INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While
the most advanced technological means to photograph and reproduce this document

have been used, the quality is heavily dependent upon the quality of the original
submitted.

The following explanation of techniques is provided to help you understand
markings or patterns which may appear on this reproduction.

1.

The sign or ‘“‘target’”’ for pages apparently lacking from the document
photographed is “Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting thru an image and duplicating adjacent
pages to insure you complete continuity.

. When an image on the film is obliterated with a large round black mark, it

is an indication that the photographer suspected that the copy may have
moved during exposure and thus cause a blurred image. You will find a
good image of the page in the adjacent frame.

. When a map, drawing or chart, etc., was part of the material being

photographed the photographer followed a definite method in
“sectioning” the material. It is customary to begin photoing at the upper
left hand corner of a large sheet and to continue photoing from left to
right in equal sections with a small overlap. If necessary, sectioning is
continued again — beginning below the first row and continuing on until
complete.

. The majority of users indicate that the textual content is of greatest value,

however, a somewhat higher quality reproduction could be made from
“photographs” if essential to the understanding of the dissertation. Silver
prints of ““photographs” may be ordered at additional charge by writing
the Order Department, giving the catalog number, title, author and
specific pages you wish reproduced.

.PLEASE NOTE: Some pages may have indistinct print. Filmed as

received.

Xerox University Microfilms

300 North Zeeb Road
Ann Arbor, Michigan 48106



76-25,419

HOPKINS, Kenneth Donald, 1939~
GEOLOGY OF THE SOUTH AND EAST SLOPES OF MOUNT
ADAMS VOLCANO, CASCADE RANGE, WASHINGTON,

University of Washington, Ph.D., 1976
Geology

Xerox University Microfilms, ann Arbor, Michigan 48108

@ Copyright by

KENNETH DONALD HOPKINS

1976



Geology of the South and East Slopes
of Mount Adams Volcano,

Cascade Range, Washington

by

Kenneth Donald Hopkins

A dissertation submitted in partial fulfillment

of the requirements for the degree of
Doctor of Philosophy

University of Washington

1976

Approved by 9/%4&4 c® /@é(tp

(Chairperson of Supervisory Committee)

Program Authorized .
to Offer Degree /§%ﬁp[{jéz(v4z/ O LEN 7S

Date Liarcet [(C (774




UNIVERSITY OF WASHINGTON

We have carefully read the dissertation entitled Geology of the South and Fast
Slopes of Mount Adams Volcano, Cascade Range, Washington

submitted by

Kenneth Dona._]_.d Hopkins in partial fulfillment of

the requirements of the degree of _Doctor of Philosophy
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because of their recreational opportunities and the potential hazards they
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geologic investigation of the south and east slopes of Mt. Adams is the first
detailed study of this major Cascade volcano and should constitute a basic
reference work for years to come. He has made a thorough study, over approx-
imately half the mountain, of the stratigraphy of the volcanic rocks and
associated surficial sediments. Relative-age assessment, together with
limited radiometric dating of both volcanic and surficial stratigraphic
units, provides a chronologic framework for reconstructing the late Quatermary
history of the volcano and of glaciers on its flanks. Interstratification
of volcanic and glacial units on the mountain indicates that intermittent
volcanic activity has occurred throughout the late Quaternary and that the
latest eruption of lava postdates the Mazama tephra (6600 years old). Al-
though Mt. Adams usually is regarded as an inactive volcano, because at

least one late Holocene eruption has been documented, the eruptive history
of the mountain may not yet be ended.

The glacial record preserved on the volcano bears a strong similarity to
glacial successions studied elsewhere in the Washington and Oregon Cascades.
Hopkins' mapping of glacial limits around Mt. Adams constitutes an important
addition to knowledge of the former ice cover in the southern Cascades, and
his careful dating of the Holocene moraines of Klickitat Glacier provides the

best chronologic control presently available on glacier fluctuations in the
extreme southern part of the state.
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INTRODUCTION

Mount Adams, in south-central Washington, is one of the
large Quaternary volcanoes that dominate the Cascade Range
(Fig. 1). The geology of Mount Adams has received little
attention, owing primarily to difficult access, and until
recently, to a lack of adequate topographic maps. The present
study, which was conducted on the south and east flanks of
the volcano, was undertaken to (1) identify the principal
volcanic units and determine their sequence of eruption,

(2) delineate a succession of Quaternary glaciations that
could be compared with other Northwest chronologies, and

(3) establish the relationship of glacigl events to late-’
Quaternary volcanism. It was hoped that such a study, in
addition to outlining the geologic history of Mount Adams,
also would aid in establishing regional patterns of volcanism

and glaciation for this little-kncwn part of the Cascade

Range.

Geographic Setting

Topography

Mount Adams volcano (3744 m) stands 2000 to 2500 m above
the surrounding peaks of the Cascade Range, and forms a
prominent landmark in south-central Washington. The volcano
is mantled by 10 principal glaciers, ranging in length from

1.5 to 3.5 km. Most of these occupy steep, shallow troughs
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Figure 1. Index map of the Mount Adams region and its
location in south-central Washington. Dash-
dot line indicates boundary of area mapped.



on the flanks of the cone; however, Klickitat and Rusk
glaciers lie in large, east-facing cirques with precipitous
headwalls 450 to 600 m high. Slopes on the flanks of the
main cone commonly .are between 25 and 30 degrees, but steepen
to as much as 50 degrees on the cirque headwalls above
Klickitat and Rusk glaciers. Lava flows that extend beyond
the base of the main cone form a broad, gently sloping apron,
5 to 9 km wide, that surrounds the volcano.

The terrain surrounding Mount Adams is part of an older
landscape developed on rocks of pre-Mount Adams age. South
and east of the volcano, where this surface is developed on
olivine-basalt flows of early to middle Quaternary age, slopes
are gentle and the relief is moderate. A conspicuous landform
in this region is King Mountain, a broad shield volcano 17 km
southeast of Mount Adams, whose little-dissected cone rises
to an altitude of 1440 m. - West and northwest of Mount Adams,
where rocks of early to middle Tertiary age are exposed, the
older surface is characterized by steep slopes and high
relief.

The major streams draining the region are the Cispus,
Lewis, and White Salmon rivers west of Mount Adams, and the
Klickitat River east of the volcano. All of them lie in
prominent valleys, 300 to 750 m deep. Tributaries to these
rivers that head on Mount Adams form a radial pattern. Most
of the radial streams occupy relatively shallow valleys

(generally less than 90 m deep) where they cross the lower



slopes of the volcano. The principal exceptions are Big
Muddy and Hellroaring creeks on the east flank of Mount
Adams, and Cascades Creek on the southwest slope, whose

steep-sided valleys are 240 to 360 m deep.

Climate

The Mount Adams area, with a maximum relief of about
3200 m, embraces a wide range of climatic conditions. How-
ever, detailed climatologic data for the area are lacking;
the nearest.weather station is at Trout Lake (altitude=
585 m), 23 km south of Mount Adams. Temperature and precipi-
tation data presented here are taken from E.L. Phillips (1965),
and include figures interpolated from U.S. Weather Bureau
climatologic ﬁaps for Washington.

The climate of the Mount Adams area, as elsewhere on the
east slope of the Cascade Range, is characterized by a rapid
eastward decrease in mean annual precipitation. Estimated
values range from 250 cm on the west flank of Mount Adams to
100 cm at Glenwood, 25 km southeast of the volcano. .Mo§t of
the precipitation occurs during the winter months, primarily
as snow. Monthly precipitation at Trout Lake, for example,
normally is between 10 and 25 cm during July and August. Above
1000 m (3300 £t) snow can be expected in October. On forested
slopes near timberline, snow may accumulate to depths of 3 to

5 m by early spring, and large snowbanks persist until late



June or early July. Maximum daily temperatures range widely
with altitude. On the lower slopes of the volcano, the
average maximum temperature for July ranges from 21° to 27°C;

daily maximum temperatures for January generally are between

-2° and +2°C.

Field Work

A brief reconnaissance of the Mount Adams region was
made in the summer of 1966 during which promising areas for
study were located, and a plan for the fieldwork was prepared.
Most of the fieldwork was conducted during the months of June
through September of 1967 and 1968; however, an additional
week was spent in the field in 1969.

Most of the mapping was done using reconnaissance tech-
niques. Use of these methods was necessitated by difficult
access, dense forest cover, and limited exposures in many
parts of the region, as well as by size of the area under
study. Because adequate topographic maps were-not available
until after the field work was completed, mapping was done on
aerial photographs. Photos having a scale of 1:20,000 were
used to map bedrock and drift on the lower slopes of the vol-
cano; large-scale photos at a scale of 1:12,000 were used to
map Neoglacial moraines and dikes on the east side of the main
cone. The information was transferred later to a topographic
base at a scale of 1:62,500, compiled from enlargements of U.S.

Geological Survey 30-minute maps. All of the altitudes used in



this report, however, are taken from the new U.S. Geological

Survey 7 1/2-minute quadrangles.

Summary of Stratigraphic Units

Although volcanic rocks and surficial deposits are
described in separate sections of this report, their strati-
graphic relationships are a primary basis for interpreting
the late-Quaternary history of the Mount Adams area. The
principal stratigraphic units to be diécussed are shown
diagrammatically in Figure 2, and are introduced here in order
to emphasize stratigraphic relationships important to the
discussions that follow. The diagram shows only relative

ages; vertical dimensions are not to scale.
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PREVIOUS STUDIES

Prior to this investigation, the geology of Mount Adams
had received only cursory attention. Brief descriptions of
the geology and physiography of the Mount Adams area have
been given by Williams (1912), Rusk (1924), Fowler (1936),
Throssell (1940), and Laurence (1955). Fumarolic activity
on the volcano has been discussed by K.N. Phillipé (1941).
Early observations regarding the size and behavior of
glaciers on Mount Adams were reported by Reid (1900, 1902,
1903, 1906) and Rusk (1924).

More recently, geologic mapping has been conducted in
adjacent areas east of Mount Adams (Sheppard, 1960, 1967a)
and south of Mount Adams (Sheppard, 1964). Petrologic and
chemical data for a single Mount Adams flow were reported
by Sheppard (1967b). Hammond (1973) discussed the relation-
ship of basalt eruptive centers in the Mount Adams area to

regional patterns of Quaternary basaltic volcanism.



STRATIGRAPHY AND DESCRIPTION OF ROCK UNITS

The rocks of the Mount Adams area are grouped here into
two major sequences separated by a marked unconformity of late
Tertiary age. The older sequence consists of deformed lava
flows and volcaniclastic rocks of early to middle Tertiary age.
These rocks form a terrain of moderately high relief upon which
the younger sequence of very late Tertiary and Quaternary flows
was erupted. The Quaternary rocks, which are of principal
concern in this report, are essentially undeformed and include
pyroxene andesite lavas from Mount Adams, as well as wide-

spread olivine basalt flows from numerous peripheral vents.

Rock Nomenclature

The rock names and textural terms used here for volcanic
flow rocks follow the usage of Williams (Williams and others,
1954), the classification of lavas being based on mineralogical
composition. Basalt is distinguished from andesite primarily
on the basis of modal color index. Where possible, the average
plagioclase composition was used as a supplementary guide. How-
ever, because of the difficulty in determining the average pla-
gioclase composition of delicately zoned grains or of strongly
porphyritic lavas having small groundmass microlites, the lat-
ter criterion had limited value. 1In general, rocks classified
as basalt have modal color indices greater than 40 percent and

an average plagioclase composition more calcic than Angg.
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The nomenclature for volcaniclastic rocks of pyroclastic
origin, regardless of their mode of deposition (Fig. 3), is
adapted from classifications by Wentworth and Williams (1932),
Peck and others (1964), and Fischer (1960, 1966). The grain-
size classification for pyroclastic rocks proposed by Fischer
(1960) is followed in order to conform more nearly to standard
nomenclature used for fragmental sedimentary rocks. Indurated
aggregates of ash, lapilli, and blocks or bombs form the end
members in this system and are called respectively, tuff,
lapillistone, and pyroclastic breccia. Poorly sorted rocks
containing less than 75 percent of a single end member are
given mixture names based on the two principal constituents.

Volcaniclastic rocks composed of fragments of unknown
origin are described using Gilbert's classification for sedi-
mentary rocks (Williams and others, 1954, p. 289-297). The
terms are used in a nongenetic sense, and are intended simply

to describe textural characteristics.

Tertiary Rocks

Rocks of Tertiary age are exposed near the margins of the
map area where they extend beyond the perimeter of the younger
lavas from Mount Adams and adjacent shieid volcanoes. The
Tertiary rocks of the older sequence are divided into two
principal stratigraphic units: (1) an undifferentiated
succession of volcaniclastic rocks and lava flows, and (2)'the

Yakima Basalt.
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Bombs, blocks
> 64 mm

Pyroclastic

breccia 25

Tuff-breccia

Lapilli=breccia

Lapilli=-tuff

Ash 25 Lapilli
<2 m 2=64 mm

Figure 3. End-member names and mixture names used for
pyroclastic rocks.
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Undifferentiated volcaniclastic rocks and lava flows

The oldest rocks of the study area form a thick succes-
sion of altered and deformed volcaniclastic rocks and inter-
bedded lava flows. Volcaniclastic rocks comprise the bulk of
this unit, but a few flows occur lqcally. Outcrops of these
rocks are restricted to the extreme western portion of the
study area beyond the margin of the younger volcanic sequence.
Similar rocks are exposed along the northwestern and northern
margins of the Mount Adams lavas, and are widespread north,
west, and southwest of the study area. Probably these rocks
underlie about half of the late Tertiary landscape concealed
by the younger volcanic rocks of Mount Adams and nearby vents
(Fig. 4).

The volcaniclastic rocks are extremely diverse in charac-
ter, although all are composed entirely of volcanic fragments.
Tuff-breccia is dominant and occurs in massive beds 3 to 8 m
thick. Typically, it consists of angular to subrounded clasts
of lava and pumice, in a matrix containing lithic grains, crys-
tals of plagioclase and clinopyroxene,.and glass shards (Fig.
5). The abundance of pumice and glass shards suggests that
these rocks are of pyroclastic origin. Interstratified with
the tuff-breccia are thinner beds of volcanic wacke, volcanic
arenite, and volcanic siltstone. These thinner beds are simi-
lar in composition to the tuff-breccia; however, many of them
have definite sedimentary features. The arenites and silt-
stones commonly are stratified, and sometimes show cross-strat-

ification and small-scale channeling. Crude stratification
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Photomicrograph of tuff-breccia. Clasts
of lava and devitrified pumice in matrix
of lithic grains, glass shards, and

crystals of plagioclase and clinopyroxene.
Plane light.
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in the volcanic wackes is produced by vertical grading within
thin layers, commonly 2 to 6 cm thick. All of the volcani-
clastic rocks are strongly altered. The pumice clasts are
largely devitrified, and finely crystalline secondary minerals
cloud the groundmass. Rocks closely resembling those described
above and occurring northwest and southwest of Mount Adamsvhave
been mapped as Ohanapecosh Formation (Fiske and others, 1963;
Wise, 1970). Although Fiske and others (1963, p. 20) assigned
a late Eocene age to the Ohanapecosh Formation on the basis of
plant fossils collected near Mount Rainief, they believed that
Ohanapecosh rocks may range in age from middle Eocene to early
Oligocene. A small assemblage of fossils, collected from the
Ohanapecosh Fdrmat%on southwest of Mount Adams, is entirely of

Oligocene age (Wise, 1970, p. 8).

Yakima Basalt

The Yakima Basalt (Waters, 1961) probably underlies most
of the southeast half of Mount Adams and nearly all of the
Quaternary olivine basalts south of the volcano (Fig. 4). The
principal areas of exposure occur along the Klickitat River
canyon, in the uplands immediately west of the canyon, and as
isolated topographic highs that escaped burial by the Quater-
nary lavas in southeastern and southern parts of the area.

Near Mount Adams the Yakima Basalt typically is dark gray
to black, dense, and fine grained. Weathering produces a

distinctive yellowish-brown to grayish-brown coating on
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joint surfaces. The basalt is best exposed along the
Klickitat River where individual flows range in thickness

from 18 to 42 m. Columnar jointing is well developed, partic-
ularly in the lower portions of these flows. However, west of
the canyon where exposures in the basalt are shallow, hackly
to poorly developed blocky jointing is dominant (Fig. 6).

In thin section the Yakima Basalt is nonporphyritic,
although in some flows a few scattered microphenocrysts of
plagioclase occur (Fig. 7). The basalt consists mainly of
plagioclase laths (average composition=Angg) and pale gray
clinopyroxene (+2V=36-44°) in an intergranular relationship.
Olivine is rare or absent in most sections; probably it aver-
ages less than 1 percent of the rock. All flows are to some
degree intersertal, owing to the presence of interstitial
glass which comprises 8 to 20 percent of the rock. Some flows
contain an interstitial, yellowish-green mineraloid, usually
less than 8 percent, which has been identified by some workers
as chlorophaeite (e.g. Peacock and Fuller, 1928; Waters, 1961).
Opaques are a common accessory and comprise about 5 percent
of the rock.

The base of the Yakima Basalt is not exposed in the map
area. Outcrops of Yakima Basalt and the older volcaniclastic
rocks are separated by 600 m on opposite sides of a small val-
ley in NE 1/4, sec. 16, T.6N, R.10E. However, probably these
two units are in fault contact beneath the valley floor, the

actual contact being concealed by younger, valley-filling
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Figure 6. Yakima Basalt showing poorly developed
blocky jointing.

(o} 0i5 mm

Figure 7. Photomicrograph of Yakima Basalt showing
fine-grained intergranular texture of

plagioclase and clinopyroxene. Plane.
light.
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basalt flows and alluvium.

The total thickness of the Yakima Basalt exposed in the
map area is difficult to estimate owing to the generally poor
exposures; however, Sheppard (1960, p. 14) reports an exposed
thickness of almost 435 m on the east wall of the Klickitat
River canyon near the northeast corner of the map area.

According to Waters (1961), eruptions of the Yakima Basalt
began in the middle or late Miocene and continued into the
early Pliocene. His estimate is based on stratigraphic
relationships of the basalt to adjacent fossil-bearing sedi-
mentary strata, and on diatoms and molluscs which occur in

lacustrine interbeds.

Quaternary Olivine Basalt Flows

Olivine basalt flows cover about 280 kmZ2 of the map area.
The bulk of these flows are of Quaternary age, but the earliest
eruptions of olivine basalt may have occurred in late Pliocene
time. Olivine basalt flows that were extruded mostly from
vents near Mount Adams are grouped into three map units: (1)
County Park Olivine Basalt, (2) King Mountain Olivine Basalt,
and (3) Smith Butte Olivine Basalt. Two additional units in-
clude intracanyon olivine basalt flows of the White Salmon and
Klickitat valleys which were extruded from vents outside the
area. This subdivision is based primarily on relative age,

source area, and lithology of flows, although not always with
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equal emphasis.

Owing to. a lack of good vertical exposures in the olivine
basalts, the evidence for the sequence of extrusion is based
heavily on geomorphic criteria. Typically, superposition of
flows can be seen only along flow margins. However, many flows
have abrupt, well-defined edges, traceable on aerial photo-
graphs, whereby a succession of overlapping flows can be de-
lineated. Other useful geomorphic criteria of relative age
are the extent to which the original flow-surface morphology
has been modified, the relationship of flows to episodes of
valley cutting,.and the presence or absence of prominent
vents. In some of the older flows olivine phenocrysts have
.weathered to a reddish-brown alteration product. However,
because some of this alteration may be deuteric, and there-
fore unrelated to age, this criterion must be applied with
appropriate caution.

Many of the olivine basalt flows cannot be traced to a
specific vent, but most can be related to several broadly
defined centers. The olivine basalts are virtually undeformed
and therefore still retain their original dips away from erup-
tive centers. By tracing flow margins, individual flows within
a volcanic unit can sometimes be delineated and related to a
vent or group of vents. Stretched vesicles are common in the
tops of many flows, but pipe vesicles are too rarely seen to
be useful as flow-direction indicators.

The principal groups of flows, although mineralogically
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similar, are sufficiently different to be distinguished in
thin section. In the field, they often can be distinguished
on the basis of macroscopic features such as color and texture,

as well as size, frequency, and nature of phenocrysts.

County Park Olivine Basalt

Definition, distribution, and source. The County Park 01-

ivine Basalt includes all preglacial olivine basalt flows in
the study area except those of King Mountain volcano. Although
the County Park flows were erupted from several source areas,
they have many similarities and are grouped together here for
convenience of deséription. The name refers to a small county
park in the NE 1/4, Sec. 11, T.6N, R.11E. where the basalt is
well exposed in a roadcut (Fig. 8). The basalt at this local-
ity, however, is not representative of the entire unit.

The most extensive series of flows covers an area of
about 40 km? on both sides of the White Salmon River at the
south base of Mount Adams. The flows underlying the ridge
west of the river dip gently (0-5°) southeast, probably at
their initial angle. Two poorly exposed; rounded hills on the
crest of this ridge may be eroded remnants of vents from which
some of these flows were extruded. However, most of the flows
which form the ridge probably came from vents farther north
which are now covered by younger lavas, or from vents west of
the map area. The flows east of the river have slight south
to southeast dips, and apparently were extruded sometime later

from a different source. None of the vents for these flows
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Figure 8. County Park Olivine Basalt showing
poorly developed blocky jointing.



23

are evident; presumably they are buried beneath the younger
andesite flows of Mount Adams to the north.

Two smaller areas of outcrop are located southeast of the
volcano between Bird Creek and Dairy Creek. No vents for these
flows were found in the map area. In thin section, however,
this basalt élosely resembles the Simcoe Olivine Basalt

(Sheppard, 1960, 1967a) which is widespread east of the

Klickitat River canyon.

Field description. "'The County Park Olivine Basalt usually

can be distinguished from the underlying Yakima Basalt by its
lighter color, fresher appearance, coarser texture, and some-
times by its conspicuous olivine phenocrysts. Most flows are
medium gray, but they range from light to dark gray. Pheno-
crysts of olivine up to 3 mm in diameter are moderately abun-
dant except in the flows immediately east of the White Salmon
River, which are exposed at the County Park locality. These
flows, although not conspicuously porphyritic, contain scat-
tered, small phenocrysts of plagioclase and subordinate olivine.

Individual flows of the County Park Olivine Basalt typi-
cally are 3 to 6 m thick and massive; however, platy jointing
and crude blocky jointing are sometimes seen (Fig. 8). The
tops and bottoﬁs of many flows are moderately vesicular, and
in some cases, brecciated.

Erosional modification of the County Park flows is most
evident on the ridge separating Trout Lake Creek and the White

Salmon River. None of the original flow-suvrface morphology
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remains, and the rolling surface suggests that the uppermost
flows may have been largely removed. Valleys have been cut
along both sides of the ridge to depths of 90 to 120 m or

more below the surface. The flows east of the White Salmon
River, although not so greatly eroded, have been notched by

numerous small channels, and little of the original surface

remains.

Petrography. All of the County Park Olivine Basalt flows

are holocrystalline (or nearly so) and porphyritic. Two
principal kinds of flows can be distinguished, however, on the
basis of textural characteristics. About half the flows,
including those at the County Park locality, have a subophitic
groundmass of randomly oriented plagioclase laths and ferro-
magnesian minerals, and are diktytaxitic (Fig. 9). Most other
flows, particularly those west of the White Salmon River, have
an intergranular groundmass showing moderate flow alignment of
plagioclase microlites, and are not diktytaxitic (Fig. 10).
Combinations of textures other than these are rare; most flows
can be placed in one or the other of the above categories.

In the intergranular olivine basalts, phenocrysts usually
show a crude parallelism with the flow-aligned groundmass mi-
crolites. In the vicinity of phenocrysts, the flow alignment
often is disrupted and.the microlites more nearly parallel the
outline of larger grains. Platy jointing, although uncommon,

is most often seen in these flows and probably is favored by
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Figure 9. Photomicrograph of County Park Olivine Basalt.

Olivine phenocryst in subophytic groundmass of
plagioclase laths and ferromagnesian minerals.
Plane light.
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)

Figure 10. Photomicrograph of County Park Olivine Basalt
showing moderate flow alignment of plagioclase

microlites in intergranular groundmass. Plane
light.
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the subparallel arrangement of plagioclase laths.

Typically, phenocrysts comprise about 10 to 15 percent
of the County Park Olivine Basalt. Plagioclase and olivine
are the principal phenocryst minerals and either may predom-
inate. Clinopyroxene occurs rarely as phenocrysts in some of
the intergranular flows.

Phenocrysts of plagioclase generally are 0.8 to 1.5 mm
long, but may reach 4 mm in length. Euhedral and subhedral
forms are most common with some grains having ragged edges
and spongy, inclusion-rich cores. Most plagioclase
phenocrysts show weak to moderate normal zoning or are
unzoned, and range in composition from Angg to Ang,.

Olivine (-2V=80-87°) forms subhedral to anhedral pheno-
crysts, generally from 1 to 3 mm in diameter, and sometimes
occurs in small glomeroporphyritic clots with plagioclase.
Nearly all grains are partly or entirely rimmed by a strongly
absorbing, reddish-brown.alteration product (iddingsite?), and
in some grains this alteration extends inward along fractures.

Phenocrysts of clinopyroxene are sparse, occurring only
in the intergranular flows and usually in glomeroporphyritic
clots with olivine and plagioclase. All of these grains have
a pale brown color, positive sign, and moderate optic angle
(45-55°) indicative of augite.

Plagioclase is the principle constituent of the ground-
mass, occurring as small laths and anhedral grains from 0.08

to 0.5 mm long. Clinopyroxene and olivine are present in
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variable amounts as small anhedral grains averaging about

0.2 mm in diameter. Opaque grains, comprising about 5 to 10
percent of the rock, are scattered throughout the groundmass
and sometimes occur as small inclusions in phenocrysts, par-
ticularly in olivine. Apatite, glass, and alteration products

together comprise about 2 percent of the groundmass.

Age. The age of the County Park Olivine Basalt can be
bracketed broadly from stratigraphic and morphologic evidence.
Extrusion of the basalt was not confined to a single eruptive
episode, but the unit as a whole probably is not older than
late Pliocene nor younger than middle Quaternary.

Within the map area the County Park flows overlie Yakima
Basalt (late Miocene to early Pliocene). However, the County
Park Olivine Basalt overlies the Yakima Basalt with angular
unconformity, generally shows much less weathering and erosion
than does the Yakima Basalt, and clearly was extruded much
later.

Similar and possibly equivalent olivine basalt flows in
the Simcoe Mountains area east of the Klickitat River overlie
folded and eroded Ellensburg Formation of Pliocene age (Shep-
pard, 1960, p. 40). Throughout most of the Simcoe Mountains
area, however, the Ellensburg Formation was completely re-
moved by erosion before the olivine basalt was extruded
(Sheppard, 1960, p. 36), indicating that extrusion of the
olivine basalt there may not have occurred much before late

Pliocene time.



28

A minimum age of middle Quaternary is indicated for the
County Park Olivine Basalt on the basis of its stratigraphic
position beneath late Quaternary glacial drift (White Salmon
till). Beyond the drift limit, in the southeastern part of
the area, the County Park Olivine Basalt is overlapped by
lava flows from King Mountain shield volcano. These flows

are thought to predate the drift, but proof is lacking.

King Mountain Olivine Basalt

Definition, distribution, and source. The King Mountain

Olivine Basalt consists of numerous, widespread flows which
were extruded from a prominent shield volcano 17 km south-
southeast of Mount Adams. Most flows spread radially from a
central vent. The most extensive flows spread east and
southeast beyond the map boundaries where they flooded the
valley of Camas Prairie (Sheppard, 1964) and entered the
ancestral Klickitat Canyon (Sheppard, 1960, p. 83).

The source of the flows was King Mountain (Fig. 11), a
broad, smoothly sloping shield whose form is partly coalescent
with the southern slope of Mount Adams. The diameter of the
shield at its base ranges from 7 km (north-south) to 13 km
(east-west), and, owing to irregularities of the 1andséape
buried by the volcano, the height of the crater rim above the
surrounding terrain ranges from 150 to 750 m. The summit
crater is well defined and measures about 600 m across and 30
to 45 m deep. A 60 m high basz2ltic cinder cone, built during

a late stage of activity, rests on the north rim of the crater
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Figure 11. Southwest flank of King Mountain
shield volcano from Trout Lake.

Figure 12. Outcrop of King Mountain Olivine Basalt
showing crude blocky jointing and
yellowish-brown oxidation on joint surfaces.
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and extends over the edge to the crater floor.

Field description. Individual flows of the King Mountain

Olivine Basalt generally are between 3 and 6 m thick. Most
flows are massive or have a poorly developed blocky jointing
(Fig. 12); however, local brecciated zones are present. The
basalt is moderately vesicular, except near the tops of flows
where it may be highly vesicular and where vesicles from 1 to
3 cm in diameter are common. The rock is medium to dark gray
where fresh, but weathers to a characteristic yellowish-brown.
In hand specimen, large glomeroporphyritic clots of green
olivine usually are visible and are a distinctive feéture of
the King Mountain basalt. Plagioﬁlase forms small phenocrysts
that usually appear as numerous white flecks, especially where

the rock is slightly weathered.

Petrography. The King Mountain Olivine Basalt is holo-

crystalline, diktytaxitic (sometimes macroscopically so), and
porphyritic. The phenocrysts, which comprise 10 to 15 percent
of the rock, are mainly plagioclase and olivine; however,
clinopyroxene occurs as scattered phenocrysts in some flows.
The groundmass contains randomly oriented plagioclase laths
together with subophitic to ophitic clinopyroxene, olivine,
and opaque minerals. Glomerocrysts are common; most are
olivine (Fig. 13), but some contain plagioclase and olivine +
plagioclase.

Plagioclase is the most abundant mineral in the King
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Figure 13. Photomicrograph of King Mountain
Olivine Basalt showing glomerocryst of
olivine in diktytaxitic groundmass.
Crossed nicols.
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Figure 14. Photomicrograph of King Mountain
Olivine Basalt showing olivine pheno-
cryst with altered rim. Plane light.
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Mountain Olivine Basalt, occurring in both the phenocryst and
groundmass portions. Most phenocrysts are subhedral, 0.8 to
2.0 mm loﬂg, and are either normally zoned or unzoned. Zoned
grains usually have a broad, uniformly calcic core (An54_58)
surrounded by a narrow, normally zoned rim (An50_54). Oscil-
latory zoning is not common, but is present in the outer por-
tion of some grains. The groundmass plagioclase ranges in
size from 0.1 to 0.3 mm and has an average composition of An48.

Olivine forms single phenocrysts of subhedral to anhedral
form averaging 1 mm in diameter; glomerocrysts of oliviné may
reach 2 to 4 mm. All grains are optically negative and have
optic angles ranging from 78° to 84°. 1In some flows, olivine
phenocrysts are partly rimmed with the same reddish-brown
alteration product (Fig. 14) seen in the County Park Olivine
Basalt, although much less extensively so. Groundmass
olivine occurs as small anhedral grains, generally less than
0.3 mm in size.

A pale brown clinopyroxene (+2V=46-52°) occurs as small
phenocrysts in some flows, but is most abundant as a ground-
mass_constituent. Phenocrysts have subhedral to anhedral form
and average about 0.5 mm in diameter. Clinopyroxene is the
dominant dark mineral in the groundmass where it exists in a
subophitic to ophitic relationship with plagioclase.

Magnetite occurs both interstitially and as small, sub-
hedral crystals in the groundmass. It ranges widely in abun-

dance, being as little as 3 percent in some flows and as much
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as 15 percent in others.

Age. The age of the King Mountain Olivine Basalt cannot
be closely established from field evidence. However, strati-
graphic relationships of the King Mountain flows to adjacent
rock units suggest an approximate middle Quaternary age.

Flows from King Mountain overlap the County Park Olivine
Basalt of probable early Quaternary age. Generally, they show
much less erosional modification than do the County Park flows,
and may be considerably younger.

Possible additional evidence for an erosional interval
between eruption of the County Park Olivine Basalt and the
King Mountain Olivine Basalt is provided by stratigraphic
relationships between these two units in the Klickitat Canyon.
Lava which flowed down the southeast flank of King Mountain
flooded the broad valley at its base near Glenwood and spilled
into the Klickitat Canyon to the east. Prior to extrusion of
King Mountain lava, the ancestral Klickitat Canyon had been
cut through an older sequence of olivine basalt flows into
underlying Yakima Basalt (Sheppard, 1960, p. 83). The older
sequence of flows is the Simcoe Olivine Basalt of Sheppard
(1960) which appears'to be equivalent to the County Park
Olivine Basalt in the eastern part of the study area. If so,
a significant period of canyon cutting must have separated
extrusion of County Park Olivine Basalt and the King Mountain
flows.

King Mountain Olivine Basalt antedates Mount Adams



34

andesite wherever the two units have been found in contact.
King Mountain flows which filled the ancestral Klickitat Can-
yon subsequently were incised by the Klickitat River to form
another‘gorge more than 120 m deep. Following this second ep-
isode of canyon cutting, the gorge was filled by a single,
large andesite flow from Mount Adams. At two localities, on
the south and southeast sides of Mount Adams, King Mountain O1-
ivine Basalt is overlapped by andesite flows from Mount Adams.
However, at neither locality were the andesite flows extruded
during the early history of Mount Adams. Nowhere can Mount
Adams flows that unequivocally are among the first erupted be
found in contact with King Mountain Olivine Basalt. Therefore,
although King Mounfain appears to antedate the bulk of-the main
cone of Mount Adams, it is not known if extrusion of King Moun-
tain lava ceased before the earliest eruptions of Mount Adams.

Extrusion of King Mountain Olivine Basalt is thought to
have preceded deposition of the White Salmon Drift, although
nowhere does White Salmon Drift rest directly on King Mountain
flows. In many places on the north, west, and southwest slopes
of King Mountain volcano, the olivine basalt flows are mantled
by patches, up to 30 cm thick, of yellowish-brown, oxidized
silt and fine sand. Similar sediment is widespread on the
White Salmon Drift several miles to the west and is believed
to be loess deposited immediately after recession of the
glacier which deposited the White Salmon Drift.

Although major eruptions from King Mountain probably had
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ceased before the late Quaternary, some minor eruptive activity
continued sporadically in the vicinity of the summit crater.
The cinder cone on the north rim of the crater clearly post-
dates the extrusion of large flows from the crater, but the
time separating the last major eruption and building of the

cone is difficult to estimate.

Smith Butte Olivine Basalt

Definition, distribution and source. The Smith Butte

Olivine Basalt consists of a series of thin olivine basalt
flows, interbedded breccia layers, and scoria deposits which
occupy an area of slightly more than 30 km2 at the southern

" base of Mount Adams. Eruptions occurred from numerous vents
within the 30 km? area. Some of the vents are marked by
cinder cones, others by steep-sided mounds of blocky 1lava,
and probably still other vents exist which are unmarked or
buried by later flows. The materials extruded from these
vents are referred to collectively as the Smith Butte Olivine

Basalt after the largest of the included cinder cones.

Field description. The Smith Butte Olivine Basalt is

dark gray to almost black, rather finely crystalline, and in-
cludes both porphyritic and nonporphyritic flows. Individual
flows range in thickness from 1.5 to 4.0 m, averaging about
2.7 m. Flows are predominately massive, but may have a basal
breccia and/or a brecciated top. Vesicles are few or absent
in the interiors of most flows, but are abundant near the tops

and bottoms, and frequently are stretched or flattened.
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In many places, breccia forms about 30 percent of a flow
unit, but this proportion varies widely from near zero to
slightly more than 50 percent. Most breccias grade either
upward or downward into massive lava, and sometimes include
small tongues of lava (Fig. 15). Breccia fragments generally
are less than 15 cm in diameter, have irregular, spinose form,
and range from highly vesicular to rather dense. The breccias
are monolithologic, consisting entirely of fragments having
the same composition as the suprajacent or subjacent lava,
and probably are flow breccias produced by autobrecciation of
lava during movement of flow.

The surface of the Smith Butte Olivine Basalt shows only
slight erosional modification. Pressure ridges, lava channels,
flow edges, and other primary flow-surface features, although
obscured by dense forest, are still recognizable. Surface
drainage is characterized by a relatively low drainage density,
and is composed of small streams occupying shallow channels.
Drainage lines occasionally are discontinuous, indicating the
presence of some subsurface flow.

Scattered throughout the area covered by Smith Butte
Olivine Basalt are several small, blocky flows which represent
some of the latest eruptions of this unit (Fig. 16). . They
form steep-sided mounds from 5 to 35 m high and from 100 to
450 m across, and are composed predominately of subangular
blocks ranging from 10 to 50 cm in diameter. Most blocks are

moderately stable except on steeper slopes at the flow edges.
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Figure 15. Smith Butte Olivine Basalt flow with
central massive zone and basal breccia.

Figure 16. Blocky flow of Smith Butte Olivine
Basalt in NE 1/4, Sec.2, T.6N., R.10E.
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Interstices between the blocks generally are open, but locally
they have been filled with finer sediments. Vegetation is
sparse, but where patches of soil exist, trees as much as 50
to 70 cm in diameter are growing. Most such flows do not
appear to have moved far from their sources and probably cover
the vents from which they were extruded.

Cinder cones of Smith Butte Olivine Basalt form prominent,
rounded hills from 35 to 120 m high and from 200 to 760 m in
basal diameter (Figs. 17 and 18). Most of the 8 or 9 cinder
cones visible on air photos are little eroded and have summit
craters; however, minor radial gullying and mass-wasting of
crater rims is evident. A few cones have breached or cleft
craters, but probably these are primary features produced by
laterally directed explosions. Most cinder cones are composed
of stratified red, gray, and black scoriaceous basalt lapilli,
together with occasional bombs and blocks, and a minor amount
of ash (Figs. 19 and 20). An estimated 80 percent of the
particlss have diameters falling in the range of 1 to 10 cm.
Bombs vary considerably in size and form, but most are crudely

_spindle shaped and less than 30 cm long.

Petrography. Flows of Smith Butte Olivine Basalt typical-

1y are holocrystalline, intergranular, and porphyritic. Ex-
ceptions include the tops of flows where glass fills some of
the interstices in the groundmass, and some nonporphyritic

flows. Many flows are diktytaxitic (Fig. 21), but the voids

are not nearly so large or so numerous as in the King Mountain



39

Figure 17. Smith Butte, largest of the Smith Butte
Olivine Basalt cinder cones.

Figure 18. Cinder cones of Smith Butte Olivine
Basalt. King Mountain in left background.
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Figure 19. Stratified cinders exposed in Bunnell
Butte cinder cone.

Figure 20. Cinders from Bunnell Butte cinder cone.
Angular shapes predomlnate over stream-
lined forms.
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Figure 21. Photomicrograph of Smith Butte Olivine
Basalt showing olivine phenocryst in
intergranular groundmass. Plane light.
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Olivine Basalt.

Phenocrysts'comprise 10 to 15 percent of the porphyritic
flows. Most are olivine, but occasional phenocrysts of plagio-
clase occur. Olivine phenocrysts have diameters of 0.4 to
2.0 mm, anhedral to subhedral form, and are optically negative
(-2V=84-87°). Notably absent are the reddish-brown alteration
rims commonly found on olivine phenocrysts in the County Park
Olivine Basalt and in some flows of King Mountain Olivine
Basalt. The few plagioclase phenocrysts present have subhedral
form, some with serrated edges, and are 0.4 to 2.3 mm long.

The scarcity of plagioclase phenocrysts makes compositional
determinations uncertain, but an average composition of Ang .
was determined from several weakly zoned grains.

The groundmass consists primarily of a network of sub-
parallel plagioclase laths, 0.1 to 0.2 mm long, with inter-
stitial clinopyroxene and magnetite. Glass, olivine, and
other accessory minerals together account for less than 5

percent of the groundmass.

Age. A late-Quaternary age for the Smith Butte Olivine
Basalt is indicated by the relative freshness of surface
morphology, and by stratigraphic relationships with adjacent
volcanic units. Smith Butte Olivine Basalt overlaps King
Mountain Olivine Basalt of inferred middle-Quaternary age, and
intertongues with relatively young flows of Mount Adams
Andesite.

Moreover, stratigraphic relationships of Smith Butte
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Olivine Basalt with glacial drifts suggest that most of the
basalt was erupted during Olympia time (Fig. 42). The west-
ernmost flows of Smith Butte Olivine Basalt appear to ovérlap
till thought to be of Salmon Springs age (White Salmon Till).
The basalt, in turn, is overlapped by andesite flows from
Mount Adams which can be traced up the south slope of the vol-
cano to a position beneath till of Fraser age (McDonald Ridge
till).

The small, blocky flows described earlier and some of the
cinder cones appear sufficiently fresh to be youngér than
Olympia, although their youthful form may be deceiving. The
high permeability of these features reduces runoff, and in the
case of the blocky flows, a complete lack of fiﬁes greatly re-
tards soil formation and growth of vegetation. For example, a
minimum age of pre-Fraser can be established for Snipes Moun-
tain (Sec.8, T.7N., R.11E.), a relatively little-eroded cinder
cone at the base of Mount Adams. The cinder cone stands in
the path of a late-Quaternary andesite flow from Mount Adams.
This flow, which is covered by McDonald Ridge Drift at its
upper end, is deflected by the cone to produce a distinct wake
effect in the flow pattern. The cone, therefore, antedates
the flow, as well as the drift. Although some cinder cones of
Smith Butte Olivine Basalt appear fresher than the Snipes

Mountain cone, probably most are of comparable age.

Late Quaternary intracanyon flows

Late Quaternary intracanyon olivine basalt flows, ex-
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truded from vents beyond the area of study, occupy portions
of the White Salmon River and Klickitat River valleys. The
flows are extensive, but only a small part of them are in-
cluded within the area mapped.

The White Salmon River valley, in the vicinity of Trout
Lake, is filled with numerous, thin (1.5 to 3.0 m), medium-
gray, vesicular flow§ of porphyritic olivine basalt (Fig. 22).
The flows entered the White Salmon valley here from the
western tributary of Cave Creek and continued south almost to
the Columbia River. Sheppard (1964) suggested that the flows
were erupted from a shield volcano in the northern part of
the Willard quadrangle; howeve;, Hammond (1973) has shown that
Lemei Rock (Sec.11, T.6N., R.8E.) was the source. Similar
flows are exposed in a few places along the floor of Trout
Lake Creek northwest of Trout Lake, indicating some flows
may have entered the White Salmon River valley from that
tributary. Near Trout Lake the intracanyon flows cover
weathered till of inferred White Salmon age (Fig. 42), and
are mantled by a mudflow having a radiocarbon age of 5,070
years B.P. (Fig. 61).

The Klickitat River canyon, north of Surveyors Creek
(Sec.14, T.8N., R.12E.), contains many flows, 2.5 to 4.0 m
thick, of medium-gray, porphyritic pyroxene-olivine basalt.
The flows were extruded from a vent north of Mount Adams and
entered the Klickitat canyon from the tributary valley of West

Fork. The basalt flows postdate the large canyon-filling flow
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Figure 22. Intracanyon flow of olivine basalt in
the White Salmon River valley (SW 1/4,
SE 1/4, Sec.15, T.6N., R.10E.
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of Mount Adams andesite, which occupies the Klickitat River
valley east of Mount Adams, and they terminate in a reentrant

cut by the Klickitat River in the earlier canyon fill.

Mount Adams Volcano

Mount Adams (3744 m) is a partially dissected strato-
volcano of middle to late Quaternary age (Fig. 23). It is
built chiefly of andesite lava flows, but includes interbedded
layers of volcaniclastic debris. The lava flows and interflow
clastic layers, as well as fhe products of closely associated
satellitic vents on the upper slopes of the volcano, are
referred to here as the Mount AdamS Volcanics.

The Mount Adams Volcanics cover approximately 700 km?2
and attain their greatest aggregate thickness in the main cone
of the volcano. Projection beneath the volcano of the land-
scape developed on adjacent pre-Mount Adams rocks (see
below), indicates an aggregate thickness for the Mount Adams
Volcanics of about 2200 to 2400 m. Thus, Mount Adams compares
closely with nearby Mount Rainier volcano in total volume of

extruded material (cf. Fiske and others, 1963, Pl. 1.

Topography buried by Mount Adams

Buried peaks and ridges. Prominent peaks and ridges

bordering Mount Adams that are composed of pre-Mount Adams
rocks range in altitude from about 1200 to 1800 m. The

highest such peaks lie north and west of the volcano and, on
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Figure 23. Mount Adams, altitude 3744 m, from
the southwest.
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average, stand about 400 m higher than bordering peaks on
the south and east. Erosional lowering of these older
summits during growth of Mount Adams, particularly those
south and east of the volcano, probably was minimal, as
suggested by the relatively little-eroded forms of nearby
pre-Mount Adams shield volcanoes such as King Mountain and
Jungle Butte (immediately east of study area). Therefore,
peaks and ridges on the buried landscape probably are

similar in altitude to bordering peaks which escaped burial.

Relief. The landscape covered bf the earliest flows
from Mount Adams was one of moderate to high relief. The
initial relief was greatest beneath the north and west quad -
rants of the volcanolwhere'early Mount Adams flows were ex-
truded onto a terrain of early to middle Tertiary lava flows
and volcaniciastic rocks. However, it probably was less than
the present relief (800-1200 m along major valleys) northwest
of Mount Adams owing to accelerated valley deepening in that
area by late-Quaternary glaciers.

Early Mount Adams lava that flowed to the south and
southeast spread over a landscape of moderate relief. Valley-
filling olivine-basalt flows and coalescing shield volcanoes
of early to middle Quaternary age already had covered much of
the rugged late-Tertiary landscape in that area before the
first Mount Adams flows were extruded. Except along major
valleys, exposed areas of the basalt south and southeast of

Mount Adams show only slight to moderate erosion. Therefore,
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the terrain bordering Mount Adams in that area (relief gen-
erally less than 300 m) has not been modified greatly since
the beginning of Mount Adams time, and probably resembles the
topography covered by early southward-flowing lava from Mount
Adams.

Fiske and others (1963, p. 67) estimated the early
relief at Mount Rainier by determining the difference in
altitude between the bases of the oldest Rainier flows and
the highest remnants of older rocks. They identified as the
oldest flows those which filled canyons cut into pre-Rainier
rocks, but which today form ridges and peaks. Canyon-filling
flows, they reasoned, can be recognized by their exceptional
thickness (more than 150 m), which results from ponding
against valley walls. They interpreted the present position
of such flows along divides as evidence for a very long
interval of erosion following extrusion of the flows.

The method of Fiske and others, however, cannot readily
be applied on the south slope of Mount Adams. Owing to the
relatively low relief of the pre-Mount Adams landscape in
that area, the early valley-filling lavas which flowed south
from Mount Adams were not ponded in deep canyons, so are not
exceptionally thick. Furthermore, because the modern valleys
are not deep enough to expose older rocks beneath the ande-
site, estimates of the early relief must be measured from the
deepest exposures in probable early flows. The figure ob-

tained, therefore, excludes an unknown thickness of andesite
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below the base of the exposure.

With these uncertainties in mind, an approximate,
minimum estimate for the early relief east of Mount Adams can
be made. The flows underlying The Island appear old because
they are cut by canyons 200 to 300 m deep. Near the east end
of The Island, Big Muddy~Creek has cut down through 240 m of
andesite to an altitude of 1100 m (3500 feet). Approximately
3.5 km northeast, the Yakima Basalt upland immediately west
of the Klickitat River reaches an altitude of 1450 m (4755
feet). Therefore, the relief of the pre-Mount Adams surface

in that area was at least 350 m.

Lava flows of the lower slopes

Viewed from most directions, the profile of Mount Adams
consists of two principal elements: a steep-sided main cone,
and a broad, gently sloping base that extends outward 12 to
14 km beyond the volcano's summit. The transition between the
main cone and the lower slopes, though indistinct in places,
generally lies between 2000 and 2500 m (6600 and 8200 £ft),
and coincides approximately with the apparent outer limit of
abundant interflow clastic layers. Below this level, the
lower slopes of the volcano are underléin primarily by ande-
site lava flows which dip generally away from the summit area
at 8° or less. The flows range in thickness from 25 m to at

least 150 m, but the thickest flows are not completely exposed.

Field description. In both areal and stratigraphic
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distribution, the flows of the lower slopes appear remarkably
similar. Typically, they are medium gray to bluish gray or
pinkish gray, except near their tops where they are often
dark gray owing to abundant glass in the groundmass. Where
original flow tops are preserved, commonly the uppermost 2 to
8 m is moderately to highly vesicular. All flows are por-
phyritic to some degree; most are highly porphyritic and in-
clude conspicuous phenocrysts of plagioclasé and pyroxene.
Jointing is common in the flows and takes several forms.
Platy jointing, parallel to the flow surface, is well devel-
oped in the upper 5 to 10 m of most flows, and causes the
andesite to break into flat slabs 1 to 20 cm thick (Fig. 24).
The joints are more widely spaced with depth and give way to
blocky or massive andesite below (Fig. 25). Crude columns
occur locally in many flows, but well-developed columnar
jointing generally occurs only in the thickest flows.
Although most flows fqrming the lower slopes of Mount
Adams are very similar in appearance, there are a few notable
exceptions. Most of these are glass-rich varieties which are
much darker than typical Mount AdamS andesite. One particu-
larly distinctive flow lies between Bacon Creek and Dry Creek
on the southeast slope of the volcano. Although not confined
to a well-defined valley, the flow is one of the longest on
the southeast slope. It is exposed only along logging roads
where it is dark gray to black, rich in glass, and contains

relatively few phenocrysts. In many places it is penetrated



Figure 24. Closely spaced platy joints in andesite
flow from Mount Adams. Joints shown
are 1 to 8 cm apart at depth of 3 m

below flow top.

Figure 25. Blocky jointing in Mount Adams andesite.
Joints are 6 m below flow top (not
visible).
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by numerous, closely spaced, irregular fractures that cause
it to crumble when struck with a hammer. Because of its
unusual appearance, the flow is not readily recognized as a
Mount Adams flow. However, careful examination of roadcut
exposures shows that the glass-rich lava grades downward into

lava that more closely resembles typical Mount Adams andesite.

Discrimination and mapping of flows. Discrimination and

mapping of individual flows on the lower slopes of the volcano
are hampered by the highly uniform character of the Mount
Adams lava. Most flows are so similar in their lithologic
cha;acteristics that they cannot easily be distinguished from
one another, nor can they be correlated between widely separa-
ted outcrops. Flow mapping, therefore, frequently invoives
tracing of individual flows along valley-side exposures where
physical continuity can be established. However, even this
procedure is not.always successful because the continuity
frequently is obscured by widespread sliderock deposits and
dense forest.

Broad, relatively little-dissected uplands separate the
major valleys on the south slope of Mount Adams. Flow
mapping in these upland areas must be done primarily from
surface exposures. Although there may be very little litho-
logic contrast between flows, flow boundaries can sometimes
be located using certain geomorphic criteria. For example,
drainage lines frequently follow flow margins, and in some

places careful comparison of the adjacent rocks reveals
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subtle lithologic discontinuities that normally might be
overlooked. In other cases, the edges of some nonglaciated
flows have sufficient relief to be traceable on aerial photo-
graphs as well as in the field. |

Mapping of individual flows from Mount Adams is especial-
1y difficult where the flows have been glaciated. Therefore,
with the exception of two small, postglacial flows, the
principal flows on the south slope of the volcano are
differentiated only where they extend beyond the border of

the McDonald Ridge Drift (P1l. 1).

Form and distribution of flows. Much of the lava

extruded on the south slope of Mount Adams appears to have
spread as relatively broad flows or lava sheets, without
strong topographic control. This pattern is most evident in
the case of surface flows on the broad intercanyon uplands.
By tracing the margins of these flows, where they extend
beyond the drift border, it can be shown that many of the
flows terminate along a relatively broad front (P1l. 1).
Older flows beneath the upland surface, however, are visible
only in bordering valley-side exposures, so that their
distribution must be inferred from less direct evidence.

The flows exposed in valley walls are generally less
than 60 m thick. Although good exposures are limited, the
thickness of these flows can sometimes be estimated from

steplike.valley-side profiles, and from the vertical spacing
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between isolated outcrops of glassy, rubbly, scoriaceous, or
platy lava, all of which are characteristic of flow tops

where visible in surface exposures. The lack of exceptionally
thick flows suggests that the lava was not confined to deep
valleys but spread relatively freely.

Additional evidence for widespread flows is provided by
the apparent correlation of some flows across valleys, from
one upland region to the next. The difficulties of correla-
tion described earlier notwithstanding, tentative correlation
across valleys can sometimes be made by tracing a single flow
upstream through discontinuous valley-side exposures, across
the valley head, and downstream along the opposite valley
side. Thus, it appears that the divides and uplands are
simply remnants of a sequence of broad lava sheets which
has been incised by radial streams.

The absence of thick, valley-filling flows within this
sequence of broad lava sheets, suggests that canyon cutting
was minimal during the time spanned by their eruption.
Although a few intracanyon flows have been identified on the
south flank of the volcano, all occupy existing valleys.
Therefore, the succession of flows exposed in divides and
valley sides on the south slope of the volcano probably
accumulated within a relatively short period of time prior to

the cutting of major valleys,

Klickitat River intracanyon flow. The longest single

flow on the south half of Mount Adams is a thick intracanyon
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flow that occupies the Klickitat River valley east of the
volcano. The flow entered the Klickitat valley at the mouth
of Big Muddy Creek and flowed south to its terminal position
28 km from the volcano summit, as measured along the path of
the flow. Lava also spread upstream along the Klickitat
valley for about 3 km to a point 1.2 km north of Surveyors
Creek. 1Incision of the flow by the Klickitat River did not
begin immédiately, but followed an interval of lateral
stream migration, as suggested by remnants of abandoned
sinuous channels and meander scars on the flow surface (secs.
13, 14, 24, 25, T.7N, R.12E.). Subsequent incision of the
flow by the Klickitat River produced a narrow V-shaped inner
gorge.

Exposures of the flow in the walls of the inner gorge

are as much as 150 m high, but the base of the flow is not

visible. In most respects the lava is typical of andesite
seen elsewhere on the south flank of Mount Adams. Columnar
jointing, however, is unusually well developed, and below a
depth of about 25 m the flow is composed entirely of long,
vertical columns 0.5 to 1.0 m in diameter. The columns are
capped by both massive and platy lava which grades upward to
a vesicular top.

Sheppard (1967b) suggested that the flow was extruded
from the southeast flank of Mount Adams. Although several
Mount Adams flows extended far down the southeast slope of

the volcano, none entered the Klickitat valley. However, the
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Klickitat River intracanyon flow can be traced to the mouth
of Big Muddy Creek, directly east of the volcano, where

eastward-flowing lava from Mount Adams entered the Klickitat

River wvalley.

Latest eruptions. The youngest lavas on the lower slopes

of Mount Adams are several fresh, blocky flows that lie on the
northwest, northeast, east and south flanks of the volcano.
Most were extruded from vents near the base of the main cone
and spread downslope for several kilometers. The largest,
covering about 15 kmz, are several overlapping flows from
Red Butte on the northeast‘flank of Mount Adams.

Two other recent flows lie within the study area on the
south and east sides of the volcano. The larger, which is
also the younger of the two, is the A.G. Aiken Lava Bed
(Fig. 26). The flow erupted near the base of South Butte
cinder cone at about 2120 m (7000 £ft) and flowed 6.5 km
south as a long, narrow, steep-sided lava tongue. It is 0.8 km
wide at its widest point and ranges in thickness from 15 to
40 m. The flow consists largely of lava rubble and angular
lava blocks 10 cm to 2 m in diameter (Fig. 27). The flow
rubble is largely stabilized and shows little sign of
weathering. Although sparsely vegetated, it supports scattered
shrubs and trees. Lichens cover generally less than 30 percent
of the surface.

A similar lava flow, which erupted near Goat Butte on the
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Figure 26. South side of Mount Adams and A.G.
Aiken Lava Bed. Heavily forested lower
slopes of the volcano are underlain by
earlier lava flows from Mount Adams.

Figure 27. Blocky surface of A.G. Aiken Lava Bed.
Mount Adams in background.
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east flank of Mount Adams, flowed east approximately 5.5 km
along Cunningham Creek to a point where it blocked and
formerly ponded Swamp Creek, as shown by a little-dissected
deposit of lake silt on the floor of the tributary valley.
Surface blocks on the flow are stabilized, weathered, and
commonly have a lichen cover exceeding 50 percent. Develop-
ment of soil and forest cover also is much more advanced than
on the A.G. Aiken Lava Bed. Therefore, the Cunningham Creek
flow, although comparatively young, significantly predates

the A.G. Aiken Lava Bed.

The main cone

The main cone of Mount Adams rises steeply to a broad
summit area approximately 1600 m above the lower slcpes of
the volcano. The flows and clastic interbeds which form the
main cone are best exposed in the precipitous cirque head-
walls above Klickitat and Rusk glaciers. Although lavav
flows dominate the section, interbedded layers of clastic
debris are common, and locally thick.

The lava flows of the main cone generally are less than
15 m thick. Dips commonly are 15° to 25°, but locally reach
35°, Flows examined are all pyroxene andesite and closely
resemble the andesite flows on the lower slopes of the
volcano. The main-cone flows, however, commonly are reddened
by oxidation and locally altered by fumarolic activity.

Interflow breccia layers consist of angular clasts, 2 cm

to 1 m in diameter, in a matrix of widely variable proportion.
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Some of the breccias are completely unsorted and unstratified.
Others contain occasional sorted lenses and partings of
coarser or finer clasts, together with thin streaks of
brecciated lava, which impart a crude stratification to the
deposit. In most breccias, however, clasts of massive lava
are common, and sometimes dominant, whereas pumice fragments
are minor, and volcanic bombs are rare. Because the volcano
probably has been mantled with snow and ice for much of its
history, it seems 1likely that many of the breccias were
produced by explosive shattering of lava erupted onto snow
(Wise, 1968, p. 84; Fiske and others, 1963, p. 74), or were
deposited as lahars generated by mixing of highly brecciated
lava with meltwater.

Alteration of rocks in the main cone is sporadically
distributed and affects lava flows and clastic layers alike.
The most widespread form of alteration involves oxidation of
magnetite to hematite in the groundmass of some flows, which
produces colors ranging from pale red to very dark red.
Hydrothermally altered and solfatarized rocks crop out at
several localities in the cliffs above Klickitat and Rusk
glaciers, and high on the northwest side of the main cone
they appear as irregular bodies of exceptionally light-colored
rock. Although most of the outcrops are inaccessible, frag-
ments of the altered rock are common in drift carried by
Klickitat and Rusk glaciers. One of the largest bodies of

altered rock lies between 2745 m (9000 ft) and 3172 m
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(10,400 ft) near the upper end of Battlement Ridge, which
borders Klickitat Glacier on the north. Judging from the
large volume of rock affected, the alteration probably
reflects proximity to a major conduit. Some fumarolic
activity continues today. Occasionally, when a light breeze
is blowing downvalley, a distinctly sulfurous odor can be

detected near Klickitat Glacier.
N\

Compound structure of the main cone and the Mount Adams

Fault. Viewed from the south, the main cone of Mount Adams
has a relatively narrow, symmetrical profile (Fig. 28).
Viewed from the west (Fig. 29), however, the main cone has a
broad, irregular profile that consists of a central summit
closely flanked on the northwest and on the south by two
subordinate summits. The multiple summits are strongly
suggestive of a compound structure, produced by lateral
shifting of the vent over short distances.

The separate summits, of course, could have formed by
partial destruction of a single, larger summit area. The
northwest summit, known as The Pinnacle (farthest left in
Fig. 29), may have formed in this way. Flows underlying The
Pinnacle are steeply dipping, as are the flows exposed on
the northeast side of the central summit. Upward projection
of these flows suggests that all of them could have been
erupted from a single vent which lay approximately 210 to‘
240 m above, and slightly north of the present summit cone.

Projections of this kind, however, can give only a rough



62

Figure 28. Mount Adams from the south showing
relatively narrow, symmetrical profile.

Figure 29. Mount Adams from the west. - Broad,
irregular profile reflects compound
structure of the main cone.
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estimate of the former height of the volcano because most
outcrops show only an apparent dip, and the inaccessibility
of many outcrops makes it impossible to obtain true dips.

The southern summit, on the other hand, appears to have
been formed by eruptions from a separate vent. Although
properly oriented exposures are lacking, flows underlying
the central and southern summits appear to have opposing dips,
and between the two summits the dips of flows from the south-
ern summit seem to flatten out. Furthermore, the form of
the southern summit strongly resembles that of a separate
cone, truncated on its east side and banked against a larger
central cone. Petrographic comparisons of flows underlying
the central and southern summits have not been made; however,
flows beneath the southern summit generally are darker than
those of the central summit area. The cone forming the
southern summit probably postdates the central cone, judging
from its somewhat less modified form and the apparent
reduction of dips on flows from the southern vent in the
region between the two summits.

The south flank of the main cone, known as Suksdorf
Ridge, flattens out abruptly at an altitude of 2867 m
(9400 ft) and forms a low, rounded shoulder (extreme right of
Fig. 29). This was the site of repeated eruptions of lava
which spread across the lower slopes of the mountain. Most
of the flows were erupted relatively late in the history of

the volcano. Some of the flows unconformably overlie much
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older Mount Adams flows, and others are interstratified with
tills farther downslope on the south flank of the volcano.

The three separate eruptive vents inferred to comprise
the main cone of Mount Adams are located on a line that
trends approximately N18°W; consequently, their position
may be fault controlled.

Evidence for a major fault beneath Mount Adams is
provided by a linear, east-facing scarp on the lower slope of
the volcano south of the main cone (Fig. 30). The south end
of the scarp lies in the NE 1/4, Sec.9, T.7N., R.11E. From
there, the scarp can be traced N22°W nearly 3 km to the
SE 1/4, Sec.32, T.8N., R.11E., where it becomes indistinct.
The scarp is 30 to 60 m high for most of its length. Its
base is obscured by sliderock which, in places, extends
nearly to the top of the scarp, but outcrops near the top
expose highly fractured and brecciated Mount Adams andesite.
In some outcrops, the andesite exhibits platy jointing, and
near the top of the scarp it is glassy and scoriaceous,
resembling flow tops seen elsewhere on Mount Adams. Thus,
the scarp appears to mark a fault, upthrown on the west, that
offsets lava flows underlying the south slope of Mount Adams.

If the scarp is projected upslope, with a very slight
bend at about 2300 m (ca. 7600 ft), it passes directly under
the summit of Mount Adams, and coincides with the line along

which the multiple vents of the main cone are grouped,
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Figure 30.

View north along scarp of Mount Adams

Fault. Summit of Mount Adams, behind
trees in background, lies directly on
northward projection of fault.
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Therefore, probably the scarp, as well as the vents, lie
along a common fault. If so, the fault is at least 10 knm
long and is a major structural feature in the Mount Adams
area. It is referred to hereafter as the Mount Adams Fault.
Some eruptions from Mount Adams during a relatively
early stage of cone building may have occurred from one or
more vents which lay east of the present summit. The evi-
dence is inconclusive, and consists of two isolated outcrops
of lava flows and breccias which do not appear to be related
to vents located in the summit area. Flows and.breccias
having discordant dips are exposed between 2100 m (6900 ft)
and 2400 m (7900 ft) on the west side of the large cirque
that lies north of the Ridge of Wonders (Fig. 31), and other
exposures occur at the east end of The Spearhead, between
2380 m (7800 ft) and 2500 m (8200 ft), on the northside of
Battlement Ridge (Fig. 32). The outcrops are not readily
accessible, so that the angle and amount of dip must be
estimated visually. Although the direction of exposure makes
such estimates deceptive, these rocks apparently dip away
from a source located between the two outcrops, approximately

2 to 3 km eastsoutheast of the present summit.

Radial dikes. The flows underlying the Ridge of Wonders

are cut by numerous dikes that stand out prominently from the
talus-covered cirque headwall on the north side of the ridge.
The most prominent dikes, shown in Figure 33, are composed

of medium-gray, porphyritic rock that resembles the andesite



Figure 31. Breccias and flows exposed at west end of Ridge of
Wonders. Direction of dip suggests that vent lay
east (right of photo) of present summit.  Sequence
is overlain unconformably by thin, dark flows
(upper left) extruded much later from cone which
forms lower, south summit (left of center in
background) of Mount Adams.

Figure 32. Steeply dipping breccias and flows underlying The
Spearhead. Direction of dip is strongly discordant
with that of flows extruded from vents near the
present summit (background).
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Figure 33. Radial dikes of the Ridge of Wondars and some

projected foci.
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of most lava flows erupted from Mount Adams. Although the
dikes generally converge to the northwest, they do not have
a common focus, and may be of two different ages.

One group of dikes strike N33°-41°W, so that if pro-
jected northwest along strike, they lie well to the east of
the present summit. Because the dikes do not converge
strongly, their projected points of intersection are
extremely sensitive to even the slightest variations in
strike. Nevertheless, the projections of five of the dikes
focus sharply at a point on Lyman Glacier (Fig. 33). The
focal point lies outside the study area; however, reconnais-
sance on the north flank of the volcano shows no evidence of
a vent there. The focal point lies only a short distance
east of the line along which the principal eruptive centers
of the main cone are located. The projections (not shown)
of several other dikes in this group intersect in the general
area of the lower Klickitat Glacier. Projections of other
dikes in this group intersect randomly with those discussed
above within the triangle formed by the two ends of the
Ridge of Wonders and the focal point located on Lyman Glacier.

The dikes of this first group antedate the cone that
forms the lower, south summit (upper end of Suksdorf Ridge)
of Mount Adams. Flows from the cone, which unconformably
overlie older rocks exposed in the Ridge of Wonders (Fig. 31),
truncate two dikes of this group.

A second, and perhaps younger, group of dikes strikes
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N60°-73°W, and appears to radiate from the lower, south
summit of Mount Adams. Projections of two of these dikes
are shown in Figure 33.

The projections shown in Figure 33 are based on the
assumption that the dikes are linear. Fiske and Jackson
(1972) showed that dikes intruded in volcanic edifices other
than symmetrical cones may be curved, owing to the influence
of gravitional stress fields within the volcano. However,
the dike pattern of Figure 33 does not match the pattern
predicted by their work for a cone having north-south
elongation. Furthermore, dikes of the second group probably
are straight because their projections focus near a known

vent.

Summit cone. The latest eruptions in the summit area

of Mount Adams produced a small lava and cinder cone that
forms the highest point on the volcano (Fig. 34). The

summit cone ranges in height from about 75 m on its north
side to 150 m on its southwest side where it is draped over
the steep west flank of the older main cone below. Although
the east flank of the summit cone has been partly cut away

by the summit ice cap, the cone, as a whole, shows relatively
little dissection, and it is topped by a well defined crater
(Fig. 35). The crater rim is asymmetric, and is about 45 m

higher on the north side than on the south side.



71

Figure 34. Broad summit area of Mount Adams with
snow-covered summit cone near center.
Mount Rainier in distance.
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Figure 35. Snow and ice filled crater of the
summit cone. Mount Hood on the skyline.
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The cone is composed of both lava and cinders; however,
the proportion of each is difficult to estimate because much
of the cone is covered by snow and ice. The south and south-
west slopes of the cone; which are snowfree in late summer,
are mantled by loose, angular lava rubble and cinders. A
few thin flows are exposed on the east flank of the cone and
are composed of dark gray to black, porphyritic lava
resembling glass-rich varieties of the Mount Adams andesite
on the lower slopes of the volcano. The flows, and much of
the lava rubble on the north and east sides of the crater,
show evidence of fumarolic activity. The lava is mottled
and stained with sulfur, and in many places it is coated or
completely impregnated with a soft, chalky, white clay. How-
ever, no evidence of thermal activity was observed, either
as vapors or as vents melted in the ice and snow occupying

the crater.

Parasitic cones

During a late stage of activity, when construction of
the main cone was largely completed, flank eruptions from
Mount Adams produced a number of parasitic cones that
encircle the volcano between 1500 and 2300 m. Three of the
cones lie within the study area. '

The best preserved of the parasitic cones is Little
Mount Adams-tfig. 36) which rests on the west end of The
Island, southeast of Mount Adams. It is a steep-sidéd,

symmetrical cone, 120 m high, with a sharply defined summit
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Figure 36. North side of Little Mount Adams
cinder cone.
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crater. The cone is composed primarily of coarse ash,
scoriaceous lapilli, and occasional bombs and blocks. How-
.ever, several thin brecciated flows are exposed in isolated
outcrops on the south flank of the cone, and lava agglutinate
forms prominent outcrops along the east, south, and west
sides of the crater rim. Along the east base of the cone,
cinders from Little Mount Adams overlap a lateral moraine
and striated rock surfaces that probably date from the last
glaciation. Although the cone must be relatively young
as indicated by its freshness of form, its slopes have been
modified sufficiently by gullying and nivation to suggest an
age of at least a few thousand years.

Goat Butte (Fig. 37), which lies directly east of Mount
Adams on the north edge of the study area, is the largest
as well as the oldest and most dissected of the parasitic
cones. The lower part of the cone contains numerous flows
which are exposed around its base, whereas the upper part of
the cone is composed largely of tephra. The flows, which
are best exposed on the deeply eroded south flank of the
cone, are composed of medium-dark-gray, strongly porphyritic,
olivine basalt. Most of the tephra layers are red, brown,
and black cinders and coarse ash; however, yellowish-orange
lapilli tuff forms a prominent outcrop on the south flank of
the cone. The tuff is a mixture of yellowish-brown,
vesicular lapilli, euhedral crystals of olivine and pyroxene,

and yellowish-orange glass. The glass has a relatively low
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Figure 37. Strongly eroded southwest flank of Goat
Butte as viewed from terminus of Rusk
Glacier.’

Figure 38, Stratified lapilli tuff exposed on the
south flank of Goat Butte.
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index of refraction (generally less than 1.55) and probably
is palagonite. Stratification in the tuff is weakly to
moderately well developed (Fig. 38), and the strata dip
generally away from the summit of Goat Butte. The relatively
resistant tuff has been weathered and eroded along vertical
joints to produce a cluster of spires and ridges that stand
30 to 45 m above the south slope of the cone.

The overall form of Goat Butte has been strongly
modified by erosion. The south base of the cone has been
truncated, probably during a former expansion of Rusk
Glacier, and the upper slopes of the cone are so deeply
scalloped by nivation hollows that the summit crater can no
longer be distinguished. Th; nature and intensity of modifi-
cation indicate that the cone is at least pre-Neoglacial in
age, and that probably it dates to the last glaciation. The
presence of palagonite tuff on the south flank of the cone
suggests that some eruptions from Goat Butte may have occurred
during a period of expanded glaciers and snow cover, possibly
at a time when Rusk Glacier was banked against the base of the
cone.

South Butte (Fig. 39), which lies at 2300 m (7500 £ft)
on the south side of Mount Adams is primarily a tephra cone,
but several brecciated flows are exposed near its base and in
small outcrops near its summit, Although the cone probably
posfdates the last glaciation, it is moderately dissected,

and its east flank has been truncated by Gotchen Glacier.



Figure 39.
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West side of South Butte cinder cone
the south flank of Mount Adams.

on
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Most of the dissection probably occurred during the late
Holocene when Gotchen Glacier had thickened sufficiently to

encroach on the east flank of the cone.

Petrography

The lava flows from Mount Adams are as similar in thin
section as they are in the field. Nearly all are highly
porphyritic and contain, in decreasing order of abundance,
phenocrysts of plagioclase, hypersthene, augite, and olivine.
The phenocrysts, which comprise 25 to 40 percent of the rock,
are set in a groundmass of plagioclase laths, pigeonite,
magnetite, and varying amounts of glass. Glomeroporphyritic
clots are common in many flows, and may include any of the
phenocryst minerals. Most flows have a model color index
between 30 and 36, and an average plagioclase composition
less than AnSO' Thus, in the absence of chemical data, they
are classified as andesite.

The flows differ principally in the texture of their
groundmass. Most flows are pilotaxitic to intersertal; and
generally contain less than 20 percent glass (Fig. 40).

Some flows, however, are hyalopilitic and contain as much as
40 percent glass (Fig. 41). The hyalopilitic flows typically
are thin, and are significantly darker than most other Mount
Adams flows. The A.G. Aiken Lava Bed and the young flow
bordering Cunningham Creek, which are among the latest flows

erupted from Mount Adams, are of this kind. Alignment of the

plagioclase laths is common in flows which are holocrystalline
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0 .05 mm
L il |

Figure 40. Pilotaxitic flow of hypersthene-augite andesite
from Mount Adams. Divide-forming flow exposed in
valley wall of Hellroaring Creek. Plane light.

Figure 41. Hyalopilitic flow of hypersthene-augite andesite
from Mount Adams. A.G. Aiken Lava Bed. Plane

light.
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or nearly so, and is particularly strong in flows having
platy jointing.

The mineralogy of the Mount Adams flows varies little.
Many of the mineralogical characteristics of flows examined
in this study match closely the data reported by Sheppard
(1967b) which were obtained from study of a single flow.

Plagioclaée forms subhedral phenocrysts, generally 0.5
to 3.0 mm long; however, glomeroporphyritic clusters of
plagioclase may be as much as 5 mm across. Most grains are
clear, polysynthetically twinned, and normally zoned; many
grains also show superimposed oscillatory zones. The com-
position of zoned grains ranges from Angg.gg (cores) to
Anjyg_4q (rims). However, as has been reported for the lavas
of Mount Rainier (Coombs, 1936, p. 175; Fiske and others,
1963, p. 87), the plagioclase phenocrysts in a single flow
are of widely diverse character. Thus, most sections also
contain phenocrysts which are untwinned and unzoned, partly
corroded, or contain poikilitic inclusions of pyroxene.
Plagioclase microlites in the groundmass generally are less
than 0.3 mm long and have an average composition of about
Anz,.

Hypersthene occurs both as moderately pleochroic, sub-
hedral phenocrysts 0.3 to 2.0 mm long, and as reaction rims
on olivine, The optic angle, determined from U-stage
measurements, is negative and ranges from 60° to 62°. Many

hypersthene phenocrysts are rimmed with tiny granules of
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pigeonite where the phenocrysts are in contact with the
groundmass. Somewhat less common are hypersthene phenocrysts
having wide overgrowths of augite.

Phenocrysts of augite, which are nearly as abundant as
those of hypersthene, occur as pale-green, irregular prisms
0.3 to 2.5 mm long. Many of the grains exhibit lamellar
twinning. The optic angle is positive and ranges from 47°
to 50°. As with hypersthene, augite phenocrysts often are
surrounded by rims of granular pigeonite.

A few scattered phenocrysts of olivine, generally 0.2
to 1.5 mm in diameter, are present in most sections. They
have subhedral form and sometimes are strongly resorbed.

Some of the olivine grains are surrounded by randomly
oriented hypersthene, as reported by Sheppard (1967b, p. C57),
but many are not.

Pigeonite occurs in the groundmass as tiny, anhedral
grains having a positive optic angle of approximately 10°.

As described above, pigeonite also occurs as small granules
that rim hypersthene and augite where these two minerals are
in contact with the groundmass. This relationship, which was
noted by Sheppard (1967b, p. C56), appears to be a ubiquitous
feature of the Mount Adams flows; however, it is seen more
commonly in pilotaxitic than in hyalopilitic flows.

An opaque mineral, probably magnetite, occurs as small,
anhedral grains in the groundmass and as inclusions in the

ferromagnesian minerals. Occasionally, it forms small
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phenocrysts up to 0.4 mm across. In reddened flows, the
groundmass magnetite is oxidized to hematite.

The only flows of the Mount Adams Volcanics that differ
strikingly from the description above, are strongly por-
phyritic, olivine-bearing flows which were extruded from
Goat Butte on the east flank of Mount Adams. Olivine, which
forms large (<5 mm), subhedral grains, is the principal
phenocryst; augite, and occasionally, hypersthene also occur
as phenocrysts. 1In two sections examined, not a single
plagioclase phenocryst was found. The exceedingly fine-
grained groundmass is composed chiefly of tiny grains of
plagioclase, granular clinopyroxene, and magnetite. Lacking
chemical data, the rock is classified as olivine basalt on

the basis of its high modal color index (C.I.=60).

Age and stratigraphic relationships

In the absence of an adequate number of radiometric
dates, the age and eruptive sequence of the Mount Adams
Volcanics cannot be closely established. However, some
approximate limiting dates for various stages of the volcano's
activity can be set. The best evidence comes from two
localities: the Klickitat River intracanyon flow east of
Mount Adams, and the south slope of the volcano where lava

flows are interbedded with till.

Age of the Klickitat River intracanyon flow. Evidence

for the age of the Klickitat River intracanyon flow comes
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both from field relationships and from a radiometric date.
The flow probably antedates the oldest glacial deposits in
the area, but the evidénce is contradictory.

Near the mouth of Big Muddy Creek, subdued lateral
moraines and deeply weathered till of the White Salmon Drift
can be traced to the edge of the flow, but not onto its
surface. Although dense forest and a lack of exposures on
the flow surface in that area make surficial geologic mapping
difficult, the relationships suggest that the flow overlies,
and therefore postdates, the White Salmon Drift. This inter-
pretation is supported by the present canyon-bottom position
of the flow, which normally is a chafacteristic of relatively
young flows. It might be argued that. the depth té which the
flow has been incised by the Klickitat River (nearly 150 m)
points to a greater age for the flow. However, incision must,
nevertheless, have followed retreat of the ice because the
steep-sided, V-shaped inner gorge shows no sign of glacial
erosion.

Evidence suggesting a pre-White Salmon age for the flow
is provided by several exposures of deeply weathered gravel
which rest on the flow approximately 2.2 km downstream from
the confluence of Big Muddy Creek and the Klickitat River.
Although it cannot be demonstrated that the gravel is of
glacial origin, the depth and degree of weathering suggest
that the gravel is at least as old as the White Salmon Drift.

A radiometric age obtained from the flow supports
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second interpretation. A sample of the flow, collecfed
approximately 10 m below its top near the mouth of Big Muddy
Creek, was dated by Geochron Laboratories (Cambridge, Mass.)
using the K-Ar method. The determination was made using the
whole rock, after removal of pyroxene, and yielded an age

of 400,000 *100,000 years (Geochron R-2483). Although the
procedure used by Geochron is not well suited for rocks
younger than 1 million years, the age probably is reliable
within the assigned range of error (R.H. Reesman, personal
communication, 1973). Thus the weight of the evidence favors
a pre-White Salmon age for the flow, and a tentative age of
400,000 years is assigned.

The position of the Klickitat River intracanyon flow in
the eruptive sequence of Mount Adams is not clear. Two
possibilities exist:

(1) The intracanyon flow is an extension of one of the
flows that underlie the broad divides and upland regions on
the lower slopes of the volcano. It originated as a broad
flank flow that spread eastward across the lower slope to
where it spilled into the Klickitat Valley near the mouth of
Big Muddy creek.

(2) The flow was channeled eastward to the Klickitat
Valley along one of the deep radial valleys cut into the
earlier lower-slope flows. Possible remnants of the intra-
canyon flow lie along the bottom and sides of the valley of

Hellroaring Creek; however, the relationships have been
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obscured by subsequent glaciation of the valley and by the
McDonald Ridge Drift.

The first case implies that the flows underlying the
broad divides on the lower slopes of the volcano are also
approximately 400,000 years old. The second case, however,
implies that eruption of the intracanyon flow followed a
period of valley cutting during which the earlier flows of
the lower slopes were incised by radial streams. Therefore,
the early flows, now exposed in the walls of the radial
valleys, are much older than 400,000 £100,000 years. In
either case, a minimum age of 400,000 years is indicated for

the early flows that form the lower slopes of Mount Adams.

Age of the Suksdorf Ridge flows. The youngest flows

from Mount Adams that lie within the study area were erupted
from Suksdorf Ridge on the south flank of the volcano. Most
of the flows, which postdate the bulk of the main cone, were
extruded at about 2860 m (9400 ft) and flowed south for about
13 km. The youthful age of the flows is indicated by the
comparatively slight modification of lower Suksdorf Ridge

by Mazama, Gotchen, and Crescent glaciers.

The best evidence for the age of the youhgest Suksdorf
Ridge flows occurs on the lower slope of the volcano where
the flows intertongue with lavas of the Smith Butte Olivine
Basalt, and with two late-Pleistocene tills. The strati-

graphic relationships between the flows and the tills are
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shown by the map and cross-section of Figure 42. Erosion of
the flows in this sequence is slight and vertical exposures
are few. However, the morphology of the flows is sufficiently
fresh that the stratigraphic relationships can be determined
from the patterns of overlapping flow margins.

Deeply weathered White Salmon till, tentatively regarded
to be of Salmon Springs age is exposed in the valley of the
White Salmon River along segment A-B of the cross-section
line. Traced to the north along transect A-B-C-D, the till
passes beneath a flow of Smith Butte Olivine Basalt, 4.to 6 m
thick. Approximately 1 km farther north, the basalt flow is
overlapped by a thick blocky flow of andesite from Mount
Adams. The overlapping relétionship is clear because the
andesite flow terminates along a steep front 20 to 80 m high.
Continuing north along transect A-B-C-D, the andesite flow is
covered by a thin flow of olivine basalt, which is, in turn,
overlapped by another andesite flow, 15 to 25 m thick. North-
ward from point C, the andesite flow is overlapped by rela-
tively fresh McDonald Ridge till, which is correlated broadly
with the Fraéer Drift of the Puget Lowland. Thus, if the
two tills are correlated correctly with the glacial chronology
of the Puget Lowland, then the flows from Suksdorf Ridge and
the flows of Smith Butte Olivine Basalt were erupted during
the Olympia Interglaciation.

The youngest Mount Adams flow in the sequence shown in

Figure 42 is the A.G. Aiken Lava Bed (described earlier).
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The flow clearly postdates the McDonald Ridge Drift. Near
its lower end, the flow overlies McDonald Ridge tiil, and
near its upper end, it rests directly on striated and polished
rock surfaces of McDonald Ridge age (Fig. 43).

A maximum age for the A.G. Aiken flow can be established
more closely from its stratigraphic relationship to tephra
layers in the adjacent surficial deposits. Four distinct
layers of pumiceous ash and lapilli are present in surficial
sediments on both sides of the flow; however, only the upper-
most layer occurs on the flow surface. The ages and sources
of the two uppermost layers are unknown, but field and petro-
graphic characteristics of the third layer indicate that it
may be set-Y tephra from Mount St. Helens, which has been
assigned an age of 3000 to 4000 years (Mullineaux and others,
1972).

A minimum age for the A.G. Aiken flow was determined
from ring counts on trees growing on the flow surface.

Coun£s made on cores obtained with a Swedish increment borer
showed 286 rings in the oldest tree sampled. However, because
the rough, blocky surface of the flow provides so few
opportunities for seedlings to become established, the age of
the flow may be substantially greater than that of the oldest

tree growing on its surface.

" Summary. Based on the data presented in this section

and earlier in this paper the following general statements



90

Figure 43. A.G. Aiken Lava Bed resting on
unweathered striated and polished rock
surface of McDonald Ridge age.
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can be made regarding the age of the volcano:

(1) The early eruptions from Mount Adams followed a
period of widespread olivine-basalt volcanism that probably
continued at least to the middle Pleistocene.

(2) The flows underlying the broad divides and uplands
on the lower slopes of the volcano are at least 400,000
*100,000 years old.

(3) The main cone of the volcano, with the exception
of Suksdorf Ridge, had reached a height sufficient to
accumulate large glaciers prior to White Salmon (Salmon
Springs?) time.

(4) The youngest flows erupted from Suksdorf Ridge
on the south flank of the volcano are of post-Whité Salmon
and pre-McDonald Ridge (Olympia?) age.

(5) Parasitic cones and small lava flows were erupted
on the flanks of the volcano in Holocene time. The maximum
age of the A.G. Aiken Lava Bed has been set at 3000 to 4000
years, and the flow may be the youngest erupted from Mount

Adams.



SURFICIAL DEPOSITS

Tephra

Occurrence and nomenclature of layers

Tephra deposits, all probably Holocene, can be found
throughout the study area. However, the deposits are best
preserved and most easily studied in alpine meadows between
1700 and 2100 m (ca. 5500 and 7000 ft) where they occur as
usually distinct layers up to 30 cm thick. Soil cohesiveness
in this region is relatively high, owing to the constantly
moist condition of the ground, so that reworking of tephra
by wind is prevented. Tephra deposited on the dry, lower
slopes south and east of the volcano commonly is reworked by
wind and the layers are indistinct.

Exposures in the alpine meadows sometimes show as many
as 8 to 10 fephra layers in the uppermost meter of section
(Fig. 44). However, many of these layers are thin, discontin-
uous, and contain an admixture of other sediments. Therefore,
they may consist of reworked and redeposited tephra eroded
from upslope. At many localities, tephra layers are exposed
in the walls of small gullies cut by snow meltwater. The
streams flowing in these gullies aré moving tephra eroded
from such sites, and are redepositing it in shallow basins
and meadows a short distance downslope. Locally, tephra
derived from shallow exposures is spread on the ground

surface, and is being moved downslope by mass-wasting and
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Figure 44.

Pumiceous tephra layers in pit exposure
at Bird Creek Meadows, 1890 m (6200 ft),
south flank of Mount Adams. Some layers

are discontinuous and show evidence of
reworking.
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unconcentrated flow. Reworking of tephra by such processes
probably has been equally effective in the past, so that
some of the layers seen in meadow exposures may consist of
redeposited oldeér tephra.

Four distinct and persistent tephra layers can be
recognized at widely separated localities on the southeast
flank of Mount Adams. They are shown in the composite
section of Figure 45. The layers are designated by arbitrary
symbols in the manner used by Crandell and others (1962) at
Mount Rainier. This scheme permits additions to the
sequence without changes in nomenclature. Symbols were
selected from the Greek alphabet to avoid any possible
confusion with the numerous tephra layers already recognized
at Mount St. Helens (Crandell and Mullineaux, 1973) and at
Mount Rainier (Mullineaux, 1974), which carry English-letter
designations; Although the section shown in Figure 45 is
generalized from measurements made at widely separated
localities, it closely resembles the section exposed along
U.S. Forest Service road N80, between 1650 m (5440 ft) and
1720 m (5640 ft) on the south side of Hellroaring Creek,

where layers v, 6, and ¢ are particularly well displayed.

Field description

The tephra layers shown in Figure 45 consist primarily
of small pumiceous lumps, glass shards, and crystals. The
characteristics by which these layers are most easily

distinguished in the field are summarized in the diagram.
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Depth, thickness, grain size, and color of the layers proved
to be the most useful distinguishing features, and in
sections where most or all of the layers are present, they
usually are reliable. Depth and thickness of the layers
generally were measured on slopes of less than 15°. Colors
are described in terms of the Munsell notation, and were

determined from moist samples.

Petrographic analysis

Samples of the tephra were examined with a petrographic
microscope to determine (1) relative abundance of ferro-
magnesian minerals, (2) minimum refractive index of ferro-
magnesian minerals, and (3) refractive index of glass. These
characteristics were selected for study because they have
proven to be among the most useful distinguishing features
of pumiceous tephra (Wilcox, 1965).

Preparation of samples for petrographic examination
followed the procedure outlined in Figure 46. The procedure
is designed, insofar as possible, to concentrate mineral
grains which occur as phenocrysts in the pumiceous fraction,
because such grains clearly are of nondetrital origin. The
bulk samples were first vibrated for approximately five
minutes in an ultrasonic cleaner to loosen and remove
weathering products and other fine-grained contaminants.
Samples composed mostly of coarse ash and lapilli were then
washed on a 0-phi (1 mm) screen, dried, and manually cleaned

under low-power magnification to remove any nonpumiceous
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BULK SAMPLE

ULTRASONIC CLEANER

WASH ON O¢ SCREEN
(For very fine ash use 2¢ screen)

DRY

MICROSCOPIC EXAMINATION
(Remove lithic fragments and detritial mineral grains)

CRUSH
(For very fine ash omit initial crushing)

DRY SIEVE

[ 1
>2¢ FRACTION 2 -4¢ FRACTION <4¢ FRACTION

!
DISCARD

HEAVY LIQUID SEPARATION
(Tetrabromethane + acetone)

i ]

GLASS + FERROMAGNESIAN
PLAGIOCLASE MINERALS
(5.G.< 2.85) (S¢Ge > 2.85)

Figure 46. Laboratory flow sheet for preparation of.
tephra samples for petrographic examination.
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particles remaining. Samples of relatively fine ash (nearly
all particles less than 1 mm) were washed on a 4-phi screen
in order to retain enough of the sample for further
processing. The cleaned samples were crushed (except for
very fine-grained samples) and sieved to segregate grains of
suitable size for petrographic study. Finally, the samples
were centrifuged in heavy liquid and split into a glass and
plagioclase-rich fraction (S.G.<2.85), and a ferromagnesian-
rich fraction (S.G.>2.85). _

Petrographic data for tephra layers y, 8§, and ¢ are
shown in Table 1. Mineral abundances were determined with
the aid of a mechanical stage by cognting individual grains
in slide-mounted samples. The data are presented, however,
in broad categories of relative abundance owing to the
difficulties inherent in preparing a truly representative
mount. Refractive-index measurements were made on a single-
axis stage in sodium light, using the Becke-line method.
Immersion oils, differing in index by increments of .004,
were used to bracket the indices of the mineral grains and

the glass.

Sources

Layer vy shows no detectable trend in thickness or grain
size within the study area, and probably was erupted from a
distant source. On the basis of both field and petrographic
‘criteria, layer Y tentatively is correlated with the Mazama

ash of Powers and Wilcox (1964). The thickness and grain
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size of layer Y compares closely with values that would be
expected for the Mazama ash in the Mount Adams area, based
on studies of Mazama ash at Mount Rainier (Mullineaux, 1974,
P- 29). The age of the Mazama ash, as‘determined at its
5ource, is about 6600 years (Rubin and Alexander, 1960,

p. 161). Thus, if the correlation suggested above is
correct, layer Y is a useful stratigraphic marker in the
Mount Adams area for establishing limiting ages on other
Holocene deposits.

Layers 6 and ¢ show no pronounced variation in thickness
or grain size on the south flank of the volcano; however,
they appear to thicken and coarsen slightly to the west.
Reconnaissance sampling west of Mount Adams suggests that
layer 6, and possibly layer ¢, continue with this trend
farther west. Particularly striking in the mineralogy of
layer 6 is the presence of a pale, weakly pleochroic,
optically positive amphibole, many grains of which do not go
to complete extinction (cummingtonite?). In many respects
layer § resembles tephra-set Y which was erupted from Mount
St. Helens Volcano (Mullineaux and others, 1972; Crandell and
Mullineaux, 1973; Mullineaux, 1974), 54 km west of Mount
Adams. Because cummingtonite-bearing tephra is known only
from Mount St, Helens, layer & is correlated tentatively _
with tephra-set Y, Layer ¢ resembles tephra layer W from
Mount St. Helens, both in field characteristics and in

mineral composition. However, because the refractive index
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of hypersthene in layer ¢ is significantly lower than that
reported for layer W (c.f. Mullineaux, 1974, p. 71), the
relationship between these two tephra layers is unclear.

Layer B, which occurs as scattered pumice lapilli on or
immediately below the ground surface, is discontinuous every-
where it was observed. It appears to be coarsest on the
southwest flank of the cone but owing to limited opportunities:-

for adequate sampling, its source was not determined.
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Glacial Deposits

Deposits representing three separate episodes of
glacier expansion in the Mount Adams area are designated
here, from oldest to youngest, as the White Salmon, McDonald
Ridge, and Big Muddy Creek drifts (Fig. 47). In most cases,
the three drifts are readily distinguishable on the basis
distribution, morphology, and weathering characteristics.
Specific criteria found most useful for differentiating the
drifts are summarized in Table 2. Although soil profiles
developed on the drifts were not studied in detail, general
profile characteristics, particularly soil structure and the
presence or absence of a textural B horizon, were especially

useful for differentiating deposits of the two older drifts.

White Salmon Drift

Distribution and morphology. The White Salmon Drift is

naméd for a weathered till that is exposed northeast of the
White Salmon River in cuts along Forest Road N700 in secs. 35
and 36, T.7N., R.11E. White Salmon Drift is most widely
distributed southwest of Mount Adams where it occurs

primarily as thin (generally less than 2 m thick), discontin-
uous ground moraine between altitudes of 600 and 900 m

(ca. 2000 and 3000 ft). Ground moraine shows little construc-
tional form, and streams on its surface are sufficiently well
integrated that no undrained depressions remain. End moraines

are few; where preserved, they generally have broad, poorly
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defined crests and deeply gullied flanks.

White Salmon ground moraine covers the ridge separating
the White Salmon River and Trout Lake Creek, and scattered
patches of strongly weathered till of probable White Salmon
age occur along the valley sides of Trout Lake Creek. The
distribution of drift in this area suggests that ice in the
White Salmon River valley overtopped the divide and may have
merged with a glacier that advanced along Trout Lake Creek
from a source farther west.

Near Trout Lake, the White Salmon drift bordef is buried
beneath olivine basalt flows that entered the White Salmon
River valiey from a western tributary. However, downvalley
projection_of exposed gegments of the drift border indicateg
that buried drift probably extends no more than 3.2 km south
of the edge of the flows. White Salmon till partially covers
a knob of Yakima Basalt that protrudes above the surface of
the intracanyon flows in the SE 1/4, Sec.16, T.6N., R.10E.,
and is the southernmost exposure of till in the White Salmon
valley. ‘

Northeast of the White Salmon River, between Wickey
Creek and Gotchen Creek, White Salmon Drift is overlapped by
Smith Butte Olivine Basalt and by andesite flows from
Suksdorf Ridge on Mount Adams (Fig. 42).

White Salmon Drift also occurs east of Mount Adams near
the mouth of Big Muddy Creek on the west side of the

Klickitat River valley. End-moraine remnants and exposures
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of obvious till are confined to the valley side just above
the surface of the Klickitat River intracanyon flow. The
relationship there suggests that the drift may antedate the
flow; however, a pre-White Salmon age for the flow is
favored (p. 85). Although the drift border has not been
mapped on the flow surface, an approximate limit of
glaciation can be inferred from the distribution of moraine
remnants and till patches on the valley sides.

Moraines and till of White Salmon age apparently are
absent on the southeast slope of Mount Adams. Where not
mantled with outwash or eolian sediments, unglaciated
surfaces on Yakima Basalt and on County Park Olivine Basalt
can be traced upslope to end moraines of the McDonald Ridge
Drift. Possible White Salmon outwash occurs in shallow
exposures along Dry Creek and its tributaries in Sec.13,
T.7N., R.11E., just beyond the McDonald Ridge moraines. Its
presence there suggests that White Salmon-age glaciers,
although less extensive than those of McDonald Ridge time,
advanced a short distance down the southeast slope of the
volcano. The greater extent of glaciers on this part of the
volcano during McDonald Ridge time may reflect changes in
configuration of the catchment area for these glaciers,
caused by eruption of the Suksdorf Ridge flows.

Outwash of White Salmon age cannot be identified with
confidence. Strongly weathered gravel occurs as isolated

patches beyond the limit of glaciation on the southeast flank
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of the volcano and on the surface of the Klickitat River
intracanyon flow. Similar gravel locally overlies White
Salmon till northeast of the White Salmon River. However,
because these deposits lack continuity and cannot be traced
to moraines, a glacial origin cannot be demonstrated. Coarse
gravel that may be recessional outwash of White Salmon age
overlies weathered till on the east side of the White Salmon
River in NE 1/4, SW 1/4, Sec.11, T.6N., R.10E. The gravel,
which shows weathering comparable to that of White Salmon
till (see below), underlies a nearly flat, terrace-like

surface approximately 17 m above the river.

Nature and weathering of till. White Salmon till is

exposed in a 10-meter-high roadcut through a lateral moraine
near the mouth of Big Muddy Creek, and in numerous shallow
roadcuts through ground moraine northeast of the White Salmon
River (Fig. 48), between 600 and 900 m (ca. 2000 and 3000 ft).
The till is pinkish gray to light brownish gray where fresh,
but weathers to dark yellowish brown. Although oxidation
commonly extends to depths of 2 to 3 m, oxidation to 8 m oc-
curs in the exposure near Big Muddy Creek. Rinds déveloped
on stones in the weathering profile commonly are between 1
and 2 mm thick. Faceted stones are common but striations
rarely are preserved. More than half the stones in the upper
part of the weathering profile are firm; however, many are
crushed easily by a single hammer blow, and a few are totally

disintegrated.



108

Figure 48. Strongly oxidized White Salmon till in roadcut
northeast of the White Salmon River (NE 1/4,
SW 1/4, Sec.35, T.7N., R.10E.). Oxidiation here
extends to base of exposure (3 m). Note distinct
platy zone in upper part of exposure.

Figure 49. White Salmon till in exposure 1 km west of Trout
Lake. Overlying silt is unusually thick at this

locality.
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Soil developed on White Salmon till is more variable in
character than that developed on McDonald Ridge till,
probably owing to greater variation both in parent material
and in the effectiveness of post-depositional erosion and
mass-wasting. Most horizons in the profile are either
gravelly sandy loam or sandy clay loam. Typically, the
profile is capped by a dark reddish-gray (5YR 4/2) A horizon,
10 to 25 cm thick. Beneath is a grayish-brown (10YR 5/2) to
dark yellowish brown (10YR 4/4) B horizon, 60 to 100 cm
thick. ~It contains sufficient clay to be slightly sticky and
slightly plastic when wet; when dry, it becomes very hard.
In many places the B horizon is characterized by a very
coarse platy structure in its upper part, which is conspicu-
ous in outcrops of White Salmon till (Fig. 48). Where absent,
the platy structure usually is replaced by a wcak subangular
‘blocky structure. This material grades downward into fresh,
structureless till that is both nonsticky and nonplastic.

Many exposures of White Salmon till are capped by a layer
of yellowish-brown silt and fine sand, usually less than
30 cm thick. The silt, which probably is eolian, is wide-
spread beyond thé limit of McDonald Ridge Drift (Fig. 49).
Where the silt caps White Salmon till, no soil is visible
at its base. Because soil developed on the silt appears
equally strong as that developed directly on White Salmon
till, the silt may have been deposited shortly after recession

of the White Salmon glaciers.
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McDonald Ridge Drift

Distribution and morphology. The McDonald Ridge Drift

is here named for a relatively fresh till exposed on
McDonald Ridge in cuts along the Timberline Camp Road in
secs. 1, 2, 10 and 11, T.7N., R.10E. The lower limit of
McDonald Ridge till is marked by a belt of bulky, steep-
sided end moraines that lie mostly between 1000 and 1500 m
(ca. 3300 and 5000 ft). End moraines deposited by glaciers
that occupied relatively shallow valleys on the south flank
of Mount Adams form broad loops, in places having multiple
crests. End moraines of glaciers that occupied deep canyons
of Big Muddy, Hellroaring, and Cascades creeks occur as
prominent, single-crested; lateral ridges along valley rims.
Typically, end moraines of the McDonald Ridge Drift are 25
to 90 m high, steep-sided, and have slightly rounded, though
well-defined crests (Fig. 50). With the exception of Morrison
Creek valley, discernible end moraines inside the outer
belt are few. Most are low, poorly defined, and their
positions appear to be controlled by bedrock topography.
Ground moraine forms a distinctly hummocky terrain behind
the outermost moraines, but thins upslope and becomes dis-
continuous above 1800 m (ca. 6000 ft), where features of
glacial erosion dominate.

The most detailed sequence of end moraines occurs in
Morrison Creek valley where five separate end-moraine crests

form partial or complete loops across the valley (Figs. 47
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Figure 50. McDonald Ridge end moraine at Snowplow Mountain
(NE 1/4, Sec.10, T.7N., R.11E.). Note steep outer
flank and well-defined crest.

Figure 51. End moraines in Morrison Creek valley viewed from
valley head. McDonald Ridge (upper left) consists
of three, closely spaced, lateral moraines.
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and 51). McDonald Ridge, which forms a prominent embankment
along the east side of the valley, consists of three sharp-
crested, lateral ridges that are closely grouped at their
upper ends but diverge downvalley. The outer ridge is part
of a nearly complete end-moraine loop that includes a single,
large lateral moraine on the west side of the valley. The
two inner ridges swing westward across the valley to form
partial loops, but they have no counterparts on the opposite
valley side. Two smaller, less sharply defined ridges lie
on the valley floor behind the outer moraine complex. The
outer of these ridges forms only an arcuate spur that
extends downvalley from the east valley wall; however, the
inner one forms a complete arc that crosses the valley 3.7 km
upstream from the drift border.

Fresh, gravelly outwash can be traced downslope along
numerous small, shallow stream valleys that drain from
McDonald Ridge end moraines on the south flank of the
volcano. Most of the deposits are concentrated close to
stream channels, and underlie shallow terraces 1 to 2 m above
modern streams. Bulky valley fills of outwash are lacking
on this part of the mountain; apparently outwash was
distributed widely along numerous small channels, rather than
concentrated in a few large valleys. Furthermore, stream
deposits may have been reduced by subsurface movement of

meltwater through permeable lava.

Nature and weathering of till. Roadcuts in McDonald
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Ridge end moraines expose fresh, gray till that appears
distinctly more bouldery than White Salmon till (Fig. 52).
Weathering of the till is slight and nearly all stones in
the weathering profile are firm. Weathering rinds on stones
are less than 0.5 mm thick, and rinds on many stones are
incipient or absent. Striated surfaces, though well pre-
served on stones in the weathering profile, often are
partially destroyed on surface boulders by extensive ex-
foliation (Fig. 53). However, because boulder surfaces show
little decomposition, their destruction may be due to
processes other than normal weathering; fire-spalling is a
possibility.

Soil on McDonald Ridge till is weakly developed.
Usually it consists of a very dark gray (10YR 3/3) A horizon,
10 to 20 cm thick, directly overlying oxidized, yellowish-
brown (10YR 5/4) till that grades downward to fresh, gray
till at a depth of 0.8 to 1.3 m. The oxidized horizon is
friable, lacks obvious structure, and shows no detectable
stickiness or plasticity. Thus, soil developed on McDonald

Ridge till appears to lack a textural B horizon.

Big Muddy Creek Drift

Distribution and character. Moraines and outwash

deposited during Neoglaciation (Porter and Denton, 1967) are
referred to here as the Big Muddy Creek Drift. The drift is

named for moraines in the upper Big Muddy Creek drainage that



Figure 52. Relatively unweathered McDonald Ridge till exposed
in end moraine in SW 1/4, Sec.11, T.7N., R.1l1E.
Note fresh surfaces of most stones.

Figure 53. Surface boulder of andesite on McDonald Ridge
end moraine at Snowplow Mountain. Fresh, abraded
surface is partly destroyed by exfoliation, yet
boulder shows little decompositon.
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overlie pyroclastic layer §. End moraines of the Big Muddy
Creek Drift typically form prominent embankments of loose,
blocky, unweathered rubble between 1950 and 2440 m (6400 and
8000 ft), a short distance beyond existing glaciers (Fig. 54).
They are steep-sided, sharp-crested ridges that show little
erosion. Moraines of Klickitat and Rusk glaciers, however,
were deposited in deep valley heads and extend as low as
1520 m (5000 ft). These moraines range widely in size and
form from sharp-crested lateral ridges 60 m high, to low,
rounded, recessional arcs, just a few meters high, that lie
on the valley floors. Unlike the higher moraines above
timberline, most moraines of Klickitat and Rusk glaciers

are vegetated and largely stabilized. They are composed of
essentially unweathered till overlain on the outermost

ridges by a thin layer of organic matter.

Age of Klickitat Glacier moraines. The most complete

sequence of moraines within the Big Muddy Creek Drift occurs

in front of Klickitat Glacier (Fig. 55). Trees growing on

the moraines show progressive increase in size from small
seedlings on the innermost ridges to trunks 60 to 80 cm in
diameter on the outermost moraine. The largest trees, however,
are smaller and appear younger than trees growing in the

forest just beyond the moraines. The relationships indicate
that trees growing on the Klickitat Glacier moraines comprise

a first-generation forest; thus, the oldest trees are nearly
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Figure 54. End moraines of Big Muddy Creek Drift at
Mazama Glacier. End moraines are prominent,
sharp-crested ridges at left-center and right.
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as old as the moraines on which they grow.

Minimum ages were determined for the Klickitat Glacier
moraines from ring counts on trees.growing on the moraines
(Lawrence, 1950). Ring counts were made on 65 trees, mostly
from cores obtained with a Swedish increment borer. In some
places, complete sections were cut from small trees on the
youngest moraines. Initial counts were made in the field,
and the oldest samples from each moraine were saved for later
verification. The ring counts give minimum ages for the
moraines because (1) the first trees to grow may not have
been sampled, (2) the earliest growth rings are not recorded
in cores taken above the base of a tree, and (3) an unknown
amount of time separates withdrawal of the ice and the
earliest germination of tree seeds (Lawrence, 1950, p. 245).
Estimates of the time required for tree seeds to germinate
can be made by sampling trees from sites whose dates of
deglaciation are known (Sigafoos and Hendricks, 1961, p. All).
Ring counts on trees growing at a site uncovered by Klickitat
Glatier about 1890 (Rusk, 1924, p. 38), indicate that the
germination period at Mount Adams is about 15 years. At
Mount Rainier, this period averages about 5 years for valley-
bottom sites having ample seed supply (Sigafoos and Hendricks,
1961, p. Al2; 1969, p. B92) but may be 50 years or more near
timberline (Sigafoos and Hendricks, 1972, p. B17). TInasmuch
as errors arising from the sources listed above are difficult

to evaluate, reported ages are the uncorrected ring counts
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obtained; actual ages of the moraines may be a few decades
greater.

Neoglacial moraines of Klickitat Glacier mark former
positions of the ice front over the past five centuries
(Fig. 56). The oldest moraines form sharply defined ridges,
separated by swales 4 to 15 m deep, along the north side of
the Valley.. The outermost of these moraines bears trees
that began growing at least 461 years ago, indicating that
the moraine was built during the late 15th or early 16th
century. It is succeeded inward by a series of nearly
parallel ridges built between the mid-16th and the late 18th
centuries. The configuration of these moraines suggests that
they were deposited by a glacier that was significantly
broader than that which built the 19th-and 20th-century
moraines.

At its maximum Neoglacial stand, measured along the
valley axis, Klickitat Glacier terminated 2.7 km beyond its
1967 position. The end moraine formed at this time includes
a prominent lateral moraine that rises 60 m above Big Muddy
Creek on the north side of the valley (Figs. 57 and 58). The
oldest trees growing on the end moraine are 124 years old,
indicating that retreat from this position began before 1843.
Low recessional moraines on the valley floor (Figs. 59 and
60) record a fluctuating retreat marked by four stillstands
or minor readvances during the late 19th and early 20th

centuries.
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Figure 57. View west along compound lateral moraine north of

Big Muddy Creek. Crest right of center is lateral
ridge of end moraine B. Lower crest (center)
probably is lateral ridge of end moraine C.

Figure barely visible in swale between crests
gives scale.

Figure 58. View east along lateral ridge of end moraine B.

Lower crest on extreme right probably is lateral

ridge of end moraine C. Prominant, light-colored
ridge on left is moraine A.
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Figure 59. Terminal part of end moraine C forming hummocky,

arcuate ridge on valley floor. Forest trimline

on opposite valley side is traceable to terminal
moraine B.

Figure 60. Double-crested terminal loop of moraine F.

Figure on inner ridge gives scale. Small trees on
inner ridge were as much as 48 years old in 1967.
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The Klickitat Glacier moraines apparently postdate the
two oldest of four tephra layers studied on the south flank
of the volcano (see Fig. 45). Layers y and § are absent from
the moraines, but occur in exposures 500 m east of the
15th/16th-century moraine. Layer ¢, identified from field
criteria, is present on the 15th/16th-century moraine where
it is 0.5 to 1.0 cm thick at the base of the organic layer.
Distinct ash layers were not found on younger moraines;
however, small grains of an unidentified pumice are dis-
seminated in the upper few centimeters of surficial cover on

the late 18th-century moraine and on all older moraines.

Rusk Glacier moraines. Neoglacial moraines of Rusk

Glacier form a somewhat different pattern than do those of
Klickitat Glacier. The innermost moraine, which is largely
unvegetated, is a bulky.ridge of unstable material that lies
0.5 to 1.0 km beyond the glacier margin. The only other
prominent end moraines in front of Rusk Glacier form sharp-
crested lateral ridges along the south side of Rusk Creek
and swing northward across the valley floor approximately
2.8 km downstream from the glacier terminus. The latter
ridges are completely stabilized and heavily forested. A
few cores taken from trees on the outermost ridge suggest
that the moraine is at least as old as the outermost moraine
of Klickitat Glacier; however, accurate ring counts could
not be obtained because the trees which were sampled had

rotten centers.
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Correlation

Suggested correlations between the glacial sequence at
Mount Adams and chronologies established for the Puget Low-
land and Mount Rainier are shown in Table 3. Established
chronologies, and the criteria upon which the correlations

are based, are discussed below.

Pleistocene events. Four Pleistocene glaciations are

recognized in western Washington (Crandell and others, 1958,
Armstrong and others, 1965). The youngest, or Fraser
Glaciation, began with the growth of alpine glaciers in the
-Cascades during the Evans Creek Stade. In the Pugef Lowland,
strata representing the Fraser Glaciation include drift
deposited during the Vashon and Sumas stades. Vashon Drift
was deposited by continental ice from the mountains of
British Columbia; Sumas Drift represents a minor readvance
of the Cordilleran glacier that was confined to the Fraser
Lowland near the International Boundary. Stratigraphic
relationships between the Evans Creek and Vashon drifts,
along the western front of the Cascades, indicate that alpine
glaciers had retreated significantly before Cordilleran ice
reached its maximum extent (Cary and Carlston, 1937; Mackin,
1941; Crandell, 1963). At Mount Rainier, drifts deposited
during the Fraser Glaciation are named Evans Creek and
McNeeley; the latter is correlated with the Sumas Drift in

the Fraser Lowland (Crandell and Miller, 1974),.



125

- 19TUTBY IUNOK PU®B puBIMOT 193nd 3y} IO0F SO
swepy 3UnoOl 31e 9dusnbas TeIde[3 8yl JO suolle

T8oTouUOIYd YITM
19110> pasodoid

‘¢ a1qel

33730 T1TH 93eduly

3372q uowieS IITYM

2313q 39919 uapLey

(1) 33taq s3ujads uouyes

1372q sSugads uouyes

Iraa
33p1y¥ P1BUOQIH

31313q ¥893) suevaAl a311d
UOYSEBA
3313q A9T39NOH 1313q seums

31aa
19s881d

131ad
%9219 Appny 314

I9300TH

3eITHOTTN
Jo gaugelow

jtad
uyejunol
sy3no1an
1 g airaa
}991) doayauiy
137ag epaed

(£pnas syl *sutydoH)

suepy JUNOK

(vL61 *v961 *IBTTIN
pue 11opuelad £6961 ‘11°puUel)d)

1ejuyey JUNOK.

(€961 *sasy3o pue 3uoajsuway
18561 ¢sasylo pue 113pue1d)

pueimoi 333ngd




126

The previous, or Salmon Springs, glaciation is repre-
sented in the Puget Lowland by drift deposited during two
separate stades of ice-sheet glaciation. At Mount Rainier,
drift representing at least the latter part of Salmon Springs
time is named Hayden Creek (Crandell, 1969; Crandell and
Miller, 1974). An older drift at Mount Rainier, the Wingate
Hill, may represent early Salmon Springs time; however, cor-
relation is uncertain (Crandell and Miller, 1974, p. 55).

The McDonald Ridge Drift at Mount Adams is considered
essentially Fraser in age. Inasmuch as the Evans Creek Stade
is defined as the maximum alpine advance of the Fraser
Glaciation (Armstrong and others, 1965, p. 326), the McDonald
Ridge Drift may be largely of Evans Creek age. Evans Creek
Drift at Mount Rainier is oxidized to a maximum depth of
1.2 m, and stones in the weathering profile generally lack
discernible rinds (Crandell and Miller, 1974, p. 29); thus,
weathering of the Evans Creek Drift compares closely with
that of the McDonald Ridge Drift at Mount Adams. Although
McDonald Ridge Drift may include deposits of multiple stades,
it has not been subdivided; thus, it is equated broadly with
the Evans Creek and McNeeley drifts at Mount Rainier.

The White Salmon Drift of the study area tentatively is
considered to be of Salmon Springs age, and is correlated with
the Hayden Creek Drift at Mount Rainier. Till of probable

Salmon Springs age in the Cascade Range typically is oxidized
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to depths of 2 to 4 m (Crandell, 1965, 346). Hayden Creek
till at Mount Rainier is oxidized to a depth of about 2 m,
and stones in the weathering profile have rinds 0,5 to 2.5 mm
thick (Crandell and Miller, 1974, p. 21). Similar weathering

is typical also of the White Salmon Drift at Mount Adams.

Neoglacial events. Neoglacial deposits at Mount Rainier

have been assigned to the Winthrop Creek Glaciation (Crandell
and Miller, 1964). Drift of Winthrop Creek age was deposited
during two stades, separated by at least 1000 years.
Burroughs Mountain Drift, deposited during the earlier stade,
can be recognized because it is older than tephra layer C,
and younger than tephra layer Y (Crandell, 1969, p. 28).
Layer C, which was erupted from Mount Rainier, is approxi-
mately 2200 years old, whefeas the most prominent member of
set-Y tephra at Mount Rainier (layer Yn of Mullineaux, 1974)
is approximately 3400 years old (Mullineaux, 1974, p. 25).
The Garda Drift, deposited during the later stade, postdates
tephra layer C, and includes moraines bearing trees at least
756 years old (Crandell, 1969, p. 30). Locally it is sub-
divided into drift older than tephra layer W from Mount St.
Helens (450 years old), and drift younger than layer W.

The Big Muddy Creek Drift is broadly equivalent to
drift of the Winthrop Creek Glaciation at Mount Rainier.
Broad correlation of the two drifts is based on similarities

in altitude, freshness, and position with respect to existing
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glaciers. Furthermore, Big Muddy Creek Drift apparently
postdates tephra-layer 8, which tentatively is correlated
with tephra-set Y. On the basis of tree-ring data, Neo-
glacial moraines of Klickitat Glacier are assigned to the
Garda Stade.

The chronology of Klickitat Glacier Neoglacial moraines
is broadly similar to that of Garda moraines at Mount
" Rainier. Most Garda moraines at Mount Rainier were built
between mid-14th and mid-19th centuries (Crandell and Miller,
1964, p. D113); however, they.do not form a consistent
pattern between glaciers. End moraines marking the maximum
stand of at least eight Mount Rainier glaciers date from the
mid-19th century (Sigafoos and Hendricks, 1972), and they
therefore compare closely in age to the moraine built during

the maximum advance of Klickitat Glacier.

Trout Lake Mudflow

A diamicton that underlies approximately 16 km2 of the
valley floor along the White Salmon River near Trout Lake
is here named the Trout Lake Mudflow (Fig. 61). The diamicton-
is recognized as a mudflow primarily on the basis of internal
characteristics and morphology; however, the distribution

and age of the deposit clearly preclude a glacial origin.

Internal characteristics

The mudflow is best exposed in streambanks along the
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Distribution of the Trout Lake Mudflow near
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White Salmon River. The sediment is a mixture of coarse,
subangular to subrounded stones in a brownish-gray, plastic
matrix of sand, silt, and clay (Fig. 62). Boulders as much
as 2 m in diameter occur in the deposit, but most stones
have diameters less than 60 cm, Although the sediment lacks
obvious sorting, the uppermost meter of most sections shows
a marked decrease in the size of stones; large cobbles and
boulders in this zone are rare. Vertical-size gradation of
this kind has been widely noted in mudflow and debris-flow
sediments at Mount Rainier, and seems to be a common character-
istic of such deposits (Crandell, 1971, p. 6).

Mechanical analysis of a sediment sample, collected
approximately 2 m below the mudflow surface from a stream-

bank exposure (Fig. 61), yielded the following particle-size

distribution:
Size Fraction (USDA Classification) Weight Percent of Sample
Gravel >2.00 mm 43
Sand 2.00-0.05 mm 36
Silt 0.05-0.02 mm 15
Clay <0.002 mm 6

The data may not be representative of the entire deposit
because stones larger than 70 mm were not included in the
sample. However, more than 50 percent of the analyzed sample
consists of particles of sand size or smaller; therefore, the
sediment fits the definition given by Varnes (1958, p. 37)

to distinguish mudflows from other mass-flowage deposits.
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Figure 62. Trout Lake Mudflow exposed in streambank albng
White Salmon River.

Figure 63. Flat surface of the Trout Lake Mudflow. Large
boulders near center of photograph are
solfatarized andesite derived from Mount Adams
(background).
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Pebble counts from two localities show that stones in
the mudflow are 73 percent Mount Adams Volcanics, 21 percent
County Park Olivine Basalt, and 6 percent dark volcanic rocks
of unknown origin. Rocks derived from Mount Adams include
gray, massive andesite; black, vesicular to scoriaceous
andesite; and reddish-brown breccia. Many of the Mount Adams
stones are strongly solfatarized, and some show hydrothermal
alteration.

Wood fragments occur throughout the deposit. Fragments
ranging from small chips to limbs 10 cm in diameter occur in
streambank exposures along the White Salmon River; however,
local farmers report finding whole tree trunks buried

horizontally within the deposit.

Distribution, morphology, and thickness

The Trout Lake Mudflow forms a continuous cover on the
floor of the White Salmon River valley, between 475 and 600 m
(1560 and 2000 ft). The deposit is confined largely to the
east half of the valley where it forms a lobe 8 km long and
up to 3 km wide. The mudflow can be traced north to where it
emerged from the relatively narrow valley of the upper White
Salmon River. Near its northern end, the mudflow lobe
disrupted the drainage of Trout Lake Creek forming Trout Lake.
Lake sediments flooring the valley in that area indicate that
the original lake was several times larger than the present

Trout Lake.
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The surface of the mudflow is exceedingly flat, and is
broken only by occasional large boulders, or clusters of
boulders, that project above it (Fig. 63); Along the eastern
edge of the mudflow, this surface terminates abruptly against
the steep valley side; to the west, the mudflow surface grades
imperceptibly onto valley-filling olivine-basalt flows of the
White Salmon valley.

The maximum thickness of the mudflow is unknown. The
base of the mudflow can be seen only in a few exposures near
its terminus along the White Salmon Ri%er (Sec. 31, T.6N.,
R.10E. and Sec. 6, T.5N., R.10E.), where the deposit isvless
than 1.5 m thick. The mudflow thickens northward, and nearly
3 m of mudflow sediment is exposed in streambanks in NW 1/4,
Sec. 30, T.6N., R.10E.; however, in all of these exposures,

the base of the mudflow lies below river level.

Source

The Trout Lake Mudflow probably originated high on the
west side of Mount Adams. Although the mudflow has not been
traced to its source, its distribution on the valley floor
near Trout Lake indicates that it originated in the drainage
basin of the upper White Salmon River. A source on Mount
Adams is indicated by the abundant clasts of Mount Adams
Volcanics. Strongly solfatarized and hydrothermally altered
rock, like that commonly seen in the mudflow, crops out above

White Salmon Glacier, near the volcano's summit. Crandell
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(1971, p. 17) believes that altered rock of this kind not only
is especially susceptible to failure and sliding, but probably
is the principal source of the clay component in volcanic

mudflows.

Age

A radiocarbon age of 5070 £260 years B.P. (UW-126) was
obtained on wood from a tree stump collected near the base
of the mudflow in a 2.5 m streambank exposure (Fig. 61).
The reported date is based on a 14¢c half 1ife of 5568 years,
and is not corrected for past variations in atmospheric lac

(the calendar age is 5680 +270/-310 years B.P.).



SUMMARY AND COMPARISON WITH NEARBY VOLCANOES

The Pacific Northwest volcanoes have been the subject
of intensified geologic study in recent years so as to
better understand the hazards they pose to nearby communities

and recreational facilities. Two volcanic peaks in southern

.t
> o oot —_ g

.Washington, Mount;Raiﬁier and Mount St. Helens, have received
special attention, whereas Mount Adams has remained relatively
unknown. The data from Mount Adams presented here, although
based on an examination of about half of the volcano, now
permits some comparisons to be drawn between Mount Adams

and the two neighboring volcanoes (Table 4).

Lavé has been the principal product erupted from Mount
Adams throughout its history. Lava flows comprise at least
75 percent of the volcano and most of the interflow breccias
may consist of shattered lava. This compares closely to
Mount Rainier where Fiske and others (1963, p. 75) estimated
that products of volcanic explosion make up only an insignif-
icant part of the cone. Volcanic activity at Mount St.
Helens, however, has been predominately explosive. Hyde
(1973, p. 95) estimated that tephra and flowage deposits
comprise at least 85 percent of the material erupted from
Mount St. Helens.

Mount Adams and Mount Rainier appear to be of similar
age. The Klickitat River intracanyon flow, which probably

was among the earliest flows erupted from Mount Adaﬁs, is



136

opAH WOXF SUSTSH °3IS IUNON
pue Tropuexd ‘(I.6T1) TIspuel)
*SUSTSH °3S IUNOW pue ISTUTEY 3

103 ®lR(Q

103 BlE(Q

*(£L6T)

*(yL61) xneourTinW ‘(yL61) IOTTINW
‘(£96T) SIayjzo pue 9YSTJ WOXF ISTUTBY IUNOK
unoj YyiIM Swepy 3Junoj yo uostredwo)

‘v 91qel

sJoutm SMOTJ ®©AR]

squesaad o3 jsoute sIeyey
pue fsmo13 o1aseldozid
¢g31sodap eaydsy pedads
«-3pIa Jo 1@onpoad 01311034

*pa13IIuapT 30U

eaydag snoadfumg °pazyu
-30021 Jej o8 1eyei 9daey
auo Lqup °*sauod eaydaj
o131seaed jo uoilonilsuo)
esuoyydnia yuey3} woij 3uot
Wy ¢°9 03 dn sMO1F TAR]

*3U0D JTUTMS 03 pPa3IdIIIsAa
pue Joutw suoilidnia

BARTT °*JUI3Xd TBOCT

3o si9ie1 eaydal 1eldass
pue saeyel Sholauny

£31A1300
aUA00TOH

*23e T1TH 3383uly

Jo aq Aem 331ag uouies
®3TYM swoS °asTUTEY 3T
(pio saeai 000°08 - 000°0%~)
2373q 9210 udpdeH YITA
pe3evTa1100 8] YOIym 3I3tad
uomies @23IYyM £q pajuasaaday

sSuyadg uoutes

*p1o saeds 000°ST1
usyl 393313 A1aysyls
8q 03 pajeullsd I¥ytTad
11TH ®3e3uyy £q pajuasaadsy

(¢) sSButids uowtes A1aed

cuwd10A
Jo uojaejoeld
usouy 3soytaey

*08%

81934 000°81~ poIvuUIUIND
Jegeld

°d°qd °sif 000°9¢~ aIeye]

*d°q °saf 009°Le~ eaydal

*J°d *°81£ 000°00%~ MO13 eae]

d*d °saf 000°009 ~
03 000°0Z€ ~ MO13 eae]

83U2A3 Dpajep-
asay1aed

*pa3dnia fetyaajew jo
¥68< @8t1aduod sxeyey pue
¢gM013 91388100a4d ‘waydal

*aAarso1dx? A1a3eutwopaid

*wAR] po1d33®YSs

aae A1qeqoad se1dodiaq
A60J °*peadnid [ejasjem
30 26/.< @st1adwod sMo13

*pAlsSnNyyo A193eutwopaad

*pa3dnaa tejaazwu
Jo 11e A1awau asyadwod
BAB] P93EBI0091q pue SMOTJ

*3A18NI3® A193vUTWOpPIAAd

£37A7308
ojued10A
3o adAy

SUSTAH °3S 3JUNON

swepy JUNOK

Jojuteyd JUNOK




137

approximately 400,000 years old. Potassium-argon deter-
minations on one of the early Mount Rainier flows have
yielded ages of approximately 320,000 years and 600,000
years (Crandell and Miller, 1974, p. 17). Initial eruptions
at both volcanoes apparently occurred much earlier than the
first activity at Mount St. Helens. Hyde (1973) reported
that the oldest dated volcanic products at Mount St. Helens
are a tephra layer about 37,600 years old and a lahar about
36,000 years old.

Mount Adams had reached a height sufficient to accumulate
large glaciers by White Salmon time. Correlation of the
White Salmon Drift with the Hayden Creek Drift at Mount
Rainier, which Crandell and Miller (1974, p. 56) believe was
deposited between 40,000 and 80,000 years ago, implies that
a large cone existed at Mount Adams at least 80,000 years
ago. It is possible that some drift at Mount Adams mapped
as White Salmon may prove to be equivalgnt to Wingate Hill
Drift at Mount Rainier. If so, large glaciers may have
existed at Mount Adams just before 125,000 years ago, the
estimated age of the Wingate Hill Drift (Crandell and Miller,
1974, p. 56). In contrast, pre-Fraser (Hayden Creek age and
older) drifts near Mount St. Helens apparently antedate the
volcano (Hyde, 1973). Although drift apparently of pre-
Wingate Hill age occurs beneath the earliest flows of Mount
Rainier (Crandell and Miller, 1974), drift older than White

Salmon has not been recognized at Mount Adams.



138

Unlike Mount St. Helens, where the present cone may
be less than 2000 years old (Mullineaux and Crandell,
1962), the cones of Mount Adams and Mount Rainier have not
grown significantly for at least several tens of millennia.
Cone building at Mount Rainier was largely completed before
the last glaciation (Fiske and others, 1963, p. 82), and
large lava flows younger than the Hayden Creek Drift are
unknown. However, at Mount Adams large lava flows from
flank eruptions on Suksdorf Ridge overlie White Salmon
(= Hayden Creek) Drift and, therefore, are considerably
younger than the youngest flows of comparable size at
Mount Rainier. |

During Holocene time at Mount.Rainier, numerous lahars,
many of which were triggered by volcanic explosions, swept
down valleys on the volcano's flanks (Crandell, 1971), and
eruption of tephra occurred at least eleven times
(Mullineaux, 1974). Lava eruptions were limited to relative-
ly small flows that form the summit cone (Fiske and others,
1963).' quocene activity at Mount Adams, however, was
marked by flank eruptions of lava flows as much as 6.5 km in
length, and by construction of parasitic tephra cones.
Within the study area, only a single large lahar has been
recognized, and pumiceous tephra from Mount Adams has not
been identified. Thus, it is perhaps in their later histories

that Mount Adams and Mount Rainier contrast most strongly.
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