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Base for Three Sisters Wilderness from U.S.
Forest Service map compiled in U.S.F.S. Region
VI office, modified from U.S. Geological Survey,

1:62,500: Chucksney Mountain, McKenzie Bridge,
1955; Broken Top, Sisters, Three Fingered Jack,
Three Sisters, 1959; and 1:24,000: Bachelor
Butte, Crane Prairie Reservoir, Elk Lake, Irish
Mountain, Packsaddle Mountain, 1963
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McKenzie Bridge, 1955
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DESCRIPTION OF MAP UNITS

Snow and ice (Holocene)--Areas covered by glaciers and permanent snow
on and around North, Middle, and South Sister and Broken Top; small
ice- and snow-covered areas are not delineated

Young rhyodacite flows and domes (Holocene)--Glassy, porphyritic,
massive to flow-banded rhyodacite. Flow tops are commonly
pumiceous. Includes flow which forms Rock Mesa, small dome and
vents northeast of Rock Mesa, and fissure-fed chain of flows and
small domes that extends from the northeast flank of South Sister
southward beyond the wilderness to Devils Hill. Tephra diposits
related to these flows and domes are about 2000 to 2900 Lac years
old (Taylor, 1978; D.R. Mullineaux, written commun., 1979)

Young rhyodacitic near—vent tephra deposits (Holocene)--
Unconsolidated pumiceous ash, lapilli, and blocks and accidental
fragments in massive to bedded deposits surrounding vents for unit
Qyr. Locally includes small pumiceous pyroclastic flows. Deposits
mapped only where they deeply bury underlying rock units. Thick
pumiceous tephra deposits around Rock Mesa mostly cover basaltic
andesite flow (Qyba) from Le Conte Crater on Wickiup Plain.
Related very thin pumice air-fall deposits veneer the surface of
much of the wilderness. Carbon-fourteen ages of charcoal from
between pumice tephra units range from about 2,000 to 2,600 years
B. P. (Taylor, 1978; D.R. Mullineaux, written commun., 1979);
youngest tephra deposit is not dated, but is younger than 2,000
years B.P.

Young basaltic andesite flows (Holocene)--Very fresh, unglaciated
basaltic andesite flows derived from Belknap Crater, Little
Belknap, south flank of Belknap Crater, and Twin Craters, all north
of the Three Sisters Wilderness; and from Collier Cone and Yapoah
Crater in the wilderness. Younger than Mazama ash. Age 1,500 to
3,000 lac years B.P. based on carbon from beneath flows (Taylor,
1968, 1981). Also includes undated flows older than Mazama ash
from Sims Butte near northwest border of wilderness and from vents
on Bachelor Butte southeast of wilderness

Young basalt flows (Holocene)--Very fresh, unglaciated basalt flows
derived from vents on Bachelor Butte, and at Cayuse Crater and
Belknap Crater. Flows are commonly slightly older than associated
flows of unit Qyba

Young andesite flows (Holocene)--Includes flows from vents at Four-—
in-One Cone and Collier Cone. TFlow from Four-in-One Cone has a C
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Young cinder cone deposits (Holocene)--Rudely bedded bombs, blocks,
lapilli, and ash of basaltic to andesitic composition which form
cones. These vent deposits are egsentially the same age as
associated flow units, Qyba, Qyb, and Qya

Mazama ash (Holocene) Not shown on map——Pumiceous alr-fall ash
deposit derived from climactic eruption of Mount Mazama (Crater
Lake) about 60 mi south of map area. Thin discontinous deposit
forms useful time marker with which to distinguish relative ages of
young deposits. Carbon-fourteen age about 6,845 years B.P. (Bacon,
1983)

Young glacial deposits (Holocenme)--Poorly sorted rock debris in
terminal, lateral, recessional, and ground moraines on North
Sister, Middle Sister, South Sister, Broken Top, and Bachelor
Butte. Includes deposits from both Neo- and active glaciation

Alluvium (Holocene and Pleistocene)--Glacial outwash deposits,
fluvial sand and gravel, and talus deposits

Landslide deposits (Holocene and Pleistocene)--Distinguished only in
western part of map area

—Qg—— Glacial deposits (Pleistocene)--Terminal; lateral, recessional, and —
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ground moraines formed of angular to subrounded cobbles and
boulders in a poorly sorted sand- to fine clay—size matrix. Mostly
late Pleistocene in age and formed during the Cabot Creek
glaciation of Scott (1977), but in northeasternmost and western
parts of map area includes older more weathered glacial deposits
that probably formed during or before the Jack Creek glaciation of
Scott (1977)

Basaltic andesite and basalt flows (Pleistocene)-—Nearly aphyric to
moderately porphyritic basaltic andesite and lesser basalt.
Generally glaciated; remanent magnetization is normally
polarized. Includes flows on the flanks of North Sister, Middle
Sister, and Broken Top

Andesite flows (Pleistocene)—--Nearly aphyric to moderately
porphyritic andesite. Glaciated; remanent magnetization is
normally polarity. Includes flows associated with Middle Sister

and South Sister

Cinder deposits (Pleistocene)--Bombs, blocks, lapilli, and ash of
basaltic to andesitic composition that form well-preserved to
deeply eroded cinder cones. Glaciated; some former cones show
inverted topography with areas once consisting of loose cinders now
represented by topographic lows. Invaded by dikes and small plugs
(Qi). Related to units Qba and Qa

Mafic vent complexes (Pleistocene)--Accumulations of flows and lesser
pyroclastic deposits which commonly form lava shields. Shown only
where vents are not indicated by cinder cones or intrusive rocks

Palagonite tuff (Pleistocene)--Palagonitized glassy basaltic andesite
lapilli tuff. Textures suggest water—quenching during eruption

Intrusive rocks (Pleistocene)--Basalt, basaltic andesit?, and
andesite dikes, small plugs, and irregular—spaped bodies associated
with eroded composite volcanoes and deeply eroded cinder cones

Ash—flow tuff (Pleistocene)--Unwelded to partially welded pyroclastic
flow deposits. Includes dacitic tuff exposed in summit cone of
Broken Top, and andesitic tuff exposed in North Fork of Squaw
Creek, east of North Sister

Rhyodacite and dacite (Pleistocene)--Glassy to fine grained, aphyric
to porphyritic, platy to massive flows and domes. Occurs in broad
area surrounding Middle Sister, South Sister, and Broken Top.
Includes rhyodacite ash beds and pumiceous tuff cone deposits near
Broken Top (see Taylor, 1978). Normally polarized; glaciated

Basaltic andesite and basalt (Pleistocene and late Pliocene)--Lava
flows similar in composition and form to those in unit Qba, but
probably largely older. Includes reversely polarized flows»in a
broad area around Mink Lake which are probably early Pleistocene in
age; contact between units QTb and Qba in this area is based on
scattered paleomagnetic observations. Flows in this uait alsfg
canyons in the western part of the wilderness show normal and
reversed magnetic polarity and presumably are late Pliocene and
early Pleistocene in age, but may locally correlate with unit Tba

Mafic vent complexes (Pleisotcene and late Pliocene)—-Similar to unit
Qmv but more deeply eroded and, therefore, presumably older in age;
locally includes flows with reversed magnetic polarity. Flows
which form Packsaddle Mountain and Little Roundtop Mountain are
probably derived from vent in the glaciated saddle between them

Basalt and andesite (Pliocene and late Miocene)--Flows and flow
breccia of porous (commonly diktytaxitic), aphyric or porphyritic
olivine basalt, basaltic andesite, and minor hypersthene and
hypersthene—augite andesite. Caps ridges in western part of map
area (French Pete Addition) and is locally exposed beneath glacial
deposits (Qg) at tops of canyon walls extending eastward into main
part of wilderness. KX/Ar ages determined on flows in this sequence
are highly discordant, but age is probably about 6 Ma (Flaherty,
1981)

Tuffaceous sedimentary rocks (late Miocene)--Light-colored dacitic or
rhyodacitic fine-grained, poorly bedded tuffaceous sedimentary
rocks and some interlayers of pebble conglomerate that fill a
paleo-stream valley developed in strata of unit Tv

Older volcanic rocks (late and middle Miocene)-—Predominantly flows,
breccia, mudflows (lahars), tuff, and volcanic conglomerate of
hypersthene and hypersthene-augite andesite and basaltic andesite;
also includes olivine and olivine-hypersthene basaltic andesite,
ophitic olivine basalt, dacitic or rhyodacitic tuff, and minor
hornblende—-bearing andesite. Sequence is several thousand feet
thick and lower contact is not exposed. Plagioclase in lower part
of sequence is partly altered to zeolites, calcite, and clay
minerals; olivine is commonly altered to nontronite, iddingsite,
and bowlingite. Upper part of sequence mostly unaltered, although
olivine is commonly iddingsitized. Based on K/Ar ages of rocks in
this unit in surrounding areas (Flaherty, 1981; Brown and others,
1980; Priest and Vogt, 1982), it apparently ranges in age from
about 16 to 10 Ma

Intrusive rocks (late and middle Miocene)--Andesite and basalt dikes
related to unit Tv

Contact-—approximately located

Contact between separate lava flows of unit Qyba
Fault—-approximately located

Strike and dip of inclined beds

Direction of movement of Holocene lava flows
Vent deposits

Pleistocene silicic rocks

Pleistocene dikes and fewer sills in unit Qi

Approximate boundary of Three Sisters Wilderness
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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, Sept. 3, 1964) and related acts
require the U.S. Geological Survey and the U.S. Bureau of Mines to survey
certain areas on Federal lands to determine their mineral. resource
potential. Results must be made available to the public and be submitted to
the President and Congress. This report presents the results of a geologic
survey of the Three Sisters Wilderness, Deschutes and Willamette National
Forests, Deschutes, Lane, and Linn Counties, Oregon.

GEOLOGY

The Three Sisters Wilderness is mostly in the High Cascades physiographic
province of Oregon, which is the central part of an active continental
volcanic arc extending from northern California to southern British
Columbia. In Oregon, this arc is formed of numerous mafic lava flows, cinder
cones, shield volcanoes, and large stratovolcanoes, such as the Three
Sisters. The western part of the wilderness is in the Western Cascades
physiographic province, a region of older volcanic rocks between the High
Cascades and the Willamette Valley

Prior studies of the area include: Williams (3944, 1957); Taylor (1965,
1967, 1968, 1978, 1981); Peck and others (1964); Anttonen (1972); Peterson
and others (1976); Brown and others (1980); and Flaherty (1981). Mineral
resources of the Three Sisters Wilderness are discussed by MacLeod and others
(1983) and MacLeod and Causey (1983).

The Three Sisters Wilderness is underlain entirely by upper Cenozoic
volcanic rocks and sedimentary deposits derived from them. The oldest rocks,
a sequence of gently dipping flows and pyroclastic rocks, occur in the western
part of the wilderness (French Pete Addition) in the Western Cascades
province. K/Ar ages of these oldest flows, from areas mostly outside the
wilderness, suggest they are about 10 to 16 Ma old (Flaherty, 1981; Priest and
Vogt, 1982, Appendix A; R.A. Duncan, written commun., 1982); a few ages as
young as 8 Ma may result from rock alteration. These older rocks are overlain
by a discontinuous sequence of epiclastic sediments and nearly flat-lying
basalt flows, which form the tops of most ridges in the French Pete
Addition. These capping flows have yielded K/Ar ages mostly between 6 and 10
Ma (Flaherty, 1981; Fiebelkorn and others, 1982; Priest and Vogt, 1982).

The High Cascades part of the Three Sisters Wilderness is underlain by
upper Pliocene, Pleistocene and Holocene volcanic rocks and derivative glacial
and alluvial deposits. The oldest rocks in this part of the wilderness are
basalt and basaltic andesite flows exposed in the walls of deep canyons that
dissect the west side of the wilderness, such as at Separation Creeks K/Ar
ages as old as 8 Ma were obtained on some of these flows (Priest and Vogt,
1982, Appendix A), but more dating is needed inasmuch as geologic relations
suggest that most of these flows are much younger, perhaps 2-3 Ma or less.

Pleistocene basaltic andesite and basalt are the dominant rock types in
the wilderness. Basaltic andesite (53 to 58 percent SiO,) is generally more
abundant than basalt (less than 53 percent SiOz) except in the lower parts of
the 'volcanic sequence. The flows are glaciated and commonly covered by a
discontinuous veneer of glacial deposits. Cinder cones, stratovolcanoes, and
lava shields are abundant, especially near the axis of the range. They are
variably glaciated. Some volcanoes retain most of their original form, others
are so deeply glaciated that little remains to indicate their location except
remanents of plugs and dikes that once laced them. Major deeply glaciated
volcanoes include Little Brother, The Wife, The Husband, Proxy Point, Sphinx
Butte, Substitute Point, Horse Mountain, and Irish Mountain. Absolute ages of
Pleistocene mafic flows are poorly known, but most flows have normal magnetic
polarity and are likely less than 0.7 Ma old. The flows that cover a large
area around and south of Mink Lake and along the west border of the wilderness
area, however, have reverse magnetic polarity and are likely older than 0.7
Ma.

Intermediate and silicic volcanic rocks of Pleistocene age are
interlayered with and overlie the more widespread flows of basaltic andesite
and basalt in a broad region extending from Obsidian Cliffs (west of North
Sister) southward to Kokostick Butte (south of South Sister) and eastward
beyond the east margin of the wilderness in the region surrounding Broken
Top. They consist of andesite, dacite, and rhyodacite flows, domes; and
pyroclastic rocks.

North Sister, Middle Sister, South Sister, and Broken Top are Pleistocene
stratovolcanoes composed of interlayered thin flows and pyroclastic deposits
and of dikes and plugs. North Sister is formed of basaltic andesite; Middle
Sister is mostly basalt, but also contains basaltic andesite, andesite,
dacite, and rhyodacite; South Sister is mostly andesite, but also contains
dacite and rhyodacite; and Broken Top is basaltic andesite with dacite and
rhyodacite. None of the rocks that form these stratovolcanoes have been dated
by radiometric methods, but relations of the deposits indicate North Sister
and Broken Top are the oldest, Middle Sister is younger than North Sister, and
South Sister is the youngest. Andesite flows and pyroclastic rocks were
erupted from the summit of South Sister during the Holocene. Active glaciers
and large areas of permanent snowfield are present on these four major
stratovolcanoes.

Holocene mafic and intermediate flows and related vent deposits are
widespread in a broad area generally west and north of North Sister and SY%th
of South Sister and Broken Top. Charcoal from beneath flows has yielded " 7C
ages of as young as 1500 years. Holocene silicic flows, domes, and
pyroclastic rocks occur around the south and east sides of South Sister. Rock
Mesa.is a thick stubby rhyodacite flow south of South Sister, and small domes
and pyroclastic vent deposits occur less than one mile northeast.. A belt of
rhyodacite flows, domes, and pyroclastic deposits extends northward from State
Highway 46 near Devils Hill up and across the east flank of South Sister.

Pumiceous pyroclastic deposits related to the rhyodacite flows and domes are
thick near the vents, but also occur as air-fall deposits that discontinuously
veneer most of the southern and eastern parts of the wilderness. Carbon
derived from peat deposits interlayered between these air-fall deposits has
yielded Lac ages of 2,000 to 2,900 years (Taylor, 1978; D.R. Mullineaux,
written commun., 1979).

Considering the youthfulness of volcanic activity, the highlands around
the four major stratovolcanoes likely will continue to have eruptions in the
future. Three of the stratovolcanoes have not erupted during the Holocene and
may have no future activity. South Sister, however, has been active during
the Holocene and is capable of future eruptions. The area around the Three
Sisters and Broken Top is geologically similar to that of Mount Mazama before
the climactic eruptions that produced Crater Lake (see Bacon, 1983).

STRUCTURE

The older volcanic rocks of the western part of the wilderness (French
Pete Addition) are locally faulted, but the displacements are not large.
Flaherty (1981) has mapped an east—dipping normal fault near Horse Creek, just
north of the French Pete Addition, that is on strike with normal faults mapped
farther north by Brown and others (1980). This fault may continue into the
wilderness, but if so its trace is not apparent. The Pliocene and Pleistocene
basalt and basaltic andesite flows of the High Cascades province, however, may
bank against a fault line scarp, with the actual fault trace buried by flows
younger than the fault. Faults were not observed in the High Cascades part of
the wilderness. Al may define the location of buried inactive

faults, but their alignment is more likely a response to the regional stress
field (Nakamura, 1977).

ALTERATION

Older rocks of the western part of the wilderness show variable
alteration; formerly glassy pyroclastic rocks are altered to clay minerals and
zeolites, some flows contain zeolites and clay minerals in vesicles and their
primary minerals are altered. The rocks exposed low in the section are
generally more altered than those which cap ridges. Similar alteration is
common in the volcanic rocks of other areas of the Western Cascades
province. The younger volcanic rocks of the main part of the wilderness show
only local alteration, generally near vents. :

REFERENCES CITED

Anttonen, G.J., 1972, Trace elements in High Cascade volcanic rocks, Three
Sisters area, Oregon: Stanford, Stanford University, Ph.D. dissertation,
101 p.

Bacon, C.R., 1983, Eruption history of Mount Mazama and Crater Lake caldera,
Cascade Range, U.S.A.: Journal Volcanology and Geothermal Research, v. 18,
no. 1/4, p. 57-115.

Brown, D.E., McLean, G.D., Priest, G.R., Woller, N.M., and Black, G.L., 1980,
Preliminary geology and geothermal resource potential of the Belknap -
Foley area, Oregon: Oregon Department of Geology and Mineral Industries
Open-File Report 0-80-2, 58 p.

Fiebelkorn, R.B., Walker, G.W., MacLeod, N.S., McKee, E.H., and Smith, J.G.,
1982, Index to K-Ar age determinations for the State of Oregon:
Isochron/West, no. 37, p. 3-60.

Flaherty, G.M., 1981, The Western Cascade-High Cascade Transition in the
McKenzie Bridge area, central Oregon Cascade Range: Eugene, University of
Oregon, M.S. thesis, 178 p.

MacLeod, N.S., Taylor, E.M., Sherrod, D.R., Walker, G.W., Causey, J.D., and
Willett, S.L., 1983, Mineral resource potential map of the Three Sisters
Wilderness, Deschutes, Lane, and Linn Counties, Oregon: U.S. Geological
Survey Open-File Report 83-659, 24 p.

MacLeod, N.S., and Causey, J.D., 1983, Three Sisters Wilderness, Oregon, in
Marsh, S.P., Kropschot, S.J., and Dickinson, R.G., eds., Wilderness e
Mineral Potential: U. S. Geological Survey Professional Paper 1300, p.
911-913.

Nakamura, K., 1977, Volcanoes as possible indicators of tectonic stress
orientation: Journal of Volcanology and Geothermal Research, v. 2, p. 1-
16.

Peck, D.L., Griggs, A.B., Schlicker, H.G., Wells, F.G., and Dole, H.M., 1964,
Geology of the central and northern parts of the Western Cascade Range in
Oregon: U.S. Geological Survey Professional Paper 449, 56 p.

Peterson, N.V., Groh, E.A., Taylor, E.M., and Stensland, D.E., 1976, Geology
and mineral resources of Deschutes County, Oregon: Oregon Department of
Geology and Mineral Industries Bulletin 89, 66 p.

Priest, G.R., and Vogt, B.F., eds., 1982, Geology and geothermal resources of
the Cascades, Oregon: Oregon Department of Geology and Mineral Industries
Open-File Report 0-82-7, 205 p.

Scott, W.E., 1977, Quaternary glaciation and volcanism, Metolius River area,
Oregon: Geological Society of America Bulletin, v. 88, p. 113-124.

Taylor, E.M., 1965, Recent volcanism between Three Fingered Jack and North
Sister, Oregon Cascade Range, Part I — History of volcanic activity: The
Orebin, v. 27, no. 7, p. 121-147.

1967, Recent volcanism between Three Fingered Jack and North Sister,
Oregon Cascade Range: Pullman, Washington State University, Ph.D.
dissertation, 84 p.

1968, Roadside geology, Santiam and McKenzie Pass Highways, Oregon, in
Dole, H. M., ed., Andesite Conference guidebook: Oregon Department of
Geology and Mineral Industries Bulletin, v. 62, p. 3-33.

__ 1978, Field geology of SW Broken Top quadrangle, Oregon: Oregon
Department of Geology and Mineral Industries Special Paper 2, 50 p.

1981, Central High Cascade roadside geology - Bend, Sisters, McKenzie
Pass, and Santiam Pass, Oregon, in D. A. Johnston and Julie Donnelly-
Nolan, eds., Guides to Some Volcanic Terranes in Washington, Idaho,
Oregon, and Northern California: U.S. Geological Survey Circular 838, p.
55-91.

Williams, Howel, 1944, Volcanoes of the Three Sisters region: University
California Publications Department Geological Sciences, ve. 27, no. 3, p.
37-83.

1957, A geologic map of the Bend Quadrangle, Oregon, and a reconnaissance
geologic map of the central portion of the High Cascade Mountains: Oregon
Department Geology and Mineral Industries map, scales 1:125,000
and 1:250,000.

Interior—Geological Survey, Reston, Va.— 1987

For sale by U.S. Geological Survey, Map Distribution,
Box 25286, Federal Center, Denver, CO 80225



