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Abstract approved:

The Whitewater River

area is located directly east of Mt.

Jefferson in the Cascades of central Oregon.

Approximately 90 mi2

(230 km2) were mapped (scale 1/24,000) and four new K-Ar ages and 151

major element analyses were obtained in a study of the stratigraphic
and magmatic transition from the Miocene - Pliocene Deschutes

Formation on the east to the Pliocene - Pleistocene High Cascades on

the west.
Deschutes strata in the Whitewater River area overlie late

Miocene (8-11+ m.y.) andesites, dacites, and rhyodacites along an
erosional unconformity.

The oldest Deschutes rocks exposed in the

Whitewater River area are approximately 6 m.y. old, and the youngest
are probably between 4.5 and 5 m.y. old. The oldest High Cascade
rocks exposed in the Whitewater River area are ar
old.

i

tely 4.3 m.y.

There is no evidence for a hiatus in volcanic activity between

Deschutes and High Cascade time in the Whitewater River area. Late

Pleistocene explosive volcanism, probably free Mt. Jefferson, is
evidenced in a hornblende rhyodacite pyroclastic-flow deposit which
occurs within the glacial stratigraphy

and is tentatively thought to

be between approximately 60,000 and 20,000 years old.

Deschutes strata are dominated by pyroclastic lithologies (mostly

ash-flow tuffs) with some lava flows and minor epiclastic sediment.
Cositions range mostly between basaltic andesite and dacite.

Many

Deschutes-age rocks are aphyric, high in Fed, TiO2, and alkalies, and
low in MgO, CaO, and A12O3.

They define a tholeiitic trend extending

at least from basaltic andesite to dacite that can largely be derived
through fractional crystallization of plagioclase, olivine, magnetite,

and clinopyroxene from a parent magma, probably of basaltic
composition.

These rocks are canq ositionally similar to "tholeiitic

anorogenic andesites" that are most catm my associated with areas of

crustal extension.
Rocks of High Cascade age in the Whitewater River area are mostly
lava flaws that range in ocanposition from basalt (high-alumina,
olivine tholeiite) to rhyodacite.
The High Cascade suite forms a
calc-alkalic association that is typical of subduction-related

magmatic arcs.

Fractional

iron-enrichment.

crystallization

of the basalts leads to

Fractional crystallization of the basaltic andesites

might lead to calc-alkalic compositions, but the mineral phases

necessary to deplete the magmas
clinopyroxene)

in FeO, TiO2, and CaO (magnetite and

are not common phenocryst phases in the basaltic

andesites or andesites.
Two rlOrthwest-trending, down-to-the-west normal faults with sane
possible strike-slip motion have been mapped in the upper Whitewater
River area, directly west of Lion's Head. Motion on these faults
occurred after approximately

4 m.y. ago, but probably began prior to

There is between 200 and 400 ft (60-120 m) of apparent
vertical separation on the western side of these faults. There may be
a large, northwest-trending fault running from the south end of Green
that time.

Ridge, through Bald Peter and the Whitewater River area, but this
structure is largely buried by younger volcanic rocks. There is no

evidence for a northern extension of the north-trending Green Ridge
faults, and there is no evidence for large structural displacement in

the lower Whitewater River along north- or northwest-trending
structures.
The Deschutes Formation - High Cascade transition in the
Whitewater River area is marked by a switch in the eruptive style and

in the dominant magmatic compositions during Deschutes and High
Cascade times.

Volcanism in the Whitewater River area does not appear

to have been episodic with respect to volume and/or intensity; rather,

the character of magmatism has varied with time and with the tectonic

style through the period immediately prior to and following the

formation of the High cascade graben.
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THE DESCiUI'!S FORMATION - HIGH CASCADE TRANSITION
IN THE W}UTEWATER RIVER AREA
JEFFERSON CXXJNTY, OREGON

Introduction

Location, Physiography, and Access

The study area is located entirely within the Warm Springs Indian
Reservation in western Jefferson County, Oregon (Figure 1). It is a
remote area of great scenic beauty on the eastern flank of the Cascade

Mountains about

50 miles (80

km) northwest of the city of Bend,

Approximately 90 mil (230 km2) were napped, mostly within the

Oregon.

northern half of the Whitewater River 15 minute quadrangle in the

areas north and west of the Metolius River (Plate 1).

Geologic

mapping was done on the Mt. Jefferson, Shitike Butte, and Lion's Head

7.5-minute

U.S.G.S. unpublished

The physiography

valley

of the area is dominated

and stalled canyon

primary drainage

topographic maps.

on the eastern

by the broad glaciated

of the Whitewater River which is the

The

flank of Mt. Jefferson.

Whitewater River merges with the Metolius River to the southeast and

the canyon walls of these rivers afford exposures through a thick
stratigraphic section.

Total relief in the area is about 4300 ft

(1310 m) and local relief ranges between 1000 (305 m) and 2200 ft
(670 m).

Topographic peaks include Bald Peter, Camp Creek Butte, and

Lion's Head on the west with the less prca dnant Shitike Butte, Twin
Buttes, and Middle Butte on the east.

A veneer of glacial drift

covers much of the map area and vegetation

ranges from dense to sparse

forests.

Good

access to the canyon rims in the eastern part of the map

area is provided by a labyrinth of logging roads.

Similar roads

reach all topographic summits but locations in the westerrnmst map

area and within the canyons are accessable by foot only.
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Figure 1 - location of thesis area. (Figure modified from Smith and
Preist, 1983).
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General Geology of the Whitewater River Area

Rocks within the Whitewater River area are late Miocene to
Holocene in age and fall into the generalized stratigraphic packages
of pre-Deschutes Formation, Deschutes Formation, and High Cascade,
from oldest to youngest respectively. These units correlate with the

regional time-stratigraphic units of Priest and others (1983) as shown
in Figure 2.
Pre-Deschutes Formation lithologies include the Brown Dacite
the hornblende and pyroxene andesites of the castle Rocks
volcano (Hales, 1975; Wendl.and, in prep) and the silicic dames of
assemblage,

Shitike Butte and
Buttes dames are

in Buttes.

The ages of the Shitike and Twin

but they are thought to predate
Deschutes-age deposition in the Whitewater River area (see map unit
descriptions).
The Deschutes Formation is a varied assortment of epiclastic
silts, sands, and gravels, volcanic debris flows, andesitic-tounknown,

rhyolitic ash-flow and ash-fall tuffs, and basaltic-to-rhyodacitic
laves.

Strata exposed in the canyons of the Deschutes and Crooked
Rivers are a distal assemblage of tuffs, debris flows, and poorly
consolidated sediments with interbedded and rim-forming, sheet-like
basaltic lavas. The formation thickens and changes character to the
west, in a near-source direction, where basaltic andesite lavas
predominate, silicic lavas occur, and clastic rocks are reduced
to discontinuous interbeds.
The Deschutes Formation has been assigned to the Dalles Group by
Farooqui and others (1981), and by their definition, its distribution

is limited to the Deschutes Basin. The Deschutes Formation pinches
out against uplifted, older Tertiary volcanic strata to the north and
east. It is covered by younger, mostly mafic lavas to the south and
southwest, and is bounded structurally on the west by the Green Ridge
fault escarpment (Figures 1 and 3). The Whitewater River area lies
along the northwest margin of the Deschutes Basin, directly north of
Green Ridge. Details of Deschutes Formation stratigraphy are provided

in a later section on stratigraphy and lithology of map units.
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stratigraphy used in this volume ccepared to
the nomenclature of Priest and others (1983), the geologic time scale,
the marine magnetic scale of Ness and others (1980), and the absolute

time scale (Palmer, 1983).
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Figure 3 - Oblique aerial photograph of the Green Ridge escarPnent
looking north, toward the Whitewater River area. Metolius River in

lower left of photograph, Mt. Hood and Ollalie Butte in the

backgromd.
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The central High Cascades are volumetrically dominated by a mafic

platform

(Thayer,

1937)

composed of overlapping shield volcanos of

mainly Pleistocene age. The lavas of the platform are largely
confined to a discontinuous structural depression, the High Cascade
graben, that formed west of the Deschutes Basin begining approximately
4.5 m.y. ago (Taylor, 1981). tavas of the High Cascade platform are
typically olivine-normative,
sitionally

high-alumina tholeiites, or compo-

and petrogenetically distinct from the basalts, high-

alumina basaltic andesites (Hughes, 1982). True andesites
(SiO2 = 58-63 wt%) are volumetrically minor by comparison and have
been

spatially isolated throughout the

Quaternary.

All of the large,

compositionally diverse stratavolcanos of the central High Cascades in

Oregon have been constructed within the current normal magnetic
polarity interval (E.M. Taylor, personal cmmunication).
Deschutes Formation strata are believed to have been derived from
volcanic sources roughly coincident with the present High Cascade axis

during the period from about 4.5 to 7.6 m.y. ago (Taylor, 1981; Smith
and Snee, 1983).
This ancestral, largely Mio-Pliocene volcanic
highland is thought to have subsided into the High Cascade graben
about 4.5 m.y. ago, thus terminating or restricting Deschutes age
deposition along the eastern margin of the Cascades (Taylor, 1981).
High Cascade volcanism has since buried most or all of the silicic

eruptive centers that contributed extrabasinal material to the
Deschutes Formation.

Deposition of the Deschutes Formation is thought to have resulted
from brief periods of explosive volcanism which choked the drainage
system and caused rapid aggradation of flood-like deposits (Smith, in
prep). The upper part of the Deschutes Formation is dominated by
paleosols which probably began forming when the sediment source was
cut off by graben development along the Cascade crest. Deposition of

the Deschutes Formation was therefore not a result of regional
tectonism, but a response to intense sediment loading that resulted
from volcanic processes (Smith, in prep).

7

Previous and Current Work

No detailed geologic mapping had been done in the Whitewater
River area prior to this study. Much of the work in the surrounding
areas has been centered west of and along the Cascade crest
(Thayer, 1936, 1937; Williams, 1957; Peck and others, 1964; Walker and
others, 1966; Greene, 1968; Sutton, 1974; Rollins, 1976; White,
1980a,b; Hammond and others, 1980, 1982; Taylor, 1981; Gaunzon, 1981;
Priest and Vogt, 1983) or in the Deschutes and Crooked River areas to
the east (Russel, 1905; Steams, 1931; Chaney, 1938; Hodge, 1940;

Waters, 1968a,b; Robinson and Stensland, 1979; Taylor, 1981). A
geologic map of the Warm Springs Indian Reservation published by
Robison and Laenen in 1976 was a reconnaissance map emphasizing
hydrologic features. Master's theses at Oregon State University,
under the direction of Dr. E.M. Taylor, have outlined the stratigraphy
of the Deschutes Formation to the south and east of the Whitewater
River area (Hewitt, 1970; Stensland 1970; Hales, 1975; Jay, 1982;
Hayman, 1983; Cannon 1984; Conrey, 1985; Dill, in prep; McDannel, in
prep; Wendland, in prep). Smith, (in prep.), also at Oregon State,
has synthesized previous work and produced a basin analysis of the
Deschutes Formation.

The Whitewater River area was chosen for study because it
straddles the Deschutes Formation - High Cascade

transition.

Directly

south of this area the transition occurs at the Green Ridge

a 20 mi (32 km) long, north-south fault block, wherein
Deschutes Formation strata rise 2000 ft (610 m) above the eastern
escarpment,

margin of the High Cascade platform (Figures 1 and 3). The Whitewater
River area also affords deep exposures into the Pleistocene High

Cascade platform, thus allowing

relatively

complete documentation

of magmatic variation within the High Cascades and across the
Deschutes Formation - High Cascade boundary.

The primary objective of this study was to produce a detailed
geologic map of the Whitewater River area that will allow recognition
of the geologic relationships surroundiNg the Deschutes
Formation - High Cascade transition. Major element analyses were

8

performed on a canplete suite of rocks in order to document magmatic
variation through this transition (see Appendix 1 and Figures 5-10).
Rock Classification Map Unit Representation

No volcanic rock classification is currently in universal
acceptance among petrologists. The finely crystalline and glassy
nature of many of the rocks in the Whitewater River area make classification

1979).

based on modal mineralogy

impractical (eg. Streckeisen,

For this reason, a chemical classification (Taylor,

based on 5 weight percent silica increments

(H20-free)

1978)

has been

adopted.

Basalt ..................48 - 53 weight percent SiO2
Basaltic

Andesite....... 53

- 58 weight percent SiO2

Andesite................58 - 63

weight percent SiO2

Dacite..................63 - 68 weight percent SiO2
Rhyodacite .................> 68 weight percent SiO2
Rhyolite ...................> 73 weight percent SiO2

and......... > 4 weight percent no

This classification is similar to those
a variety

of workers

currently in use by

in the Cascades (MacLeod and others,

Priest and others, 1983; White, 1980a,b).
All map units are grouped under the headings

of pre-Deschutes

Formation (PD), Deschutes Formation (DF), or High Cascade
symbols carry

a prefix of

(HC).

Map

T (Tertiary), Q (Quaternary), QT

(Quaternary/Tertiary transition),

or H

units under these stratigraphic headings

(Holocene).

are grouped

Individual map
by composition

and assigned a number (eg. TPD-4, TDF-12, Q iC-7, etc.).
chemical

1982;

analyses are assigned

Rock

four-digit sample numbers which are

keyed to the geologic map and grouped by map unit in the appendices.
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Regional Geology

Early Tertiary Volcanism in the Pacific Northwest

Examination of time-space patterns of volcanism in the Pacific
Northwest shows that an early Tertiary volcanic field once extended

from central Oregon to western Montana and that late Tertiary and
Quaternary activity along the Cascade arc is the rennlant of this once

broad zone of volcanism (Ewing, 1980; Armstrong, 1979; Snyder, 1976).

Many early Tertiary volcanic deposits in separate locations in

Oregon, Washington, Idaho, and Montana show complete or partial
time-equivalence in the period from about 55 to 35 m.y.

These include

the Absaroka volcanics in the Yellowstone area (mostly between 54 and

45 m.y. with some activity to 36 m.y., Ewing, 1980; Armstrong, 1979;

Lipman and others, 1972), the Challis volcanics of central Idaho
(beginning between 55 and 51 m.y. and ending approximately 42 m.y.
ago, Eloren,

1983; Armstrong, 1979), the Sanpoil volcanos of north-

eastern Washington, (53 to 41 m.y., Pearson and Obradovich, 1977), and

the Clarno Formation of eastern Oregon (49 to 37 m.y., Taylor, 1981b;

Enlows and Parker, 1972; Evernden and James, 1964).

Dominantly

calc-alkalic magmatism in these regions may informally be designated
the "Challis magmatic episode" or the "Challis arc" (Armstrong, 1979).

Volcanism in the Cascades of Oregon was well established by

about 35 m.y. and has been active to the present, thus largely
post-dating the Challis episode.

The oldest radiametrically dated

rocks in the Oregon Cascades are approximately 42 m.y. old (Pierce-

Verplanck, 1985).,

It appears that volcanism in the Cascades of

western and central Oregon may have been active through some of the
same period as the similar, dominantly calc-alkalic volcanism of the

Clarno Formation in central and eastern Oregon. However, the top of
the Clarno Formation at 37 m.y. is the oldest dated John Day rock
(Taylor, 1981b).

Therefore the timing at the end of Clarno volcanism

is still unknown.
Volcanic strata of the John Day Formation of central and eastern

Oregon (37 to 23 m.y., Robinson and Brem, 1984) are thought to have
been erupted from calc-alkalic, andesitic to dacitic vents, along the
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Cascade arc.

Rhyolitic domes of John Day age that are scattered

across central Oregon (e.g. Powell Butte, Juniper Butte, Cline Butte,

Pine Mountain) are significantly more alkalic than the bulk of Clarno
(Rogers and Novitsky-Evans, 1976) or Cascade rocks (Priest and Vogt,
1983), and they are thought to have contributed only to the rhyolitic

ignimbrite and air-fall deposits of the John- Day Formation (Robinson
and Brem, 1984).
Consequently, it appears that the shift of calc-alkalic volcanism
from the Challis to the Cascade arc in Oregon took place between about

42 and 37

m.y.

23 m.y.

was significantly

ago.

Volcanism behind the Cascade arc
more

from 37 to

alkalic than that of the Challis or

the Cascade episode and thus should not be considered as part of the
geographic shift of calc-alkalic volcanism with time.

The Cascades of Oregon

The Cascade Mountains of Oregon may be separated

into the

physiographic provinces of the Western Cascades and the High Cascades
(Callahan, 1938; Peck and others, 1964; Priest and Vogt, 1983).

This

division, though largely physiographic, also corresponds approximately
with tectonic, magmatic, and geographic shifts.

The Western Cascades are a thick assemblage of compositionally
and lithologically varied volcanic strata of late Eocene to early
Pliocene age (see Priest and Vogt, 1983 for details).
These strata
were locally folded prior to late Miocene and gently uplifted and

faulted in latest Miocene and early Pliocene.

This episode of

Mio-Pliocene uplift accelerated erosion, resulting in highly dissected
topography characterized by steep-walled valleys and a mature

dendritic drainage pattern.

Little or no topographic expression of

Western Cascade volcanic centers remain.

Uplift and erosion have

exposed a series of localized epizonal intrusions along

the length of

the Western Cascades in Oregon (Buddington and Callahan, 1936; Power
and others, 1981).
The High Cascades are dominated by an accumulation of relatively
mafic lavas of Pliocene-to-Holocene age that unconformably overly the
Western Cascade assemblage. The Mio-Pliocene uplift of the western
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Cascades was accompanied, or immediately followed, by a general
subsidence on north to northwest-trending structures along much of the
High Cascade crest (Taylor, 1981; Priest and Vogt, 1983).

This subsi-

dence resulted in the formation of the High Cascade Graben, first
postulated by Allen (1966) and later modified by Taylor, (1981).

Pleistocene-to-Holocene lavas of the High Cascade platform

cczmnonly erupted along north to northwest-trending fissures or vent
aligrm*nts

(Taylor, 1981).

These lavas represent a distinct shift

toward mafic volcanism acccanpanying extensional tectonism (Priest,

1983; Taylor, 1981; Hughes, 1982).

In addition, volcanism became

centered along the narrow, north-trending axis of the High Cascades
at this time.

Basalts and basaltic andesites filled much of the

structural depression along the Cascade crest south of Mt. Jefferson

and in some cases poured over low divides into the deep drainages of
the Western Cascades.

The andesitic cones of the Cascade crest are late and volumetri-

cally minor relative to the mafic platform (Thayer, 1937).

High

Cascade physiography has been strongly modified by alpine glaciation
but the topography is constructional and the rocks show little or no
deformation.

12

Stratigraphic, and Lithologic Character

of Map Units

Field appearance, stratigraphic relationships, and general
lithologic character of mapped

units are presented here in ascending

stratigraphic order. Silica variation

and MM diagrams

(Figures 5-10)

are presented for comparison of rack chemistries. Major element
analyses, normative calculations and an outline of analytical
niques are presented in Appendix 1.

petrographic descriptions

tech-

Sample locations and supplemental

are presented

in Appendix 2.

Pre-Deschutes Formation Rocks

Pre-Deschutes Formation rocks include the Brown Dacite
assemblage (Hales, 1975; Wendland, in prep), the hornblende and

pyroxene andesites of the Castle Rocks Volcano (Hales, 1975; Wendland,
in prep.), and the silicic domes of Shitike and Twin Buttes.

Brown Dacite Assemblage

This assemblage is probably the oldest in the Whitewater River

it

have been combined into a single map

unit (PD-1, Plate 1). The unit

is exposed at the Metolius - Whitewater

area and all

rocks within

River confluence.

Reddish brown, olivine-bearing dacite and rhyoda-

breccias (pyroclastic rock nomenclature of
Schmid, 1980) make up most of the unit.
The pyroclastic breccias
dominate the assemblage (Hales, 1975) and individual clasts within
cite flows and pyroclastic

them are lithologically identical to the coherent lavas.
makes up approximately
bright red iddingsite.
the abundant

red

Olivine

3% of the mode and it is mostly altered to
The rock derives its reddish brown color from

oxides in the groundmass, probably grains of

grnass magnetite

that have been oxidized to hematite.

Major element analyses of the brown dacite from Hales
Wendland (in prep.)

(1975),

and from this work, indicate that the chemistry of

this rock is variable despite its invariable field and petrographic

appearance.

An average of comparable analyses is included in the

appendices (sample 1001) and on the variation diagrams.

This average

13

shows that the brown dacite is low in A1203 and high in K2O and

FeO relative to other rocks of cc

le silica content in the

Whitewater River area (Figures 5-10). The high FeO content of this
rock results in an extreme FeO/MgO ratio, almost twice that of any
other rock in the area.
Hales

(1975)

described minor interbeds of layered clastic

and pyroclastic dacite with dips of up to 35 degrees to the
northeast.1
In addition, Wendland (in prep.) has identified lava
flows, 3nterbedded with the dacite, that vary in ccanposition to
basaltic andesite. All rocks within this assemblage show reverse
fluxgate magnetic polarity (Wendland, in prep).
Hales (1975) radiometrically dated rocks that overly the Brown
Dacite assemblage; however, subsequent geologic mapping indicates

that there are inconsistancies between the dates and the field
relationships.

(in

The reader is referred to Conrey (1985) and Wendland

for a detailed discussion of this problem.

In general
it appears that the Brawn Dacite assemblage is greater than approximately 11 m.y. old (R.M. Coazrey, 1985 pers. con.).
prep.)

Andesites of the Castle Rocks Volcano
The Castle Rocks volcano is a deeply dissected andesitic

stratovolcano located immediately south of the Whitewater River area
at the north end of Green Ridge (Figure 1). The volcano is ccuposed
of lava flows, pyroclastic breccias, and volcanic debris flows. The

dominant lithololgy is a distinctive porphyritic andesite.

It was

erupted through and built over the brown dacite assemblage.

Andesites of the Castle Rocks Volcano are strongly porphyritic
with phenocrysts commonly in excess of 50% of the mode. In the
Whitewater River area, the phenocryst assemblage is dominated
by plagioclase and orthopyroxene with some clinopyroxene, but the
1.... Olivine crystals from a silicic white pumice out of these beds has
a composition of Fal5 (E.M. Taylor, pers. comm.). These crystals or
xenocrysts of forsteritic olivine probably 'represent contaminants in
the silicic pumice; however, it is unclear whether this pumice is the
same as the reddishbrown, olivine-bearing dacite that dominates the
lavas and pyroclastic breccias of this assemblage.
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by plagioclase and orthopyrc xene with

some

clinopyroxene, but the

distinctive phase is a bright, reddish brown amphibole - probably
oxyhornblende. Phenocrysts of oxyhornblende 1.5 an. in length are

common and I have observed crystals greater than 2.5 can. in
length.

They are normally rimmed or completely replaced by opacite

and/or a variable assemblage of granular pyroxene and fine-grained

plagioclase, biotite, magnetite, and hematite.

The birefringent,

fibrous, yellowish-green alteration product called bowlingite (Deer

and others, 1962)

is also common. Oxyhornblende crystals or their

rEnnants make up between 3% and 6% of the mode. Porphyritic
andesites are ocmmm in the Whitewater River area but the amount and
size of the oxyhornblende in many of the castle Rocks andesites is
very unusual.

Four units of Castle Rocks andesite were mapped, all show normal
fluxgate magnetic polarities.

The first unit (PD-2, Plate 1)

is a

well exposed, 200-foot-thick (60 m) lava flow of hornblende-bearing,

two-pyroxene andesite, located along the Metolius River below the

Whitewater - Metolius confluence.

The flow dips gently to the

northeast, away from the Castle Rocks volcanic center.

Columnar

joints are crudely

developed,

platy jointing.

The base of this lava is not exposed and flow

breccias were not observed.

but the flow is dominated by chaotic,
Fresh rock surfaces are a grayish blue

color and most samples contain distinctive clinopyroxene megacrysts up

to 0.5 can. in diameter. The second unit (PD-4, Plate 1) immediately
overlies PD-2 but is very poorly exposed.

Ldmited outcrops indicate

that the unit is dominantly pyroclastic breccia with relatively
little coherent lava.

The pyroclastic breccias are composed of white,

hornblende-bearing andesite clasts averaging several centimeters in

diameter, in a white, ashy matrix.

The clasts are distinctive in

their white color, soft friable character, and unusually low specific
gravity.

The matrix is similarly soft and friable.

Short, stubby

oxyhornblende crystals stand out as brown splotches in the white
rock.

Large clasts of the underlying lava flow, up to a meter in

diameter, are also included in the autoclastites but the dominant
lithology of this map unit is chemically and mineralogically distinct

from that of the underlying lava flow (see appendices).

The third
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unit (PD-3, Plate 1) is exposed at the bottom of the Whitewater River

canyon, about 2 mi (3.2 km) northwest of the Metolius - Whitewater
confluence. The rock is a distinctive Castle Rocks andesite with
oxhornblende crystals up to 1.3 can. in length. This unit is assumed
to be a lava flow although exposures are poor. The bottom of this
unit is not exposed and neither upper or lower flow breccias are exposed. The unit is overlain by ash-flaw tuffs and andesites of the
Deschutes Formation. The fourth map unit (PD-5) is the inferred
distribution of unexposed or poorly exposed andesite of the Castle
Rocks volcano.

In the study area, the andesites of the Castle Rocks volcano do
not interfinger with the underlying brown dacite assemblage or the
overlying Deschutes Formation. Radiometric age determinations on
Castle Rocks andesites (Hales, 1975) are inconsistent with field
relationships, but it appears that the volcano is probably between 9
and 11 m.y. old. The ages of the Shitike and Twin Buttes domes
relative

to the Castle Rocks volcano are unknown.

Shitike and Win Buttes
Shitike and Twin Buttes are located in the northeastern part of
the map area, directly north of Tenino Road. They both appear to be
masses of rhyodacite that are chemically distinct from
each other and from known ca positions within the Deschutes
Formation.
monolithologic

Exposures are poor but field relationships constrain the stratigraphic position of Twin Buttes with respect to the adjacent Metolius
Bench basalts. These basalts are considered to be High Cascade in
age (see later section); they lap against the Twin Buttes edifice
where the basalt/rhyodacite contact climbs 200 ft (60 m) in elevation

along the southwest margin of the butte (see Plate 1). The basalts do
not extend underneath or interfinger with the rhyodacite.

Thus, Twin

Buttes stood as a topographic high when it was partially buried by
the Metolius Bench basalts.

Shitike Butte.

A similar relationship is inferred for

Neither of the rhyodacites are exposed in the nearby

Whitewater Canyon, indicating that their areal extent is limited to
that of their topographic expression. As a result, their ages
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relative to the Deschutes Formation or older High Cascades rocks
cannot be determined in the field.

These relationships indicate that Shitike and Twin Buttes are
probably extrusive dares that were erupted during or prior to
Deschutes Formation time. The extrusive nature of the rocks is
supported by their fine-grained, and sparsely phyric textures;
the glassy rind or scoriaceous margin that would be expected
on a young extrusive dome is absent. The groundmass of these
however,

rhyodacites is extremely fine-grained but it is largely crystalline.
The well-rounded, poorly exposed profile of the buttes indicates that
they are probably fairly old. They are too far east and too low to
have been directly affected by alpine glaciation.
Discussion

The eastern part of the Whitewater River area and the north end

of Green Ridge were the site of persistent silicic to intermediate
volcanism i mediately prior to and possibly during the early part of
Deschutes Formation time. All of the silicic vents of the Deschutes
Formation and High Cascades exposed in the Whitewater River area were
located west of the longitude of Green Ridge.

Pre-Deschutes Formation rocks in the Whitewater River area are

silicic-to-intermediate volcanic deposits. Such deposits
commonly form constructional topographic features of considerable
relief.
This was probably the case in the area between the Castle
Rocks volcano and Shitike Butte. Prior to deposition of Deschutes
near-vent,

Formation strata, an ancestral Whitewater River must have followed an
easterly course between the topographic highs of Shitike Butte on the
north and the Castle Rocks volcano on the south (Figure 4). Local
relief was a minimum of 2500 ft (760 m) and this paleovalley
controlled the subsequent deposition of the Deschutes Formation in the
Whitewater River area. This view is supported by the presence of
river gravel conglomerate at the base of a thick section of
Deschutes-age, ash-flow tuffs in the NW 1/4 of Section 17, Township

The incursion of the Metolius River at the time of
faulting on Green Ridge probably resulted in eventual capture of the
105, Range 10E.

Whitewater River to form the present drainage pattern.
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Figure 4 - Cartoon depicting the evolution of the Whitewater and
Metolius River drainages.
Abbreviations
WWR - Whitewater River

MR - Metolius River

CRV - Castle Rocks Volcano

SB - Shitike Butte rhyodacite dome
TB - Twin Buttes rhyodacite dome
BAS - Basaltic andesite shield volcano
GR - Green Ridge escarpuent
NRD - North Rim Dacites
BCD

-

Big Cliff Dacite

UWA - Upper Whitewater Assemblage

M7 - Mt. Jefferson

A...... Topographic highs of pre-Deschutes Formation rocks confined
deposition of the Deschutes Formation in this area to the ancestral
valley of the Whitewater River. No pre-Deschutes rocks are exposed
west of Shitike Butte in the Whitewater River area.

B..... Faulting at

Green. Ridge diverted east-flowing drainages to the
north to form the Metolius River. Begining growth of the basaltic
andesite shield volcano confined the Metolius River to the position
between highlands to the east and west. Position of the Whitewater
River at this time is not clearly }mown.

C..... North Rim Dacites formed a broad, eastward-sloping highland that

partially buried the north flank of the basaltic andesite shield.

Position of the ancestral Whitewater River is inferred from subsequent

deposition of the valley-filling Big Cliff Dacite.

D..... Zhe Big Cliff Dacite filled the ancestral Whitewater drainage
and displaced the river to an unknown position. The Metolius Bench
basalts flowed down the Metolius River, displacing the river's
position within the confines of the highlands to the east and west of
the river. The Metolius Bench basalts are younger than the oldest
basaltic andesite shield lavas, but their age relative to any of the
younger High Cascade rocks is unknown.

E.....Formation of a highland in the uppermost Whitewater River area
with the Upper Whitewater Assemblage and the Mt. Jefferson cone
directed the Whitewater River back to the east, between the highlands
of Bald Peter on the south and the North Rim Dacites on the north.
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Deschutes
Formation
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High Cascade

time

time

postNorth Rim Dacite
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Basalts

Basaltic Andesites

A Andesites

HIGH CASCADE ROCKS

Dacites/Rhyodacites

Q Basalts
Basaltic Andesites

® Andesites
0 Ash-Flow Pumices

DESCHUTES FORMATION
ROCKS

Q Dacites/Rhyodacites
Slashed symbol denotes

aphyric lithologies

* Average Brown Dacite
Average Castle Rocks
Andesite

Q Twin and Shitike Butte

PRE-DESCHUTES FORMATION
ROCKS

Rhyodacites

Figure 5 - Key to symbols used
(Figures 6-10).

in variation diagrams and AFM diagram
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Deschutes Formation Rocks

A type section for the Deschutes Formation has not been

designated as of this writing.

Smith (in prep) has completed an

analysis of deposition in the the

Deschutes Basin, and his work will

result in a formal definition of the formation; there is however,

a clear working definition
in use.

for the Deschutes

Formation currently

The base of the Deschutes Formation in the area near the

Deschutes and Crooked Rivers is marked by a widespread basalt flow,

the "Pelton Member," which unconformably overlies basalts of the

Columbia River Group (Prineville chemical type) and interbedded
tuffaceous sediments of the Simtustus Formation (Smith and Hayman,
1983; Smith, in prep.).

The "Pelton Member" is approximately

7.6 m.y. old (Smith and Snee, 1983).
Formation is less clearly defined.

The top of the Deschutes

In the basin, the Deschutes

Formation is overlain by widespread diktytaxitic basalts which
form broad, flat benches such as those at Lower Desert and Agency

Plains, but the ages of most of these basalts are unknown and an upper
limit on the age of the Deschutes Formation cannot be satisfactorily
designated until reliable radicsnetric dates on all of the rim-forming

basalts have been obtained.2

Therefore, the top of the Deschutes

formation at this time is considered to be approximately 4.5 m.y.

based on the ages of the rocks at the crest of Green Ridge (Hales,
1975; Fiebelkorn and others, 1983; Convey, 1985).

2... These rim-forming basalts are overlain by basalts and basaltic
andesites that were erupted from shield volcanos within the Deschutes
Basin (eg. Squaw Back Ridge and Round Butte) and by lavas that entered
the basin from the south, some of which form prominent intracanyon
benches in the Deschutes and Crooked River canyons (see Robinson and
Stenslard, 1979). Many attempts have been made to date the diktytaxitic basalts of the Deschutes Formation by the K-Ar method (Everden
and James, 1964; Armstrong and others, 1975, 1976; Farooqui and
others, 1981; Bunker and others, 1981). Many of the dates produced by
these workers for these basalts are too old; the ages frequently are
not consistent with fundamental stratigraphic relationships.
This may
be the result of atmospheric argon retention in these rocks because
they were extremely volatile-rich at the time of eruption. It appears
that the Ar39 Ar40 technique may be a more effective means of dating
these rocks (Smith and Snee, 1983).
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The Deschutes Formation in the Whitewater River area has been
divided into eleven map units distinguished largely on the basis of
composition.

Major element analyses (Appendix 1) of many rocks of

Deschutes age differ

filly from

the Whitewater River area.

those of High Cascade age in

Figures 5 through 10 clearly show this

distinction as one of enrichment in alkalies, FeO, and TiO2, and
depletion in MgO, A12O3, and CaO in the Deschutes-age rocks relative
to the High

Cascade

suite.

The iron- and titanium-enriched "Deschutes

trend" will be referred to briefly in this section and discussed
further in a later section on petrogenesis.

Mafic Vent

Omnplex

The mafic vent complex is a series of basalt

and basaltic

andesite dikes and associated lava flows of probable Deschutes age.
These rocks were intruded along a single, N35W-trending dike system
that is exposed in the lower Whitewater River area, directly west of
Middle Butte (Plate 1). Basalts and basaltic andesites occupy
adjacent positions within the dike system, sometimes in what appear to
be cross-cutting relationships. The associated lavas in the canyon
walls above the dike system have unusually thick, sometimes highly
oxidized marginal flow breccias, and the surface of at least one flow
is littered with fusiform bombs up to 30 cm in length.
These bombs
and prominent flow breccias strongly suggest a near-vent location for
these lavas.
An ash-flow tuff of presumed Deschutes age is interfingered
between the porphyritic basalt lavas that are characteristic of the
mafic vent ccuplex. In addition, the magnetic polarity of most of the
mafic vent complex units is reverse as is the bulk of the Deschutes
Formation

in this area.

Rocks of the mafic vent complex have been divided into two map
units; Basalts (DF-1), and basaltic andesites (DF-2). All of the dikes
mapped in the Lower Whitewater River canyon are associated with the
mafic vent complex. Basalts of the mafic vent complex are distinctively porphyritic with total olivine plus plagioclase phenocrysts
between 27 to 43% of the mode.

Clinopyroxene phenocrysts do not occur
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in the. basalts, but the groundmass of these rocks commonly contain
orthopyroxene.

This is unusual in rocks that average 51 wt% SiO2 and

9 wt% Mg0 because orthopyroxene normally is not detectable in the
graundmass of Cascade rocks until the silica content reaches 54 to

57 wt% with 3 to 6 wt% Mg0.

There is little or no olivine in the

grourxlmass of these basalts but biotite occurs in the grounchnass of at

least one sample (1018).

The basaltic andesites of the mafic vent

complex are also porphyritic, with up to 17% modal plagioclase
phenocrysts; hcxzever, olivine and clinopyroxene make up less than 1%
of the mode.

Orthopyroxene is not a phenocryst phase in these rocks.

The groundmass assemblage is normally 9 ntergranul ar
plagioclase, and there is biotite in the gro u

pyroxenes and

ass of two analysed

basaltic andesites (samples 1019 and 1020).

The intensely porphyritic textures of the basalts of the mafic
vent complex. suggests that these rocks may have accumulated
phenocrysts.
Table 1.

Selected modal and major element data are presented in

In general the CaO and A1203 values rise with modal

plagioclase and the MgO and FeO values rise with modal olivine.

This

could result from the accumil ation of phenocxysts, or the phenocryst

ads could reflect the compositions of the magmas.

Crystal

fractionation of olivine and plagioclase should result in progressive

enrichment of the melt in TiO2, K20 and possibly Na20 (depending on

feldspar composition), but these oxides are relatively unchanged
despite large variations in A1203 and M90 values.

The relationships

among the major oxides do not fit the expected variation that would
result from crystal fractionation of olivine and plagioclase, but they

do correlate with the modal percentages of the phenocryst phases.
Note also that the most extreme MgO values occur in dike rocks which
would be expected to readily accumulate settling crystals.

These basalts are texturally and compositionally unique in this
area and they are all associated with the same vent and were probably
all erupted during a relatively short period of time.

The data appear

to be best explained by the accumulation of phenocrysts in a basalt or
basaltic andesite.

This hypothesis is supported by the coexistence of

a mafic phenocryst assemblage with a distinctly intermediate
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groundmass assemblage.

Rigorous quantitative testing of this idea

requires a detailed knowledge of phase compositions, densities, and

accurate modal analyses - all beyond the scope of this work.
NBIZ 1.
CO PARISOId OF M DAL M NER IOCY WITH SEE= ED MAJOR ELEMENT OXMES

FOR BASAIIIS OF THE MAFIC VENT CCM=. *
Sample
1012
1013
1014
1015

Place.
37
29
31
27

A1203

CaO

20.1
19.0
18.9
18.8

9.4
8.7
8.8
8.6

1016
1017
1018

18
11
11

16.7

8.1

7.6
15.6
7.5
*phenocrysts given in modal percent, oxides
15.6

Olv.

MgO

FeO

7
8
12
8

6.7
7.7
8.7
9.3

6.8
7.2
7.2
7.2
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8.8

7.6

16
11.8
16
11.9
in weight percent.

8.6
8.6

Basaltic Andesite Lavas

These basaltic andesite lavas were mapped as a single unit
(DF-3). They generally overlie Deschutes Formation strata in the
lower Whitewater

River area and

are, in turn, overlain by the basalts

of Metolius Bench; thus their stratigraphic position is unclear.

They

have been mapped as part of the Deschutes Formation, but those
basaltic andesite lavas that overly the silicic-to-intermediate
pyroclastic rocks that are clearly of Deschutes age, may represent the

earliest lavas of the High Cascade platform to transgress eastward
across the previously deposited Deschutes and Pre-Deschutes Formation
rocks.

The basaltic andesites that have been mapped within the Deschutes
Formation in the Whitewater River area, including those of the mafic
vent complex, are more strongly porphyritic than the cancan High

Cascade basaltic andesites in this

area.

Furthermore, clinopyroxene

is a more common and earlier phenocryst phase in

Deschutes-age
basaltic andesites than in the younger basaltic andesites where
orthapyroxene is normally the first pyr xene to begin crystallization
and most commonly the most abundant (see descriptions of High Cascade
basaltic andesites below).
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Andesite and Dacite Lavas

Andesite and dacite lavas of the Deschutes Formation can be
correlated and/or mapped across the lower Whitewater River canyon.

In

this manner, they form useful markers which can be used to constrain
stratigraphic and structural interpretations.

Dacite samples 1027, 1028, and 1029 (map unit DF-6, Figure 11)

have nearly identical major element compositions. They probably
represent a single lava flow exposed at three different locations in
both walls of the canyon (Plate 1).

They are megascopically glomero-

porphyritic; crystal clots dominated by plagioclase andorthopyroxene

are clearly visible in a gray matrix. Dacite sample "1026 (map unit
DF-5) is chemically similar to, but more strongly porphyritic and less
glomerophyric than the DF-6 dacite.

These dacites are mineralogically

similar. Plagioclase dominates the phenocryst assemblage with between
15 and 30% of the mode.

Ort1xpyrcxene is the most abundant ferro-

magnesian phenocryst with 3 to 9% and phenocrysts of clinapyroxene and

magnetite each make up less than 1% of the mode.

A single crystal of

hornblende altered to opacite was observed in sample 1026.

Sample number 1025 is the only porphyritic Deschutes-age andesite

lava to be mapped in the Whitewater River area (map unit DF-4).

This

lava can be mapped in both walls and across the floor of the canyon
where the river has cut a small, narrow gorge through the rock
(Plate 1).

It overlies and is in turn overlain by ash-flow tuffs of

Deschutes age.

Stratigraphically, this lava is near the exposed base

of the Deschutes Formation in the Whitewater River area.

A K-Ar date

of 5.52 + 0.71 m.y. has been obtained for this unit (Table 2).

Aphyric Lavas

Aphyric rocks of the Deschutes formation make the Deschutes
rock suite chemically distinct from that of the High Cascades in the
silica range from 54 to 64 wt% (Figures 5-10 ). These aphyric rocks
are high in alkalies, FeO, and TiO2, and low in A1203, CaO, and MgO;

they typify the "Deschutes Trend."

In hand sample, they are almost

totally aphanitic.

They always contain less than 3% and often less
than 1% modal phenocrysts in a finely crystalline to extremely finely
crystalline groundmass.

They span the silica range from basaltic
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Figure ll - DeschutFS Formation strata in the lower Whitewater river
area.

View of west canyon wall, looking west in Secl7, T1OS, R10E.

Uppermost unit

is the DF-6 dacite lava flow underlain

by the partially

welded Whitewater tiff (poorly exposed in the upper center of
photograph, resembles the overlying dacite lava). Lower brown and
gray units are a thick sequence of valley-filling ash-flow tuffs.
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andesite to dacite or high-silica andesite and thus are referred to
collectively as aphyric lavas or aphyric rocks. They also commonly
occur as dense black pumices in ash-flow tuffs (see next section).

Aphyric lavas normally show well developed platy jointing at
scale from a few centimeters to less than one centimeter.

a

This

jointing usually forms parallel to cooling surfaces and is often so
strongly developed at such a fine scale, that the rock crumbles when
broken and obtaining a hand sample may be

difficult.

A freshly broken

surface is usually aphanitic and dark gray with a pattern of green
splotches where the gro ndmass has begun to alter. Outcrops are
usually small and discontinuous and the lavas form relatively thin
flows; generally less than 3 m thick
The aphyric rocks are petrographically distinctive not only in
their low phenocryst content (which is not uncommon in the abundant
High Cascade basaltic andesites), but also in their groundmass
textures which range from intersertal to extremely finely-crystalline
and pilotaxitic. I have observed this distinctive, fine-grained
grc u dmass texture in the basaltic ande.site-to-andesite silica range
only in aphyric rocks although it also occurs in High Cascade dacites
in this area (see "North Rim Dacites" below). The phenocryst assemblage is dominated by plagioclase which may form up to approximately
3% of the mode. Clinopyroxene and olivine are the most abundant
ferromagnesian phenocrysts and lesser amounts of magnetite and
orthcpyroxene occur increasingly in samples of relatively high silica
content. Olivine crystals are always surrounded by a rim of magnetite
or granular clinopyroxene. Micrcphenocrysts of apatite occur in
sample 1040 and 1041 and there is biotite in the gro udmass of sample
1035

(the xenolith-bearing, aphyric basaltic andesite of Middle

Butte).
Aphyric lavas in the Whitewater River area have been mapped in

three units. The first map unit, DF-7, is coed of aphyric
basaltic andesite lavas. These are relatively thin flows that form
small, discontinuous platy outcrops, mostly in the northeast wall of
the lower Whitewater canyon (Plate 1). They overly pre-Deschutes
Formation rocks, and are overlain by the basalts of Metolius Bench.
A K-Ar date of 5.9 + 0.6 m.y. (Hales, 1975; Fieblekorn and others,
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1983, Table 2) indicates that these are among the oldest Deschutes
Formation rocks exposed in the Whitewater River area (see Table 2).

The magnetic polarities of these rocks are all normal and they
represent the only discernible interval of normally polarized rocks in
the Deschutes Formation in the Whitewater River area.
The second map unit, DF-8, is the xenolith-bearing lava of Middle
Butte. This lava is an aphyric basaltic andesite that is strongly
contaminated by xenoliths of porphyritic, hornblende- and
two-pyroxene-bearing andesite, probably from the Castle Rocks volcano
(see sample

It is exposed in two locations; at middle Butte
where the top of the flow is vesiculated and oxidized, and as a thick,
valley-filling flow in the northeast canyon wall where there is no
1006).

upper flow breccia or oxidized zone exposed, probably due to erosion.
The xenolith-bearing lava is not exposed in the southwest wall of the
canyon. It appears to have erupted in the vicinity of Middle Butte and
flowed a short distance to the west where it is currently exposed as a

valley-filling unit in the canyon wall (Plate 1).
The third map unit, DF-9, is wed of two, aphyric,
high-silica (62-64 wt%) andesite lava flows. One of these lavas,
sample 1040, directly overlies the andesite lava of DF-7 and it too
thick,

can be correlated between walls of the lower Whitewater River canyon
(Plate 1).
Ash-Flow Tuffs

There are at least 20 ash-flow tuffs exposed within the Deschutes
Formation in the lower Whitewater River area. Most mappable exposures
of ash-flow tuffs in the Deschutes Formation have been lumped into a
single map unit (UP-10) because several of the outcrop locations have
exposures of two or more tuffs that are too small to be mapped

A single distinctive and apparently widespread tuff,
the "Whitewater tuff" has been mapped individually because it may be
of stratigraphic importance. Pumices from twelve of the ash-flow
individually.

tuffs were analysed and Appendix 2 contains textural and mineralogical
descriptions of the pumices and field and hand specimen descriptions

of the tuffs.
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Outcrops of most of the tuffs are limited in lateral extent
because the present canyon of the Whitewater River exposes a cross

section of the paleodrainages that were filled by the tuffs in
Deschutes time. This configuration affords some thick, valley-filling
exposures,

but in general they are horizontally discontinuous.

An

example is well, displayed in the southwest wall of the lower
Whitewater River canyon where a 500-foot-thick (150 m) section
dominated by ash-flow tuffs is exposed (Plate 1, Figure 11). At the
base of this section there is approximately 15 ft (4.6 m) of bouldery

river gravel conglomerate that is overlain by a series of at least
seven ash-flow tuffs. The uppermost tuff in this sequence is an
incipiently welded, pink, dacitic "Whitewater tuff" (sample 1053). It
is the most distinctive and widespread ash-flow tuff of the Deschutes
Formation in the Whitewater River area.

ft (12-18 m) in

It averages between 40 and 60

is moderately welded and shows crudely
developed columnar joints where it is well exposed. it can be mapped
thickness,

for over 0.5 mi (0.8 lie) in the southwest canyon wall, directly
beneath the DF-6 dacite lava (Figure 11). The Whitewater Tuff can be
correlated across the canyon to the northeast wall where it is poorly
exposed but occupies the same position beneath the widespread DF-6
dacite lava at an elevation that is 150 to 200 feet lower (46-61 m)
than in the southwest canyon wall (Plate 1). This tuff may further be
correlated with a strongly welded pink tuff located on the canyon rim
directly north of the Metolius - Whitewater River confluence. Note

that these correlations are based only on field relationships of
sometimes poorly exposed units.

The "Whitewater tuff" represents the
last explosive, silicic eruption of Deschutes age preserved in the
Whitewater River area. It does not appear to have been channeled as

it overlies the bulk of the valley-filling units, and it probably
represents a fairly large eruption as it is one of the few tuffs in
this area that is welded. Thus the "Whitewater tuff" is likely to be
preserved in the Deschutes Basin to the east, probably in the area
north of the lower Metolius River. It might therefore serve as a
useful stratigraphic marker outside of the Whitewater River area.
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The only Deschutes-age air-fall tuff exposed in the whitewater
river

area underlies the sample

1046 andesitic tuff near the middle of

the valley filling section discussed above.

The deposit is composed

largely of white pumice with sandy/pebbley lithic sediment mixed into
it.

It is approximately six feet thick

developed lamination

or fine bedding

(1.8 m) and

it shows well

but can only be traced for a

before it pinches out. The airfall pumice
was probably reworked and washed into a small swale where it was
preserved by the overlying tuff.
short distance laterally

Ptimices from twelve ash-flow tuffs were analysed. Most of the
analyses were performed on the dense, weakly vesiculated, black
pumices that appear to be the dominant magmatic component of most of
the tuffs.

All of the tuffs contain light-colored and/or mixed

but these are usually small, badly altered, and nearly
impossible to sample. By contrast, the black pumices are normally
large, fresh and easily sampled. They commonly form prominent knobs
pumice,

or protuberances

in the tuffs

"black knocker"

has been adopted as an

because the matrix of the tuff is less
resistant to weathering and erosion than the dense pumice. The term

describe

is a

appropriate field term to

this occurrence (Figure 12).

The pumices range in composition from 58 to 68 wt% SiO2 but there
compositional gap between the andesitec tuffs (approximately

58 to 61 wt% Si02)
Si02).

and the

dacitic tuffs (approximately 65 to 68 wt%
Six of the tuffs are andesitic, five are dacitic and one is

rhyodacitic.

Four of

the andesitic pumices

megascopically

(1042 to 1045) are dense, black and

almost totally aphanitic.

They are distinctive in the

nearly total absence of visible plagioclase phenocrysts, and
they are
referred to here as aphyric andesites. Heavy mineral separates from

these pumice show that orthapyroxene and magnetite are the dominant
ferr magnesian phases with lesser amounts of clinopyroxene plus trace

These pumices are chemically similar to the
aphyric basaltic andesites discussed above; i.e. they are high in
olivine and apatite.

alkalies, FeO, and Ti02, and low in CaO, M90, and A1203 (see

Figures 5-10).

andesites

It appears that the aphyric basalts and basaltic

represent a genetically related suite of rocks and that they

Figure 12 - "Black )c cker" tuff. Black, aphyric pumice stand ext
against the gray matrix of an ash-flow tuff. Field width
appraximately 5 m, sample number 1044, NW 1/4, Sec 17, T1OS, R10E.
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probably represent a true liquid line of decent on a simple variation
diagram as they are almost completely void of phenocrysts.
The remaining two andesitic pumices (1046 and 1047) are visibly
plagioclase phyric in hand sample. The heavy mineral separates show

that olivine is the dominant ferranagnesian phenocryst with lesser
magnetite and clinopyroxene plus minor

orthopyroxene.

The chemical

characteristics of these pumices are similar to those of the aphyric
rocks but they are less strongly developed. Similarly, these pumice
are more strongly phyric and the phenocryst phases are less evolved.
than those that are present in the aphyric rocks. This may account
for the compositional differences between these andesitic pumices and
the aphyric andesites.

The five dacitic pimices (1048-1051 and 1053) are all distinctly
The phenocryst assemblages are dominated by plagioclase,
orthopyroxene and magnetite with lesser clinccyroxene plus trace

porphyritic.

apatite and

ilmenite.

The

distinction between the trends of the

Deschutes and High Cascade suites extends through the dacite

compositional field for FeD, TiO2, and K2O, but breaks down for the
other oxides at approximately 66 wt% SiO2. This is probably due in
part to the fixed stmt of the analyses at 100% (i.e. as silica
increase,

the other oxides must decrease) and perhaps to a decrease in

analytical accuracy at high-silica compositions.
The last pumice, a rhyodacite, is the only white pumice from the
Deschutes Formation analysed (sample 1052).
crystal-rich,

tively

It occurs in a

highly pumiceous ash-flow tuff.

The tuff is distinc-

containing no dark-colored pumice and few lithic
fragments larger than pebbles. This tuff is interfingered with
basalts of the mafic vent complex. The phenocryst assemblage is
white,

dominated by plagioclase, orthopyroxene,

clinopyroxene,

and magnetite

with minor hornblende and trace olivine, apatite, and ilmenite.
Discussion

Exposures of the Deschutes Formation in the Whitewater River area

are confined to the vicinity of the paleavalley of the ancestral
Whitewater River (see previous

discussion).

Deschutes strata pinch

out against older rocks to the south and are mapped as having been
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covered by eastward transgressing High Cascade basaltic andesites to
the north. This westward transition from older Deschutes into younger
High Cascade rocks is poorly exposed because the canyon at that

location are draped with a thick layer of glacial drift from the
terminal moraine of a Pleistocene valley glacier. The contact is
inferred because the field data are equivocal, but the K-Ar dates
suggest that there was little or no hiatus in volcanism through the
Deschutes Formation - High cascade transition in this area. The
oldest exposed High Cascade rocks in the Whitewater River area
(approximately 4.3 m.y. old, Table 2) are essentially the same age as
the youngest Deschutes Formation rocks at the crest of Green Ridge.
There is a gap in the stratigraphy of the Whitewater River area
between approximately 6 and 8 m.y.

and this corresponds closely
to that predicted by N1cBirney and others (1974, Figure 2); however,
ago,

this stratigraphic gap diminishes to the east where, in a

more

complete section, the base of the Deschutes Formation is approximately

old. The apparent gaps in the stratigraphic record in the
Whitewater River area after approximately 8 m.y. ago are probably
artifacts of erosion and limited exposure.
7.6

m.y.

The oldest dated rock in the Deschutes Formation in the
Whitewater River area is a 5.9 + 0.6 m.y. age (Hales, 1975; Fieblekorn

and others, 1983) on an

aphyric basaltic andesite in the southeast
portion of the map (probably sample 1033). Unfortunately, this is a
small Outcrop that cannot be tied unambiguously into the bulk of the
Deschutes strata in the Whitewater River area.

The magnetic polarity

of this rock is normal; it falls in the interval of magnetically
normal rocks that

is ccuposed almost entirely of the aphyric basaltic

andesites that directly overlie Pre-Deschutes rocks in the southeast
portion of the map (Plate 1). The rest of the Deschutes Formation in
the Whitewater River area was erupted during a time when the earth's

magnetic field was largely reversed.

There may have been brief

reversals to normal polarity during this interval, but they are not

well preserved in the stratigraphic record.

All of the mapped

pyroclastic rocks of Deschutes age in the Whitewater River area are
magnetically reverse.
This implies that the bulk of the Deschutes
Formation in this area was deposited through a relatively brief period
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of explosive volcanism that filled the ancestral Whitewater River
drainage with pyroclastic debris. In the Green Ridge area directly to
the south, Conrey (1985) has mapped a section of Deschutes strata that
is daninated by lava flows and contains nine polarity reversals. The
differences between the Deschutes sections preserved at Green Ridge

and in the Whitewater river area are probably in part a function
of their positions relative to the source vents; Green Ridge
represents a near-vent location, thus a more o mplete section
dominated by lava flaws is preserved.
There is no topographic expression of the Green Ridge faults in
the lower Whitewater River area and detailed mapping in this area has
found no evidence for these faults in the exposed rocks. Correlation
of geologic map units preclude offsets greater than about 80 ft (24 m)
which is approximately the resolution of the mapping (see structure
and tectonics).
The development of the Metolius and Whitewater drainages may
provide further insight into the stratigraphic and structural
evolution of the Whitewater River and Green Ridge areas. When
faulting began at Green Ridge approximately 4.5 m.y. ago (Hales, 1975;
Taylor, 1981; Conrey 1985) scarce of the streams
along the west side of
the escarpment were probably deflected to the north, forming the
ancestral Metolius River. North of the Castle Rocks volcano, the
river must have turned to an easterly course between the topographic
highs of Shitike and Twin Buttes on the north and the Castle Rocks
volcano on the south. At that time this drainage system was youthfull
and not deeply incised. These rivers were probably at an elevation
slightly less than that of the present crest of Green Ridge,
approximately 4800 ft (1460 m), which has undergone only minor erosion
since faulting began. This elevation also represents the erosional
top of the Deschutes Formation at Green Ridge. The erosional top of
the Deschutes Formation in the Whitewater River area averages approximately 3500 ft (1070 m) in elevation. The difference of over 1000 ft
(305 m) between the tap of the Deschutes Formation in these areas
may
be attributed at least in part to the erosion that took place in the
lower Whitewater River area as a result of the diversion of the
ancestral Metolius into the lower Whitewater River area. The streams
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may have ponded tmporarily behind the Green Ridge escarpment, but
they probably escaped to the east around the north end of the Castle

Rocks

volcano where the escarpment either never formed or was of low

relief.
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TABLE 2

POTASSM*-AROON AGES OF FDM IN Tim WFiITEWATER RIVER AREA*

New ages this volume

Sample 1025 ...................(whole rock) 5.5 + 0.7 m.y. Andesite
lava, silica 59-60, polarity reverse,
SE 1/4, Sec 17, T10S, R9E, elevation 2700 feet.
Analytical data: K=1.10%, *Ar4O=O.3211 x 10-6 cc/gm,
(56.7% radiogenic Ar40).
Comment: This unit is near the exposed base of the Deschutes Formation
in the Whitewater River area.
Sample 1058 ..................(Whole rock) 4.3 + 0.8 m.y.
andesite lava, silica 53-54, polarity reverse,SE 1/4,

Basaltic

Sec 1, T10S, R9E, elevation 3560 feet.

Analytical data: K=0.83%, *Ar4O=O.1347 x 10-6 cc/gm,
(33.3% radiogenic Ar40)
Ccamnent: This unit is approximately at the base of the exposed
High Cascade assemblage in the lower Whitewater River area.

Sample 1065 ..................(whole

rock) 4.1 + 0.7 m.y.
Basaltic andesite lava, silica 55-56, polarity normal,
SE 1/4,

Sec 8,

T10S, R9E, elevation 3900 feet.
data: K=0.81%, *Ar4O .1259 x 10-6 cc/gm,
(46.9% radjogenic Ar40)

Analytical

Conment: This unit is approximately at the base of the exposed
High Cascade assemblage in the upper Whitewater River area.

Sample 1059 ..................(whole rock) 2.6 + 0.2 m.y.
Basaltic
andesite

lava, silica 54-55, polarity reverse,
SW 1/4, Sec 16, T10S, R9E, elevation 4740 feet.
Analytica1 data: K=O.73%, *Ar4O=0.7301 x 10-6 cc/gm,

(10.7% radiogenic Ar40)

Ages from Hales

(1975) **

Sample 308 ...................(whole rock) 2.2 + 0.2 m.y.
Porphyritic basaltic andesite frau the Bald Peter summit.
Sample 311 ...................(whole rock) 2.1 + 0.2 m.y.
Subphyr'ic basaltic andesite from the Bald Peter summit.

Sample 328 ...................(Whole

rock)

5.9 + 0.6 m.y.

Aphyric basaltic andesite from the lower Whitewater River
area.
*dates performed by Kris McElwee in the school of
oceanography at
Oregon State University - reported errors are one standard deviation.
**ages recalculated by Fieblekorn and others (1983)
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High Cascades Rocks

Rocks of High Cascade age in the Whitewater River area have been
divided according to their relative ages and associations with respect
to source vents. Where possible, I have grouped the rocks that have
been erupted from the same or adjacent vents during approximately the
same time period.

I have then subdivided these groups on the basis of

composition (see Plate 1).

High Cascade Basaltic Andesites and Bald Peter

Approximately 30 mil (80 km2) of the central portion of the
iitewater River area are underlain by High Cascade basaltic andesites
that were erupted from one or more shield volcanos.

Radiometric dates

on five of these rocks including two from Hales (1975) and new dates
from this volume (Table 2) range in age from approximately
4.3 m.y. - the oldest High cascade rocks exposed in the Whitewater
River area, to 2.1 m.y. - the final stages of Bald peter volcanism.

I have mapped basaltic andesites in two units that can be readily
distinguished in the field. Map unit HC-l is composed of the largely
subphyric, olivine-bearing basaltic andesite lavas that volumetrically
dominate the field area (Plate 1). Map unit HC-2 is composed of
strongly porphyritic olivine and two-pyroxene-bearing basaltic
andesite lavas that are volumetrically minor and immediately overly
the voluminous subphyric basaltic andesites. Intrusive phases of
these rocks are exposed at the central plug of Bald Peter along the
southwest flank of the volcano.
Petrographically, the HC-1 basaltic andesites range frown
subphyric to porphyritic with between 1% and 15% modal plagioclase

plus olivine phenocrysts. Magnetite and pyroxene are minor
phenocrysts phases in only a few

rocks.

Plagioclase dominates the

phenocryst assemblage up to 13% of the mode. Most crystals have
large, normally zoned cores with thin sodic rims, but reverse zoning
and weak oscillatory zoning are common. Most of the large phenocrysts
(>1 mm) have mildly resorbed cores and are clouded with crystal and
glass inclusions. Occasional plagioclase phenocrysts are intensely
resorbed, corroded and embayed. Olivine phenocrysts rarely make up
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more than 2% of the

They normally show mild iddingsite
alteration but are in general sharp and clear with occasional
inclusions of small (<0.1 mm) euhedral magnetite. The grourxhnass
of these rocks ranges from relatively coarse intexgranular/intersertai
with grounc pass arthopyr,oxene, clinopyroxene, and minor olivine, to
mode.

very fine-grained intergranular/pilotaxitic, where the ferromagnesian
minerals in the groaurhnass are granular and too small to be
The dominant grourxImass phase is always plagioclase
and the ubiquitous dusty magnetite in the groundmass gives the rocks
distinguished.

their dark gray to black color.
Glomerocrysts of olivine and plagioclase are ccumnon in the
basaltic andesites. The glcaaierocrysts may be fresh with clear and
unresorbed plagioclase and olivine crystals similar to the free
phenocrysts (Figure 13). These probably result from heterogeneous
nucleation of phenocryst phases (Kirkpatrick, 1977). Alternatively
the crystals in the glomerocrysts may be more intensely corroded and
resorbed than the free phenocrysts, and the minerals, largely olivine
and plagioclase, occur in abundances that are disproportionate to the
free phenocrysts (Figure 14). In this case the glamerocrysts may
represent cognate xenoliths that have been mechanically incorporated
into the magma from the crystallizing margins of the magma chamber or
conduit. All gradations between resorbed cognate xenoliths
and fresh
glcanerocrysts can be found. Similarly, all gradations between fresh
phenocrysts and heavily corroded and resorbed xenocrysts(?) can be
found.

Two intrusive phases of these basaltic andesites are exposed at
the central plug of Bald Peter. The first intrusive is a very light
fine-grained gabbranorite which makes up the largest part of the
Bald Peter Plug. The rock is composed of an equigranular,
hypidiaunorphic mosaic of plagioclase (77%), orthopyroxene (13%),
gray,

clinopyroxene (4%), alkali feldspar (4%), magnetite (2%), and olivine
rimmed by granular pyroxene and magnetite (<l%). The
fine-grained gabbronorite itself is intruded by dikes of a
medium-grained, megacryst-bearing gabbronorite. The intrusions are
mineralogically similar; they differ in grain size and in the presence
of large pyr xene/olivine megacrysts in the younger intrusive

____- ____

¶4

Figure 13

—

-

Fresh glanerocryst of olivine and plagioclase

and
intersertal groundmass in a basaltic andesite lava (Map unit
HC-1,

sample 1060).

Crossed polars, field width=1.3

nun.
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Figure 14 - Resorbed and altered glamerocryst or cognate xenolith of
plagioclase and olivine in a basaltic andesite lava. Note the

corroded and resorted inner margins of the large plagioclase, rimmed
by clear, unresorbed outer margins. Also note the heavy iddingsite

alteration of the large olivine crystals (Map unit HC-1, sample
1071).

Plane light, field width=3.3 MM.

}5

(Figure 15).

The megacrysts may be up to 1 can in length and they
appear to center around olivine crystals which have served as a
nucleus for pyroxene growth and have themselves (the olivine crystals)

reacted to form pyroxenes.

The megacrysts are variable but consist

lamely of small, anhedral olivine crystals which are poikilitically

surr

ed by large ortho and/or clinopyr xene crystals which are in

turn surrounded by a corona of granular pyroxene (Figure 16).

In most

cases it appears that orthopyrnxene began to crystallize before
clinapyroxene.

The porphyritic basaltic andesites of map unit HC-2 are

mineralogically and texturally intermediate between the subphyric
basaltic andesites and the gabbronorite plug rocks. The phenocryst
assemblage of the porphyritic basaltic andesites is composed of 20 to

30% modal plagioclase and 4 to 6% modal orthopyroxene with trace
amounts of olivine, clinopyroxene and magnetite.
The porphyritic
basaltic andesites are volumetrically minor relative to the subphyric
basaltic andesites.
i have mapped the porphyritic basaltic andesite
lavas in only two locations.

They overly subphyric basaltic andesites

along the north wall of the Whitewater River canyon, and a single flow

of two-pyrnxene-bearing basaltic andesite microporphyry caps the Bald
Peter volcano (Figure 17). This rock also occurs in small dikes in the

area of the Bald Peter plug, but none of the porphyritic basaltic
andesites interfinger with the voluminous subphyric lavas. The
porphyritic basaltic andesites appear to be late-stage products of the

basaltic andesite volcanism that occured between 2 and 4 m.y. ago in
this area.

The oldest High Cascade basaltic andesites in the Whitewater
River area are exposed in the road-cut in the north wall of the
canyon, directly south of Shitike Butte.

These lavas are normally

less than 4 meters thick and cannot be traced for more than a few tens

of meters laterally.

Exposures in the roadcut are excellent, and
although the lavas are generally flat-lying, some of them appear to
have a gentle northward cmponent to their dip. The youngest basaltic

andesite lavas of this map unit were erupted fran the Bald peter
shield volcano.

The central plug of Bald Peter is the only basaltic
andesite vent exposed in the Whitewater River area.
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Figure 16 - Pyrmoene and olivine megacryst fr® the Bald Peter
gabbrciorite plug (Figure 15). Large, suhhedral w&-'LA')CPYZCKene
crystals oriented north-south (yellowish-pink) and east-mot (light
green) contain abundant inclusiccs of sall, nearly opaque reddish

brown olivine crystals altered to iddingsite. Anhedral, light green
mineral in laser left carrier is c1
, clear, low relief
mineral is plagioclase (Bald Peter plug, sanple 1076). Plane light,
field

width-3.3 mm.
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It is not clear whether the older basaltic andesites represent an
early phase of Bald Peter volcanism, or whether Bald Peter has been
built on the flank of an older shield volcano that was centered at
sane other location. The topographic distinction between the Bald
Peter summit and Camp Creek Butte (Plate 1) has resulted at least in

part from

glaciation.

Exposures are generally poor in this area,

but Camp Creek Butte does not appear to be a separate vent area.

In the field, one subpkyric basaltic andesite is very much like
another. There are no mappable units within this pile of subphyric
basaltic andesite above the rank of an individual lava which is
normally exposed only at a single outcrop. Further subdivision of the
basaltic andesite map units is therefore not practical. The important
point is that these basaltic andesites form a variable group of rocks
that is gradational with respect to mineralogy, texture, and
composition (see Appendices).

The Lavas of Metolius and Bear Butte Ridge
The lavas of Metolius Bench (map unit HC-3) are dcuninantly diktytaxitic, olivine-bearing basalts which overlie the Deschutes Formation
along an apparent erosional un onformity. Diktytaxitic basalts also

occur at Bear Butte Ridge (map unit HC-4) in the southwest corner of

the map, where a series of evenly layered, flat-lying subphyric
basaltic andesites and diktytaxitic basalts are exposed. Based on the
available radiometric age data and on the field relationships that I
will describe below, the Metolius Bench lavas must be younger than
approximately 4 m.y. and the Bear Butte Ridge lavas are probably
younger than approximately 2 m.y. old.
These basalts and basaltic
andesites are probably equivalent to the largely Pleistocene,
mafic-to-intermediate lavas of the High Cascade platform.
Petrographically the basalts of Metolius Bench show an overall
diktytaxitic texture. They are subphyric to porphyritic with up to
20% modal olivine plus plagioclase phenocrysts in a seriate texture.
Olivine phenocrysts as large as 2 mm in length form up to 12% of the
mode.

Most crystals are partially or completely altered to iddingsite

and they occasionally show a margin of clear, unaltered olivine
outside of the iddingsite rim.

Olivine phenocrysts ccmtcnly contain
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small (<0.1 nun) inclusions of euhedral magnetite and an occasional
inclusion of translucent brown spinal. Plagioclase phenocrysts may
form up to 7% of the node. Most plagioclase phenocrysts are partly
resorbed and clouded with glass and crystal inclusions. Glcanerocrysts of olivine and plagioclase are oommcn. Cl.inopyroxene
phenocrYsts were not observed in these rocks, but pale, purplish blue
(TiO2-rich) clinopyr+ouenes were observed in the grour mass of a few

samples. Groun mass textures are typically subophitic but range to

ophitic or intergranular and magnetite occurs interstitially as a
grountbiass phase only.

The basalts of Metolius Bench filled an erosional surface that
was cut into Deschutes and pre-Deschutes rocks. At least 30 m of
erosion into Deschutes Formation strata took place at the northern end

of the Deschutes basin, directly east of the Whitewater River area,
prior to eruption of the Metolius Bench basalts (G.A. Smith,
pers. comm.)
The stream channels that were incised into the
.

Deschutes Formation and were subsequently filled by Metolius Bench
basalts, were mostly less than 100 ft (30 m) deep; however, at one
location (NE 1/4, Sec2O, T10S, R9E) there was a channel approximately
500 ft (152 m) deep (Plate 1). This probably represents the location

of the ancestral Metolius River (Figure 4).

To the west, these
basalts bank-up against a pre-existing highland of basaltic andesite
that also post-dates the Deschutes Formation. This relationship is
exposed in the roadcut near the north wall of the canyon, directly
south of Shitike Butte. The Metolius Bench basalts overly the
subphyric basaltic andesites that are exposed in this roadcut. These
basaltic andesites have been dated at approximately
(Table

4 m.y.

The porphyritic basaltic andesite lava above the roadcut
is probably also older than the Metolius Bench basalts. This is not
apparent from the map, but loose pieces of porphyritic basaltic
andesite can be found underneath the Metolius Bench basalts in the
roadcut. This implies that the basalts are banked-up around the
margins of the basaltic andesite but do not cover it. The age of the
Metolius Bench basalts relative to the youngest basaltic andesites on
2).

Bald Peter (approximately 2 m.y.) is unknown.

50

Diktytaxitic basalts also occur at Bear Butte Ridge.

The lower

slopes of Bear Butte Ridge are

covered by glacial drift, but there are
good exposures of the basalts and subphyric basaltic andesites on the

upper slopes of the ridge. These lavas are

extremely fresh; there are

preserved ropy textures in the lavas along the crest
The Bear Butte Ridge lavas in all likelihood post-date

some beautifully
of the

ridge.

the Bald Peter lavas which probably underlie the glacial drift on the

lower slopes of the Ridge (see cross sections, Plate 2).
The vent location for the diktytaxitic basalts is of considerable
interest for its bearing on the locus of mafic volcanism at this time
and on the paleodrainage system. The Bear Butte Ridge basalts and

basaltic andesites were probably erupted from cinder cones located

near the Cascade crest around the upper reaches of Bear Butte Ridge
and Sugar Pine Ridge in the area directly southeast of Mt. Jefferson.

There is a series

across Bear Butte Ridge just west
of the Whitewater River area (see Gannon, 1981 or Harmnond, 1982). The
of dikes cutting

vent location for the Metolius Bench basalts is unknown.

These

basalts fill a deep, east trending paleovalley in the lower Whitewater

River area that probably represents the ancestral Metolius River
channel (see above).

This implies that the Metolius Bench basalts
might have originated somewhere west of the Green Ridge escarpment and

south of Bald Peter.

The area directly west of the Green Ridge

escarpment has been the site of basaltic volcanism through

Hooch of the

Quaternary (Conrey, 1985). If the Metolius Bench lavas were erupted
from anywhere directly west of Green Ridge, they would have entered
the ancestral Metolius River and spread eastward around the north end
of Green Ridge, filling and overflowing the stream channels cut into
the Deschutes Formation.
The basalts were able to spread eastward
at

the latitude of the Whitewater River area because the Green Ridge
escarpment did not extend north of the Castle Rocks volcano (see also

structure section).

The eastward-flowing lower Metolius drainage
would have been continually displaced as a result of the constant
flood of basaltic magmas and eventually, the Metolius River
must have
taken its present position far to the south against the highland
of

older pre-Deschutes and Deschutes Formation rocks.
Subsequent
eruptions of diktytaxitic basalts were of insufficient volume to
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displace the

river,

from this channel.

Diktytaxitic intracanyon flows
of the present Metolius River (Hales, 1975; Conrey, 1985; Dill, 1985;

Wendland, in prep.) are probably late stage products of the major
pulse of basaltic volcanism that initially filled the lower Metolius

drainage to form Metolius Bench.
The Metolius Bench basalts may be time-correlative with other
rim-forming basalts located west of the Deschutes River in the areas

north and east of the Witewater River area:

i.e. the basalts of

Tenino Bench, Mill Ct^eek Flat, and Schoolie Flat (Figure 18).

The

westward extent of these rim-forming basaits is unknown, but on the
basis of topography they appear to extend at least as far west as the
longitude of Green Ridge and they were probably also
derived from
vents within the Cascades.

Based on their major element compositions

(E.M. Taylor pers. ccumn.) and their apparent stratigraphic position,

these basalts appear to be equivalent to the basalts of the High
Cascade platform and as

such,

they are younger than the rim-rock lavas

located directly east of the Deschutes and/or south of the lower
Metolius River: i.e. the basalts of the lower Desert and Agency
Plains.

These basalts are ccsmpositionally distinct from the younger

basalts and are probably of Deschutes age (see footnote 1).

The
basalts of Metolius Bench, Tenino Bench, Mill Creek Flat and Schoolie
Flat probably flowed from the cascades eastward into an area where the

topography would have been inverted by erosion around the older
basalts of the lower Desert and Agency Plains.

The inverted

topography would have created a lowland to the west of the older
basalts and south of the Mutton Mtn. uplift.

This is the area that is
filled by the younger rim-forming basalts of Metolius Bench, Tenino
Bench, Mill Creek Flat and Schoolie Flat (Figure 18)
.

Juniper Flat, in the area north of the mutton mountain uplift,
(Figure 18) is probably also a younger series of basalts, but their
age relative to'the Metolius Bench basalts is not ]mown. It does not
appear that these basalts could have flowed to the north around the

west end of the mutton mountain uplift.

They too, were probably
derived from vents within the Cascades, but in areas north of the
Mutton mountains.
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Figure 17 - Basaltic And
microporphyry fmn Bald Peter summit.
Orthopyroxene and plagioclase phenocrysts with mic cphenocrysts of
plagioclase and pyroxene in a glassy groun mass. Reddish-brown opaque
mineral in lower left is olivine cmpletely altered to iddingsite (Map
unit HC-2, sample 1078). Plane light, field width=3.3 mm.
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The Lion's Head Eruptive Center

The Lion's Head eruptive center is located mostly within the
southern half of section 7, directly west of the Lion's Head peak (Sec
7, T10S, R9E).

The vent area is marked by a swarm of sub-parallel,
northwest-trending dikes3 which cut thick piles of layered
agglomerate and pyroclastic breccia (Figures 19 and 20). Some
agglomerates and breccias are flaw breccias that formed above and
below the coherent, relatively thin lavas, but in many places the
agglomerates and breccias are over 200 ft (62 m) thick with little or
no associated coherent lavas. These rocks show variable dips that
average between 10 and 15 degrees and range up to 38 degrees. There
are obvious angular discordances between series of flows within the

vent area (Figure 21). Sane of the beds in this area have been
structurally disturbed (see structure section), but the apparent
angular unconformities and variable bedding orientations must be in
part,

primary features resulting from the near-vent location of the

deposits.

Just east of the

vent,

the coherent lavas became much

thicker relative to the agglomerates and breccias, and the beds are
horizontal.
The total thickness of exposed strata in the vent is
approximately 1000 ft (305 m). The dominant lithology in the Lion's
Head eruptive center is a porphyritic, orthopyroxene-bearing andesite.
This rock forms the bulk of the bedded agglomerates and breccias,
and their associated lavas and dikes (map unit HC-5). Other
pyroclastic rocks in and around the vent include surge-bedded lapilli
tuffs and pumiceous spatter or near-vent agglutinate. Most of these
deposits appear to be andesites and dacites because the pu mices are
mostly light gray to white. One of the surge-bedded tuffs is
palagonitic. There is also a thick series of valley-filling dacites
(HC-6) within the dominantly andesitic section directly east of the
Lion's Head vent.

3....Most dikes in the vent area strike between north 20 and north 40
degrees west with an average around north 30 degrees west. The
longest dike (approximately 1.1 km) strikes north 31 degrees west.
There are also several dikes directly outside of the vent that strike
north 65 degrees east. The catposition of most of the dikes is that
of the orthopyroxene-bearing andesite, but dacite dikes are also
cannon.
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Figure 19 - Andesite dike in the

Lion's Head

eruptive center.

Agglomerate and pyroclastic breccia also of andesitic composition
visible in the lower left of photograph. SE 1/4, Sec 7, T1OS, R9E.

Figure 20 - Andesite egglcerate and pyroclastic breccia of the
Lion's Head eruptive center. Thin layer of brown, surge-bedded
palagonitic tuff is visible in the upper portion of photograph.
SW 1/4, Sec 7, T10S, R9E.
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The andesites are strongly porphyritic with between 20 and 40%
modal phenocrysts.
Plagioclase phenocrysts averaging approximately
1.2 mm in length, dominate the assemblage with an average of about 30%
of the mode.
They normally show well developed oscillatory zoning,

most often with a large calcic core (An55-65) and thin sodic rim, but

reverse zoning is camnon. Most of the large plagioclase crystals
(>1 mm) have resorted cores and are clouded with crystal and glass
inclusions.

Occasional phenocrysts of plagioclase are intensely

resorbed, corroded, embayed and ccm letely filled with inclusions of

crystals and glass.

Orthopyroxenes are consistently the dominant

ferrcoagnesian mineral averaging 5% of the mode;

they occasionally

show a thin rim of clinopyroxene around their margins.

Olivine

phenocrysts are c moon and may form up to 3% of the mode but are
always heavily altered to bowlingite.

Clinopyroxene and magnetite are
generally minor (<l%) phenocryst phases. Glamerocrysts including all

of the phenocryst phases are common in these andesites.

Ground mass

textures range from vitreous to intergranular or pilotaxitic and are
consistently more fine-grained than those of the basaltic andesites.

Gl

ysts are comnon in these andesites and they are
to those in the basaltic andesites (see above). Plagioclase,

similar

pyroacene, and olivine make up most of the glcanerocrysts, and olivine
is often present in far greater abundance in the glcmerocrysts than as

a free phenocryst phase (Figure 22).

In these cases the glomero-

represent cognate xenoliths fron the margins
of the magma chamber that have been mechanically incorporated into the
crysts almost certainly
magma.

Map unit HC-6 is composed of a thick, valley-filling sequence of
dacite lavas.

There are at least three lavas within this map unit but
the sequence is dominated by the stratigraphically lowest and thickest
flow.
This is a porphyritic, amphibole and two-pyroxene-bearing
dacite.

Phenocryst comprise approximately 26% of the mode:

20% plagioclase, 5% orthopyroxene,

and 1% magnetite with trace

phenocrysts of clinopyroxene and amphibole.

This lava is

approximately 250 ft thick (76 m) at its thickest point and columnar
jointing is strongly developed in several exposures. The

valley-filling nature of the lava is well exposed along its lower

ci)l

Figure 22 - Altered and resorbed olivine and plagioclase cognate
xenolith in an andesite lava (map unit HC-5, sample sample 1104).
Phenocrysts in the and its are mostly plagioclase and orthopyroxene
with only minor olivine. Plane light, field width=6.7 mm.
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margins.

These dacites overly and are overlain by thinly bedded

andesite lavas that were probably erupted from the Lion's Head
eruptive center.

The associated dacite dikes and silicic pyroclastic

deposits (see below) indicate that the source for these dacites was

nearby.

The three dikes exposed in the NW 1/4, Sec 17, T1OS, R9E,

directly below map unit HC-6, all appear to be dacites.

The surge-bedded, pyroclastic flow deposits and associated
pumiceous spatter or near-vent agglutinate are mapped in three
units: a surge-bedded palagonitic lapilli tuff (HC-7),

a silicic

surge-bedded lapilli tuff (HC-8) and miscellaneous lapilli tuffs
and/or pumiceous agglutinate (HC-9).
The surge-bedded palagonitic
lapilli tuff (HC-7) forms a distinctive interbed between agglomerates

and breccias within the vent area (Figure 23).

The tuff ranges in

thickness from one to three meters and generally dips hairoclinally to

the south-southeast at approximately 12 degrees.

Planar bedforms and

laminations are well developed and there are some small amplitude

cross

laminations.

large antidune structures were not observed.

The

base of the tuff is mostly ash-size particles of palagonite and black

glassy andesite in which the planar laminations and bedding and
cross laminations are best developed. The upper, more coarsely
clastic and massive part of the tuff is composed of lapilli-size
fragments of black andesite in a palagonitic matrix.

This part of the

tuff shows normal grading with respect to lithic fragments.

The tuff

tends to fill the underlying topography as it thickens over swales and

thins over humps.

Individual laminations tend to pinch-out over

protuberances in the underlying

of having scoured,

eroded,

surface.

The tuff shows good evidence

and entrained clasts of the underlying

agglomerate bed.
The magmatic ccm ,onent of the palagonitic lapilli tuff appears to

be a

dense, black andesitic pumice that occasionally shows a planar

imbrication or incipient flattening due to welding.

Palagonitization

appears to have preferentially affected the ash-size clasts; some
pumice lapilli are black and fresh and thus stand out against the

grayish-orange to dark yellowish-orange palagonitic matrix.
palagonite-forming process is probably due to alteration.

The

In one

location the top of the tuff switches abruptly to a fresh, medium gray
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Figure 23 - Suzge-bedded palagriitic tuff with planar bedforms at the
base overlain by a rnrma1ly graded top (map unit HC-7). SE 1/4, Sec
7, T10S, R9E.
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pumiceous rock with

the same fabric and grain size as the underlying
palagonitic tuff (Figure 24).
The silicic, surge-bedded lapilli tuff (HC-8) forms a distinctive
white marker at the top of the valley-filling dacite unit just west of
the Lion's Head vent. The tuff is firmly lithified but well exposed

at only one location where it is approximately four meters thick
(Figure 25). The base of the tuff is fine-grained and well sorted
relative to the upper parts of the tuff. The base shows very well
developed planar laminations and minor small amplitude cross
laminations and the coherent pumice lapilli are well rounded. The
middle and thickest portion of the tuff shows planar bedding that

results largely from the alignment

ashY/pas matrix.

of lithic

clasts within an

clasts range from lapilli to block
size and show a crude normal grading within this portion of the tuff.
The uppermost part of the tuff is a massive bed of ash with lapilli
size lithic clasts scattered throughout. The ash is fresh and white
The lithic

and the lithic lapilli are an assortment of silicic-to-intermediate
flow rocks that are widely represented in this area. This portion of

the tuff is completely massive; there is no internal structure with
respect to the lithic clasts or within the ashy matrix. At the top of
this tuff is. a bed of pumiceous spatter or near-vent agglutinate.
This bed is composed mostly of angular, gray-to-white pumice lapilli
with minor lapilli size rock fragments.
The bed shows no internal
structure. It is a strongly lithified, angular mosaic of
light-colored pumice and minor rock fragments.
Map unit HC-9 (miscellaneous tuffs and/or near-vent agglutinate)
occurs in two outcrop areas (NE 1/4, Sec 18, T1OS, R10E). The western

outcrop is a bed of gray-to-black pumiceous spatter or near-vent
agglutinate that dips 10 degrees to the north. This bed is a well
lithified

mosaic of

dark,

angular pumice and rock fragment

lapilli

that are probably andesitic in composition (Figure 26). The bed
overlies and is overlain by andesite agglomerates and pyroclastic
breccias. The eastern outcrop is a gray pumiceous bed that dips
45 degrees to the northeast. It shows some internal planar

stratification and it is probably an ash-flow tuff.

63

Figure 24 - She-bedded palagonitic tuff shawir abrupt switch to an
upper, r=-palagonitic zone of fresh gray pace (map unit HC-7).
SE 1/4, Sec 7, T10S, R1OE.

1
4'

laminated

HC-8).

tuff.

Note the finely
- Surge-bedded-, silicic lapilli
base, planar stratified middle, and massive tap (map unit
Haaaner and pack for scale. SW 1/4, Sec 8, T1OS, R9E.

Figure 25
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Figure 26 - Hard specimen of gray pumiceous agglutinate (map unit
Note the angular pumice fragments and crude, sutU orizontal

HC-9).

flattening. NE 1/4, Sec 18, T1OS, R9E.
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The andesites and dacites of the Lion's Head eruptive center
were deposited along the margin of an older basaltic andesite shield
that formed a highland to the south.

be younger than appr ximately

These andesites and dacites must

4 m.y. but their age relative to the

youngest basaltic andesites on Bald Peter

(2 m.y.) is unknown.

From

the mapped distribution of the rocks of the Lion's Head eruptive
center and the apparent paleotopography, these flows appear to have

been directed generally to the north, away from the older basaltic

andesite shield that must have become partially buried by later
rocks.

The North Rim Dacites

The north rim dacites are named for their exposures on the north

rim of the

Thitewater

Canyon from Lion's Head to Shitike Butte.

They

are composed of two distinct lithologies that are stratigraphically

separate and easily distinguished in the field.
aphyric dacites

and the

pozphyritic dacites.

These are

the platy,

These lithologic types

are further divided into two map units each.

The platy, aphyric dacites are stratigraphically below the
porphyritic dacites and they occur north of the Whitewater River
only.

The first map unit of aphyric dacite (HC-10) is a single lava

flow that is exposed for over two miles on the north rim of the

canyon southwest of Shitike Butte. The apparent dip of this lava is
approximately 2 degrees to the east and its exposed thickness averages
between 150 and 200 ft (45-60 m). This lava appears to have flowed
across an even, gently sloping surface. The second map unit of
aphyric dacite (HC-11) is a single lava that is exposed directly below
the Lion's Head summit. The dacites of map units HC-10 and HC-11 are

indistinguishable in the field.
joints at the centimeter

scale

They show strongly developed platy

and are megascopically aphanitic.

They

also occur at the same stratigraphic position above the andesites of
the Lion's Head eruptive center and below the porphyritic north rim
dacites.

The aphyric dacites contain less than 4% total phenocrysts

in an extremely finely crystalline, pilotaxitic groundmass.
phenoczyst assemblage is dominated by plagioclase with lesser
orthopyroxene, clirmpyroxene, magnetite, and apatite.

The
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The porphyritic dacites are mapped in two units located north
(HC-12) and south (HC-13) of the Whitewater River.
The lithologies
and compositions of the dacites in these areas are similar and are
probably part of the same stratigraphic package; however,
flow-for-flow correlation across the canyon has not been made.4 They
are porphyritic amphibole and two-pyroxene-bearing dacites with an
average of 13% plagioclase, 2% orthopyroxene and trace phenocrysts

of clinopyroxene, amphibole, and magnetite in a pilotaxitic to
hyalcpilitic grourdmass. North of the Whitewater River (HC-12) the
porphyritic dacites make up the Lion's Head summit and three other
outcrop areas on the rim. These rocks are poorly exposed because of

the thick mantle of glacial drift that overlies them, but the
available outcrops indicate that they flowed across a relatively even
and gently sloping surface to cover a broad area. South of the
river (HC-13) the porphyritic dacites form a thick pile that appears
to be disconformably banked against the older basaltic andesites
(Plate 2).
The north rim dacites must be younger than approximately
4 m.y. because they overly the older basaltic andesites (Table 2).
I have tentatively correlated the dacites north of the river to those
south of the river based on similarities in lithology, composition,

stratigraphic position, and paleaiagnetic polarity.5 If this
correlation is correct, the north rim dacites must be younger than
approximately 2.7 m.y. based on the radicanetric age of a basaltic
andesite from the south wall of the Whitewater canyon (Table 2). The

age of the north rim dacites relative to the youngest basaltic
andesites on Bald Peter (2.1 m.y.) and the Metolius Bench basalts is
unknown.

4. ...The porphyritc dacite from south of the river (sample 1129) was
analysed by Hales (1975). This rock contains more and larger am-

phibole than any of those that I looked at fram the north side of the
river. However the overall positions of these dacites are all very
similar (see appendices) and I have tentatively correlated them as
ttime equivalent (Plate 1).
....Twelve oriented, paleomagnetic samples were taken fran the
porphyritic dacites north of the Whitewater River. Eight of them were

reverse, three were normal, and one gave an anomalous signal. Three
porphyritic dacite samples from south of the Whitewater River are all
magnetically reverse.
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The Big Cliff Dacite

The big cliff dacite (HC-14) is named for the spectacular,
1000 ft (305 m) wall of monolithologic dacite that is exposed directly
west of the Lion's Head eruptive center (Plate 1). This dacite is a
single lava flow that cooled as one unit and has perfectly formed
columnar jointing (Figure 27). The bottcan of the lava is not exposed
because of the for apron of talus that has formed at the base of the

cliff.

The big cliff dacite is a porphyritic, amphibole and
lava.

node with 6%

plagioclase,

trace phenocrysts of

The total phenocryst content is 8% of the
1% o!r

magnetite.

roxerle, 1% green amphibole plus
The groundmass is hyalopilitic with

brown interstitial glass.
This is by far the largest lava flow exposed in the
River area. It appears to have filled a broad, north to
fresh,

Whitewater

northeast-trendin valley that was cut into the underlying andesites.
The big cliff dacite must be younger than the andesites of the Lion's
Head eruptive center, and it is probably also younger than the north
rim dacites. The younger lavas of the upper Whitewater assemblage
(see below) are banked up against the western margin of the Big Cliff

dacite and may have partially buried it prior to glaciation.
The U per Whitewater Assemblage
The upper Whitewater assemblage is a sequence of rhyodacite,
dacite, andesite and basaltic andesite lava flows that are well

exposed in the north wall of the uppermost Whitewater canyon, just

east of the canyon's headwall (Plate 1). The exposed sequence is 2000
ft thick (610 m) and the thinly layered lavas (average 3 to 4 m) dip

homoclinally to the northeast at approximately three degrees. These
lavas "sky out" toward Mt. Jefferson and appear to have originated
from the area directly southwest of their present location. This
assemblage has been mapped in three units: a thick, columnar jointed
o
ing rhyodacite lava (HC-15) at the base, a middle

series of

thinly

layered

dacite,

andesite and basaltic andesite lavas

(HC-16), and an uppermost unit of porphyritic clinopyroxene basaltic

andesite lavas

(HC-17).

- Big Cliff Dacite. View looking northeast from the floor
of the upper hitewater Valley. Note the perfectly formed collanade
and upper surface of chaotic platy jointing. Sec 12, T1OS, R9E.

Figure 27
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The basal lava flow (HC-15) is a 200 ft thick (61 m), sparsely
phyric or hopyrotene-bearing rhyodacite with well developed columnar
jointing.
This lava is flat-lying, and its contact with the gently
dipping overlying units is not exposed.
A series of thinly bedded dacite, andesite, and basaltic andesite
lavas (HC-16) overlies the basal rhyodacite. This middle series of

lavas dips to the northeast at approximately 3 degrees. Mineralogically and texturally these lavas all approximate andesites,
but their silica contents range from 55 to 65% by weight. They are
all porphyritic and they all contain variable amounts of orthopyroxene
and clinopyroxene

The basaltic andesites and to a lesser
extent the andesites also contain heavily altered phenocrysts of
olivine.

phenoacysts.

The dacite sanple that I analysed contains two pyroxenes

plus amphibole (see

The evenly layered character and
the homoclinal dip of this map unit suggests that these lavas were
derived from the same source, somewhere in the vicinity of the present
location. of Mt. Jefferson. These lavas may represent an early phase
of volcanism at Mt. Jefferson.
The uppermost map unit in this sequence (HC-17) is composed of a
few thinly layered , porphyritic clinopyroxene basaltic andesites.
These rocks are strongly porphyritic with an average of 26% plagioclase, 8% clinopyroxene, and 1% magnetite phenocrysts plus trace
appendices).

phenocrysts of orthopyroxene and olivine.

One of these basaltic

andesites contains trace phenocrysts of amphibole. These rocks are
unusual in the Whitewater River area because the dcaninant.ferromagnesian phenocryst is clinopyroxene and they contain appreciable
amounts of magnetite as a phenocryst phase. The porphyritic
clinopyroxene basaltic andesites dip gently to the northeast, but they
may be slightly unconformable over the underlying unit (HC-16). The
clinopyroxene basaltic andesites are not interbedded with the
underlying dacites, andesites, or basaltic andesites.
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Late Stage Rocks
The late stage rocks are those that have been deposited in the
present drainage system. These rocks are topographically below many
older rocks because they flowed into the present drainage system and
are thus located either on the valley walls or in the valley bottoms.
tinder these circumstances the topographically lowest rocks should be
the stratigraphically highest. In the Whitewater River area these

rocks include the

Lion's Head

intracanyon ariesite (HC-18), the

Whitewater dacite (HC-19), and the Mt. Jefferson lavas (HC-20).

All

of these have normal paleanagnetic polarities.

The

Lion's Head

intracanyon andesite (HC-18) is a single lava

flow (Appendix 1) that is exposed along the north wall of the
Whitewater canyon and in the area directly north and west of the

Lion's Head

summit (Plate 1).

The intracanyon relationship of this

lava is not well displayed at any single outcrop.

It shows abrupt

changes in thickness over short distances and the outcrops are exposed
in four separate locations in the canyon walls.

These might be

interpreted as valley-filling flows that are in the section, but the
distribution of the outcrops parallel the present east-west and
northeast-trending drainages (Plate 1).

It seems unlikely that this

drainage pattern would be filled by a lava flow, buried by subsequent
lavas, and then reincised along exactly the same trends.
The intracanyon andesite is easily recognized by its strongly
porphyritic texture. Total phenocrysts are approximately 42% of the
mode with 35% plagioclase and 7% orthapyroxene.
pyroxene occur as trace phenocrysts.

Magnetite and clino-

The outcrops of the intracanyon

andesite are frequently more lightly colored than the surrounding
andesites and dacites because the abundant plagioclase phenocrysts
give the rock a a medium light gray to light olive gray color except
when the gro nd iass is black and glassy and the rock takes on a "salt
and Pepper" appearance. The intracanyon lava forms distinctive
outcrops that are strongly jointed along arcuate surfaces.

The

arcuate joints form cuspate blocks that appear to have rotated past
one another along the joint surfaces.

The cuspate blocks range in

size from a few tens of centimeters to a couple meters in long
dimension.- The jointing is probably accentuated by frost wedging and
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it results in loose, rubbley outcrops that sometimes grade downward
into praminant talus slopes.

There are no exposed marginal flow

breccias associated with the intracanyon lava and none of the dikes or
agglomerates and pyroclastic breccias of the Lion's Head eruptive
center match the lithology of the intracanyon andesite.

intracanyon

andesite

The

is clearly not a part of the eruptive center that

produced the andesites and dacites in this area.

It was erupted

and flowed down the present drainages at a time when

the valley floors
were 1000 to 1600 ft (305 to 490 m) higher in elevation. The Lion's
Head intracanyon andesite is probably the oldest of the late stage

rocks.
The Whitewater dacite (HC-19) is a thick pile of lava that was
erupted onto the present valley wall in the westernmost Whitewater

River

just east of the canyon headwall. There is a tall, glassy
spine standing approximately 200 ft (61 m) above the valley wall.
area,

This spine probably sits directly over the conduit and the associated

lava flow is spread out down the slope below the spine. Columnar
jointing in the flow has formed at a right angle to the sloping

surface that the lava was deposited on, so the length of the columnar
joints dip approximately 45 degrees to the north. rock is a

porphyritic hornblende and orthopyroxenebearing dacite with 11%
plagioclase, 2% hornblende, and 1% orthopyroxene plus trace

phenocrysts of clinopyroxene and magnetite.

Agglomerate or near-vent

deposits associated

with the Whitewater dacite probably

have been removed by glaciation.

The exposed base of the lava is less

pyroclastic

than 500 ft (152 m) above the present valley floor indicating that the
eruption of this dacite probably postdates sane of the late
Pleistocene glaciation.

Mt. Jefferson lavas in the Whitewater river area (HC-20) are
largely andesitic-to-dacitic in composition,.

They are exposed on the

outermost eastern flank of Mt. Jefferson, directly west of Bald Peter
(Plate 1).

These lavas are poorly exposed because there are literally

hundreds of feet

of glacial drift covering the bedrock in this area.

They appear, on the basis of their topographic expression, to be
associated with Mt. Jefferson, but no attempt has been made to trace
them to their source on the mountain.
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Discussion

High Cascade volcanism in the Whitewater River area began with

the formation of one or more basaltic andesite shield volcanos that
buried most Deschutes-age

This period of volcanism began prior
to 4.3 m.y. ago and continued until approximately 2 m.y. ago with the
formation of Bald Peter.6 The eastward-flowing drainage system of the
lower Whitewater River area, which had been largely filled by
voluminous Deschutes-age pyroclastic volcanism, was probably directed
rocks.

somewhere to the north or northeast of its present position during
earliest High Cascade time (Figure 4).
After approximately 4 m.y. ago, the upper Whitewater River area

was the site of dominantly silicic to intermediate volcanism.
Volcanism at the Lion's head eruptive

center,

including the North Rim

resulted in the construction of a broad, gently sloping
highland of andesite and dacite lavas that largely buried the older
basaltic andesites. At this time the ancestral Whitewater River must
Dacites,

have been directed to the north or northeast in the area immediately

west of Lion's Head (Figure 4). Cascade volcanism south of the
Whitewater River area at this time was dominantly mafic-to-intermediate as voluminous eruptions of basalt and basaltic andesite
occurred simultaneously with subsidence of the Cascade crest along
north-south structures (Taylor, 1981; Priest and others, 1983). The
ancestral Metolius River formed in response to faulting at Green Ridge

and the highly fluid diktytaxitic basalts flooded this drainage to
form Metolius Bench in the eastern part of the Whitewater River
area.?

6.... It is unclear whether or not this period of basaltic andesite

volcanism overlapped in time with the preceeding period of of
explosive Deschutes volcanism and the subsequent period of High
Cascade volcanism.

....There is no evidence for extension of the Green Ridge Faults
1985) into the Whitewater River area.
There is a set of
northwest-trending faults that offset map units within the Lion's Head
(Conrey,

eruptive center. These faults were subsequently filled by
andesitic-to-dacitic dikes (see structural section).
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After eruption of the North Rim Dacites in the upper Whitewater
River area, the north-flowing ancestral Whitewater River was filled by
a huge dacite lava (the Big Cliff Dacite) and a large, compositionally
diverse volcanic edifice (the Upper Whitewater Assemblage) began to
form in the westernmost map area. At this time the ancestral
Whitewater River was diverted back to an easterly course and probably
probably began to assume the position that it occupies today

(Figure 4).
The Lion's Head intracanyon andesite was the earliest Late Stage
lava to flow dawn the present drainage of the upper Whitewater River,
and this lava probably pre-dates most of the late Pleistocene
glaciation. The Whitewater Dacite and the lavas of Mt Jefferson that
are exposed in the Whitewater River area flawed into areas that are
nearer to the present valley bottoms, and they probably post-date
much of the late Pleistocene glaciation.
High Cascade volcanism appears to have been continuous from the

latest Pliocene through the Pleistocene in the Whitewater River area;
there is no field evidence for the volcanic hiatus between 2 and

ago predicted by McBirney and others (1974, Figure 2).
Quaternary volcanism in the upper Whitewater River area, directly
3

north and east of Mt. Jefferson, has been almost entirely

Through the same time period, volcanism
immediately south of Mt.Jefferson and throughout most of the central
andesitic-to-dacitic.

Oregon Cascades has been dominated by basalts and basaltic andesites
(Taylor, 1968, 1978, 1981; White and McBirney, 1979). This implies

that volcanism in the

Jefferson area began to compositionally
diversify much earlier than the time span that is represented by the
present Mt. Jefferson cone which has probably been constructed
entirely within the present normal palemagnetic interval (E.M.
Taylor, pers. conmm.).

Mt.

75

Late Quaternary Glaciation and Volcanism

The physiography of the upper Whitewater River area is largely a
product of late Pleistocene glaciation.

Whitewater River is broad and

U-shaped,

The valley of the upper

and by far the most widespread

map unit is Quaternary glacial drift (Plate 1). Most or all of the
rocks described in the preceding section as late Stage may be late

Pleistocene interglacial deposits; however, there is no control
on their age other than their postdate of some glacial episode.
The volcanic products described in this section are either clearly
within a specific part of the glacial section or they post-date
glaciation altogether.

Glacial Stratigraphy
Scott (1974, 1977) studied the Quaternary glaciation and volcanism between the cascades crest and the Metolius Valley, directly
south of the Whitewater River area.

Scott (1974, 1977) distinguished

at least five glacial advances which he discussed in terms of the
following four formations.

1) The Abbott Butte formation is the oldest till in the area.
It is preserved in only a few locations and is

designated by

Scott (1977, Figure 9) as clearly pre-Wisconsin8 in age.

2) The Jack Creek formation is a widespread till that is probably
late pre-Wisconsin to mid-Wisconsin in age (Scott, 1977,

Figure 9).
3) The Cabot Creek formation is divided into the Suttle
member which is the most prominently represented
area, and the Canyon Creek member which is

cirques

and valley

heads near the

Lake

till in the

largely restricted to

cascade crest.

Scott (1977,

Figure 9) indicates that these are probably mid-to-late Wisconsin
tills.

8.... Time terminology for the Quaternary follows that used by Colman
and Pierce, 1981, p. 25-26.
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4) The Jefferson Park

formation

was described by Scott

(1974,

1977) only in the cirques of Mt. Jefferson and Three Fingered
Jack. This is believed to be a neoglacial till deposited in the
past few centuries

(Scott, 1974, 1977).

The maximum extent of Wisconsin age ice in the Whitewater
River area was approximately at the southeast bend in the Whitewater
River valley. This area is marked by the transition from a broad,

alluviated valley to a

narrow,

steep-sided

canyon.

The canyon rims

here are covered with a thick layer of till which thins rapidly to the
east and comprises the terminal moraine and outwash of the glacial
maxi nn ten .

The roadcut at the north rim where Tenino Road enters the
canyon exposes a cross section through a lateral moraine just west of
the glacial terminus. There appears to be evidence for at least two
glacial advances in this roadcut.
Depth of oxidation and the degree of soil development at the top
of a glacial deposit.are thought to be good indicators of the relative
age of the deposit (see Scott, 1974 for references). The depth of

oxidation at the crest of the moraine in the Tenino roadcut is
relatively shallow as it extends to less than a meter in depth. This
zone is underlain by well indurated, gray till which is in turn
underlain by another zone of oxidation. This lower zone of oxidation
probably represents an earlier ice advance.
The thickness of weathering rinds on stones in the oxidized zone

of a glacial deposit are good indicators of the age of the deposit
(Coleman and Pierce, 1981).

The weathering rinds on stones at the

crest of the moraine exposed at Tenino Road are very poorly developed

on all but the highly porphyritic and/or vesicular stones.

Based on

my own brief reconnaissance of weathering rinds on stones at the crest

of Jack Creek and Suttle Lake moraines in the Metolius valley, it is
my impression that the weathering rinds on stones taken from the crest
of the moraine in the Tenino roadcut are developed approximately to
the extent of those in stones frcan Suttle Lake moraines. Scott,
(1977, Figure 10) indicates that the Cabot Creek glaciation was the

most extensive glaciation within the valley of the Whitewater River.
Based on this loosely knitted information, it appears that the most
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recent ice advance preserved in the roadcut at Tenino Road is the
prominent Suttle Lake advance of the Cabot Creek glaciation. The
lower zone of oxidation may represent the Jack Creek glaciation or it
may simply be a part of the Suttle Lake member.
In the broad valley of the upper Whitewater River, approximately

seven miles west of the most eastern extent of glacial ice in the
Whitewater River

valley,

there is a prc*ninant lateral moraine on the

valley floor (Plate 1).

If the youngest moraines at the glacial

maximum represent the Suttle Lake advance of the Cabot Creek
glaciation,

then the moraine in the upper Whitewater valley probably

represents the Canyon Creek advance of the Cabot Creek glaciation.

If

this is the case, we see that both advances of the Cabot Creek
glaciation extended further to the east than the same advances in
areas to the south (Scott, 1974, Figure 16) and that the Suttle Lake
advance extended at least as far down the valley of the Whitewater
River as the preceding and widespread Jack Creek glaciation.
Mount Jefferson

Pyroclastic Deposits

Hales (1975, p. 68) was the first to describe
hornblende-bearing pumice that was scattered
around Green Ridge.

Beget

and he suggested that
Jay

(1982),

(1981)

throughout

the "alluvial"

his field area

recognized this pumice as a tephra,

it originated

in the Mt. Jefferson

vicinity.

Conrey (1985), Dill (1985) and Wendland (in prep) describe
occurrences of this distinctive, hornblende-bearing

widespread
air-fall pumice around the Metolius and Deschutes Rivers, directly
south and east of the Whitewater River area. In the Whitewater River
area, this tephra is restricted to the highest elevations on the north
rim to the west of Licn's Head (Plate 1).

The pyroclastic-flow deposit associated with this widespread
airfall is preserved in two locations in the Whitewater River area.
These are the Tenino roadcut exposure in the north wall of the
Whitewater canyon (Figure 28) and the exposure in the south wall of
the uppermost canyon, across from the Big Cliff dacite (Figure 29).

.r

A.
S

F

Figure 28 - Tenino rcadcut exposure of the late Pleistocene
pyroclastic-flow deposit from Mt. Jefferson. Note the overlying
glacial drift and the reworked, stratified upper portion of the
pyroclastic deposit. NE 1/4, Sec 11, T10S, R9E.

F,-

Figure 29 - Upper tidiitewater exposures of the late Pleistocene,
pyroclastic-flow deposit from Mt. Jefferson and overlying glacial
drift. Note the well indurated, resistant nature of the deposit in
the upper photograph. SW 1/4 Sec 13 and SE 1/4, Sec 14, TiOS, RSE.
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In both locations the pyroclastic-flaw deposit is overlain by crudely
stratified glacial drift, and although the base of the deposit is not
well exposed, it appears also to be underlain by glacial drift.

Exposures of the deposit at the upper Whitewater location are
extremely pumiceous and the outcrops are weakly indurated and

stand-out against the surrounding glacial drift.
blocks are

Pumice lapilli and
tightly packed and cohesive and give the deposit its

indurated character.

There is some planar

stratification defined by

alignment of lithic fragments in the deposit, but the stratification

Pumice and lithic fragments are mostly lapilli
size but blocks up to 25 an in diameter are cannon. Graded bedding of
lithic or pumiceous canponents was not observed.
is weakly developed.

The Tenino roadcut outcrop differs from that in the upper

roadcut exposure contains a higher percentage
accidental lithic fragments
and a lower percentage of
juvenile and cognate ccanponents (see below).
Because it is less
pumiceous and contains more loose ash, the exposure of the pyroclastic
Whitewater, in that the

of ash and

flow deposit in the Tenino roadcut is poorly

indurated.

It shows some

weakly developed planar stratification but its overall aspect is

massive.
The dominant juvenile component of the pyroclastic flow and
associated airfall is a white, hornblende-bearing rhyodacite pumice
(Table 3).
This pumice is normally fresh and silky and is characterized in hand specimen by conspicuous hornblende crystals between 1
and 4 mm in length.

The phenocryst assemblage of the pumice is

dominated by plagioclase and orthopyroxene with lesser amounts of
greenish brown hornblende. Magnetite is the least abundant phenocryst
phase but Dill (in prep) reports trace amounts of clinopyroxene in the

airfall.

The pyroclastic flow contains a variety of interesting

cognate and accidental xenoliths.

These are described individually

below.

Dense, medium gray, basaltic andesite lithic fragments occur in
abundance in the upper Whitewater exposure of the pyroclastic-flow
deposit (analysis in Table 3).

These lithic fragments are unusual in
that their normally dense, microlitic groundmass is vesiculated in
isolated pockets and veins. Where the groundmass of these fragments
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TABLE 3

MAJOR ELE[1ENT ANALYSES FROM THE M7JNT JEFFERSON
F
CLASTIC-FLOW AND AIR-FALL DEPOSITS
AND TWO ANALYSES OF HOIRNBIa1DE DACITFS FROM N OUNT JEFFERSON

(cont. on next page)

Sample
SiO2

TiO2
A1203
FeO

M90
CAO
Na2O
K2O
Total

QWP1

-

__owl

OWP2

69.5

70.8

0.47
15.5
3.5
1.0

3.0
4.5
1.94
99.41

AVWP

0.42
15.4
3.1
1.0

OWP3
68.8
0.45
16.8
3.1
0.9

2.9
4.6

69.1
0.45
15.9
3.3
1.1

2.8
4.6

PF-2
72.2
0.43
14.2
3.2
0.9

3.0
4.6

2.4
4.6

1.77
99.22

1.93
99.38

2.04
99.97

2.00
100.22

White pumice from the Tenino roadcut exposure of the Mt.
Jefferson pyroclastic-flaw deposit.

elevation 3540 feet.

NE 1/4, Sec 11, T1OS, R9E,

QWP2 - Mite pumice from the upper Whitewater valley exposure of the

Mt. Jefferson pyroclastic-flow deposit.
R8E, elevation 4960 feet.

QWP3

SW 1/4, Sec 14, T1OS,

- White pumice frcem the airfall associated with the Mt. Jefferson
pyroclaf-is-floww deposit. NW 1/4, Sec 12, T10S, RBE, elevation

5920 feet.

AVWP - Average of 11 white pumices from Dill (in prep, TED-806L, 142,
and 805), Conrey (1985, RC-276 and 114), Wendland (in prep,

DW-354 and 359), Jay (1982, sample 49) and above three samples

from this work. Standard deviations as follows: SiO2-1.3,
Ti02-0.02, A12O3-0.8, Fe0-0.2, MgO-0.2, CaO-0.2, Na20-0.2,
K2O-0.2

PF-2 - Granodioritic plutonic fragment from the upper Whitewater
exposure of the Mt. Jefferson pyroclastic-flow deposit.
SW 1/4, Sec 14, T1OS, ME, elevation 4960 feet.
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TABLE 3 (cont)

MAJOR ELEKENV ANAYISES F

4 ME MOUNT JEFFERSON

PYRO LA.STIC-FIOW AND AIR-FALL DEPOSITS
AND TWO ANALYSES OF HORNBLENDE DACITI'S FROM NOW JEFFERSON

Sa=le

CGXI

0GP1

806D

SiO2

59.8
0.86

55.2
0.95

17.8

19.8

6.5
2.7

7.2
3.3

61.7
0.82
19.1
6.3

5.3

7.3

4.5

4.1

TiO2
A1203
FeO
MgO
CaO

Na2O
1(20

Totals

1.18
98.54

3.2
6.5
4.1
1.1
102.82

0.93
98.78

806M
63.4
0.71
18.0
5.3
2.7

5.3
4.3
1.42
101.13

CHDD

S314

65.9
0.64

67.5
0.46

17.0
4.5
1.8

15.3

4.5

1.3

4.3
--1.53
100.17

3.1
3.1
5.1
1.70
97.56

CGX1 - Vesicular andesitic cognate xenolith from upper Whitewater
exposure of the Mt. Jefferson pyroclastic-flaw deposit.
SW 1/4, Sec 14, T10S, RBE, elevation 4960 feet.
QGP1 - Gray lithic fragment from the upper Whitewater exposure of the

Mt. Jefferson pyroclastic-flow deposit. SW 1/4, Sec 14, T10S,
RBE, elevation 4960 feet.

806D - Sample of gray hornblende pumice frren air-fall deposit in the
lower Metolius

River

area.

Analysis from Dill (in prep).

80614 - Sample of mixed hornblende pumice from air-fall deposit in the

lower Metolius River area. Analysis from

Dill (in prep).

QHDD - Hornblende dacite done from the northeast flank of Mt.
Jefferson. The "North Complex" of Sutton (1974). SW 1/4,
Sec 15, T10S, R8E, elevation 7000 feet. 5714 - Hornblende
dacite from Goat Peak on the south flank of Mt. Jefferson.
Analysis from Sutton (1974).
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Figure 30 - Gray lithic fragment from the Mt. Jeffezan
pyx clastic-flow deposit showing the gradual transition fran the
dense, microlitic grctarlnass an the right to the vesiculated
light-colored pumice an the left. Plagioclase phenocryst in the lower
right corner (QGP1, Table 3). Plane light, field width=1.3 mm.

Wr

Figure 31 - Poikilitic xenolith in gray lithic fragment frm the

Mt. Jefferson pyroclastic-flow deposit. Greenish brown hornblende
oikocryst
chadacrysts; of plagioclase, olivine arxi minor
magnetite (slightly thick section gives plagioclase a yellow
birefringence). Crossed polars, field width 3.3 mm.

Figure 32 - Poikilitic xenolith in gray lithic fragment from the
Mt. Jefferson pyroclastic-flow deposit. Greenish-brown hornblende
oikocryst surrounding chadactysts of plagioclase and minor olivine,
all within a dense, microlitic groinimass. Vesiculation of the
microlitic groin dmass is visible in the upper right of the
photograph. Note also the vesiculation of the groundmass invading the

boundaries between hornblende crystals in the lower
photograph. Plane light, field width=6.7 mm.

left of the

s8
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is inflated it is a lighter shade of gray (Figures 30 and 32).

These

lithic fragments are probably the uninflated version of the gray
tephra described by Dill (in prep) and the gray component of the mixed

pimices that are common in the pyroclastic-flow- and air-fall
deposits.

They are clearly cognate.

They are strongly porphyritic

with between 25 and 45% total phenocrysts and plagioclase is the

dominant phenocryst

phase.

Most plagioclase phenocrysts range between

0.5 and 2.0 mm in length, showing continuous to weakly developed
oscillatory normal zoning with large calcic cores and thin sodic
rims.

Most plagioclase crystals are mildly resorbed and contain glass

and crystalline inclusions, but occasional, usually large (>1 mm)
phenocrysts of plagioclase are intensely. resorbed and completely

clouded by crystal and glass inclusions. Greenish brawn hornblende is
the seco d most abundant phenocryst phase followed by olivine,
magnetite and orthapyronene in subequal abundances. The magnetite is
unusual in that it may be up to 0.9 mm in length and is irregularly
shaped.

Clinopyroxene occurs as a trace phenocryst phase.

The gray lithic fragments ply contain unusual xenoliths of
plagioclase and olivine that are poikilitically surrounded by
hornblende (Figures 31 and 32).

These poikilitic xenoliths may be up

to 5 can in diameter. The greenish-brown hornblende oikocrysts9 are
optically similar to the free hornblende phenocrysts in the gray
lithic fragments.

The chadacrysts10

are almost entirely olivine and

plagioclase and they occur in proportions that vary between approximately 60% plagioclase and almost 100% plagioclase. olivine

chadacrysts are rounded and enibayed but appear fresh and are similar
to the free olivine phenocrysts in the gray lithic fragments.
Plagioclase chadacrysts are also similar to the phenocrysts in the
gray lithic fragments except the plagioclase chadacrysts have sodic
rims only where they protrude out of the hornblende oikocryst and into

the microlitic graurntnass of the lithic fragments (Figure 33).

None

of the plagioclase chadacrysts are intensely resorbed and clouded as

are occasional free phenocrysts of

plagioclase.

Magnetite occurs

within the oikocrysts and may be up to 1 mm in length, but it appears
is the enclosing crystal in a poikilitic texture.
is an enclosed crystal in a poikilitic texture.

t
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to have crystallized interstitially between the chadacrysts of
plagioclase and olivine.
phases.

Pyroxenes were not observed as chadacryst

The margins of these poikilitic xenoliths are generally sharp

but very irregular because the microlitic grour mass of the gray
lithic fragments has cczim

ly invaded the boundaries between crystals

of the xenoliths causing them to break apart.

The olivine and

plagioclase chadacrysts probably represent crystals that acc mulated
and,/or crystallized on the floor or margins of the magma chamber and
were incorporated into the pyroclastic flow on eruption.

The

poikilitic hornblende and interstitial magnetite may have resulted
from rapid crystallization of the liquid in the boundary zones around

the xenoliths and in between the crystals within the xenoliths
under the relatively hydrous conditions of the rhyodacite magma
chamber.
The disaggregation of these poikilitic xenoliths has
strongly contaminated the original liquid of the gray lithic
fragments.

Any whole-rock analyses of these gray lithic fragments

(Table 3) or the associated gray pumice or mixed pumice mist be
interpreted carefully in light of this contamination.

The pyroclastic-flow deposit also contains cognate xenoliths of

vesiculated andesite.

These xenoliths are subrouded blobs with

contorted surfaces that give the xenoliths a brain-like or spongy

macroscopic appearance.

This appearance has been described as

"globular" with "finely contorted borders" (Eichelberger and Gooley,

1977) or "crenulated"
host"

(Bacon,

with borders that are "convex toward the

1983). The xenoliths are ecnpOsed of inflated clear

andesitic glass with randomly oriented phenocrysts of plagioclase,

hornblende, and orthapyraxene.

The glass is extretnely fresh and it

forms a matrix support relationship with the phenocrysts. There are
clearly two generations of phenocryst growth represented in these
vesicular xenoliths (Figure 34).

The first generation is represented

almost entirely by a few large, prismatically-shaped phenocrysts of

plagioclase. These phenocrysts show normal oscillatory zoning with

large calcic cores and thin sodic rims.
resorbed cores and corroded

crystal and

glass

They may have heavily

margins and they are usually clouded with

inclusions.

A few of the larger orthopyroxene and

amphibole phenocrysts may be included in this generation.

The second

Figure 34 - Vesiculated, cognate andesite xenolith from the late
Pleistocene pyroclastic-flow deposit of Mt. Jefferson. Note the
lame, resorted and corroded plagioclase pherioczyst and quenched
textures in the acicular orthopyroxene and hornblende phenocrysts and
the plagioclase pher crysts with glass cores.
Crossed polars, field
width=3.3 aun.
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generation of phenocrysts is represented by abundant acicular crystals
of plagioclase, hornblende, and orthopyroxene (Figures 36 and 37).

These phenocrysts may be up to 4 mm long by only 0.2 nun wide and sane
show swallowtail and sheaf-like habits (Lofgren, 1974; Cox
and others,
1979, p. 190-191). Cross sections of the acicular plagioclase
phenocrysts show that they have
the cuter boundary of the

glass cores

that mimic the shape of

crystal's cross section

(Figure 35).

These

crystal habits result from rapid crystallization of the magma
(Lofgren, 1974). The vesicular xenoliths probably represent andesitic

magma that was quenched when injected into the cooler rhyodacitic
magma (Wager, 1953; Eichelberger, 1980) that forms the bulk of the
juvenile ca ponent of the deposit.

Platonic fragments up to approximately 25 an in diameter are
common in the upper Whitewater

exposure of the pyroclastic-flow

deposit.

The plutonic fragments examined appear to be medium-grained
granodiorites, and their major element composition is similar to the

white, rhyodacitic

pumice of the pyroclastic flow and associated

airfall (Table 3). Incorporation of these granodiorite xenoliths into
the pyroclastic flow appears to have mobilized the lowest melting
fraction of the xenoliths.

The xenoliths are friable and punky

because the boundaries between subhedral plagioclase crystals are
often voids.

The quartz grains in these boundary zones are rounded
and the remaining alkali feldspar has a 2V angle less than

20 degrees.

The biotite is commonly recrystallized to a fine-grained
intergrowth with granular magnetite. Where wholesale recrystallization
of the xenoliths

occured, the texture became a granophyric mosaic of
equigranular quartz, plagioclase, and alkali feldspar which show
interpenetrating or sutured grain boundaries (Figure 38).
Uhrecrystallized grains of plagioclase and quartz in the
xenoliths
have embayed margins that are penetrated by the fine, polygonal

crystals of the granophyre. Fine-grained biotite and magnetite occur
in discrete zones that probably represent the original locations of
primary biotite.

To summarize, it appears that the Mt. Jefferson pyroclastic-flow
and associated air-fall deposit contains at least two and possibly

Fide 35 - Vesiculated,

cognate andesite xenolith fry the late

Pleistocene pyroclastic-flow deposit of Mt. Jefferson showing glass
cores within acicular plagioclase phenocrysts. Crossed polars, field
Wi dt =i

- 3 tmn -

9

Figure 36 - Vesicular, cognate andesits xenolith from the late
Pleistocene pyroclastic-flow deposit of Mt. Jefferson showing the
long, acicular hornblerxie phenocrysts. Crossed polars,
field Wi *h=1 7 mm

Figure 37 - Vesicular, cognate andVesite xenolith from the late
Pleistocene pyroclastic-flow deposit of Mt. Jefferson showing the
fresh, vesiculated, glassy groimd¢ass of the xenolith and the long,
acicular orthopyroxene and horriblende phenocrysts. Note that the
delicate phenocrysts appear to have been broken into segments by the
vesiculation of the gromtoass. F lane light, field width=l.3 am.
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Figure 38 - Partially melted and recrystallized graradioritic plutonic
fragment from the late Pleistocene pyroclastic-flow deposit of
Mt. Jefferson showing gzangIiyric quartz, plagioclase and K-feldspar
with granular biotite surraurdir unrecrystallized plagioclase.
Crossed polars, field widtlrl.3 mm.
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three magma types. The rhyodacite magma represented by the white
pumice is volumetrically dominant. The vesiculated andesitic

xenoliths represent a second
rhyodacite.

is

unclear,

magma that was quenched against the

The origin of the gray lithic fragments and gray pumice
but it appears that these have been significantly contam-

inated by incorporation of the poikilitic

xenoliths.

The gray

pumice and lithics may be related to either the andesite or the
rhyodacite or it may be a third

magma.

The granodiorite xenoliths are

similar in composition to the rhyodacite magma and they probably
represent pieces of the margin of the magma chamber that were nearly
completely crystallized when they were incorporated into the

The ultimate relationships among all components will be
worked out only by detailed analysis of all mineral and glass phases.
The exact source of the pyroclastic flow deposit has not been
determined, but it is likely that it came from somewhere on Mt.
eruption.

Jefferson.

The distribution of

hornblende-bearing rocks on
Mt. Jefferson is incompletely known, but hornblende dacites are known
to occur at the "North Complex" (Sutton, 1974) on the northeast flank
silicic,

of the me untain and at Goat Peak at the south end of the mountain.
Analyses of selected rocks from these areas are included in Table 3
for comparison, but no conclusions can be drawn from this meager
evidence.
An eruption on the northeast side of the mountain might
easily have directed a pyroclastic flow down the drainage of the
Whitewater River. A pyroclastic flow on the south side of the
mountain would probably move down the drainage of Jefferson Creek and

areas to the south The "North Cm plex" is a more likely source area.
The age of the Mt. Jefferson pyroclastic-flow deposit can be

estimated by interpreting its relationship to the glacial stratigraphy.

The exposure in the Tenino roadcut is overlain by unsorted
but crudely stratified glacial drift, and some of the tuff has been
eroded, reworked and interbedded with the stratified drift. Exposures
of the pyroclastic-flow deposit occur far above the present valley
floor (Plate 1) and it is unlikely that erosion to the present river
level has taken place since the deposit was emplaced. The pyroclastic
flow was probably erupted at a time when the valley was partially

filled with glacial

ice.

The drift that overlies the deposit in the
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Tenino roadcut is probably ice-contact stratified drift (Flint, 1971,

p. 184-185) that was deposited at the margin of the valley-filling
glacier.

The age of this glacial advance can be estimated by looking at
the preserved distribution of the airfall in the Whitewater river
area. The airfall is preserved at the highest elevations on the north

rim of the Whitewater Canyon in the area west of Lion's

westernmost extent of this area is a shallow
therefore the

airfall must post-date

Head.

The

cirque (Plate 1),

glaciation in this cirque.

The

is not preserved from the area araiu Lion's Head, eastward to
limit of glaciation. An ice advance that postdated the eruption

airfall

the

must have extended far down the Whitewater valley but failed to
overtop the north
valley wall, thus leaving the airfall

intact at those highest elevations. Scott (1974, p. 61) notes that
during the Jack Creek glaciation, ice was more extensive on the
divides because the valleys were relatively shallow and the ice
probably formed a thin continuous covering over a broad area. Later
ice advances were probably channeled into the valleys which were
deepened by the preceding glaciations. The intervening divides would
have been. relatively ice-free. If the shallow cirque in the upper

River area was carved during the Jack Creek glaciation, the
pyroclastic flow deposit and associated airfall were probably enlaced
Whitewater

early stages of the

Suttle Lake advance or the late stages

of the Jack Creek glaciation.

The full extent of the Suttle Lake

during the

advance was the most extensive in the Whitewater valley and it would
have obliterated most traces of the eruption except on the highest
divides.
If the Suttle lake advance is mid-Wisconsin in age (Scott,
1977, p.121), and I have correctly correlated the glacial stratigraphy
in the Whitewater

River area

to that in the Metolius River area,

then the pyroclastic flow deposit

years old

is no more

than approximately 60,000

and may be as young as approximately 20,000 years old.

contention of Beget,

The

(1981) that the airfall does not occur on

moraines of Jack Creek age in the Metolius Valley appears to
contradict

the above

the Whitewater

interpretation of the relationships observed in

River area

and would imply a considerably older

upper limit (140,000+ years, Beget, 1981)) on the age of the deposit.
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The Jack Creek deposits in the Metolius Valley may have been too far

south and out of the path of the main ash cloud to have received a
significant layer of tephra.
The Jefferson Creek Basaltic Andesite

The Jefferson Creek basaltic andesite lava flow is the only
volcanic map unit of Holocene age in the Whitewater River area. This
lava post-dates all of the major advances of Wisconsin-age ice. It
was enapted froan somewhere on the south side of Bear Butte Ridge and
it flowed down the present valley of Jefferson Creek, almost to the
Metolius River. Only a small portion of the Jefferson Creek lava
occurs in the Whitewater river area and I did not examine it closely.
Hales (1975) presents a chemical analysis of the Jefferson Creek

basaltic andesite, and the following is a brief petrographic
description of this rock.

The rock is a porphyritic, olivine-bearing basaltic andesite.
Plagioclase phenc ryssts up to 3 mm in length show a distinctive zoning
and resorption pattern. large, continuously and normally zoned calcic

cores are surrounded by a corroded and resorbed margin which is in
turn surrounded by a thin, normally zoned sodic rim. Olivine
phenocrysts greater than approximately 0.5 mm in length are largely
rounded and embayed, whereas the microphenociysts which average

approximately 0.2 mm in length are fresh and euhedral. There are
trace amounts of orthopyroxene phenocrysts and the grout pass texture

is intersertal.
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Structure of the Whitewater River Area
North-south-,

and northwest-trending faults are widely

recognized throughout the Oregon Cascades (see review of structure in

Priest and others,

1983)

but the relationships between these fault

systems are incompletely understood. The north-trending normal faults
at Green Ridge (Conrey, 1985), directly south of the Whitewater River

area, are the most proaninant structures bounding the east flank of the
High Cascades in central Oregon. Northwest-trending faults occur

southeast of the Whitewater River area at the Tumalo Fault zone
(M=Darnel, in

prep),

and to the northwest at the Clackamas River fault

zone (Hammond 1980; Hammond and others, 1982).

Evidence presented
below indicates that north-south structural control which dominates
the High Cascades south of Mt. Jefferson is lost in the area

immediately north of Green Ridge. Northwest-trending faults that I
have mapped in the upper Whitewater River area indicate that the

structural control that is visible in the surface geology through this
area is largely along a northwest trend.
Faults in the Whitewater River Area

A primary objective in the study of the geology of the Whitewater
River area has been to determine the northward extent of the Green
Ridge faults. There is no topographic expression for the Green Ridge
faults north of the Castle Rocks volcano, but if they extended through
the Whitewater River area, they would intersect the canyon just south
of Shitike Butte. Lava flows younger than approximately 4 m.y. old at
the canyon rim in this area are not offset by faults (Plate 1);
however, exposures low in the canyon wall are poor and structural
disturbance of the older rocks (approximately 4.3 m.y. old, Table 2)
cannot be detected in the field.

Mapping by Wendlard (in prep.)

directly north of the Metolius River around the Castle Rocks volcano,
indicates that no dramatic offset of pre-Deschutes Formation rocks can

be demonstrated along the northern extension of the Green Ridge
faults.

Minor offsets (<80 ft, 24 m) might go undetected because of
the limited exposure and lack of reliable marker horizons in the
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South of the Metolius River, north-trending normal
faults mapped by Wendland (in prep.) show less offset than those
mapped by Conrey (1985) directly to the south at Green Ridge. The
magnitude of offset on the Green Ridge faults is thus decreased along
their known northern extension.
Published reconnaissance and/or regional geologic maps or
lineament maps that include all or parts of the Whitewater River area
stratigraphy.

(Wells and Peck,

1961;

Waters, 1968; Venkatakrishnan and others,

show a northwest-trending fault or lineament running the length
of the lower Whitewater River and down the southeasterly-flowing arm
of the Metolius River. My mapping of the lower Whitewater River area
1980)

and the mapping of Wendland (in

indicate that if there is such a
structure it roust be of relatively minor displacement. There are at
prep)

least eight map units that can be correlated between the canyon walls
of the lower Whitewater River without strong discordance. These

correlation are briefly described in the following paragraph.
In the area around the Metolius

Whitewater River confluence,
the Brown Dacite Assemblage (map unit PD-1) occurs on both sides of
the Whitewater River. Mapping by Wendland (in prep.) similarly shows
-

approximate correlation of map units on both sides of the Metolius
River.

In the northeast 1/4 of Sectionll 20, there is a thick

exposure of massive valley-filling aphyric basaltic andesite (map

unit

that is overlain by a thin, platy flow of aphyric basaltic
andesite (also map unit DF-7). Both of these appear to overlie
DF-7)

hornblende-bearing andesite of the Castle Rocks volcano (map unit
PD-2).

All three of these units occur on both walls of the canyon and

do not show vertical or horizontal discordances. In the southeast 1/4
of Section 17 a distinctive glomeroporphyritic andesite lava (dated
at 5.5 m.y., Table 2) can be mapped continuously across the canyon
floor where the river has cut a narrow gorge through the rock. This
unit is overlain by a thin flow of aphyric, high-silica andesite (map
unit DF-9). These units occur on both sides of the canyon and, again,
they do not show anomalous vertical or horizontal discordances. Also
in Section 17, the widespread DF-6 dacite lava and underlying

11.... Tthe sections referred to
R9E.

in this part of the text are all in T1OS,
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"Whitewater Tuff" (DF-12, Figure 11) can be correlated between the
canyon walls for up to 0.8 mi (1.3 km) without dramatic discordance.

of less than approximately 80 ft (24 in, or
aPPY 2 contours) are difficult to detect, especially
Displacements

displacement is horizontal.

if the

The resolution of the mapping is limited

by the available exposure and my ability to accurately locate myself
in the steep, wooded terrane.
It is also difficult to distinguish

between structural tilting and dips that are primary features of
deposition, especially in silicic-to-intermediate lavas.

Despite the

uncertainties, it is clear that if there is a fault in the

stern-flowing arm of the Whitewater River, it cannot have been
a feature of large displacement after approximately 6 m.y. ago.
Two northwest-trending faults have hcx ever, been mapped in the
upper Whitewater River area in the vicinity of the Lion's Head
eruptive center (Plate 1).
The amount of offset on these faults

cannot be determined with assurance, but there is apparent vertical
separation of at least 200 ft (61 m) on the western of the two faults.
Both fault zones have been intruded by dikes along most of
their lengths. This can be observed at the outcrop scale in at least
one location

where a small zone of sheared

rock is terminated against

a fresh, unfractured dike.

Slickensides are difficult to find but
where they have been located they indicate oblique-slip motion with
subhorizontal to-subvertical striations.

Minor faults that are too

small to include on the map show vertical offset up to 3 m and have
vertical or steeply dipping fault planes (Figure 39). The
orientations of the faults planes of the two mapped structures cannot

be directly observed, but the dikes that intrude the faults are
vertical and the fault planes are probably also nearlty vertical
at the present level of exposure.

The key stratigraphic marker that has been disturbed by faulting

is the surge-bedded palagonitic tuff (HC-7) of the Lion's Head
eruptive center.

The unit shows a gentle, hcmoclinal dip between 10
and 15 degrees to the south-southeast except where it cones in contact
with a fault.

The westernmost exposure of the palagonitic tuff in the

SW 1/4 of Section 17 tuff dips gently to the south-southeast as it
wraps around the nose of the ridge until it reaches the trace of the

101

Figure 39 - Minor fault offsetting surge-bedded palagonitic tuff unit
(map unit HC-7). Normal offset along a steeply-dipping fault plane
that strikes approximately N35W. Hanmier in fault zone for scale.
SW 1/4, Sec

7,

T1OS, R9E.

102

western fault.
southeast.

At this point the tuff dips 45 degrees to the

On the east side of the western fault, directly across a

steep, narrow drainage, the palagonitic tuff shows the same gentle,
homoclinal dip to the south, but at an elevation that is 200 to 400 ft

(61-122 m) higher (Plate 1, Figure 40).

the east side of the eastern
northeast

In the center of Sec 7, on

fault, the palagonitic tuff dips to the

at 35 degrees and is again

at a higher elevation than on the

west side

of the fault where the tuff dips gently to the south-

southeast.

Bedding orientations in the Lion's Head vent area are

highly variable

and change

adjacent to the faults.
disturbance

of lavas

abruptly over short distances, especially
This probably results from structural

and pyroclastic breccias with inclined primary

bedding orientations (see Figure
distinguishing between tectonic

21).

The difficulty in

and depositional dips does not allow

accurate reconstruction of bedding elements or the precise location
of fault traces, but it appears that these faults are

down-to-the-west normal faults that may have some

component of

strike-slip motion.
The age of these faults is inoa pletely known. They offset rocks
that are less than approximately 4 m.y. old and the fault planes have

been intruded by dikes that can largely be tied to lavas and pyro-

clastic rocks of the Lion's Head eruptive center and overlying North
Rim dacites.

Therefore, the age of the youngest North Rim dacite

(still unknown) probably

faults.

From

occured less

represents a minimum age of motion on the

this we can only say that some motion on these faults
m.y. ago.

This must be a minimum age because dike
intrusion at the Lion's Head eruptive center is clearly tied to a
than 4

northwesterly-trending structural control (Plate 1).

Since most dikes

are thought to be "dilational," that is, passively intruded along
structurally provided pathways (MacDonald,

1972, p. 376), the faults
must have been active prior to volcanism at the Lion's Head eruptive
center.
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Figure 40 - View to the northeast of the surge-bedded palagonitic tuff
(HC-7) which dips gently to the south-southeast in the foreground and
in the middle ground of the photograph. The tuff outcrop in the
foreground appears to have been offset downward relative to that in
the middlegnnmd. This discordance is thought to be the result
of offset along northwest-trending normal fault with a apparent
vertical separation of approximately 200 ft (61 m). Southern 1/2 of
Sec 7, T'lOS, R9E.
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Williams (1957), and Wells and Peck (1961) show a

northwest-trending fault along the southwest side of Bald Peter12

which extends across the

Whitewater River to approximately the

location of the Lion's Head eruptive center. It was probably mapped
on the basis of topography

with the idea that it might be

an extension

of the northwest-trending faults at the south end of Green Ridge.

Hales (1975, p. 44) points out that Bald peter stood in the path
of late Pleistocene glaciers and that the escarpment on the southwest

side of the volcano is probably an erosional and not a structural
feature.

I agree that the escarpment must be almost entirely a result

as similar topographic features are catm n in this
There is, however, evidence for a northwest-trending fault

of glaciation
area.

through this area in the alignment of structural trends and eruptive

centers; the northwest-trending normal faults at the south end of

Green Ridge, the Quaternary
1985),

cinder cones at Wizard Ridge (Conrey,

the Bald Peter plug, and the Lion's Head eruptive center all

align along a N15W

trend.

The faults that run through the Lion's Head

eruptive center also fall on this alignment, but their strike is N3OW.

Regional Structural Relations

The structural pattern of the region surrounding the Whitewater
River area is dominated by a series of northwest- and north-southtrending

fault

zones.

These are the Clackamas River faults zone

(Hammond, 1980, 1982), the Tumalo fault zone (Stensland,
McDannel,

in prep), and the

Walker and Nolf, 1981).

that are recognized

Brothers fault zone

(Lawrence,

1970;
1976;

Northeast- and north-northeast-trending folds

on both sides of the Cascades to the north,

(Tblan and Beeson, 1984; Priest and others, 1983; Hammond, 1980, 1982)
cannot be detected in the Whitewater River area.

12.....

It would be nearly impossible to demonstrate structural offset
along the southwest side of Bald Peter. This slope is heavily wooded
and largely mantled by glacial drift, and exposures are mostly limited
to the indistinct subphyric basaltic andesites that make up of this
volcanic shield.
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The Clackamas River fault zone in the area northwest of

Mt. Jefferson is composed largely of northwest-trending- strike-slip
faults and north-trending normal faults (Hammond, 1980, 1982; Priest,
1983).

The northwest-trending faults strike between N20W and N40W and

appear to have been active at least since 12 to 15
1980, 1982; Priest, 1983).

m.y. ago (Hammond,

Motion on the north-trending normal faults

has occured mostly in the past 5 m.y. but strike-slip- and normal
notion on scene of the northwest-trending faults has continued with the
development of the younger north-south set (Hammond, 1980).

The Green Ridge faults directly south of the Whitewater River
area strike between NS and N13W. They show vertical displacement. only

and were active begining approximately 4.5 m.y. ago (Hales, 1975;
Conrey, 1985).

These faults are analagous to other north-trending

normal faults (see summary, Priest, 1983) that bound the High cascade
graben in central Oregon (Taylor, 1980, 1981; see previous discussion

in Introduction of this volume).

The Tu malo fault zone ("Sisters" fault zone of

a series of

Lawrence, 1976) is

northwest-trending faults that extend from the vicinity of

the city of Bend to the southern end of Green Ridge.

These faults

strike between N25W and N35W and show normal offset on the order of a

few meters

along vertical fault planes (McDannel, in prep).

The

age of these faults is uncertain but it appears that they may been
active no earlier than approximately 4 m.y. ago (McDannel, in prep).

The Brother's fault zone is composed of a series
spaced but discontinuous en echelon shears
and N60W (Lawrence,

of closely

that strike between N40W

1976; Walker and Nolf,

1981).

The individual

faults show mostly normal offset between 10 and 100 m but the overall

motion of the fault zone is

thought to be a right-lateral shear which

acccnnodates a wide area of extension to the south (Lawrence, 1976).

Motion on the Brother's fault zone probably began concurrently with
Basin and Range extension in southern Oregon and was probably
established along most of its present length by approximately
10 m. Y. ago.

Based on the above information it appears that a
northwest-trending, strike-slip structural pattern was well
established over a broad area of the cascades by about l0 to
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15 m.y. ago. The north-trending pattern of normal faults associated
with subsidence and graben development along the Cascade crest that
culminated between 4 and 5 m.y. ago was superimposed on the older,

northwest-trending structural
normal motion on many

6 m.y. (eg.

older,

Hamaond, 1980)

This probably accounts for
northwest-trending structures in the past
as they have been reactivated under a
grain.

younger tectonic regime favoring extension and/or subsidence.
The northwest-trending faults in the upper 4hitewater River area
may be

older,

strike-slip faults that have remained active through

High Cascade time by acting as a zone along which subsidence could
occur and magmas could rise. In the area between the city of Bend and
Green Ridge, the northwest-trending Ttmialo faults progressively drop
Deschutes-age strata dawn to the west. The Tumalo fault zone is thus
the eastern boundary of the High Cascade graben as is the Green Ridge
fault zone to the north. The northwest trend of the Tumalo faults may

be the result of an older structural grain inherited frcm unexposed
bedrock or it may result froze the deflection of the northerly High
Cascade trend by the thermally weakened crust at Newberry volcano.

Motion on the Tumalo fault zone may have occured mostly within the
past 4 m.y. and it thus would be younger than known motion on the
Green Ridge faults which were active between 4 and 5 m.y. ago.
Similarly, motion on the north-trending Hood River fault zone which
bounds the High Cascade graben east of Mt. Hood has occured mostly

within the past 3 m.y. (Priest and others, 1983) and thus largely
postdates the major episode of of normal faulting associated with
graben development between 4 and 5 m.y. ago. This indicates that
subsidence along the Cascade crest extended into the latest Pliocene
and early Pleistocene in scene areas. Many of the primitive and/or

tholeiitic compositions that are most commonly associated with the
period leading up to graben development (Deschutes-age rocks) can be
found in decreasing abundance in rocks of High Cascade age
(E.M. Taylor, pers. comm., see also samples 146-148 in Taylor, 1978).
The effects of subsidence along the Cascade crest and graben
development clearly extend into High Cascade-time.
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In summary, motion on faults in the ihitewater River area, at
Green Ridge, and at the Tumalo fault zone, are all to same extent the
result of subsidence along the Cascade crest which began in this area
around 4.5. m.y. ago and continued locally into the Quaternary. The
dcaninant structural trend during subsidence along the Cascade crest

was north-south.

Northwest-trending faults may be older structures

that remained active into High Cascade time,

or their trends may be

deflected away from north-south by thermally weakened zones in the

crust.

This may be the case at the Tumalo fault zone as these,

structures disappear beneath Newberry volcano.

The original formation
of the northwest-trending, strike-slip faults such as those of the
Clackamas River fault zone is unclear, but they may have formed in a

manner analagous to those of the Brothers fault zone; that is, in

response to Basin and Range extension across

southern Oregon.
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Petrogenesis

'Theories of Andesite petrogenesis are too numerous and diverse to

summarize here.

The following quote, taken from James Gill's book on

orogenic andesites, is an overview of his perspective on the "andesite
problem."

"...orogenic andesites can, in principle,
originate from partial or total fusion of
continental crust, from contamination of
basalt by such crust or by rhyolites derived
there frwn, fro a partial fusion of hydrous
peridotite, from crystal fractionation, vapor
fractionation, or magma mixing. Although it

is difficult to exclude unambiguously any of

these possibilities, my conclusions will be that
differentiation of basalt by crystal fractionation

of anhydrous minerals at low pressure is the

mast frequent and most fundamental process of
orogenic andesite genesis, supplemented to an
unknown extent by crystal fractionation of

hornblende, selective crystal interactions,
magma mixing, and vapor fractionation."

James B. Gill, 1981.

Crystal fractionation is one of the most commonly invoked
models for andesite

petrogenesis.

No attempt will be made to

rigorously model the data presented in this thesis, but I will
test the crystal fractionation model by oiling average canpositions
for the major rock-types and comparing these averages with the
petrographic data ccapiled in Appendix 2.

will focus on the calc-alkalic

Discussion of petrogenesis
association of the High Cascade

assemblage and the tholeiitic trend of the aphyric rocks in the
Deschutes Formation in the Whitewater River area.
The High Cascade Suite

Volcanic rocks of High Cascade age
occur in

in the Whitewater River area

compositional assemblages that show minor internal

heterogeneity and thus form
The lavas of Metolius Bench

relatively clear, mappable rock units.
are all basalts, the lavas of the Bald
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TABLE 4
AVERAGE ANALYSES OF ROCKS OF HIGi CASCADE AGE,
MOSTLY FROM THE WHITEWATER RIVER AREA*

Sample
SiO2

Ti02
A1203
FeO
M90
CaO

Na20
K20

AVNB

17.3

+ 0.4

9.7
8.3
8.8
3.2

+ 0.5
+ 0.7
+ 0.3
+ 0.2

99.29

Sample
SiO2
Ti0

AWBA

Ca0
Na20
K20

7.7

Totals

16.9

50.3
1.30
16.2
11.0
8.4
9.9
2.6
0.21

0.08
0.7

8.9
0.3
9.0 + 0.5
11.5 + 0.4
2.4 + 0.1
0.19 + 0.10
100.67

58.1

ANRD
+ 0.6

67.1
0.74
6.2
4.2
0.9
3.0
5.2
1.87
99.21

0.94 + 0.09
18.3
6.3
3.9
6.7

+ 0.3

3.6 + 0.2
0.85 + 0.19

+ 0.51
+ 0.4
0.5
0.4

3.8 + 0.2
0.84
98.92

98.86

AVNB - Average "normal" basalt of Hughes
13 analyses.

+1.1
+0.10
+0.2
+0.9
+0.5
+0.7
+0.1
+0.10

99.91

AMA

1.21 + 0.17
17.9 + 0.4

8.2 + 0.7
4.9 + 0.6

19

0.88

54.5 + 1.0

FeO

IAMB
+ 0.7

50.9

0.71 + 0.33

Totals

A1203

APRM

49.8 + 0.7
1.48 + 0.08

0.19

(1982).

APRM - Average primitive basalt of Conrey (1985).

+0.5
+0.04
+0.4
+0.3
+0.2
+0.1
+0.2
+0.20

Average of

analyses including data from Dill (in prep).

Average of seven

LAMB - Average low alkali Metolius Bench basalt.

analyses (samples

Average of six
1083-1086, 1088 and 1091).

AWBA - Average subphyric basaltic andesite from the Bald Peter
shield volcano.

Average of 24 analyses, samples 1054-1077.

AWWA - Average andesite from the Lion's Head eruptive center.
Average of 18 analyses, samples 1094-1111.

ANRD - Average North Rim Dacite. Average of 13 analyses,
samples 1117-1129.

*averages reported plus or minus

(+)

one standard

deviation.

110

Peter shield are all basaltic andesites, the lavas of the Lion's Head
eruptive center are mostly andesites with minor dacite, and the lavas

these assemblages are
assumed to have been derived from ccamrcn vent areas (eg. the Lion's
on the north rim are all dacites.

Rocks within

Head Eruptive Center) but the vent areas
(eg. the Metolius Bench basalts). Despite

are not always exposed
their homogeneous field

associations, rocks of the basalt through dacite association are

cczipletely gradational with respect to composition, mineralogy, and

texture.
andesite,

These relationships

suggest basalt, basaltic andesite,

and dacite each undergo unique magmatic evolution, but that

the genetic processes are
presented below indicates

derived through

gradational between rock types.

Evidence

that the entire rock association is not

fractional crystallization of a single primary,

presumably basaltic magma.

Basalts
The Metolius Bench basalts are thought to be stratigraphically

equivalent to the basalts of the High Cascade platform.

identified a typical or

"normal" High

Hughes (1982)

Cascade basalt as a

high-alumina, olivine-normative tholeiite (Table 4, AVNB).

of this average with the Metolius Bench basalts shows

Comparison

many

similarities; however, several Metolius Bench basalts are distinctly

lower in alkalies (Table

4,

LAMB)

than

"normal"

basalts.

In this

respect they resemble a widespread primitive basalt that has been
identified in the Deschutes Formation (Table 4, APRM, frcan Conrey,
1985;).

The "normal," primitive, and low-alkali Metolius Bench

basalts all have diktytaxitic textures with phenocrysts of olivine and
plagioclase. The relationships among these basalts cannot be

adequately evaluated with these data, but it appears that "normal"
basalt cannot be derived through simple fractional crystallization of
olivine and plagioclase from primitive basalt or low-alkali Metolius
Bench basalt.

too high.

The alkali and/or TiO2 contents of "normal" basalts are
The primitive basalt is a primary magma (Conrey, 1985) and

of some low-alkali Metolius Bench basalts through removal
of olivine and plagioclase from the primitive basalt may be possible
derivation

as the low-alkali Metolius Bench basalts appear to be somewhat
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evolved.

In order for "normal" basalt to have been generated

consistantly over such a broad area it must itself be a primary magma

or it must be derived from a primary magma other than the primitive

basalt. The variation among these basalts must depend at least in
part on the degree to which their source areas have been depleted by
earlier episodes of partial melting (McKee and others, 1983), and the
amount of olivine and plagioclase fractionation that they have

undergone prior to enaptian.
Basaltic Andesites
An average of 24 subphyric basaltic andesites (map unit HC-1) is
provided in Table 4. Phenocryst phases in these rocks are olivine and
plagioclase with minor pyr xene. Only in the late stages of basaltic

andesite crystallization does

orthopyroxene, closely followed by

clirx pyroxene, begin to crystallize. This is seen in the porphyritic
basaltic arxiesites (map unit HC-2) and in the Bald Peter plug (see
appendices).

Derivation of the

simple fractional

subphyric basaltic

andesites

through

crystallization of olivine and plagioclase from

"normal" High Cascade basalt is not likely for the following reasons.
1)
The TiO2 content of the basaltic andesites is lower than
that in the basalts, but titanium-bearing minerals

(eg. titanomagnetite, titaniferous augite) are not phenocryst

phases in these

rocks.

Crystal fractionation of olivine and

plagioclase from a "normal" basalt should increase the
probably the FeO content along a tholeiitic trend.

TiO2 and

This is

observed in the diktytaxitic basalts that have an evolved

character (see sample

1093)

and in vesicle cylinders within

similar high-alumina, olivine tholeiites in other locations

(Anderson and Gottfried, 1971; FUno, 1965).
2)
The A1203 is higher and the CaO is lower in the basaltic

andesites than in the basalts. Removal of calcic plagioclase
should depress A12O3 and CaO without drastically changing the

ratio between these oxides. Removal

of augite could give the

observed trends, but again, augite is not a significant
phenocryst phase in the basalts or the basaltic andesites except

in the latest stages

of basaltic andesite crystallization.
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The cutoff in rock classification between basalts and basaltic

andesites (SiO2=53
Bench basalts)

wt%) is arbitrary

and I have

(compare sample

1054 to Metolius

based the classification of borderline

samples on their MgO content and field association as nuich as silica
content. The compositional gradation that exists between the basalts
and basaltic andesites suggests a gradation in genetic processes, but

the overall trends of the

rock groups does not allow an evolution by

crystal fractionation of the phenocryst phases from basalt to basaltic

andesite.
Andesites

An average analysis of andesites from the Lion's Head eruptive
center is provided in Table 4. These rocks are strongly porphyritic
with a phenocryst assemblage

dominated by plagioclase and

orthapyroxene with minor magnetite, clinopyzoxene, and olivine.

If

fractional crystallization of phenocryst phases has occured according

to their abundance in the rocks, plagioclase removal mist be the

dominant

control, but this is not consistent with the compositional

andesite to andesite. The A12O3 is increased in
the andesites and the CaO and TiO2 are decreased while K2O remains
shifts from basaltic

unchanged.

K2O should be enriched with fractional crystallization of any of
the available phenocryst phases, but the K2O content of the average

andesite is unchanged
Notice

relative to the average basaltic andesite.

however, that the K2O values in the basalts, basaltic

and andesites

andesites,

are highly variable; the standard deviations

(Table 4) for K2O is a high percentage of the average value of the
oxide.

In the

the source

basalts, this has probably resulted from depletion of

in inc mpatible elements (McKee and others, 1983).

explanation may also
andesites.

This

apply to the basaltic andesites and the

The variability of K2O in the dacites is

decreased to a

is comparable to the other oxides.
The compositional shifts from basaltic andesite to andesite may
be explained by fractional crystallization of magnetite and augite,
level that

but crystallization

andesites

of these

phases in the basaltic andesites and

in the Whitewater River area is observed only sporadically.
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Samples 1113 and 1114 are a lava and associated dike of coarsely

andesite that contain
which form up to 2% of the

porphyritic

magnetite phenocrysts up to 1 nun in

length

mode (Appendix 2).

The magnetite is

concentrated largely in glcmerocrysts of orthopyroxene.

The

clinopyroxene basaltic andesites of the Upper Whitewater
Assemblage (map unit HC-16) contain clinapyroxene phenocrysts that
form up to 9% of the mode and contain abundant inclusions of magnetite
(Figure 41). These rocks are not included in the main trends that are
porphyritic

averaged in Table 4; they are the exception to the rule, but they
illustrate that

clinapyroxene and magnetite do occur as phenocryst

phases in significant amounts in wane rocks in this area. Perhaps
magnetite and pyroxene are selectively removed from the melt while

plagioclase is retained

due to its lower density.

The retention of

plagioclase phenoccrysts in the melt would explain the increased

content of the andesites

A1203

relative to the basaltic andesites, the

strongly plagioclase-phyric texture of the andesites, and the

resorption and corrosion
The andesites
the subphyric

of much of the plagioclase in the andesites.

(HC-5), porphyritic basaltic andesites (HC-2), and

basaltic andesites

(HC-1) are compositionally,

texturally, and mineralogically gradational, but this gradation cannot

be explained through simple

crystal fractionation of the phenocryst

phases that are present in these rocks.

Dacites
Fractional crystallization in the dacites is more complex than in

the mafic and intermediate

plagioclase,

units.

Phenocrysts in the dacites include

orthopyroxene, clinapyroxene, magnetite, apatite

and

hornblende; furthermore, the 10 wt% jump in Si02 from andesite to

dacite makes it difficult to evaluate the absolute shifts in the other
oxides independent of the effects of increasing silica.

Most of the

andesites and dacites in the Whitewater River area fall into the
silica ranges 57-59 wt% and 66-68 wt% respectively (Figures 5-10).
These are the groups

that are averaged in Table 4, but a complete and

variable compositional spectrum exists between them.
variety of phenocryst

Given the

phases present it is probably possible to model

many of the dacites through fractional crystallization of some
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Figure 41 - Abundant magnetite inalusicns in a clinapyroxene
phenocryst from a porphyritic clinopyroxene basaltic andesite from the
Upper Whitewater Assemblage (map unit HC-16, sample 1136).

polars, field width=1.3 mm.

Crossed
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andesites, but the strength of such a model cannot be properly
evaluated using the data presented in this thesis.

In general, the

continued trend of increasing alkalies and silica with decreasing Feo,
TiO2, CaO and MgO and consistently high A1203 extend into the dacite
field, but more detailed geochemical data are required to determine

how this trend has evolved.

The Deschutes Suite
Rocks of Deschutes age in the Whitewater River area in the
compositional range from basaltic andesite to dacite are generally

higher in FeO, TiO2, K20, and Na20, and lower in MgO, CaO, and A1203
than rocks of ccamparable silica content in the High Cascade suite
(Figures 5-10). Figures 9 and 10 show that the Deschutes suite falls
generally within the fields commonly considered to be tholeiitic,

or

along the boundary between the tholeiitic and calc-alkalic fields.

Tholeiitic rocks of the Deschutes Formation are dominated by the
platy, aphyric lavas and aphyric "black knocker" tuffs previously

described (see Deschutes Formation stratigraphy and lithology).

These

are the focus of the following discussion.
Aphyric Rocks

Deschutes-age basaltic andesitis and andesites
affinity are mostly aphyric.

of tholeiitic

Aphyric andesitic rocks are in general,

arcs (Gill, 1981); most
andesites are erupted at temperatures below their liquidus (Hughes,
atypical of subduction-related magmatic

C.J., 1982) resulting in strongly porphyritic textures.

An aphyric

magma must therefore have relatively low liquidus temperature and/or
must have risen rapidly through the crust to keep the temperature of
the melt above the liquidus.
Phenoczysts ccmprise less than 3% of the mode of-the aphyric
rocks.

Plagioclase dominates the phenocryst assemblage with lesser

olivine, clincpyroxene, magnetite and minor orthepyroxene.

Apatite is

a phenocryst phase in the high silica, aphyric andesitis (DF-9-lo).

Deschutes-age dacites show many of the compositional characteristics
of the aphyric basaltic andesites and andesites, but the dacites are
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usually pozphyritic ar4/or glaneroporphyritic.

Phenocryst

phases in

the dacites are dominated by plagioclase with clincpyroxene,
orthopyroxene, and magnetite with minor apatite and i]lnenite

(Appendix 2).

Fractional crystallization of variable amauits of plagioclase,
olivine,

clinopyroxene and magnetite can probably account for most of

the variation among the aphyric rocks in the Whitewater River area.
These aphyric rocks are all sanewhat evolved and their original
compositions or the ccoloosition of their parental magma is not clearly

understood.

Fractional crystallization of high-alumina olivine

tholeiite similar to that in the Deschutes Formation and the High
Cascades is ]mown to evolve compositions that resemble the aphyric

rocks (see Anderson and Gottfried, 1971, Table 4). The aphyric rocks
in the Whitewater River area show a steady decrease in FeD and TiO2

values from basaltic andesite through

dacite,

presumably as a result

of magnetite fractionation. A complete suite of rocks would probably

show a maxim= in Feo and TiO2 enrichment in the basalt to low-silica

basaltic andesite silica range; this also argues in favor of a
basaltic parental magma. A common Deschutets-age basalt is the
primitive basalt (Table 4, APR" of Conrey (1985). if fractional
crystallization of the primitive basalt is the only process involved
in the evolution of the aphyric rocks,. the high K2O content of the

aphyric rocks (>1

wt%)

implies an extreme degree of fractional

crystallization (70-90%) to achieve the five- to ten-fold increase in
K2O above the value of the average primitive basalt (0.19 wt.).

This

degree of fractional crystallization seems a bit extreme and some
manner of mixing or assimilation may be involved in the evolution
of the aphyric rocks.

The aphyric, tholeiitic basaltic andesites and andesites of the
Deschutes Formation are atypical of subduction-related, magmatic

arcs. They are similar in most respects to andesitic rocks erupted in

areas of crustal extension (e.g. Iceland,
review in Gill, 1981, p. 160-163).

Carmichael,

1964; see also

Feo and Ti02-enriched andesitic

rocks are not restricted to Deschutes time in the Cascades.
Widespread eruptions of tholeiitic andesites in the western Cascade
series took place between approximately 19 and 27 m.y. ago (White,
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1980a,b; Woller and Priest, 1983).

Deschutes-age aphyric magmatism is

probably linked to the period of crystal extension and subsidence that
lead to the formation of the High Cascade graben approximately

4.5 m.y. ago. Older episodes of such magmatism may similarly be
linked to periods of crystal extension within the arc, but more

detailed work is required to confirm or refute this association.
Perhaps tholeiitic andesitic magmatism should not be considered
atypical of subduction-related complexes, but rather indicative of

crystal extension within these complexes.
Petrogenetic Sununazy

Rocks of High Cascade age in the Whitewater River area define a
classic calc-alkalic trend (Figures 9 and 10). The data presented

here indicate that this trend cannot be explained by simple crystal
fractionation of a basalt using the phenocryst phases that are present
in the rocks; fractional crystallization of "normal" High Cascade
basalt leads to iron-enrichment (Hughes,
preclude

1982).

The data do not

crystal fractionation of a basaltic andesite along a

calc-alkaline trend, but the necessary phenocryst phases (magnetite
and augite) are not commonly found in these rocks.

Other models that

have been proposed for generating the calc-alkalic trend (see quote
above) are not treated here.

The major element trends observed in the

High Cascade rocks of the Whitewater River area could probably be

derived through many combinations of models using various
assumticans; however, it is interesting that the data presented are
largely consistent with a pure mixing model of end-memebers rhyolite
and basalt.

If this were the case, the trends on the variation

diagrams (Figures 6-10) would represent mixing lines, but complete
evaluation of the mixing model requires more than major element and
petrographic data.

Magmatic variation within the Deschutes Formation of the
Whitewater River area is dominated by an FeO and TiO2-enriched,
tholeiitic trend that extends from basaltic andesite to dacitic
compositions.

In contrast to the caic-alkalic High Cascade

assemblage, fractional crystallization can probably account for most
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of the magmatic variation among the rocks of tholeiitic affinity in

the Whitewater River area.
The aphyric andesitic rocks of the Deschutes Formation are
similar to icelandites and other "tholeiitic anorogenic andesites"
(see Table 5.5 in Gill, 1981) which are usually associated with areas
of crustal extension.

The association of Deschutes-age tholeiitic

volcanism and the formation of the High cascade graben fits into the
tectono-magmatic association of crustal extension and tholeiitic
magmatism.

This implies that the formation of the High Cascade graben

was not stricktly a result of passive subsidence of thermally weakened
crust, but was an episode of active crustal extension within the
Cascade arc.
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Summary

The lower Whitewater River area was the site of silicic-tointermediate volcanism in late Miocene time (8-11+ m.y.) . Near-vent

deposits of

dacite and rhyodacite built constructional
features that resulted in relatively steep tcpography.. Latest Miocene
andesite,

rocks (6-8 m. y.) are not represented in the Whitewater River area, but

stratigraphic relationships in the Deschutes Basin (Smith and Snee,
1983) and in the Western Cascades (Pierce-Verplanck, 1985) indicate
that volcanism in the Cascades was probably continuous through this
time period. Latest Miocene rocks are probably not preserved in the
Whitewater River area because of rnn-deposition or rapid erosion in
the steep terrane.
Deposition of Desdutes-age strata in this area was confined to

the ancestral valley of the Whitewater River (Figure

4, Plate 1)

Deschutes rocks in the Whitewater River area are betraeen appY+mdmately

4.5 and 6 m.y. of age, and they overlie the late Miocene rocks along a
steep erosional iaoonfarmity. Volcanism during Deschutes time
included basaltic-to-rhyolitic coq positions (e.g. Cm=ey 1985; Cannon,

1984), but the eruptive style was explosive and Demotes strata in
the Whitewater River area are dominated by pyroclastic lithologies.
Apiyric basaltic an3esites, andesites, and dacites enriched in Fe0 and
TiO2 are c=rcn in Desobutes-age rocks throughout the central Oregon

Aphyric, andesitic tholeiites such as these are normally
associated with areas of crustal extension (Gill, 1981). This is
consistent with their occurrence during Desd sites tine in the
Cascades; they were erupted through the time leading up to and
Cascades.

immediately following the formation of the High Cascade graben.
High Cascade volcanism in the Whitewater River area began no
later than apprrmdmately 4.3 m.y. ago with the formation of a broad
volcanic shield of basaltic andesite. Subsequent volcanism in the
Whiteurater River area was dominantly andesitin-to-dacitic in
composition,

resulting in a caic-alkalic suite that is typical of

subduction-related magmatic arcs. Volcanism between Deschutes and
High Cascade time was essentially continuous, and there is no evidence

for a hiatus in volcanic activity in the Whitewater River area

between
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2 and 3 m.y. ago as predicted by McBirney and others (1974, Fig. 2).
Most recent volcanism in the Whitewater River area is also dominantly
silicic-to- intermediate in composition.

late Pleistocene explosive

volcanism, probably from Mt. Jefferson, is evidenced in a hornblende
rhyodacite pyroclastic-flow deposit which occurs within the glacial

A widespread tephra associated with this deposit is
preserved sporadically to the east of the Whitewater River area.
stratigraphy.

Tentative correlation of the glacial stratigraphy in the Whitewater

River area with that in the Metolius Valley indicates that these

deposits are between 20,000 and 60,000 years old; hawoever, this should
be considered a tentative age assignment.
Formation of the High Cascade graben occurred mostly between 4
and 5 m.y. ago with subsidence along the Cascade crest on dominantly

north-trending structures (Taylor, 1981; Priest and others, 1983).
The graben-bounding structures at Green Ridge do not extend into the
Whitewater River area. The north-trending structural control which
dominates the High Cascades south of Mt. Jefferson is lost in the area
immediately east of Mt. Jefferson. There may be a major,
northwest-trending (N15-30W) fault running from the south end of Green
Ridge,

through Bald Peter and the Lion's Head eruptive center, but

this structure, if it exists, is largely buried by young volcanic

rocks.
The Deschutes Formation - High Cascade transition in the
Whitewater River area is not a structural transition as it is to the
immediate south at Green Ridge; it is a stratigraphic transition where

High Cascade basaltic andesites and basalts completely buried deeply
eroded Deschhutes strata. There are no source vents for Deschutes-age

in the upper Whitewater River area.

The transition is marked by a

switch in eruptive style and in the dcaminant magmatic compositions

during Deschutes and High Cascade times. Volcanism does not appear to
have been episodic with respect to intensity and volume; rather, the

character of magmatism has varied with time and with the tectonic
style t1ro0.ugh the period immediately prior to and following the

formation of the High Cascade graben.
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APPENDIX 1

Major Element Analyses and Normative Calculations
Major element analyses were performed on rocks from most map

units. Analyses are numbered consecutively and grouped by map unit
under the general stratigraphic headings of Pre-Deschutes Formation,
Deschutes Formation, and High Cascade.

Analytical data are reported as oxide weight percents of the

major cations; Si, Ti, Al, Fe, Mg, Ca, Na, and K.

All analyses were

performed water-free, and all Fe is expressed as FeO. Two grams of
uniform rock powder, blended with a lithium tetraborate flux

(powder/flux = 1/5), were fused at 1050 degrees centigrade for one
hour and quenched in graphite molds to an homogeneous glass button.

The buttons were polished on one surface and analyzed by X-ray
fluorescence

sperm for Si, Ti, Al, Fe, Ca, and K.

Half of the

remaining glass was pulverised and 0.15 gram splits were dissolved in

200 ml. of 0.5 N HN03 solution and analyzed for Mg and Na by atomic
absorption spectr

Replicate analyses show that results

.

are reproducible 68% of the time to within 0.5, 0.05, 0.5, 0.1, 0.5,

0.1, 0.1, and 0.05 weight percent for the oxides of Si, Ti, Al, Fe,
Mg, Ca, Na, and K, respectively (E.M. Taylor, pers. cam.).

All

determinations were calibrated to a set of U.S. Geological Survey rock
standards and a- set of synthetic standards prepared by Dr. E.M. Taylor

at Oregon State University.

All analyses were performed by myself,

also at Oregon State University.

Norms were calculated on a computer using a program written by

Dr. E.M. Taylor following the system developed by cross, iddings,
Pirsson, and Washington, in 1903

(Coo and others, 1979).

Because

total Fe is expressed as FeO, an Fe2O3/FeO molar ratio of 0.20 was
assumed in the calculations.
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Strat. unit

Pre-Deschutes Forwation Rocks

Map unit

P0-1

Sample
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1003
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100?

1008

SiO2
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62.3
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62.1

61.9

TiO2
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5.8

4.3

3.8

9.2

11.9

9.7

11.3

IC

-

-

of

-

-

-

-

-

-

-

-

mt

2.7

2.6

2.2

2.6

2.1

2.3

2.2

2.3

it

1.2

1.2

0.?

1.0

1.3

1.3

1.3

P0-6

PO-7

OF-1

1010

1011

1012

1013

1014

1015

1016

72.5

69.5

51.1

52.4

50.7

51.1

52.7

Strat. unit

Deschutes Fornation Rocks

Map unit
Sample

Si02
Ti02

1.3

1009

62.7
0.64

0.35

0.47

0.82

0.82

0.79

0.75

0.84

18.9

10.8

16.7

19.4

15.4

16.0

20.1

19.0

FeO

4.1

2.8

3.1

6.8

7.2

7.2

7.2

7.6

MgO

1.9

0.5

0.9

6.?

7.7

8.?

9.3

8.8

CaO

5.6

1.4

2.6

9.4

8.7

8.8

8.6

8.1

Ha20

4.0

4.7

5.0

2.8

2.8

2.7

2.5

2.9

K20

1.08

2.92

2.00

0.62

0.60

0.54

0.51

0.68

Total

99.42

100.57

99.57

98.34

99.14

98.33

98.76

98.32

q

-

-

1.1

81203

18.6

28.1

23.1

0.3

1.4

C

-

1.9

0.8

-

-

o

6.4

17.3

11.8

3.7

3.6

ab

33.8

39.8

12.3

23.7

an

27.8

7.1

13.1

40.4

-

-

-

ne

-

-

di

-

-

-

IC

-

-

3.2

3.0

4.0

23.7

22.8

21.2

24.5

37.5

37.8

38.6

330.5

-

-

-

-

-

-

-

5.0

4.5

4.7

3.3

7.?

23.2

21.6

26.6

24.8

-

by

7.2

3.6

4.7

20.1

of

-

-

-

-

-

3.0

0.9

-

mt

1.2

1.3

1.4

3.1

3.3

3.3

3.3

3.5

ii

1.2

0.7

0.9

1.6

1.6

1.5__--

1.4

1-.6-
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Strat. unit

Oeschutes Fornation Rocks (cont)

May unit

OF-i (coot)

Sample

1017

1018

1019

1020

1021

1022

1023

1024

Si02

51.1

50.8

53.9

53.9

52.8

54.6

52.8

54.0

1102

81203

0.81

15.6

ON

0.85

0.96

OF-3

0.98

0.95

1.36

1.53

1.20

15.6

19.5

19.4

19.8

17.8

17.8

17.9

fe0

8.6

8.6

6.8

6.9

6.7

0.5

8.7

8.3

MgO

11.8

11.9

4.8

4.6

5.1

4.2

5.1

5.4

CaO

7.6

7.5

9.0

8.8

9.3

7.6

8.2

7.5

Ha20

2.6

2.8

3.0

3.2

3.1

3.8

3.2

3.2

K20

0.56

0.58

0.67

0.71

0.62

0.76

0.90

0.76

98.49

98.37

98.62

90.23

HIS

98.70

98.63

98.63

q

-

-

5.7

5.1

3.4

5.1

3.8

5.7

o

3.3

3.4

4.0

4.2

3.7

4.5

5.3

4.5

ab

22.0

23.7

25.4

27.1

26.2

27.1

27.1

27.1

an

29.2

28.3

37.8

36.5

38.3

31.5

31.5

32.2

Total

lc

-

-

-

ne

-

-

-

di

6.0

7.1

5.6

5.8

6.4

7.4

7.4

4.0

by

25.8

29.7

14.8

14.3

15.1

15.7

15.7

18.2

5.8

9.4

-

-

-

-

-

-

4.0

3.1

3.2

3.1

4.0

4.0

3.8

1.5

1.6

1.8

1.9

1.8

2.9

2.9

2.3

OF-4

nF-5

01-6
1028

1029

1030

1031

1032

56.4

55.7

55.9

of
Mt

it

4.0

Strat. unit
Map unit
Sample

Si02

Ti02

1025

59.4
1.10

1026

64.7

0.99

1027

64.7
0.91

OF-7

64.3
0.96

64.5
0.96

1.96

1.91

1.89

16.5

15.9

15.7

15.7

15.7

16.6

15.7

15.7

Fe0

7.0

5.2

4.9

5.0

5.1

9.6

10.0

9.9

M00

3.6

1.3

1.2

1.3

1.3

3.1

3.5

3.4

CaO

6.1

3.5

3.3

3.4

3.6

6.3

6.8

6.9

Ha20

3.9

4.6

4.?

4.7

4.8

4.0

4.1

4.1

K20

1.33

2.93

2.49

2.48

2.38

1.10

0.98

1.01

Total

98.93

99.12

97.93

97.84

98.34

99.06

98.69

98.80

q

16.3

8.5

6.9

7.0

-

-

-

81203

11.3

15.4

16.9

16.3

c

-

-

-

-

o

7.9

17.3

14.7

14.7

14.1

6.5

5.8

6.0

33.0

38.9

39.8

39.8

40.6

33.8

34.7

34.7

14.3

24.1

21.5

21.4

-

-

ab

23.6

14.1

14.4

14.4

lc

-

-

-

-

-

ne

-

-

-

-

-

an

-

-

di

4A

2.8

1.7

2.0

3.0

5.9

10.1

10.5

by

11.0

5.7

5.?

5.9

5.6

11.6

11.1

10.6

-

-

-

-

-

-

of

-

-

Mt

3.2

2.4

2.3

2.3

2.3

4.4

4.6

1.6

it

2.1

1.9__

1.8

1.8

1.8

3.7

3.6

3.6

Strat. unit

Deschotes Formation Rocks (cont)

Map unit

DF-Z

Sample

1033

1034

1035

1036

103?

SiO2

55.7

54.7

56.7

57.6

56.7

1102

DF8

OF-9

1038

1039

1040

57.2

57.1

62.3

(cant)

1.91

1.74

1.72

1.71

1.71

1.67

1.73

1.28

81203

15.6

15.9

16.1

16.1

15.8

15.8

16.5

15.2

FeO

10.0

9.8

9.2

9.1

10.2

8.9

9.4

7.3

MgO

3.2

3.7

3.2

3.0

3.3

3.3

3.4

1.7

CaO

6.7

7.1

6.6

6.4

6.7

6.5

6.7

3.9

Na20

4.1

3.8

4.1

4.1

4.1

4.2

4.2

4.3

K20

1.02

1.30

1.18

1.22

1.15

1.24

1.07

2.22

98.23

98.04

98.80

99.23

99.66

98.01

100.10

98.20

q

7.4

5.6

7.9

9.2

7.4

7.9

7.4

15.2

C

-

-

-

-

-

-

-

-

6.8

7.3

6.3

13.1

Total

6.0

7.7

7.0

7.2

ab

34.7

32.2

34.7

34.7

34.7

35.5

35.5

36.4

an

21.1

22.5

22.0

21.9

21.3

20.6

23.0

15.6

o

-

-

-

-

-

-

-

-

di

10.0

10.4

8.9

8.1

9.9

9.5

8.4

3.2

by

10.4

11.6

10.4

10.2

11.2

10.1

11.3

0.3

of

-

-

-

-

-

-

-

-

nt

4.6

4.5

4.1

4.2

4.7

4.1

4.3

3.4

it

3.6

3.3

3.3

3.3

3.3

3.2

3.3

2.4

Map unit

01-18

DF-11

Saol a

1041

1042

1043

1044

1045

1046

1047

1048

61.4

61.0

59.7

66.2

ne

Strat. unit

SiO2
1102

63.2
1.35

59.8
1.51

58.7
1.48

60.6
1.40

1.44

1.23

1.07

1.04

14.9

16.7

16.8

16.5

16.5

17.1

18.2

16.0

Fe0

7.5

7.5

7.3

7.2

7.0

6.7

6.2

4.9

MgO

1.5

2.5

2.6

1.7

2.3

1.7

2.8

1.2

CaO

4.0

5.3

5.3

5.4

5.2

5.7

6.1

3.5

NO

4.3

4.8

4.5

5.0

5.0

4.6

4.2

51

K20

2.41

1.1?

1.17

1.30

1.27

1.33

1.26

1.99

Total

99.16

99.28

WAS

99.18

100.11

99.36

99.53

100.03

q

16.0

10.3

10.7

11.0

11.3

13.0

10.9

17.2

-

-

-

-

-

-

-

-

o

14.2

6.9

6.9

7.7

7.5

7.9

7.5

11.8

ab

36.4

40.6

38.1

42.3

42.3

38.9

35.5

44.0

an

14.2

20.6

21.4

18.7

18.8

20.4

27.1

14.4

1c

-

-

-

ne

-

-

-

-

di

4.7

4.7

5.1

by

7.0

9.3

9.7

of

-

-

nt

3.4

il

2.6

81203

C

-

-

-

-

-

-

-

6.8

5.8

6.5

2.6

2.4

6.0

7.9

6.1

10.4

5.1

-

-

-

-

-

-

3.4

3.4

3.3

3.2

3.1

2.9

2.3

2.9

28

2.8

2.7

2.3

2.0

2.0

-
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Strat. unit

Deschutes Fornation Rocks (cant)

Map unit

OF11 (cant)

Sample

1049

1050

1051

5i02

65.3

64.8

67.0

Ti02

1.00

0.97

0.90

High Cascade Rocks

Of-12

NC-1

1052

1053

1054

1055

1056

60.2

66.77

52.9

53.8

52.4

0.50

0.9?

1.48

1.44

1.43

15.5

15.6

15.9

16.2

16.1

17.7

17.2

17.9

FeO

5.3

5.2

5.0

3.5

5.3

9.6

9.1

9.3

MgO

1.4

1.2

1.3

1.1

1.1

6.2

5.1

5.4

CaO

3.2

2.9

2.8

2.3

2.9

7.9

7.5

8.0

NO

5.0

4.3

4.6

3.6

1.8

3.2

3.7

3.7

K20

2.57

3.11

2.96

3.12

2.51

0.95

0.92

0.65

Total

99.27

98.08

90.52

100.38

99.93

98.76

98.78

q

15.6

17.3

2.0

3.2

1.2

01203

100.46
18.4

26.6

18.7

-

-

-

2.7

0.2

a

15.2

18.4

17.5

18.4

14.8

5.6

5.4

3.8

ab

42.3

36.4

38.9

30.5

40.6

27.1

31.3

31.3

an

12.3

14.1

13.9

11.4

14.4

31.1

27.6

30.3

di

3.0

0.2

-

-

-

6.6

7.8

7.7

hy

6.0

6.6

6.9

5.5

6.6

19.9

16.1

17.2

mt

2.4

2.4

2.3

1.6

2.4

4.4

1.2

4.3

it

1.9

1.8

1.7

1.0

1.8

2.8

2.7

2.7

Sample

1057

1050

1059

1060

1061

1062

1063

1064

5102

53.4

53.9

51.3

54.0

53.5

54.7

54.3

56.2

C

lc

ne

of

Strat unit
May unit

TiOZ

1.42

1.40

1.38

1.38

1.33

1.28

1.26

1.22

17.4

18.2

17.1

17.3

18.0

17.7

17.6

17.7

feO

9.2

8.3

8.7

9.1

8.8

0.5

8.5

7.8

MgO

4.9

3.9

1.8

4.9

3.7

5.2

5.1

4.0

8.3

7.5

7.5

8.1

7.7

7.7

7.4

3.?

3.6

3.7

01203

CaO

NO
K20

Total
q

7.5
3.7

3.6

3.7

3.6

3.8

0.92

1.00

0.88

1.12

0.95

0.85

0.97

1.12

98.34

98.60

98.36

98.90

98.18

99.63

99.03

99.14

2.9

4.2

4.5

3.4

3.3

3.8

3.?

6.8

C

5.4

5.9

5.2

6.6

5.6

5.0

5.7

6.6

ab

31.3

30.5

31.3

30.5

32.5

31.3

30.5

31.3

an

28.1

30.5

27.4

27.7

29.2

29.2

29.0

28.4

o

lc

ne

di

6.7

8.7

8.0

7.?

9.0

7.4

7.5

6.8

by

16.0

11.9

15.0

15.7

11.8

16.1

15.9

12.0

01

mt

4.2

3.8

4.0

4.2

4.0

3.9

3.9

3.6

it

2.?

2.7

2.6

2.6

2.5

2.4

2.4

2.3
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Strat. unit

High Cascade Rocks (cont)

Map unit

HC-1 (cont)

Sample

1065

1066

1067

1068

1069

1070

1071

1072

SiO2

55.5

54.7

54.3

53.1

56.1

55.7

54.5

54.7

TiO2

R1203

Fe0

1.22

1.19

1.17

18.0

17.4

17.9

7.8

8.2

7.9

1.12

1.12

Ill

1.11

1.10

18.4

18.3

17.8

7.?

7.7

7.6

8.2

4.7

4.8

5.Z

19.0

18.2

7.8

MgO

4.1

5.6

5.3

5.3

4.9

CaO

7.2

7.9

8.2

8.2

7.5

7.4

7.5

7.7

Na20

3.8

3.6

3.8

3.5

3.5

3.4

3.5

3.?

K20

0.98

0.94

0.83

0.29

0.69

0.69

0.63

0.70

98,64

99.53

99.40

98.21

99.71

99.10

97.94

99.10

q

5.6

3.4

2.4

3.7

7.3

7.7

6.9

1.2

C

-

-

-

Total

o

5.8

5.6

4.9

1.7

4.1

4.1

2.1

1.1

ab

32.2

30.5

32.2

29.6

29.6

28.8

29.6

31.3

an

29.2

28.5

29.3

35.3

31.9

32.9

33.1

29.9

IC

-

-

ne

-

-

di

5.4

8.6

9.2

4.4

4.2

3.1

3.3

6.7

13.8

16.4

15.1

17.5

16.4

16.4

16.5

16.5

-

-

nt

3.6

3.8

3.6

3.6

3.5

3.5

3.5

3.8

it

2.3

2.3

2.2

2.1__

2.1

2.1

2.1

Sample

1073

1074

1075

1076

1077

1078

1079

1080

Si02

55.1

54.6

55.0

54.9

56.4

57.0

56.9

56.7

by
01

-

2.1

Strat. unit

Bald Peter Plug

Mao unit

Ti02

1.09

1.05

0.97

0.97

HC-2

0.88

1.25

1.12

1.11

18.2

18.0

18.2

18.6

18.0

18.0

16.8

18.7

FeO

7.7

7.7

7.2

6.8

7.3

6.8

6.6

6.?

MgO

5.3

5.4

4.3

4.5

5.6

3.0

3.1

3.2

CaO

7.2

7.9

8.2

7.5

8.0

7.5

7.2

7.2

3.5

4.0

3.7

1.1

4.0

4.0

1.03

0.98

0.75

1.10

1.01

1.00

98.75

98.73

98.61

7.4

7.8

7.5

01203

Ha20
K20

3.7
0.68

3.5
0.90

98.97

99.05

98.40

HIS

100.63

q

5.1

4.0

5.4

3.4

5.0

C

-

-

Total

o

4.0

5.3

6.1

5.8

4.4

6.5

6.0

5.9

ab

31.3

29.6

29.6

33.8

31.3

34.7

33.8

33.8

an

31.0

30.7

30.9

29.9

30.3

27.5

30.3

30.1

IC

-

-

ne

-

-

di

3.9

6.8

8.0

5.9

7.8

8.0

4.4

4.6

by

17.7

16.5

12.8

13.9

16.5

8.7

10.6

10.9

of

-

-

nt

3.5

3.5

3.1

3.4

3.0

3.1

3.1

3.1

it

2.1

2.0

1.8

1.7

2.1

2.4

2.1

2.1

137

Strat. unit

High Cascades Rocks (cont)

Map Unit

HC-2 (cant)

Sample

Si02
TiO2

1081

57.2
1.11

HC-3
1082

57.5

1.05

1083

1081

1085

1086

1087

1088

51.6

50.4

49.3

51.7

53.3

49.9

1.20

1.23

1.26

1.30

1.33

1.35

19.3

18.7

16.0

16.1

16.3

16.5

16.0

re0

6.7

6.7

9.2

11.3

11.3

11.2

9.5

Mg0

3.2

3.5

7.6

8.8

8.3

8.2

7.8

9.2

CaO

6.8

7.3

10.8

10.3

10.4

9.0

8.8

9.2

NO

3.9

4.0

2.4

2.6

2.6

2.7

3.0

2.6

K20

1.08

0.95

0.28

0.20

0.07

0.36

0.64

0.23

A1203

16.1

11.4

99.29

99.70

99.08

100.93

99.53

100.86

100.37

99.98

q

8.3

8.8

2.6

-

0.7

2.0

-

C

-

-

-

-

-

-

-

-

o

6.4

5.6

1.7

1.2

0.4

2.1

3.8

1.4

33.0

33.8

20.3

22.0

22.0

22.8

25.4

22.0

32.0

30.3

32.0

31.7

32.6

31.8

28.3

31.6

-

-

-

-

-

-

-

10.4

12.4

11.4

25.1

21.3

21.4

Total

ab
an

ne

di

1.4

2.9

17.3

15,7

15.4

by

12.4

11.9

18.3

18.3

16.7

-

-

-

4.3

4.6

of

-

-

4.1

5.2

nt

3.1

3.1

4.2

5.2

5.2

5.1

4.4

it

2.1

2.0

2.3

2.3

2.4

2.5

2.5

2.6

Sample

1089

1090

1091

1092

1093

1094

1095

1096

5102

52.5

53.0

49.1

50.9

49.6

58.1

58.4

58.9

Strat. unit
HC-5

map unit

Ti02
R1203

NO
MgO

1.35

1.40

1.48

1.67

1.12

1.12

1.03

16.5

15.8

16.4

14.7

15.9

17.4

18.1

17.8

9.9

9.5

11.8

12.3

11.3

7.1

6.6

6.4

6.9

8.4

7.4

7.7

3.7

2.8

3.7

8.9

7.4

6.3

6.5

3.1

3.7

1.1

4.0

1.12

1.07

1.08

7.4

CaO

8.3

8.5

9.8

10.2

HaZO

3.1

3.1

2.7

2.6

K20

2.02

0.60

0.69

0.11

0.80

0.84

99.65

98.89

99.79

100.57

99.36

99.64

98.49

99.41

q

1.5

2.9

-

-

-

9.6

10.4

10.0

C

-

-

-

-

-

-

-

-

Total

3.6

4.1

0.7

4.7

5.0

6.6

6.3

6.4

ab

26.2

26.2

22.8

22.0

26.2

31.3

34.7

33.8

an

29.3

27.2

32.3

26.1

27.0

27.6

27.8

27.4

o

-

-

lc

ne

-

-

-

-

-

-

-

di

9.6

12.1

13.2

20.0

13.9

7.5

2.8

1.0

by

22.0

19.0

16.5

18.2

10.1

11.2

10.7

12.4

of

-

-

4.8

0.5

7.9

-

-

-

nt

4.6

4.4

5.4

5.7

5.2

3.3

3.0

2.9

it

2.1

2.0___-

2.3

2.3

2.4

2.5

2.5

2.6

-
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Strat. unit

High Cascade Rocks (cant)

Man unit

IC-5 (cant)

Sample

1097

1098

1099

1100

1101

1102

1103

1104

Si02

57.3

57.7

58.1

57.3

58.3

57.4

58.7

58.1

Ti02

1.04

0.98

0.98

0.98

0.96

0.90

0.90

0.92

18.3

17.9

18.0

18.5

17.9

17.5

18.6

17.9

FeO

6.8

6.6

6.5

6.5

6.4

7.1

6.1

6.3

MgO

3.8

3.8

4.0

4.2

4.0

5.2

3.9

3.6

CaO

7.0

6.6

6.7

7.0

7.0

6.9

7.1

6.4

Ha20

3.8

3.8

4.1

3.8

4.1

3.9

4.0

1.0

0.88

0.96

1.00

0.70

0.92

0.57

0.75

0.93

98.92

98.34

99.38

98.90

99.58

99.47

100.05

98.15

8.9

8.4

7.7

9.5

10.0

RlZ93

K20

Total
q

8.9

9.8

8.2

C

-

-

-

o

5 .2

5 .7

5. 9

4.1

5.4

3.4

4.4

5.3

ab

32.2

32.3

34.7

32.2

34.7

33.0

33.8

33.0

an

30.3

28.9

27.7

31.3

27.7

28.6

30.6

28.2

1c

-

-

ne

-

-

-

di

3.6

3.1

4.5

2.7

5.6

4.6

3.7

2.9

by

13.2

13.3

13.0

14.4

12.3

16.7

12.8

12.7

of

-

-

-

nt

3.1

3.0

3.0

3.0

2.9

2.0

1.9

1.9

1.9

1.8_

1105

1106

1107

1108

it

3.3

_1.7

2.8

2.9

1.7

1.8

1109

11/01/11

1112

57.9

57.5

55.6

Strat. unit
Mapunit
sample

Si02
TiO2

57.5
0.87

57.9
0.87

57.8
0.86

59.1
0.85

0.85

59.2
0.83

0.82

1.03

19.2

18.3

18.6

19.0

10.6

18.9

18.9

18.6

FeO

5.9

5.0

5.8

5.9

5.9

5.8

5.9

7.1

MgO

1.1

4.1

4.0

3.6

4.4

3.5

4.0

4.7

Ca0

7.1

6.6

7.0

5.8

6.8

6.2

6.8

7.4

Ha2D

3.6

3.5

3.7

3.8

1.0

4.0

4.0

3.8

K20

0.68

1.16

0.59

0.83

0.62

0.79

0.63

0.68

98.95

98.23

98.35

98.88

99.07

99.22

98.55

98.91

q

9.9

10.4

10.7

13.1

10.1

11.5

8.8

5.8

C

-

-

-

-

-

-

-

-

o

4.0

6.9

3.5

1.9

3.7

4.7

3.7

4.0

ab

30.4

29.6

31.3

32.2

33.8

33.8

33.8

32.2

28.8

31.0

30.8

31.7

31.?

81203

Total

34.2

30.8

32.4

-

-

-

-

ne

-

-

di

0.8

1.6

1.9

-

2.2

by

14.5

14.1

13.7

of

-

-

-

-

nt

2.7

2.7

2.7

it

1.7

1.7

1.6

an

is

-

-

-

-

1.6

4.1

12.4

13.4

14.0

15.5

-

-

-

-

2.7

2.7

2.7

2.?

3.3

1.6

1.6

1.6

1.6

2.0

13.8
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Strat. unit

High Cascade Racks (cant)

Map unit

HC-5 (cent)

RC-10

HC-6

Sample

11/31/14

1115

1116

1117

1118

1119

1120

Si02

61.3

60.9

63.4

66.2

67.2

67.3

67.7

67.5

TiO2
R1203
e0
Mg0
CaO

Ha20

0.93

1.22

1.00

0.68

0.77

0.81

0.76

0.79

19.1

16.6

16.2

16.9

16.2

17.0

16.5

16.4

5.7

7.1

5.9

1.5

4.4

4.7

4.4

1.4

1.7

1.6

1.0

0.9

1.0

0.9

4.0

3.2

3.2

3.1

3.1

5.2

5.0

5.3

5.3

1.79

2.7
5.9

4.3

2.6

5.4
4.3

4.1

4.7

4.5

1.05

1.43

1.83

1.58

1.75

1.77

1.83

Total

99.98

99.55

98.83

99.96

99.72

100.68

100.59

100.18

q

13.3

12.8

15.4

20.6

19.5

20.7

19.3

19.4

C

-

-

-

-

-

1.0

0.2

9.1

0

6.2

8.5

10.8

9.3

10.3

10.5

10.8

10.6

K20

ab

36.4

36.4

39.8

38.1

44.0

42.3

44.8

44.8

an

27.0

21.8

17.7

19.3

15.7

15.9

15.4

15.4

ic.

-

-

-

-

-

-

-

-

-

-

ne

-

-

-

1.8

4.2

2.2

0.4

0.2

-

-

-

7.3

5.8

5.8

5.9

5.5

di
hy

10.3

9.9

7.7

of

-

-

-

-

-

-

-

-

2.0

2.2

2.0

2.0

nt

2.6

3.3

2.7

2.1

it

1.8

2.3

1.9

1.3

1.5

1.5

1.4

1.5

Strat. unit
map unit

RC-11

Sample

1121

1122

1123

1124

1125

1126

1127

1128

Si02

56.7

67.1

68.2

67.3-

66.8

66.6

66.3

66.7

1102

0.75

HC-12

0.70

0.70

0.74

0.75

0.74

0.71

0.77

16.5

15.6

15.9

16.4

15.8

16.2

15.9

16.6

re0

4.3

4.2

3.6

4.3

4.3

1.3

4.2

4.0

MgO

1.0

1.1

0.7

0.9

1.1

0.9

0.9

0.7

CaO

2.8

2.9

2.8

3.1

3.1

3.1

3.0

3.0

5.1

5.0

5.0

5.3

5.4

5.2

5.4

5.0

1.73

2.30

1.76

1.78

1.75

1.78

2.19

99.03

98.79

98.19

98.95

18.3

19.3

18.2

19.6

0.1

-

0.6

81203

NO
K20

1.74

Total

98.89

98.33

99.20

99.80

q

20.5

21.2

21.2

19.4

c

1.1

0.2

0.1

0.1

-

o

10.3

10.2

13.6

10.4

10.5

10.3

10.5

12.9

ab

43.1

42.3

12.3

44.8

45.7

44.0

45.7

42.3

an

13.9

14.4

13.9

15.4

13.6

15.4

13.9

14.9

is

-

-

-

-

ne

-

-

di

-

-

-

hy

5.8

of

-

nt

ii

-

-

-

-

-

-

-

-

-

1.5

-

0.9

6.0

4.3

5.5

5.3

5.5

5.1

-

-

-

-

-

-

-

2.0

1.9

1.7

2.0

2.0

2.0

1.9

1.8

1.4

1.3

1.3

1.4

1.4

1.4

1.4

1.5

4.6
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Strat. unit

High Cascade Rocks (cont)

Map unit

NC-13

HE-14

HC-15

RC-16

Sample

1129

1130

1131

1132

1133

1134

1135

1136

Si02

67.5

68.0

70.5

55.0

55.9

57.7

57.1

64.5

Ti02

0.65

0.56

0.62

1.06

0.96

0.99

0.95

0.63

15.6

16.0

16.5

10.1

17.9

18.2

18.1

17.4

Fe0

4.0

3.7

2.8

7.2

6.8

6.8

6.6

1.2

MgO

0.5

1.6

0.6

4.4

4.8

4.2

4.2

1.7

CaO

3.1

2.4

2.4

7.4

7.1

7.0

7.0

4.4

5.2

4.7

5.0

3.9

3.8

3.8

4.1

4.5

3.28

1.94

0.81

0.69

0.80

0.77

1.40

99.49

98.82

98.73

01203

Ha20
K20

2.15

Total

90.70

100.24

100.36

97.87

97.95

q

19.9

18.3

26.2

5.0

6.?

9.0

7.1

18.6

c

-

0.4

1.8

-

-

-

-

0.5

o

12.7

19.4

11.5

4.8

4.1

4.7

4.6

8.3

ab

44.0

39.8

42.3

33.0

32.2

32.2

34.7

38.1

an

12.9

11.9

11.9

29.5

29.7

30.2

28.7

21.8

is

-

-

-

-

-

-

ne

-

-

-

-

-

-

di

2.2

-

-

hy

3.3

7.0

3.4

of

-

-

--

-

-

-

-

-

nt

1.8

1.7

1.3

3.3

3.1

3.1

3.0

1.9

ii

1.2

1.1

1.2

2.0

1.8

1.9

1.8

1.2

-

5.9

4.3

3.7

1.9

-

13.9

15.4

14.2

13.5

7.6

Strat. unit
iC-18

Map unit

IC-17

Sample

1137

1138

1139

1140

1141

1142

1143

1144

SiO2

55.0

54.7

56.2

59.7

60.0

60.6

60.8

61.2

1102

1.24

1.19

1.09

0.74

0.73

0.74

0.73

0.71

17.8

17.3

17.8

18.5

18.6

18.0

18.1

18.3

FeO

6.5

6.3

6.0

5.2

1.9

5.1

5.2

5.2

Mg0

4.8

1.5

4.6

3.3

3.4

3.0

3.4

3.1

Ca0

7.6

7.9

7.6

6.2

6.3

6.2

6.1

6.2

Na20

4.2

4.2

3.9

3.6

4.1

3.7

3.9

3.6

K20

1.72

164

1.27

0.74

0.82

0.88

0.06

0.87

98.70

97.73

97.98

98.85

98.22

99.09

99.21

q

0.5

0.9

5.0

15.0

12.1

15.5

14.1

16.3

c

-

-

-

0.5

-

-

-

9.7

7.5

4.4

4.9

5.2

5.1

5.1

33.0

30.5

01203

Total

o

10.2

98.46

0.2

ab

35.5

35.5

33.0

30.5

34.7

31.3

an

24.6

23.5

27.3

30.8

29.9

29.9

29.3

30.8

-

-

-

-

-

-

-

-

-

ne

-

-

di

10.5

12.7

8.3

-

8.0

12.0

12.4

lc

hy

11.6

-

1.1

0.7

0.7

-

11.9

10.3

12.3

12.9

of

-

-

-

-

-

-

-

-

nt

3.0

2.9

2.8

2.4

2.3

2.3

2.4

2.4

it

23

2.3

2.1

1.4

1.4

1.4

1.4

1.4
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Strat. unit

High Cascade Rocks

Mao unit

HC-18

Samol e

5102

TiO2

(cant)

Intrusioe of
anknoun age

HC-19

HC-20

1145

1146

1147

1148

1149

1150

60.8

66.7

62.5

62.1

64.0

70.8

0.76

0.67

0.76

0.74

0.65

0.43

18.5

16.4

17.5

18.0

17.6

15.4

Fe0

5.3

4.0

5.0

5.0

4.4

2.6

MgO

3.3

1.5

2.6

2.0

2.5

1.0

3.5

5.4

5.8

5.1

2.2

4.4

4.6

4.8

R1203

CaO

Ha20

6.4
4.0

5.0

1.5

0.93

1.65

1.20

1.12

1.42

2.17

Total

99.99

99.42

99.46

99.96

100.27

99.40

q

26.5

K20

13.0

19.3

14.2

13.6

15.2

c

-

-

-

-

-

1.2

0

5.5

9.8

7.1

6.6

8.4

IN

ah

33.8

42.3

38.1

37.2

38.9

40.6

an

29.8

17.4

24.0

26.0

23.2

10.9

IC

-

-

-

ne

-

-

-

-

-

di

1.6

-

2.3

2.2

1.8

-

hy

11.8

6.8

9.4

9.9

9.0

4.5

-

-

al

-

-

-

-

-

-

Mt

2.4

1.8

2.3

2.3

2.0

1.2

ii

1.4

1.3

1.4

1.4

1.2

0.8
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APPENDIX 2

Sample Locations and Descriptions

Sample locations and petrographic descriptions of analyzed rocks
are summarized here.

Samples are numbered consecutively and grouped

by composition under

the appropriate map unit as in Appendix 1.

Silica content and fluxgate magnetic polarity are given for each

sample.

Locations are given by Township, Range, 1/4 Section, and
elevation.
mere multiple analyses were performed for a single map
unit, descriptions may be summarized.

All analyzed rocks were studied in thin section and petrographic
terminology follows that of Williams, Turner, and Gilbert, (1982) and
MacKenzie and others (1982). Modal phenoayst abundances were

determined by standard point-counting methods and are reported as
volume percent of whole rock, excluding pore spaces. Between 600 and
800 points were counted for most thin sections and the reader is
referred to Van Der Plas and Zbbi (1965) for approximate error limits
on modal p--x+centages. Plagioclase caopositions, reported as mole
percent anorthite, were determined by the combined albite and Carlsbad
twin method, the a -normal method, and the Michel Levy method (Tobi,
1961, 1963;

Phillips and

Griffin, 1981;

Deer and others, 1963).

Groundmass constituents are listed in order of decreasing abundance.
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-Pre-Deschutes Formation Rocks
Brown Dacite Assemblage

Average brown dacite
(1001)
Average of four analyses includes two from Wendiand (in prep,
(samples DW-2 and Di-371), one analysis from Hales (1975)
(sample number 298), and one from this study (sample number 1002).
Standard deviations: S102-0.7, TiO2-0.06, A1203-0.9, Fe0-0.3, MgO-0.6,
CaO-0.5, Na20-0.7, K20-0.20.
Map unit PD-1
(1002)

Glom r orphyritic olivine and clinapyraxene-bearing
dacite lava. Silica 67-68. Polarity reverse. SE 1/4 Sec.21,

T10S, R10E,

elevation 3040

feet.

Plagioclase phenocrysts (4%, An45,

up to 2.2 mm). Olivine p nocrysts (3%, 0.3-0.9 mm) are largely
altered to iddingsite and bowlingite. Magnetite phenocrysts (<it,
0.1-0.6 mm) are resorted and embayed. Augite phenocrysts (<it,
0.4-1.0 mm) are altered to bowlingite. Gro u dmass pilotaxitic:

silica mineral, magnetite, glass, pyroxene.
Analysis from Hales (1975), sample number 384. Fine grained
rhyodacite. Silica 67-68. Polarity reverse. SE 1/4, Sec 21,
T10S, R10E, elevation 2900 feet
Analysis from Hales (1975), sample number 298. Porphyritic,

plagioclase,
(1003)

(1004)

olivine-bearing dacite
reverse.

NW 1/4,

lava.

Silica 67-68. Polarity
R10E, elevation 2600 feet.

Sec 28, T10S,

Castle Rocks Andesites
Average Castle Rocks Andesite
(1005) Average of 23 analyses from Wendland (1985), Hales (1975),
E.M. Taylor unpublished data, and sample numbers 1007, 1008,
and 1009 from this study. Standard deviations: S102-0.7, T102-0.03,
A1203-0.3, F60-0.3, MgO-0.4, CaO-0.4, Na20-0.3, K2O-0.16.

Xenolith out of aphyric lava
Porphyritic hornblende-bearing two-pyroxene andesite xenolith
out of a DF
wrtes-age, aphyric lava. Silica 61-62. Polarity
unknown. NEI/4, Sec 17, T10S, R10E, elevation 3300 feet. Plagioclase
phenocrysts form two groups: micrcphenocrysts (22%, average 0.2 mm)
are euhedral, clear, and largely
-phenocrysts (10%, average
0.8 mm) show mild to strong resorption of cores. Orthopyroxene
(1006)

pests

form two groups: microphenocrysts (8%, average 0.2 mm) are
totally oxidized to opacite - phenocrysts (7%, average 0.8 mm) are
rimmed by cpacite. Oxyhornblende phenocrysts (3%, up to 1.2 mm)
are
totally recrystallized to opacite and granular pyroxene. Clinopyroxene
phenocrysts (trace, up to 1.7 mm). Grrnuxxnass intersertal:
plagioclase, silica mineral, glass, magnetite, apatite.

144

Map unit PD-2

Porphyritic hornblende-bearing, two-pyroxene andesite lava.
Silica 62-63. Polarity normal. SW 1/4, Sec 35, T10S, R10E,
elevation 2680 feet. Plagioclase phenocrysts occur in two groups:
large glanerocrysts (13%, up to 1.5 nun) are cloudy, resorbed, and
(1007)

embayed - microphenocrysts (19%, An50-60, average 0.3 mm) are clear
and euhedral. Orthapyroxene phenocrysts (6%, <0.1-0.9 mm).
ClincPyrcxens megacrysts (1%, up to 4.5 nun) are pale green with minor
reaction rims of granular pyroxene. Rare oxyhornbiende phenoczysts

are largely altered to opacite. Graauuttass pilotaxitic: plagioclase,
magnetite, pyroxene, silica mineral, glass, apatite.
Map unit PD-3
(1008)

Porphyritic hornblende-bearing orthopyroxene andesite lava.

Silica 61-62. Polarity normal. NE1/4, Sec 20, T10S, RlOE,
elevation 2680 feet. Plagioclase phenocrysts (32%, An50-60) form two

groups as in sample number 1005 (see description above). Orthopyroxene
phenocrysts form two groups: microphenocrysts (13%, average 0.2 mm)
are extremely turbid and oxidized - phenocrysts (4%, up to 4.0 man) are
clear and euhedral. Oxyhornblende pher=crysts (6%, up to 3.5 nun) are

largely altered to opacite. Gramass intersertal: plagioclase,
glass, silica mineral, magnetite, apatite.
Map unit PD-4
(1009)

Porphyritic hornblende-bearing, erthopyroxene andesite clast

out of an

autociastite.

Silica 62-63. Polarity normal.

NW 1/4, Sec 35, T10S, R10E. elevation 3000 feet. Plagioclase
phenocrysts form two groups: uric cphenocrysts (40%, An50-60,
average 0.3 mm) and ph,enocrysts (2%, up to 1.8 mm). arthopyroxene
microphenocrysts (11%, average 0.3 ma) are extremely turbid, often
nearly opaque. Oxyhornblende phenocrysts (4%, average 1.5 man) are
largely altered to epacite. Gro r mass intersertal: glass,

plagioclase,

magnetite, arthopyroxene.

Twin and Shitike Buttes
Map unit PD-6

Porphyritic
ring rhyodacite dame of Twin
Buttes. Silica 72-73. Polarity normal. SE 1/4, Sec 4, T10S,
R1OE, elevation 3560 feet. Porphyritic with subparailel phenocrysts
of plagioclase and orthopyznxene in a pilotaxitic grow mass.
(1010)

Plagioclase phenocrysts (6%, An35-40, average 0.8 mn). Orthapyroxene
phenocrysts (1%, up to 0.6 mm). Magnetite phenocrysts (<1%, up to
0.3 mm) are strongly resorbed and embayed. Traces of quartz
crystallized in fractures and open spaces. Groundmass pilotaxitic:
plagioclase, silica mineral, magnetite, pyroxene, glass, apatite.
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Map unit PD-7

Porphyritic two-pyraw-ne bearing rhyodacite dome of Shitike
Butte. Silica 69-70. Polarity reverse. SW 1/4, Sec 36,
T10S, R10E, elevation 4800(?) feet (taken frcm roadcut on road to the
butte summit). Porphyritic with subparallel phenocrysts in a
pilotaxitic gr and mass. Plagioclase phenocrysts occur in two groups:
small, clear, euhedral crystals (1%, An35-40, up to 1.0 mm) - large,
clouded, resorted and embayed crystals (6%, up to 3.5 mm).
OrUxWraaene its (1%, average 0.4 nun). Clinopyr oxen
phenocrysts (trace, up to 1.0 mm). Grou pass pilotaxitic:
(1011)

plagioclase, magnetite,

silica mineral, glass, apatite.

Deschutes Formation Rocks
Mafic Vent Came lex

Map unit DF-1

Porphyritic olivine basalt flows and dikes with phenocrysts of
plagioclase and olivine in an intergranular groundmass of variable

mineralogy.

Olivine pheno.;rysts (0.4-3.0 nun average 1.3 mm) are

normally altered to iddingsite and bowlingite. Some crystals are
completely altered and strongly corroded and embayed. Zoning of
score olivine crystals can also be observed. Plagioclase phenocrysts

(0.3 to 4.0 mm, average 0.9 mm) show a ca moo zoning pattern that
occurs in all samples of the mafic vent complex and in most lavas of
in the Rhitewater River area: calcic cares composing over 90% of the

crystals show normal zoning (sometimes mildly oscillatory) over a
small campositicnal range. These cores are abruptly rinumeed by
normally zoned sodic margins. Resorption of the calcic cores is minor

but rare crystals are strongly resorted. Groun mass phases include
plagioclase, ortho and clinapyroxene, magnetite, silica mineral,
olivine, and biotite. Magnetite up to 0.3 run is common. Apatite is
cc anon in the groundmass or as inclusions in plagioclase
phenocrysts.
(1012) Porphyritic olivine basalt lava. Silica 51-52. Polarity

reverse. SE 1/4, Sec 7, T10S, R10E, elevation 3120 feet.
Olivine phenocrysts (7%). Plagioclase phenocrysts (37%). Groundmass
intergranular: clinopyroxene, plagioclase, silica mineral, magnetite,

olivine.
(1013)

Porphyritic olivine basalt lava. Silica 52-53. Polarity

reverse. SW 1/4, Sec 8, T10S, 10E, elevation 3400 feet.
Olivine phenocrysts (8%). Plagioclase phenocrysts (29%). Groom mass
intergranular: ortho and clinopyroxene, plagioclase, magnetite, silica
mineral.
(1014)

Porphyritic olivine basalt lava. Silica 50-51. Polarity

reverse. SW1/4, Sec 8, T10S, RIOE, elevation 3240 feet.
Olivine phenocrysts (12%). Plagioclase phenocrysts (31%). Groundmass
intergranular: plagioclase, orthopyroxene, silica mineral, magnetite,
clinapyroxene(?).
(1015)

Porphyritic olivine basalt lava. Silica 51-52. Polarity

reverse. SW 1/4, Sec 8, T10S, R10E elevation 3600 feet.
Olivine phenocZysts (8%). Plagioclase phenocrysts (27%). Groin

mass
ar: orthopyr oxen, plagioclase, silica mineral, magnetite,
cljncpyroxene.
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Porphyritic olivine basalt dike. Silica 52-53. Polarity

(1016),

reverse. SWl/4, Sec 8, MOS, R10E, elevation 2920 feet.
Olivine phenocrysts (13%). Plagioclase phenocrysts (18%) is altered
to sericite. Grou amass intergranular: plagioclase, orthopyroxene,

magnetite, silica mineral, clinopyraxene.
(1017)
Porphyritic olivine basalt dike. Silica 51-52.
reverse.

NW1/4,

Polarity

Sec 17, MOS, R10E, elevation 2760 feet.

Olivine phenocrysts (16%) show no iddingsite alteration but pronounced
alteration to bowlingite. Plagioclase phenocrysts (11%). Groundmass
pilotaxitic: plagioclase, ortho and clinopyroxene, magnetite, glass.

c il oritic alteration in the grcxndmass.
(1018)
Porphyritic olivine basalt dike.

Silica 50-51. Polarity

reverse. SW1/4, Sec 8, MOS, R10E, elevation 3280 feet.
Olivine pheriocrysts (16%). Plagioclase phenocrysts (11%). Ground mass
pilotaxitic: plagioclase, ortho and clinopyroxene, magnetite, silica
mineral, biotite.
Map unit DF-2

Porphyritic olivine and clirxVyromene-bearing basaltic andesite lavas
and dikes. Phenocrysts of plagioclase, olivine, and clinopyroxene in
gro<uxhnass ranging from intergranular to pilotaxitic. Plagioclase

phenacrysts (0.2-3.5 mm) range in composition from apprMimately An64
to An72. Resorption of plagioclase cores is minor but occasional
crystals are strongly resorbed. Zoning patterns are the same as those

in the mafic vent basalts (see description

above).

Ferrcmagnesian

phejuryasts (average 0.5 mm) compose less than 1% of the mode in
all samples. Grard mass phases include plagioclase, ortho and cl.inopyroxene, magnetite and biotite. Magnetite up to 0.3 mm is common.

Apatite is a canton accessory as inclusions in plagioclase or in the
gram dmass.

Porphyritic olivine and ciinopyroxene-bearing basaltic
andesite dike. Silica 53-54. Polarity reverse. SW1/4,

(1019)

Sec 8, MOS, R10E, elevation 2930 feet. Plagioclase phenocrysts
(15%). Olivine and clinopyroxene phenocrysts (<1%). Groundmass

pilotaxitic: plagioclase, ortho and
mineral,
(1020)

SW1/4,

biotite.

clinapyr+axene,

magnetite, silica

Porphyritic olivine and clinopyroxene-bearing basaltic
andesite dike. Silica 53-54. Polarity normal (weak).
Sec 8, MOS, R10E, elevation 2880 feet. Plagioclase

phenocrysts (16%).

Olivine and clinopyroacene phenoczysts (<1%) .
plagioclase, ortho(?)pyroxene, magnetite,

Grrxnxtnass pilotaxitic:

silica mineral, biotite.
(1021)

Porphyritic olivine and clinopyroxene-bearing basaltic
andesite lava. Silica 52-53. Polarity reverse. NE1/4,

Sec 17, MOS,
(14%).

R10E, elevation 3480 feet. Plagioclase phenocrysts
Olivine and clinapyroxene phenocrysts (<1%). Groundmass

intergranular: pyroxene, plagioclase, magnetite,

silica mineral.
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Deschutes Formation Basaltic Andesite Lavas
Map unit DF-3

Porphyritic olivine and clinopyroxnne-bearing basaltic
andesite lava. Silica 54-55. Polarity normal. NW1/4,
Sec 27, T1OS, R10E, elevation 3220 feet. Plagioclase phenocrysts
(4%). Olivine phenocrysts (<1%, 0.6-1.5 non). Trace clinopyroxene
microphenocryst Groundmass intergranular: plagioclase,
orthopyroxene, magnetite, clinopyroxene, silica mineral.
(1023) Porphyritic olivine and clinapyroxene-bearing basaltic
andesite lava. Silica 52-53. Polarity reverse. SE1/4, Sec 7,
(1022)

T1OS,

R10E, elevation 3180

feet.

Plagioclase phenocrysts (10%,

0.5-3.0 mm) are strongly resorted and clouded with inclusions,
brown-to-green amphibole(?) was observed in one strongly resorted
crystal. Olivine phenocrysts (2%, average 0.8 nun). Trace clinopyroxene microphenocryst. Grour mass pilotaxitic: plagioclase,
clinopyroxene, magnetite,
(1024)

silica mineral.

Porphyritic olivine and clinopyroxene-bearing basaltic
andesite lava. Silica 54. Polarity reverse. NW1/4, Sec 8,

T1OS, R10E, elevation 3400

feet.
Plagioclase phenocrysts (11%,
0.3-1.6 mm). Olivine phenocrysts (2%, average 0.9 mm). Graundmass

intergranular: plagioclase,

mineral.

Doctrt

clino and

orthopyrnacene,

magnetite, silica

Formation Andesite and Dacite Iayas

Map unit DF-4
(1025)

Glcaneroporphyritic, two-pyr xene-bearing andesite.

Silica 59-60. Polarity reverse. SE1/4, Sec 17, T1OS, R10E,
elevation 2700 feet. Phenocrysts and glamerocrysts of plagioclase,
ordxgyrawne, cl
, and magnetite. Plagioclase phenocrysts
occur in two groups. First - clear, sharp, euhedral crystals (30%,
An53, 0.2-4.5 mm). Oscillatory zoning shows large, normally zoned
cores with thin sodic rims. Reversed zoning was also observed.
Resorption of calcic cores is minor. Second - strongly resorted
crystals (<1%, average 0.9 mm) that are clouded with inclusions of
groundmass phases. Orthapyroxene phenocrysts (7%, 0.1-0.9 mm).
Clinopyraxene phenocrysts (1%, average 0.8 mm). Magnetite phenocrysts
(1%, average
mineral,
plagioclase, magnetite, pyroxene, biotite. Biotite appears as a
groundmass phase and as an alteration product of pyroxene.

0.4 mm). mss intergranular: silica

Map unit DF-5
(1026)
Porphyritic,
dacite lava. Silica 64-65.
Polarity reverse. SW1/4, Sec 17, T1OS, R10E, elevation
3000 feet. Plagioclase phenocrysts (An45-51, 27%, up to 3.5 nun).
Orthopyroxene phenocrysts (9%, 0.1-1.0 nan). Clinopyroxene phenocrysts
(<l%, up to 2.0 nun). Magnetite phenocrysts (1%, average 0.2 nm).
Microcrystalline grcn amass: silica mineral, plagioclase, magnetite,
glass, pyroxene, apatite, biotite. Biotite is common in the borders
around the phenocrysts, especially around magnetite.
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Map unit DF-6

Porphyritic two-pyrroxene bearing dacite lavas. Phenocrysts of
plagioclase, ortho and clinopyroxene, and magnetite in a pilotaxitic
grauxbmss. Glamerocrysts are ca mx n. Plagioclase phenocrysts
(An44-53 ,15-20%, average 1.5 mm) show oscillatory zoning patterns
with some reverse zones. Calcic cores are mildly to heavily resorbed
and occasional whole crystal are totally resorted and recrystallized

to Sass constituents. Orthapyroxene phenocrysts (3%,0.3-1.8
C1

up to 1.5 mm).

mm).

Magnetite phenocrysts
(<1%, average 0.2 mm) are cce ut my embayed and resorbed with margins
(<1%,

oxidized to

hematite.
glass,

silica mineral,

Gro ux ass pilotaxitic: plagioclase, magnetite,
pyroxxene, apatite, biotite. Biotite commonly

It

occurs around the margins of phenocrysts and within glcuerocrysts.
also occurs freely in the groundmass.
(1027)
Gl®nercporphyritic,
inq dacite lava.
Silica 64-65. Polarity reverse. NE1/4, Sec. 17, T10S, R10E,
elevation 3100 feet.
(1028) Glcanercyporphyritic, two-pyroxene-bearing dacite lava.

Silica 64-65. Polarity reverse. NE1/4,
Sec 8,

(1029)

T10S, R10E,
Glcmeroporphyritic,

elevation 3200 feet.
two-pyroxene-bearing dacite lava.

Silica 64-65. Polarity
elevation 3300 feet.

Desdrutes

reverse.

NW 1/4, Sec 17, T10S R1OE,

motion Aphyric lavas

Map unit DF-7
Aphyric, basaltic andesite lavas. Phenccrysts form less than 3% of
the mode. Phenocryst assemblages dominated by plagioclase with
clinopyroxene, olivine, magnetite, and trace orthopyrotene. Plagioclase Phenocrysts (average 1.0 min, An55+) show all degrees of resorption
from clear and suhedral to heavily resorbed and embayed. Zoning is
generally normal with large calcic cores and thin sodic rims but
reverse zones and oscillatory zoning were observed. Clincpyroxene
phenocrysts (average 0.7 mm) show rounded margins, not sharp and
euhedral, but often rimmed by magnetite. Olivine phenocrysts (average
0.4 mm) are almost always rinaaed by magnetite or granular pyroxene.
Magnetite (average 0.2 mm) ranges from sharp and euhedral to strongly
mbayed and resorbed, often with a rim of biotite. Banding of
phenocryst-rich and phenocryst-poor zones was observed in
sample 1034. Grou pass ranges from the extremely fine-grained
pilotaxitic to intergranular.
(1030)
Aphyric basaltic andesite lava. Silica 56-57. Polarity
reverse(?). SW1/4, Sec 22, T10S, R1OE, elevation 3450 feet.
Phenocrysts (<2%): plagioclase, magnetite, and olivine rimmed by
magnetite. Groundmass is intersertal: plagioclase, clinopyroxene,
magnetite, silica mineral, glass.
(1031)
Aphyric basaltic andesite lava. Silica 55-56. Polarity
normal. NW 1/4, Sec 27, T10S, R1OE, elevation 3160 feet.
Phenocrysts (<1%): plagioclase, clinopyroxene, olivine, and
magnetite. Olivine is surrounded by granular clinopyroxene.
Grounc2mass pilotaxitic.
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(1032)

Aphyric basaltic andesite

lava.

Silica 55-56.

Polarity

NW 1/4, Sec 27, T10S, R10E, elevation 3200 feet.
Phenocrysts (<1%): plagioclase, olivine, and clinopyroxene.
normal.

Grounxass fine-grained pilotaxitic.
(1033)
Aphyric basaltic andesite lava. Silica 55-56. Polarity
normal. NW 1/4, Sec 27, T10S, R10E, elevation 3120 feet.
Phenocrysts (<l%):

plagioclase,

fine-grained pilotaxitic.
(1034)

olivine, clinopyroQxene.

Aphyric basaltic andesite
normal. NW 1/4, Sec

Silica

lava.
20, T10S, RlOE,

54-55.

Gr undImass

Polarity

elevation 2950 feet.
This rock shows banding of phenocryst-rich and phenocryst-poor zones.
Banding is visible in hand specimen. Phenocryst-rich zones (5-10%
modal phenocrysts) contain plagioclase, olivine, am hibole(?) altered
to opacite, and cl
Phenocryst-poor zones (<2% modal
phenocrysts) contain plagioclase, and olivine.
(1035) Aphyric basaltic andesite lava.
Silica 56-57. Polarity
normal. SW 1/4, Sec 21, T10S, R1OE, elevation 3020 feet.
.

Phenocrysts (1-3%): plagioclase, clinopyroxene, olivine, magnetite.

Gracuxnass fine-grained pilotaxitic.
(1036) Aphyric basaltic andesite lava.
Silica 57-58. Polarity
normal. NW 1/4, Sec 21, T10S, RlOE, elevation 2800 feet.
Phenocrysts (1-3%): plagioclase, clinopyroxene, olivine, magnetite,
ozthopyroxene. Groundmass fine-grained pilotaxitic.
(1037) Aphyric basaltic andesite lava.
Silica 56-57. Polarity
normal. SW 1/4, Sec 22, T10S, R1OE, elevation 3120 feet.
Flow banding of light and dark zones is visible in hand specimen.
This is not due to a difference in phenocryst content between the
zones, it appears to be due to a more intense concentration of
graundmass magnetite in the dark
plagioclase, clinopymaaene,

zones. Phenocrysts (1-3%):
magnetite. Quartz xenocryst

olivine,

surrounded by a reaction rim of granular orthopyroxene.

fine-grained pilotaxitic.

is

Groundmass

Aphyric basaltic andesite lava. Silica 57-58. Polarity
normal. NW 1/4, Sec 27, T10S, RlOE, elevation 2820 feet.
Phenocrysts (1-3%): plagioclase, clinopy oxen, olivine, magnetite.
(1038)

Groundmass relatively

coarse-grained,

intersertal.

Map unit DF-8
(1039)

Xenolith-bearing, aphyric basaltic andesite lava of Middle
Butte. Silica 57-58. Polarity reverse.
NW 1/4, Sec 17,

T10S, RlOE, elevation 3320 feet. Phenocrysts (1-3%): plagioclase,
clinopyrnxene, ort opyrnxene, and microphenocrysts of amphibole(?)

altered to opacite. Groundmass fine-grained pilotaxitic with

groundmass biotite developed especially along the margins of the
xenoliths. Xenoliths of Castle Rocks andesite (sample 1006) range in
size from less than one centimeter to 10 centimeters in diameter with
several in every hand-size sample. The xenoliths appear to have
broken up and mechanically mixed with the aphyric liquid but there are
no well developed reaction coronas around the margins of the
xenoliths. The contact between the xenoliths and the aphyric liquid
is generally sharp and clear.
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Map unit DF-9
(1040)
Aphyric, high-silica andesite lava. Silica 62-63. Polarity
reverse. SW 1/4, Sec 17, T1OS, R1OE, elevation 3320 feet.
Phenocrysts (2-3%): plagioclase, clinapyraxene, magnetite,
orthopyroxene, and microphenocrysts of apatite (up to 0.2.m), are
clustered in distinct glcanerocrysts.
Groundmass is extremely
fine-grained, pilotaxitic.
Map unit DF-10
(1041)
Aphyric, high-silica andesite lava. Silica 63-64. Polarity
reverse. SE 1/4, Sec 17, T1OS, R10E, elevation 2760 feet.
Phenocrysts (2-3%): plagioclase (An55), clinopyroxene, magnetite,
orthopyroxene, microphenocrysts of apatite (up to 0.2 mm) form
distinct glcnerocrysts. Gr infiass is extremely fine-grained
pilotaxitic.
Deschutes Formation Ash-Flow Tuffs

Map unit DF -11

All pumices analyzed fran ash-flow tuffs (except sample 1053) are
dense, weakly vesiculated, and black. The ash-flow tuffs (except
sample 1053) are named on the basis of the chemistry of their black
pumice. The pumices are qualitatively described as aphyric if they
contain minor plagioclase phenocrysts or porphyritic if plagioclase is
an abundant phenocryst phase. Heavy mineral separates were made on
all black pumices and the heavy mineral phases are listed in order of
decreasing abundance. A brief hand-sample and/or field description is
also given.
(1042) Andesitic ash-flow tuff. Silica 59-60.
Polarity reverse.
NW 1/4, Sec 17, T1OS, R10E, elevation 2820 feet.
Black,
aphyricpumice ("black }mocker") in a light gray ash-flow tuff. Heavy
minerals include subequal amounts of clino and orthopyroxene and
magnetite with a trace of olivine. Light colored pumices are
yellowish gray and mixed pumices were observed. Upper part of tuff is
vapor-phase altered to a pale, yellowish brown.
(1043) Andesitic ash flaw tuff.
Silica 58-59. Polarity reverse.
SE 1/4, Sec 17, T1OS, R1OE, elevation-2680 feet. Black,
aphyric pumice in a light brown matrix. Heavy minerals are dominated

by

Light-c

Merle with lesser magnetite and clinopyroxene.

pumice (very pale orange) and mixed pumice are abundant
but relatively small. Black pumices show a margin of vapor phase
alteration but their cores are always fresh. A second ash-flow that
was not analyzed occurs beneath sample 1043 at this location.
(1044)
Andesitic ash-flow tuff. Silica 60-61. Polarity reverse.
NW 1/4, Sec 17, T1OS, R10E elevation 2920 feet. Aphyric
"black knocker" in a light brownish gray tuff. Heavy minerals include
magnetite, orthapyrocene, clinopyroacene, with traces of apatite and
olivine. Light colored pumice (light olive gray) and mixed pumice are
in equal abundance with the black pumice. Upper zone of vapor-phase
alteration is grayish orange in color.
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(1045)

Andesitic ash-flow tuff. Silica 61-62. Polarity reverse.
SW 1/4, Sec 8, T1OS, R1OE, elevation 2960 feet. Aphyric
"black knocker" in a dark yellowish brown tuff. Heavy minerals
include orthcpyroxene, clinopyroxene, and magnetite. Small,

light-colored pumice are grayish orange. Upper zone of vapor phase
alteration is grayish orange.

This tuff immediately overlies

number 1048.
(1046)

Andesitic ash-flow tuff. Silica 61. Polarity reverse.

NW 1/4, T1OS, R1OE, elevation 2970 feet. Weakly porphyritic
"black knocker" in a medium dark gray tuff. Heavy minerals are
dcminated by abundant olivine with lesser magnetite and clinopyroxene
and minor orthopyroxene. Small amounts of light-colored pumice
(moderate yellowish brown) and mixed pumice up to 1.0 cm. in diameter

were observed.
(1047)

Anrdesitic ash-flow tuff.
Silica 59-60. Polarity reverse.
NW 1/4, Sec 17, T1OS, R10E, elevation 2920 feet.
Black,

porphyritic pumice in a pale yellowish brown ash-flow tuff. Heavy
minerals are dominated by abundant olivine with lesser magnetite and
clinopyroxene and minor ort'thopyroxene. Light-colored pumice are pale

yellowish orange.

This tuff has a

lower,

welded zone showing

pronounced eutaxitic texture.
(1048)
Dacitic ash-flow tuff. Silica 66-67. Polarity reverse.
SW 1/4, Sec 8, T1OS, R1OE, elevation 2920 feet. Black
porphyritic pumice in a grayish orange pink ash-flow tuff. Heavy
minerals include subequal anoints of clinopyroxene, magnetite and
ortrupyroxerie.

Abundant light colored pumice vary from light olive

gray to very light gray. This tuff is immediately overlain by
number 1045.

(1049) Dacitic ash-flow tuff.

Silica 65-66. Polarity reverse.
R10E, elevation 3240 feet. Porphyritic
black pumice in a medium light gray ash-flow tuff. Heavy minerals are
dominated by magnetite with lesser ortcpyroxene and clinopyroxene.
Light-colored pumice is grayish orange. Upper vapor phase altered

SW 1/4, Sec 8, T10S,

zone is grayish orange pink.
(1050)

Dacitic ash-flow tuff.

Silica 64-65.

Polarity reverse.
feet. Porphyritic
black pumice in a medium light gray ash-flow tuff. Heavy minerals
show subequal abundances of orthapyroxene, magnetite, and

SW 1/4, Sec

8,

T10S, R1OE,

elevation 3120

clincyroxene with minor ilmenite and apatite and a trace of olivine.
Light

colored pumices are dark yellowish orange.

(1051)

Dacitic ash-flow tuff. Silica 67-68. Polarity reverse.
SE 1/4, Sec 17, T1OS, R10E, elevation 2930 feet.
Porphyritic
black pumice in a pale yellowish brown ash-flow tuff. Heavy minerals
include magnetite and orthopyroxene with lesser clinopyroxene and
ilmenite and a trace of apatite. Light colored pumice are grayish

orange.
(1052)

Rhyodacitic ash-flow tuff. Silica 68-69. Polarity reverse.
SW 1/4, Sec 8, T1OS, R1OE, elevation 3490 feet. White pumice
in a very light gray ash-flow tuff. No dark-colored pumice in this
tuff. Plagioclase phenocrysts visible in hand sample. Heavy mineral
assemblage contains orthopyrroxene, clinopyroxene, and magnetite, with
minor hornblende and trace apatite, olivine, and ilmenite.
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Map unit DF-12
(1053)
Dacitic ash-flow tuff, the "Whitewater tuff." Silica 66-67.
Polarity reverse. NW 1/4, Sec 17, T10S, R10E elevation

3200 feet.

Porphyritic "black knocker" from a grayish orange pink

ash-flow tuff. This tuff is insipiently welded and the pumices are
slightly flattened. Heavy minerals include orthcene with lesser
magnetite and clinopyroxene. Light colored p-mnices are very pale

orange.

High Cascades Rocks

High Cascade Basaltic Andesites
Map unit HC-1

Subphyric to porphyritic, olivine-bearing basaltic andesite lavas.
Silica ranges from 52 to 56 wt%. Total phenocryst content is normally
less than 5% (Suhiyric) but may be 14% of the mode. Olivine
phenocrysts are always less than 4% of the mode. They are moderately
altered to iddingsite and usually contain a few small (<0.1 mm)
magnetite inclusions. Plagioclase phenocrysts are often seriate,
grading into grow amass size crystals. The common zoning pattern in
plagioclase shows large, normally zoned calcic cores surrounded by a
thin, normally zoned sodic rim. some oscillatory and reverse zoning
also occurs in these rocks. Me cores of the plagioclase phenocrysts
are variably resorbed and occasional crystals are intensely resorted,
embayed, and clouded with crystal and glass inclusions. Glomerocrysts
of plagioclase and olivine occur in all of these rocks. Gr andass
ranges from intergramdar to intersertal with plagioclase,
clinopyroxene, ordmpyromie, magnetite, and minor olivine.
(1054)
Subphyric olivine bearing basaltic andesite lava.
Silica 52-53. Polarity reverse. NE 1/4, Sec 9, T10S, R9E,
elevation 4040 feet. Plagioclase phenocrysts (1%, 0.3 to 0.9 mm).
Olivine phenocrysts (1%, up to 0.6 mm average 0.3 mm). Grounxnass
pilotaxitic: plagioclase, clinapyr xene, glass, magnetite, olivine.
(1055)
Subphyric olivine-bearirxj basaltic andesite lava.
Silica 53-54. Polarity reverse. NW 1/4, Sec 10, T10S, R9E,
elevation 4090 feet. Plagioclase
(1%, average 1.0 mm).
Olivine cysts (2%, average 1.5 mm). Groundmass intergramlar:
plagioclase, cl
, ort]hapyroxene, magnetite, olivine, glass.
(1056)
Subphyric olivine-bearing basaltic andesite lava.
Silica 52-53. Polarity reverse. NE 1/4, Sec 9, T10S, R9E,
elevation 4220 feet. Well developed glamPx
sts of plagioclase and
olivine. Plagioclase phenocrysts (2%, 0.2 to 1.5 mm). Olivine (2%,
average 1.5 mm). Groundmass intergranular: Plagioclase.
clinopyroxene, orthopyroxene, magnetite, olivine, glass.
(1057)
Subphyric olivine-bearing basaltic andesite lava.
Silica 53-54. Polarity reverse. SW 1/4, Sec 21, T10S, R9E,
elevation 5758 feet. Plagioclase phenocrysts (2%, average 1.3 mm).
Olivine phenocrysts (1%, average 0.9 mm). Gravxhass
irttergranular: plagioclase, olivine, pyroxene, magnetite, glass.
Gr=xImass olivine is very abundant, strongly oxidized to iddingsite
and magnetite.
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(1058)

Porphyritic, olivine and clinopyroxene-bearing basaltic
andesite lava. Silica 53-54. Polarity reverse. SE 1/4,

Sec 1, T1OS, R9E, elevation 3560 feet.

Plagioclase phenocrysts
Clinopyroxene phenocrysts (<1%, 0.2 to
0.8 mm) . Olivine phenocrysts (<1%, average 1.3 mm) . Grourxmass
pilotaxitic: plagioclase, orthopyroxene, magnetite, glass. Grouncbnass

(13%, 0.2 to 2.5

non).

is unusually fine-grained, more like and andesite than a basaltic
andesite.

Subphyric olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity reverse. SW 1/4, Sec 16, T10S, R9E,
elevation 4740 feet. Olivine #Moarysts (2%, up to 1.0 mm,
(1059)

average 0.5 mm). Plagioclase phenocrysts (2%, up to 1.5 mm, average
0.8 mm)
GroLrcbnass intergranular: plagioclase, pyroxene,
magnetite, glass,
(1060)

olivine.

Subphyric olivine bearing basaltic andesite lava.

Silica

elevation 4180

54.
feet.

Polarity

normal.

NW 1/4, Sec

9,

T10S, R9E,

Glamerocrysts of plagioclase and olivine are
well developed. Plagioclase phenocrysts (1%, 0.2 to 1.0 mm, average
0.6 mm). Olivine phenocrysts (1%, average 0.8 mm). Grord maass
intersertal: plagioclase, glass, pyr xene, magnetite, olivine,

biotite(?).
(1061)

Analysis from Hales

(1975),

sample number 311.

Olivine-bearing basaltic andesite lava. SW 1/4, T1OS, R9E,
elevation 5200 feet.
(1062)
Subphyric olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity reverse. SW 1/4, Sec 32, T10S, R9E,
elevation 5340 feet. Olivine
(1%, average 0.5 mm).
Plagioclase phenocrysts (4%, average 0.8

mm). Groundmass
intergranular: plagioclase, pyroxene, magnetite. This rock shows
evidence of deuteric or thermal alteration, perhaps due to its
Proximity to the plug of the Bald Peter volcano. Olivine crystals
all strongly altered to magnetite, bowlingite, and iddingsite.

Grourx mass pyroxenes form small (< 0.1 mm) granular masses that
throughout the groundnass and within

have recrystallized(?)

This has the effect of giving the rock a clouded or
dirty appearance.
(1063)
Subphyric olivine-bearing basaltic andesite lava.
phenocrysts.

Silica 54-55. Polarity

reverse.

NW 1/4,

Sec

9,

T10S, R9E,

elevation 4340 feet. Olivine phienocrysts (2%, average 0.4 mm).
Plagioclase phenocrysts (2%, average 0.8 mm). Groundmass
intersertal: plagioclase, orthopyrnxene, glass, clinopyroxene,

olivine.

Subphyric olivine-bearing basaltic andesite lava.
Silica 56-57. Polarity normal. SE 1/4, Sec 8, T1OS, R9E,
elevation 4100 feet. Glomerocrysts of plagioclase and olivine
strongly developed. Olivine phenocrysts (<1%, average 0.3 mm)
(1064)

Plagioclase phenocrysts (8%, up to 1.5 mm, average 1.0 mm).
Grourvmass intersertal: plagioclase, pyroxene, glass, magnetite,

olivine.

are
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(1065)

Porphyritic olivirbe-bearing basaltic andesite lava. Silica
55-56. Polarity normal. SE 1/4, Sec 8, T1OS, R9E, elevation

3900 feet. Plagioclase phenocrysts (9%, average 1.2 mm). Olivine
phenocrysts (2%, up to 1.5 nnn, average 0.8 mm) are surrounded by a

reaction rim of granular

Gruxbmass intersertal:
clinopyr oxen, magnetite, olivine.
(1066) Porphyritic olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity reverse. NW 1/4, Sec 32, T10S, R9E,
elevation 6300 feet. Plagioclase phenocxysts (3%, average 1.0 mm).

plagioclase, orthjr

pyroxene.
ne, glass,

Olivine phenocrysts (3%, average 0.6

mm).

Groundmass intersertal:

plagioclase, glass, orthopyroxene, clip pyroxene, magnetite, olivine
(1067)
Subphyric olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity normal. SW 1/4, Sec 2, T10S, R9E,
elevation 3940 feet. Plagioclase phenocrysts (5%, average 0.8 mm).
Olivine phenocrysts (1%, up to 0.8 mm, average 0.4 mm). Grouzxmass
inteYgraraalar: plagioclase, 0rthcpyr oxen, clinopyroxene, magnetite,

glass, olivine.
(1068)

Subphyric olivine-bearing basaltic andesite lava.

Silica

53-54.

SE 1/4, Sec 2,

T10S,

R9E, elevation 3940

feet. Polarity normal. Plagioclase phenocrysts (2%, up to 1.5

average 0.9 mm).

Olivine phenocrysts (2%, up to 1.3 mm.).

intergranu1ar: plagioclase, pyrnomene, magnetite,

mm,

Ground mass

olivine, glass.

Subphyric olivine bearing basaltic andesite lava.
Silica 56-57. Polarity reverse. SW 1/4, Sec 1, T10S, R9E,
elevation 3880 feet. Olivine
(2%, up to 1.8 mm, average
(1069)

0.6 mm).

Plagioclase phenocrysts (2%, average 0.8

intergramiar: plagioclase, clincpyr xiene,

glass, olivine.
(1070

mm). Ground mass
orthapyromene, magnetite,

Subphyric olivine-bearing basaltic andesite lava.
Silica 55-56. Polarity reverse. SE 1/4, Sec 1, T10S, R9E,

elevation 3720 feet. Plagioclase phenocrysts (3%, average 0.6 mm).
Olivine phenocrysts (1%, average 0.3 mm). Plagioclase phenocrysts
(3%, average 0.6 mm). Groundmass intersertal: plagioclase, glass,
pyroxene, magnetite, olivine.

Subphyric Olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity reverse. SW 1/4, T10S, R9E,
elevation 3880 feet. Olivine phenocrysts (1%, average 0.5 nom).
(1071)

Plagioclase phenocrysts (3%, average 0.8 mm).

Grcundmass

intergranular: plagioclase, clinopyroxene, ortho yroxene, magnetite,

olivine, glass.
(1072)

Subphyric olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity reverse. SE 1/4 Sec 2, T10S, R9E,

elevation 3760 feet. Olivine phenocrysts (3%, average 0.4 mm).
Plagioclase phenocrysts (2%, average 0.4 mm). Grour mass

plagioclase, glass, magnetite,pyroxene, olivine.
Subphyric olivine-bearing basaltic andesite lava.
Silica 55-56. Polarity normal. SE 1/4, Sec 1, T10S, R9E,
elevation 3760 feet. Olivine phenocrysts (3%, average 0.5 nmt).
intersertal:
(1073)

Plagioclase phenocrysts (2%, average 0.8 mm). Groundmass
intersertal: plagioclase, glass, pyroxene, magnetite, olivine.
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Subphyric olivine-bearing basaltic andesite lava.
Silica 54-55. Polarity reverse. SW 1/4, Sec 20, T1OS, R9E,
elevation 5260 feet. Olivine phenoc cysts (2%, average 0.6 nun).
(1074)

Plagioclase phenocrysts (5%, average 1.0 mm).

Gr xnthnass

intergranular: plagioclase, orthapyroxene, clinapyroxene, glass,
magnetite, olivine.
(1075)

Analysis fray Hales (1975), sample number 309.
Olivine-bearing basaltic andesite lava. SE 1/4, Sec 32, T1OS,

ME, elevation 6650 feet.
Bald Peter plug

Medium-grained, megacryst-bearing g
ite plug of Bald
Peter. Silica 54-55. Polarity reverse. SW 1/4, Sec 32,
T1OS, ME, elevation 5320 feet. Plagioclase (73%, average 1.8 mm) is
euhedral-to-subbedral, orthopyroxene (11%, up to 4.0 mm) and
clinopyroxene (7%, up to 10.0 mm) are subhedral-to--anhedral, alkali
feldspar (5%, average 0.5 mm) and magnetite (3%, average 0.3 mm) are
anhedral. Olivine (< 1%, average 0.2 mm) normally occurs as highly
(1076)

altered, anhedral inclusions in glatnerrxyric pyroxeness, especially

ortho yroxenes. Glaenerocrysts are dominated by ortho and
clinapyr xenes with some plagioclase. Pyroxenes are forming in place
of olivine. Orthapyroanene probably began to crystallize before

clinapyroxenes because the oaa^thapyroxenes contain more of the olivine

inclusions and in scene cases are rimmed by clincpyroxene. Rock
texture is medium-grained, hypidiaaarphic granular.
(1077) Fine-grained, yalabronorite plug of Bald Peter. Silica 56-57.
Polarity reverse. SW 1/4, Sec 32, T1OS, ME, elevation
5240 feet. All grains average approximately 0.5 mm in length: 77%
plagioclase, 13% orthopyroacene, 4% clip pyroxene, 4% alkali feldspar,
2% magnetite. Rock texture hypidia orphic granular.

Porphyritic Basaltic Andesite Lavas
Map unit HC-2
(1078) Analysis from Hales (1975), sample number 308.

Silica 57.

Olivine and
basaltic arxiesite microporphyry.
Polarity reverse. SE 1/4, Sec 32, T10S, ME, elevation
Tao generations of phenoczysts clearly visible.

6650 feet.
Plagioclase phenocrysts (26%, average 1.0 nun). Orthopyroxene
phenocrysts (4%, average 0.8 mm). Cliriopyroxene phenocrysts (2%,
average 0.5 mm). Olivine phenocrysts (2%, average 0.2 mm).
Glamerocrysts (up to 4.0 nun.) of plagioclase and two-pyroxenes with
small (< 0.2 mm) inclusions of olivine. Microphenocrysts
(approximately 30%) are mostly plagioclase with some orthopyroxene,
clinopyrnxene, and magnetite. These form short, stubby, subequant
prisms that average 0.2 ram in length. The groundmass black and

vitreous.
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Map unit HC-2 (coast)

Porphyritic orthapyroxene-bearing basaltic andesite lavas. Silica
ranges from 56 to 58 wt%. Phenocryst assemblage is dominated by
plagioclase and orthopyroxene with minor olivine and clinopyroxene.
Plagioclase phenocrysts make up 20%-30% of the mode.
Zoning in
plagioclase typically shows a large normally zoned calcic core with a
thin sodic rim, but oscillatory and reverse zones are common.
Plagioclase phenocrysts are variably resorbed but occasional crystals
are are intensely resorbed, embayed and clouded with inclusions of
glass and crystals.
make up 4%-6% of the
modes and may be up to 3.5 mm long. Trace amounts of olivine and
clinopyroxene also occur in all of these rocks. The olivine is
usually small (< 0.3 mm), rounded, and altered to iddingsite.
Groundmass normally pilotaxitic with plagioclase, pyroxene, magnetite,
silica mineral, and glass. The gr=%]mass of these rocks are
unusually fine-grained for a basaltic andesite and more closely
resembles that of an andesite..
(1079)
Porphyritic
ing basaltic andesite lava.
Silica 56-57. Polarity normal. SE 1/4, Sec 3, T1OS, R9E,
elevation 4100 feet. Plagioclase phenocrysts (27%, up to 2.5 mm,
average 0.9 mm). Ort opyroxene phenocrysts (4%, up to 3.5 mm, average
0.6 mm). Trace of olivine and clinopyroxene. Groundmass
pilotaxitic: plagioclase, pyroxene,,magnetite, silica mineral, glass.
(1080)
Porphyritic orthopyroxene-bearing basaltic andesite lava.
Silica 56-57. Polarity normal. SE 1/4, Sec 3, T1OS, R9E,
elevation 4050 feet. Plagioclase pot
oarysts (23%, up to 2.7 mm,
average 0.9 m.). Ort cpyrcxene plenocrysts (3%, up to 2.3 mm,
average 0.6 mm). Trace of olivine and clinopyroxene. Groan mass
pilotaxitic: plagioclase, pyroxene, magnetite, silica mineral, glass.
(1081)
Porphyritic orthapyroxene-bearing basaltic andesite lava.
Silica 57-58. Polarity normal. SE 1/4, Sec 1, T1OS, R9E,
elevation 3900 feet. Plagioclase phenocrysts (27%, up to 2.5 mm,
average 1.0 mm). Orthepyroxene phenoc cysts (6%, average 0.7 mm).
Trace of olivine and clinopyroxene. Groundmass pilotaxitic:
plagioclase, pyroxene, magnetite, silica mineral, glass.
(1082)
Porphyritic orthapyroxene-bearing basaltic andesite lava.
Silica 57-58. Polarity normal. SE 1/4, Sec 3, T1OS, R9E,
elevation 4120 feet. Plagioclase phenocrysts (23% up to 3.0 mm

scene phenocrysts

average 0.8 m). Orthopyznxene pherxczysts (4% average 0.5 mm).

Groundmass pilotaxitic:
mineral, glass.

plagioclase, pyroxene, magnetite, silica

Basalts of Metolius Bench
Map unit HC-3

The overall texture of most Metolius Bench basalts is diktytaxitic.

These rocks range from subphyric with less than 5% modal phenocrysts
to porphyritic with up to 20% modal phenocrysts showing a seriate
texture. Olivine phenocrysts may compose up to approximately 15% of
the mode, ranging in size from 3 mm to less than 0.2 mm in length.

Iddingsite alteration of olivine phenocrysts usually forms around the
margins of the crystals but whole phenocrysts are cam my altered.
An unaltered margin of olivine outside of the iddingsite rim was
observed in several samples.

Olivine phenocrysts conmtionly contain
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inclusions of euhedral magnetite and they occasionally contain
inclusions of chrcane spinal. Plagioclase phenocrysts normally make up
less than 5% of the node. They are often senate and distinguishing
the plagioclase phenocrysts from the groundmass plagioclase is often
difficult. Most of the plagioclase phenocrysts are partly resorbed
and clouded with inclusions. Glamerocrysts of plagioclase and olivine
are canaon.

Clinopyroxene phenocrrysts were not observed in these

basalts. Qnxuxb ass textures are most con i rily subophitic but range

to ophitic or intergranular. Growxtaass clinopyroxenes sometimes show
a faint purple color suggesting a titanium-rich cxmposition. Magnetite

crystallizes interstitially in the grounctaass.
(1083)
Diktytaxitic, olivine basalt. Silica 51-52. Polarity
reverse. SW 1/4, Sec 22, T10S, RlOE, elevation 3680 feet.
Olivine pt ocrysts (10%, average 0.6 non). Plagioclase phenocrysts
(7%, average 1.0 mm).
(1084)

Groundmass subophitic.

Diktytaxitic olivine-bearing
reverse.

basalt.
NE 1/4, Sec 7, T10S, RlOE,

modal data.
(1085)

Silica 50. Polarity

elevation 3680 feet.

No

Diktytaxitic olivine-bearing basalt. Silica 49-50. Polarity
SW 1/4, Sec 10, T10S, R10E, elevation 3600 feet.

reverse.

Olivine phenocrysts (5%, average 1.5
(3%, average 1.5
(1086)

mm).

mm).

Plagioclase phenocrysts

Grau d mass subophitic.

Diktytaxitic olivine-bearing basalt.

Silica 51-52.

Diktytaxitic olivine-bearing

Silica 53-54. Polarity
elevation 3280 feet. No

Diktytaxitic olivine-bearing basalt.

Silica 49-50. Polarity

Polarity

reverse. NE 1/4, Sec 17, T10S, R10E, elevation 3480 feet.
Olivine phenocrysts (5%, average 1.0 mm). Plagioclase phenocrysts
(1%, average 0.9 mm). Groundmass subophitic.
(1087)

reverse. SE 1/4, Sec 17,
modal data.
(1088)

reverse. SW
nodal data.
(1089)

Sec 17, T10S, R10E, elevation 3780 feet.

Diktytaxitic olivine-bearing basalt. Silica
normal.

NE 1/4, Sec 17,

nodal data.
(1090)

1/4,

basalt.
T10S, R10E,

52-53.

Polarity

T10S, RlOE, elevation 3560 feet.

Diktytaxitic olivine-bearing

basalt.

No

Silica 53. Polarity

reverse. SE 1/4, Sec 20, T10S, RlOE, elevation 3460 feet.
nodal data.
(1091)

No

No

Diktytaxitic olivine-bearing basalt. Silica 49-50. Polarity

SW 1/4, Sec 16, T10s, RlOE, elevation3560 feet.
Olivine pherocrysts (5%, average 1.0 am). Plagioclase phenocrysts
normal.

(4%, average 0.8 mm).
(1092)

Groundmass subophitic.

Diktytaxitic olivine basalt. Silica

50-51.

Polarity normal.

Sec 1, T10S, R10E, elevation 3840 feet. Olivine
pherocrysts (12%, average 1.5 mm). Plagioclase phenocrysts (<1t,
average 1.0 mm). Grourdmass subophitic.
SE 1/4,

(1093)

Diktytaxitic olivine-bearing

normal.

data.

SE 1/4, T10S, R10E,

basalt.

Silica 49-50.

elevation 3780

feet.

Polarity
No modal
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Lavas and Dikes of the Lion's Head Eruptive Center
Map unit HC-5

Porphyritic olivine and two-pyroxene-bearing andesite lava.
Silica 58-59. Polarity normal. NW 1/4, Sec 18, T10S, R9E,
elevation 4400 feet. Plagioclase phenocrysts (25%, 0.2 to 2.0 mm,
average 1.0 mm), ccaposition of clear, unresorbed crystals is
(1094)

approximately An55. Orthopyroxene phenocrysts (1%, average 0.5 mm).
Clinapyroxene phenocrysts (1%, average 0.5 non). Olivine

phenocrysts (4%, up to 1.6 mm) are mostly altered to bowlingite.
Magnetite phenocrysts (<1%, up to 0.3 mm, average 0.1 mm). Groundmass

intersertal.
(1095)

Porphyritic, two-pyroxene-bearing arxdesite lava.

Silica 58-59.

elevation 5360

Polarity

reverse.

SW 1/4,

Sec 8, T10S, R9E,

Plagioclase phenocrysts (17%, average 1.0 mm).
Orthopyroxene phenocrysstts (2%, average 0.6 ram). Clinopyroxene
phenocrysts (<1%, up to 1.0 mm, average 0.4 mm). Magnetite
phenocYysts (<1%, average 0.2 mm). Groundmass pilotaxitic.
feet.

Porphyritic olivine and
ing andesite
microporphyry lava. Silica 58-599.Polarity normal. SE 1/4,
Sec 7, T10S, R9E, elevation 4700 feet.
mi
content between 50% and 80% of the mode. Plagioclase
phenocrysts
2.0
1.0 mm) are the largest and most
abundant p enoccrysts. olivine is the most abundant fexram gnesian
phenoctyst (up to 1.0 ram, average 0.5 mn) followed by
Groundmass
(average 0.3 mm) and then orthapyrmcens (average 0.3
irYtersertal. Mi
assemblage dominated by plagioclase plus
lesser ortho and clincpyroaoene. All microphenocrysts form subequant
prisms that average 0.2 ma in length. Groundmass is vitreous.
(1097)
Porphyritic olivine and two-Pyroxen,s-bearing andesite lava.
Silica 57-58. Polarity normal. Plagioclase cysts (26%,
(1096)

up to 3.5

mm,

average 1.0 mm).

up to 1.3 mm, average 0.6

Olivine
only mildly altered to
0.4 mot) .

mm).

Orthopyroxene phenocrysts (3%,
Clinapyroxene phenocrysts (1%, average
(2%, up to 1.3 mm, average 0.5 nun) are

iddingsite.

Grmass pilotaxitic.

Porphyritic orthopyroxene-bearing arxiesite lava.
Silica 57-58. Polarity normal. SE 1/4, Sec 8, T10S, R9E,
elevation 4320 feet. Plagioclase (15% to 35%, average 1.0 nom).
(1098)

Orthopyroxene phenocrysts (2% to 7%, average 0.5 mn). A thin rim of
cling yr+oxene on a few crystals. Trace of olivine and clinopyroxene.

Gro ndmass intersertal.

Porphyritic orfihapyroacene-bearing andesite lava.
Silica 58-59. Polarity normal. SE 1/4, Sec 8, T10S, R9E,
elevation 4560 feet. See sample 1098 for petrographic description.
(1100) Two-pyroxene bearing andesite mictioporphyry lava.
(1099)

Silica

57-58.

Polarity

normal.

SW 1/4,

Sec 8, T10S, R9E,

elevation 4800 feet. Total phenocrysts plus microphenocrysts between
50% and 80% of the mode. Plagioclase phenocrysts (15% to 35%, up to
2.3 mm, average 1.0 mn). Orthcene phenocrysts (2% to 10%, up to
2.0 mm, average 0.6 mm). Microphenocrysts of plagioclase,
clinopyroxene, and magnetite form subequant prisms
average 0.2 mm in length.
orthopyroxene,
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Porphyritic or
yr oxen-bearir:g andesite lava.
Silica 58-59. Polarity normal. SE 1/4, Sec 8, T1OS, R9E,
elevation 3820 feet. Plagioclase phenocrysts (30%, An55+, average
(1101)

1.0 mm).

Orthopyroxene phenocrysts (5%, average 0.7 m). Trace

olivine. Groundmass intersertal.
(1102)

Porphyritic
ing andesite lava.
Silica57-58. Polarity normal. SE 1/4, Sec 7, T1OS, R9E,

elevation 5220
(1103)

feet.

See sample 1101 for petrographic description.
andesite lava.

Porphyritic olivine and
Silica 58-59. Polarity

normal. SW 1/4, Sec 7, TlOS, RlOE,
Plagioclase phenocrysts (24%, up to 2.2 nom,
average 1.0 nun) . Orthopyroxene phenocrysts (6%, up to 1.0 non, average
0.6 nun). Olivine phenocrysts (2%, average 0.3 nun) are largely altered

elevation 5020

feet.

to bowlingite. Gmass pilotaxitic.
(1104)

Porphyritic olivine and
Silica 58-59. Polarity reverse.

elevation 5430

feet.

ing andesite lava.

Sec 8, TlOS, R9E,
Plagioclase phenocrysts (10% to 30%, up to

1.8 nun, average 1.0 mm).

SW 1/4,

Orthopyroxene phennocrysts (1% to 5%, average

0.3 m). Olivine phenocrysts (<3%, up to 2.0 mm, average 0.5 mm).
clinapyroxene phenocrysts (<3%, average 0.3 nun).
phenocrysts (<1%, average 0.1 nom).
(1105)

Magnetite

Porphyritic orthapyroxene-bearing andesite dike.
Silica 57-58. Polarity normal. SE 1/4, Sec 7, T1OS, R9E,

elevation 4600 feet. Plagioclase pheriocrysts (28%, average 1.2 nun).
Orthapyroxene phenocrysts (7%, average o.6 nun). Trace olivine.
Grour mass intersertal:
plagioclase, glass, pyroxene, magnetite.
(1106)
Porphyritic ordwpyroxenering andesite dike.

Silica 57-58.

Polarity

reverse.

SE 1/4,

Sec 7, T1OS, R9E,

elevation 5060 feet. Chill margin in a dike. Plagioclase phenocrysts
(37%, up to 3.0 mm, average 1.2 m). Ordicpyroaene phenocrysts (7%,
average 0.5 mm). Trace olivine. Grour mass densely vitreous.
(1107)
Orthopyroxene bearing andesite micrcporphyry dike.

Silica 57-58. Polarity normal. SW 1/4, Sec 7, T1OS, R9E,
elevation 5080 feet. Plagioclase phenocrysts (20% to 40%, average
1.0 nun) .

Orthopyroxene phenocrysts (3% to 10%, average 0.5 mom) .

Olivine phenocrysts (<3%, average 0.4 nun) are largely altered to
bowlingite. Microphenocrysts of plagioclase, clinopyroxene,
orthopyroxene, and magnetite form subequant prisms that average 0.1 mm

in length. Grouru1mass vitreous.
(1108)
Porphyritic
ing andesite lava.
Silica 59-60. Polarity normal. NE 1/4, Sec 8, T1OS, R9E,
elevation 5200 feet. Plagioclase phenocrysts (15% to 35%, average
1.0 nun) .

Orthopyroxene phenocrysts (2% to 10%, average 0.5 nun)

Trace clip pyroxene with magnetite

.

inclusions. Groundmass
intergranular: plagioclase, pyroxene, magnetite, silica mineral,

glass.

Porphyritic orthcpyroxene-bearing andesite lava.
Silica 57-58. Polarity normal. NE 1/4, Sec 8, T1OS, R9E,
elevation 5000 feet. Plagioclase phenocrysts (30%, average 1.0 non).
(1109)

Orthcpyroxene phenocrysts (7%, average 0.5 mm).

intersertal.

Graurhnass
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(1110)

Porphyritic two-pyr-bearing andesite lava.
Silica 59-60.
feet.

Polarity normal.

elevation 5190

SW 1/4, Sec 8, T10S, R9E,

Plagioclase phenocrysts (28%, up to 3.5 mm,
average 1.0 nun) . OrthMpyroMM phenocrysts (6%, average 0.5 mm) .
Clinopyromene phenocrysts (<1%, average 0.5 nan). Magnetite up to
0.3 mm in diameter.

ing andesite lava.

(1111) Olivine and

Silica 57-58. Polarity normal. SE Sec 7, T10S, R9E,
elevation 5230 feet. Plagioclase phenocrysts (15% to 35%, average
1.0 non) . Orthapyrmaeae phenocrysts (<3%, average 0.4 mm) . Olivine

phenocrysts (<1%, average 0.4 mm). Grounctnass
(1112)

intergranular.

Porphyritic olivine and two-pyraoaenebearing basaltic andesite
lava. Silica 55-56. Polarity normal. SE 1/4, Sec 7, T1OS,

R9E, elevation 5080 feet. Plagioclase phenocrysts (39%, average

. Cltene

1.0 mm) . Olivine phenocrysts (3%, average 0.5 nom)
phenocrysts (<l%, average 0.5 mm) Grourrhnass i ter granular:
plagioclase, pyroxene, magnetite, glass.
(1113)

Porphyritic
Silica 61-62.

ing andesite lava.

normal. SE 1/4, Sec 7, T10S, R9E,
elevation 4580 feet. Plagioclase phenocrysts (26%, AN54, average
1.0 mm). Orthopyroxene phenocrysts (6%, average 0.5 mm) contain an
Polarity

of magnetite inclusions. Magnetite grains up
to 0.2 mm in diameter. Trace clinopyroxene. Grwrnass intersertal.

unusually large amount
(1114)

Porphyritic two-proooene and magnetite-bearing andesite dike.
Silica 60-61. Polarity normal. SE 1/4, Sec 7, T10S, R9E,

elevation 4560 feet. Plagioclase phenocrysts (30%, up to 3.5 mm,
average 1.3 mm). Or
mne phenocrysts (7%, up to 1.5 mm, average
0.5 nun). Clinopyroxene cysts (it, up to 1.2 mm, average
0.5 mm). Magnetite phenoc cysts (2%, up to 1.0 mn! average 0.4 mm!).
Trace olivine is altered to bowlingite.

Grounilmass intergranular.

Map unit HC-6
(1115)
Porphyritic orthapyroxene and clinapyroxene-bearing dacite
lava. Silica 63-64.
Polarity normal. SE 1/4, Sec 8, T1OS,
R9E, elevation 4700 feet. Plagioclase phenocrysts (5-25%, up to
2.0 mm, average 0.9 mm). Orthopyroxene phenocrysts (<5%, up to

1.5 mm, average 0.4 non). Clinopyroxene phenocrysts (<5%, up to
1.2 nom, average 0.4 nun). Magnetite phenocrysts (<3%, average
0.1 mm). Grcur mass black and vitreous.

Porphyritic anpiibole and
ing dacite lava.
Silica 66-67. Polarity normal. SW 1/4, Sec 8, T1OS, R9E,
elevation 4500 feet. Plagioclase phenocrysts (20%, average 0.7 ram).
Orthopyroxene phenocrysts (average 0.4 mm). Magnetite phenocrysts
(1%, average 0.1 mn). Trace cl3nopyroxene and amphibole.
(1116)

North Rim Dacites
Map unit HC-10 and HC-11
Aphyric, extremely fine-grained dacite lava flows of the north
the Whitewater River canyon. Two eanpositionally distinct but

rim of

mineralogically and texturally similar flows were assigned separate
map units but are described collectively here. Total phenocrysts
co pose less than 4% of the mode and tend to occur as glanerocrysts.
Plagioclase phenocrysts (up to 2%, average 0.7

mm)

canmonly form long,

161

needle-like crystals. Ortho and clinopyroxene phenocrysts (<1%,
average 0.4 num). Magnetite phenocrysts (<1%, average 0.2 mm). Trace

amounts of subequant

apatite crystals up to 0.1 mm in length.

Gro undmass pilotaxitic, extremely fine-grained but largely
crystalline. These rocks are texturally identical to the many of the
aphyric basaltic andesites and andesites of the Desd Formation.
(1117)
Aphyric dacite lava. Silica 67-68. Polarity normal. NE 1/4,
(1118)

(1119)

Sec 9, T10S, R9E, elevation 4400 feet.
Aphyric dacite lava. Silica 67-68.
Polarity normal. SE 1/4, Sec 2, T10S, R9E,
elevation 4200 feet.
Aphyric dacite lava. Silica 67-68. Polarity normal.

Sec 2, T10S, R9E,
(1120)

elevation 4280 feet.
Aphyric dacite lava.

Sec
(1121)

3,

NW 1/4,

Silica 67-68.

Polarity normal. SW 1/4,

Silica 66-67.

Polarity normal (weak).

T10S, R9E,

elevation 4340 feet.
Aphyric dacite lava.

SW 1/4,

Sec 8, T10S, R9E,

elevation 5740 feet.
(1122)

Aphyric dacite lava. Silica 67-68.
NW 1/4, Sec8, T10S, R9E,
elevation 5760 feet.

Polarity

normal (weak).

Map unit RC-12 and RC-13

Porphyritic angahibole and
dacite lavas of the
north rim of the i itewater River Canyon. Plagioclase phenocrysts

(11 to 15%, average 0.7 nma) show intense oscillatory zoning, ccamrcnly

with large normally zoned cores and thin calcic rims but reverse zones
were also observed. Phenocrysts of heavily resorbed and corroded
crystals clouded with inclusions make up less than 1% of the
plagioclase assemblage. Orthopyroxene phenocrysts (2%, up to 1.0 mm,
average 0.4 nun). Trace clincpyrmmne (average 0.3 mm). Trace
amphibole (oxyhornblende, average 0.1 nm) is largely oxidized to
opacite. Groundmass pilotaxitic, contains biotite, especially along
the margins of phenocrysts and within glanerocrysts.
(1123) Porphyritic amphibole and two-pyroxene-bearing dacite lava.
Silica 68-69. Polarity reverse. NW 1/4, Sec 3, T10S, R9E,
elevation 4680 feet.
(1124)
Porphyritic amphibole and
dacite lava.
Silica 67-68. Polarity reverse.
NW 1/4, Sec 9, T10S, R9E, elevation 5220 feet.
(1125)
Porphyritic amphibole and two-pyroxene-bearing dacite lava.
Silica 66-67. Polarity (?).
NW 1/4, Sec 9, T10S, R9E, elevation 4920 feet.
(1126) Porphyritic amphibole and two-pyroxene-bearing dacite lava.
Silica 66-67. Polarity reverse.
NW 1/4, Sec 8, T10S, R9E, elevation 6100 feet.
(1127)
Porphyritic amphibole and two-pyroxene-bearing dacite lava.
Silica 66-67. Polarity normal.
NW 1/4, Sec 9, T10S, R9E, elevation 4860 feet.
(1128)
Porphyritic amphibole and
ing dacite lava.
Silica 66-67. Polarity reverse.
SE 1/4, Sec 4, T1OS, R9E, elevation 4720 feet.
-
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(1129)

Analysis from Hales (1975). Sample 321. Porphyritic amphibole
and two-pyroxene-bearing dacite lava. NW 1/4, Sec 20, T10S,
R9E, elevation 4400 feet. Silica 66-67.
Polarity unknown.

The "Big Cliff Dacite"

Map unit HC-14
(1130)

Porphyritic

Silica

amphibole and ordxpyroxene-bearing dacite lava.

68. Polarity normal.
SE 1/4, Sec 12, T10S, RBE,
feet. Plagioclase phenocrysts (6%, up to 3.5 nun,

elevation 5800
average 0.8 nom).

Most plagioclase phenocrysts greater than 1.0 nun are

heavily resorbed, containing inclusions of clear, brown glass.
These crystals also show normal oscillatory zoning with scone reverse
zoning. Smaller plagioclase phenocrysts are clear and euhedral with
continuous normal zoning. O thcpyr xene phenocrysts (1%, average
0.4 m). Green Amphibole phenocrysts (1%, up to 2.0 nun) are largely
altered to apacite. Trace magnetite phenocrysts.

Grass

pilotaxitic.

The Urn7er Whitewater Assemblage

Map unit HC-15
(1131)

Subphyric orthcpyrcWgrA-bearing rhyodacite lava.
Silica 70-71. Polarity unknown. SW 1/4, Sec 11, T10S, RBE,
elevation 4680 feet. Plagioclase
(5%, average 0.4 nun) aregenerally small, clear and euhedral showing normal continuous zoning.
Orthopyrox ne phenocrysts (1%, average 0.4 nun)
Magnetite phenocrysts
(1%, average 0.2 mm). Gro u mass pilotaxitic.

Map unit HC-16
(1132)
Porphyritic olivine and two-pyroxene-bearing basaltic andesite
lava. Silica 55.
Polarity normal. SW 1/4, Sec 11, T10S,
R8E, elevation 6000 feet. Plagioclase phenocrysts (32%, AN63, up to
2.0 mm, average 0.7 mm) show strong oscillatory zoning, usually with
large calcic cores and thin sodic rims. Reverse zoning was also
observed. Heavily resorbed, corroded and clouded crystals make up
less than 1% of the plagioclase assemblage.olivine phenocrysts (2%,
average 0.4 nun) show reaction rims of granular pyroxene.
Clinopyr xene phenocrysts (1%, average 0.5 nun). Orthopyroxene
mLamgm ocrysts (4%, average 0.2 mm). Sparse magnetite.

Grooms black and vitreous.
(1133)

Porphyritic olivine and two-pyroxene-bearing basaltic andesite
lava. Silica 55-56. Polarity normal. SW 1/4, Sec 8, T10S,
R8E, elevation 6100 feet. Plagioclase phenocrysts (32%, average
0.8 nun, see sample 1133 for description). Orthopyroxene phenocrysts

(8%, average 0.5 m). Trace olivine and clinopyroxene.

Sparse

magnetite. Gro uxtrass intergranular.
(1134)
Porphyritic olivine and two--pyroxene bearing andesite lava.
Silica 57-58. Polarity normal. SW 1/4, Sec 8, T10S, RBE,
elevation 5840 feet. Plagioclase phenocrysts (30%, up to 2.0 nun,
average 0.7 nun, see sample 1133 for description). Orthopyroxene
phenocrysts (^5, average 0.5 mm). Olivine phenocrysts (1%, up to

1.5 ma).

Trace clinopyroxene.

Grour mass

intersertal.
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(1135)

Two-pyrnxene bearing arxdesite microporphyry lava.

Silica 57-58. Polarity normal. SW 1/4, Sec 8, T10S, RBE,
elevation 6240 feet. Plagioclase phenocrysts (36%, up to 2.3 mm,
average 0.7 nom, see sample 1133 for description). Orthopyroxene
phenocrysts (8%, up to 2.0 ian, average 0.5 mm). Clinopyroxene
phenocrysts (1%, up to 3.0 mm, average 0.5 mm). Micr phenocrysts
of plagioclase, clino and orthapyrnxene, and magnetite form subequant
prisms average 0.2 mm in length. Grauxtnass black and vitreous.
(1136)
Porphyritic amphibole and two-pyroxene bearing dacite lava.
Silica 64-65. Polarity normal. SE 1/4, Sec 8, T10S, RBE,
elevation 4840 feet. Plagioclase (23%, average 0.8 mm).
Orthopyroxene phenocrysts (4%, average 0.4 mm). Trace clinopyraxene
and amphibole. Amphiboles cowpletely altered to opacite. mss

intergranular.

Map unit HC-17

Porphyritic cllncpyroxene basaltic ardesite lava.
Silica 55. Polarity normal. NE 1/4, Sec 11, T10S, RSE,
elevation 6320 feet. Plagioclase Phenoc ysts (21%, up to 1.5 mm,
average 0.5 mm), show strong oscillatory, usually normal zoning with
large calcic cores and thin sodic rims. Reverse zoning was observed.
(1137)

Heavily corroded and resorbed plagioclase phenocrysts clouded with
inclusions make up less than 1% of the plagioclase assemblage.
Clinopyroxene phenocrysts (9%, up to 2.5 mm, average 0.8 nom) contain
abundant inclusions of euhedral magnetite. Magnetite phenocrysts (1,
up to 0.3 mm). Trace orthopyroxene and olivine. Groan
ss

intergranular.
(1138)
Porphyritic clinapyr xene basaltic andesite lava.
Silica 54-55. Polarity reverse(?). NW 1/4, Sec 11, T1oS,

RBE, elevation 6440'feet. Plagioclase phenocrysts (27%, up to 2.0 man,
average 0.7 mm, see sample 1130 for description). Clinopyroxene
phenocrysts (7%, up to 1.3 man, average 0.7 man) contain abundant
inclusions of euhedral magnetite. Magnetite phenocxysts (1%, up to
0.3 man). Olivine phenocrysts (1%, up to 2.0 mm, average 0.3 man) do
not contain inclusions of magnetite. Trace amphibole!

intergranular.
Porphyritic ortbopyrmmm-bearing clirxapyroxene basaltic
andesite lava. Silica 56-57. Polarity normal. SE 1/4, Sec
2, T10S, RBE, elevation 6230 feet. Plagioclase phenocrysts (30%, up
to 2.0 nm, average 0.8 mm, see sample 1130 for description).
Ground mass

(1139)

Clinopyroxene phenocrysts (9%, up to 3.0 mm, average 1.0 mm) contain
abundant inclusions of euhedral magnetite. Orthopyroxerne phenocrysts
(2%, up to 1.0 mm, average 0.6 mm). Magnetite phenocrysts (2%,
average 0.1 mm). Grounchnass intergranular.
Late Stage Rocks
Map unit HC-18

orthopyroxene andesite intracanyon lava of the Lion's Head
Plagioclase phenocrysts (35% average 1.0 mm) form two groups.
First - clear, sharp, largely unresorbed phenocrysts (AN53-57)
comprise at least 95% of the plagioclase phenocryst assemblage.
Second - heavily corroded phenocrysts clouded with mineral and glass
Porphyritic

area.
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inclusions.

Both types show strong, normal oscillatory zoning

with some reverse zoning. Orthopyraxene phenocrysts (7%, average
0.5 mm) are normally clear and sharp with occasional inclusions of
euhedral magnetite. Trace clinopyroxene phenocrysts occur almost
exclusively in g1cmerocrysts dominated by pyroxenes with lesser
plagioclase. Clinopyroxenes more ccaxuty my contain inclusions of
magnetite than do orthapyroxenes. Trace magnetite phenocrysts.
Grourxinass intergrwwlar.
(1140)

Porphyritic ort cpyroxene andesite lava. Silica 59-60.
T1OS, R9E, elevation 5420

Polarity normal. NW 1/4, Sec 8,

feet.

(1141)

Porphyritic orthPFyroxene andesite lava. Silica 60-61.
Polarity normal. SW 1/4, Sec 5, TiOS, R9E, elevation 5400

feet.
(1142)

Porphyritic orthapyroxene andesite lava. Silica 60-61.
Polarity normal. NW 1/4, Sec 8, T1OS, R9E, elevation 5720

(1143)

Porphyritic orthopyroxene andesite lava. Silica 60-61.
Polarity normal. NE 1/4, Sec 7, T1OS, R9E, elevation 5480

(1144)

Porphyritic orthcypyro Gene andesite lava. Silica 61-62.
Polarity normal. NE 1/4, Sec 8, T10S, R9E, elevation 5420

(1145)

Porphyritic ort-hapyroxene andesite lava. Silica 60-61.
Polarity normal. NW 1/4, Sec 9, T1OS, R9E elevation 4620

feet.

feet.

feet.
feet.

Map unit HC-19
(1146) Porphyritic amphibole and ordicpYrcmene-bearing dacite lava.
Silica 66-67. Polarity normal. SW 1/4, Sec 11, T1OS, RBE,

elevation 5800 feet. Plagioclase phenocrysts (lid, average 0.7 mm).
Orthapyroxene phenocrysts (1%, average 0.4 mm). AglW ole phenocrysts

2%, up to 2.0 mm) largely altered to opacite.

(oxyhornblende,

Trace clinopyroxene and

magnetite.

Groundmass pilotaxitic.

Map unit HC-20
(1147)

Porphyritic

ing andesite lava.

Silica 62-63. Polarity normal.

elevation 5000

Sec 19, T1OS, R9E,
(23%, up to 3.5 mm,
Orthopyroaene phenocrysts (4%. up to 1.5 mm,

feet.

average 1.0 mm).
average 0.5 mm).

Plagioclase

SW 1/4,

phenocrysts

clinopyroxene and magnetite phenocrysts (1% each).

Groundmass pilotaxitic.
(1148)

Porphyritic two-pyroxene-bearing andesite lava.
Silica 62-63. Polarity normal. NE 1/4, Sec 25, T1OS, RBE,
elevation 5180 feet. See sample 1147 for petrographic description.
(1149)
Subphyric amphibole and orthopyroxene-bearing dacite lava.
Silica 64. Polarity normal. NW 1/4, Sec 2, T1OS, RBE,

elevation 5000 feet. Plagioclase phenocrysts (5%, average 0.6 mm).
Trace orthopyroxene, ait hibole, and magnetite. Grounclmass
pilotaxitic.
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Intrusive of unknown age
(1150)
Porphyritic amphibole and two-pyroxene-bearing rhyodacite
dike. Plagioclase phenocrysts (9%, average 0.9 mm).
Orthopyroxene phenocrysts (.5%, average 0.4 mm).

Green amphibole

phezrysts (1%, up to 2.0 mm) are largely altered to opacite.

Magnetite phenocrysts (1%, up to 0.5 mm). Trace clinopyromene and
subequant apatite up to 0.1 mm in length. Grcu
ss pilotaxitic.

