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A sequence of volcanic, volcaniclastic, and epiclastic deposits

from Oligocene to Recent age are exposed in the region from Lake

Simtustus to Madras in central Oregon. The epiclastic sediments of

the Oligocene John Day Formation are unconformably overlain by two

flows of the middle Miocene Columbia River Basalt Group. The upper

Miocene and lower Pliocene Deschutes Formation generally overlies the

Columbia River Basalt. The Deschutes Formation includes ash flows,

pumice and ash falls, lava flows and epiclastic deposits. An ash-

flow tuff with a composition similar to other Deschutes ash flows

occurs between flows of Columbia River basalt suggesting that the

formations interfinger.

The two flows of Columbia River basalt have compositions typical

of the Prineville Chemical Type. The flows contain an average of

1.24 weight percent P2051 and K20 is high compared to other types of

Columbia River basalt.

The Columbia River basalt and underlying rocks have been



moderately deformed, producing broad anticlines and synclines and

normal faults with small displacement. Northwest of Madras, the

Columbia River basalt dips three or four degrees to the southeast.

The Deschutes Formation and overlying rocks are generally flat lying

and undeformed. No faults were found extending into the Deschutes

deposits.

The Pelton Basalt member is an 80 to 150 foot thick unit of

tholeiitic basalt that occurs near the base of the Deschutes Forma-

tion. It contains numerous discontinuous flow units which represent

separate lobes of a compound lava flow. No interbeds or paleosols

between flow units were found. The basalt is probably the result of

a single prolonged eruption. Six intraformational lava flows occur

interstratified with volcaniclastic and epiclastic deposits. Five of

these flows are basalt; one flow is basaltic andesite.

The Deschutes volcaniclastic rocks generally occur in a four

hundred foot thick interval above the Pelton Member and below rim-

forming basalt lavas. The best exposures of these deposits are at

the Vanora Cliff and at the cliff on the north side of the mouth of

Willow Creek. Rocks in both of these areas are exposed as the result

of large landslides. The ash-flow tuffs range in composition from

dacite to rhyolite and range from three to sixty feet thick. The

deposits generally have restricted areas of exposure. The strikes of

paleochannels filled by ash flows and the orientation of the long

axes of clasts in underlying fluvial conglomerates indicate a west or

southwest provenance for these deposits.

Seven lithic-rich laharic-breccia deposits occur interstratified



with the ash flows and epiclastic deposits. The laharic breccias are

the most resistant and extensive volcaniclastic rocks in the mapped

area. In certain outcrops, the breccias consist of as much as seven-

ty percent angular to subrounded lithic clasts suspended in a fine-

grained matrix of glass shards. The deposits are more numerous,

thicker, and more poorly sorted to the north and northwest indicating

a provenance to the northwest. Many features of the deposits are

similar to volcanic lahars but other characteristics indicate that

the materials were subjected to temperatures above the Curie point of

the clasts. Some of these units might have been produced by a com-

bination of fluvial materials and a hot pyroclastic flow.

A widespread sheet of tholeiitic basalt caps the Deschutes Form-

ation. Similarity between eight chemical analyses, constant pheno-

cryst mineralogy, and uniform normal paleomagnetic polarity of

samples from Binder's Canyon to Round Butte Dam suggest that the rim-

forming flow is a single sheet of lava that originally covered the

mapped area.

Round Butte cinder cone and lava flow are the youngest Deschutes

Formation deposits in the mapped area. The Round Butte deposits have

a composition similar to other intraformational lavas and therefore

represent a continuation of the volcanism that has occurred through-

out the late Miocene and early Pliocene in the Deschutes Basin.
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THE GEOLOGY AND STRATIGRAPHY OF THE TERTIARY VOLCANIC AND

VOLCANICLASTIC ROCKS, WITH SPECIAL EMPHASIS ON

THE DESCHUTES FORMATION, FROM LAKE SIMTUSTUS TO MADRAS

IN CENTRAL OREGON

INTRODUCTION

LOCATION AND PHYSICAL CHARACTERISTICS

The area of this study includes the canyons and mesas surround-

ing Lake Simtustus east of the Warm Springs Indian Reservation near

Madras in central Oregon (Figure 1). It includes parts of the Madras

West, Round Butte Dam, Seekseequa Junction, and Culver 7.5-minute

quadrangles.

The region is characterized by broad and flat-topped mesas,

buttes, and precipitous canyons. The mesas named Agency Plains and

Little Agency Plains are capped by extensive rimrock basalts. They

are interrupted only where canyons have been produced by stream ero-

sion, as at Willow Creek or Dry canyons, or where cinder cones have

been built up above the mesas, as at Round Butte near the southern

border of the area. Buttes and hoodoos formed from erosional rem-

nants of dissected mesas are common near the canyons of the Deschutes

River and its tributaries. The canyons are as much as nine hundred

feet deep from rimrock to water level.

Geologic studies are facilitated by easy access and excellent

exposures of rock units in the canyon walls. U.S. Highway 26,
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numerous county and private roads, jeep trails, and the Lake

Simtustus Road provide access to within one mile of all parts of the

area. Exposures in the canyons are good to excellent, especially

where intraformational or rimrock basalts protect the less resistant

sediments from erosion. Landslides have created excellent exposures

in cliffs north of the Vanora Grade of Highway 26 and south of Her-

ber's Canyon in W. 1/2 of sec. 36, R.12E., T.10S. (Figure 5).

The climate is semiarid, averaging just over 10 inches of pre-

cipitation annually, mostly as snow during the winter months. The

average annual temperature is 48°F but ranges from -20°F in the win-

ter to as high as 120°F in the canyons in the summer (U.S. Weather

Bureau, 1980).

Thin pebbly soils, grass, sagebrush, and sparse juniper trees

cover sixty to seventy percent of the canyons. Stands of alder are

common in gullies near springs and streams. Soils and vegetative

cover are generally restricted to gentle slopes formed by tuffs and

sedimentary deposits. Ground cover is more dense on the north-facing

slopes of the canyons. Mesas are covered by thin soils composed of

altered loess and volcanic ash which limit rock exposures to the rims

of canyons and gullies. These soils are irrigated and cultivated to

produce the major crops of the region, which are wheat and mint.

PREVIOUS WORK

In his pioneering geological survey of central Oregon in 1905,

I. C. Russell referred to the deposits near Madras as the "Deschutes

Sands." Since then the deposits have been variously mapped as the
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Deschutes Formation (Stearns, 1930; Chaney, 1938; Stensland, 1970,

Peterson and others, 1976; Taylor, 1980), the Madras Formation

(Hodge, 1928, 1940; Williams, 1957; Robinson and Price, 1963; Hewitt,

1970; Robinson and Stensland, 1979), and the Dalles Formation (Hodge,

1942; Waters, 1968; Robinson, 1975; Robison and Laenen, 1976).

To standardize the nomenclature of the numerous correlative

basin sequences in north central Oregon, Farooqui and others (1981)

proposed that the name Deschutes Formation be accepted for the depos-

its near Madras; and that these deposits be considered a member of

The Dalles Group of Neogene sediments. This report will adopt the

name "Deschutes Formation" because of its historical precedence and

the excellent exposures of the deposits along the Deschutes River.

GENERAL GEOLOGY

The Deschutes Formation consists of fluvial silts, sands, and

gravels, volcaniclastic ash-flow, ash-fall, and pumice-fall deposits

of dacitic, rhyodacitic, and rhyolitic composition, and interbedded

basalt flows. The Deschutes deposits are not overlain by other

extensive formations. The upper Miocene to lower Pliocene Deschutes

deposits unconformably overlie the middle Miocene Columbia River

Basalt Group. The Columbia River basalts overlie the upper Oligocene

to lower Miocene tuffs of the John Day Formation.

The deposits occupy a basin south of the Mutton Mountains, west

of the Ochoco Mountains, and east of the axis of the High Cascades of

central Oregon. The basin was formed as a result of middle to late

Miocene folding of John Day tuffs and Columbia River basalts. Green
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Ridge, a prominent north-south-trending fault scarp (Taylor, 1980),

forms the western boundary of the Deschutes deposits. Units mapped

in the area between Green Ridge and the Cove State Park (Hewitt,

1970; Hales, 1975; Conrey, 1982; Dill, 1982) have dips of two to four

degrees to the northeast and east. These dips probably represent the

initial slope of the units as they were deposited on the flanks of

the Miocene and Pliocene Cascade volcanoes (Taylor, 1980). The Des-

chutes deposits within the basin are structurally undeformed except

for minor faulting associated with the Brothers-Sisters fault sys-

tem. The faults generally trend north-northwest and have minor

displacements.

Analyses of the distribution of units (Stensland, 1970; Hewitt,

1970; Hales, 1975), the strikes of paleochannels, and the sedimentary

structures indicate that the majority of the Deschutes volcaniclastic

deposits were derived from the south or southwest and deposited by

northward flowing stream systems. The provenance of the epiclastic

materials is quite varied and includes the Ochoco Mountains, the Blue

Mountains, and the Miocene and Pliocene Cascade Mountains.

PURPOSE

The purpose of this study is to compile a detailed geologic map

of the canyons and mesas surrounding Lake Simtustus near Madras.

Special emphasis focuses on the distribution, provenance, and chem-

istry of the ash flows, ash- and pumice-fall deposits, and basalt

flows of the Deschutes Formation. Stratigraphic relationships within



the Deschutes Formation and between the Deschutes Formation, Columbia

River Basalt Group, and John Day Formation are investigated.

METHODS AND PROCEDURES

Geologic mapping was recorded directly on 7.5-minute U.S. Geol-

ogical Survey topographic maps. Black and white aerial photographs

at a scale of 1:20,000 and color enhanced high-altitude photographs

from NASA at a scale of 1:130,000 were used.

Oriented samples of the basalts and ash flows were checked with

a fluxgate magnetometer for normal or reversed paleomagnetic

polarity.

Thin sections of all mapped lava flows were prepared for petro-

graphic analysis of phenocryst mineralogy. Michel-Levy, "A"-normal,

and Carlsbad-Albite methods for plagioclase determinations were used

(Kerr, 1.977).

Phenocryst mineralogy of pumice was analyzed in a variety of

ways. Plagioclase composition was obtained by using Cargile index

oils to determine the refractive index of glass beads of the fused

plagioclase. Three dozen plagioclase crystals were hand picked from

each sample and ground to a fine powder for fusion in a carbon arc to

produce the beads. The composition of orthopyroxene and clinopy-

roxene was estimated from 2V and refractive indices determined by

application of spindle stage techniques (Bloss, 1981).

Samples of basaltic lavas and pumices from ash flows were pre-

pared for anhydrous whole-rock oxide analysis. The analyses were

done using X-ray fluorescence spectrometry for FeO, TiO2, CaO, K20,

6
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SiO21 and A12O3. Atomic absorption spectrophotometry was used for

analysis of Na2O and MgO.

In this report the division between basalt and basaltic ande-

site, basaltic andesite and andesite, andesite and dacite, and dacite

and rhyodacite is 53.0, 58.0, 63.0, and 68.0 weight percent SiO2,

respectively. Rhyodacite is differentiated from rhyolite by the fact

that rhyodacite contains less than 4.0 weight percent K2 0 while rhyo-

lite has greater than 4.0 weight percent K2O (Taylor, 1978). Color

descriptions of units conform to the Geological Society of America

Rock-Color Chart. Grain and clast sizes are based on the Wentworth

size scale.



JOHN DAY FORMATION

INTRODUCTION

The John Day Formation of central Oregon is a sequence of sil-

icic ashy tuffs, ash-flow deposits, lavas, and volcanic domes of

Oligocene and early Miocene age. Ages of thirty-six to eighteen

million years have been derived by potassium-argon radiometric tech-

niques and study of fossil vertebrate bones recovered from the tuffs

(Woodburne and Robinson, 1977). The John Day Formation unconformably

overlies the Clarno Formation and is unconformably -overlain by the

middle Miocene Columbia River Basalt Group in the Madras area.

The John Day Formation is divided into three distinct facies

based on lithology and geography. The Eastern Facies, east of the

Blue Mountain uplift, includes four members which are distinguished

largely by their colors and the presence of the Picture Gorge Ignim-

brite near the middle of the formation between the Turtle Cove and

the Kimberly Members (Robinson and Brem, 1981). The Southern Facies

lies south of the Ochoco Mountains and consists chiefly of fine-

grained ashy tuff, tuffaceous claystone, and two prominent ash-flow

sheets. The lithologic variations of the Southern Facies are closely

related to those of the Eastern Facies (Robinson and Brem, 1981).

The Western Facies, which includes the deposits northwest of Madras,

occurs in the area west of the Blue Mountain uplift and east of the

Cascade Range. The rocks consist mostly of tuff and tuffaceous

sediments, numerous high titanium alkali-olivine basalts, trachy-

8
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andesites, soda rhyolites, rhyolitic dome complexes, and silicic ash-

flow tuffs.

PROVENANCE

The deposits of the Western Facies of the John Day Formation

have differing origins. The fine-grained air-fall tuffs and tuffa-

ceous claystones of the John Day Formation have a greater percentage

of crystals, become thicker, and are coarser grained to the west

(Peck, 1964; Robinson, 1975), suggesting that the source volcanoes

were west of the present outcrops (Robinson and Brem, 1981). Pyro-

genic mineralogy and chemical analysis of some of the tuffs indicate

the source volcanoes were largely andesitic to dacitic in composi-

tion. There are no vents of John Day age with compositions similar

to the tuffs within the John Day basin (Robinson and Brem, 1981).

The absence of appropriate source vents within the John Day outcrop

area and the evidence for a western source suggests that the source

volcanoes were the Oligocene and early Miocene Cascade Mountains.

The ash-flow tuffs of the Western Facies are all rhyolitic in

composition, distinctly different from the air-fall tuffs and tuffa-

ceous claystones. Lateral variations in thickness, intensity of

welding, and grain size indicate sources to the southwest. Numerous

rhyolitic domes of John Day age, located between the east margin of

the Cascades and the Blue Mountain Uplift, have compositions similar

to the ash-flow tuffs. These mark probable source vent areas for the

ash-flow tuffs within the Western Facies of the John Day Formation

(Robinson and Brem, 1981).
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The alkali-olivine basalt, trachyandesite, and rhyolite flows of

the Western Facies are mostly small and areally restricted. Field

relationships indicate that the lava flows are of local origin within

the Western Facies.

The data suggest a two-fold provenance for the Western Facies of

the John Day Formation. The andesitic and dacitic air-fall tuffs and

tuffaceous claystones were derived from the Oligocene and early Mio-

cene Cascade Mountains. The rhyolitic ash-flow tuffs, alkali-olivine

basalts, and trachyandesite flows originated from local vents in the

region covered by the Western Facies (Robinson and Brem, 1981).

PHYSICAL CHARACTERISTICS

The sediments of the John Day Formation northwest of madras were

folded as a result of late Miocene tectonic events. Beds exposed in

the Deschutes River Canyon south of Binder's Canyon dip as much as

six degrees to the south-southeast. The exposures are characteristic-

ally low lying and valley forming except where protected from erosion

by the overlying Columbia River basalts. Rocks include poorly con-

solidated fluvial ashy tuff, medium to coarse pebbly sandstone, and

fluvial conglomerates. No ash flows or lava flows were found. Good

exposures occur in the cut for the fish ladder from Regulator Dam to

Pelton Dam and in the gravel pits in the N.W. 1/4 of the S.W. 1/4 of

sec. 1, T.10S., R.12E. The deposits are most likely part of unit I

of the Western Facies as defined by Robinson and Brem (1981).
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COLUMBIA RIVER BASALT GROUP

INTRODUCTION AND STRATIGRAPHIC RELATIONSHIPS

The Columbia River Basalt Group is a sequence of middle Miocene

tholeiitic basalt flows that originated from dike swarms in northeast

Oregon, southeast Washington, and western Idaho (Taubeneck, 1970).

The basalts cover a significant part of central Oregon and Washing-

ton. Two flows of Columbia River basalt separated by twenty to sixty

feet of volcaniclastic and epiclastic sediments are exposed in the

Deschutes River Canyon northwest of Madras.

There are three types of Columbia River basalt in the vicinity

of Madras. The basalts of the Picture Gorge Formation are located

approximately forty miles southeast of Madras in the John Day basin

southeast of the Blue Mountain uplift. The two flows northwest of

Madras contain more silica, less olivine, and approximately twenty

percent tachylyte glass in the groundmass which distinguishes them

from the Picture Gorge basalts (Waters, 1961).

A second type of Columbia River basalt near Madras is that of

the Grande Ronde Formation of the Yakima Subgroup. These are the

most voluminous and extensive of all the basalts in the Columbia

River Basalt Group. Swanson et al. (1979) shows the distribution of

the Grande Ronde Basalt Formation and the Frenchman Springs Member of

the Wanapum Basalt Formation extending close to Madras. Chemically,

the flows northwest of Madras contain less ferrous iron and more

silica than the Frenchman Springs basalt. The content of silica,
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alumina, and ferrous iron of the flows near Madras is consistent with

the average composition of Grande Ronde basalts (Swanson et al.,

1979), but the high amount of phosphorous in the two flows near

Madras excludes them from the Grande Ronde Formation.

Uppuluri (1974) described the Prineville Chemical Type of

Columbia River Basalt from exposures near Prineville Dam in Crook

County. The anomalous chemistry of these flows is sufficient to

consider the Prineville Chemical Type as a separate variety of Colum-

bia River Basalt. These basalts contain an average of 1.36 percent

P205 and large amounts of barium. The high percentage of P205 is

responsible for the presence of large rod-shaped crystals of apatite

in the rock (Uppuluri, 1974). The two flows northwest of Madras have

levels of 1.23 and 1.25 percent (Table 1). In thin section,

both flows contain euhedral to subhedral rods of apatite as long as

1.25 millimeters (Figure 2). Nathan and Fruchter (1974) reported

that a basalt flow at Butte Creek, forty-five miles northeast of Mad-

ras, and another flow at Tygh Ridge, forty miles north of Madras,

have chemistry consistent with the Prineville Chemical Type and have

normal paleomagnetic polarity. The high levels of P205, the presence

of large apatite crystals in the rock, and the normal polarity of the

rocks northwest of Madras are consistent with these flows. The nor-

mal polarity Prineville Chemical Type basalts near Madras might cor-

relate with normal polarity flows at the base of the type section

near Prineville Dam as reported by Uppuluri.
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Figure 2. Photomicrographs of sample of Columbia River basalt.
Large apatite crystals are characteristic of the Prineville Chemical
Type. Upper picture taken in plane light. Bottom picture taken with
crossed polars.

a".
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TABLE 1. CHEMICAL ANALYSES OF COLUMBIA RIVER BASALT.*

Sample SiO
2

Al203 FeO Ti02 CaO MgO K20 Na2O P205 MnO Total

126-1 54.50 16.95 10.37 2.61 6.40 3.65 3.32 2.40 - - 100.20

126-2 54.48 15.64 10.14 2.66 6.24 3.51 2.96 2.70 1.23 0.24 99.80

128 51.31 14.57 12.45 2.78 7.86 4.55 1.95 2.84 1.25 0.24 99.80

H2O free, all iron as FeO.

126-1- Columbia River basalt. Sample taken from upper flow. Taken
in quarry in N.W. 1/4 S.W. 1/4 sec. 7, T.1OS., R.13E. Analysis
by Jere Jay, 1982.

126-2- Columbia River basalt. Sample from same location and flow as

sample 126-1. Analysis done by Dr. Peter Hooper, Washington
State University, 1982.

128- Columbia River Basalt. Sample from lower flow. S.E. 1/4N.W.

1/4 S.W./4 sec. 18, T.10S., R.13E. Analysis done by Dr. Peter

Hooper, Washington State University, 1982.

The Columbia River Basalts overlie the sediments of the John Day

.Formation with slight angular unconformity. This can be seen viewing

the west bank of the Deschutes River Canyon from U.S. Highway 26 in

the S.W. 1/4 of sec. 31, T.9S., R.13E. Small landslides reveal bedded

John bay sediments dipping to the south-southeast two or three deg-

rees steeper than the overlying Columbia River basalts. The basalt

flows are unconformably overlain by the nearly horizontal beds of the

Deschutes Formation.

Late Miocene tectonic pressures created broad anticlinal and

*
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synclinal structures and minor faults throughout central Oregon and

Washington. The basalts south of Binder's Canyon generally dip three

to four degrees south-southeast on the south limb of one of these

anticlines. Two near-vertical normal faults cut the Columbia River

basalts just above the Lake Simtustus road 1,000 feet south of Pelton

Dam. Each of these faults has a four to five foot displacement and

strikes N20°W with the northeast side up. There is no evidence that

the faults extend up into the Deschutes Formation.

DISTRIBUTION, LITHOLOGY, AND PETROGRAPHY

The bottom Columbia River basalt flow is exposed in the Des-

chutes River canyon from Binder's Canyon to 1,500 feet north of Pel-

ton Park. It occurs in the cut of the access road immediately north

of Pelton Dam. The abutments of the dam are secured to this flow.

The basalt is 150 feet thick and characterized by a lower colonnade,

entablature, and upper colonnade jointing pattern. Because of

differential weathering of the various jointing patterns, early geol-

ogical studies reported this to be three separate flows (unpublished

Portland General Electric Company reports). Subsequent work and the

excavation for the construction of Pelton Dam show this to be one

flow.

The bottom Columbia River basalt flow is a dense, dark grey,

aphanitic basalt which weathers to a dark yellowish brown. It has

normal paleomagnetic polarity. in thin section, it is porphyritic

with sparse phenocrysts of euhedral to subhedral plagioclase laths up

to 2.0 millimeters long. The groundmass consists of light brown
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tachylyte glass, subhedral magnetite (up to 0.5 mm), anhedral olivine

(0.5 mm to 1.0 mm) partly altered to iddingsite, and clinopyroxene

interstitial to normally zoned plagioclase laths which are subhedral

to anhedral in shape and 0.5 mm to 0.25 mm in length. Rod-shaped

euhedral to subhedral crystals of apatite as long as 1.25 millimeters

are common.

The two Columbia River basalt flows are separated by twenty to

sixty feet of volcaniclastic and epiclastic sediments. This interbed

is continuous from north of Binder's Canyon at least as far south as

the mouth of Willow Creek where it is submerged under Lake Simtustus.

The interbed is generally covered by vegetation and talus from the

overlying basalt flow but excellent exposures occur along the Lake

Simtustus road from Pelton Dam to Pelton Park.

A small ash-flow tuff located near the base of the interbed is

exposed along the road to the bottom of Pelton Dam. The ash flow is

five to ten feet thick and can be traced laterally for approximately

one hundred feet. The flow contains a greyish white matrix sup-

porting large sand-sized clasts of subangular to subrounded lithic

fragments and black glass as well as white pumice ranging in size

from medium sand to small pebbles. In thin section, the matrix

exhibits a slight eutaxitic texture and is comprised of approximately

ninety-six percent slightly devitrified glass shards and pumice, two

percent subhedral to anhedral plagioclase (An 31.5), one percent

anhedral to subhedral clinopyroxene, and one percent lithic

fragments.

A chemical analysis of this ash-flow tuff was made to determine
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whether its composition is characteristic of the John Day ash-flow

tuffs beneath, or the Deschutes ash-flow tuffs overlying the Columbia

River Basalt (Table 2). The interbedded ash-flow tuff contains less

potassium, sodium, and silica, more aluminum and iron, and consider-

ably more calcium and magnesium than the ash flows in the John Day

Formation reported by Robinson and Brem (1981). In comparing the

analysis of this interbedded ash-flow tuff with analyses of other

tuffs of the Deschutes Formation, one finds a general similarity.

This might indicate that the interbedded ash-flow tuff has a

provenance similar to that of the overlying Deschutes Formation.

TABLE 2. CHEMICAL ANALYSES OF ASH-FLOW TUFFS FROM THE JOHN DAY
AND DESCHUTES FORMATIONS.*

Sample SiO
2

Al203 FeO Ti02 CaO MgO K20 Na20 Total

108 70.60 14.66 3.50 0.58 2.20 2.45 3.50 2.05 99.54

1 75.18 12.65 2.11 0.31 0.74 0.18 5.00 3.20 99.37

2 68.19 15.59 3.54 0.71 3.01 1.91 3.09 3.76 99.80

*H20 free, all iron as FeO.

108- Sample of cleaned pumice from the ash-flow tuff between the
two Columbia River basalt flows. Sample from access road to
base of Pelton Dam. S.E. 1/4 N.W. 1/4 S. W. 1/4 sec. 18, T.1OS.,
R.13E.

1- Average of nine silicic ash-flow tuffs of the John Day Forma-
tion. Data from Robinson and Brem (1981).

Average of twenty-one silicic ash-flow tuffs of the Deschutes
Formation. Data from this study.

Overlying the ash-flow tuff at Pelton Dam is a thirty to forty

foot thick fluvial pumiceous tuff exhibiting repeated scour-and-fill,

wave ripple, and megaripple structures. Above this tuff and directly

2-
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underlying the basalt flow is a ten to twenty foot thick fluvial

pebbly tuff. The tuff is pinkish brown and contains twenty to thirty

percent subangular gravel and smaller sized lithic clasts. The top

five feet of this tuff exhibit pseudocolumnar jointing as a result of

being baked by the overlying basalt flow.

The upper flow of Columbia River basalt is approximately one

hundred feet thick and is found from Binder's Canyon as far south as

sec. 2, T.11S., R.12E. near the north end of Indian Campground. This

flow exhibits the same jointing patterns as the lower Columbia River

basalt flow but is capped by a ten to forty foot thick flow brec-

cia. The breccia is comprised of clasts of pahoehoe basalt from one

inch to ten feet in diameter surrounded by a palagonite matrix. This

flow can be seen in the road cut fifty feet west of the viewpoint in

the N.E. 1/4 of sec. 18, T.10S., R.13E., and one thousand feet west of

the bridge over Willow Creek on the Lake Simtustus road. This upper

Columbia River Basalt flow is at lake level from the mouth of Willow

Creek to near Indian Campground where it is submerged.

The rock is a dense, aphanitic, medium dark grey basalt with

normal polarity. It weathers to light olive grey. Study of thin

sections reveals an equigranular texture of subhedral to anhedral,

normally zoned plagioclase crystals with embayed and resorbed edges,

and clinopyroxene that is subhedral to anhedral in shape. Rod-shaped

subhedral apatite crystals as long as 1.25 millimeters are common.

The groundmass includes skeletal grains of magnetite, sparse anhedral

olivine crystals, and light brown tachylyte glass, substantial

amounts of which are altered to clay.
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DESCHUTES FORMATION

INTRODUCTION

The Deschutes Formation is comprised of fluvial silts, sands,

and gravel- to cobble-sized conglomerates, andesitic to rhyolitic

ash-flow tuffs, and interbedded lava flows. The formation overlies

and possibly interfingers with the Columbia River Basalt Group. It

is overlain by thin pebbly soils and loess. The deposits accumulated

in a basin east of the central Cascade volcanoes, west of the Blue

Mountain uplift, and south of the Mutton mountains.

Analyses of outcrop patterns, strikes of paleochannels, and

lithologic variations indicate that the provenance of the ash flows

and pumice-fall deposits was toward the west or southwest. Lithic-

rich volcaniclastic deposits appear to have been derived from a

source to the north or northwest. The epiclastic sediments have a

varied provenance including the Cascade Mountains, the Blue Moun-

tains, and exposures of John Day rocks and Columbia River basalt in

the Deschutes basin. The sediments exhibit general characteristics

indicating they were deposited by northward flowing fluvial systems.

Deschutes lava flows are generally of limited extent and are probably

the result of intrabasinal volcanism.

The deposits overlie the Columbia River Basalt Group and are

therefore younger than middle Miocene. An age of 15.0 t 3.0 million

years was derived for the Pelton Basalt Member near the base of the

Deschutes Formation using potassium-argon radiometric techniques
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(Taylor, Personal Communication; Armstrong et al., 1975). The

youngest Deschutes deposits in the area, Round Butte cinder cone and

lava flow, are 5.9 + 0.6 million years old (Farooqui et al., 1981).

The Deschutes Formation exposed north of Round Butte Dam is late

Miocene to early Pliocene in age.

From Pliocene to Recent time, extensive erosion by streams has

carved precipitous canyons deep into the Deschutes deposits. Quater-

nary intracanyon lavas have repeatedly flowed down and partially

filled the canyons of the Metolius, Deschutes, and Crooked rivers

(Hewitt, 1970; Hales, 1975). Subsequent erosion has reduced these

intracanyon flows to isolated, wedge-shaped, bench-forming outcrops.

PRE-PELTON BASALT EPICLASTIC AND VOLCANICLASTIC ROCKS

The base of the Deschutes Formation as exposed in the study area

is a twenty to forty foot thick interval consisting of ashy and

pebbly tuffs, pebble to cobble conglomerates, and a pumice-fall

deposit. These deposits lie directly on the flows of the Columbia

River Basalt Group and are overlain by the Pelton Basalt Member of

the Deschutes Formation. This relationship occurs from Campbell

Canyon as far south as the S.E. 1/4 of sec. 10, T. 1 1S. , R.12E. where

the deposits are covered by Lake Simtustus.

The ashy and pebbly tuff overlies the Columbia River basalts and

forms the bottom one-half of the deposits in this interval. This can

be seen looking at the west wall of the Deschutes River Canyon from a

point halfway up Herber's Canyon (N.W. 1/4 of S.E. 1/4 of sec.25,

T.10S., R.12E.). A fluvial pebble and cobble conglomerate overlies
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the ashy tuff and is overlain by the Pelton basalts. These conglom-

erates vary in thickness from ten to twenty-five feet. A landslide

scarp above Pelton Park offers the best exposure of this cobble

conglomerate.

Intercalated in this fluvial interval at the base of the Des-

chutes Formation is a crystal-rich pumice-fall deposit. The pumice

has very limited occurrence and exposure. One exposure is in a road

cut 1500 feet southwest of the Willow Creek bridge on the Lake Sim-

tustus road. The three to four foot thick deposit consists of white,

angular, lapilli-sized pumice of dacite composition (Table 3) with

phenocrysts of plagioclase (An 40), clinopyroxene, hornblende and

magnetite. The glass in the pumice is extremely fresh, showing

little or no alteration to clays. The pumice is more angular and

altered than other pumice deposits north of Round Butte Dam.

TABLE 3. CHEMICAL ANALYSIS OF PRE-PELTON BASALT
PUMICE-FALL DEPOSIT.

Sample Si02 A1203 FeO TiO
2

CaO MgO K20 Na20 Total

49 69.7 15.40 3.10 0.41 2.95 1.2 2.32 4.98 100.05

* H2 0 free, all iron as FeO.

49- Cleaned pumice lumps from the crystal-rich pumice-fall deposit
from beneath the Pelton Basalt of the Deschutes Formation, N.W.

1/4S.W. 1/4 sec. 30, T. 1 OS. , R. 13E.

There are numerous springs associated with this fluvial interval

at the base of the Deschutes Formation. Ground waters percolate eas-

ily through the open-textured and jointed Pelton basalts as well as
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the cobble conglomerates directly beneath. The ashy tuff forms an

impermeable boundary to downward penetration of the water, causing

the emergence of a series of small springs. These springs are very

common south of Herber's Canyon in sec. 36, T.10S., R.12E. and five

hundred feet south of the bridge over Willow Creek on the Lake

Simtustus road. Some of the springs are reported to have constant

temperatures as high as 70°F throughout the year (Ashwell, 1982).

The combination of ashy tuff, numerous springs, and the overly-

ing Pelton basalts causes numerous landslides to occur at this level

of the stratigraphy. The east bank of Lake Simtustus near water

level in sec. 36, T.10S., R.12E. is an almost continuous series of

small slump and landslide scarps. The headwall of the landslide

above Pelton Park also occurs at this stratigraphic position.

PELTON BASALT MEMBER

The Pelton Basalt Member is an 80 to 150 foot thick sequence of

diktytaxitic tholeiitic basalt that occurs near the base of the Des

chutes Formation. Undoubtedly, it is the most extensive and the

thickest of all the interstratified basalts of the formation. A

sample of Pelton Basalt was dated at 15.0 ± 3.0 million years using

potassium-argon radiometric techniques (Armstrong et al., 1975). The

sample was collected from near water level on the west side of Lake

Simtustus at Indian Campground (S.W. 1/4 sec. 2, T.11S.,

R.12E.)(Taylor, Personal Communication). Erosion has carved steep-

walled canyons into the thick basalt in the Deschutes River Canyon,

Willow Creek Canyon, and Dry Canyon (Figure 3). It forms mesas on
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the west side of Lake Simtustus north of the mouth of Willow Creek.

The best exposures of Pelton basalt are at the intersection of Willow

Creek and Dry canyons and near water level of Lake Simtustus at the

base of Round Butte Dam.

Figure 3. Steep-walled canyon eroded into Pelton basalt in Willow
Creek Canyon.
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The Pelton Basalt is exposed from Campbell Canyon as far south

as Round Butte Dam. it is reported to extend two miles up the Meto-

lius River and four miles up the Crooked River beneath the waters of

Lake Billy Chinook (Stearns, 1930). Prominent canyons are eroded in

the Pelton Basalt as far east as two and one-half miles up Willow

Creek and Dry canyons. It is distinguished from the underlying

Columbia River basalts by its diktytaxitic texture, lower amount of

silica, and greater abundance of olivine.

The Pelton Member is comprised of four to eight flow units of

diktytaxitic basalt. Flow breccias of scoria and angular blocks are

common between individual flow units. These breccias range in thick-

ness from one-half to five feet and each appears to be a basal flow

breccia of the overlying flow unit. The flow units exhibit crude

columnar jointing and contain angular intercrystalline void spaces

filling ten to fifteen percent of the rock. The bottom and top few

feet of each flow unit also contain large rounded vesicles up to four

centimeters in longest dimension. Near the tops of the flow units,

the vesicles are horizontally elongated and occur in sheets parallel

to the flow surface. The horizontal vesicle sheets and jointing

cause the top of these flow units to break into rectangular blocks.

The basalt is medium dark grey and weathers to a yellowish grey. All

units have normal paleomagnetic polarity.

The flow units show varying degrees of vesiculation and types

and sizes of phenocrysts. In Willow Creek and Dry canyons, there is

a discontinuous but noticeable bench between the third and fourth

flow units from the bottom. Compared to the flow units above this



25

bench, the lower basalts are finer grained, less vesicular, and con-

tain very little or no olivine as phenocrysts. Above the bench, the

open diktytaxitic texture is more pronounced and olivine is a more

common phenocryst, locally making up three to five percent of the

rock. Generally, the upper flow units are more open textured and

contain larger plagioclase phenocrysts and more olivine phenocrysts

than the lower flow units. In Willow Creek Canyon (S.W. 1/4 of S.E. 1/4

sec. 29 T.10S., R.13E.), a large spring flows from the Pelton basalt

at the level of this bench between the third and fourth flow units.

This spring could be the result of textural difference of the basalt

below the bench, impeding the further percolation of groundwater.

Eight chemical analyses of the Pelton flow units show no substantial

differences or trends in compositional variation to support the tex-

tural differences observed (Table 4).

Hewitt (1970) reported that the flow breccia between the sepa-

rate flows of the Pelton Basalt was composed of a baked soil zone.

This implies that a long interval of time elapsed between different

"flows" of Pelton Basalt to permit the buildup of a soil layer.

North of Round Butte Dam there are no paleosols or interbeds between

flow units. This indicates a relatively rapid deposition of the

thick basalts. The individual flow units might represent separately

advancing lobes of the same compound lava flow. Considering the

consistency of the texture and chemical composition of the flow units

and the lack of any paleosols or interbeds, these basalt flow units

appear to be genetically related and are most probably the result of

a single prolonged eruptive event.
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In thin section the basalt has an eauigranular texture with

augite interstitial to olivine and plagioclase. Euhedral to sub-

hedral labradorite laths as long as three millimeters comprise fifty

percent of the rock. Anhedral olivine crystals as large as 1.25

millimeters represent fifteen percent of the rock and are partially

or totally altered to iddingsite. Anhedral augite crystals form an

average of fifteen percent of the rock. Skeletal grains of magnetite

comprising five percent of the rock are common. The different flow

units contain from five to ten percent tachylyte glass in the

groundmass.
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TABLE 4. CHEMICAL ANALYSES OF PELTON BASALTS.*

Sample Si02 A1203 FeO Ti02 CaO MgO K20 Na20 Total

207 49.8 15.80 11.95 1.80 9.55 6.9 0.77 3.31 99.88

206 49.2 15.60 12.58 2.00 9.55 6.9 0.83 3.50 100.16

205 47.5 14.68 12.30 2.10 10.00 8.2 0.85 3.46 99.09

204 48.8 16.14 11.42 1.79 9.85 7.1 0.79 3.20 99.09

203 49.6 15.90 12.01 1.81 9.96 7.4 0.80 3.31 100.79

201 49.5 16.61 12.30 1.78 9.45 6.3 0.63 3.19 99.76

200 49.2 15.55 11.90 1.70 9.55 8.7 0.69 3.33 100.62

199 50.8 16.40 11.60 1.78 9.95 4.6 0.68 4.24 100.05

Average 49.38 15.84 12.01 1.85 9.73 7.0 0.76 3.44 99.93

*
H2O free, all iron as FeO.

207- Pelton Basalt. Top flow unit.
206- Pelton Basalt. Seventh flow unit from bottom.
205- Pelton Basalt. Sixth flow unit from bottom.
204- Pelton Basalt. Fifth flow unit from bottom.
203- Pelton Basalt. Fourth flow unit from bottom.
201- Pelton Basalt. Third flow unit from bottom.
200- Pelton Basalt. Second flow unit from bottom.
199- Pelton Basalt. Bottom flow unit.

Samples 199-207 represent the vertical sequence of flow units of Pel-
ton Basalt located in Willow Creek Canyon in N.E. 1/40f S.W. 1/4 sec.
29, T.10S., R.13E.
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INTRAFORMATIONAL LAVA FLOWS

Six intraformational lava flows were mapped. Five of the flows

are high alumina tholeiitic basalts and the sixth is basaltic ande-

site. When compared to the extensive Pelton and rim-forming basalts,

the intraformational flows are generally restricted in their occur-

rence. Only the porphyritic middle flow in the Deschutes Canyon

exposures has been mapped over a distance of more than two miles.

The basalt and basaltic-andesite lavas occur in two general areas.

Three flows occur in the east wall of the Deschutes River Canyon just

downstream from Round Butte Dam. other lava flows occur in Dry

Canyon and the east end of Willow Creek Canyon.

DESCHUTES RIVER CANYON INTRAFORMATIONAL LAVAS

Three basalt lava flows occur in the east canyon wall near the

south end of Lake Simtustus. The upper and lower lavas are exposed

for only one to two miles in the canyon walls. The middle flow can

be traced to the west side of the Deschutes River Canyon and north

for at least fifteen miles. All three flows are exposed in the cut

of the access road to the base of Round Butte Dam (Figure 4).

The lower lava flow exposed on the road grade is the thinnest

and least extensive of all the intraformational lavas. It is located

at an elevation of approximately 1,900 feet and occurs on the east

side of the Deschutes River from the sharp bend in the north 1/2 of

sec. 10, T.11S., R.12E. as far south as Round Butte Dam. The flow

averages only fifteen feet thick. In places it is almost totally
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Figure 4. Exposures at the Access Road grade near Round Butte Dam.
Note the Pelton basalt near water level; the intraformational lavas,
ash-flow tuffs, and epiclastic materials along the road grade; and

the Quaternary intracanyon basalt flow left of the road near the top

of the grade. View looking north from the top of Round Butte Dam.
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composed of a blocky flow breccia. At the point of land in section

10, large quantities of the underlying ash-flow tuff are incorporated

into the breccia of this lava flow. Numerous spiracles and pipe

vesicles are present in the bottom few feet of the lava.

The basalt is porphyritic and diktytaxitic with phenocrysts of

light olive brown olivine as large as four millimeters in diameter.

The groundmass is medium-grained containing plagioclase crystals up

to one millimeter long. The rock is medium grey and weathers to a

brownish grey color. It has normal paleomagnetic polarity.

Petrographic study reveals that the anhedral olivine phenocrysts

are somewhat corroded and partially altered to iddingsite around the

rims. The olivine phenocrysts comprise approximately eight percent

of the rock. The groundmass consists of normally zoned subhedral to

anhedral laths of labradorite (averaging one-half millimeter),

anhedral clinopyroxene, and anhedral olivine. The olivine in the

groundmass is almost totally altered to iddingsite. Some skeletal

magnetite crystals occur in the matrix but most of the magnetite

occurs as tiny disseminated grains dispersed throughout the inter-

stitial tachylyte glass.

The middle basalt flow exposed in the Deschutes River Canyon is

the most extensive and thickest of all the intraformational lava

flows. it is readily identified by its porphyritic texture with

large phenocrysts of plagioclase and olivine. The basalt is located

at an elevation of two thousand feet in the east wall of the

Deschutes River Canyon from S.E. 1/4 N.W.1/4 sec. 11, T.11S., R.12E.

south to Round Butte Dam. The distribution and outcrop pattern
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indicate that the basalt flow was confined to a broad, shallow valley

approximately one-quarter mile wide. It is found on the west side of

the Deschutes River in the cliff southwest of Indian Campground. On

the Warm Springs Indian Reservation, the flow is generally covered

except where it forms the cap rock for the elongate mesa in sec. 36,

T.9S., R.23E. North of Binder's Canyon the porphyritic basalt flow

is again found on the east side of the Deschutes River Canyon. The

flow is thicker and is one hundred feet higher in elevation north of

Binder's Canyon than it is near Round Butte Dam. This indicates that

the source of the flow was to the north. The porphyritic basalt flow

has been traced for a distance of almost fifteen miles.

The basalt has normal polarity and ranges from forty to eighty

feet thick. It pinches out abruptly at the lateral margins. The

flow has a one to four foot thick bottom flow breccia which grades

upward to very large columns of basalt from three to six feet in

diameter. Locally the columns are as much as forty-five feet tall.

The rock is dark grey and weathers to light brown.

Thin section analysis reveals phenocrysts of euhedral and sub-

hedral normally zoned plagioclase (An 67) up to seven millimeters in

length. Olivine also occurs as a phenocryst in anhedral to subhedral

crystals from one to three millimeters in diameter. The olivine

crystals show a slight degree of alteration to iddingsite at the

edges and near fractures. The groundmass consists of crystals of

subhedral labradorite laths up to one-half millimeter long, anhedral

olivine crystals averaging one-quarter millimeter in diameter, and

subhedral clinopyroxene. Magnetite occurs as discrete anhedral and
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subhedral crystals and as minute anhedral grains in the tachylyte

glass. The glass comprises ten to fifteen percent of the rock.

The upper basalt flow is exposed at the two thousand foot level

where a fence crosses the top of the Round Butte Dam access road. It

occurs from the gully in S.W. 1/4 sec.11, T.11S, R.12E. south past

Round Butte Dam. The flow has reversed paleomagnetic polarity. It

averages thirty-five feet thick and is characterized by crude rounded

columnar jointing. The basalt is medium dark grey and weathers to a

light olive grey color.

In thin section the rock exhibits an ophitic texture with laths

of subhedral plagioclase (An 62). Anhedral augite and small anhedral

olivine crystals are interstitial to the plagioclase. Sparse anhe-

dral grains of magnetite comprise three percent of the rock.

WILLOW CREEK CANYON INTRAFORMATIONAL LAVAS

The lower lava flow in Willow Creek Canyon has two separate

areas of exposure. It occurs at an elevation of 2,100 feet in the

N.E. 1/4 S.W. 1/4 sec. 33. T.1OS., R.13E. and also in the N.W. 1/4 sec.

3, T.10S., R.13E. The flow is fifteen to twenty-five feet thick and

has reversed polarity. The diktytaxitic basalt is porphyritic with

phenocrysts of brown olivine as large as two millimeters in diameter

in a medium grey matrix. The rock weathers to a light olive grey

color. The top four to five feet of the basalt are amygdaloidal and

contain oval vesicles up to four millimeters in diameter partially

filled with white opal.

In thin section, phenocrysts of subhedral and anhedral olivine
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as large as two millimeters in diameter comprise fifteen percent of

the rock. The olivine phenocrysts are very corroded and show evi-

dence of resorption. All of the olivine is partially altered to

iddingsite around the rims and in fractures. The matrix has an

ophitic texture with subhedral laths of plagioclase (An 68) and

interstitial anhedral augite and olivine crystals. Skeletal anhedral

titanomagnetite, partially altered to leucoxene, comprises four to

six percent of the rock. Intercrystalline tachylyte glass comprises

ten percent of the groundmass.

The upper lava flow exposed in Willow Creek Canyon occurs at an

elevation of 2,200 feet in the S.E. 1/4 of sec. 33, T.10S., R.13E. and

the N.E. 1/4 of sec. 4 and the north 1/2 of sec. 3, T. 11S. , R. 13E. The

flow is basaltic andesite with almost fifty-seven percent silica

(Sample 89, Table 5). This lava has the highest silica content of

all the lava flows in the mapped area.

The lava flow is approximately sixty feet thick. Overlying a

one foot thick flow breccia is a fifteen foot thick lower colonnade

exhibiting crude columnar jointing. Above this lower colonnade is a

forty foot thick section of irregular brickbat jointing. The flow is

capped by a very thin upper colonnade which commonly contains small

rounded vesicles in the top one or two feet.

The basaltic andesite is dense and aphanitic. It has reversed

paleomagnetic polarity, is dark grey, and weathers to light olive

grey.

Petrographically, the rock has a microporphyritic texture with

very sparse phenocrysts of subhedral, normally zoned, lath-shaped
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plagioclase (An 45) and clinopyroxene up to one-half millimeter

long. The phenocrysts amount to less than one percent of the rock.

The matrix exhibits an ophitic texture containing anhedral to sub-

hedral laths of andesine that are extremely resorbed and corroded.

Anhedral clinopyroxene and sparse olivine are interstitial to the

plagioclase laths. Subhedral to anhedral magnetite crystals comprise

five percent of the rock. Intercrystalline tachylyte glass amounts

to thirty percent of the matrix.

DRY CANYON INTRAFORMATIONAL LAVA FLOW

A thin diktytaxitic basalt flow is exposed in Dry Canyon at an

elevation of 2,100 feet. It occurs in the S.E. 1/4 of sec. 32,

T.10S., R.13E., and the north 1/2 of sec. 5, T.11S., R.13E. The flow

is only fifteen to twenty feet thick.

The rock is diktytaxitic with angular vesicles up to four mil-

limeters in longest dimension. The basalt is porphyritic with

phenocrysts of dark yellowish brown olivine in a medium-grained dark

grey groundmass. The rock weathers to a yellowish grey.

In thin section, the basalt is porphyritic with phenocrysts of

subhedral to anhedral olivine crystals as large as two millimeters in

diameter. The olivine phenocrysts are slightly altered to iddingsite

and comprise ten to fifteen percent of the rock. The matrix includes

subhedral normally zoned laths of labradorite (An 59) which are

partially resorbed and corroded. Small anhedral augite, olivine, and

magnetic crystals occur interstitial to the plagioclase. Tachylyte

glass fills the intercrystalline voids and comprises approximately
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fifteen percent of the rock.

TABLE 5. CHEMICAL ANALYSES OF DESCHUTES INTRAFORMATIONAL LAVA

FLOWS.*

Sample Si02 A1203 FeO Ti02 CaO MgO K20 Na2O P205 MnO Total

2 51.10 16.50 9.90 1.63 7.8 8.3 1.68 3.11 100.00

88 48.00 18.68 9.81 1.06 11.5210.04 0.33 2.41 - 100.67

89 56.97 15.93 8.16 2.14 7.37 3.94 1.37 2.95 0.76 0.21 100.02

93 48.30 17.56 9.52 1.02 10.6010.73 0.45 2.42 - - 100.60

113 46.50 17.92 9.28 0.97 10.4411.09 0.33 2.56 - 99.09

145 49.23 16.24 10.31 1.70 9.67 9.37 0.32 2.48 0.29 0.19 99.80

155 47.40 18.08 9.80 1.03 10.32 8.15 0.42 4.80 - - 100.0

* H 20 free, all iron as Feo.

2-Sample of porphyritic basalt flow of Deschutes Canyon Intra-
formational flows. Sample from east side of north-south
trending gully in S.W. 1/4S.E. 1/4 sec. 10 T. 10S., R. 13E.

88-Lower Willow Creek basalt flow. Sample from north side of
Willow Creek Canyon. N.E. 1/4 S.W. 1/4 sec. 33, T.10S., R. 13E.

89- Upper Willow Creek basaltic andesite flow. Sample from north

side of Willow Creek Canyon. S.E 1/4 S.E. 1/4 sec. 33, T.10S.,
R.13E.

93-Lower willow Creek basalt flow. Sample from north side of
Willow Creek Canyon. N.W. 1/4N.W. 1/4 sec. 3, T.10S., R.13E.

113- Dry Canyon basalt flow. Sample from S.W. 1/4 N.E. 1/4 sec. 5,
T.10S., R.13E.

145- Upper basalt flow of Deschutes Canyon intraformational flows.
Sample from near the fence on the road grade to the base of
Round Butte Dam. S.W. 1/4N.E. 1/4 sec. 15, T. 1 1S. , R. 12E.

155- Sample of lower basalt flow of Deschutes Canyon intraformational

flows. Sample taken at exposure on road grade to base of Round
Butte Dam. S.E. 1/4 S.E. 1/4 sec. 15, T.11S., R.12E.

-

-
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DESCHUTES VOLCANICLASTIC ROCKS

Three varieties of volcaniclastic deposits are interbedded in

the Deschutes Formation north of Round Butte Dam. These deposits

include silicic ash-flow tuffs, air-fall pumice and ash deposits, and

lithic-rich volcaniclastic flows. The Deschutes volcaniclastic rocks

generally occur in a four hundred foot thick interval above the Pel-

ton Basalt Member and below the rim-forming basalt lavas. However, a

laterally discontinuous pumice-fall deposit occurs beneath the Pelton

Basalt and a small ash-flow tuff that is compositionally similar to

Deschutes volcaniclastic materials is intercalated between flows of

Columbia River Basalt. The ash- and pumice-fall deposits and the

ash-flow tuffs generally exhibit discontinuous, slope-forming expo-

sures that commonly are covered by soil and vegetation. In contrast

to this, the lithic-rich volcaniclastic deposits are extremely resis-

tant to erosion and usually stand up as vertical cliffs. They are

the most resistant rock north of Round Butte Dam except for the lava

flows. Numerous landslides and slumps create excellent exposures of

the volcaniclastic materials. The two best exposures of Deschutes

volcaniclastic rocks north of Round Butte Dam are the Vanora Cliff in

section 6, T.10S., R.13E. and the Willow Creek exposures in the south

1/2 of sec. 19 and the north 1/2 of sec. 30, T.10S., R.13E. Both of

these areas are exposed as the result of large landslides (Figure 5).

The ash-flow tuffs exhibit general characteristics indicating a

provenance to the southwest and west. The ash-flow deposits north of

Round Butte Dam are generally confined to channels, laterally dis-

continuous, and contain well-rounded and subrounded pumice lumps
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Figure 5. Landslide deposits at the base of the Vanora Cliff. View

looking north from U.S. Highway 26.
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ranging from lapilli to small cobble size. Previous geologic work

south of Round Butte Dam (Stensland, 1970; Hewitt, 1970) and studies

south and west of Round Butte Dan (Hales, 1975; Conrey, 1982; Dill,

1982; Cannon, 1982) indicate that the Deschutes Formation ash-flow

tuffs become thicker, contain large boulder-sized pumice, and are

laterally more extensive towards the southwest and west. Strikes of

paleochannels of ash flows and of the long axes of imbricated river

cobbles directly beneath ash flows indicate directions consistent

with a west or southwest provenance for the ash-flow tuff deposits.

The provenance of pumice- and ash-fall deposits is similar to

the provenance of the ash flows. Air-fall pumice deposits usually

occur immediately beneath ash-flow deposits. Some related pumice-

fall and overlying ash-flow deposits have been mapped over large

parts of the Deschutes basin (Cannon, 1982). The association of the

two volcaniclastic deposits suggests that their eruptions were coeval

events, possibly representing different stages of a single eruptive

event. The composition of the pumice-fall deposits is similar to the

composition of pumice from ash-flow deposits of the Deschutes Forma-

tion. The related composition and the field relationships indicate

that the provenance for the air-fall pumice and ash beds is the same

as the ash-flow tuff deposits.

The distribution and outcrop pattern of the lithic-rich volcani-

clastic deposits indicate a provenance to the north or northwest.

These deposits have been mapped for a length of over twelve miles

trending generally north to south. The lithic-rich beds are exposed

for a distance of three miles east of the Deschutes River. The units
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could not be mapped west of the Deschutes River Canyon because the

Warm Springs Indian Tribe denied permission to conduct studies on the

Reservation. North of Binder's Canyon the lithic-rich units are more

numerous, thicker, and more poorly sorted than the deposits farther

south, indicating a general provenance to the north or northwest.

DESCHUTES ASH-FLOW TUFF DEPOSITS

The ash-flow tuffs of the Deschutes Formation north of Round

Butte Dam are dacitic, rhyodacitic, and rhyolitic in composition

(Tables 6, 7 and 8). The best exposures of ash flows occur at the

Vanora cliff (W. 1/2 sec. 6, T.10S., R.13E.) and north of the mouth of

Willow Creek Canyon (S.W. 1/4 sec. 19, T.10S., R.13E.). Both of these

areas are exposed as the result of extensive landslides (Figure 5).

Earliest Deschutes Ash-Flow Tuff.

The earliest ash-flow tuff of the Deschutes Formation might be

the small ash flow that is intercalated between the flows of Columbia

River Basalt (N.W. 1/4 S.W. 1/4 sec. 18, T. 10S., R. 13E.) It was impor-

tant to ascertain whether this ash-flow tuff bears greater resem-

blance to the underlying John Day Formation or to the Deschutes

Formation stratigraphically above the Columbia River Basalt. The

chemical composition of this ash flow (Table 2) is markedly different

from the composition of ash flows of the John Day Formation (Robinson

and Brem, 1981) but is consistent with the general chemistry of other

ash-flow deposits of the Deschutes Formation (Tables 6, 7 and 8).

The chemical similarities of this ash-flow tuff and other Deschutes



40

ash flows suggest that this tuff is the earliest record of Deschutes

ash flows exposed in the Deschutes Basin. A more detailed discussion

and description of this deposit is provided in the section on the

Columbia River Basalt Group.

Vanora Cliff Exposures.

An ashy tuff is discontinuously exposed at the base of the

Vanora Cliff (Tdav1, Figure 18). The base of this tuff exhibits

characteristics common to tuff deposited by fluvial processes. It is

bluish grey and contains coarse sand-sized rounded lithic and pumice

clasts. The bottom of this deposit is well sorted, poorly consoli-

dated, very friable, and exhibits some discontinuous thin lamina-

tions. The basal fluvial tuff grades upward to a pink ashy tuff

which comprises the top three feet of the deposit. The top is poorly

sorted, containing lapilli pumice and subangular lithic clasts in an

ashy matrix. This upper zone is well consolidated and appears simi-

lar to an ash flow or ash- and pumice-fall deposit. The fact that

this deposit changes character so drastically from bottom to top is

worthy of mention. The deposit might be the result of a fluvial or

lacustrine system which was overloaded with volcaniclastic debris.

The resulting deposit would be dominantly fluvial near the base,

grading upward to an ashy tuff, possibly of pyroclastic-flow origin.

The second Vanora ash-flow tuff (Tdav2, Figure 18) occurs

approximately forty feet above the base of the cliff. It directly

overlies a fifteen foot thick pinkish fluvial tuff and is overlain by

a thick lithic-rich volcaniclastic deposit. The ash flow has a weak
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normal paleomagnetic orientation. It is characterized by a two or

three foot thick lithic-rich base containing greater than fifty

percent subrounded, subangular, and angular clasts of basalt and

andesite. The clast-rich base grades upward to a more ash-rich flow,

which contains very little pumice. The rock has a very light grey

ashy matrix supporting angular to subangular medium pebble and small-

er sized clasts of basalt and andesite. Less than three percent of

the ash flow is comprised of subrounded and rounded white and light

grey lapilli pumice. The poor sorting, lack of any bedding, and

concentration of lithic clasts near the base of the deposit are

characteristics similar to other ash-flow deposits in the area.

Willow Creek Exposures.

The Willow Creek exposures (S.W. 1/4 sec.19, T.10S., R.13E.)

offer the best and most accessible deposits of Deschutes Formation

volcaniclastic rocks in the entire region north of Round Butte Dam

(Figure 20). The cliff exposes the whole range of Deschutes vol-

caniclastic rocks, including four ash-flow deposits, three lithic-

rich volcaniclastic deposits, two pumice-fall deposits, and a variety

of fluvial sediments.

The bottom ash-flow tuff (Tdaw1, Figure 20) is rhyolitic in

composition and sixty to seventy-five feet thick. The tuff is

located in the S.W. 1/4 of sec. 19 on the north side of the canyon at

the mouth of Willow Creek. The tuff rests on a thick sequence of

well rounded fluvial cobbles and pebbles and is overlain by a lithic-

rich volcaniclastic deposit. This stratigraphic position beneath the
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lithic-rich bed corresponds to the position of the Vanora Cliff ash-

flow tuff number two. Although the two ash flows appear similar at

first glance, closer inspection reveals that they are actually two

distinct units. The Willow Creek ash flow is much thicker, contains

abundant pumice, and has reversed paleomagnetic polarity. The second

ash flow tuff of the Vanora Cliff shows none of these features. It

is much thinner, contains very little pumice, and has a very weak

normal polarity.

The orientation of the long axis of the imbricated clasts in the

underlying cobble conglomerate was studied to ascertain the strike of

the paleovalley that was filled by this ash flow. The average of the

strikes is N89°E. The ash flow becomes thinner toward the east sug-

gesting that its provenance was to the west.

The deposit is a well consolidated pinkish grey ash flow that

weathers to yellowish grey. The bottom twenty-five feet of the tuff

are very resistant to erosion and stand in a vertical cliff. This

cliff exhibits well developed columnar jointing and "war bonnet"

splays of joints. The columns range from one to six feet wide

(Figure 6).

The ash flow contains two varieties of pumice. One type ranges

from greyish orange pink to very pale orange and is generally of

small lapilli size. The other pumices are medium light grey. The

lumps of the darker pumice are as large as five centimeters in dia-

meter. The upper two-thirds of the flow is characterized by a slope-

forming profile. The top ten feet contain numerous pumice lumps as

large as fourteen centimeters in diameter. The concentration of
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large pumice at the top of the flow is probably the result of rafting

or floating of the vesiculated pumice to the top of the more dense

ash-flow material.

The bottom Willow Creek ash flow is exposed laterally for a

total of three thousand feet along the Willow Creek cliff. A two

hundred foot wide section of the middle of this tuff has been eroded

and is covered by soils and talus from the units above. Toward the

east, the unit is only ten to fifteen feet thick. It appears that

the top of the tuff has been removed by erosion.

Chemical analyses of the light and dark colored pumices (samples

50 and 176; Table 6) reveal that the medium light grey pumice con-

tains slightly lower amounts of sodium, potassium, magnesium, and

calcium than the light colored pumice. The plagioclase in both

pumices is andesine but the anorthite percentage for the light

colored pumice is forty-three percent while the dark pumice is forty-

six percent.
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Figure 6. Silicic ash-flow tuff (Tdaw1) at the base of the Willow
Creek exposures. Note the well developed columnar jointing and
underlying fluvial cobble conglomerate. Walking stick is 3.5 feet
long.
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TABLE 6. CHEMICAL ANALYSES OF
WILLOW CREEK ASH-FLOW TUFF NUMBER 1.

Sample SiO2 FeO TiO2 CaO MgO Na2O Total

50 70.50 14.08 2.09 0.25 2.36 2.20 4.95 3.70 100.13

176 72.00 14.02 2.10 0.25 1.48 1.95 4.88 3.03 99.71

* H2O free, all iron as FeO.

50- Sample of light colored pumice from willow Creek ash-flow tuff
number 1. S.W1/4 sec.19, T.10S., R.13E.

176- Sample of dark colored pumice from same unit and location as 50.

Two sheet-like ash-flow tuffs (Tdaw2, Tdaw3; Figure 20) occur at

an elevation of 2,200 feet toward the east of the willow Creek expo-

sure (S.W. 1/4 sec.19, T.10S., R.13E.). Both of these ash flows have

a very light grey matrix supporting angular and subangular medium

cobble and smaller clasts of basalt and andesite. The flows contain

two distinct types of crystal-rich pumice. One kind is generally of

lapilli or smaller size and colored white to light olive grey. The

other type of pumice is non-vesiculated, black in color, and larger

than the light pumices. These black pumice clasts range from six to

twenty-five centimeters in diameter. Both varieties of pumice con-

tain phenocrysts of plagioclase which comprise twenty to thirty

percent of the sample. The plagioclase occurs as euhedral to sub-

hedral crystals up to five millimeters long. Detailed sampling

reveals that minor amounts of pumices of intermediate size, color,

and density are present in both of these ash flows.
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Chemical analyses of the light pumice and the dense, black

pumice from the crystal-rich ash flows (samples 189, 249, 250; Table

7) indicate that the dark pumice contains lower Si02 and higher FeO,

Ti02, and Na2O than the light colored pumices. The anorthite per-

centage of plagioclase from the light colored pumices is forty-nine

percent. The plagioclase in the dense black pumice has an anorthite

percentage of forty-five percent. Both varieties of pumice are

dacitic in composition.

The bottom tuff has relatively uniform lithology throughout its

thickness except for a slight increase in the number of lithic clasts

near the bottom. There is a thin-line discontinuity in the deposit

parallel to flow surfaces about eight feet from the top. There is no

noticeable lithologic change above and below this break but the upper

part of the flow is slightly more resistant to erosion, forming an

.overhanging ledge. This discontinuity might represent the boundary

between two components of a single cooling unit representing separate

pulses of one eruptive event.

A large angular boulder of ash-flow material is supported by the

bottom sheet-like ash-flow tuff (Tdaw2). This clast is not a frag-

ment from any of the other recognized ash flows in the area. The

xenolith is approximately ten feet square and is totally supported by

the ash-flow tuff (Figure 7).

The upper ash flow (Tdaw3, Figure 20) is twenty-five feet thick

and is characterized by a very lithic-rich base. The bottom two or

three feet contain greater than fifty percent cobble and smaller

clasts of basalt and andesite. Very little pumice occurs in the
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basal layer.

Both of these ash flows thin to the east where they become

covered by soils and vegetation. To the west, the contact between

these two sheet-like ash flows and an intracanyon ash-flow tuff,

which will be discussed next, is difficult to distinguish because of

the similarities of the units.
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Figure 7. Large xenolith of ash-flow material incorporated in the
Willow Creek ash-flow tuff number 2 (Tdaw2). walking stick is three
and one-half feet long.



48

Immediately west of the two sheet-like ash flows is an eighty

foot thick intracanyon ash-flow tuff (Tdaw4, Figure 20). The paleo-

canyon occupied by this flow trends N70°E. It was eroded through the

volcaniclastic flow deposits number two, three, and four and the

sheet-like ash-flow tuffs number two and three. The intracanyon ash

flow has nearly vertical contacts with the surrounding tuffs.

This intracanyon tuff has a very light grey ashy matrix which

supports subhedral to angular clasts of volcanic rocks. The lithic

clasts comprise ten percent of the ash flow except near the base

where the clasts comprise up to thirty percent of the deposit. The

ash flow weathers to a greyish orange and iseroded into hoodoos. It
has reversed paleomagnetic polarity.

The types of pumice in this intracanyon flow are similar to the

pumices in the two sheet-like ash flows to the east. Most of the

pumice is lapilli or smaller in size, is vesiculated, and is greyish

white. As the size of the pumice increases, the color becomes darker

and the pumice clasts are less vesiculated. The largest pumices are

as much as twenty-five centimeters in diameter (Figure 8). All the

pumice contains phenocrysts of plagioclase up to five millimeters

long, comprising up to twenty percent of the sample.

Both the light and dark colored pumices from the intracanyon ash

flow are dacitic in composition (Samples 181, 182-1, 182-2, 184, 187-

1, 187-2; Table 7). The dark pumice contains slightly more FeO,

TiO2, and CaO than the light colored pumice. Plagioclase phenocrysts

were analyzed from six samples of both the light and dark pumices.
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Figure 8. Large, dark, glassy pumices in the intracanyon ash flow at
the Willow Creek exposures (Tdaw4). Large pumice lump to left of
rock pick.
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The anorthite percentage of the plagioclase phenocrysts ranges from

forty-nine to fifty-five in the dense black pumice. The light

colored pumice has an anorthite percentage ranging from fifty-eight

to sixty-one percent.

Field evidence and compositional similarities indicate that

there might be a genetic relationship between the intracanyon ash

flow tuff and the two sheet-like flows to the east. A two to four

foot thick clast-rich "bed" dipping approximately thirty degrees into

the channel of the intracanyon ash-flow tuff occurs near the eastern

contact. This clast-rich bed is very similar to the clast-rich base

of. the upper sheet-like ash-flow tuff (Tdaw3, Figure 6). All three

of the ash-flow tuffs contain the two distinct types of plagioclase-

rich pumice. All have similar chemical composition. In the field,

no distinct contacts between the sheet-like ash flows and the intra-

canyon flow could be ascertained. If the slanted clast-rich "bed" in

the intracanyon flow is the same deposit as the clast-rich base of

the upper sheet-like ash flow then one must conclude that the three

flows are genetically related, possibly representing separate pulses

of one eruptive event.
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TABLE 7. CHEMICAL ANALYSES FOR WILLOW CREEK ASH-FLOW
TUFFS NUMBER 2, 3, AND 4.*

Sample SiO
2

A12O3 FeO TiO2 CaO MgO K2O Na2O P20 5 MnO Total

189 67.54 17.41 3.33 0.913.25 1.78 2.42 2.79 0.25 0.12 99.69

249 65.70 17.86 3.51 0.973.30 1.51 2.45 4.14 0.24 0.12 99.69

250 66.69 17.94 3.54 0.963.33 1.42 2.27 3.30 0.22 0.12 99.68

181 66.31 18.07 3.57 0.983.13 1.46 2.36 3.56 0.23 0.12 99.44

182-1 66.10 17.88 3.50 0.953.59 1.68 2.30 3.36 0.32 0.11 99.36

182-2 66.00 15.30 4.90 0.933.70 1.90 2.50 4.77 - 100.00

184 67.18 17.367 2.33 0.744.21 1.49 2.90 2.95 0.21 0.12 99.47

187-1 65.50 14.85 5.00 0.953.97 2.00 2.38 5.00 - 99.65

* H2O free, all iron as FeO.

189- Sample of light colored pumice from Willow Creek ash-flow

tuff 2. S.E. 1/4 S.W. 1/4 sec. 19, T.10S., R.13E.

249- Sample of large black glassy pumice from same unit and

location as 189.

250- Sample of large black glassy pumice from Willow Creek ash-

flow tuff 3. S.E. 1/4S.W. 1/4 sec. 19, T.10S., R.13E.

181- Sample of large black glassy pumice from Willow Creek intra-

canyon ash-flow tuff. S.W. 1/4 S.W. 1/4 sec. 19, T.10S., R.13E.

182-1- Sample of small light colored pumice from same unit and loca-

tion as 181.

182-2- Sample of small light colored pumice from same unit and loca-

tion as 181.

184- Sample of pumice from Willow Creek intracanyon ash-flow tuff.

Same location as 181.

187-1- Sample of small light colored pumice from same unit and loca-

tion as 181.

-
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Jeep Trail Intracanyon Ash-Flow Tuff.

A fifty foot thick lithic-rich ash-flow tuff occurs at an

elevation of 2,200 feet near the head of the tributary canyon in the

S.E. 1/4 of sec. 2, T.11S., R.12E. The ash flow only crops out

between the two gullies at the head of the canyon, indicating that

the flow was probably channelized. The ash flow overlies a fifteen

foot thick interval of epiclastic sediments above the third lithic-

rich deposit.

This ash flow contains as much as fifty percent clasts of basalt

and andesite supported by a light grey ashy matrix. There is an

abundance of white, light grey, and medium dark grey rounded lapilli-

sized pumice in the matrix. Near the base of the flow, clasts com-

prise greater than fifty percent of the tuff. Pumice lumps are

practically nonexistent near the base but become more prevalent near

the top of the flow, comprising as much as twenty percent of the

tuff.
The ash flow is darker in color and contains more lithic clasts

than most of the other ash flows in the area north of Round Butte

Dam. The high concentration of lithic clasts and the dark color of

this ash flow are characteristics common to some of the lithic-rich

deposits.

The ash flow is dacitic in composition (Sample 146; Table 8)

with sixty-four weight percent silica. The low silica content and

the relatively high content of ferrous iron is similar to some of the

lithic-rich units (Samples 116, 229, 231; Table 9).
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Indian Campground Ash-Flow Tuff.

A thirty-five to forty foot thick ash-flow tuff is exposed in

the east wall of the Deschutes River Canyon across from the south end

of Indian Campground (N.E. 1/4N.W. 1/4 sec.11, T.10S., R.12E.) The

tuff rests on a five to ten foot thick fluvial cobble conglomerate

and is overlain by sediments at its northern edge, and by the por-

phyritic middle intraformational basalt flow of the Deschutes Canyon

exposures to the south. The tuff is exposed laterally for only one

thousand feet. The imbrication and strike of the long axis of the

clasts in the underlying fluvial conglomerate indicate that the

fluvial system had a paleocurrent flow of N50°E. The tuff exhibits

almost vertical contacts with the sediments at the margins of the

flow.

The ash flow is greyish pink and very friable. The matrix sup-

ports very pale greyish orange and pale reddish purple pumice lumps

as large as fifteen centimeters in diameter. The tuff includes

approximately ten percent pebble-sized angular and subangular lithic

clasts.

The ash flow is rhyolitic in composition (Sample 148, Table 8)

and contains 5.5 percent K20, which is more than any other ash flow

in the area north of Round Butte Dam. The plagioclase phenocrysts in

the pumice are oligoclase with an anorthite percentage of 31.5. The

ash flow has normal paleomagnetic polarity.

Access Road Ash-Flow Tuff

A thirty to forty foot thick ash-flow tuff crops out on the
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Round Butte Dam access road just below the gate at the top of the

grade (S.W. 1/4 N.E. 1/4 sec. 15, T.11S., R.12E.). The ash flow

overlies a twenty foot thick deposit of fluvial cobbles and pebbles,

and is overlain by the upper basalt flow of the Deschutes Canyon

intraformational basalts.

The ash flow has a greyish orange pink matrix supporting light

brown to tan pumice and dark grey pumice lumps three to four centi-

meters long. Many of the pumices are zoned in color with greyish

orange outer rims and pale pink or pale reddish purple cores. The

difference in color could be the result of the heat of the ash flow

causing alteration of the outer margins of the pumice lumps.

The Access Road ash-flow tuff has a rhyolitic composition and

contains the lowest amount of CaO of any ash flow north of Round

Butte Dam (Sample 144; Table 8). The plagioclase from the pumice

lumps is oligoclase with an anorthite percentage of twenty-five. The

ash flow has reversed paleomagnetic polarity.

TABLE 8. CHEMICAL ANALYSES OF THE JEEP TRAIL, INDIAN

CAMPGROUND, AND ACCESS ROAD ASH-FLOW TUFFS*

Sample SiO2 A12O3 FeO TiO2 CaO MgO K2O Na2O P2O5 MnO Total

148 72.00 14.31 2.30 0.261.45 0.90 5.55 3.72 - - 100.49

144 70.10 16.50 2.56 0.261.24 1.10 4.92 3.96 - - 100.64

146 64.47 17.72 4.55 1.063.80 2.00 2.48 3.19 0.40 0.13 99.80

* H 20 free, all iron as FeO.

148- Sample of pumice from the Indian Campground ash-flow tuff.
S.W. 1/4N.W. 1/4 sec. 11, T.11S., R.12E.

144- Sample of pumice from access road Dam ash-flow tuff. S.W. 1/4
N.E. 1/4 sec. 15, T.11S., R.12E.

146- Sample of pumice from jeep road intracanyon ash-flow tuff.
S.E. 1/4 sec.2, T.11S., R.12E.
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DESCHUTES LITHIC-RICH DEPOSITS

Seven Deschutes Formation lithic-rich deposits, ranging from

three and one-half to forty-five feet thick, were mapped north of

Round Butte Dam. All of the units exhibit similar characteristics.

The deposits are lithic-rich, pumice-poor, more extensive, and more

resistant to erosion than all other rock units north of Round Butte

Dam except for the lava flows. From a distance, the units appear

similar to a lava flow because of their cliff-forming profiles and

extensive nature. One reconnaissance geologic map of the area

depicts one of the units as a lava flow (Waters, 1968).

The deposits generally have planar bases that show no evidence

of scouring or erosion of underlying tuffs, ash flows, or pumice-fall

deposits. The upper contacts are generally planar but locally show

slight irregularities with amplitudes of as much as one foot. The

rocks are very poorly sorted but there appears to be a general con-

straint on the maximum size of clasts. In some exposures the clasts

are small cobble and pebble size whereas in other places boulders and

cobbles dominate the deposit. The lithic clasts are quite varied in

mineralogy and range from olivine basalts to flow banded rhyolites.

Some of the lithic clasts are obviously rounded cobbles picked up as

accessory material. These rounded lithics have variable compositions

and provenances similar to other Deschutes Formation sediments.

There is an abundance of dark basaltic scoria and reddish basaltic

cinders throughout the deposits. In places these cinders and

inflated scoria comprise sixty to eighty percent of the lithic clasts
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of a particular unit.

The deposits generally show an alignment of the long axes of

clasts. Many of the units exhibit rough horizontal bedding accen-

tuated by the concentration of certain sizes of lithic clasts

in zones in the deposit.

The deposits contain very little pumice. There is a general

tendency for the upper lithic-rich deposits to contain more matrix

material and more and larger pumices than the lower units. Some of

the upper units contain as much as ten percent rounded lapilli and

smaller pumices. No pumice clasts large enough to sample for chem-

ical analysis were found in the bottom two units. in the third flow,

only one locality included sufficient pumice to warrant collection.

The petrographic characteristics of all the units are similar

but vary in the percentage and size of lithics and pumices. The

deposits contain angular to subrounded lithic clasts generally larger

than one-half millimeter across. The matrix of the lithic-rich flows

consists of rock and pumice fragments, fragmented crystals, and a

mesh of fine glass shards. The crystals incorporated in the matrix

are olivine, clinopyroxene, orthopyroxene, magnetite, apatite, zir-

con, and abundant plagioclase. The subhedral broken plagioclase

crystals comprise thirty to fifty percent of the crystals in the

matrix. The bottom six lithic-rich deposits contain very fresh glass

shards and pumice fragments in the matrix. The top unit (Tdl'7;

Figure 18) shows slight alteration of the glass to brownish clay at

the boundaries of lithics, pumices, and crystal fragments. The glass

is generally clear in thin section.
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No eutaxitic textures have been observed in the flows. Some of

the pumice fragments in the matrix have elongate vesicles but there

is no direct evidence that this characteristic is the result of weld-

ing or pumice collapse. Most pumices are elongate to some extent

when they form. The elongate pumice in the matrix could be acci-

dental material included in the flow during its transport across the

Deschutes basin. Many of the deposits show a general alignment of

shards, pumice, and lithics. This is more commonly observed in

samples and thin sections from near the base of individual units. No

prevailing orientation of collapsed pumices or obvious deformation of

glass shards was observed other than the general alignment of the

materials as a result of the overland transport of the deposits.

The lithic-rich deposits are the most extensive volcaniclastic

rocks north of Round Butte Dam. Because these deposits cover such a

large part of the area, any attempt to discuss the units in reference

to specific outcrop occurrences would become repetitious. The seven

units will be discussed in stratigraphic sequence starting with the

oldest and proceeding to successively younger flows.

Description and Distribution of Individual Lithic-rich Volcaniclastic

Deposits.

The bottom lithic-rich deposit (Td11, Figure 18) is exposed

north of U.S. Highway 26 in the Vanora Cliff (sec.6, T.10S., R.13E.;

sec. 31, T.9S., R.13E.). Current geologic mapping by Glenn Hayman

(1982) has located this unit north of Binder's Canyon. The deposit

is sixteen feet thick and occurs approximately twenty-five feet above
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the base of the cliff. The unit is relatively well sorted, con-

taining forty to sixty percent subangular and subrounded clasts of

volcanic rocks. The lithic clasts are generally gravel size or

smaller and exhibit horizontal alignment of the long axes. The unit

contains very little pumice except as tiny fragments incorporated in

the matrix.

The second lithic-rich deposit (Td12, Figure 18) is the thickest

and most extensive volcaniclastic unit. The second deposit usually

crops out in association with the third volcaniclastic deposit (Td13,

Figures 18, 19, and 20) directly overlying it. This relationship

prevails from north of Binder's Canyon as far south as the Jeep Trail

Canyon across from Indian Campground (S.E. 1/4 sec. 2, T.11S.,

R.12E.).

The lithic-rich deposit is located at an elevation of approx-

imately 2,200 feet in the Vanora Cliff. Near Indian Campground the

elevation is as low as 2,100 feet. The second deposit overlies ash-

flow tuffs at both the Vanora and Willow Creek exposures. South of

Herber's Canyon, the flow overlies a variety of epiclastic and vol-

caniclastic rocks. The basal contact of the lithic-rich flow is

relatively planar. There is no evidence that the deposition of the

volcaniclastic flow channeled or eroded the underlying deposits

during its deposition. The base of the second lithic-rich deposit

locally exhibits unsorted lag deposits or crossbedded lithic and

matrix materials where the deposit flowed over pre-existing

topography (Figure 9).

South of Binder's Canyon the contact between the second flow and
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the overlying third laharic breccia is extremely planar. No inter-

beds of any kind have been found separating these two deposits.

North of Binder's Canyon the second flow is as much as forty

feet thick. The pale reddish tan deposit is extremely poorly sorted

and contains angular to subrounded boulder-sized clasts of basalt and

andesite. The chaotic nature and large lithic clasts are character-

istic of the deposit north of Binder's Canyon. To the south, the

deposit gradually becomes thinner. At the exposures in the Jeep

Trail Canyon (S.E. 1/4 sec. 2, T.11S., R.12E.) the deposit is only

five to fifteen feet thick. The average clast size of the deposit

decreases to the south.

The second lithic-rich deposit has three distinct zones. The

deposit includes a thin basal zone of horizontally laminated sand-

sized material, a middle two to four foot thick densely consolidated

pebbly zone, and a ten to thirty-five foot thick poorly sorted upper

zone containing boulder- to pebble-sized clasts. The top one to five

feet of the upper zone are slope-forming as the result of erosion.

The cliff at the mouth of Willow Creek offers the best exposures of

these three zones.

The basal zone of horizontally laminated sand-sized materials is

discontinuous and varies from one-half to four inches thick (Figure

10). it is characterized by coarse sand-sized rounded and subrounded

lithic clasts in an ashy matrix. The mineralogy of the clasts and

the appearance of the minute pumice, glass, and fragmented crystals

of the laminated zoned is similar to the materials in the upper parts

of the flow. The laminae exhibit minor undulations similar to low



60

r

li

0

I Y rr

fl

a j I

Figure 9. Base of the lithic-rich deposit number 2 (Td12) showing
crossbedded materials filling depression in the paleotopography.
Location is at the Willow Creek exposures.

Figure 10. Contact between the bottom ash flow (Tdaw1) and the

second lithic-rich deposit (Td12) at Willow Creek. Note the thin,

zone of laminated sand-sized materials separating the units.
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amplitude wave ripples.

A two to four foot thick densely consolidated zone occurs dir-

ectly above the basal laminations. This zone is comprised of clasts

of fine pebble- and coarse sand-sized angular to subrounded lithic

fragments and pumice which exhibit horizontal alignment of the long

axes. The clasts are supported by a light grey matrix of pumice,

glass, and fragmented crystals. Concentrations of larger pebbly

clasts in certain zones and finer sands and ashy materials in other

layers give this zone a laminated appearance. Individual laminae are

commonly only as thick as one layer of a certain size lithic clast.

The laminations range from two to five millimeters thick. Individual

layers can locally be traced for a distance of as much as two meters.

This middle zone is so densely consolidated that it is difficult to

break with a hammer. When samples are broken, the dense rock frac-

tures indiscriminately across the basaltic clasts and matrix.

Oriented samples of the middle zone of the second lithic-rich

flow were used to check the paleomagnetic properties. The samples

have a very strong normal polarity. The response from these samples

was as strong as the responses recorded from samples of some of the

basalt flows of the formation.

The upper section of this flow is a very poorly sorted lithic-

rich deposit ranging from ten to thirty-five feet thick. The transi-

tion between the bottom finer grained materials and the coarser

materials of the upper parts of the flow is gradual, occurring over a

thickness of up to one-half meter. The lithic clasts in the upper

part of the deposit are generally cobble size but range from boulder
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to pebble sizes. The thick upper zone of the deposit also exhibits

alignment of the long axes of clasts. The alignment and the concen-

tration of larger clasts at certain levels in the deposit give a

thick-bedded appearance to the unit (Figure 12). The top one to five

feet of the upper zone contain less lithic clasts and more matrix

material, which causes it to have a slope-forming profile.

Thin sections of this deposit are similar to other lithic-rich

volcaniclastic deposits but have a larger percentage of lithic clasts

and a smaller percentage of pumice in the matrix. Thin sections of

the middle, well-consolidated zone show a definite alignment and

local imbrication of lithic, pumice, and crystal fragments. Many

glass shards are aligned, but most have random orientation in the

matrix. The alignment of materials is definitely the result of the

flow of the material; it does not necessarily represent eutaxitic

texture.

The third lithic-rich unit (Td13; Figure 18) directly overlies

and has practically the same distribution as the second lithic-rich

deposit. The deposit varies from ten to twenty-five feet thick.

Generally this unit is thinner than the lower deposit but the thick-

ness varies from north to south. At the exposures of Vanora Cliff

the two deposits (Td12 and Tdl3) are nearly the same thickness. Far-

ther south at the Willow Creek exposures, the third unit is only

about one-third as thick as the underlying unit. At the Jeep Trail

Canyon at the extreme southern end of the exposure, the third deposit

is actually the thicker of the two deposits. The upper deposit is

overlain by a pumice-fall deposit at Willow Creek and at the Vanora
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exposures. In places, ten to fifteen feet of sediments overlie the

third lithic-rich deposit, separating it from the pumice fall. The

top contact of this unit is relatively planar. Some scouring and

channeling of the top surface resulted from fluvial erosion during

deposition of the overlying epiclastic sediments.

The bottom three to five feet of this deposit are difficult to

distinguish from samples of the underlying unit. The third unit is

generally more poorly sorted and contains larger sized clasts than

the top of the second unit. The middle and upper parts of the depos-

it generally have fewer and smaller lithic clasts and contain more

pumice clasts and matrix. At many exposures, especially where the

deposit is thick, the top parts are difficult to distinguish from

some of the lithic-rich ash-flow tuffs of the region. Near the base

of the unit, lithic clasts commonly comprise as much as seventy per-

cent of the rock but in the upper parts of the deposit the percentage

of clasts is only twenty to forty percent. The bottom five to ten

feet of the deposit are characteristically cliffy. The upper parts

of the deposit have a slope-forming profile and are commonly covered

with soils and vegetation.

Oriented samples of this unit have normal polarity. The paled

magnetic susceptibility is generally not as strong as that of the

lower zone of the second deposit.

The third lithic-rich deposit appears to fill a paleocanyon

three hundred feet east of the intracanyon ash-flow tuff of the

Willow Creek exposures. Inspection of Figure 20 shows that the

exposures of the bottom ash flow (Tdaw1) and the overlying lithic-
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Figure 12. Exposures of the second and third lithic-rich deposits at
the Willow Greek cliff. Note the rough bedding in the lower unit.
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Figure 13. Photomicrograph of a thin section from near the bottom of
lithic-rich deposit number 2 (Td12). Note the glass shards in the
matrix. Photograph taken in plane light.
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rich deposit (Tdl2) end abruptly with almost vertical contacts east

of the intracanyon ash-flow deposit. The deposition of the third

lithic-rich deposit occurred after a period of erosion cut a channel

completely through the second lithic-rich unit and within five feet

of the base of the lower ash-flow tuff. The third lithic-rich

deposit exhibits dips as steep as thirty-five degrees eastward,

partially filling the canyon. The eastward extent of this channel

could not be ascertained because soils and vegetation obscure

exposures.

Careful observations are required to accurately ascertain the

contact between the second and third lithic-rich deposits at the lip

of the paleocanyon. The upper (third) deposit is more poorly sorted

and contains more pumice and matrix material. Detailed sampling of

the deposits reveals that the second deposit ends abruptly and has an

almost vertical contact with the third lithic-rich deposit filling

the paleocanyon (Figure 14).

In practically all exposures of the second and third lithic-rich

deposits, the contact between them is very planar. No interbeds or

evidence of paleosols are found. This gives the impression that the

deposition of the two units was relatively rapid with a short time

between the flows. The time required to erode through the second

lithic-rich deposit and into the underlying ash-flow tuff before the

deposition of the third unit apparently refutes this idea.

A sample consisting of dense black glassy pumices was collected

from the third lithic-rich volcaniclastic deposit at the Willow Creek

exposures. Chemical analysis of this sample revealed a dacitic compo-
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sition with 63.87 percent silica (Sample 240, Table 9). The lack of

large pumice in the unit makes it difficult to collect samples rep-

resentative of the material of the flow. The composition of this

deposit is comparable to the compositions of pumice from overlying

lithic-rich deposits.

The fourth lithic-rich deposit (Td14, Figure 18) occurs from

north of Binder's Canyon as far south as the Willow Creek expo-

sures. It directly overlies a one and one-half foot thick pumice-

fall deposit. At the Willow Creek exposures, the fourth lithic-rich

deposit is only found west of the intracanyon ash flow. This flow,

and the underlying pumice-fall deposit, apparently were deposited

over topography with up to fifteen feet of relief. At the west

contact of the intracanyon ash flow, the fourth lithic-rich deposit

dips at an angle of thirty degrees to the east.

The unit is thirty-five to forty feet thick and has normal

paleomagnetic polarity. The bottom three or four feet of the deposit

contain sixty to eighty percent lithic clasts ranging from cobble to

pebble size. There is virtually no pumice in the bottom zone. The

middle and upper parts of the deposit are considerably more ashy and

contain pumice lumps of lapilli size.

The best and most accessible exposure of the fourth lithic-rich

deposit is at the cliff at the mouth of Willow Creek.

The fourth deposit has many characteristics that are similar to

ash flows. The base of the unit is comprised mostly of lithic clasts

some of which are fragments of rounded fluvial cobbles and pebbles.

The base overlies an unconsolidated pumice-fall deposit. There is no
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evidence that the lithic-rich deposit scoured, channeled, or incor-

porated any of the underlying pumice materials. The middle and upper

parts of the deposit have fewer lithic clasts and more matrix and

lapilli pumice lumps than the bottom of the deposit. The exposures

of the upper parts of this deposit are very similar to lithic-rich

ash flows of the Deschutes Formation.

In the gully above Pelton Park (N.E. 1/4 S.W. 1/4 sec.19, T.10S.,

R.13E.) this unit contains sparse elliptical vugs and clasts of

basaltic rocks which exhibit radial jointing (Figure 16). Radial

jointing in lithic clasts similar to this has been recognized as

indicating that the rock samples were at one time extremely hot

(Lock, 1978).

The fifth lithic-rich deposit occurs as far south as the gully

above the entrance to Pelton Park (N.E. 1/4 S.W. 1/4 sec. 19, T.10S.,

R.13E.) It does not occur at the willow creek Exposures. The depos-

it is fifteen to twenty feet thick and has a dacitic composition

(Sample 229, Table 9). It contains considerably more pumice and

matrix and fewer lithic clasts than the underlying volcaniclastic

flows. Oriented samples of this deposit have normal paleomagnetic

polarity.

Although this deposit does contain some cobble-sized clasts,

they comprise only ten to fifteen percent of the deposit. Sixty to

seventy percent of the deposit is a light grey matrix of ash and

fragmented crystals supporting angular and subangular pebble- and

cobble-sized lithic clasts and rounded to subrounded lapilli pumice.

Directly overlying unit five at the Vanora Cliff is a sixth
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lithic-rich deposit which is approximately twelve feet thick (Td16,

Figure 18). This unit contains condiderable subrounded and rounded

lapilli pumice in a light grey matrix. Lithic clasts comprise only

five to ten percent of the rock. This unit has reversed paleomag-

netic polarity in contrast to the normally polarized deposits below

it. Chemical analysis of a sample of the pumice from this unit

reveals a dacite composition with sixty-four percent silica (Sample

231, Table 9).

The seventh lithic-rich unit is only three to four feet thick.

South of Binder's Canyon, it is only exposed at the Vanora Cliff.
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Figure 14. View of lithic-rich deposit number 3 (Td13) dipping

eastward into a paleochannel eroded into the second lithic-rich

deposit (Tdl2) and the bottom ash flow (Tdaw1) ,at the Willow Creek

exposures. Walking stick is 3.5 feet long.
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Figure 15. Picture of pumice-fall deposit and overlying lithic-rich
deposit number 4 (Td14). Note the intracanyon ash-flow tuff in upper
right corner. View is at the Willow Creek exposures. The walking

stick is 3.5 feet long.
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This deposit contains thirty-five to forty percent rounded to suban-

gular pebble and smaller sized lithic clasts. Greyish white pumice

lumps of lapilli and smaller size comprise fifteen percent of the

rock. Fragments of pumice, glass shards, and crystals are the main

component of the matrix. This deposit is densely consolidated and

very resistant to weathering, forming a flat ledge fifteen feet wide.

The seventh lithic-rich deposit is overlain by fluvial sediments

in the exposure at the Vanora Cliff. The unit lies thirty to forty

feet below the rim-forming basaltic lavas.

TABLE 9. CHEMICAL ANALYSES OF LITHIC-RICH DEPOSITS.*

Sample Si02 A1203 FeO Ti02 CaO MgO K20 Na20 Total

240 63.87 16.38 5.77 1.24 4.23 2.02 2.30 4.55 100.36

116 65.20 15.20 4.80 0.93 4.30 2.30 2.30 4.40 99.43

229 64.30 16.10 5.10 0.98 4.25 2.50 2.30 4.69 100.22

231 63.80 15.10 6.05 1.18 4.50 2.50 2.00 4.78 99.91

* H2O free, all iron as FeO.

240- Sample of cleaned pumice from lithic-rich deposit number

three. Sample taken from Willow Creek exposure in S.E. 1/4 S.E.

1/4 sec. 19, T.10S., R.13E.

116- Sample of cleaned pumice from lithic-rich deposit number
four. Sample taken from the south side of the small canyon in
S.W. 1/4S.W. 1/4 sec. 8, T. 10S. , R.13E.

229- Sample of cleaned pumice from lithic-rich deposit number
five. Sample taken from small gully in N.E. 1/4S.W. 1/4 sec. 19,
T.10S., R.13E.

231- Sample of cleaned pumice from lithic-rich deposit number six.
Sample taken from same location as sample 229.
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Figure 16. Elliptical vug and radially jointed clast in lithic-rich

deposit number 4 (Tdl4). Picture is taken in the gully above the

entrance to Pelton Park (N.E. 1/4 S.W. 1/4 sec. 19, T.1OS., R. 13E.) .
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The genesis of the lithic-rich deposits is difficult to ascer-

tain. Many of the features observed in outcrops of the units are

indicative of mud- and debris-flow deposits. The poor sorting and

rounding of some of the clasts are common in mud or debris flows.

The lithic-rich deposits generally contain very little pumice and the

majority of the pumice that is present occurs as small broken pieces

in the matrix.

Another feature common to some lahar deposits is a rough bedding

parallel to the alignment of clasts. The high density of debris-flow

deposits creates considerable sheer stresses within the flow and

causes elongate clasts to be aligned in the direction of flow par-

allel to the maximum sheer forces.

The texture of the lithic-rich units is very similar to that of

debris flows. The lithic clasts often comprise as much as eighty

percent of the deposits and the sizes range from boulders to sand

fragments in the matrix. The variable size and composition of the

clasts, and the general lack of pumice are characteristics similar to

many debris-flow deposits.

There are many features that indicate the flows contained

considerable heat and were transported by a flow mechanism similar to

a hot pyroclastic flow. The deposits are the most extensive units

north of Round Butte Dam except for some of the lava flows. The

gradient from Binder's Canyon to the southern extent of the deposits

is less than ten feet per mile. It is difficult to invoke a

mechanism for supporting and transporting a mudflow for such

distances over such a low gradient.
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One of the most perplexing problems is how a system can trans-

port boulder-size clasts, have as much as seventy percent lithics,

and still preserve delicate, pointed, and convoluted glass shards in

the matrix (Figure 13). A dense turbulent debris flow would surely

pulverize the glass shards to clay-size materials in only a short

distance of transport. Hot gas-rich pyroclastic flows commonly

transport extremely poorly sorted materials for great distances with

very little attrition to the constituents of the flow.

The densely consolidated zone of the second deposit has a very

strong normal polarity. Research has indicated that natural remnant

magnetism can be a good indicator of the temperature of

volcaniclastic flows (Aramaki and Akimoto, 1957; Lock, 1978).

Aramaki and Akimoto analyzed oriented clasts from the Kambura,

Agatsuma, and Oiwake pyroclastic flows from the Asama volcano in

Japan and found that all of the clasts had normal paleomagnetic

polarity. Considering the turbulent nature of the flow, the deposit

must have maintained temperatures greater than the Curie temperatures

of the lithic clasts when it came to rest in order to reset the

polarity of the clasts to common orientations. The Kambura deposit

had previously been considered a mudflow because of the coarse bed-

ding, poor sorting, and high concentration of lithic clasts (Aramaki,

1963). The consistency of magnetic orientation of the clasts of the

Kambura deposit indicates that the deposit is the result of a hot

pyroclastic mechanism.

The individual clasts at the base of the second lithic-rich

deposit are too small to be extricated and oriented for individual



76

determination of polarity. The sample as a whole has a strong normal

polarity indicating that the clasts have uniform orientations. If

the deposit had been too cool to reset the polarity of all the clasts

to uniform orientation the north-seeking poles of the clasts would be

randomly oriented; consequently, oriented samples of the deposits

would have indeterminate polarities. The upper more poorly sorted

zones of the deposit also have normal paleomagnetic polarities but

the overall signal is weaker than samples from the densely consol-

idated bottom zone. If the deposit maintained a temperature very

close to the Curie point of the clasts, it is possible that the

larger clasts may not have the magnetic polarity completely reset.

Rock materials are extremely poor conductors of heat, allowing only

the outer few millimeters of the larger clasts to reset to common

paleomagnetic orientations. The interior of the clasts might still

maintain random orientation as a result of transport in the turbulent

flow. Experiments indicate that basic igneous rocks generally have

Curie temperatures in the range of 400°C to 600°C (Lock, 1978). In

order to produce a consistent paleomagnetic polarity within a poorly

sorted deposit such as the lithic-rich units, the deposit must be hot

enough when it comes to rest to cause the individual clasts to have

the magnetic orientation reset.

The fourth lithic-rich volcaniclastic deposit contains a few

volcanic clasts which exhibit radial jointing (Figure 16). Lock

(1978) analyzed similarly jointed clasts from volcanic mudflow

deposits. He determined that, under laboratory conditions, the

clasts had to be heated up to approximately 800°C and then cooled
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rapidly to produce similar jointing patterns. There are two

important implications of such radially jointed blocks. First, the

clasts must have been heated up well above the Curie point and

secondly, the rock was subsequently cooled extremely rapidly (Lock,

1978). The elevated temperatures common in gas-rich pyroclastic

flows would be lowered quickly by the quenching effects of mixing the

flow with a fluvial or lacustrine system. A radially jointed clast

could conceivably be picked up as accidental material during the

overland flow of the lithic-rich deposit. Jointed clasts such as

these most probably would become fragmented if transported in a dense

debris flow.

Isolated elliptical cavities are found in the volcaniclastic

flows (Figure 16). The vugs have flat bottoms oriented parallel to

the base of the flow and rounded elliptical upper parts. Chapin and

Lowell (1979) discuss similar cavities in their work on the Wall

Mountain Tuff in Colorado. They profess that the cavities were

formed by gases squeezed from the porous tuff as a result of collapse

of the deposit, resulting in an increase in density. A significant

proportion of the gases, which would most probably be water vapor,

might become trapped along flow planes and in more porous zones in

the viscous material. As the density of deposit increased, the

volume of gases expelled might increase to the point that gas pockets

formed. The pockets would be elongate parallel to the laminar flow

regime and form cigar-shaped cavities. The cavities in the lithic-

rich deposits might have similar origins. The deposits are not

welded, but are rather dense as compared to an ash-flow tuff such as
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the Wall Mountain Tuff. A hot mudf low would surely contain a con-

siderable volume of water vapor which might become concentrated in

elliptical vugs aligned parallel to the direction of the flow.

Field relationships do not point conclusively to any particular

origin or mechanism of transport for the volcaniclastic deposits, but

a high-temperature pyroclastic-flow origin is suggested. The poor

sorting, heterolithologic character, and thick bedded appearance are

similar to deposits of lahars. The consistent and strong paleo-

magnetic polarity in some zones of the deposits, the presence of

elliptical cavities, and the radially jointed clasts indicate that

the flows maintained temperatures at least as high as the Curie

points of the rocks in the deposit. It is possible that these

deposits represent the termini of high temperature lahars, resulting

from the mixture of water and hot pyroclastic materials producing a

debris flow. Such deposits could result from volcanic eruptions

through crater lakes (Lock, 1978), the rapid melting of snow and ice

on the flank of a volcano by a hot pyroclastic flow, or the mixture

of an ash flow with a fluvial or lacustrine body of water (Aramaki,

1963).

These deposits have been mapped for over fifteen miles on the

east side of the Deschutes River Canyon north of Round Butte Dam. As

previously mentioned, the provenance was probably to the north or

northwest. The nearest source vents for volcanic deposits of Des-

chutes age would have been Miocene and Pliocene volcanoes located

near the present axis of the High Cascades. This suggests a trans-

port distance of as much as thirty-five miles for the most extensive
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lithic-rich laharic-breccia deposits. These deposits might represent

pyroclastic flows which entered the basin from the north or northwest

and became mixed with fluvial waters, producing the hot laharic

deposits. Similar deposits are discussed by Aramaki (1963) from the

Asama Volcano in Japan.

PUMICE-FALL DEPOSITS

Numerous pumice beds are intercalated in the Deschutes Forma-

tion. North of Round Butte Dam, the pumice layers are generally

thin, averaging ten inches thick. The deposits have discontinuous

exposures, and are best displayed in road cuts. Practically all of

the deposits consist of subrounded or subangular lapilli pumice

averaging one centimeter across. Much of the pumice appears to be

slightly reworked or altered by infiltration of groundwater. Chemi-

cal analysis of the deposits is difficult because of the small size

of the pumice and the degree of alteration. All of the pumice falls'

that were analyzed are rhyodacite in composition (Table 10).

The lowest pumice-fall deposit is intercalated in the epiclastic

sediments beneath the Pelton Basalts. This deposit has very discon-

tinuous exposures. It is found only near the mouth of Willow Creek.

The deposit has been discussed in detail in the section on the pre-

Pelton Basalt epiclastic and volcaniclastic rocks.

Two thin pumice beds are exposed in the cut of the access road

to the base of Round Butte Dam. The deposits could not be mapped

farther north because of lack of exposures. The pumice is subrounded

and appears to have been reworked to some degree. No analyses were
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done on the pumice from these beds because much of the pumice showed

evidence of alteration to clay.

A two to three foot thick pumice bed occurs two hundred feet

east of the intracanyon ash-flow tuff in the Willow Creek expo-

sures. This deposit is intercalated in the fluvial sediments fifteen

feet below the sheet-like ash-flow tuff number two (Tdaw2). This

deposit has not been found at any other location. It appears to have

been slightly reworked. The association with other fluvial deposits

suggests that the pumice bed was deposited by a fluvial system.

TABLE 10. CHEMICAL ANALYSES OF PUMICE-FALL DEPOSITS.*

Sample Si02 Al203 FeO Ti02 CaO MgO K20 Na20 Total

49 69.7 15.40 3.10 0.41 2.95 1.2 2.32 4.98 100.02

168 68.15 15.92 3.90 0.79 3.10 3.60 1.86 2.49 99.81

178 68.00 14.88 4.35 0.93 3.55 4.20 1.90 3.12 100.93

194 69.10 15.50 3.75 0.72 2.80 2.50 2.65 3.52 100.54

*H.,O free, all iron as FeO.

49- Cleaned pumice from four foot thick pumice-fall deposit beneath
the Pelton basalts. Sample from road cut 1,500 feet southwest
of the bridge over Willow Creek on the Lake Simtustus road (N.W.
1/4S.W. 1/4 sec. 30, T.10S., R.13E. )

168- Cleaned pumice from pumice-fall deposit directly above the third

laharic-breccia deposit. Sample taken near the south end of the
Vanora cliff (S.E. 1/4 N.W. 1/4 sec. 6, T. 1OS. , R. 13E. )

178- Cleaned pumice from pumice fall beneath the fourth laharic-
breccia deposit. Sample taken west of the intracanyon ash-flow
tuff at the Willow Creek exposures (S.W. 1/4 sec.19, T.10S.,

R.13E.).

194- Cleaned pumice from pumice bed east of the intracanyon ash-flow
tuff of the Willow Creek exposures. Pumice collected from
deposit twenty feet below the Willow Creek ash-flow tuff number
two (S.W.1/4 sec. 19, T.10S., R.13E.).

.
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The most extensive pumice-fall deposit occurs between the third

and fourth laharic breccias north of willow Creek. The pumice

deposit is exposed at the Vanora Cliff, in the gully above Pelton

Park, and at the Willow Creek exposures. West of the intracanyon

ash-flow tuff at Willow Creek, the pumice bed shows evidence of being

deposited over a surface with at least ten feet of relief (Figure

15). This pumice deposit serves as a marker bed and is useful for

correlation of the volcaniclastic deposits north of Willow Creek.

CORRELATION OF UNITS

Correlation of units is difficult north of Round Butte Dam. Ash

flows, pumice deposits, and sediments have discontinuous exposures

making correlation difficult Lava flows are areally restricted

which limits their use as an aid for correlation throughout the

basin. The laharic-breccia deposits are extensive but individual

units are difficult to distinguish in outcrop. The general lack of

essential materials in the flows makes it difficult to acquire

representative samples which would permit correlation by chemical

analyses.

There are a few factors which have enabled correlation of ex

sures. The second and third laharic breccias (Td12, Td13 Plate 1)

nearly always crop out together forming a deposit that appears to be

comprised of two flow units. This characteristic allows for easy

correlation of the unit from Willow Creek to Campbell Canyon and the

Vanora Cliff.



82

The pumice-fall deposit between the third and fourth volcani-

clastic flows facilitates correlation of these two units from Willow

Creek to the Vanora Cliff (Figure 17).

In some places, differing paleomagnetic polarities were useful

in distinguishing units. The best example of this is in the south

part of the area where reversed polarity Round Butte basalt overlies

normal polarity rim-forming lavas.
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FIGURE 17. CORRELATION DIAGRAM OF EXPOSURES
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INDIVIDUAL EXPOSURES

Vanora Cliff.

The Vanora exposures (Figure 18) are the most impressive in the

area of study. Hummocky topography and steeply dipping slump blocks

at the base of the 250 foot cliff are the result of a large landslide

that created the exposure (Figure 2). Although the cliff offers

excellent exposure of units, access is difficult and can be danger-

ous. The most accessible exposures are located at the extreme

southern end of the cliff (S.E. 1/4N.W. 1/4 sec. 6, T. 105., R.13E.).

The cliff exposes all the mapped laharic-breccia flows but the steep-

ness of the cliff prevents studying and sampling the deposits except

in a very restricted area.

Campbell Canyon.

Campbell Canyon exposes five laharic-breccia deposits (Figure

19). The units are not as clearly exposed here as at either Willow

Creek or the Vanora Cliff. At the head of the canyon as well as on

the south side at the mouth of the canyon, the second and third

laharic-breccia flows can be seen forming resistant cliffs. The

units are easily accessible but many of the contacts between units

are covered by soils and vegetation.

Willow Creek Exposures.

The Willow Creek exposures (Figure 20) offer the most varied and
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most accessible outcrops of Deschutes volcaniclastic sediments north

of Round Butte Dam. The exposures include three silicic sheet-like

ash-flow tuffs, one silicic intracanyon ash flow, two pumice beds,

and three lithic-rich laharic-breccia deposits. All contacts are

exposed. This is an excellent location for studying the character-

istics of the Deschutes volcaniclastic rocks. The exposures are

located on private lands and permission should be acquired before

entering.
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Tdr

Tcr

Figure 18. Picture and schematic drawing of the exposures at the
Vanora Cliff. View looking east from U.S. Highway 26 (S.W. 1/4 sec.

6, T.10S., R.13E.). The unit designations and colors correspond with
Plate 1.
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Figure 19. Picture and schematic drawing of the exposures near the
mouth of Campbell Canyon (S.W. 1/4 sec. 8, R. 10S., R. 13E.) View
looking south from U.S. Highway 26.
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Tda r4

Figure 20. Picture and schematic drawing of the Willow Creels

exposures (S.W. 1/4 sec. 19, T.1OS., R.13E.). View looking north from
the south rim of Willow Creek Canyon.
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DESCHUTES FORMATION EPICLASTIC ROCKS

A wide range of epiclastic sediments are intercalated in the

Deschutes Formation. Fluvial tuffs, pumice deposits, ashy to coarse

pebbly sands, cobble conglomerates, and mud and debris flows comprise

the bulk of the epiclastic materials. The deposits are commonly

cross-bedded and exhibit numerous scour-and-fill structures, indicat-

ing rapid deposition. in general the sediments have very immature

mineralogical and physical characteristics, indicating short trans-

port distances. Many of the epiclastic deposits are comprised of

only slightly reworked pumice and ash from the volcaniclastic

deposits. The poor sorting, the high content and angularity of the

lithic clasts, and the abundance of pumice fragments are

characteristics which combine to create epiclastic deposits that are

often difficult to distinguish from many of the ash flows and

laharic-breccia deposits in the basin. Analyses of sedimentary

structures and the strikes of paleochannels indicate that the

sediments were deposited by fluvial systems flowing in a northerly

direction.

The cut of the access road to the base of Round Butte Dam offers

the best exposures of Deschutes Formation sediments in the area. The

exposures include numerous poorly sorted pebble and ash units, pumice

beds, and thick beds of cobble conglomerates.

MUD AND DEBRIS FLOWS

A few mud and debris flows are present in the Deschutes Forma-

tion stratigraphy. A twenty foot thick debris flow is exposed for
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two hundred feet in the south wall of Binder's Canyon (S W. 1/4 N. E. 1/4

sec. 32, T.9S., R.13E.). The deposit exhibits reverse grading of

cobble- to boulder-size lithic clasts.

A twenty-five foot thick mud flow is exposed in the road cut on

the north side of U.S. Highway 26, twenty feet below the rim-forming

basalts (N.W. 1/4N.E. 1/4 sec.8, T.10S., R. 13E.) . The pale yellowish

grey deposit is dominated by ash and pumice debris supporting sparse

black scoriaceous lithic fragments ranging from small pebble to large

cobble size. This deposit contains numerous tree molds in growth

position.

Near the base of this mudflow, a pumice-rich layer preserves

numerous leaf fossils. These include leaves of aspen, poplar,

willow, elder, and a bush related to the modern cherry tree. They

were analyzed by Chaney (1938) in his studies of the Deschutes Flora

of north-central Oregon. The composition of the flora, especially

the dominant aspen fossils, is indicative of a cool climate with a

precipitation at least five inches greater than the present average

precipitation in north-central Oregon. The abundance of poplar

leaves indicates that the climate at the site of deposition was

similar to the present climate in eastern Oregon at 3,000 to 3,500

feet of elevation (Chaney, 1938).

The fossils were dated at Hemphillian age using paleontological

criteria (Chaney and Axelrod, 1959). This mudflow was dated by

Evernden and James (1964) using potassium-argon radiometric tech-

niques. The radiometric dates of 4.3 and 5.3 million years are con-

sistent with the paleontological age.
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A thick, yellowish grey debris and mud flow occurs in the south

part of the area between the porphyritic intraformational basalt flow

and the Pelton basalts (S.E. 1/4 sec. 10, T.11S., R.12E.). The depos-

it is sixty to eighty feet thick and contains twenty to thirty

percent subangular to subrounded lithic fragments. Near the base a

general alignment of the long axes of clasts creates a faint bedded

appearance to the flow. At the base of the flow sediments dip into a

paleochannel which had a trend of N45°E. imbricated clasts indicate

that the flow was moving from southwest to northeast.

Numerous molds of trees in vertical growth position are pre-

served in the flow. The size of the molds range from small twigs to

tree trunks up to one foot in diameter (Figure 21). One mold is

exposed in the face of the cliff to a vertical height of thirty

feet. In some of the molds, branches and root systems can be seen

splitting off from the main trunks.

In many respects, this flow resembles the laharic-breccia depos-

its. The poor sorting, the alignment of the long axes of clasts, and

the extreme resistance to erosion are all characteristics that are

common to laharic-breccia flows. The deposit is considered to be a

mud and debris flow because of the channelized nature, the presence

of numerous tree molds, and the indications of a southwestern prov-

enance which is in contrast to the northerly provenance of the sheet-

like laharic breccias.
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Figure 21. Cast of tree trunk and limbs in mudflow deposit (S.E. 1/4

sec. 10, T.11S., R.12E.). Walking stick is graduated in feet.
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RIM-FORMING BASALT LAVA

GENERAL CHARACTERISTICS

Rim-forming lava caps the Deschutes Formation throughout the

region between madras and Lake Simtustus. The basalt lava forms a

continuous sheet from southwest of Madras to Binder's Canyon except

where it has been removed by erosion. The flow has a gradient of

nineteen feet per mile from the highest elevation of 2,490 feet

southwest of Madras to the lowest elevation of 2,300 feet at Binder's

Canyon. in the south part of the area between Dry Canyon and the

Deschutes River, the normal polarity rim-forming basalt is overlain

by the reversed polarity basalt flow from Round Butte. At other

places, the rim-forming basalt is generally covered by a thin, pebbly

soil consisiting of loess and volcanic ash.

An example of a possible vent for the rimrock basalt is a small

cinder cone at the head of Campbell Canyon in the S. E. 1/4 S.W. 1/4 sec.

16, T.10S., R.13E. The cone has one-degree quaquaversal dips and

consists of volcanic bombs, agglomerate, and cinders.

The rim-forming flow ranges from forty to over one hundred feet

thick. The bottom half of the flow is characterized by columnar

joints with horizontal cross-joints dividing the columns into plates

from one to five inches thick. These columns and plates have rounded

edges as a result of weathering. The top half of the flow is

characterized by large-scale columnar jointing with angular columns

as large as fifteen feet in diameter. The jointing transition from

the rounded plates and columns of the lower colonnade to the top
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angular colonnade occurs as a five to twenty foot thick zone of

irregular joints. Differential erosion causes the top colonnade to

be eroded more than the bottom creating the appearance of two separ-

ate flows. The contrasting jointing and weathering patterns enhance

this perception. Close examination of field evidence, petrography,

and chemistry shows that the upper and lower colonnades are parts of

one flow. One of the best exposures of rimrock basalt showing this

jointing pattern can be seen at the rim on the north side of the

canyon at the mouth of Willow Creek (N. 1/2 Sec. 30, T.10S., R.13E.)

Here the joints of the bottom colonnade can be traced up to the upper

levels of the flow.

LITHOLOGY, PETROGRAPHY, AND CHEMISTRY

The basalt is medium dark grey and weathers to brownish grey.

Phenocrysts of plagioclase up to one millimeter long occur in an

aphanitic matrix. In thin sections, the rimrock shows glomeropor-

phyritic clots of subhedral plagioclase with interstitial anhedral

clinopyroxene. The clots are as large as two millimeters in diam-

eter. Phenocrysts include euhedral to subhedral laths and square-

shaped labradorite crystals (An 67) comprising eight to ten percent

of the rock. Anhedral to subhedral clinopyroxene crystals up to one

millimeter long form two to four percent of the rock and are most

commonly found in the glomerophenocrysts. The groundmass includes

anhedral to subhedral labradorite laths and clinopyroxene with

interstitial tachylyte glass. Small (0.05 mm diameter) anhedral

apatite is a common minor constituent. A polished thin section
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revealed no ilmenite indicating that all of the titanium is incor-

porated in the titonomagnetite crystals which comprise two to three

percent of the rock.

Eight chemical analyses of rim-forming basalt from Binder's

Canyon to near Round Butte indicate very consistent chemical compo-

sitions (Table 11). The rim-forming lavas are tholeiitic basalts

containing very high levels of iron, titanium, and aluminum.

Samples of the rim-forming basalt from Binder's Canyon to Round

Butte Dam have similar chemical composition, similar mineralogy, and

normal paleomagnetic polarity. The rim-forming basalt probably

represents a single flow which originally covered the entire mapped

area.
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TABLE 11. CHEMICAL ANALYSES OF RIM-FORMING BASALT.*

Sample Si02 A1203 FeO Ti02 CaO MgO Total

129 51.0 13.76 13.75 2.55 8.85 5.30 0.82 3.81 99.84

124-1 51.0 13.60 13.90 2.58 8.95 4.70 0.92 4.08 99.73

124-2 51.1 13.61 13.75 2.53 8.90 4.90 0.92 3.91 99.61

106 50.9 13.08 13.70 2.59 8.95 5.10 0.82 3.88 99.02

65 51.9 13.55 13.50 2.48 8.70 4.90 0.94 3.91 99.87

64 53.5 14.64 10.28 2.64 9.48 3.90 0.99 3.92 99.34

114 52.1 13.16 13.55 2.60 8.35 4.70 0.90 4.03 99.39

8 51.9 13.55 13.40 2.58 8.95 4.70 0.77 4.21 100.06

Average 51.68 13.62 13.65 2.56 8.81 4.90 0.87 3.98

* H2O free, all iron as FeO.

129- Rimrock from east end of Binder's Canyon. S. W . 1/4 N . E. 1/4 sec.
32, T.10S., R.13E.

124-1- Rimrock from east end of Campbell Canyon. S.W. 1/4N.E. 1/4 sec.
9, T.10S., R.13E.

124-2- Rimrock from east end of Campbell Canyon. S.W. 1/4N.E. 1/4 sec.
9, T.10S., R.13E.

106- Rimrock from east side Deschutes River Canyon above Pelton

Dam. N.W. 1/4N.E. 1/4 sec. 19, T.10S., R.13E.

65- Rimrock from north side of Willow Creek Canyon near the mouth

of Willow Creek. Sample is from near the top of the flow.

S.E. 1/4S.W. 1/4 sec. 19, T. 10S., R. 13E.

64- Rimrock from the same location as 65. 64 is from near the

bottom of the flow.

114- Rimrock from the head of Willow Creek Canyon. S.W. 1/4 S.W. 1/4
sec. 2, T.10S., R.13E.

Rimrock from east bank of the Deschutes River Canyon across
from Indian Campground. S.E. 1/4 S.E.1/4 sec. 2, T.11S., R.12E.

K2

8-
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ROUND BUTTE

GENERAL CHARACTERISTICS

Round Butte is a basaltic cinder cone surmounting an almost

circular lava flow. The cone reaches 3,272 feet and is the highest

elevation in the area. The top of the cone offers an excellent view

of Lake Simtustus, the Cove Palisades State Park, and the peaks of

the High Cascades. Round Butte has been dated by potassium-argon

methods at 5.9 ± .6 million years (Farooqui, et al., 1982). The

butte has reversed paleomagnetic polarity in contrast to the normally

polarized rimrock basalts that it directly overlies.

The cinder cone forming the peak of Round Butte is protected by

a thin shell of basaltic lava that issued from the summit. This

shell of basalt was fed by a thin and discontinuous dike exposed in

the excavations of the cinder pit on the north side of the butte.

The excavations also have exposed the internal structure of the

cone. Cinder bedding exhibits quaquaversal dips as steep as twenty-

five degrees away from the conduit.

Round Butte is not a simple symmetrical cinder cone. The erup-

tion issued from an elongate fissure trending N30°W. The cinders can

be traced northwest to the small hill in the S.E. 1/4 of the N.E. 1/4

of Sec. 13, T.11S., R.12E. where they are covered by basaltic lava.

The initial vent for the cinder phase of the eruption was probably

the main cinder cone of Round Butte. As the magma approached the

surface, it is possible that extreme pressures caused cinders and

lava to issue from this northwest-trending fissure.
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The basalt flow from Round Butte covers an almost circular area

approximately four miles in diameter. The flow has quaquaversal dips

averaging four degrees away from the central cinder cone. The Round

Butte basalt flow forms the rimrock on the east side of the Deschutes

River Canyon in sections 10, 11, 15, 22 and 23 of T.11S., R.12E. and

on the west side of Dry Canyon in sections 17 and 20 of T.11S.,

R.13E.

LITHOLOGY, PETROGRAPHY, AND CHEMISTRY

The basalt has reversed paleomagnetic polarity, is medium dark

grey and weathers to a light olive grey. The rock contains pyroxene

and plagioclase phenocrysts approximately one millimeter in length,

and angular intercrystalline vesicles (< 2 mm in diameter) giving it

a diktytaxitic texture. The top ten feet of the flow are

characterized by approximately thirty percent oval amygdules as large

as five millimeters in diameter. These amygdules contain very pale

orange and clear botryoidal hyaline opal.

In thin section, the rock contains two to three percent glomero-

porphyritic clots as large as 2.5 millimeters in diameter consisting

of plagioclase, clinopyroxene, and olivine. Phenocrysts include

three to four percent euhedral to subhedral clinopyroxene up to 1.5

millimeters long. Phenocrysts of subhedral laths of labradorite (An

68) up to 1.0 millimeter make up ten percent of the rock. The

plagioclase crystals exhibit normal oscillatory zoning surrounding

poikilitic cores containing anhedral apatite crystals (Figure 22).

The groundmass includes anhedral to subhedral plagioclase laths,
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clinopyroxene and magnetite grains.

The chemical composition (Table 12) of the Round Butte cinder

cone and basalt has characteristics similar to other intraformational

basalts of the Deschutes Formation. It appears that Round Butte

cinder cone and lava flow are the youngest example of intrabasinal

volcanism of the Deschutes Formation in the region near Madras.

TABLE 12. CHEMICAL ANALYSES OF ROUND BUTTE CINDER CONE
AND LAVA FLOW.*

Sample SiO2 Al2O3 FeO TiO
2

CaO M90 Total

M-18 52.0 17.60 10.20 1.70 8.0 5.6 1.10 3.80 100.00

109 52.1 16.14 9.95 1.72 8.2 6.0 .1.66 3.71 99.48

* H2O free, all iron as FeO.

M-18- Cinders from Round Butte summit quarry. S.W. 1/4 S.E. 1/4 sec.
13, T.11S., R.12E. (Data from E.M. Taylor, personal
communication).

109- Round Butte basalt flow from rim on west side of Dry Canyon.

N.W. 1/4 N. E. 1/4 sec. 17, T. 11S., R.13E.
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Figure 22. Photomicrograph of Round Butte basalt showing glomero-
porphyritic clots of pyroxene and plagioclase. Note the oscillatory
zoning and poikilitic core of auhedral plagioclase crystal. Upper

photograph is taken in plane light. Lower photograph taken with
crossed polars.
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QUATERNARY INTRACANYON BASALT FLOW

An intracanyon basalt flow partially fills a paleochannel in the

south 1/2 of sec. 10 and the north 1/2 of sec. 15, T.11S., R. 12E. The

channel-filling flow is approximately 1,200 feet wide and has a trend

of N25°E.

The eastern contact of this intracanyon basalt with the porphyr-

itic middle intraformational basalt flow of the Deschutes Formation

is delineated by a small north-south-trending gully in the S.E. 1/4

S.E. 1/4 sec. 10, T.11S., R.12E. West of the channel filled by the

basalt, Deschutes Formation lavas and volcaniclastic rocks form the

point of land in the S.E. 1/4 S.W. 1/4 sec.10, T. 11S., R.12E. The large

quarry north of the offices of the Portland General Electric Company

(south 1/2 sec. 10. T.11S., R.12E.) exposes an excellent section of

the intracanyon basalt flow.

The basalt has reversed paleomagnetic polarity and is comprised

of numerous flow units. The flow units are characterized by columnar

jointing and are separated by thin zones of scoriaceous flow brec-

cia. The rock is medium grey and weathers to light olive grey. It
has a diktytaxitic texture and contains abundant small crystals of

plagioclase and angular intercrystalline vesicles composing as much

as fifteen prcent of the rock. The degree of vesicularity depends on

which part of the individual flow unit is sampled. The tops of each

unit contain larger and a greater percentage of vesicles.

In thin section, the rock contains phenocrysts of lath-shaped

plagioclase crystals (An 65) which are generally less than 0.5 milli-



102

meters long. The labradorite phenocrysts comprise approximately

fifty percent of the rock. Subhedral clinopyroxene, anhedral oliv-

ine, and light brown tachylyte glass form the majority of the

groundmass.

This intracanyon flow is a continuation of the bench-forming

intracanyon basalts mapped in the canyons of the Deschutes, Crooked,

and Metolius Rivers (Hewitt, 1970). The flow apparently partially

filled an ancestral channel of the Deschutes River drainage. The

river has subsequently eroded through the channel-filling flow.
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SUMMARY AND CONCLUSIONS

The area north of Round Butte Dam offers the best exposures of

the deposits at the lower level of Deschutes Formation stratigraphy.

The underlying middle Miocene Columbia River Basalt has been tecton-

ically folded creating broad anticlinal and synclinal structures.

The Deschutes deposits generally overlie the Columbia River basalt

but the ash-flow tuff intercalated between flows of the basalt sug-

gests that the two formations interfinger. Interfingering of the two

formations implies that the deposits near the base of the Deschutes

Formation might also be gently folded. More detailed study of the

area north of Round Butte Dam might focus on the contact between

these two formations to ascertain the stratigraphic relationship.

The Deschutes Formation consists of intercalated deposits of

volcaniclastic and epiclastic rocks derived from outside the basin

and lava flows from vents within the basin.

The Pelton Basalt Member is 80 to 150 feet thick and consists of

four to eight distinct flow units of diktytaxitic tholeiitic basalt.

The flow units range from fifteen to thirty-five feet thick and are

separated by thin scoriaceous flow breccias. No paleosols or sedi-

ments are intercalated with the flow units. The thin basaltic flow

units probably represent separate advancing lobes of a compound lava

flow. The flow units are compositionally similar and all have normal

paleomagnetic polarity. The Pelton Basalt is most likely the result

of a single prolonged eruptive event.
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The ash-flow tuffs north of Round Butte Dam range from dacite to

rhyolite in composition. The deposits are generally discontinuous

and slope-forming except where landslides have created nearly ver-

tical exposures such as at the Vanora Cliff and the north side of the

mouth of Willow Creek. Study of the trends of the paleochannels

occupied by intracanyon flows and the orientation of the long axes of

imbricated clasts from fluvial cobble conglomerates underlying some

of the ash flows is useful for determining the direction of flow.

These data combined with lithologic variations and the areal distri-

bution of units indicate a provenance for the ash flows to the west

or southwest.

Seven lithic-rich laharic-breccia deposits were mapped. The

units are the most resistant and extensive volcaniclastic rocks north

of Round Butte Dam. The sheet-like beds have been mapped for over

twelve miles in a north to south direction. The deposits are thick-

er, more poorly sorted, and more numerous north of U.S. Highway 26,

indicating a provenance to the north or northwest. The breccias

commonly contain as much as seventy percent lithic clasts and locally

show hints of bedding as a result of the horizontal alignment of the

long axes of lithic clasts. These characteristics are similar to

deposits from volcanic lahars. Other properties including elliptical

vugs, radially jointed clasts, relatively strong paleomagnetic sus-

ceptibilities, and thin, delicate glass shards in the matrix are

suggestive of a pyroclastic flow. The deposits might represent the

mixture of fluvial and hot pyroclastic flow materials creating hot

lithic-rich laharic breccias.
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Future work on the laharic breccias should focus on mapping the

areal extent of the deposits and determining the paleomagnetic

properties in more detail. More extensive mapping would provide

information on the geographic provenance. Study of lithologic varia-

tions throughout the areal extent of the units might suggest a gen-

etic origin for these deposits. The paleomagnetic properties of

individual clasts from different zones of the thicker and more exten-

sive units should be analyzed to determine if the clasts have common

orientations. Common paleomagnetic orientations of the clasts would

indicate that the flows were of temperatures above the Curie point at

the time of deposition (Aramaki and Akimoto, 1963). Some of the

larger clasts could be cored to compare the magnetic susceptibility

of the rim to the interior. Since rock material is a poor conductor

of heat, it is possible that only the outer shell of the larger

clasts was reset to common paleomagnetic orientations while the

interiors maintained random orientations. This would explain the

weaker overall paleomagnetic susceptibilities of samples from the

coarser grained and more poorly sorted zones of these lithic-rich

flows.

The exposures of volcaniclastic rocks were correlated using

characteristic exposure patterns, paleomagnetic polarities, and the

intercalation of thin pumice beds in the stratigraphy. A one and

one-half foot thick pumice-fall deposit between the third and fourth

laharic-breccia deposits served as a marker bed in correlating the

exposures north of Willow Creek.

An extensive rim-forming flow of tholeiitic basalt covers much
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of the Deschutes Formation. The flow is characterized by rounded

columns near the bottom and more angular columns near the top.

Differential erosion has caused the top colonnade to be eroded more

than the bottom, creating the appearance of two separate flows, but

field evidence indicates that the two colonnades are part of one

flow. Eight chemical analyses and petrographic studies of samples of

the rock indicate that the rim-forming lava from Lake Simtustus to

Madras is a single continuous flow of basalt.

Round Butte cinder cone and lava flow overlie the rim-forming

basalt in the southern part of the area. The Round Butte basalt flow

forms the rimrock on the west side near the head of Dry Canyon and on

the east side of the Deschutes River Canyon near Round Butte Dam.

Round Butte has reversed paleomagnetic polarity in contrast to the

normally polarized rim-forming basalt. Chemical analyses reveal

compositions similar to intraformational lavas of the Deschutes

Formation. Round Butte represents the most recent example of intra-

basinal volcanism of the Deschutes Formation north of Round Butte

Dam.
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APPENDIX 1. C.I.P.W. WEIGHT PERCENT NORMATIVE CALCULATIONS

Explanation of Abbreviations:

Qtz - Weight percentage of normative quartz.
Orth - Weight percentage of normative orthoclase.
Albite - Weight percentage of normative albite.
Anorth - Weight percentage of normative anorthite.
Neph - Weight percentage of normative nepheline.
Wollas - Weight percentage of the wollastonite component of

normative clinopyroxene.
En Cpx - Weight percentage of the enstatite component of norma-

tive clinopyroxene.
Fs Cpx - Weight percentage of the ferrosilite component of norma-

tive clinopyroxene.
En Opx - Weight percentage of the enstatite component of norma-

tive orthopyroxene.
Fs Opx - Weight percentage of the ferrosilite component of norma-

tive orthopyroxene.
Fo - Weight percentage of the forsterite component of norma-

tive olivine.
Fa - Weight percentage of the fayalite component of normative

olivine.
Weight percentage of normative magnetite.
Weight percentage of normative ilmenite.
Weight percentage of normative apatite.
Weight percentage of normative corundum.

Sum Total of the weight percent normative components.
Plag An - Molecular percentage of anorthite in normative

plagioclase.
Aug En - Molecular percentage of enstatite in normative

clinopyroxene.
Aug Fs - Molecular percentage of ferrosilite in normative

clinopyroxene.
Hyp Fs - Molecular percentage of ferrosilite of normative

orthopyroxene.
01 Fa - Molecular percentage of fayalite in normative olivine.

Note: All sample numbers correspond to samples, location, and
descriptions in Tables 1 through 12.

Mag
Ilmen
Apatite
Corundum
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C.I.P.W. NORMATIVE CALCULATIONS

Sample 2 8 35 42B 49 50 64 65

Qtz 0 .62 24.21 17.82 23.15 21.97 4.30 1.38

Orth 9.94 4.55 23.66 14.02 13.72 29.28 5.86 5.56

Albite 26.28 35.58 34.91 44.54 42.09 31.27 33.13 33.05

Anorth 26.06 15.78 9.43 10.65 12.78 7.15 19.40 16.62

Neph 0 0 0 0 0 0 0 0

Wollas 5.28 11.96 0 1.36 0.78 1.91 11.54 11.09

En Cpx 3.66 6.67 0 0.76 0.43 1.35 7.01 6.21

Fs Cpx 1.18 4.80 0 0.54 0.32 0.39 3.88 4.42

En Opx 9.41 5.08 3.75 3.49 2.57 4.15 2.74 6.04

Fs Opx 3.04 3.65 1.91 2.45 1.94 1.18 1.51 4.29

Fo 5.38 0 0 0 0 0 0 0

Fa 1.92 0 0 0 0 0 0 0

Mag 4.78 6.47 1.35 2.32 1.50 1.01 4.96 6.52

Ilmen 3.10 4.90 0.86 1.81 0.78 0.48 5.02 4.71

Apatite 0 0 0 0 0 0 0 0

Corundum 0 0 0 0 0 0 0 0

Sum 100.02 100.06 100.08 99.74 100.06 100.13 99.35 99.88

Plag An 65.14 45.53 33.75 31.07 36.40 30.10 52.46 48.66

Aug En 40.18 32.37 0 32.64 31.82 41.11 35.24 32.50

Aug Fs 9.82 17.63 0 17.36 18.18 8.89 14.76 17.50

Hyp Fs 19.65 35.26 27.87 34.72 36.36 17.77 29.52 35.00

01 Fa 19.65 0 0 0 0 0 0 0
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C.I.P.W. NORMATIVE CALCULATIONS

Sample 89 93

Qtz 14,30 0

Orth 8.10 2.66

Albite 24.93 20.45

Anorth 26.14 35.68

Neph 0 0

Wollas 2.29 7.07

En Cpx 1.84 5.05

Fs Cpx 0.64 1.38

En Opx 8.36 5.31

Fs Opx 3.57 1.45

Fo 11.53

Fa 0 3.48

Mag 3.94 4.60

Ilmen 4.07 1.94

Apatite 1.80 0

Corundum 0 0

Sum 99.83 100.60

Plag An 66.40 76.68

Aug En 37.78 41.41

Aug Fs 12.22 8.59

Hyp Fs 24.44 17.18

01 Fa 0 17.18

106 108 109 110 113 114

0.61 35.83 0 0 0 2.10

4.85 20.70 9.82 6.51 1.95 5.35

32.79 17.33 31.36 32.12 21.01 34.06

15.83 10.92 22.44 27.68 36.39 15.14

11.94

6.78

4.$3

5.97

4.08 2.36 2.86 4.91

6.13 6.50 10.01

7.62 5.02 6.44 10.98

4.93 3.16 4.64 6.10

2.17 1.55 1.21 4.44

0 0 2.50

0 0 1.21

5.65

4.11

0.58 16.16

0.32 4.63

6.62 1.69 4.80 4.93 4.48 6.54

4.92 1.10 3.27 3.23 1.84 4.94

0 0

0

0

99.02 99.54 99.48 100.0 99.09 99.39

47.64 54.30 57.43 61.90 76.55 45.58

32.94

17.06

37.51 36.46 41.78 32.22

12.49 13.54 8.22 17.78

0 0 0 0 0.34 0

0

0

0

0

0

0 0

0

0 0 0

0 3.48 0 0 0

0

0

34.12 22.60 24.99 27.09 0 35.55

0 0 24.99 27.09 16.44



115

C.I.P.W. NORMATIVE CALCULATIONS

Sample 116 124-1 124-2 126-1 126-2 128 129 144

Qtz 18.20 0

Orth 13.60 5.44

Albite 37.19 34.48

Anorth 14.90 16.05

Neph 0 0

Wollas 2.69 11.84

En Cpx 1.66 6.48

Fs Cpx 0.87 4.92

En Opx 4.09 4.48

Fs Opx 2.15 3.40

Fo 0 0.55

Fa 0 0.46

Mag 2.32 6.71

Ilmen 1.77 4.90

Apatite 0

Corundum 0

Sum 99.43 99.73

Plag An 43.02 46.74

Aug En 35.78 31.74

Aug Fs 14.22 18.26

Hyp Fs 28.44 36.52

01 Fa 0 36.52

0.32 7.48 10.17 6.01 0.41 23.05

5.44 19.64 17.51 11.53 4.85 29.10

33.05 20.28 22.82 24.00 32.20 33.47

16.84 25.62 21.77 21.21 17.99 6.16

0 0 0 0 0

11.41 2.57 0.50 4.03 10.82

6.35 1.52 0.30 2.35 6.20

4.60 0.92 0.16 1.49 4.13

0

5.90 7.61 8.48 9.03 7.05 2.75

4.27 4.61 5.05 5.73 4.70 2.00

0

0 0 0

6.64 5.01 4.90 6.01 6.64 1.24

4.81 4.96 5.05 5.28 4.85 0.49

0 0 2.91 2.96 0

0 0 2.39

99.62 100.20 99.63 99.63 99.84 100.64

49.00 70.42 64.26 62.48 51.30 25.74

32.30 34.28 34.46 33.77 33.23

17.70 015.72 15.54 16.23 16.77

35.40 31.45 31.09 32.46 33.50 35.50

0 0

0

0

0

0 0 0 0 0

0 0 0

0 0

0 0 0 0

0

0

0 0 0 0
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C.I.P.W. NORMATIVE CALCULATIONS

Sample 145 146 148 151 155 168 176 178

Qtz 0 25.27 24.17 17.07 0 33.44 28.90 21.98

Orth 1.89 14.67 32.83 24.01 2.48 11.00 28.86 11.24

Albite 20.96 26.96 31.44 34.23 20.12 21.04 25.61 26.37

Anorth 32.20 16.26 5.91 14.10 26.51 15.39 7.35 20.95

Neph 0 0 0 0 11.08 0 0 0

Wollas 5.81 0 0.54 0 10.32 0 0 1.72

En Cpx 4.09 0 0.29 0 63.93 0 0 1.21

Fs Cpx 1.22 0 0.23 0 2.58 0 0 0.35

En Opx 17.92 5.00 1..96 4.50 0 9.00 4.88 9.29

Fs Opx 5.33 2.57 1.52 2.37 0 2.39 1.58 2.71

Fo 0.99 0 0 0 9.41 0 0 0

Fa 0.33 0 0 0 3.87 0 0_ 0

Mag 4.98 2.20 1.11 1.71 4.73 1.88 1.01 2.34

Ilmen 3.23 2.01 0.49 1.14 1.96 1.50 0.48 1.77

Apatite 0.69 0.95 0 0 0 0 0 0

Corundum 0 3.82 0 0.92 0 4.16 1.04 0

Sum 99.63 99.69 100.49 100.05 100.00 99.81 99.71 99.93

Plag An 74.33 53.20 26.16 43.71 71.29 57.95 35.10 59.96

Aug En 40.80 0 31.45 0 38.99 0 0 40.95

Aug Fs 9.20 0 18.55 0 11.01 0 0 9.05

Hyp Fs 18.39 27.99 37.10 28.49 0 16.77 19.70 18.10

01 Fa 18.39 0 0 0 22.01 0 0 0
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C.I.P.W. NORMATIVE CALCULATIONS

Sample 181 182-1 182-2 184 187-1 187-2 189 194

Qtz 26.90 26.77 17.71 27.24 16.38 18.88 32.39 27.69

Orth 13.96 13.60 14.79 17.15 14.08 13.78 14.31 15.67

Albite 30.09 28.40 40.31 24.93 42.26 42.93 23.58 29.75

Anorth 15.54 17.82 12.92 20.90 11.02 18.98 14.50 13.90

Neph 0 0 0 0

Wollas 2.27 0 3.63 1.50

En Cpx 1.31 0 2.11 0.83

Fs Cpx 0 0.86 0 1.34 0.62 0

En Opx 3.65 4.20 3.44 3.73 2.89 3.67 4.45 6.25

Fs Opx 1.77 1.75 2.25 0.99 1.83 2.74 1.66 2.37

Fo 0 0 0

Fa 0 0 0

Mag 1.72 1.69 2.37 1.13 2.41 2.58 1.61 1.81

Ilmen 1.86 1.81 1.77 1.41 1.81 1.98 1.73 1.37

Apatite 0 0 0.59 0

Corundum 3.95 3.32 2.00 0 0 4.87 1.73

Sum 99.44 99.36 100.00 99.47 99.75 100.5 99.69 100.54

Plag An 46.79 51.09 37.60 59.62 32.95 45.45 53.69 46.83

Aug En 0 0 33.42 0 33.77 31.95 0 0

Aug Fs 0 0 16.58 16.23 18.05 0

Hyp Fs 26.84 24.00 33.16 16.73 32.47 36.10 21.99 22.30

01 Fa 0 0 0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0

0 0 0 0

0 0 0 0 0

0 0 0 0

0

0 0

0 0
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C.I.P.W. NORMATIVE CALCULATIONS

Sample 199 200 201 203 204 205 207 229

Qtz 0 0 0

Orth 4.02 4.08 3.73 4.73 4.67 5.03 4.55 4.91

Albite 35.29 28.14 26.96 27.97 27.05 24.22 27.97 29.58

Anorth 23.68 25.41 29.10 26.13 27.30 21.98 25.94 24.37

Neph 0.30 0 0 2.72 0

Wollas 10.73 9.18 7.43 9.73 9.01 11.54 8.96 9.61

En Cpx 6.04 6.11 4.51 6.24 5.81 7.64 5.65 6.01

Fs Cpx 4.24 2.38 2.50 2.83 2.58 3.05 2.74 3.01

En Opx 0 1.75 8.29 2.56 3.25 0 5.87 1.41

Fs Opx 0 0.68 4.59 1.16 1.44 0 2.85 0.71

3.82 9.72 2.07 6.79 6.08 9.00 4.01 6.88

Fa 2.96 4.18 1.26 3.40 2.98 3.97 2.15 3.80

Mag 5.60 5.75 5.94 5.80 5.51 5.94 5.77 6.07

Ilmen 3.38 3.23 3.38 3.44 3.40 3.99 3.42 3.80

Apatite 0 0 0 0 0 0

Corundum 0 0 0

Sum 100.05 100.62 99.76 100.79 99.09 99.09 99.88 100.16

Plag An 55.84 62.99 67.05 63.77 65.55 63.61 63.61 60.83

Aug En 32.66 38.60 35.22 37.20 37.42 38.38 36.57 36.26

Aug Fs 17.34 11.40 14.78 12.80 12.58 11.62 13.43 13.74

Hyp Fs 0 22.80 29.56 25.59 25.15 0 26.85 27.48

01 Fa 34.68 22.80 29.56 25.59 25.15 23.25 26.85 27.48

0 0 0 0 0

0 0 0

0 0

0 0 0 0 0
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C.I.P.W. NORMATIVE CALCULATIONS

Sample 229 231 249 250

Qtz 15.03 15.11 22.83 29.38

Orth 13.60 11.83 14.49 13.43

Albite 39.64 40.40 34.99 27.89

Anorth 16.05 13.80 14.82 15.10

Neph 0 0 0 0

Wollas 2.11 3.56 0 0

En Cpx 1.31 2.10 0 0

Fs Cpx 0.67 1.28 0 0

En Opx 4.94 4.15 3.78 3.55

Fs Opx 2.55 2.51 1.73 1.77

Fo 0 0 0 0

Fa 0 0 0 0

Mag 2.46 2.92 1.69 1.71

Ilmen 1.86 2.24 1.84 1.82

Apatite 0 0 0.57 0.52

Corundum 0 0 2.95 4.51

Sum 100.22 99.91 99.69 99.68

Plag An 43.28 39.18 44.39 50.50

Aug En 35.97 34.26 0 0

Aug Fs 14.03 15.74 0 0

Hyp Fs 28.06 31.47 25.74 27.44

01 Fa 0 0 0 0


