PUMICE AND OTHER
PYROCLASTIC DEPOSITS IN

Mount Rainier National Park,
WASHINGTON



TEPHRA EAYERS in Mount Rainier National Park. Pumice and scoria layers from Mount Rainier
volcano (note layers R, L, D, and C) typically are stained to fairly strong brown or reddish brown;
interbedded lithic ash deposits have relatively neutral but somewhat darker brownish-gray
colors. Ash beds from other volcanoes (note beds marked O, set Y, set P, and W)
characteristically are lighter in color than the locally derived deposits that enciose them. Site is
in an alpine meadow near Williwakas Glacier on the southeast flank of Mount Rainier.




(200) sy v R

noT%&(a /

PUMICE AND

OTHER PYROCLASTIC DEPOSITS IN
Mount Rainier National Park,
WASHINGTON

By
Donal R. Mullineaux

L4924

GEOLOGICAL SURVEY BULLETIN 1326



UNITED STATES
DEPARTMENT OF THE INTERIOR

ROGERS C. B. MORTON, Secretary

GEOLOGICAL SURVEY
V. E. McKelvey, Director

Library of Congress catalog-card No. 74-600110 . .

JAN 08 1075 .
{r1g hX

i

U.S. GOVERNMENT PRINTING OFFICE - 1974.
For sale by the Superintendent of Documents, U.S. Government
Printing Office, Washington, D.C. 20402 - Price $1.35 (paper cover)
Stock Number 2401-02550



Contents

. . Pag
Abstract . ... ..o o i 1
Introduction ......... ... .. i 2
Previous work and acknowledgments ................... 4
Terminology .......covriiiiiiiiii it iiiieanea, 6
General setting ........................ e 3
Brief description of tephra deposits ........... ...t 8
Postglacial activity of Mount Rainier ....................... 15
Eruptive history ................. ... ... e 15
Volume . ... e e e e 18
Kinds of eruptions ..............cooiiiiii.nn. e 18
Hazards from future eruptions of tephra.................... 21
Kindsof hazards .............. .. ... ... .. i .l 21
Location ... 22
Warming . ..o e 23
Ages of tephra layers and their use as marker beds ......... 23
Tephra from distant volecanoes .................coiiiivinne. 27
‘Tephra layer O (Mazama-ash) .......................... - 27
Distribution, thickness, and grain size .............. 29

Source and age ................. ... e 29
Distinctive features ......................... weee.. 29
Tephraset Y ......cco oo, e 30
Tephra layer Yn ........ e e 33
Distribution, thickness, and gram size ... © 33

Source andage ...........coi i, 34
Distinctive features ......... ... ... . ... 36
Tephraset P........................... J 36
Tephra layer W .. ... ... ... i e 37
Distribution, thickness, and grain size .............. 38

Source and age ........ ... i 33
Distinctive features ............. ... .. 38

Mount Rainier tephra deposits ..................... ... ... 39
Tephra layers L, D,and C ................... [ 40
Layer L ..o 41
Distribution, thlckness and volume ............. 42

Grain size ......... .. 42

SOUrCE ... e 43

Distinctive features ........................... 44



Mount Rainier tephra deposits—Continued
Tephra layers L, D, and C—Continued

Layer D ..o 44

Distribution, thickness, and volume............. 44

Grain size .........vovviiiiiii 46

Source and origin .......... ...t 47

Distinctive features ........................... 47

Layer C ... i 48

Distribution, thickness, and volume............. 48

Grain size ............... e e e 50

Source and origin ........... ... ... ... .., 50

Distinctive features ........................... 50

Tephra layers N, S, H, B,and X ....................... 50

Layer N ..o 51

Layer S .. e e 53

Layer H .. ..o o i e 55

Layer B .. ... e 55

Layer X ... i e 56

Tephra layer R ... ... 58

Tephra layer A ........ .. i 61

Tephra layer F................. e 62

CompoSILION ..ot e 63

Distribution, thickness, and volume ................. 64

Grain size .......ooiiiiiii i e e e 64

Source and origin ............. .. i 65

Age . e 66

Origin of the Osceola Mudflow ..................... 66

Petrography and chemistry .............. . ... ... ... .. ... 67

Iron-magnesium-mineral content ....................... 68

Refractive-index measurements......................... 69

Clayminerals . ...t 72

Chemical composition...............cciiiiiiinienn.... 73

Measured Sections . ........ccoiiiiiiiri it 77

References cited ............o i 80

[

lustrations

Fronmiseiece. Photograph showing tephra layers in Mount
Rainier National Park.

age

Ficure 1. Map showing location of Mount Rainier National Park ’
and Mount St. Helens ........................ 3

VI



Ficure 2.

3.
4. Correlation diagram showing thickness of major

5-7.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,

23.

Photograph of Mount Rainier voleano, showing the
young summit cone and the barren upper slopes
Index map of Mount Rainier National Park .......

tephra units .........ccoeiiiieiiineennennn..
Photographs showing:

5. Tephra layers on Mazama Ridge ........

6. Tephra layers in the southeastern part of

Ohanapecosh Park ...................

7. Tephra layers in an alpine meadow .....

. Diagram of a sequence that might be present in alpine

meadows east of the summit if all the Mount
Rainier tephra units (except layer S) extended
directly east from the summit ................

. Sketch showing example of dating tephra from tree-

Fing Ccounts ...ttt
Sketch showing stratigraphic positions of selected
radiocarbon samples from sedlments between
layers Cand W ......................c.ovns.
Section showing representative stratlgraphlc
positions, thicknesses, and ages of layers O, Yn,
and W o e
Map showing minimum extent of Mazama ash in
Western United States and Canada ............
Section showing stratigraphic position of thin ash
beds of set Y at Mount Rainier................
Photograph showing appearance of set-Y and set-P
thin ash beds at Mount Rainier ...............
Map showing minimum extent of layer Yn........
Map showing average thickness and median grainsize
trends of layer Yn within Mount Rainier National
Park ...
Section showing stratigraphic positions of set-P ash
beds at Mount Rainier ........................
Map showing distribution and average thickness of
layer W within Mount Rainier National Park...
Section showing representative stratigraphic position,
thickness, and age of layers L, D, and C .......
Map showing generalized distribution patterns of
layers L, D,and C ...........................
Map showing distribution and average thickness of
layer L. ..o e
Photograph of tephra sequence showing the color,
grain size, and thickness of layers D, N, F, and B
Map showing distribution and average thickness of
layer Do e

Page

10
11

11
13

14

24

26

28

30

31

32

34

35

37

39

40

41

43

45

VII



Ficure 24.

25.

26.
27.

28.

29.

30.

31
32.

- 33.

34.
35.

Tables

TABLE

Vit

1.

co

O 00 -1 Ut W

10.
11.

Map showing distribution and average thickness of i
layer C ..o i i i e et e 49
Section showing stratigraphic positions of layers N, S,
H,B,and X ...t 51
Map showing minimum extent of layer N......... 52
Photograph showing rubble of layer S above un-
disturbed continuous layer O .................. 53
Map showing minimum extent of lapilli-bearing parts
oflayers H,B,and X ........................ 57
Section showing stratigraphic position of layers R, A,
and F ... 59
Map showing minimum extent of layer R and area in
which deposit averages more than 8 ¢m thick .. 60
Map showing distribution of layer A ............. 62
Map showing inferred distribution of three units that
make up layer F ... ... ... ... .. it 63
Chart showing refractive indices of iron-magnesium
minerals.......... it i i 70
Chart showing refractive indices of glass ......... 72
Graph showing relations of SiO. content to refractive
index of voleanic glass .................... cee. 76
) Page
Tephra units, their source volcanoes and approximate
BB L it e 3
. Terminology applied to tephra particles........... q
. Characteristics useful for identification of tephra
1010117 J ARG 16
. Tephra layers that record eruptions of Mount Rainier 17
. Limiting dates and ages assigned to tephra layers . 25
.Volumeof layer L ........ .. .. i iiin., 43
.Volumeof layer D ........... .. i, 47
.Volumeof layer C ...... ... ..o v, 49
. Content and proportions of iron-magnesium minerals
in heavy-mineral fractions .................... 69
Crystalline clay minerals in tephra layers ........ 73
Chemical analyses of tephra and of lava flows in
Mount Rainier National Park ................. 74



PUMICE AND OTHER
PYROCLASTIC DEPOSITS IN
MOUNT RAINIER NATIONAL PARK,

WASHINGTON

By DoNAL R. MULLINEAUX

ABSTRACT

At least 22 layers of tephra—volcanic ash and coarser airfall pyroclastic debris—can
be recognized among the postglacial deposits in Mount Rainier National Park. Each of
these tephra layers records a separate eruptive event. Eleven of the layers were erupted
from Mount Rainier; 10 originated at Mount St. Helens volcano 80 km (50 miles) south- -
southwest of Mount Rainier; and the other came from prehistoric Mount Mazama at the
present site of Crater Lake, Oreg., 440 km (275 miles) south of Mount Rainier. Two tephra
beds, layer O from Mount Mazama (6,600 years old), and layer Yn from Mount St. Helens
(3,400 years old) covered the entire park. These two form highly conspicuous light-colored
layers among the darker tephra erupted from Mount Rainier. They are especially valuable
marker beds that delineate the boundaries of three nearly equal segments of the ap-
proximately 10,000 years of postglacial time. Layer Yn, locally more than 30 cm (12 in.)
thick, is the most voluminous tephra deposit in the park. Only one other tephra bed from
Mount St. Helens is conspicuous, layer W, about 450 years old; the others are thin and
obscure.

All but one of the tephra layers erupted from Mount Rainier contain abundant
vesicular fragments that were formed by explosive eruptions of molten lava. The thickest
and coarsest three layers from Mount Rainier (layers L, D, and C) form well-defined
lobes that extend east of the summit vent; layers L, D, and C are nearly absent in the
western part of the park. All three, where thick, are conspicuous deposits that can be
recognized in a variety of environments. Seven smaller, generally thinner deposits form
less well defined lobes east of the summit and are recognized only where exposures are
relatively good. One of these smaller deposits is the only layer composed wholly of solid
rock fragments and, so, does not record eruption of molten lava. Another one, which was
erupted early in the 19th century, represents the most recent eruption of Mount Rainier
that resulted in a recognizable deposit.

One other layer from Mount Rainier (layer F) is a widespread, generally thin ash that
consists of three overlapping ash beds. In contrast to most of the tephra layers, which
contain little or no clay minerals, the lower and upper beds of layer F are rich in mont-
morillonitic clay. The middle bed, however, consists of mineral crystals and pumice and
contains little or no clay. Layer F was laid down at the time the Osceola Mudflow
originated at Mount Rainier. The eruptions that formed layer F may have triggered the
mudflow. C



Color, size, thickness, gross composition, and stratigraphic position permit field iden-
tification of most of these layers where the sequence is fairly complete. The content and
refractive index of iron-magnesium minerals, however, are particularly useful for initially
establishing the sequence of beds present and for identifying beds that occur alone.
Three mineral pairs are especially common: (1) hypersthene and augite, generally
occurring with olivine and less commonly with hornblende; (2) hypersthene and
hornblende; and (3) cummingtonite and hornblende. The hypersthene-augite suite is
found in all tephra from Mount Rainier; olivine is absent in only two of those layers, and
hornblende occurs in three. The other two pairs of minerals commonly occur without
other iron-magnesium minerals and are characteristic of Mount St. Helens ash layers.

The tephra record shows that Mount Rainier has erupted at very irregular intervals
throughout the last 10,000 years. The earliest postglacial eruption was more than 8,750
years ago, then the voleano was relatively quiet until about 6,500 years ago. It was
especially active between about 6,500 and 4,000 years ago, when 8 of the 11 known tephra
layers from Mount Rainier were ejected, including 4 of the 6 most voluminous deposits. No
eruption of Mount Rainier is recorded in the tephra sequence between 4,000 and 2,500
years ago. The most voluminous postglacial tephra deposit was erupted between 2,500
and 2,000 years ago. Since that time, the 19th-century eruption is the only one known to
have produced a tephra layer.

Large tephra deposits from Mount Rainier that consist chiefly of pumice and scoria
probably resulted from eruptions that were preceded by the rise of molten rock into the
voleano from a considerable depth. Such an upward movement of magma expectably
would be accompanied by earthquakes and by increased flow of heat and gases from the
voleano. Thus, an initial explosive eruption probably would be preceded by recognizable
signs. A pyroclastic eruption that ejected only fragments of previously solidified rock,
however, might occur with no preliminary movement of magma, and perhaps without
even significantly increased heat or gas emission. Such an eruption might occur without
any kind of recognizable preliminary events.

Hazards from pyroclastic eruptions include the effects of impact and accumulation of
tephra fragments, of voleanic gases, and of secondary landslides, mudflows, and floods
set off by the eruptions. Eruptions of molten material, because they probably would be
preceded by warning signs, are potentially less dangerous to persons than nonmagmatic
eruptions that might occur with no warning.

Introduction

Many volcanic eruptions within the last 10,000 years—roughly the
time since the last major glaciation—are recorded by thin widespread
layers of voleanic airfall debris, called tephra, that blanket much of
Mount Rainier National Park in western Washington (fig. 1). Twenty-
two of these layers were studied in detail to document the recent erup-
tive history of Mount Rainier voleano and to identify “marker beds”
that could be used to date other kinds of geologic deposits. The
appearance of some of the tephra deposits is shown in the frontispiece,
and their sources and ages are listed in table 1.

Eleven of these layers were erupted by Mount Rainier. Their source
is shown by coarse fragment size on the flanks of that volcano, by rapid
decreases in thickness and grain size away from it, or by distribution
limited to the area near Mount Rainier. Because prevailing winds in



XMount St. Helens

7 Mount Rainier National Park

100MILES

7

0
[
[

0

I
100KILOMETERS

LOCATION OF MOUNT RAINIER NATIONAL PARK and Mount St. Helens, western Washington.

(Fig. 1)

TasLe 1.—Tephra units, their source volcanoes, and approximate ages

[Boldface letter indicates conspicuous unit. Ages of layers X and W were determined by tree-ring counts; all other ages
are in radiocarbon years. (See text p. 24-26.)

Tephra unit

Source volcano Approximate age

Set P (4 layers) .............

—

2 layers ............
Set Y< Yn .................
2layers ............

Mount Rainier .................. 150
Mount St. Helens ................ 450
Mount Rainier .................. 2,200
Mount St. Helens ................ 2,500-3,000
do 3,000-3,300
O e 3,400
cdo 3,500-4,000
Mount Rainier .................. 4,500
cdo 4,700
do 5,000
O 5,200
538000 sassssesssroemassasissEzinn 5,500
300 e s s v mPEEe SRS FUE S E 6,000
B [ T ITI I T 6,400
55700 @snzrsas nEeREe R e IEIRE3HE 6,500
Mount Mazama................... 6,600
Mount Rainier .................. > 8,750




this region are from the west, most of the Mount Rainier tephra was
carried east of the summit, into the eastern part of the park.

Each of these tephra layers represents one or more explosive erup-
tions, and the extent, thickness and content of each tell something about
the size and kind of the eruption that produced it. Although the tephra
gives evidence of many eruptions, those eruptions did not significantly
change the form of the volcano, which was mostly built long before 10,-
000 years ago. Moreover, the explosive eruptions are not the only erup-
tions, or even the only kinds of eruptions, that have occurred within the
last 10,000 years. Other outbursts caused huge avalanches to cascade
down the volcano’s slopes, and quieter eruptions of flowing lava built a
young cone at the top of the volcano less than 5,000 years ago (fig. 2).

The deposits of tephra, however, are the only record of many erup-
tions of Mount Rainier, and they add to our knowledge of the eruptive
history of the volcano. This historical record has been used, in turn, to
evaluate the likelihood of future eruptions of Mount Rainier and how
they might affect man and his use of the surrounding area (Crandell
and Mullineaux, 1967).

The other 11 tephra layers came from voleanoes other than Mount Rain-
ier, as is shown by their broad distribution and fairly uniform thickness
and grain size. In contrast to the rather limited extent of Mount
Rainier tephra, some layers from distant volcanoes cover the entire
park. The ages of most of these foreign tephra deposits have been deter-
mined by measuring the content of radioactive carbon in wood or peat
associated with them. Because they are relatively conspicuous and dis-
tinctive as well as widespread, they are especially useful for es-
tablishing the ages of a wide variety of geologic deposits with which
they are interbedded.

The possibility of future eruptions and of their consequences is of in-
terest and significance to residents of the region near Mount Rainier.
Furthermore, visitors to Mount Rainier National Park may share this
interest and may wish to examine the tephra deposits there. Conse-
quently, this report is intended to serve park visitors who are not earth
scientists, as well as professional geologists. Toward that end, the- se-
quence and general character of all the tephra deposits are briefly
described in mostly nontechnical terms in the first part of the report.
That description is followed by sections that discuss some conclusions
of the study. Detailed descriptions of the tephra units and petrographic
and chemical data that are of interest mostly to professional geologists
are presented in later sections of the report (p. 27-80).

PREVIOUS WORK AND ACKNOWLEDGEMENTS

Tephra on the slopes of Mount Rainier was mentioned but not
described in detail in early reports like those of Smith (1900) and



MOUNT RAINIER VOLCANO viewed from the east, showing the young summit cone (arrow) and
the barren upper slopes of rock, snow, and ice. (Fig. 2)

Coombs (1936). Carithers (1946) studied pumice deposits erupted at
Mount St. Helens and noted that some of them extended into Mount
Rainier National Park. Crandell and Waldron (1956) described the se-
quence of tephra deposits in the park relative to the Osceola Mudflow.
Crandell’s later use of several tephra layers as marker beds led to the
study to determine the diagnostic features, sources, and ages of the
most conspicuous layers by Crandell, Mullineaux, Miller, and Rubin
(1962). Concurrently, Waters investigated the young tephra deposits in
the park, and Hopson and Bender evaluated published accounts of
voleanic activity in historic time to determine the age of the most re-
cent eruptions of Mount Rainier (Hopson and others, 1962; Fiske and
others, 1963). Those studies led to some conclusions substantially
different from those of our 1962 report—and of this one—regarding the
age and source of the most recent tephra layers. (See p. 36.)



Preliminary results of the present study have been used for an evalua-
tion of volcanic hazards at Mount Rainier (Crandell and Mullineaux,
1967) and in reports on other aspects of geology in the park (Crandell,
1969a, 1969b, 1971).

Study of the tephra deposits was made concurrently with, and has
benefited substantially from, other U.S. Geological Survey in-
vestigations in the park that included research on lahars and glacial
deposits by D. R. Crandell, R. D. Miller, and H. H. Waldron and on
vegetation recovery by R. S. Sigafoos and E. L. Hendricks. R. E. Wilcox
provided advice concerning petrographic criteria likely to distinguish
one tephra deposit from another and methods especially suitable for
their examination (Wilcox, 1962), and the minerals and their optical
properties were identified on a spindle stage developed by Wilcox
(1959b). Radiocarbon dates cited in the report were determined in the
laboratory of the U.S. Geological Survey under the supervision of
Meyer Rubin. Chief Park Naturalist N. A. Bishop and many other
National Park Service people provided countless courtesies and abun-
dant information about the park that also significantly helped the in-
vestigation. ’

TERMINOLOGY

Familiarity with a few technical terms is necessary for the non-
geologist to understand the descriptions or to use the report to identify
tephra deposits in the field. The term pyroclastic will be used to refer
to an explosive eruption that ejects fragments of rock from a voleano.
Tephra refers to fragments that have been thrown through the air by a
pyroclastic eruption or to deposits of such particles. These fragments
may be erupted either as pieces of rock that had previously cooled and
solidified or as clots of fluid or plastic molten material. Magma refers
to molten rock within the earth’s crust; it may move upward into a
volcano and subsequently be erupted, either quietly or explosively, as
lava at the surface.

The term vesicular refers to rocks that have a large amount of visi-
ble pore space. Vesicular tephra is formed by explosive eruption of gas-
rich magma that is stiff enough to hold the gas. The gas expands and
creates bubbles in the molten rock, which then cools rapidly and
hardens to a rock “froth.” Pumice is highly vesicular tephra and is
light in color. Seoria is somewhat less vesicular tephra and is darker in
color; the darker color usually indicates that the rock is richer in iron
and magnesium but poorer in silica than the pumice. Pumice and scoria
fragments at Mount Rainier consist largely of voleanic glass because
the lava cooled too rapidly to permit mineral crystals to form after its
eruption. However, they do contain erystals that formed in the magma
before it was erupted.



Tephra fragments that are nonvesicular are called lithic in this report.
They can form if lava is low in gas content when it is erupted, or if the
lava is already solid when erupted. At Mount Rainier, they have been
formed mostly by explosions that break and eject pieces of older,
previously solidified lava. Most lithie fragments in the park contain
both volcanic glass and mineral crystals. Individual ecrystals and
fragments of crystals are also common in tephra layers but are abun-
dant only in fine-grained deposits (table 2).

The primary name applied to most tephra deposits indicates the
particle size and commonly is used with an adjective that indicates the
kinds of particles (table 2). Blocks and bombs (table 2) fall close to the
voleanic vent from which they were erupted because they are large.
Smaller lapilli and ash particles (table 2) tend to be carried higher into
the air and are blown farther horizontally by the wind. The wind-
carried lapilli and ash commonly fall in long “tongues” or “lobes” that
extend downwind from the source vent. The grain size and thickness of
the tephra particles decrease progressively away from the vent and
also from the central “axis” of the lobe toward its sides. (See fig. 23.)

Fine voleanic ash can be carried for hundreds or even thousands of
miles by wind; if a volcanic explosion carries ash high enough into the
atmosphere, it can circle the earth. Thus, very coarse fragments in a
tephra layer indicate that the source vent was nearby, and a rapid in-
crease in fragment size within a short distance can reveal the direction
to that vent. In contrast, fine-grained ash that is relatively uniform in
thickness and grain size over a broad area suggests that the source was
distant.

Some thin tephra beds that came from Mount St. Helens are grouped
for discussion into two sets. Each set includes several tephra beds, each
of which contains the same principal iron-magnesium minerals and
which differs in mineral content from tephra beds that lie below and
above them at Mount St. Helens (Mullineaux, Hyde, and Rubin, 1972).

TasLe 2.—Terminology applied to tephra particles

[Diameter of particles (see scale below) is shown in parentheses]

Particle terms

Character

of particles Ash Lapilli Bombs and blocks
{<0.4 e¢m) {0.4-3.2 ¢cm) (>3.2 cm)
Vesicular .......... Pumice or scoria Pumice or scoria Pumice or scoria
ash lapilli. blocks and bombs.
Nonvesicular ....... Lithicash.......... Lithie lapilli ....... Lithic bombs or
. lithie blocks.
Crystalline......... Crystalash ........ ") "
'Crystals are generally less than 0.4 ¢m in diameter.
Scale: 0 0.4 3.2CM
1 1
| |
0 1 INCH



GENERAL SETTING

The tephra deposits can be studied best in the park along stream-
banks in moist, gently sloping alpine meadows, which are common on
ridges and in shallow basins between altitudes of about 5,000 and 7,000
feet (1,500 and 2,000 m). In these meadows, other postglacial deposits
rarely are thick enough to hide the tephra. Moreover, even thin beds
often are well preserved because they have not been disturbed by
burrowing animals or tree roots. In addition, the colors of the tephra
are more intense there, because the deposits usually are wet. Several
layers make very conspicuous bands along both natural and artificial
cuts. Other less conspicuous layers can be made more visible if out-
crops are scraped with a pick or knife blade; the outcrops pictured in
figures 5, 6, and 7 have been smoothed to show details of the sequence.
The exposures in the alpine meadows have provided most of the
evidence used to determine the sequence and features of tephra
deposits in the park.

In contrast, tephra is poorly preserved on or is absent on the higher,
barren slopes of rock, snow, and ice (fig. 2). Tephra that fell high on the
volcano near the summit vent has been largely eroded away or is buried
by snow and ice. Thus, it is likely that the thickest deposits of Mount
Rainier tephra—those that fell closest to the vent—are not seen; the
nearest well-preserved deposits, at altitudes of about 7,000 feet, are all
at least 6 km (4 miles) horizontally from the summit.

Many exposures at altitudes lower than the alpine meadows also dis-
play tephra deposits, but the sequence of layers is usually incomplete.
In most exposures, one or more layers have been eroded away, have
been mixed with other sediments, or are hidden by thick mudflow or
stream deposits. Tephra layers that can be identified, however, have
been used to determine the ages of associated deposits, especially in the
accumulations of mudflow and river deposits on valley floors.

The index map (fig. 3) shows the approximate location of several
alpine meadow areas called “parks” in which tephra layers are well dis-
played; these are the parks mentioned most often in the report.
Descriptions of the location of other sites and references to altitudes
and distances refer to the Mount Rainier National Park quadrangle
topographic map, scale 1:62,500, of the U.S. Geological Survey.
Although most measurements in this report are given first or only in
metric units, altitude is stated primarily in feet because the
topographic map shows altitudes in feet only.

Brief Description Of Tephra Deposits

The 22 layers studied in detail are all postglacial in age, and each
clearly represents an eruption. The postglacial deposits were selected

8
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for study because these deposits are abundantly exposed and are
preserved well enough to permit recognition of the sequence of layers.
Outerops of older pumice, in contrast, are too sparse to permit the se-
quence of older tephra to be identified in the time available. Several old
pumice deposits were noted, some older and others younger than the
lava flows and breccias that form the bulk of Mount Rainier volcano.

The eruptive origin of the layers selected is indicated by their dis-
tribution, in combination with their grain size, thickness, and composi-
tion. The layers form thin blankets of locally uniform size and
thickness over ridges and swales alike; changes in grain size and
thickness are not related to shape of the land surface, indicating that
the particles fell from the air. All the tephra units erupted by Mount
Rainier contain bombs or lapilli that are too large to have been picked
up and carried to their present sites by wind; these show that some
other agent, such as a volcanic explosion, must have thrown them into
the air. Tephra deposits from other volcanoes are finer grained, but
they consist of rock types that are different from those that make up

9
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TEPHRA LAYERS IN SOUTHEASTERN PART OF OHANAPECOSH PARK, approximately 1 km (0.6
mi) northeast of Indian Bar shelter cabin. Tephra layers in the lower part of this sequence
are little stained by iron oxide, and, so, layers O and F are white, rather than brown. Beds in the

upper part of the sequence, especially layers C and W, are stained to a stronger brown than in
most outcrops. (Fig. 6)

11



Mount Rainier, proving that they, too, were not merely picked up local-
ly by wind and then redeposited.

The tephra layers studied are separated by beds of mostly darker
sand- and silt-size, predominantly lithic particles (frontispiece). Some
of these dark beds probably are also tephra, and, if so, they represent
additional eruptions of the volcano. They were not studied in detail,
however, because they could not be readily distinguished from sand
and dust that actually was picked up from the volcano’s slopes and
redeposited by wind. A recent example of such a windblown deposit is
the mantle of dust, locally as much as 2 em thick, that fell on the east
side of Mount Rainier in 1964 (Crandell and Fahnestock, 1965, p. 25).
The dust resulted from rockfalls and avalanches from Little Tahoma
Peak, and it was spread over the east flank of the volcano by winds.

The tephra layers selected for study have been designated by letters
of the alphabet. These letters, however, do not fall in alphabetical order
when the deposits are listed according to age. (See table 1.) When the
most conspicuous tephra units were first studied (Crandell and others,
1962), they were known to be only a few of the many layers that are
present. No orderly alphabetical sequence for all the deposits could be
set up at that time, so the layers described were arbitrarily named by
letters derived from some word used in field descriptions. Thus, the
letter Y was used for a yellow pumice, and W for a white one.

The tephra layers from Mount Rainier and two of those from other
volcanos are described individually and are named by single letters.
The others, all from Mount St. Helens, are grouped into two sets that
also are designated by single letters. Each set contains several different
beds which are similar in composition and which in many places cannot
be identified one from another. Where specific beds within a set can be
recognized, they are designated by adding a second letter; layer Yn, for
example, is a thick distinctive bed within set Y.

The outcrop pictured in the frontispiece, on the southeast flank of
Mount Rainier, shows the general appearance of almost all the layers
described in the report. It also illustrates some common differences
between tephra deposits from Mount Rainier and foreign tephra
deposits in the park. Those from Mount Rainier are relatively dark, and
locally they are thick. They are also coarse grained as compared with
their thickness; most Mount Rainier tephras are no more than a few
times as thick as the diameter of their large fragments. In contrast,
most non-Rainier tephra units are conspicuously lighter in color, and
they are fine grained as compared with their thickness. The foreign
tephra beds commonly are from 10 to 100 times as thick as the
diameter of the largest grains.

Comparison of the tephra beds at several sites around the volcano
(fig. 4) shows the changes in thickness within short distances that are
characteristic of many Rainier deposits. Units such as layers L, D, and
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C that are 10 cm (4 in.) or more thick in some exposures are so thin as to
be nearly unrecognizable, or are absent, only a few kilometers away. In
contrast, non-Rainier tephra units, such as layers O, Yn, and W, are
relatively uniform in thickness over much of the park (fig. 4). Figures
5, 6, and 7 illustrate the tephra sequence at three of the localities shown
in figure 4.

Figure 8 is a diagram of a sequence of tephra that might be present
in alpine meadows directly east of the summit if all the Mount Rainier
tephras had been blown directly eastward, rather than in several

-SetP

}—-Yn

Upper F
oL

ddle F at pick point

TEPHRA LAYERS IN AN ALPINE MEADOW (McNeeley site), 0.7
km (0.4 mi) north-northwest of Ranger Station at Yakima Park.
The middle unit of layer F forms a thin gray bed that is both un-
derlain and overlain by thicker yellowish-brown ash of the lower
and upper units. Layer O (“Mazama ash”) is iron stained to a
yellow or brown in most places in Mount Rainier National Park.
(Fig. 7)
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DIAGRAM OF A SEQUENCE that might be present in alpine meadows
about 7 km (4 mi) east of the summit if all the Mount Rainier tephra
units (except layer S) extended directly east from the summit. (Fig. 8)

different directions. The thicknesses of non-Rainier tephras and in-
terbedded lithic sands are shown as they actually occur in those
meadows. This hypothetical sequence allows a comparison of max-
imum thicknesses and grain sizes of the Mount Rainier tephra units at
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a distance of about 7 km (4 mi) from the summit. It has the disadvan-
tage, however, of overemphasizing layer L, which is conspicuous in ex-
posures only in a narrow lobe.

Table 3 summarizes identification characteristics of the tephra units.
Few if any of these units can be recognized by any one feature. For
some, color is fairly distinctive, but even in those the color does vary,
and no color is unique to any one layer. Color combined with thickness
and grain size are enough to identify some deposits, however, when
those characteristies are compared with the values expected at a given
locality. Identification is most reliable if all the layers present are con-
sidered. Not only can specific features of a given layer be evaluated, but
also the position of that layer relative to all the other tephra units.

Postglacial Activity Of Mount Rainier
ERUPTIVE HISTORY

The tephra layers constitute proof of repeated eruptions of Mount
Rainier at irregular intervals during the last 10,000 years. Overall, the
11 pyroclastic eruptions represented had an average frequency of about -
1 every 1,000 years. However, the average does not portray the actual
timing of the eruptions (table 4). For example, 8 of the 11 occurred dur-
ing the period between about 6,500 and 4,000 years ago, at the relative-
ly high rate of nearly 1 every 300 years. In contrast, the eruptions
before and after that period averaged only 1 every 2,500 years. The con-
centration of eruptions near the middle of postglacial time is a striking
feature of Mount Rainier’s recent eruptive history.

Each of the average frequencies stated above is a minimum because
presumably there were some pyroclastic eruptions in postglacial time
that have not been recognized in the tephra sequence. For example,
any eruption that ejected only lithic ash is not included in the figures.
Similarly, any eruption that threw tephra only as far as the upper
slopes of the volcano would not be represented. Even somewhat more
extensive tephra deposits, of the size of layers A and H (table 4), might
not be recognized if they were ejected in early or very late postglacial
time; preservation is so poor in the deposits older than about 7,000
years and younger than about 2,000 years that thin tephra layers would
be very difficult to identify.

The eruptive episodes represented by the 11 recognized tephra
deposits probably were short in comparison with the intervals between
them. Furthermore, the eruption of each of the pumice or scoria
deposits probably represents a period of only a few hours or a few days
during an eruptive episode. Such an episode may have extended over a
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TaBLE 8.—Characteristics useful for identification of tephra units

Thickness in park

Source
Tephra voleano Color {cm) Grain size® Principal distribution Iron-magnesium Common field recognition
unit (Mount) , (cm) minerals® features
Average Range of
average
X..... Rainier ...... Grayish brown ...... *) *) 3 Northeast-east-southeast hy, ag, hb, Scattered lapilli on young surfaces.
from summit. ol.
W..... St.Helens ... White .............. 3 0-8 <1.0 Mostofpark ................. hy,hb ........ White sand-size ash at or near surface.
Cc..... Rainier . ..... Brown.............. 15 0-30 15 Eastern two-thirds of hb, ol, hy, Lapilli deposit at or near surface.
park. ag.
=1 0-2 <10 Mostofpark ................. hy,hb ........ Occurs as a distinet pair, coarser and more
commonly preserved than others in set P.
P 1 0-2 <04 Ldo e do ........
<1 0-<1 <04 Easternpartofpark .......... ... do ........ Not distinguishable from thin beds of set Y.
=1 0- 1 <1.0 Southeastern part of odo ... Relatively coarse, brown.
park.
2beds .do ....... White .............. S 0-<1 <0.4 cedo L em,hb.. ... ... Undistinetive.
v Yn do ...l Yellow, brown ....... 8 2-30 1.0 Entirepark .................. ... do Coarse, yellow ash, very thick west of
voleano.
2 beds..do ....... White .............. 5<1 0-<1 <04 Eastern and southern c.do ... Distinguishable in field only by
parts of park. stratigraphic position.
B..... Rainier ...... Reddish brown ...... 3 0-7 5 East and southeast of hy,ol,ag...... Scattered bombs and lapilli in dark ash.
summit.
Grayish brown ...... 1.2 . 05 1 Eastofsummit............... ... do ........ Obscure—scattered lapilli in brown to gray ash.
Reddish-yellow to 12 0-15 1 Eastern two-thirds of hy,ag ........ Light-colored clayey ash above layer O.
pale yellow. park.
S ... do ....... Pinkish to 1507 0-150 100 Northeastof summit .......... ......oovue... Angular blocks in ash.
brownish gray.
....... Reddish-brown . ..... 12 04 1 Eastof summit............... hy,ag......... Sparse lapilli in coarse ash.
.......... do .......oiiin 12 0-15 10 Northeast to southeast hy, hb, ag, .... Scoria bombs and lapilli.
of summit. ol.
L........ do ....... Yellowish-brown .... 15 0-20 5 East to southeast of hy, ag,ol...... Brown pumice of relatively uniform size
summit. between dark-gray ash beds.
Ao do ....... Brownishgray ...... 12 0-3 2 East to south of summit ....... ... do ........ White pumice lapilli in brown ash.
O..... Mazama ..... Reddish-yellow to 34 2-7 <04 Allofpark ................... hy,bhb,ag ..... Oldest light-colored ash, very widespread
pale yellow. Northeast to southeast of and well preserved.
R...... Rainier ...... Reddish-brown ...... 10 0-15 4 summit. hy,ag,ol...... Reddish-brown lapilli below layer O.

17 km from summit along axis of lobe (or 7 km east of summit for foreign tephra).

2Maximum common 7 km from summit along axis of lobe (or 7 km east of summit for foreign tephra).

3Hypersthene (hy), hornblende (hb), augite (ag), olivine (ol), cummingtonite (cm).

1Does not form a layer.

5Each bed.



TaBLE 4.—Tephra layers that record eruptions of Mount Rainier

Approximate Probable minimum
Layer age Predominant materials volume
(years) . {million m?)

X .. 150 Pumice ..... ..ot 1
C....... 2,200 Pumice, scoria, lithic fragments ............. 300
B....... > 4,000 Scoria, lithic fragments .................... 5
H....