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VOLCANOES OF THE THREE SISTERS REGION,
OREGON CASCADES
BY

HOWEL WILLIAMS

ABSTRACT
During Pliocene time a cluster of basaltic and basaltic andesite shield volcanoes was built in the
Three Sisters region. Included in this cluster are the North Sister, Little Brother, Husband, Wife,
Sphinx and Broken Top, the radial dikes and conduit fillings of which have been laid bare by
glacial erosion. The view that this arcuate line of peaks marks the rim of a caldera formed by
decapitation of an enormous central volcano, Mount Multnomah, is shown to be erroneous. During
the Pleistocene, andesites and dacites were erupted, principally by the Middle and South Sisters,
while new basaltic cones were growing elsewhere. During Recent time, still other cones of basaltic
lava and scoria were formed and vast flows were poured from some of them, notably from the
Belknap Craters near McKenzie Pass, while showers of pumice and viscous domes of obsidian were
erupted by neighboring vents. Some of these eruptions ended only a few centuries ago; nowhere
in the High Cascades has there been more volcanic aetivity within the last millennium. Taken as a
whole, the magmatic history closely resembles that of the Crater Lake region and the post-Miocene

activity of other parts of the Cascade Range farther south.

INTRODUCTION
THE CASCADE RANGE is divisible longitudinally into two belts, the Western and the

High Cascades (fig. 1). The former consists of gently folded volcanic rocks that
range in age from Eocene to upper Miocene. The topography in this region is mature
and bears no relation to the original volcanic forms. The High Cascades, on the other

hand, consist of Pliocene and younger volcanic rocks, almost completely undeformed. The topography here is constructional, and the forms of the individual
volcanoes, even where modified by glaciation, are easy to recognize.

Throughout their length in Oregon, the High Cascades are crowned by huge
snow- and ice-capped cones. For magnificence of glacial scenery, for wealth of
recent lavas, and for graphic examples of dissected volcanoes no part of this range
surpasses the area embracing the Sisters and McKenzie Pass. Seventeen glaciers
still survive on the higher peaks; moraine-dammed lakes and ice-cut tarns occur in
profusion around their feet; barren sheets of basalt, no more than a few centuries
old, cover almost 100 square miles; youthful cinder cones and fresh fields of blocky
obsidian add variety to the landscape; and the older volcanoes are so deeply denuded
that their central conduits and radial dikes are magnificently displayed.
When, in 1924, lodge1 made the first geological survey of this inviting country,
he concluded that the Three Sisters rest upon the worn remnants of a vastly larger
volcano. To this vanished peak, he gave the name Mount Multnomah. He supposed
that at the close of the Miocene or at the very beginning of the Pliocene period, the
top of the ancient mountain was destroyed by colossal explosions and that a caldera
between eight and nine miles wide was formed in its place. Giving imagination sway,
he pictured a lake within the ealdera, encircled by cliffs from 3,000-4,000 feet in

height. When volcanic activity was resumed, the Middle and South Sisters were
built within the great depression.
Hodge's startling hypothesis gained wide credence. Many who saw the arc of
peaks that runs from Broken Top through the Devil's Hill, the Wife and Sphinx,
1 lodge, E. T., Mount Multnomah, Ancient Ancestor of the Three Sisters, Univ. of Oregon Pubi.,
vol. 2, no. 10, 1925.
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the Husband, Little Brother and North Sister, agreed that these might well mark
an old caldera rim. Noting the long slopes that lead outward from the arc of peaks,
it was easy to imagine them continuing inward and upward to an enormous, central
cone.

Study of many calderas in the circum-Pacific region had led the present writer
to the view that large volcanic depressions are formed principally by collapse, that
explosions by themselves seldom produce depressions more than a mile in width.'
A survey of the ejecta blown from Mount Mazama had likewise led to the conclusion
that Crater Lake was caused, nOt by explosive removal of the ancient peak, but by
engulfment. One of the prime objects of the present reconnaissance was therefore to
find out whether or not such a peak as Mount Multnomah ever existed, and, if it did,
to discover how it was demolished. In pursuit of this object, it was found desirable
to decipher the general volcanic history of the surrounding region. Since oniy six
weeks were devoted to the survey, it need scarcely be added that much detailed work

remains to be done, particularly iii delimiting the various types of lava and in
clarifying the glacial record.
Thanks are tendered to the Board of Research of the University of California

for a grant in aid of the study and to those whose na:mes appear beneath the
photographic illustrations. During part of July 1936, Dr. G. A. Macdonald, then a
graduate student at the University of California, began a survey of the region.
Unfortunately illness prevented him from completing the work. Subsequently, on
hearing of the present survey, he graciously transmitted to me his field maps, specimens, and rock sections. For this valuable aid, I offer sincere thanks.

THE BASEMENT ROCKS
The volcanoes with which this paper is concerned rest on older volcanic rocks, many
thousands of feet thick, like those exposed in the Western Cascades. These earlier
rocks, as noted already, range in age from Eocene to upper Miocene, and beneath

the High Cascades they interfinger with coeval volcanic formationsthe Clarno,
John Day, Columbia lavas and Mascall bedswhich outcrop on the plateau to the
east. It may be that beneath the Three Sisters these deposits are in turn underlain
by Cretaceous sediments similar to those exposed to the east of the Cascade Range,
near Prineville and Mitchell. Perhaps at greater depth lie Jurassic and older schists

intruded by a swarm of plutonic bodies varying in character from serpentme to
granite. Not a single fragment of anyof these basement rocks has been recognized
among the ejecta of the Sisters and neighboring cones. Indeed, so far as the writer
is aware, no volcano in the High Cascades with the exception of Mount Mazama, has

blown out fragments of the pre-Pliocene bedrocks. Even those hurled out by
Mazama are rare and were torn from the topmost portion of the basement. Hence,
the feeding chambers of the High Cascade volcanoes probably lay at shallow depth.

AGE OF THE VOLCANOES
The High Cascades started to grow early in the Pliocene period, shortly after the
lavas of the Western Cascades had been folded and uplifted to form the original
Cascade Range. Prior to that time, as Chancy' has shown by study of fossil fioras,
there was no mountain belt to cheek moisture-laden winds from blowing inland as
far as eastern Oregon, so that redwoods continued to thrive in the John Day country
even to 'the close of the Miocene. When elevation of the Western Cascade rocks
'Williams, Howel, CaMeras and Their Origin, Univ. Calif. Pubi. Bull. Dept. Geol. Sci., vol. 25,
pp. 239-346, 1941; also Crater Lake: The Story of Its Origin, Univ. Calif. Press, 1941.
'Ohaney, IR. W., Ancient Forests of Oregon. Carnegie Inst. Wash. Pubi. No. 501, pp. 63I-4S.
1938.
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obstructed the winds, the redwoods disappeared from the east side of the range and
a more xeric flora not unlike that of today took their place.
Uplift of the older Tertiary rocks was accompanied by opening of a north-south
belt of fractures along what is now the crest of the Cascades, and it was above these

fractures that the High Cascade ëones were built. Throughout Pliocene time,
activity was of the quiet, effusive type, so that by the end of the period repeated
eruptions of fluid, basic lava had formed many large, shield-shaped volcanoes.4 Some

of these continued to erupt during the Pleistocene, when many new volcanoes of
andesite and dacite rose above and alongside them. Finally, within the Recent
period, eruptions of dacite, chiefly in the form of pumice and obsidian, and of
basalt as flows and scoria, occurred from widely scattered vents.
In the absence of fossils, it is of course impossible to give precise dates to the
beginning and close of activity of the various cones. However, judging by the
extent to which the volcanoes have suffered from erosion, they may, for the sake of
convenience, be divided into the following morphological groups.
Older glaciated cones.Most of these, like the North Sister, Little Brother,
Husband, Wife, Sphinx, Broken Top, Black Crater, and Mount Washington, have
been so deeply denuded that the fillings of their conduits are exposed and their
flanks are marked by cirques and U -shaped canyons. Probably the main activity of
these cones ended during the early Pleistocene.
Younger glaciated cones.The forms of these are much better preserved and
their conduits are still concealed. To this group belong the south Sister and Bachelor
Butte. Presumably the main growth of these volcanoes occurred during the Pleistocene, though they continued to be active in quite recent times.

un glaciated cones.Of these, Trout Creek Butte and Tumalo Mountain were
the first to become extinct. The next to cease activity was Belknap Crater. Still
younger are the parasitic cinder cones of the Ahalapam Field, Yapoah, Cayuse, and
LeConte Crater and the fresh cones on the flanks of Bachelor Butte, together with
the lavas erupted by them. The flows of the Little Belknap volcano, at least in part,
are younger than those of Yapoah. Youngest of all are the obsidian flow of Rock
Mesa and the chain of obsidian domes that runs east of the Devil's Hill.
It seems safe to say that the barren basalts bordering the McKenzie Highway and
Century Drive and the obsidians do not date back more than a thousand years. Some
of them may have been erupted only a few centuries ago. Nowadays, however, there
are no signs of vulcanism; hot springs, fumaroles, and solfataras are completely
lacking.

VOLCANOES WITH EXPOSED CONDUITS
NORTH SIsTER

The mode of growth of the older volcanoes of the region is illustrated diagrammatically in figure 3. The largest of all was undoubtedly the North Sister. Its basal
diameter was between 15 and 20 miles, and at one time it rose to a height of more
than 11,000 feet. During the period of maximum glaciation it was entirely cOvered
by ice. Glaciers swept down the north and east sides to elevations of about 4,000
feet; to the west they stretched at least 15 miles, down to an elevation of approximately 1,000 feet. Consequently the cone is profoundly dissected and much of it is
heavily mantled with glacial moraines (p1. 5). Enough is exposed, nevertheless,
to show that by far the greater part of the volcano is composed of uniform flows of
olivine basalt and basaltic andesite. As on many other High Cascade cones, most of
'Williams, Howel, Geology of Crater Lake National Park. Carnegie Inst. Wash. PubI. No. 540,

1942.
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the lavas on the lower flanks are pale gray and holocrystalline; higher up, most of
them are darker, more vesicular, and contain more glass. The implication is that
the flows erupted near the summit contained more gas and yet cooled more rapidly
so that the iron ores, instead of forming scattered granules, as in the holocrystalline
lavas, occur chiefly as irresolvableclouds of dust in the glassy matrix. More than a
mile from the snniniit, interbeds of fragmental debris are thin and rare; more than
two miles away, they are virtually absent.
The volcano had grown to a height of approximately 8,000 feet, or about 4,000
feet above its floor, when quiet effusions gave way to more violent activity. A steep
cone of pyroclastic materials, some 3,000 feet high, formed on top of the lava shield.
Huge cirques were later carved into its sides, so that the internal structure is vividly
revealed on the brilliantly colored cliffs. Bright yellow and brown lapilli tuffs and
tuff breecias alternate with layers of crimson, gray, and black scoria. Where fumarolic action affected the ejecta, they are tinted orange and red by iron oxides or are

a

Pig. 3. Evolution of a typical High Cascade volcano, a. Shield-shaped cone of olivine basalt and
olivine-bearing basaltic andesite built almost wholly by quiet effusions. Pyroclastic cone beginning
to grow in the summit-crater. b. The pyroclastic cone continues to grow. Thin flows contribute to
its rise. A central plug and a swarm of dikes, usually a radial swarm, invade the cone. Parasitic
scoria cones develop on the lower flanks of the lava-shield. e. Glacial erosion reduces the volcano to
its present condition.
These simplified diagrams apply to such High Cascade cones as North Sister, Husband, Wife,
Sphinx, Broken Top, Mt. Washington, Mt. Thielsen, and Union Peak.
-

bleached white by development of kaolin and opal. The tuffs and breccias were
products of vulcanian eruptions of moderate temperature; their formation involved shattering of solid lava plugs and flows and expulsion of fresh magma as
crystals and comminuted glass. The scoria layers, on the other hand, were products
of strombolian eruptions when bombs and cinder-like lapilli were blown from the
vents as viscous clots.
The activity which built the summit cone was not entirely explosive. From time

to time, particularly during the closing stages, slaggy flows of vesicular basalt
escaped. Some poured from the central craters; others were fed from fissures on
the sides of the cone. Compared with the flows of the underlying shield, most of them
are extremely thin. For instance, south of Thayer Glacier, no less than 50 flows may
be counted on a cliff little more than 120 feet in height. One of the final flows, that

which forms the flat-topped north peak, is approximately 40 feet thick, but this is
exceptional
Many unconformities separate the lavas and fragmental layers of the summit
cone. In particular, the higher flows rest at low angles, overlapping the more steeply
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inclined pyroclastic deposits. In part, these unconformities denote erosion between
successive eruptions, but in the main they reflect irregular accumulation around a
number of closely spaced vents. Rapid changes of dip and overlaps are only- to be
expected in the vicinity of craters.
During and after growth, the summit cone was riddled by intrusions. Indeed, but
fOr these the cone might have been destroyed by erosion. Of all the denuded volcanoes of the Cascade Range, none exhibits a larger swarm of dikes. Scores of
vertical and steeply inclined intrusions, most of them only a few inches to a few
feet in width, radiate from the summit A few swell to a width of 25 feet. Crossing
and crossed by them are numerous sills and bulbous bodies that branch, pinch,
and swell in a confused manner. Few of these intrusions extend beyond the limits
of the summit cone into the sides of the enclosing shield.
Approximately halfway up the cliffs overlooking Collier Glacier, the bedded
deposits are traversed by a steep-sided plug of massive, brown-crusted, greenish
lava that can be followed upward until it culminates in the two summit pinnacles
known as the Middle and South horns. This marks the filling of the central conduit.
Its greatest width is not more than 300 yards.
LITTliE BRoTHER

Late in the history of the North Sister, a parasitic cone, the Little Brother, developed
on its flank, just as Shastina grew on the side of Shasta (p1. 5). It was not a large
cone; very likely it never rose more than a thousand feet above the adjacent slopes

of its parent. While it was enveloped by ice, a large cirque was gouged into its
western side and its eastern part was almost demolished.

The Little Brother duplicates in miniature the principal features of the North
Sister. In other words, it consists of a lava shield surmounted by a dike-riddled cone
of fragmental debris. Most of the flows are thin and have red; slaggy crusts. On the

long spur running west from the summit, 30 superposed lavas have a combined
thickness of only 150 feet. Closer to the source, some of the sheets thicken and inter-

beds of pyrociastic material increase in number Their attitudes point to a vent at
the head of the westward-facing cirque.
Around the summit and on the precipitous northeast face are spectacular exposures of varicolored lapilli tuff and scoria cut by a maze of narrow, anastomosing
dikes of haphazard trend. The ejecta seem to have been blown in part from the vent
just mentioned, and in part from another to the east, now hidden beneath the
moraines of the Collier Glacier.
THE HUSBAND

Though the evidence is far from convincing, there is some reason to suppose that
the present Middle and South Sisters rest upon older cones approximately coeval
with the North Sister and composed of similar materials. West of them rose another
wide shield of basalt and basaltic andesite, the Husband (p1. 4). The flows from this
volcano, being impeded in their eastward spread by the ancestral Middle and South
Sisters, moved mainly in the opposite direction, and their fluidity was such that
many of them poured far beyond the limits of the area mapped, until they reached
the border of the Western Cascades. In this direction they accumulated to thicknesses of more than 2,000 feet, as may be seen in the deep glacial canyons of Linton
and Separation creeks. It must not be supposed, however, that this vast succession
of flows escaped solely from the central crater; on the contrary many lavas issued
from subsidiary vents far down the sides of the shield. Two of these contributory
sources lay close to Proxy and Substitute Points.
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Compared in size with the lava shield, the fragmental cone on its summit was of
trivial proportions. It was much smaller than those on the Little Brother and North
Sister, though built of similar ejecta and likewise cut by many dikes.

But the prime interest of the Husband comes from the presence of unusually
large central plugs of olivine micronorite. Few volcanoes in the Cascade Range have
conduit fillings as large. The southern plug, which forms the bold ridge separating
the cirques east of the summit, measures approximately 600 yards in one direction

and 200 yards across, and its vertical contact with the enclosing lavas is exposed
over long distances. The northern plug is even larger, measuring three-quarters of
a mile along the major axis and 300 yards along the minor, and it forms a giant
buttress, 800 feet in height. Adjacent to the two main plugs are two much smaller
ones, probably offshoots.
These conduit fillings of the Husband do not differ in essential respects from those
of the Union Peak, Mount Thielsen and Howlock Mountain volcanoes already
described in'other papers.5 They are multiple intrusions of unbandeci or at most

poorly banded lava traversed by joints of irregular trend. Compared with the
enclosing flows, the plug rocks are notably poor in large vesicles, though some are
typified by a minutely porous, diktytaxitic texture. There is no systematic variation
in coarseness from the margins inward; on the contrary, the closely jointed, dense,
dark types and the widely jointed, light, coarse types cut each other at random.
Nowhere does the coarseness of grain equal that of an average plutonic rock; indeed
for the most part, the rocks are no, coarser than the adjacent lavas. In the northern'
plug, the signs of repeated intrusion and brecciation are particularly clear. At one
place, angular fragments of the pale rock, up to a foot or so across, are embedded in
the dark; at another, the reverse arrangement obtains. Clearly, successive injections
of magma rose through the conduits, were solidified, and subsequently shattered.
The abundance of cristobalite, especially among the coarser rocks, suggests that
silica-bearing fumes made their way upward from the feeding reservoir for a long
time after the plugs had congealed.
TUE WIFE, THE SPHINX, AND BURNT To

The southwest part of the area shown on the map, is occupied by a number of deeply
denuded volcanoes which were active at about the same time as those just discussed.
How far eastward the flows from these volcanoes spread cannot be told, for in that
direction they are buried by andesites and dacites from the South Sister and related
vents. Northward, the flows interfinger with those of the Husband; southward, they
extend as far as the Horse Lakes, while to the west they are traceable for more than
ten miles, to the margin of the Western Cascades.
Among this group of volcanoes, the largest was the Wife, the summit pinnacle of
which marks the site of the principal vent. An irregular, steep-sided plug fills the

conduit, and enclosing it are the remnants of a cone of red and black scoria and
yellow agglomerate cut by many dikes, some of which are disposed around the plug
in a radial fashion
Two miles down the northwest flank of the Wife rose a large parasitic cone, the
Sphinx. Its northern part has been largely removed by the powerful glacier which

carved the canyon of Separation Creek, so that the fillings of the conduits are
revealed in a cluster of pinnacles on the cliffs just beneath the summit Encircling
the plugs is a ruined cone of tufT and scoria traversed by sporadic dikes. The fragmental cone apparently once occupied a steep-sided crater, for a short distance west
Williams, }Iowel, Mount Thielsen A Dissected Cascade Volcano, Univ. Calif. Pubi. Bull. Dept.
Geol. Sci., vol. 23, pp. 204-208, 1933; also Geology of Crater Lake National Park, Carnegie Instit.
Wash. Pubi. No. 540, 1942.
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of the Sphinx the pyroclastic deposits abut sharply against a wall of gently inclined
flows, part of the enclosing shield.

A third volcano rose on the southwest flank of the Wife; its pipe lay a little to
the north of Burnt Top. This much follows from the quaquaversal dips of the lavas
around the peak and from the presence there of much red scoria cut by occasional
dikes. The glacier that formerly occupied Nash Lake Canyon obliterated most of
the northern part of the volcano, and had it cut back a little farther it would have
exposed the central conduit.
Possibly a fourth vent lay close to the high crags two miles east of Burnt Top, and
perhaps Koosah Mountain should also be classed as a parasite of the Wife. That
Koosah is of some antiquity is apparent from the fact that its summit reveals unmistakable signs of glaciation. Nevertheless, the cone is so much better preserved than
any of those previously described that it must have continued to grow long after
they had become extinct.
BROKEN To

a) The lava shield.Most of the lavas erupted by this shield volcano are similar to

those already described. In other words, most of them are basalt and basaltic
andesites carrying olivine and varying in texture from coarsely ophitic through
intergranular to hyalopilitic. Close to the central source, many flows are distinctly
scoriaceous and have red, slaggy crusts; farther away they are usually holocrystalline and massive.
In addition to the basic lavas, the Broken Top volcano also erupted olivine-free
pyroxene andesites, especially during the later stages of growth. These more silicic
lavas are particularly common on the eastern flank, in the vicinity of Three Creek
Lake. The topmost flow in the cliffs a short distance west of the Lookout Station is
notable as the only obsidian erupted by any of the older group of volcanoes. Its
crust and bottom consist of black and varicolored, streaky glass; the interior, on
the other hand, is composed of dense, gray lithoidal lava so closely jointed parallel
to the banding as to appear from a distance like slate. Immediately beneath the
flow are severaldikes that represent the fillings of the feeding fissures. Apparently
the outflow of lava was preceded by explosions of pinkish pumice.

Many other subsidiary vents contributed to the growth of the Broken Top
volcano. For instance, the attitudes of the lavas and the presence of much red
scoria on the spurs west of Three Creek Lake suggest parasitic vents in the vicinity.

The same holds true for Ball Butte and the unnamed butte a mile to the south.
Another minor cone lay a mile and a quarter northeast of Ball Butte, where there
were also hot springs and fumaroles. Of the line of scoria cones extending north
from Tumalo Mountain, the two northern ones must also be counted as parasites
of Broken Top. Finally, a large cone of scoria rose approximately a mile east of
the Bend Glacier. Its crater and northern part have been destroyed by ice; the
remaining part is rich in giant bombs, some as much as eight feet long. No cone in
the region has more of the ropy, spindle- and pear-shaped ejeeta characteristic of
strombolian activity.
In brief, the bulk of the Broken Top volcano was built by quiet extrusions of
basic lava from the summit vent, augmented in the later stages by fissure eruptions
of both basalt and andesite on the flanks and by scoria explosions from widely
scattered parasitic cones
b) The summit cone and conduit fihlings.Five deep cirques have been carved

into the steep cone which formerly capped the lava shield, so that its internal
structure is perfectly displayed. Like the summit cones of the North Sister, Husband, and Wife, it is made up principally of lenticular sheets of fragmental debris.
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Bands of red, purple, and black scoria alternate with yellow, brown, and orange
lapilli tuffs and tuff breccias. On the west wall of the southern cirque, these varicolored ejecta include a conspicuous bed of white pumice heavily charged with
blocks of basalt.
The activity that built the summit cone was not entirely of the violent, explosive
type. From time to time, particularly toward the close, thin flows were erupted. Few
of these exceeded 10 feet in thickness. On the ridge southeast of the Crook Glacier,
30 flows form a cliff only 100 feet high. Many dikes, from a few inches to 6 feet
across, also cut the summit cone, and a few extend beyond so as to intrude the lavas
of the enclosing shield. Some trend radially, but most are disposed at random.
The fillings of two conduits are exposed on the margins of the small glacier inside
the cirque south of the summit, and the vertical contact of the western plug against
the bedded rocks is clearly revealed (p1. 7, a). Both plugs consist in part of massive,
brown-crusted, dark green micronorite, similar to that of the North Sister, and in

part of dense, bluish gray lava, similar to that in the plug of the Husband. Each
measures approximately 100 yards across.
BLACK CRATETI

Because it lies at lower elevations than most of the other vOlcanoes and because its
activity continued to a later time, the Black Crater volcano has suffered less from
glacial erosion (p1. 8, b). Nevetheless, a large eirque may be seen on the northeast
side and most of the cone is thickly mantled with glacial drift. Enough is exposed,
however, to make it apparent that the volcano consists almost wholly of flows of

olivine basalt and olivine-bearing basaltic andesite. In the concluding stages of
activity, scoria cones developed on the southwest flank and a parasitic lava cone

formed close to the western base. About the same time, a pile of scoria and
agglomerate accumulated over the summit vent and was intruded by several dikes.
Long afterward, when the ice had either disappeared from the volcano or was
confined to the northeast cirque, two other scoria cones broke into eruption, one
half way down the northeast slope and the other, Millican Crater, at the southern
base.
The volcanoes of Scott Mountain and Two Buttes are similar, glaciated shields of
basalt topped by scoria cones, but though they may be just as old as Black Crater,
they have not yet been eroded sufficiently to reveal their central pipes.
MOUNT WASHINGTON

Only the southern edge of this large volcano enters the area studied. A recent survey
by Mr. Randall Browns shows that the volcano is the same in structure and composition as those described above. The main lava shield encloses a cone of fragmental

ejecta cut by more or less radial dikes and by a central plug forming the topmost
pinnacle (p1.9, b).
THE MYTH OF MOTJNT MTJLTNOMAH
In lodge's opinion, the central part of the area we have been considering was once
occupied by a single, enormous volcano, Mount Multnomah, built in Oligocene and
Miocene times and then decapitated either by explosion or by collapse, leaving a
vast caldera in its place.
It is no longer necessary to discuss the age assigned by lodge to the oldest rocks
of the region, for subsequent work7 has amply shown that none of the lavas of the
Unpublished Master's thesis in geology, Yale University, 1941.
Williams, Howel, Geology of Crater Lake National Park. Carnegie Inst. Wash. Pubi. No. 540,
1942.
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High Cascades dates earlier than the Pliocene. What concerns us here is the evidence
he adduced in favor of the idea of Mount Multnomah.

Perhaps his judgment was chiefly influenced by the roughly circular arrangement of the North Sister, Little Brother, Husband, Sphinx, Wife, and Broken Top,
which suggested to him an ancient caldera rim. In other words, Hodge considered
these peaks as remnants left by destruêticrn ofa single, central cone. The present
study indicates, on the contrary, that each peak is the remnant of a distinct volcano
and that the lavas surrounding each dip both inward and outward with respect to
the imaginary caldera. Their crudely circular arrangement is quite fortuitous.
Admittedly, much of the drainage in the region is approximately radial and some
streams, in short stretches, follow a more or less annular course. This arrangement,
however, should not be construed to imply the former existence of a central volcano

and caldera. On the contrary, the stream pattern is precisely what might be expected, developing as it did among a cluster of overlapping cones of which the
highest were near the middle.

It seemed to lodge that the dike systems were related to what he termed the
"central axis of Mount Multnomah"; on the contrary, as we have seen, the dikeclusters are arranged radially around the conduits of the individual volcanoes. Nor
is there any group of "central fragmental rocks" dipping outward beneath the
lavas. Quite the opposite: each lava shield was surmounted by a steeper cone of
fragmental debris, formed not at an early stage, but during the waning period of
growth.

Finally, lodge supposed that the coarse-grained rocks found on several of the
peaks "could only be found at the base or far within the body of a great volcano."
They seemed to him to denote profound erosion of the ancestral Mount Multnomah.
In reality, these rocks are fillings ofseparate volcanic conduits revealed by erosion
of the enclosing pyroclastic cones. They crystallized at depths of only a few hundred
feet and owe their coarseness to an abundance of volatiles. Moreover, most of the
plug rocks are just as dense as the surface flows.
The conclusion is therefore inescapable: Mount Multnomah never existed. Then
what of the great caldera? That, too, is fictitious. If a caldera once existed in this
region, it can only have been produced by collapse or by explosion or by a combination of these processes, and the catastrophe must have taken place late in Pliocene
if not in Pleistocene time. The evidence should therefore be plain. But obviously
no ealdera can have been formed by engulfment, for there is no trace of a boundary
fault on the canyon walls of Sphinx, Separation, and Linton creeks, precisely where
it should be best exposed. The lavas pass uninterruptedly across the imaginary
caldera rim. Could a caldera have been caused by explosion? Again the answer is
unequivocally, No! The volume of material which would have to be blown out to
form even a shallow calclera 50 square miles in extent, from a peak once 15,000 feet
in height, staggers the imagination. What became of the debris from the explosions?
It should form a gigantic sheet around the supposed caldera. Actually, not a fragment is to be found! The possibility that the debris has been completely removed
by erosion does not merit debate.
THE YOUNGER GLACIATED VOLCANOES
THE MIDDLE SISTER

Seen from some directions, the Middle Sister presents the form of a perfect cone
and seems to be even more youthful than its neighbor to the south (p1. 6). Seen
from others, the form is far from symmetrical, for though the western side has only
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been slightly modified by glaciation, the opposite side has been profoundly changed
by development of the great amphitheater that holds the Diller and Hayden glaciers.

Though the evidence is not so clear as on the South Sister; there is reason for
thinking that the Middle Sister may likewise have been built in three stages. Doubt
centers chiefly on the first stage of construction. Below elevations of about 7,000

feet on the southwest and east slopes, there are widespread, glaciated flows of
olivine basalt and basaltic andesite with attitudes that suggest a vent now buried
beneath the Middle Sister There is no denying, however, that many of these flows
may belong to the North Sister and to the ancestral shield volcano that underlies the
South Sister.
But whether or not the original Middle Sister was a basaltic lava shield, the flows
just mentioned are covered in part by andesites and dacites similar to those which
form the bulk of the South Sister. These more silicie lavas spread chiefly toward
the west and northwest. They may be seen to advantage along the trail leading from
Sunshine Shelter to the summit IJpto about 8,000 feet, the trail crosses a thick series
of py-roxene andesites. Most of these are pale bluish gray, porphyritic lavas typified

by closely set, platy joints parallel to the banding; many are composed of more
glassy, columnar, black lava; in other flows, these two types are confusedly mingled.
At approximately 8,000 feet, the trail leaves the heavily glaciated flows and passes
on to a blocky wilderness of black, glassy andesite which extends upward to the col
separating the Middle Sister from the North Sister. Obviously this blocky andesite
is much younger, and has scarcely been modified by glaciation. In the col itself, the

older platy and columnar andesites reappear, forming the bold crags at the head
of Collier Qlaeier.
Other flows of platy and columnar audesite burst from fissures near the western
foot of the volcano, the most voluminous of them building Lane Mesa. A large mass

of glassy dacite also escaped from fractures at an elevation of about 7,000 feet,
forming a tabular sheet bordered by walls up to 300 feet in height, referred to as the
Obsidian Cliffs. Much of this dacite, particularly the surficial and distal portions,
consists of black obsidian, though the bulk is composed of pale gray, pumiceous lava.
Here and there, the two varieties are finely interlaminated; elsewhere, they alternate with spherulitic and lithophysal bands. That the dacite was extremely viscous
is manifest not only from the abruptness with which the thick flows came to an end,
but also from the intense convolution of the banding and the autObrecciation.
The final stage in the growth of the Middle Sister was marked by effusion of dark,
scoriaceous basalts rich in olivine and slender phenocrysts of plagioclase, similar to
the lavas erupted by the South Sister after conclusion of its andesite-dacite phase
of activity. Northward from the summit, these basalts are traceable only as far as
the col between the Middle and North Sisters, through a vertical distance of no more
than 800 feet; westward and southward, however, they continue down to elevations
of about 7,000 feet. Much of the lava is of the block type, but several flows have
crude pahoehoe crusts and are traversed by small tubes, The preservation of these
features shows that the basalts, unlike the andesites and dacites, were erupted long

after the period of maximum glaciation. Around the summit, much fragmental
scoria is associated with the basalts and where the lavas have been influenced by
solfataric action they are thoroughly reddened and their joint planes are coated with
mammillary opal. On the west slope of the volcano, the flows are cut by many dikes,
some up to 20 feet in width, of random orientation.
No trace of a crater remains on the Middle Sister. The principal vent lay between
an eighth and a quarter of a mile east of the summit, so that the conduit filling is
concealed beneath the Diller and Hayden glaciers.
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Tjju SOTJ'PH Sisri

Ofthe Three Sisters, the South is the oniy one which still has a crater, and because
it continued to erupt long after the other two became extinct its form is much better preserved (pls. 4, 5, 8, b, and 12, b). Nevertheless, the simple outline of the
South Sister belies its complex history. Instead of being a single structure, the
volcano is actually a group of superposed cones. Briefly, its history is as follows:

first, a basaltic lava shield, similar to and coeval with the North Sister, Wife,
Husband, Sphinx, and Broken Top, was built around a vent somewhere beneath
the present peak. Subsequently, this was almost entirely buried beneath a steeper
cone of andesite and dacite, erupted prior to and during the period of maximum
glacial advance. Then a cone of olivine-rich basalt developed a short distance east
of the summit, and finally, after this had been partly demolished by ice, the center

of activity moved to the present crater, around which basic flows and scoria
constructed an imposing cone.
The original lava shield.Of this, only a small fraction is exposed along the
western base. At elevations below about 6,500 feet, between the headwaters of
Separation and Mesa creeks, westward-dipping flows of olivine-bearing lava, exactly
like those of the Husband and Wife, hint at a source somewhere beneath the South
Sister.

The andesite-dacite cone.Most of the South Sister is made up of decidedly
more siliceous lavas. To plot in detail the distribution of these andesites and dacites
would require the preparation of many chemical analyses and thin sections, for in
the field it is not always possible to distinguish between them with certainty. This
much, however, is clear: almost the entire western slope of the cone is composed of
pale gray, platy andesite and black, columnar, glass-rich andesite like those on the
northwest slope of the Middle Sister and those to be discussed later from Kokostick
Butte Similar pyroxene andesites are also widespread on the northeast side of the
cone. The remaining slopes are composed principally of glassy daeites, partly of
the pale, pumiceous type and partly of massive obsidian.

Not all these flows were erupted by the summit vent. On the contrary, many
escaped from lateral openings far below the summit The evidence is particularly
clear for the dacites on the southern flank of the mountain, where they form a series
of more or less radiating ridges. On many ridges, the banding of the lavas strikes
along the length, dips inward at low angles near the base and steepens to verticality
along the crest. Cross sections therefore display a fan structure. Each ridge probably represents a distinct fissure flow sculptured into greater relief by glacial
erosion. Indeed on some of the ridges, including the sharp arête west of the Newberry obsidian, erosion has gone far enough to reveal the feeding dikes.
An especially copious fissure flow of daeite issued from the northeast base of the
mountain, close to the snout of Carver Glacier. Its length approximates two miles
and its maximum thickness is about 300 feet. Much of it consists of dull gray, dense,
platy lava devoid of all but a few crystals large enough to be seen by the unaided
eye; some of it consists of massive, unbanded lava so frothy as to resemble pumice;
and over large areas, the crust is made up of glistening obsidian, locally crowded
with spherulites. Along the steep, northern margin, bands of obsidian alternate with
layers of oxidized, autobrecciated lava. Possibly the deposits of bright orange and
brown pumice charged with obsidian fragments, seen in the col between the Middle
and South Sisters, were laid down by explosions that accompanied or immediately
preceded this fissure eruption.
Another thick pile of lava rose from a parasitic vent at the northwest base of the
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South Sister. First, a flow of platy and columnar andesite spread westward from the
vent for about a mile; then, as activity waned, increasingly viscous andesite accumulated over the source to form a steep-sided plug dome, in which alternating layers
of frothy and dense obsidian were aligned concentrically, dipping inward at high

angles. Perhaps some of the larger buttresses on the south side of South Sister
should also be regarded as eroded remnants of domical protrusions.
Long after the andesites and dacites were erupted, glaciers continued to spread
far beyond the base of the mountain.

c) The snmmit lava-scoria cones.The final stage in the growth of the South
Sister was marked by formation of two cones of dark, olivine-rich basalt on top of
the andesite-daeite cone. The older basaltic cone grew around a vent situated a
short distance east of the summit and consists of red and black scoria interbedded
with thin flows and cut by narrow dikes. Much of the cone, as may be seen in plates
5, 8, a, and 12, a, has been destroyed by erosion.
The younger cone has buried much of the older and still preserves a bowl-shaped
crater, approximately a quarter mile in diameter. Two depressions on the floor, one
east-southeast of the other, mark the principal conduits. Along the rim of thecrater
and on the outer flank of the cone, there is much black scoria including almondshaped bombs up to a yard in lengtlt Associated with the fragmental ejecta, and
well exposed on the inner wall of the crater, are flows of dark, scoriaceous lava.
Almost certainly, the last eruptions occurred within the present millennium.
DEVIL'S HILL, KALEETAN, AND KOK0STICK BUTTES

While the main andesite-daeite cone of the South Sister was still growing, and
before the glaciers had yet spread to their maximum extent, other andesites and
dacites were erupted on a large scale in the region to the south.
One of the main dacitic vents lay beneath the Devil's Hill (pls. 7, b; and 8, a).
First, thick piles of viscous, glassy lava were expelled. Some flows are finely banded
and spherulitic ; others are frothy and have breadcrusted, blocky crusts. Later, still
more viscous dacite rose above the vent to form a steep-sided dome with fan-shaped

internal structure. This is the Devil's Hill itself. In the hummocky, drift-laden
ground between the hill and Moraine Lake, there are other flows of glassy and dull,

lithoidal dacite and of platy andesite marked by abnormally steep banding, but
whether these issued from the same source, or, as seems more likely, escaped from
fissures at the foot of South Sister, is not certain.
Kaleetan Butte (p1. 8, a), to thewest of the Devil's Hill, is another thick, tabular
pile of dacite, and at its western base, on the edge of Wikiup Plain, a conspicuous
monolith of black, columnar lava marks the ifiling of one of the feeding vents.
Kokostick Butte, a steep-walled mesa adjoining Century Drive, is composed of
two kinds of pyroxene andesite. The basal portion consists of a black, columnar
andesite flow between 200 and 300 feet thick, the columns being arranged normal to
the slopes. Resting on this are pale gray, slabby and platy andesites. Mineralogically,
there is no difference between the two varieties of lava; the distinction arises simply
from the fact that the columnar flow is much more glassy. Both varieties recur in

the same relative positions on the two conspicuous towers at the south end of
Kokostick Butte and on a third outlier half a mile to the southeast. The source of
these flows cannot be located accurately, though it must lie in the immediate vicinity.

From the fact that the summit of Kokostiek Butte. is glaciated, it follows that
after the andesites were erupted the ice descending from South Sister toward Elk
Lake was at least 500 feet thick in the adjoining valleys. Hence we must conclude
that the eruptions antedate the period of maximum glaciation.
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THE TODD LAKE VOLCANO

This small, deeply eroded cone lies at the southern foot of the Broken Top volcano.
In the main, it erupted viscous flows of pale gray, platy, porphyritic andesite. Where

Century Drive joins the road to the Sisters, one of the flows is exposed in cross
section in a line of bold crags. The banding in the central part lies horizontally; at
the margins, it dips inward at high angles.
On the crest of the ridge west of Todd Lake, the lavas are capped by a ruined

cone of red scoria and agglutinate, the arcuate form of which denotes a vent
approximately a quarter of a mile farther west.
Although the Todd Lake volcano stands at lower elevation than the andesitedacite cone of the South Sister, it preserves much less of its original form, and

hence is presumed to be older. Interfingering of lavas from Broken Top with
the andesites of the Todd Lake cone indicates that for a time the two volcanoes
erupted simultaneously. However, when this occurred, Broken Top was approaching
extinction.
BACHELOB I3TJTTE

The area depicted on the maps includes only the northern foot of the great basaltic
cone of Bachelor Butte, which rises more than 3,000 feet above the surrounding
region. Because of its height, a small glacier still survives close to the summit,
occupying a miniature cirque on the shady slope. Otherwise, the symmetry of the

volcano is quite unmarred. It may be judged, therefore, that, whether or not
the volcano began its growth during the Pleistocene, it has continued to erupt
within very recent times. No one who sees the barren flows of basalt which poured
from fissures on the northern flank and spread in branching tongues into Sparks
Lake can doubt that they must have escaped only a few centuries ago. Accompany-

ing the flank eruptions of lava were fragmental explosions from a number of
parasitic scoria cones.
UNGLACIATED VOLCANOES
TUMALO MOUNTAIN

Southeastward, the glaciated flows of Broken Top pass beneath the well-preserved

shield volcano of Tumalo Mountain. Naturally, there is no means of deciding
whether or not the earlier, buried products of this volcano are imglaeiated, but by
the time the visible flows were erupted the ice had definitely retreated from this
region.
The shield consists of uniform flows of black, vesicular olivine basalt that spread
chiefly toward the east and is capped by a large cone of scoria and yellowish tuff
breccia partly destroyed by erosion. Four other scoria cones rise to the north of the

summit, apparently on an arcuate fissure. The two nearest seem to be of about
the same age as the summit cone itself, but the others must be coiisiderably older
for their tops show signs of the passage of ice. It seems best therefore to regard the
glaciated cones as parasites, not of the Tumalo volcano, but of Broken Top.
Tnou CREEK BUTTE
While Tumalo Mountain was rising, another basaltic shield volcano grew at the
northeast base of the North Sister. Its symmetrical form is illustrated in plate 8, b.
Only seoriaceous flows of olivine basalt were erupted by this volcano, and the final
upwelling of lava into the summit vent congealed there in such a way as to obliterate
all signs of a crater.

In the low country north and east of Trout Creek Butte are sporadic outcrops
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of black basalt, the surface features of which denote a fairly recent origin. The
preservation of scoriaceous crusts, pressure ridges, and schcillendomes testifies that
the flows were never overriden by ice. Consequently, the glacial erratics and gravel
patches scattered over the cinder-strewn depressions between the lava ridges must
be regarded as outwash from moraines at much higher elevation. Some of the lavas
may have escaped from cracks at the base of Black Crater and North Sister; some

may have poured from the flanks of Trout Creek Butte; still others issued from
local vents.

TALAPUS AND KATSUK BUTTES

Eruptions of basaltic lava built a high ridge along the west side of Sparks Lake.
Subsequently, two cones developed on top of it. The northern cone, Talapus, first
erupted yellow anj brown basaltic lapilli tuffs and tuff breccias containing blocks
up to six feet across, It then passed into a stage of strombolian activity when it blew
out much red and black scoria, including giant almond-shaped and ropy bombs.
Som of the lumps splashed as they struck the ground and adhered to adjacent
lumps to form masses of agglutinate. At the same time, "accidental" blocks of old
andesite, dacite and basalt were blown from the waderlying moraines. After the
explosions ended, a funnel-shaped crater, 200 feet deep, remained, and short tongues
of lava oozed through the outer slope of the cone.
The activity of the southern cone, Katsuk, was less violent. Few bombs more than

two feet across were erupted, by far the greater part of the ejeeta being crystalvitric ash and scoriaceous lapilli. Coatings of opal and bright red iron oxides along
the crater rim show that fumaroles were active after the explosions ceased. Finally,
extensive flows of blocky basalt broke from fissures around the base of each cone
and sOme descended to the shores of Sparks Lake. But even the youngest of these
flows antedates the obsidian domes near the Devil's Hill, for all are covered by a
light sprinkle of pumice.
RECENT VTJLCANISM
During the past few thousand years there has probably been more volcanic activity
in the vicinity of the Three Sisters than in any other part of the High Cascades.
Even during the present millennium, broad sheets of basalt and obsidian have been
erupted and numerous scoria cones have been built. Only the Newberry volcano,
the Medicine Lake Highland, and the Modoc Lava Beds, close to the eastern foot of
the main Cascade Range, show a comparable wealth of youthful cones and flows.
The scoria and lavas erupted by the South Sister and Bachelor Butte have already
been mentioned; we may now consider other signs of recent activity.
Pun LECONTE CRATER AND FLOWS

A perfectly preserved cone, some 200 feet high, rises from Wikiup Plain, on the
edge of the Rock Mesa obsidian flow. lodge named it the LeConte Crater (pls. 4
and 12, b). On top, there is a bowl-shaped crater about 100 feet deep, and, early in
the summer, melting snows form a lake on the floor. Viewed from a distance, the
cone appears in no way peculiar, for its shape resembles that of many parasitic
scoria cones in the region. It comes as a distinct surprise, therefore, to find on
closer examination that except for a few small patches of red scoria on the northern
rim the entire surface of the cone is littered with pumice and angular fragments of
lava of several kinds. Many fragmeats are composed of obsidian ; others are of platy
and spherulitic dacite ; still others are of andesite and basalt. Even more surprising,

many of the blocks have the unmistakable forms of glacial erratics. Extending
southward from the cone is a short, steep-sided ridge littered with similar debris.
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One's first impression is likely to be that the ridge is a glacial moraine and that the
heterogeneous deposits mantling the cone were also left there by ice. A moment's
reflection suffices to dispel the idea. The position of the moraine-like ridge rules out
the possibility of glacial origin, and he cone itself is so perfect in form that it can
never have been subjected to glaciation. Study of the surrounding region provides
the clue. It is then apparent that the superficial debris on both cone and ridge is
merely part of an extensive sheet of pyroclastic ejecta blown from a vent concealed

beneath the obsidian of Rock Mesa. The mixed character of the ejecta and the
occurrence of sporadic blocks of glacial form imply that, when the vent was blasted

open, much fresh magma was erupted in the form of pumice and obsidian along
with abundant fragments of older lava torn from the sides of the conduit and from
the moraines that covered the surface. With good reason, we may conclude that the
LeConte Crater is actually what it appears to be from a distance, namely a cone of
basaltic scoria, but blanketed by ejecta from another source, and we may consider
the ridge projecting from it to be a buried flow of basalt that poured from a fissure
on its side.

During and after the explosive activity at LeConte Crater, other and far more
copious flows of basalt were erupted. These flooded Wikiup Plain and spilled southward through notches on either side of Kokostick Butte. One branch emptied into
Devil's Lake, at the foot of Talapus Butte, and continued almost as far as Elk Lake;

the other branch came to an end at Century Drive. Close to the source, the flows
are almost completely buried under the sheet of pumiceous and blocky debris
already mentioned, so that they bear a misleading resemblance to hummocky ground

moraines (p1. 12, b). Farther away, the cover is thinner and the constituent fragments diminish in size until finally, close to Century Drive, the bare lava is exposed
and many pressure ridges, schollendomes, and collapsed tubes may be seen.
Another flow of scoriaceous olivine basalt poured northward from LeConte Crater
into the valley of Mesa Creek, and large springs now discharge from its snout. When

the Rock Mesa Obsidian was erupted, all but the distal end of this northern flow
was buried.

CAYIJSE CONE AND FLows

This conspicuous cone lies on the south slope of the Broken Top volcano. Part of it
is composed of yellow lapilli tuffs and tuff breccias,but in the main it consists of red
and black basaltic scoria. On the east side, it has a double rim. Most of the cindery
ejecta measure only a fraction of an inch across, but around the summit there are
almond-shaped and ropy bombs up to a yard in length, many of which have glassy
skins tinted a brilliant, iridescent greenish blue. Not far to the northwest are two
miniature cones, Only 30 to 40 feet high, with dimpled summits
After Cay-use Cone was built, its southern wall was breached by outbursts of lava.
The walls of the source fissure show clearly that many successive gushes of basalt

escaped. For a mile or so from the vent, the flows are traversed by longitudinal
ridges and furrows, produced in part by collapse following drainage of lava tubes.
Farther away, the flows split into two branches. One emptied into the canyon of
Fall Creek, impeding the drainage for a time and producing a series of waterfalls;
the other poured into the valley of Soda Creek, deflecting the stream and following
it downward as far as Century Drive.
SIMS BUTTE AND RELATED Fiows

Among the cluster of youthful scoria cones on the north side of the Three Sisters,
the largest is Sims Butte, adjoining the McKenzie Highway. Its basal diameter
approximates two-thirds of a mile and its height varies between 600 and 900 feet.
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Though one of the oldest of the northern group of cones, it shows almost no signs of
erosion. The concluding eruptions were weak and the ejecta fell back into the crater,
filling it to the brim.
After the cone had been built, thin flows of basalt broke through fissures at the

base and cascaded down the steep slope to the west, continuing far beyond the
confines of the area mapped. The McKenzie Highway in its sharp, zigzag descent
to the McKenzie Canyon cuts through the flows repeatedly, revealing their seoriaceous crusts and slaggy, reddened bottoms.
Scoin CONES AND FLOWS NORTH OF THE NORTH SISTER

a) Co%es.During the present millennium, possibly within the past 500 years, a
swarm of scoria cones burst into activity on the northern slope of the North .Sister.
The principal group developed along fractures extending northward from near the
snout of Collier, Glacier. Hodge named this the Ahalapam Cinder Field. At one end
of the field rises the symmetrical cone of Yapoah; at the other is an even larger cone,
referred to here as the Collier Cone. Both have well-preserved craters. Between
them stretches a curious, hummocky ridge heavily blanketed with soria, mostly
of the size of sand and gravel. Funnel-shaped craters are notably lacking. Instead,
the surface is diversified by low, elongate swells and by oval and sinuous, linear
depressions, as if ejecta from the Collier and Yapoah cones had accumulated on
morainic mounds. This, however, is not the full explanation. Scattered among the
fine scoria are many large bombs, several more than four feet across and a fe even
eight feet across. Obviously these cannot have been blown from a distant source. Besides, the walls of some of the linear depressions reveal occasional thin flows of
basalt. The conclusion seems warranted that both the flows and the coarse fragmental ejecta issued from a series of fissures along the length of the moraine-capped
ridge.
An older group of scoria cones formed north of the Ahalapam Field, on. an arc
trending toward the top of Black Crater. Of this group, the two cones bordering
Scott Pass are the youngest; the others have lost their craters by erosion. A mile
to the east lies Millican Crater, ahigh pile of scoria, from which stumpy flows of
basalt were recently erupted.
Finally, about a mile west of Yapoali, explosions from closely spaced vents pro-duced a composite cone that was later breached in four places by gushes of lava.
For convenience of reference, this interesting cone is called the Four-in-One.

b) Flows.Several of the cones just enumerated had already emitted flows of
basalt before their explosive activity came to an end. Three in particular had
behaved in this manner, namely Yapoah, Collier, and the Four-in-One. These three
continued to erupt lava on a vastly larger scale after their fragmental explosions
ceased. Streams of basalt burst from them, if not simultaneously, then in very rapid
succession, sweeping downward as far as the McKenzie Highway (p1. 9, a). Voluminous currents were discharged from the foot of Yapoah. Close to the source, they
followed channels on the surface of the older, cinder-strewn flows and are marked
by collapsed tubes and pressure ridges. Obeying the dictates of topography, the
currents poured into the valleys and eddied round the ridges, leaving them as green
islands enveloped by black lava. Near the McKenzie Pass, the flows reunited into

a single stream. By that time, however, the supply from Yapoah was well-nigh
exhausted, so that soon after the unified stream crossed what is now the McKenzie
Highway it froze to a standstill, ending with a steep snout up to 50 feet in height.
Roadeuts near the summit of the pass clearly reveal the oxidized, scoriaceous, blocky

nature of the lava.
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Gushes of basalt also burst from each vent of the Four-in-One. Undermining and
sweeping away the northern portion of the cone, the four streams coalesced and
poured northward for another two miles.
At or about the same time, the northwest side of the Collier Cone was breached
either by explosion or by the sapping action of rising lava. Copious flows broke
through the breach and from subsidiary vents a short distance beyond. The most
extensive stream flowed westward down the valley of White Branch Creek (pls. 5
and 6). Six miles from the source, it overflowed into the valley of Linton Creek,
dammed the drainage, and formed Linton Lake. White Branch Creek was also
obliged to seek a new channel, partly along the margin of the lava and partly along
collapsed tubes on its surface.
Some evidence of the recency of these last flows from the Collier Cone is given
by their relation to the moraines of Collier Glacier (p1. 5). Although the main body
of the glacier now ends about half a mile to the south, moraine-covered ice can be
seen within approximately 100 yards of the cone. Yet, since the cone was built, the
ice hasnever extended beyond its southern rim. On that side of the cone, moraines
cover the cinders, and debris from them has tumbled onto the crater floor. Hence,
the snout of Collier Glacier has oniy retreated between 200 and 300 yards since the
final outburst of the Collier Cone.
Trn BEIinNAP CRATER AND Fnows

In crossing the crest of the Cascades, the McKenzie Highway offers the traveler
unobstructed views of one of the most imposing sheets of recent lava in the United
States. The road skirts and cuts across an almost treeless wilderness of basalt more
than 70 square miles in extent. Here and there along the roadside the black, clinkery
lava, so fresh in appearance that it seems only lately to have congealed, contrasts
vividly with ice-scratched pavements of older, pale gray basalt erupted by Black
Crater and the North Sister.
Two principal vents contributed to the formation of the lava fields north of
McKenzie Pass, namely Belknap Crater and Little Belknap. The latter is parasitic
on the flank of the former; its eruptions did not begin until the major volcano had
practically ceased activity and they ended only a few centuries ago.
a) Belknap Crater.The main Belknap cone rose from an irregular depression
between the opposing slopes of North Sister and Mount Washington. When it
reached full stature, its summit stood 2,500 feet above the floor.
Concerning the earlier stages of activity, nothing can be said with certainty,
although it was probably of the quiet, effusive type. Repeated outpourings of fluid
basalt built a broad, shield-shaped cone. Explosive eruptions then began, both on
the sides and at the top. Two scoria cones developed close to the summit of the
McKenzie Pass. Long afterward, they were heavily covered by showers of fine,
sandlike "cinders" and encircled by flows from Little Belknap (p1. 10). A third
cone of scoria rose halfway down the south slope of the shield, and a fourth, the
Twin Craters burst into eruption at the southwest base, fed from two deep, funnelshaped pits.
The prime theater of violence was, however, at the top of the shield, where
alternating eruptions of fragmental ejecta and lava continued long enough to form
a cone almost 400 feet in height. Three craters, aligned in a north-northeasterly
direction, are preserved. The northern and smallest one is a shallow pit, breached
on one side. Apparently this vent erupted nothing but lava. The eruptions of the
central crater, on the other hand, were entirely explosive, and the ejecta consist
of well-stratified yellow, buff and gray crystal-vitric tuff, varying in coarseness
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from sand to gravel size, admixed with lapilli and angular blocks of basalt Where
the deposits were affected by fumaroles and solfataras, they were bleached white
by development of opal and clay or reddened by coatings of iron oxide. Interbedded
with the tuffs are thin layers of fine scoria, and along the crater rim are many large
bombs and cakes of spatter. Obviously, vulcanian explosions alternated repeatedly
with explosions of strombolian type The southern and largest crater blew out little
fine ash; its activity was partly strombolian and partly of the quiet, effusive type,
and many flows escaped after the fragmental explosions ended. Possibly all three
craters were active simultaneously, but the central one first became extinct and the
southern one erupted last. Close to the base of the summit cone are older, ruined
cones; on the spur to the northeast are several hornitos which tossed out lava spatter.
Shortly after the explosive activity of the main Belknap volcano ceased, wide..
spreading sheets of basalt issued from fissures around the summit, inundating the
entire shield. Very little lava was of the true aa type; by far the greater part was
of the blocky, seoriaceous form, though in a few places ropy, pahoehoe crusts were
also produced. Drainage of lava tubes formed pressure ridges and collapse depressions, and where the flows enveloped trees well-preserved molds were left.

b) Little Belknap.Perhaps it was when the last of the lavas from the main
Belknap Crater was erupted, or, if not, it was very shortly thereafter that a new
vent opened at Little Belknap. As far as can be judged, the activity of this cone
was wholly effusive. Floods of scoriaceous, blocky basalt spread eastward for six
miles and southward to McKenzie Pass, where their progress was checked by the
steep front of the Yapoah flows. Close to the Lookout Tower on top of the pass, the
Little Belknap lava solidified in the act of pushing against the blocky snout of the
Yapoah basalt and pouring into re-entrants of its scalloped margin. Here and there,
particularly near the source, the lava exhibits ropy crusts; elsewhere, the surface
is undulating and smooth; but for the most part, the flow is broken into jumbled

piles of blocks reminiscent of a shattered ice jani. Sinuous channels caused by
foundering of the crusts of tubes, "squeeze-ups" and schollendomes diversify the
surface. A craggy mound of red, clinkery lava covers the vent, and near by, alongside the trail to the summit, there is a downward-plunging tube from the roof of
which delicate lava stalactites still hang.
PUMICE DErosws

Mention has already been made of the andesitic pumice erupted by the Broken Top
volcano during the waning stages of its growth. Showers of dacite pumice were also
blown out by the South Sister and by the vent beneath the dome of the Devil's Hill,

for fragments occur abundantly in the adjacent moraines. Another veneer of
pumice was laid down over most of the southeastern part of the area about 5,000
years ago during the violent eruptions that led to the collapse of the top of Mount
Mazama and the formation of Crater Lake. But the main pumice deposits of the
region were formed much later, in connection with the obsidian flows on the side
of the South Sister.
The principal source was unquestionably the vent hidden under the Rock Mesa
obsidian. Shortly before the obsidian flow was erupted, a conduit was blasted
through the underlying lavas and moraines. "Accidental" fragments of many kinds
were hurled out, together with much new magma in the form of pumice and obsidian
chips. On Wikiup Plain, some of the pumice bombs measure two feet across and
many exceed a foot in diameter. The winds at the time were blowing toward the
south and east; hence few ejecta fell on the Wife, still fewer on the Sphinx, and
scarcely any fell on the north side of the South Sister.
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Eruptions of pumice also preceded the outpouring of the Newberry obsidian
flow and the recent domes near by, and once more the winds were blowing south and

east. Where the trail to Moraine Lake crosses Fall Creek, waterworn lumps of
pumice up to a yard across are plentiful on the riverbanks. On the moraines south
of Broken Top, the mantle of pumice is fairly continuous and includes fragments
up to three inches across. On Talapus Butte, pieces up to eight inches across are
accompanied by fragments of obsidian three inches in diameter. On Tumalo Mountain, few fragments measure more than an inch. Though mineralogically similar to
the pumice from Mount Mazama, most of this local pumice is easy to recognize by
its coarseness and admixture with chips of obsidian and lithoidal dacite.
OBSIDIAN FLOWS AND DOMES

The masses of obsidian to be described may be the youngest volcanic rocks of the.
entire region. They are younger than the LeConte and Cayuse cones; unfortunately,
their age with respect to the floods of recent basalt along the McKenzie Highway
cannot be definitely established, since none of the pumice showers which immediately preceded the extrusions of obsidian spread over that northern region.
Rock Mesa.The most extensive mass of obsidian, Rock Mesa, covers approximately one and one-half square miles. On all sides, it ends in high banks of talus.

Seen from the air, the arcuate block ridges and spires on the surface show in a
most graphic manner how the viscous lava spread from the vent in successive waves

(pls. 12, a and b). Part of the flow was suddenly chilled to black glass: the rest,
cooling more slowly and perhaps being richer in gas, frothed to pale gray pumice.
As activity drew to a close, the lava became increasingly viscous and ultimately,
unable to spread laterally, it accumulated over the vent as a domical mound.
Another extrusion of obsidian occurred about a mile east-northeast of Rock Mesa.

The amount extruded was small and the lava was so viscous that it congealed
immediately over the source,, forming a plug, approximately 150 by 200 yards
across. Slender pinnacles and jagged towers of glass rise from its shattered top
and aprons of blocky talus encircle it. A deep gash splits the dome longitudinally,
and beyond the base the gash is continued by a gully that connects with the remnants of an older dome of dacite. These features are aligned radially with respect
to the sides of the South Sister.

The Newberry and Devil's Hill obsidians.A remarkable chain of dacite
domes and flows runs for more than three miles, from an elevation of about 8,000
feet, high on the southeast slope of South Sister, down to Century Drive, at an
elevation of about 5,500 feet. The chain trends north and south, parallel to the axis
of the Cascade Range. No doubt the extrusions occurred in rapid succession, possibly within a few days or weeks, and by analogy with fissure eruptions in other
regions it is likely that activity began at the upper end of the chain and moved
progressively downward. Between the third and fourth domes from the southern,
end, a short stretch of the throughgoing fissure js exposed.
Typical of these viscous protrusions are the three coalescing domes shown in

plate 7, b. Their tops and sides are littered with huge, angular blocks through
which rise countless minarets of glistening glass. No sooner were the crusts of the
uprising domes chilled to obsidian than they were shattered by the onward surge
of new lava from below. Doubtless when the chaotic covers are removed by erosion,
the domes will show the same internal fan structure as that to be seen in the older,
denuded dome forming the top of the Devil's Hill.
From two of the vents, the first extruded lava formed long eoulées, while the last
slow gushes froze above the conduits as steep-sided domes.
.
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SUMMARY OF THE VOLCANIC HISTORY
The sequence of events just outlined is similar in essential respects to that observable in other parts of the High Cascades of Oregon. Throughout the range, the
principal activity of Pliocene time was characterized by formation of broad shield
volcanoes of olivine basalt and basaltic andesite, capped by steeper cones of pyroelastic debris. A few of these older volcanoes, such as Broken Top, also erupted a
little pyroxene andesite. Whether or not they had become extinct before the onset
of the Pleistocene is uncertain, but all of them suffered profoundly from glacial
erosion. Their flanks were hollowed by great cirques and the fillings of their central
conduits were laid bare.
To this first group of denuded cones belong the North Sister, the ancestral Middle

and South Sisters, the Husband, Wife, Sphinx, Broken Top, Black Crater, and
Mount Washington. Farther south, beyond the area discussed in this paper, lie
such coeval cones as Mount Thielsen, Howlock Mountain, and Union Peak.
In many parts of the Cascades, eruption of olivine-bearing basic lavas did not
cease with the extinction of the large shield volcanoes; on the contrary, it continued

intermittently to within the last few centuries. But at intervals along the range,
cones of andesite and dacite began to rise between and on top of the older shields.
It was then that Mount Mazama developed in the Crater Lake region; it was then
that the main cone of the South Sister was formed, and the andesites and dacites of
the Middle Sister and of Kokostick and Kaleetan buttes were erupted. That was
also the period when most of the crowning peaks of the Cascades were built, Mounts
Shasta, Hood, St. Helens, Adams, Rainier, and Baker. By the time of maximum
glaciation their growth had almost ended.
During and since the closing stages of the Pleistocene, the main events in the
Three Sisters region were the growth of the large basaltic cones of Bachelor Butte,

Trout Creek Butte, and Tumalo Mountain. Within the last millennium or two,
floods of blocky basalt were erupted and scores of basaltic scoria cones grew over
widely scattered vents, fed by the same kind of olivine-bearing magma as that which
had built the old shield volcanoes. Simultaneously, acid differentiates in the form of
dacite pumice and obsidian were erupted.
Precisely the same story is repeated around Crater Lake, where, following formation of the Timber Crater volcano by outpourings of fluid basalt, the concluding
activity was marked by simultaneous eruption of basic magma as seoria and of
dacite as viscous domes and pumice. And again, in the Lassen region, at the southern end of the Cascades, the rise of the andesite cone of Brokeoff was followed by
extrusion of dacite domes and flows side by side with scoria cones and sheets of

basaltic lava. And on Shasta likewise, after the main cone had been formed of
andesite, the final eruptions were of viscous dacite on the one hand and of scoriaceous basalt on the other.
PETROC-RAPHY
THE OLDER BASALTS AND BASALTIC ANDESITES

With few exceptions, the lavas which constitute the deeply glaciated shield volcanoes of the Three Sisters region are typified by porphyritic olivine. Thayer8 found
that in the High Cascades to the north, coeval olivine-bearing lavas range in silica

content from 51.51 to 54.45 per cent and for that reason he referred to them as
basalts. In the Crater Lake region, the coeval flows range in silica content from
Thayer, T. P., Petrology of the Later Tertiary and Quaternary Rocks of the North-Central
Cascade Mountains in Oregon. Bull. Geol. Soc. Amer., vol 48, pp. 1611-1652, 1937.
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54.38 to 58.65, and on that basis the more siliceous have been classed as basaltic
andesites. No chemical analyses have been made of any of the rocks from the Three
Sisters, but microscopic study suggests that they include both olivine basalts and
olivine-bearing basaltic andesites.
Though these older lavas are rarely as porphyritic as the later andesites and
dacites, few are wholly devoid of phenocrysts. Their texture varies from hyalopilitic
to coarsely ophitic, by far the dominant type being intergranular, and, as we have
noted earlier, most of the flows erupted near the summit vents are darker and richer
in glass than those poured from fissures at lower levels.
The porphyritic feldspar is usually zoned from acid bytownite or basic labradorite in the cores to medium andesine or even oligoclase at the rims. The microlithic feldspar corresponds in composition with the outer shells of the phenocrysts.
Exceptionally, olivine may constitute as much as 20 per cent by volume, but in
the majority of specimens it makes up no more than 5 per cent of the whole. Where
it is rare, hypersthene increases in amount. Having crystallized early, the olivine
never occurs in the dense groundmass, and in size it ranges up to 2 mm. The optic
sign is invariably negative and the optic angle always exceeds 80°. Alteration is
unusual. In some flows, the mineral exhibits marginal development of granular
magnetite or is filmed with hematite. In others, a little antigorite or golden yellow
bowlingite may be present, but change to iddingsite has not been detected.
Hypersthene is customarily only a minor accessory, in the form of slender subhedral prisms of earlier growth than most of the monoclinic pyroxene. However,
in the extremely dense, pale gray basaltic andesites that occupy the depression
between the Obsidian Cliffs and Lane Mesa and also the low, eastern slopes of the
Middle Sister, hypersthene may comprise from 5 to 15 per cent of the volume. Here,
more than elsewhere, the vertical faces of the mineral are enveloped by jackets of
augite. Nowhere among the lavas is hypersthenc so plentiful as it is in the conduits
from which they issued.
Among the monoclinic pyroxenes, green augite is without doubt the principal
variety. Its optic angle departs little from 60°; its pleochroism is seldom appreciable.
In the andesites it is common as phencrysts, but in the more basic lavas it is for the
most part confined to the fine groundmass, occurring as ragged granules between
the laths of feldspar. Bogue and Hodge° have already noted that where pigeonite is
present among the High Cascade lavas, it is most widely developed in those with an
ophitie texture, and it is worth noting that the present studies corroborate their
observation. Nowhere is the mineral more plentiful than in the coarse-grained, pale
facies of the basalt in the roadside quarry near Scott Lake. In this rock the pigeonite
forms plates a millimeter across, wrapping round the laths of zoned bytownitcandesine. Its optic plane is invariably 010 and the dispersion is always p > v. But

the optic angle is remarkably variable, ranging from about 5° to 40°. In most
crystals, the angle is between 10° and 15°. The birefringenee and extinction angles
are also variable. Accompanying the pigeonite is abundant olivine, but augite is
practically absent. Cristobalite, acicular apatite, and granular ore are the remaining
constituents.

Finally, it may be noted that the groundmass of the older basalts and basaltic
andesites is generally a fine granular aggregate of ore and augite accompanied
by microlithic acid plagioclase. Cristobalite and opal are not uncommon, but tridymite is. Where glass takes the place of the crystalline matrix, it is either deep brown
or rendered opaque by clouds of dusty magnetite. Interstitial cryptofelsite, common
among the younger andesites, is never present in the basic flows.
Bogue, IR. and Hodge, E. T., Cascade Andesites of Oregon. Amer. Mm., vol. 25, pp. 639-640, 1940.
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TUE PLUGS OF THE OLDER VOLCANOES

Thin sections prepared from the conduit fillings of the North Sister, Husband,
Wife, and Broken Top resemble those described by Thayer from the Minto plugs
and by the writer from the plugs of the Thielsen, Howlock Mountain, and Union
Peak volcanoes.'0 All but a few are olivine micronorites; some are almost devoid of
olivine, and one of the two plugs of the Broken Top volcano is partly composed of
dense, intergranular hypersthene basaltic andesite similar to the adjacent flows
except for its richness in interstitial tridymite.
The texture of most of the plug rocks is pseudolamprophyric, the feldspars and
pyroxenes being fairly well formed and crisscrossing each other at all angles. Twothirds of a typical sample consist of plagioclase laths, zoned from basic labradorite
to either andesine or Oligoclase at the margins. In the pale, coarse-grainecl parts of
the plugs, the lath range up to 3 mm. in length; in the dark, dense parts, few exceed
even amillimeter in length.
Olivine may or may not be present. Thayer found that in the Minto plugs it is
less abundant in the coarser varieties, but no such relation holds among the plugs
of the Three Sisters region. In the plug of the Wife, olivine varies in amount from
less than 1 to approximately 5 per cent by volume; in the plug of the Husband, it
is at most a very minor accessory. Although normally quite fresh, it may be traversed by bands of hematite or be partly altered to bowlingite.
By far the dominant ferromagnesian constituent of all plugs is hypersthene. It
ranges between 15 and 30 per cent by volume, averaging about 25 per cent. The
optic angle (ca. 700) and strong pleochroism denote a high content of iron.
Augite occurs in poorly formed crystals, mostly in the groundmass, or as jackets
about the prisms of hypersthene. In amount, it varies only between 2 and 5 per cent.
Pigeonite was not detected, though VerhoogenL records its presence in the plug
forming Summit Rock, south of Mount Thielsen. Granular ore is scattered throughout.
Deep brown glass occurs interstitially in small quantities, even in the coarsestgrained plug rocks, and occasionally it is accompanied by golden chlorophaeite.

Acicular apatite of late growth is abundant. Finally, as in most of the conduit
fillings of Cascade volcanoes, cristobalite is widespread. Most of it fills irregular
spaces between the py-roxenes and feldspars, but some occurs as discrete, spheroidal
grains attached to the walls of eavities Naturally it is most plentiful in the porous
portions of the plugs, where it may make up more than 5 per cent of the bulk.
Tridymite, which is abundant in the plugs of the Thielsen and Howlock Mountain
volcanoes, is rare in those of the Three Sisters region. So also is specular hematite,
which abounds in the plug of the Union Peak volcano. These minerals are to be
ascribed to silica- and iron-bearing fumes rising through the conduits at a late stage.
RECENT BASALTS AND BASALTIC ANDESITES

Our concern here is with the basic flows and scoria erupted during the last few
thousand years from the top of the South Sister, from the LeConte, Cayuse, Collier,
Yapoah, Sims, Four-in-One, and Belknap cones, and from fissures on the flanks of
Bachelor Butte. Chemical analyses would probably show that they closely resemble
the more basic of the older lavas described in previous sections.
Thayer, T. P. Op. cit., pp. 1628-1631; Williams, Howel, Mount Thielsen: A Dissected Cascade
Volcano, Univ. Calif. Pubi. Bull. Dept. Geol. Sd., vol. 23, pp. 195-214, 1933, and Geology of Grater
Lake National Park. Carnegie Inst. Wash. Publ. No. 540, 1942.
'1Verhoogen, Jean, A Monoclinic Hypersthene from the Cascade Lavas. Amer. Jour. SeL, voL
33, p. 66, 1937.
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Without exception they are dark gray to black, vesicular lavas rich in glass. It
is in this respect especially that they differ from most of the basic flows of the PlioPleistocene shield volcanoes, for the older basalts, as we have seen, are usually pale

gray and holocrystalline and their texture is typically intergranular to ophitic.
In many of the youthful flows, deep brown to black glass constitutes from a third
to half the volume, and in some of the lapilli and bombs of quickly chilled scoria the
content of glass is even higher.

Porphyritic olivine makes up approximately 5 per cent of an average sample;
in some specimens from the LeConte and Belknap flows it is twice as plentiful. In
lavas reddened by oxidizing gases, the mineral may be largely altered to magnetite
and hematite. Normally, hypersthene is either wanting or present only in trivial

amount. However, in parts of the Yapoah and Collier flows, slender prisms of
hypersthene, jacketed with augite, may take the place of olivine almost entirely.
Augite is rarely porphyritic; pigeonite seems to be absent. The feldspars are the
same as those in the older basalts except that many are more corroded and embayed
by glass.
ANDESITES

Only one of the old shield volcanoes erupted olivine-free andesite, namely Broken
Top. On its eastern flank, close to Three Creek Lake, there are pale gray, platy and

slabby, pilotaxitic hypersthene-augite andesites, noteworthy on account of the
presence of late-crystallizing brown hornblende lining drusy cavities. Hornblende
is an unusual mineral anywhere in the High Cascades and is seldom found except
in viscous flows and domes. Moreover, it is typically of early formation and, except
in quickly chilled, glassy flows and in pumice, it exhibits much marginal resorption.
In other words, it appears to be unstable under conditions of surface extrusion. Its
stability in the cavities of some of the holocrystalline Broken Top andesites may
therefore be attributed to concentration of volatiles.

The thickest of the andesite flows of Broken Top forms the top of the cliffs a
short distance west of the Lookout Station. Save for rare phenocrysts of andesine
and pyroxene, it is entirely aphyric. The crust and base consist of brown glass
(n = 1.504 ± 0.003), crowded with forked microliths of acid andesine, oligoclase, and dusty ore. The interior, however, is composed of cryptofelsite traversed
by oligoclase microliths and by longulites and scopulites of green [ augite.
The younger andesites of the Middle and South Sisters, Kokostick Butte, and
the Todd Lake volcano closely resemble coeval andesites from other Cascade volcanoes, such as those of Mounts Shasta, Mazama, and Rainier. That is to say, they
are markedly porphyritic hypersthene-augite andesites devoid of olivine, hornblende, and biotite. Those which are black in the field and exhibit columnar structure have a hyalopilitic base; those which are pale gray and have a slabby or platy
jointing are typically pilotaxitic; and the blocky, black andesites forming the ridge
between the Collier and Renfrew glaciers are distinctly vitrophyric. Intergranular

and ophitic habits are absent. Yet, though the texture is variable, the mineral
content is singularly uniform. Corroded and zoned phenocrysts of basic labradoriteandesine are ubiquitous. The microlithic feldspar is usually acid andesine or oligoclase. Of the pyroxenes, well-formed prisms of hypersthene generally predominate.

Greenish augite comes next; pigeonite is rare and its optic plane may lie either
parallel or perpendicular to the side pinacoid, even in the same thin section. Brownish, dust-charged needles of apatite are constant accessories. In some flows, fans of

tridymite are plentiful; in others, the matrix contains much cristobalite. Basic,
lamprophyric inclusions, so plentiful among the andesites of Mount Mazama, are
here extremely rare.
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DACITES

Nowhere in the High Cascades was dacite erupted before the latter part of the
Pleistocene period, by which time the major andesitic cones were already formed.
Nowhere was it erupted on so large a scale as andesite. North of the Three Sisters,
dacite is rare, occurring oniy in minor amount near Mount Jefferson and on Mount
St. Helens. Farther south, on the other hand, for instance around Crater Lake, on
Mount Shasta and particularly on and around Lassen Peak, it is relatively plentiful.
The dacites1' of the Three Sisters region are of two ages. The older ones, those
forming the Obsidian Cliffs, Kaleetan Butte, the Devil's Hill and the south and
east slopes of the South Sister are heavily glaciated. The younger ones, those forming Rock Mesa and the chain of domes east of the Devil's Hill, were erupted, as we
have already observed, during the present millennium. Almost all are alike in containing abundant hypersthene. They differ from most of the Lassen dacites in the
great paucity of hornblende, biotite, and porphyritic quartz. Indeed, most of them
are devoid of these three minerals. They differ also in the paucity of basic inclusions. Their resemblance is rather with the pyroxene dacites around Crater Lake.
The younger dacites are either dense, black obsidians or pale gray pumiceous

lavas. Only rarely is the glass (n = 1.492 to 1.495 ± 0.003) devitrifled. On an
average, corroded phenocrysts of zoned basic andesine-oligoclase make up about
15 per cent of the volume; slender prisms of hypersthene make up between 2 and 5
per cent, and granular ore from 1 to 2 per cent. Augite, oxyhornblende, acicular

apatite, and opal are minor accessories, together with streams of microlithie
oligoclase.

The foregoing description would apply equally well to many of the older daeites

of Kaleetan Butte and the South Sister, though in some of these the base is no
longer glassy but a dense cryptofelsite rich in tridymite. On the other hand, most
of the dacite forming the Obsidian Cliffs and the thick flow erupted from a fissure
under Carver Glacier are devoid of phenoerysts of any kind. The latter is mainly
composed of tiny oligoclase microliths and greenish trichites of augite [6?] set in an
irresolvable cryptofelsitic base stippled with tridymite and cristobalite. Locally,
it is studded with turbid, brown, fibrous spherulites. Much of the flow forming the
Obsidian Cliffs is also finely crystalline, though the crust and snout consist of glass
(n = 1.490 to 1.494 ± 0.003), crowded with oligoelase microliths and unidentifiable trichites. Here and there, minute cavities are lined with tridymite and with

pale buff flakes of biotite (y=l.6O4 ± 0.003: 21T=25°).
t2 Chemical ana'yses may show that some of the lavas herein referred to as dacites, are rea1y
rhyolites.

PLATES

PLATE 4
The Three Sisters from the south. In front of the South Sister is the
recent obsidian flow of Rock Mesa; in front of that, the LeConte scoria
cone. In the middle distance, on the left, is the Husband. To the left and
beyond the Sisters are, in order, Belknap, Mount Washington, Three
Fingered Jack and lastly Mount Jefferson.
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PLATE 5
The Three Sisters from the north. From left to iigbt, the Xoith, Middle,
and South Sisters. Behind the North Sister rises Broken Top ; Bachelor
Butte in the middle distance. Collier Glacier iii center with Little Brother
to its right and the Collier cinder cone beyond its snout, partly covered hy
moraines. Recent hasalts in foreground.
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PLATE 6
The Three Sisters from tile northwest. The North Sister at the left is
separated from the Middle Sister in the eenter by the Collier Glacier. To
tile right, the South Sister, with Broken Top beyond. The snow-covered
flow in the foreground is a recent basalt erupted by the C011ier Cone near
the snout of the Collier Glacier.
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PLATE 7
The Three Sisters and Broken Top. In right foreground, the cieque
on the south side of Broken Top, bordered by the steeply dipping tuffs
and breccias of the summit cone. The large crags on the left side of the
glacier are pert of a coaduit filling. Another fihliag is exposed at the

right edge of the glacier. Ta the haekground, from left to right, the
South, Middle, and North Sisters. The Newberry obsidian flow can be
seen at the left base of the South Sister.
The three southern obsidian domes of the chain south of the South
Sister. Beyond and to the left rises the older, glaciated dome of Devil's
Hill.
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PLATE S
Looking north across Bk Lake to the South Sister. The peak beyond
is the Middle Sister. In the middle distimee, from left to right, are the
following: the basaltic cone of Koosah the andesite mesa of Kokostick;
the daeite mesa of Kaleetan; the steep-sided dacite doom of Devil's Hill.
Looking north from Broken Top Lookout Station. Three Creek Lake
in the foreground. The low, symmetrical shield volcano of Trout Creek
]3ntte lies heoad. To the left, the large basaltic shield of Black Crater,
and to the right the steeper cone of Black Butte. The snow-capped peaks
on the slcvline are, from 'eft to right, i1 ount Washington, Three
Fingeced .J ack, Mount Jeff etson, and Mount Hood.
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I'LATE P
(a) Edge of the Ya poah don. Looking south fioju flea r Craig Lake, McKenzie Pass, toward the orth Sister in the center distance, and Middle
Sister, with the Collier Glacier between. The cones on the skyline to the

left of the Eorth Sister ale part of the Ahalapain Cinder Field.
fi ) Mount \Vash in gto n from the so a th,. T} e sumini t ph marie s the filling of the central coadu ; the adaeent eirqUes are cut chiefly in the tuffs
of the enclosing sununit cone; the ridges to right and left are part of tie
main lava sheId. Conipare figure 3. In the foreground, a portion of the
recent basalt from Little Belknap Crater.
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PLATE 10
The Belhnap cones 1mm the snmmit of McKenzie Pass. Little Belknap to

the right; the main Belkuap tult cone to the left. Two old scoria cones
form ''islands" within the Little BeIknaj lava flood. Iii the distance, the
summit pinnacle of Mount Waslihigton.
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PLXTE ii
View fron Black Butte Lookout, looking soTItileast. The peaks en the

skyline, from left to right, are Broken Top, South and \ortIi Sisters,
Black Crater, Belknap, and Mount Washington. The snow-covered recent
basalt flows of Belknap show distinctly. \uJuerous youthful seoria cones
call be seen in the forests of the middle distnjuee. The fiats in the foreground are larglv coves-el by fluvioglocial outucasli.
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PLATE 12
(a View from LeConte Crater, looking across the Rock Mesa obsidian

flow to the South Sister. The older desnirled scoria cone of the South
Sister lies to the right of the sunnriit.
(b) Tile Rock Mesa obsidian flow. doining it on the right, the Leflonte
Crater. The curious, hummock ground to the right of the obsidian is a
basalt flow from LeCente ('rater covered by eecta from a vent under
Rock Mesa. Bachelor Butte in the center distance.
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Photo BRUBAKER AERIAL SURVEYS
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