above, could have destroyved moraines that may
have existed in many places on both sides of the
valley.

The steeply sloping valley floor results in extreme
velocities of water draining from the glacier. Floods
of great size have destroved parts of the terminal
and lateral moraines and have left deposits of
boulders like those in the Carbon River valley op-
posite the mouth of Cataract Creek, The Wonderland
Trail crosses one of the flood channels supporting
alder shrubs and small trees for some distance north
(downvalley) of the 1760 moraine and south to the
junction with the old trail near area 1a. Areas 12
and 13 are in this channel, as is area 14 west of
Carbon River. The fact that the oldest trees in these
areas started to grow between 1901 and 1907 sug-
gests that a catastrophic flood occurred in Carbon
River at the turn of the century which denuded most
if not all of the flood-plain area. This flood probably
was much larger than the November 23, 1959 flood
that destroyed part of the Carbon River road up-
valley from Ipsut Creek campground.

BOTANICAL EVIDENCE OF GLACIER ACTIVITY

WINTHROP GLACIER

In a dense forest low on the west slope of Bur-
roughs Mountain (fig. 1 on pl. 6), Wonderland Trail
crosses a conspicuous pumice-covered lateral moraine
of Winthrop Glacier marking an advance that oc-
curred near the end of the Fraser Glaciation, prob-
ably between 11,000 and 12,000 years ago (D. R.
Crandell, U.S. Geological Survey, written commun.,
1972).

Farther downslope, the trail parallels, then crosses,
vounger moraines (area 4, fig. 5 and map on pl. 6,
table 7) which show many features different from
those on the higher slope. The trees are smaller and
yvounger, the forest floor is rocky, humus is thin, and
coarse pumice is not present. Where the trail enters
the young moraines, the oldest tree found started to
grow around 1670. A short distance upvalley, at area
7, trees started to grow about 1655. These trees are
among the first to grow after Winthrop Glacier
started to recede from a modern advance delimited
by these moraines.

TABLE 7.—Winthrop Glacier: ages of trees sampled
from periglacial features

[Periglacial features: M, moraine; OS, old surface]

Year (A.D.)
represented by
inner ring of
oldest cored

Number of trees Periglacial

Sample area sampled tree feature
5 3 1670 0Ss!
4a 1 1666 os:

10 2 1533 0s
7 10 1655 M
4 11 1672 M
1 10 1730 M

11 3 1723 M
9 6 1716 M
6 6 1794 M
Ta 1 1773 M
3 5 1774 M
2 14 1760 M
la 4 1725 M
3 10 1822 M

1Coarse pumice present.

West of Winthrop Creek, Wonderland Trail
(shows faintly on photograph, fig. 5 on pl. 6) crosses
nearly barren, rocky, morainal debris, most of which
was deposited during the last century (fig. 3 on
pl. 6). A short distance northward, downvalley from
the trail, a low ridge (area 3) marks the position of a
probable readvance of the ice front which started to
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recede early in the last century. Another 400 feet
northward, about 500 feet from the trail, the bouldery
surface ends abruptly at the forest margin (fig. 2 on
pl. 6). This dense forest is growing on an older sur-
face underlain by alluvium and mudflow deposits.
The steeply sloping ridge here (area 1) is the termi-
nal moraine of Winthrop Glacier from which the
glacier started to recede early in the 18th century.
The trail turns southwest from area 3 and is perched
on the crest of the A.D. 1810 moraine until it enters
the closed forest of small trees near the West Fork of
White River about 750 feet north of area 9.

Two moraines, older than the A.D. 1810 moraine
and younger than the 1670 lateral moraine crossed
by Wonderland Trail east of Winthrop Creek, form
prominent ridges in the valley but far from the
trails. Both are present on the west side of the valley,
whereas only one has been identified on the east side.
A nearly continuous ridge skirts the east side of the
low forested hill on the west side of the valley in the
forest between areas 9 and 11 (fig. 5 and map on
pl. 6). Ice started to recede from this moraine about
AD. 1710-20, probably contemporaneously with
recession from the terminal moraine. A moraine of
this age was not found on the east side of the valley,
but another one from which ice started to recede
about A.D. 1755-65 is present there (areas 6, 74, and
8) (fig.4onpl.6).

West of area 3, Wonderland Trail (fig. 5 and map
on pl. 6) is perched on a bouldery ridge approxi-
mately 75 to 100 feet wide that protrudes about 350
feet westward across a flat, smooth plain (labeled
“flat area” on the map on pl. 6). The west end of the
bouldery ridge is cut by an abandoned melt-water
channel. The plain is underlain by material deposited
in a pond when melt water was temporarily dammed
by the 1710-20 moraine. The pond was soon drained,
however, when its level rose above the moraine and
the water broke through, flowing into West Fork
White River. The melt-water channel through the
A.D. 1810 moraine was formed after the ice had
receded southward farther upvalley.

The ice, seen from Wonderland Trail where it
turns downvalley on the east side of Burroughs
Mountain and starts to descend the inner face of the
tree- and shrub-covered moraine (figs. 4 and 5 on
pl. 6), is the stagnant part of Winthrop Glacier.
From 1960 to 1966 the shape of the stagnant front
has changed from convex to concave (based on
photographic and visual evidence). Photographs
(figs. 4 and 5 on pl. 6) show that Winthrop Creek
flows under the stagnant ice.
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The active part of Winthrop Glacier is upvalley
(fig. 4 on pl. 6) opposite and south of area 6. One
part of it advanced approximately 25 feet between
1960 and 1966.

EMMONS GLACIER

A massive terminal moraine that lies athwart the
White River valley is the prominent hill about one-
half mile west of White River Campground (map
and fig. 8 on pl. 7). The earliest date when Emmons
Glacier extended this far is not known, but it had
receded sufficiently by 1660 for trees to begin grow-
ing at area 27 (map and fig. 9 on pl. 7). Later re-
advances left other ridges, the most prominent
moraine being a steeply sloping one (dated 1745)
that crosses the valley bottom (between areas 2 to
26, map and fig. 9 on pl. 7, table 8). In this complex
of ridges and troughs, as well as in the remainder of
Emmons Glacier’s moraines, stand scores of mounds,
gullies. and ridges as monuments to the ice front and
to shifts in the landscape caused by changes in melt-
water channels.

Ice started to recede about 1745 (fig. 9 on pl. 7)
after leaving the prominent moraine trending across
the valley, and until the last few years, the glacier
has generally been shrinking; however, in the last
150 years at least two additional minor readvances
left moraines. Trees started to grow on one of these
between 1835 and 1850 and on another about 1900.
The moraine from which the glacier started to re-
cede between 1835 and 1850 is best seen where it is
cut by Inter Fork and by the Glacier Basin Trail
(fig. 1 on pl. 7) near area 31 (map and fig.9 on pl.
7). A climb 15 feet up the bank and into the woods
provides one with a view of the prominent morainic
ridge (area 31, fig. 2 on pl. 7). When this moraine
was being formed, the margin of Emmons Glacier
paralleled the present axis of Inter Fork for about
one-quarter mile westward. Just upstream from the
trail bridge crossing (fig. 3 on pl. 7), a moraine is
present in the forest north of the trail (area 63).
The glacier margin curved sharply southwestward to
area 56 and thence westerly along the present chan-
nel of Inter Fork to area 34. One tree (area 56, map
and figs. 6 and 9 on pl. 7) was 16 inches tall in 1866;
so the glacier margin was not north of this point at
that time.

Marking the last readvance of the glacier is the
prominent, nearly bare inner ridge visible from the
trail along Inter Fork through openings in the trees
and from the promontory (area 54) about 100 feet
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south of the trail bridge (map and fig. 5 on pl. 7).
This ridge supports only scattered small trees, but
the oldest are more than 60 vears old. This was
probably the gravelly ridge that Willis, Russell, and
Smith saw in 1896 and reported as bare (Russell,
1898, p. 407).

TABLE 8.—FEmmons Glacier: ayes of trees sampled
from periglacial features

[Periglacial feature: OS, old surface; M, moraine; MWC, melt-water channel
within moraine; FP flood plain|

Year (A.D.)
representerd by
inner ring of
oldest cored

Number of trees Periglacial

Sample area sampled tree feature
41 4 1671 0O8S
fa 1 1552 (ON
4 ) 1695 (ON
1 20 1773 (O
5 3 1266 (0N
3 3 1541 oS
39 1 1743 (0N
35 2 1778 (oh
44 1 1824 0S
38 3 1563 (e
33 2 1760 M
40 6 1552 M
37 4 1596 M
36 3 1771 M
43 5 1613 M
27 5 1661 M
26 2 1738 M
25 5 1755 M
23 12 1750 M
7 11 1785 M
24 8 1749 M
6 4 1785 M
2 13 1749 M
32 4 1744 M!
45 3 1755 M
8 11 1803 M
28 6 1864 M
9 10 1855 M
30 8 1850 M
31 7 1825 M
63 6 1837 M
56 15 1866 M
34 2 1862 M
42 9 1854 M
59 13 1843 M
61 9 1858 M
46 9 1848 M
9a 7 1870 M
29 2 1870 M
10 6 1880 M
55 6 1882 M
47 9 1905 M
11 13 1902 M
49 7 1865 MWC?
50 11 1871 MWC
51 8 1917 MWC
52 14 1904 M
53 11 1920 MWC
54 11 1914 M
57 15 1909 M
58 11 1910 M
60 10 1901 M
62 8 1910 M
12-22 57 1903-57 Fps

1 Location of area on slope not precisely known.

 Trees date minimum age of moraine channeled here by melt water.

8 Trees sampled on flood plain existing in 1959 were destroyed by avalanches in
December 1963.
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Ice started to recede from lateral moraines (fig. 7
on pl. 7) about A.D. 1550, whereas only a fragment
(area 27, fig. 9 on pl. 7) of an old terminal moraine
was recognized. Later advances overran most of the
terminal moraine dating from before 1550, or out-
wash from the receding glacier destroyed or buried
it before 1661, as indicated by melt-water channels
in the old moraine near area 27.

The older lateral moraine is prominent at area 43
about 0.8 miles from the trail bridge across Inter
Fork, or about 139 miles from White River Camp-
ground. The trail upvallev from a point about 100
vards north of area 13 is walled in by two prominent
lateral moraines before the trail turns westward
across one and then another moraine and into the
dense forest at areas 43 and 44. The innermost la-
teral moraine (area 62), toward the valley to the
east and not visible from the trail, was formed be-
fore 1910; the moraine (area 46) above the trail on
the east side was formed before 1845; the first
motaine that the trail crosses to the west, which
also has small trees on it, was formed before 1715;
and the second lateral moraine( area 43) which sup-
ports large trees 115 to more than 2 feet in trunk
diameter was formed before 1600 and probably cor-
responds to the lateral moraine at areas 33, 36, 37,
and 10 (fig. Ton pl. 7).

The trees on the slope (area 14, map and fig. 7 on
pl. 7) west of the old lateral moraine (area 13) are
younger than those on the moraine, but evidence
suggests that snow avalanches and fire destroved an
earlier forest. Here a moraine corresponding to the
lowest one above the campground is seen 200 feet
higher than the A.D. 1590-1600 moraine (area 43)
(Crandell, 1965, p. 32).

Glacier Basin Trail leaves the Inter Fork flood
plain just east of area 33, angles north, and steepens
abruptly onto a sharp terrace at the end of an old
lateral moraine. The moraine is banked against and
deposited partly on top of a premoraine terrace. It
continues almost uninterrupted from area 33 to area
36 and forms a high bank of Inter Fork for another
quarter mile. At each end the moraine was destroyed
by snow avalanches. The oldest tree (area 40) found
on this section of the moraine was 2 feet high in
A.D. 1552.

The moraine at area 43 probably corresponds to
the moraine defined by locations of areas 33, 36, 37,
and 40 (fig. 7 on pl. 7) because it is the oldest mod-
ern moraine here, and the oldest tree at area 43 is
closer to the oldest at area 40 than at area 45, which
defines the 1745 moraine. The range in age between
the oldest tree sampled at area 13, 351 years, and at
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area 40, 411 years, may be expected of trees in
stands of this age. The number of trees at area 438 is
small, and the oldest to grow here evidently was not
sampled or had died earlier.

Trees were sampled on the valley floor of White
River in 1959 in areas 12 to 22 (map and fig. 9 on
pl. 7), but all the sample areas were buried by rock-
fall-avalanches in December 1963. The deposits bury
the area sampled to depths of 50 to 80 feet and are
part of an estimated total volume of 14 million cubic
vards of rock debris that roared down the valley
(Crandell and Fahnestock, 1965). In the vicinity of
area 47 living trees can be seen that had bark and
branches torn from the upvalley side by flving rock
debris (Crandell and Fahnestock, 1965. n. Al0-
Al11). Many of these trees now alive will continue
to survive, and the scars that remain will be datable
throughout their lives (Sigafoos, 1964, p. A9-A12).

The forest downvalley from the terminal moraine
(map and fig. 9 on pl. 7) appears to be composed of
trees of two distinet ages, and no evidence was
found of earlier generations of forest that have
fallen and partly decayed. Most trees are relatively
voung; ages of the 30 trees sampled in areas 1, 4,
and 26 range from 56 to 265 years, all younger than
the oldest trees on the older lateral moraines. In the
other areas (3. 4a, and 5) eight trees are more than
400 years old, and one is at least 700. The bases of
the trunks of the older trees are straight sided and
show no root flare (Sigafoos and Hendricks, 1961,
fig. 13), suggesting that they were buried and hence
are growing on a lower surface, The younger trees,

A A’
4775 — — 4775
49
50
51
4750 — — 4750
4725 1 4725
0 3433 666.6 FEET
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however, are flared at the base, indicating that they
began growing on the present surface, which may
be outwash deposited when the glacier stood at the
terminal moraine. This outwash may have killed
most trees in its path but left a few old ones, some
of which were sampled. The terminal moraine, how-
ever, represents the maximum known advance of
Emmons Glacier in the last 10,000 years (Crandell
and Miller, 1964, p. D113), because the next older
motraines are on the slope 700 feet ahove White
River Campground (Crandell, 1965, 1. 32).

The continuity of the terminal and younger lateral
moraines is broken by many small valleys cut by
melt-water streams from the glacier when it filled
the valley bottom. About 350 feet east of the point
where the trail to the present glacier terminus
climbs from the bridge to the top of the morainal
ridge, at least two melt-water channels (areas 19, 50,
51, and 53) cut through the moraine complex and
are floored with coarse gravel and boulders. Areas
149, 50, and 51 are successively lower surfaces in one
channel (fig. 9), and ages of the trees on these de-
posits tell us that water flowed through area 49 not
later than 1865, through nearby area 50 not later
than 1870, and through area 51 not later than 1917.
In 1917, water was flowing through another channel
about 200 feet to the west (area 53, fig. 4 on pl. 7)
and did so until 1920. At least part of the drainage
from Emmons Glacier flowed from the north side
and down Inter Fork from before 1865 until as re-
cently as 1920. The older drainage ways, now high
terraces of the eastern channel (areas 49 and 50), are

B 52 B’
4850 — — 4850
4825 —| - 4825
Inter Fork
4800 —| — 4800
53

4775 — — 4775

4750 — — 4750
[ 4725

4725 333.3 666.6 FEET

FIGURE 9.—These cross-sectional diagrams are drawn along lines through two melt-water channels shown on map of plate
7. Areas 51 and 53 are in the bottoms of the now-dry channels; areas 50 and 49 are on successively higher surfaces.
Water stopped flowing over area 49 in 1865, over area 50 in 1871, over area 51 in 1917, and over avea 53 in 1920. The

vertical exaggeration is 6.6 times.
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higher surfaces than that of area 51. It seems prob-
able that continued flow eroded a deeper channel
which dried up before 1917 when the terminus
melted back from this overflow point. Either or both
these two channels could be the one mapped as a
stream in 1896 (fig. 10) (Russell, 1898).

Ages of trees growing in the channels between the
rounded hills west of area 42 have not been deter-
mined; therefore, the periods of runoff through these
cannot be related to those to the east. Because the
channels cut through the 1835-50 moraine, water
drained from the glacier through them into Inter
Fork after the 1850’s and probably when the water
drained through the easternmost channels. These
channels are apparent on the aerial photograph as
breaks in the line of rounded hills that represent a
lateral moraine.

SUMMARY, EMMONS GLACIER

Approximate ages of moraines and melt-water
channels for Emmons Glacier are summarized in the
following table:

Age af features, A.D.

Terminal moraine Latcral moraine Melt-water channel

— — 1917
1902 1901 —
1870 — 1871

— — 1865
1850 1848 —
1738 — —
1661 — —

— 1613 —

— 1552

The dates assigned to these features emphasize the
variable behavior of Emmons Glacier and the peri-
glacial features formed during the last 420 years. At
certain times Emmons Glacier was broader and
formed lateral moraines which were not overridden
later, whereas at other times the glacier was nar-
rower and extended farther downvalley, destroying
or burying older terminal moraines. The melt-water
channels, on the north side of the valley, show that at
least some flow from the glacier was into Inter Fork,
which was probably a larger stream then than it is
now.

OHANAPECOSH GLACIER

Ohanapecosh Glacier lies at the head of a beautiful
isolated valley high on the east side of Mount Rain-
ier (pl. 1, fig. 12). The trail entering the valley from
the southeast provides several vantage points below
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which the valley is laid out in full view (fig. 11). A
bare amphitheater holding several perennial snow-
banks, and an immobile icefield that was once Oha-
napecosh Glacier,- are seen near- the head of the
valley. The glacier remnant is a flat, sloping shelf
of ice above the bedrock cliff. From these vantage
points three to four curved moraines can be seen
arcing down the north valley wall toward the river
and partly encircling the lower end of the amphi-
theater (fig. 12).

The ages of trees growing on moraines formed in
the recent past by Ohanapecosh Glacier tell us noth-
ing more than the minimum ages of the moraines.
At lower elevations the maximum ages of trees on a
moraine, or any other young surface for that matter,
closely match the ages of the surfaces, but the
moraines at Ohanapecosh Glacier are close to timber-
line, 5,500 to 6,000 feet here. Environmental condi-
tions affecting establishment of seedlings and growth
of trees are adverse near timberline, and it is not
known how long after a glacier recedes before
seedlings will survive on the moraines at this alti-
tude. The time interval may be 100 years or more on
bouldery moraines in which there is no silt or fine
sand in which tree seed can germinate (Sigafoos and
Hendricks, 1969, p. B93). No trees or seedlings grow
in the bouldery moraine shown on the right side of
figure 13, and it is older than the moraine upon
which the trees in the middle ground are growing.
The oldest sampled tree was 38 inches tall in 1878
(table 9).

TABLE 9.—Ohanapecosh Glacier: ages of irees sampled
from periglacial features

f
[Periglacial features: moraines]

Year (A.D.)
represented by
inner ring of
Number of trees oldest cored

Sample area sampled tree

1741
1846
1878

[V SR
D Ut

The three moraines upon which trees were
sampled are many years older than the oldest tree.
The oldest moraine (area 1) was formed before A.D.
1741; the middle moraine (area 2) before A.D. 1846;
and the youngest (area 3) before A.D. 1878. At
Emmons Glacier a pumice is present on moraines
older than 148 years, and it is not present on
moraines younger than 114 years, suggesting that
the pumice was deposited between A.D. 1821 and
1854 (Mullineaux and others, 1969, p. B15-B18).





















RECENT ACTIVITY OF GLACIERS OF MOUNT RAINIER, WASHINGTON

TABLE 10.—Ages of glacial or pyroclastic deposits at Mount Rainier, Washington
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different times. Earlier they must have been thicker
and not as long as during later times (Sigafoos and
Hendricks, 1961, p. A7-A8). In spite of the vagaries
of Mount Rainier glaciers, their dynamic nature is
clear. That we are able with considerable accuracy
to date the modern moraines of Mount Rainier by
using botanical evidence is a step toward solving the
problems of dynamic glacial processes.
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