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The project area is located in north-central

Oregon approximately 8 kilometers north of the town

of Prineville. The most widespread geologic unit

found in the project area is the Clarno Formation.

The Clarno Formation has been subdivided into two

main mappable units: a lower member and an upper

member. This division is based on the occurrence

of a thick, extensive saprolite between the two members.

The lower member is composed of coarsely porphyritic

domes and flows of rhyodacitic to andesitic composi-

tion. All of the lower member lavas contain pheno-

crysts of plagioclase, clinopyroxene, orthopyroxene,

and quartz. Hornblende is an additional phase found

in the rhyodacites. The upper member contains flows

and domes of fine-grained nonporphyritic to coarsely

porphyritic lavas of predominantly andesitic composi-
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tion. Basalts and basaltic andesites are subordinate.

The major phenocrystic phases found in most upper

member lavas include plagioclase, clinopyroxerie, and

orthopyroxene. In addition, several contain pheno-

crysts of quartz, olivine, or hornblende. The upper

member has been further subdivided by separately

mapping hornblende-bearing dacites and rocks of rhyo-

dacitic composition. The hornbende-bearing dacites

occur as a chain of east-west trending domes with

associated short, thick, autobrecciated flows. Rocks

of rhyodacitic composition within the upper member

include two domes and one extensive xenolith-bearing

flow.

In addition to the Clarno Formation, the project

area also contains outcrops of John Day Formation,

two units of undetermined age, and various Quaternary

alluvium deposits. The John Day Formation has been

subdivided into two mappable units including a welded

ash-flow tuff and exposures of tuffaceous claystones.

The rocks of undetermined age include a welded ash-

flow tuff and an olivine basalt flow.

The entire project area lies on the southern

limb of the Blue Mountain anticline. All of the

dips in the area are gentle. Only two faults have

been positively identified in the area. Both trend

east-west and appear to he of the normal type with



only minor displacement.
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Geology of the Northeast One-Quarter of the

Prineville Quadrangle, North-Central Oregon

INTRODUCTION

Location and Accessibility

The project area comprises the northeast one-quarter

of the Prineville 15 minute quadrangle and is bounded by

44°30' and 44 22'30" north latitude, and by 120°52'30"

and 120°45' west longitude (Fig.1). The area mapped is

approximately 142 square kilometers and includes all or

parts of sections 25 and 36 in T.12S., R.15E., sections

1, 12, 13, 24, 25, and 36 in T.13S., R.15E., sections i

and 12 in T.14S., R.15E., sections 25 through 36 in

T.12S., R.16E., sections 1 through 36 in T.13S., R.16E.,

and sections 1 through 12 in T..14S., R.16E. The southern

boundary of the area is located about 8 kilometers north

of Pririeville, Oregon.

Access into the area is obtained on McKay Creek road

which is the northern extension of Main Street,

Prineville, Oregon. A light-duty gravel road extends up

Allen Creek to Fall Creek allowing access to the northern

boundary of the thesis area. Numerous other dirt roads

and jeep trails exist in the area but most are accessible

only with four-wheel drive vehicles. The area is a patch-

work of privately owned land, Bureau of Land Management
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Figure 1. Index map of Oregon showing
the location of the northeast one-
quarter of the Prineville quadrangle.
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property, and Ochoco National Forest land. Access to

many of the dirt roads and jeep trails is restricted

because of the numerous barbed wire fences and locked

cattle gates in ti'e area.

Geography and Climate

The area mapped lies within the maturely dissected

volcanic-volcaniclastic terrain of the Ochoco Mountains.

The topography consists of gentle slopes, deep, steep-

sided valleys, small rolling hills, and a few prominent,

flat-topped questas. Elevations range from 920 meters

along McKay Creek at the southern boundary of the area

to 1590 meters at Hensley Butte near the northern bound-

ary.

McKay Creek and its major tributary Allen Creek

dominate the regions dendritic drainage pattern. They

are the only perennial streams in the area. Numerous

canyons and gullies carved by ephemeral streams are also

present. Most of these are spring fed but flow only in

early spring or after heavy thunderstorms.

The climate of the area is semi-arid, being within

the rain shadow of the Cascade Range to the west. Vege-

tation consists of juniper, sage brush, and range grass

in the lower elevations which abruptly changes to

Ponderosa Pine and Douglas Fir in the higher elevations.

Steep, north-facing slopes are often covered with thick



vegetation.

Purpose and Methods of Investigation

The main purpose of this investigation was to con-

struct a detailed geologic map and to describe the min-

eralogical and chemical composition of the rock units in

the area. Very little work has been completed on the

geology in this quadrangle. This investigation is con-

cerned with primarily the Clarno Formation which crops

out extensively both within this project area and in

areas to the north and east. The Clarno Formation rep-

resents an important part of the complex geologic and

tectonic history of the Pacific Northwest during the

Eocene and Oligocene periods. It is hoped that this

study will contribute to a better understanding of the

Clarno Formation and its significance in deciphering the

geologic history of the region.

The field work was conducted during the summer of

1981 with additional follow-up work completed during the

fall of 1982. Mapping was completed on an advance print

1:24,000 scale 7½ minute U.S. Geological Survey map of

the Prineville Northeast quadrangle. Aerial photographs

of approximately 1:62,500 scale were used as an aid to

the mapping. The colors of all samples, fresh and al-

tered, were named in accordance with the rock color chart

published by the Geological Society of America (Goddard,
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1970). Attitudes of beds were either measured with a

Brunton compass or calculated from the topographic map.

The thicknesses of lava flows were estimated while in the

field, but the thicknesses of major units were calculated

from map elevations.

Approximately 200 samples were collected in the

field. Seventy thin sections were examined to determine

the microscopic characteristics of the different litho-

logic units. Modal analyses of phenocrystic phases were

preformed using 1000 counts per section on 28 of these

thin sections. Plagioclase compositions were determined

by the statistical method of Michael-Levy or, when possi-

ble, by the combined albite-Carlsbad twin method (Shelley,

1975).

Whole rock chemical analyses were preformed on 15

samples thought to be representative of the mapped units.

Weight percentages of Si02, FeO (total iron), Ti02, CaO,

K20, and A1203 were determined by X-ray fluorescence

spectometry, and Na20 and MgO were determined by atomic

absorption spectometry. The analyses were preformed on

roasted rock powders that were anhydrous. All sample

preparation was preformed by the author and all analyti-

cal runs were preformed by Ruth L. Lightfoot and Dr.

E.M. Taylor, Department of Geology, Oregon State Univer-

sity.



The volcanic rocks in this study have been classi-

f led primarily on the basis of weight percent SiO2as pro-

posed by Taylor (1978). Rocks with S±02 content between

48 and 53 percent are classified as basalts, between 53

and 58 percent as andesites, between 63 and 68 percent

as dacites, and more than 68 percent as rhyodacites.

Rhyolites are defined as those rocks containing greater

than 73 percent SiO2and greater than 4 percent K20.

Previous Work

The Clarno Formation was named by Merriam (1901)

for a series of ashes, tuffs, and lavas exposed between

the overlying John Day Formation and the underlying

Cretaceous beds at numerous localities along the western

side of the John Day Basin. A year later Calkins (1902),

who was a member of Merriam's expedition, published the

first petrographic study of the Clarno Formation.

Merriam (1901) and Calkins (1902) were also responsible

for much of the early work describing the John Day For-

mation in the John Day Basin. Other early work with the

Clarno Formation includes that of Hodge (1942), who

studied much of the geology of north-central Oregon, and

Waters and others (1951) who subdivided the Clarno into

four mappable units and described the mercury mineral-

ization in the Horse Heaven Mining District. More re-

cent work includes that of Oles and Enlows (1971), who



have informally elevated the Clarno Formation to Group

status in the Mitchell area, and Rogers and Novitsky-

Evans (1977) and Rogers and Ragland (1980) who have

studied the geochemistry of the formation and have spec-

ulated on the nature of the continental margin on which

it erupted. Ideas concerning the dynamics of the sub-

duction tectonics responsible for Clarno volcanism have

been recently published by Noblett (1981).

A complete list of all the studies that have dealt

with the flora and fauna preserved in the Clarno Forma-

tion will not be attempted, but some mention of those

studies which concern the geochronology of the formation

will be noted. The first published study of Clarno flora

was that of Knowlton (1902) who assigned an Eocene age to

the formation. Chaney (1935) described upper Eocene

leaves found in the formation and Stirton (1944) found

an early Middle Eocene rhinoceros tooth. Scott (1954)

assigned a Late Eocene age to a collection of Clarno

"Nutbed" flora.

The first potassium-argon dating of Clarno rocks was

completed by Evernden and others (1964) who derived age

dates of 37.5 m.y. and 36.5±0.9 m.y. from two samples of

"uppermost" Clarno. Evernden and James (1964) assigned

a date of 34.0 m.y. to a sample taken from the same 10-

cation as the Clarno "Nutbed" flora of Scott (1954).
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Swanson and Robinson (1968) have dated a rhyolite from

near the top of the Clarno in the Horse Heaven area at

41.0±1.2 m.y. Age dates ranging from 30 m.y. to 46 m.y.

have been obtained by Enlows and Parker (1972) from

Clarno samples found in the Mitchell area. Some specula-

tion on the timing of the Clarno-John Day transition in

the Mitchell area has recently been completed by Taylor

(1981)

The project area is included on a 1:250,000 scale

reconnaissance map by Swanson (1969). No other geologic

work within the project area is known. Numerous unpub-

lished Masters and PhD theses which deal with similar

rocks from nearby locations are available; a few have

been perused extensively. These include Taylor (1960),

Novitsky-Evans (1974), Barnes (1978), Huggins (1978),

Owen (1978), Noblett (1980), and Stroh (1980).

Geologic Setting

The Early to Middle Tertiary volcanics which now

cover much of the project area and the surrounding region

document only a part of the complex geologic history of

this part of Oregon. In order to put the area into a

regional geologic perspective, it is necessary to outline

the sequence of geologic events and processes which pre-

ceded and ultimately culminated in deposition of these

rock assemblages. Much of this review is highly specu-
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lative but it is a necessary and important prelude to a

detailed discussion of the geology exposed in the pro-

ject area.

The project area lies near the southwest corner of

the wedge-shaped Blue Mountains geomorphic province of

north-central and northeastern Oregon (Dicken, 1965).

This mountainous region extends east and northeastward

from the Deschutes Valley through the Ochoco, Strawberry,

Greenhorn, Elkhorn, and Wallowa Mountains (Fig. 2). The

province is bounded to the north by the Deschutes-Uma-

tilla Plateau, to the south by the High Lava Plains, and

to the east by the Idaho Batholith. The major structural

feature of the province is the Blue Mountain anticline.

This broad uplift extends from near the vicinity of the

project area northeastward to the Wallowa Mountains.

The rocks which make up the Blue Mountains can be

divided into two main groups on the basis of their geo-

logic ages and origins (Brooks, 1979). The older of the

two groups ranges from Devonian to Late Jurassic in age

and is made up primarily of rocks which were deposited

in an ancestral Pacific Ocean. The younger group of

rocks are Middle Cretaceous through Cenozoic in age and

consist of sedimentary and volcanic rocks which were de-

posited on top of the older rocks after they had become

part of the continent. The older rocks are best exposed
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Dicken (1965). Diagonal pattern designates
location of project area.
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and most thoroughly studied along the eastern and south-

em boundaries of the Blue Mountain province. Isolated

exposures also occur along the crest of the Blue Mountain

anticline through the center of the province (Walker,

1977). The pre-Cretaceous rocks have been subdivided by

Brooks (1979) into four separate terranes: oceanic crust

terrane, Wallowa-Seven Devils volcanic arc terrane,

Huntington volcanic arc terrane, and forearc basin ter-

rane (Fig. 3). All of these terranes are metamorphosed

to varying degrees and intruded locally by late Mesozoic

granitic plutons. The following descriptions of these

terranes have been synthesized from Brooks and Valuer

(1978), Dickinson and Thayer (1978), Brooks (1979), and

Dickinson (1979a).

OCEANIC CRUST TERRANE. The central part of the pro-

vince contains a mélange belt of dismembered oceanic

crust ophiouite successions and associated supracrustal

sediments and volcanics. These rocks range in age from

Devonian to Middle Triassic. The ophiolite fragments

scattered throughout the terrane consist of predominantly

ultramafics, quartz diorite, and albite granites. The

largest intact body of ophiolite in the province is the

Canyon Mountain Complex located southeast of John Day.

The supracrustal rocks consist of mainly chert, argil-

lite, and tuffaceous argillite with basaltic and kera-
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Figure 3. Pre-Tertiary terranes of the Blue Mountains
province. After:Brooks (1979). Diagonal
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tophyric lava flows and tuff s abundant locally. Small,

scattered limestone bodies which contain both American

and Asian fusulinid faunas occur in separate pods struc-

turally isolated within the melange belt.

WALLOWA-SEVEN DEVILS VOLCANIC ARC TERRANE. Thick

Permian to Late Triassic metavolcanic and volcaniclastic

arc rocks of the Waliowa-Seven Devils terrane crop out

extensively throughout the northeastern part of the pro-

vince. Late Triassic to Early Jurassic sediments depo-

sitionally overlie the arc rocks. The arc assemblage

is composed primarily of basaltic, andesitic, and dacitic

submarine lava flows, flow breccias, and tuff s with in-

terbedded volcaniclastic sediments. The younger sedi-

mentary cover consists of mainly shales, slates, and

shallow water carbonates. The arc substructure, composed

mostly of metamorphosed quartz diorite and gabbro, is

exposed in several places.

HUNTINGTON VOLCANIC ARC TERRANE. The Huntington

volcanic arc terrane is a belt of Upper Triassic meta-

volcanic, volcaniclastic, and marine sedimentary rocks.

These rocks crop out at the southeastern extremity of

the province and are inferred to extend westward beneath

the Cenozoic cover along the southern boundary of the

province. Massive volcanic agglomerate, tuff, and flows

with iriterbedded coarse volcanic breccias and conglom-
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erates are the dominant rock types. Compositions range

from basalt to rhyolite, but most of the volcanics are

andesitic. Granitic intrusive bodies, believed to have

been emplaced in the roots of the arc during the magirtatic

activity that produced the volcanic rocks, are exposed

in several areas.

FOREARC BASIN TERRANE. Lying between the central

oceanic crust terrane and the Huntington arc terrane is

a thick sequence of Late Triassic to Late Jurassic elas-

tic strata. These sediments are believed to have accumu-

lated in a forearc basin environment. Dominant rock

types include sandstone, siltstone, shale, and tuff with

subordinate lava flows and scattered limestone and con-

glomerate beds. Much of the detritus appears to have

been derived from the Huntington volcanic arc and, in

part, from the oceanic crust terrane. In the Snake River

area the forearc basin strata rest unconformably on the

volcanic rocks of the Huntington arc terrane to the

south. To the north, however, the sediments are over-

thrust extensively by the oceanic crust terrane along

the Connor Creek fault. South of John Day less deformed

forearc basin terrane is mainly faulted against and into

oceanic crust terrane but in places rests unconformably

upon the melange.

The origin and tectonic setting of these pre-
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Cretaceous rocks is incompletely understood and the sub-

ject of much current debate. Some general observations,

however, are beginning to emerge. It seems widely

accepted that the Huntington arc, forearc basin terrane,

and oceanic crust terrane are spatially and temporally

consistant with a single, eastward subducting, arc-f ore-

arc sequence (Dickinson, 1979a; Ave Lallement and others,

1980). The wide age range and disparate origin of faunal

elements within the dismembered oceanic crust terrane

indicates that tectonic juxtaposition of widely separate

stratal components has occurred (Brooks, 1979; Dickinson,

1979a). Generally, the entire sequence is viewed as

allochthonous, having accreted onto the continental mar-

gin between the Late Triassic and Late Jurassic (Brooks

and Valuer, 1978; Brooks, 1979; Dickinson, 1979a; Ave

Lallement and others 1980; Hilihouse and others, 1982).

The suture between the exotic terranes and the continen-

tal plate is now obscured by the Idaho Batholith and Ter-

tiary volcanics (Ave Lallement and others, 1980).

The Wallowa-Seven Devils volcanic arc terrane poses

additional questions, especially in regard to its rela-

tion to the Huntington volcanic arc and the other pre-

Cretaceous terranes of the Blue Mountains. The Wallowa-

Seven Devils arc is widely viewed as allochthonous and

is often associated with the Wrangellia teri-anes of
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western Canada and Alaska (Jones and others, 1977;

Dickinson and Thayer, 1978; Brooks, 1979; Dickinson,

1979a; Hilihouse and others, 1982). Paleomagnetic data

has been used by Hilihouse and others (1982) to suggest

that both the Wallowa-Seven Devils and Huntington arcs

are fragments of Wrangellia. However, Sarawitz (1983)

points out stratigraphic, petrologic, and geochemical

differences between the two arcs and the Wrangellia ter-

ranes. Sarawitz (1983) still correlates the two arcs

and suggests that the entire Blue Mountains pre-Creta-

ceous collage can be viewed as a single destructive plate

margin. Dickinson (1979a) views the two arcs as separate

volcanic terranes. He suggests that evolution of the

Huntington arc - oceanic crust - forearc basin sequence

was effectively terminated by deformation related to the

collision of the Wallowa-Seven Devils terrane into the

arc-forearc sequence during the late Jurassic.

The intrusion of the Late Mesozoic plutons apparent-

ly took place both during and after accretion of the

aforementioned arc-forearc terranes (Brooks and Valuer,

1978). Paleomagnetic information derived from these plu-

tons by Wilson and Cox (1980) indicates that the pre-

Cretaceous terranes have rotated clockwise 60°±29° relative

to the stable craton since their suturing to the conti-

nent. Most of this rotation apparently took place during
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the Cretaceous and Paleocene because paleomagnetic stud-

ies of the Clarno Formation indicate no significant

clockwise rotation has occurred in the Blue Mountains

since the Late Eocene (Beck and others, 1978).

The next event recorded in the geologic record of

the Blue Mountains is the deposition of Middle Cretaceous

sedimentary rocks (Fig.3). These rocks are best exposed

and most thoroughly studied (Wilkinson and Oles, 1968;

Oles and Enlows, 1971) in the Mitchell area where they

have been divided into the Hudspeth and Gable Creek For-

mations. Oles and Enlows (1971) describe the Hudspeth

Formation as consisting of marine mudstone with subordi-

nate siltstone and sandstone. The Gable Creek Formation,

on the other hand, consists of conglomerates and sand-

stones. The two Middle Cretaceous formations intertongue

intricately and have an aggregate thickness in excess of

2700 meters. They rest with profound angular unconform-

ity on Permian age metasediments. Oles and Enlows (1971)

describe the depositional environment as a large, shel-

tered, shallow marine embayment into which major rivers

poured huge volumes of clastic debris. The strongly

rising source areas were probably to the north and east.

The sediments contain some erosional debris from the

oceanic crust and forearc basin terranes and from Meso-

zoic plutons and are therefore believed to have been de-
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posited after the older terranes became attached to the

continent (Brooks, 1979). Following deposition of these

Middle Cretaceous sediments, the region was subjected to

epeirogenic uplift which resulted in the formation of

a thick regolith before deposition of the Clarno Forma-

tiori (Oles and Enlows, 1971).

Deposition of the Clarno Formation is the oldest

geologic event recorded in the project area. It is also

the most extensive rock assemblage exposed in the project

area. The Clarno Formation has been deposited with an-

gular unconformity directly on the pre-Cretaceous ter-

ranes or the Middle Cretaceous sediments throughout ex-

tensive areas of the Blue Mountains (Walker, 1977).

Precisely what underlies the Clarno Formation in the

project area is open to speculation. Ultimately, the

basement is probably composed of pre-Cretaceous al-

lochthonous strata, but whether the Middle Cretaceous

sediments intervene is unknown. Exactly when the Clarno

Formation first began accumulating on the older terranes

in this part of Oregon is another question open to spëcu-

lation. Enlows and Parker (1972) have dated the oldest

Clarno rocks in the Mitchell area at around 46 m.y. How-

ever, Noblett (1980 and 1981) cites unpublished data as

indicating that the oldest Clarno rocks may actually be

about 50 m.y. old.
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From the beginning of modern plate tectonic theory,

the origin of the Clarno Formation has generally been

attributed to volcanism above a subducted slab of Pacific

Ocean crust as North America moved westward in Early Ter-

tiary time (Atwater, 1970; Lipman and others, 1972).

Rogers and Novitsky-Evans (1976) have further character-

ized the nature of Clarno volcanism primarily through a

study of the overall geochemical trends of the entire

formation. They have shown that Clarno flow rocks show

typical calc-alkaline patterns on a Harker variation

diagram, K20-Si02 diagram, alkali-Si02 diagram, and AFM

diagram. In these respects, the Clarno is typical of

many calc-alkaline suites characteristic of subduction

zone activity throughout the circum-Pacif Ic area. How-

ever, the Clarno Formation displays a pattern transition-

al between typical calc-alkaline and tholeiitic suites on

a Si02Fe0*/Mg0 diagram. This transitional nature is

thought to reflect the intermediate character of a single

suite rather than the mixing of separate suites primar-

ily because the Clarno Formation appears to lack any con-

sistent, recognizable variations in rock chemistry with

stratigraphic position. The Clarno Formation also dif-

fers from other typical caic-alkaline suites in having

pyroxene rather than amphibole as the typical mafic

phenocryst. When compared directly with other circum-
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Pacific cab-alkaline suites on a K20-Si02 diagram, the

Clarno Formation is found to plot in an intermediate po-

sition between typical island arc and continental margin

suites. Rogers and Novitsky-Evans (1976) have concluded

from these findings that the Clarno Formation formed on

thin (20-30 kilometer) continental crust that was perhaps

more maf Ic than the typical crust of modern continental

interiors. Deposition took place subaerially, probably

very near to the continental margin overlying a subduc-

tion zone of about 120 kilometers depth.

The original extent of the Clarno Formation is un-

known (Fig.4). Possible outcrops to the north have been

covered by the Miocene Columbia River Basalts and to the

south the Clarno is covered by the predominately Pliocene

and Pleistocene volcanics of the High Lava Plains

(Walker, 1977; Baldwin, 1981). The Clarno Formation is

frequently correlated with the calc-alkaline Challis and

Absaroka volcanics of Idaho, western Montana, and north-

west Wyoming (Lipman and others, 1972; Snyder and others,

1976; Armstrong,1978; Dickinson, 1979b). In this re-

spect, the Clarno Formation appears to be but a small

part of an intense, widespread flareup of volcanic ac-

tivity which swept across the Pacific Northwest during

the Eocene. There are problems, however, in reconciling

a 1000-kilometer-wide caic-ajicaline arc with a single
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Figure 4. The distribution of Clarno Formation
volcanism. Modified from Walker (1977).
Diagonal pattern designates location
of project area.
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Eocene subduction zone somewhere in western Oregon.

Currently, no active subduction-related orogenic and-

sitic volcanism is known to occur at a distance greater

than 500 kilometers from a boundary where two plates now

converge (Gill, 1981). Those who have attempted to ex-

plain the past occurrences of anomalously wide calc-alka-

line volcanic arcs generally rely on some complex geom-

etry of subducted slabs in the mantle beneath the region

(Lipman and others, 1972; Snyder and others, 1976;

Lipman, 1980). The reconciliation of this problem is

far beyond the scope of this project, but it is an im-

portant and interesting aspect of Clarno volcanism.

Armstrong (1978) offersperhaps the best assessment of

this problem:

"I do not even have a speculative plate model
to offer in explanation of the earlier Ceno-
zoic volcanic patterns and am skeptical
of all models that have been offered. There
is still something missing--a lack of criti-
cal data or inadequate or false conceptions
prevent the reconciliation of observed his-
tory with actualistic plate models...The
challenge of more work and thinking remains."

Toward the end of the Eocene, volcanic activity

over most of the Pacific Northwest declined drastically

as the locus of igneous activity shifted southward into

Nevada and Utah and concentrated into the Cascade region

(Armstrong, 1978). This shift in volcanic activity cor-
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responds to the change from Clarno to John Day volcanism

in central Oregon. There are questions, however, as to

exactly when deposition of the Clarno Formation ceased

and deposition of the John Day Formation began. Pub-

lished dates (Evernden and others, 1964; Evernden and

James, 1964; Swanson and Robinson, 1968; Enlows and

Parker, 1972) from the uppermost Clarno and lowermost

John Day overlap and suggest simultaneous deposition of

the two formations during early Oligocene time in central

Oregon. Taylor (1981) has addressed this problem and has

come up with a different conclusion. He has argued that

the K-Ar date of 36.4 m.y. obtained from the base of the

John Day (Swanson and Robinson, 1968) is reliable, but

younge age determinations from the Clarno obtained by

Evernden and James (1964), and Enlows and Parker (1972)

are inaccurate. His conclusion is that deposition of

the Clarno Formation ceased and was rapidly followed by

deposition of the John Day Formation approximately 36

million years ago.

The John Day Formation, as described by Robinson

and Brem (1981), consists of essentially three major

lithologies, each derived from a different source. The

air-fall tuffs and tuffaceous claystones, primarily of

andesitic to dacitic composition, which cover significant

parts of central Oregon were probably derived from vol-
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canos exposed in the Western Cascades or buried beneath

the High Cascades. This ash-fall material from these

volcanos represents the earliest documented volcanic ac-

tivity along the Cascade trend. Simultaneously, inter-

bedded rhyolitic ash-flow tuff s, lava flows, and domes

were erupted from vents located between the Cascade Range

and the Blue Mountains. The third major lithology found

in the John Day Formation consists of alkali-olivine ba-

salt and trachy-andesite flows of local origin scattered

throughout the John Day Basin.

It is apparent that the dominant regional structural

patterns of the Blue Mountains were already forming prior

to deposition of the John Day Formation and that a period

of deformation began during John Day time and continued

into post-John Day time. Angular unconformities within

the Clarno Formation indicate that northwest directed

compression was active during the Eocene (Taylor, 1977).

Fisher (1967) presents evidence that topographic highs

coincident with present day highs existed prior to depo-

sition of the John Day Formation. Significant uplift

along the Blue Mountain anticline, however, occurred dur-

ing deposition of the John Day Formation (Taylor, 1981;

Robyn and Hoover, 1982). This conclusion is based pri-

marily on the observation that the lower ash-flow tuff at

the base of the John Day Formation (Peck, 1964; Swanson
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and Robinson, 1968) is exposed on both flanks and on top

of the anticline (Robinson, 1975), but younger ash-flow

tuffs are confined to areas west of the anticlinal axis

(Swanson and Robinson, 1968). Northwest directed com-

pression is indicated for this uplift as well (Robyn and

Hoover, 1982). Continued deformation along previously

established structural trends during post-John Day time

is indicated by warping of the Miocene Columbia River

Basalts (Rogers, 1966; Fisher, 1967; Robyn and Hoover,

1982).

The geologic setting of the project area is now

essentially complete. There are, of course, younger geo-

logic events recorded in the Blue Mountains (Baldwin,

1981) including deposition of the Niocene Columbia River

Basalt Group and Mascall Formation and the Pliocene

Rattlesnake and Deschutes Formations (Fig. 5). However,

except for a small amount of possibly Pliocene basalt,

these events are not recorded in the project area and

were probably insignificant in terms of its geologic

development.
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AGE FORMATION LITHOLOGY MAX. TH.

QUATERNARY PLEISTOCENE QUATERNARY DEPOSITS
L e, f1

Basalt and tuffaceous
DESCHTJTES FM.

PLIOCENE 450

Ignimbrite; sands nndRATTLESNAKE FM.
gravels.

gravels andMASCALLFM.

MIOCENE BASALT

Basalt flows. 1500 a
PICTURE

TERTIARY
BASALT

LOWER FIuvjal and lacustrine
MIOCENE tuffs, rhyolitic

TO JOHN DAY FM. ignimbrite, local 1100 a
LOWER divine basalt flows

OLIGOCENE and claystone.

LOWER Flows of andesite,

OLIGOCENE basalt, and rhyolite

TO CLARNO GROUP with tuffs, intercalated

MIDDLE lake beds, agglomerates, 2000 a

EOCENE mudilows, and volcani-
clastic sediments.

Intertonguing marine
ALBIAN GABLE and fluvjal deltaic

CRETACEOYS TO CREEK sandstone, rnudstone, 2700 m
CENOMANIAN FM

FM. siltstone, and
conglomerate.

Glaucophane-lawsoni te
PERNIAN -- METASEDIMENTS schjst, phyllite, and

marble.

Figure 5. Generalized stratigraphic column for north-
central Oregon. Modified from Rogers and
Novitsky-Evans (1977).
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DESCRIPTION OF ROCK UNITS STUDIED

Introduction

The rock types observed in the Clarno Formation in

this area are identical to those reported by other work-

ers in nearby areas. The criteria for subdividing the

Clarno Formation was based on what reasonably could be

achieved given the quality of rock exposures in the area,

the accessibility problems, and the time limits involved.

Decisions were also based on whether the choice of an

additional map unit would aid in deciphering the geologic

history of the region.

The Clarno Formation has been subdivided into two

main mappable units in this area: a lower member arid an

upper member. This division is based on the occurrence

of a thick, extensive saprolite between the two members.

The upper member has been further subdivided by separate-

ly mapping hornblende-bearing dacites and rocks of rhyo-

dacitic composition. Clarno intrusive rocks have been

mapped separately and divided into two different litho-

logic types. These include hornblende-bearing dacites

and intrusive bodies of mafic composition. Numerous

difficulties were met in trying to further subdivide the

Clarno Formation. These problems center primarily on the

difficulties in recognizing subtle lithologic changes in



the field and in the tendency for exposures of individual

rock types to be localized and patchy In nature. The

lack of good exposures in many forested areas also pre-

vents any meaningful subdivision.

In addition to the Clarno Formation, the project

area also contains outcrops of John Day Formation, two

units of undetermined age, and various Quaternary depo-

sits. The John Day Formation has been subdivided into

two mappable units including a welded ash-flow tuff and

exposures of tuffaceous claystones. The rocks of unde-

termined age include an olivine basalt and a unit of

welded ash-flow tuffs exposed near the northern boundary

of the project area. The Quaternary units include stream

alluvium, talus deposits, and a unit comprising slope

wash and alluvial fan deposits.

Clarno Formation

Lower Member. This stratigraphi.cally lowest unit

of the Clarno Formation is best exposed in the north-

central part of the project area, especially in the can-

yons of Bogue Creek and Fall Creek (Plate 1). Areas on

the north side of Hensley Butte may also be underlain by

lower member rocks, but mapping there is hindered by

thick forest cover. The maximum thickness of this unit,

exposed in Bogue Creek canyon, is approximately 200
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meters. Although this unit represents the oldest Clarno

rocks exposed in the project area, there is no reason to

assume that they represent the base of the Clarno Forma-

tion in this Dart of the Ochoco Mountains.

All exposures of lower member rocks represent either

volcanic domes or their associated flows. Outcrops are

typically massive, deeply weathered, and covered by

coarse, grus-like soils (Fig. 6). The thinnest indi-

vidual flows recognized are about 2 meters thick and a

few may exceed 30 meters in thickness. However, the re-

cognition of individual flows is extremely difficult be-

cause of the extensive weathering of the outcrops. Lay-

ering is well developed on outcrops in the Bogue Creek

canyon area (Fig. 7). The layering is defined by bands

of coarsely crystalline material, averaging about 3.5

centimeters thick, alternating with thin bands of aphan-

itic material. The lithology of these rocks and the

characteristic layering of the outcrops never changes

throughout the 200 meters of vertical exposure in this

canyon. Individual flows have not been recognized.

These observations suggest that these outcrops are part

of a large dome complex that. has been dissected by Bogue

Creek.

All samples from outcrops of the lower member are

porphyritic and very coarse grained. Phenocrysts gen-
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Figure 6. Photograph of massive, deeply weathered
lower member flows. (SW¼, SW¼, Sec. 34, T.13S.,
R. 16E.)
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Figure 7. Photograph of a layered lower member
outcrop. (SE, SE, Sec. 35, T.12S., R.16E.)
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erally make up between 30 and 40 percent of the rock,

and the largest plagioclase crystals occasionally exceed

1 centimeter in length. Colors on fresh surfaces are

usually dark gray (N3) or yellowish gray (5Y7/2), and

weathered surfaces are often a light olive gray (5Y5/2).

Joint surfaces are often stained dusty red (5R3/4) as

are some of the large plagioclase phenocrysts.

Large tabular plagioclase crystals are the most

easily recognized phenocrysts in hand samples. Blocky

pyroxene phenocrysts and small, rounded magnetite crys-

tals are also indentifiable. Samples obtained from out-

crops on the Bogue Creek area contain rounded quartz

crystals and elongate black hornblende phenocrysts as

well.

The lower member rocks range in composition from

andesite to rhyodacite based on their weight percent

silica as obtained by chemical analysis (Appendix A).

All of the samples examined in thin section can be divi-

ded into two basic catagories on the basis of mineral-

ogical and textural distinctions: andesites (although

chemically some samples may be classified as low-silica

dacites) and rhyodacites. The andesites that were ex-

amined in thin section contained phenocrysts of plaglo-

clase, pyroxene, quartz, and magnetite. Occasionally

they contain patches of very fine-grained iron oxides
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which may retain vague crystal outlines suggesting re-

placed hornblende phenocrysts. The rhyodacitic samples

contain these same phenocrystic phases but with less

pyroxene, more quartz, an abundance of clearly identifi-

able hornblende, and rare biotite crystals. Volumetric

modal analyses of the phenocrystic phases present in

selected lower member samples is shown in Table 1.

Plagioclase is the most abundant phenocryst in all

samples from the lower member. These phenocrysts make up

between 13 and 26.5 volume percent of those rocks exam-

ined in thin section. The crystals occur as euhedral to

subhedral tablets and may be up to 9 millimeters in

length. Occasionally the plagioclase grains have rounded

corners, presumably due to late stage resorption. Well-

developed albite twinning is ubiquitous, and occasionally

Carlsbad or pericline twins are also observed. Composi-

tionally the plagioclase is andesine with anorthite con-

tents usually ranging between 40 and 49 percent. How-

ever, this is only an estimate of the average anorthite

content in an individual crystal since most of the pla-

gioclase phenocrysts are compositionally zoned.

Compositional zoning in the plagioclase phenocrysts

is both normal and oscillatory (Fig. 8). The composi-

tional oscillations in a single plagioclase crystal are

often multiple, abrupt, and complex. The overall zoning
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Table 1. Volumetric modes of phenocryst phases of
selected lower member samples, Clarno
Formation.

Sample 185 23-5 8-3 184

Plagioclase 17.4% 13.0% 20.8% 18.1%

Clinopyroxene 6.9% 9.4% 6.6% 3.9%

Orthopyroxene 4.6% 3.0% 3.8% 0.7%

Hornblende -- -- -- 4.1%

Quartz 1.7% 0.9% 1.7% 3.6%

Magnetite tr. 0.2% 0.2% 0.2%

(tr.= less than .2%)

Sample Locations:

185 Porphyritic quartz-bearing andesite: elevation
3,840 ft., SW¼, NW%, Sec. 3, T.13S., R.16E.

23-5 Porphyritic quartz-bearing andesite: elevation
3,640 ft., SW¼, NE¼, Sec. 3, T.13S., R.16E.

8-3 Porphyritic quartz-bearing dacite: elevation
4,120 ft., NE, SW, Sec. 34, T.12S., R.16E.

184 Porphyritic hornblende-bearing rhyodacite:
elevation 4,400 ft., SE¼, SW, Sec. 33, T.12S.,
R. 16E.
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Table 1. Continued.

Sample 8-i 129 184a

Plagioclase 24.1% 21.9% 26.5%

Clmnopyroxene 1.7% 3.0% 0.9%

Orthopyroxene 1.8% 2.6% 0.5%

Hornblende 5.5% -- 3.5%

Quartz 4.6% tr. 2.6%

Magnetite 0.4% 0.3% tr.

(tr.= less than .2%)

Sample Locations:

8-1 Porphyritic hornblende-bearing rhyodacite:
elevation 4,000 ft., SW, SW4, Sec. 34, T.12S.,
R. 16E.

129 Porphyritic quartz-bearing andesite: elevation
4,400 ft., NW¼, SW, Sec. 36, T.12S.., R.16E.

184a Porphyritic hornblende-bearing rhyodacite:
elevation 4,000 ft., SE, SW, Sec. 33, T.12S.,
R. 16E.
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trend, however, is normal. The origin of oscillatory

zoning is generally attributed to either sudden and wide-

spread changes in the rnagmatic environment or to the ki-

netics of crystal precipitation. Kinetic growth models

are usually variations on the original diffusion-super-

saturation model of Harloff (1927). These theories con-

tend that periodic and delicate oscillatory zoning re-

suits from diffusion-rate controlled compositional gradi-

ents at the crystal-liquid interface (Vance, 1962;

Bottinga and others, 1966; Sibley and others, 1976).

This may help explain subtle periodic variations in com-

position, but it appears that some alteration in the mag-

matic environment must be inferred to account for the

sudden drastic changes in chemistry that are frequently

observed.

Abrupt fluctuations in temperature, load pressure,

or vapor pressure are capable of producing compositional

zones in plagioclase (Sibley and others, 1976; Lofgren,

1980; Gill, 1981; Hughes, 1982). Turner and Verhoogen

(1960) contend that melting temperatures within the al-

bite anorthite system are greatly influenced by vapor

pressures and that fluctuations in vapor pressure may be

particularly effective in causing abrupt compositional

changes. It has been shown experimentally by Lofgren

(1974) that rapid temperature variations can produce



compositonal zones in plagioclase. Lofgren (1974)

states that rapid pressure changes would most likely be

responsible for the sudden temperature fluctuations.

These pressure changes are probably produced by rapid

movement of magma up a volcanic feeder vent or by erup-

tion. It is concluded that the abrupt compositional

changes observed in these plagioclase phenocrysts are re-

cording sudden changes in the magmatic environment prob-

ably related to the movement of magma in the crust or the

venting of magma at the surface.

Occasionally the large plagioclase phenocrysts are

riddled with inclusions, often zonally arranged (Fig.9).

The phenocrysts may show an undisturbed core with a man-

tle of inclusion-bearing material, or more frequently,

they display inclusion-riddled cores mantled by fresh

feldspar. The inclusions are usually minute blebs of

brown glass, but tiny magnetite or pyroxene grains may

also be included. Occasionally the included material

has been altered to srriectite.

Explanations of the zonal inclusions vary. They may

result from the selected resorption of zones of specific

anorthite content due to a change in the rnagmatic envi-

ronment (Vance, 1965 MacDonald and Katsura, 1965). The

included material represents relict melt which later

crystallized in the void spaces. The inclusions may also
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be primary growth features. Bottinga and others (1966)

have observed the enrichment of Mg and Fe in the inter-

face between plagioclase phenocrysts and glassy matrix

material in oceanic basalts. The precipitation of minute

mafic minerals may result from this buildup of Mg and Fe

in the boundary layer during plagioclase growth. Lofgren

(1974), from experiments with synthetically grown plagio-

clase crystals, has reported that occasionally plagio-

clase crystals will grow inward as well as outward from

a skeletal framework. Hollow cored crystals as well as

glass inclusions entrapped by the inward growth have been

observed. Compositional zoning reflecting this type of

growth, however, has not been observed in any of the

plagioclase crystals examined in this study.

Thin sections which contain inclusion-riddled pla-

gioclase sometimes contain fresh undisturbed plagioclase

pheriocrysts as well. The presence of both types of

phenocrysts in one rock suggests different generations of

plagioclase. Kuno (1950) has described similar appearing

plagioclase phenocrysts from volcanic rocks of the Hakone

volcano, Japan. He has suggested that the inclusion-

riddled plagioclase in these rocks either originated in

another part of the magma which differed in composition

or represents detached crystals from inclusions of cog-

nate origin.
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Both clinopyroxene and orthopyroxene phenocrysts

were found in every thin section examined from the lower

member. On the basis of optic sign determination and 2V

estimation, it is believed that the clinopyroxene is aug-

ite and the orthopyroxene is hypersthene. The pyroxene

phenocrysts average about 10 percent by volume of the

andesites and about 3 percent by volume of the rhyoda-

cites. Their relative abundance varies considerably, but

generally augite is roughly twice as abundant as hyper-

sthene. The crystals occur as euhedral to subhedral

prisms and may be up to 5 millimeters in length. Occa-

sionally they show the effects of partial resorption.

Sometimes twinning is observed in the augite phenocrysts.

Both hypersthene and augite may occur as individual

phenocrysts, but frequently they are concentrated in

crystal clots or aggregates along with varying amounts

of plagioclase and magnetite (Figs. 10 and 11). Gener-

ally, glomeroporphyritic textures are believed to result

from simple random accumulation of phenocrysts (Hyndman,

1972; Williams and others, 1982). Alternatively, Stewart

(1975) has proposed that these particular clots represent

the breakdown products of early crystallized paragasitic

hornblende that has become unstable as the magma entered

the low pressure environment of the upper crust. If

these crystal clots can be attributed to such a process,
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Figure 10. Photomicrograph showing glomeroporphyritic
texture in a lower member andesite. Minerals include
plagioclase, hypersthene. augite, and magnetite.
Plane polarized light; field width is approximately
4 mm. (Sample 129 from NW¼, SW, Sec. 36, T.12S.,
R. 16E.)

Figure 11. Same as Figure 10 above but with cross
polarized light.
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then their occurrence would help support the idea that

many andesites are derived through the early fractiona-

tion of low silica amphiboles from basaltic parent magmas

(Cawthorn and O'Hara, 1976). However, the conclusions

of Stewart (1975) have been questioned by Gill (1981) who

has shown that some characteristics of the clots are not

compatible with the breakdown hypothesis. For instance,

the minerals and their proportions in the clots are vari-

able and do not always sum to hornblende. Also, the clot

minerals are too similar in kind and composition to the

individual phenocrysts, and the plagioclase in the clots

is often oscillatorily zoned. Still, the idea of random

accumulation does not explain why there is usually rough-

ly twice as much pyroxene and half as much plagioclase

concentrated in the clots relative to their modal per-

centages as individual phenocrysts in the remainder of

the rock.

Quartz phenocrysts have been observed in nearly

every thin section examined from the lower member. The

quartz phenocrysts usually make up less than 1.7 percent

by volume of the andesites but may constitute up to 4.6

percent by volume of the rhyodacites. The crystals aver-

age about 1.5 millimeters in diameter and are always

partly resorbed (Fig. 12). Occasionally they will show

reaction rims consisting of tiny pyroxene and magnetite
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Figure 12. Photornicrograph showing a partly resorbed
quartz phenocryst in a lower member andesite. Note
intergrown quartz and feldspar needle groundmass
especially well developed around margins of quartz
phenocryst. Cross polarized light; field width
is approximately 4 mm. (Sample 185 from SW¼, NW¼,
Sec. 3, T.13S., R.16E.)
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granules, but this is rare and occurs only in some of the

andesites.

Various theories have been suggested to account for

the occurrence of resorbed quartz phenocrysts in volcanic

rocks. Some workers have suggested that quartz crystals

in volcanic rocks represent unmelted xenocrystic remnants

included in magmas derived from anatectic melts (Moore-

house, 1959; Rittman, 1962; Steiner, 1963). Others be-

lieve that quartz has a cognate origin and the resorption

is attributed to a subsequent non-equilibrium reaction

with the melt due to a drop in vapor pressure (Ewart,

1965) or a decrease in load pressure (Green and Ringwood,

1965; Nicholls and others, 1971). Hughes (1982) has

suggested that quartz phenocrysts may not be resorbed at

all but that the embayed nature may simply be the reflec-

tion of an innate tendency of growing quartz crystals to

fail to develop euhedral faces during growth, particular-

ly in the region where the two sets of pyramid faces

join. The nearly uniform size of the quartz crystals and

their even distribution in many lower member samples sug-

gests that their origin is not a random process. A cog-

nate origin for these phenocrysts seems most tenable in

this case.

Hornblende phenocrysts have been identified in all

rhyodacitic samples from the lower member. The crystals



occur as euhedral tablets up to 8 millimeters in length

and usually constitute between 3.5 and 5.5 percent by

volume of the rhyodacites. The hornblende may be partly

or wholly replaced by fine-grained iron oxides (Fig.13)

but when fresh is always common green hornblende. Fine-

grained patches of iron oxide have been observed in some

of the andesitic rocks as well. Occasionally these

patches will appear psuedomorphic after hornblende, but

usually they are too irregular to confidently conclude

this.

The presence of hornblende phenocrysts in volcanic

rocks indicates that they evolved from a relatively

water-rich magma (Hughes, 1982). The occurrence of trace

amounts of biotite in the rhyodacites supports this con-

clusion. Gill (1981) states that the nucleation of horn-

blende is a late stage phenomenon resulting from in-

creased water pressure accompanying prolonged crystalli-

zation. The replacement of hornblende by iron oxides has

been attributed by Hughes (1982) to a loss of volatiles

from the magma during extrusion. Gill (1981) suggests

that replacement may be due to a reduction of PH2O or

an increase in temperature or both, either within the

magma reservoir or during eruption.

The andesites and rhyodacites differ consistently in

their groundmass characteristics, perhaps more so than
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in any other characteristic observable in thin section.

The groundmass of the typical andesitic sample usually

consists of plagioclase microlites, equant pyroxene crys-

tals, and magnetite crystallites set in a matrix of in-

tergrown quartz and alkali feldspar fibers arranged in

feathery aggregates (Fig. 12). Fresh brown glass was

found in the groundmass of only one of the andesitic

samples examined. The most abundant constituent of most

samples is the clusters of intergrown quartz (probably

tridymite or cristobalite) and alkali feldspar fibers.

The origin of this material has been discussed by

Williams and others (1982) who state that it is a product

of the devitrification of a hot glass of appropriate com-

position that has irndercooled substantially below the

liquidus temperature for feldspar. Plagioclase micro-

lites may constitute up to 40 percent by volume of a

groundmass. Determination of their anorthite content is

very difficult but when successfully accomplished the

compositions were found to be andesine. Occasionally the

microlites will bestow a pilotaxitic texture to a rock

but usually only in the vicinity of the larger pheno-

crysts. The pyroxeñe crystals generally make up less

than 5 percent by volume of a groundmass. Both hyper-

sthene and augite have been detected although the crys-

tals are often too small to be positively identified.



The rhyodacitic samples rarely have abundant plagio-

clase rnicrolites, pyroxene crystals, or magnetite crys-

tallites in their groundmasses. Instead, the ground-

masses of these rocks usually consists of felsitic in-

tergrowths of quartz and alkali feldspar (Fig. 13) or

spherulites (Fig. 14) or both. The spherulites are a

common product of the devitrification of glassy rocks

during the cooling process (Lofgren, 1971a; Hughes,

1982). A complex theory that relates spherulite develop-

ment to a specific ratio of crystal growth rates and im-

purity diffusion rates has been developed by Keith and

Padden (1963). This theory has recieved experimental

support from Lofgren (1971b) who has added that, in gen-

eral, spherulitic textures probably result from growth

conditions typified by more water, slower cooling rates,

and higher temperatures than crystallization conditions

resulting in primarily glassy rocks.

Considerably more speculation centers on the origin

of the felsitic textures. This equigranular intergrowth

of quartz and alkali feldspar has been attributed by

Williams and others (1982) to crystallization at tempera-

tures near the liquidus of feldspar. They believe this

would be most characteristic of rock in shallow intru-

sions, especially in the groundmasses of acid intrusive

porphyries. Lofgren (1971b) states that such a texture
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Figure 14. Photomicrograph showing spherulitic
texture developed in a lower member rhyodacite.
Note fresh hornblende crystal (top center) and quartz
phenocryst (right). Cross polarized light; field
wide is approximately 4 mm. (Sample 8-1 from SW¼,
SW, Sec. 34, T.12S., R.16E.)
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could result from dev±trjfjcatjori processes. The process

would probably require very slow cooling rates, high

temperatures, and water near saturation for the glass.

Hughes (1982) also suggests that the texture results from

a devitrificaton process but very slowly, over long peri-

ods of geologic time from already cooled glasses.

Upper Member. As previously mentioned, the division

of the Clarno Formation into a lower member and an upper

member is based on the occurrence of a thick, extensive

saprolite found between the two units. This saprolite

is composed of red clays and represents an ancient soil

horizon developed on the lower member rocks prior to ex-

trusion of the upper member lavas (Fig. 15). Patchy,

locallized saprolites are common throughout the Clarno

Formation, but the thickness (2-7 meters) and continuity

of this ancient soil horizon suggests an extensive and

prolonged hiatus in volcanic activity in this area during

Clarno times. Extensive saprolites within the Clarno

Formation have also been recognized in the Mitchell area

(Oles and Enlows, 1971), in the Horse Heaven area (Waters

and others, 1951; Swanson and Robinson, 1968; Noblett,

1980), and in the Antelope area (Peck, 1964). In these

areas an angular unconformity has been described between

the rocks above and below the saprolite. In this area,

however, no angular discordance can be clearly identi-
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Figure 15. Photograph showing the red saprolite
separating the lower and upper members of the Clarno
Formation. Lower member lavas in foreground, upper
member outcrop in upper right corner on ridge crest.
(NW, SW¼, Sec. 34, T.12S., R.16E.)
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fled. The extent of this saprolite beyond the project

area is unknown; therefore, any correlation between this

and the other extensive saprolites described within the

Clarno Formation remains obscure.

The upper member of the Clarno Formation is the most

extensive unit mapped in the project area (Plate 1). It

covers approximately 75 percent of the quadrangle and

attains a maximum thickness estimated at between 700 and

1,000 meters. The upper member is overlain by welded

ash-flow tuffs and tuffaceous claystones of the John Day

Formation in the southwest corner of the project area,

and by olivine basalts and welded ash-flow tuffs of tin-

known age in the northern portion of the quadrangle.

The upper member is composed primarily of volcanic

flows and domes with a few intervening mudf low or vol-

canic breccia deposits. Individual flows vary in thick-

ness from less than one meter to over 30 meters. Occa-

sionally an individual flow will form a prominent cuesta

(Fig. 16). The thickest flows appear to fill gullies de-

veloped in the underlying rock (Fig. 17). These flows

may display vertical columnar jointing which has since

been accentuated by weathering. Basal or upper flow

breccias and vesicular flow tops are occasionally pre-

served. Platy jointing is ubiquitous in outcrops of up-

per member flow rocks (Fig. 18).
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Figure 16. Photograph of a prominent questa formed
by a single upper member lava flow. (Little Table
Mountain, SE, SW, Sec. 24, T.13S., R.16E.)



I

Figure 17. Photograph of a thick, gully-filling
upper member lava flow. (NW, NE, Sec. 23, T.13S.,
R. 16E.)



Figure 18. Photograph showing platy jointing in
talus from an upper member lava flow. (NE¼, NE¼,
sec. 2, T.13S., R.16E.)
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Plates vary from about 1 to over 5 centimeters thick

and are usually slightly curved. The jointing roughly

parallels the flow surface in the thinner flows but is

more randomly oriented in the thicker flows. Gill (1981)

attributes the development of platy jointing to flow lam-

inations derived from shear failure of the lavas during

movement.

The upper member rocks are generally finer grained

and less porphyritic than samples of lower member lavas.

However, some of the coarser grained and more highly

porphyritic upper member samples appear nearly identical

to the lower member andesites. Phenocryst contents usu-

ally range between 10 and 30 percent, but totally non-

porphyritic samples are not uncommon. Colors on fresh

surfaces are commonly dark gray (N3) to olive gray

(5Y3/2). Weathered surfaces are usually light olive gray

(5Y6/1) and joint surfaces may be stained dusky red

(5R3/4). Tabular-shaped plagioclase crystals are the

most common phenocrysts identified in the porphyritic

rocks. Pyroxene phenocrysts may also be recognized and

occasionally hornblende or olivine crystals can be iden-

tified. The mineralogy of the fine-grained nonporphyri-

tic samples is virtually indistinguishable in hand sam-

ple.

The upper member rocks range in composition from



basalt to basaltic andesite to andesite. Of the five re-

presentative samples chosen for whole rock chemical an-

alysis, four were found to be andesites and one was de-

termined to be a basaltic andesite (Appendix A). The one

basaltic sample that was found was not chemically an-

alysed but has been classified as such on the basis of

its mineralogy.

Most of the porphyritic rocks from the upper member

that were examined in thin section were found to be very

similar mineralogically to the lower member andesites

(Fig. 19). The phenocrystic phases which are usually

present include plagioclase, pyroxene, magnetite, and

occasionally quartz or hornblende. A volumetric modal

analysis of the phenocrystic phases present in the por-

phyritic upper member samples is shown in Table 2. The

major differences between upper and lower member ande-

sites are primarily textural and in the nature of the

groundmass material.

Plagioclase was found to be the most abundant pheno--

cryst in the porphyritic andesites of the upper member as

it was in the lower member andesites. Again, the pla-

gioclase was sometimes partly resorbed, showed typical

oscillatory zoning, and occasionally contained zoned in-

clusions. Albite twinning is ubiquitous and both Carls-

bad and pericline twinning may also be present. Unlike
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Figure 19. Photomicrograph of a typical upper member
porphyritic andesite. Plagioclase and pyroxene
phenocrysts; plagioclase microlites, pyroxene, magnetite,
and brown glass in groundmass. Plane polarized light
field width is approximately 4 mm. (Sample 158 from
SE, SE, Sec. 19, T.13S.,, R.16E.)



Table 2. Volumetric modes of phenocryst phases of
selected upper member samples, Clarno
Formation.

Sample 155 65 162 158

Plagioclase 20.8% 22.4% 16.6% 25.1%

Clinopyroxene 1.7% 2.0% 0.6% 3.5%

Orthopyroxene 2.0% 3.6% 0.6% 3.4%

Quartz -- -- -- --

Magnetite 0.6% -- 0.3% --

Olivine -- -- -- --

(tr.= less than .2%)

Sample Locations:

155 Porphyritic two-pyroxene bearing andesite:
elevation 3,280 ft., NW, SE¼, Sec. 5, T.14S.,
R. 16E.

65 Porphyritic two-pyroxene bearing andesite:
elevation 4,080 ft., SW, SW, Sec. 12, T.13S.,
R.16E.

162 Porphyritic two-pyroxene bearing andesite:
elevation 3,880 ft., SW, SW, Sec. 9, T.13S.,
R. 16E.

158 Porphyritic two-pyroxene bearing andesite:
elevation 4,240 ft., SE, SE¼, Sec. 19, T.13S.,
R. 16E.
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Table 2. Continued.

Sample 127 163 168 36

Plagioclase 20.1% 8.6% 11.0% 26.1%

Clinopyroxene 2.7% 1.5% 0.7% --
Orthopyroxene 3.4% 0.5% 0.4% --
Quartz -- 0.8% 0.5% --
Magnetite -- 0.4% 0.3% --
Olivine -- -- - 3.7%

(tr.= less than .2%)

Sample Locations:

127 Porphyritic two-pyroxene bearing andesite:
elevation 5,160 ft., SW, SE, Sec. 36, T.12S.,
R. 16E.

163 Porphyritic quartz-bearing andesite: elevation
4,240 ft.., NE, NW, Sec. 9, T.13S., R.16E.

168 Porphyritic quartz-bearing andesite: elevation
3,840 ft., SE¼, SE¼, Sec. 8, T.13S., R.16E.

36 Porphyritic olivine basalt: elevation 3,800
ft., NW¼, NW, Sec. 2, T.13S., R.16E.
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the lower member plagioclases, the upper member plagio-

clase phenocrysts are typically more calcic. Anorthite

contents range from 45 to 60 percent with most rocks con-

taining phenocrysts in the 55 to 60 percent range. These

phenocrysts are often smaller than their counterparts in

that lower member samples. The maximum length of the

euhedral tabular-shaped plagioclase phenocrysts in the

upper member samples averages only about 3 millimeters.

Volumetrically the plagioclase phenocrysts comprise 8.6

to 25.1 percent of those samples examined in thin sec-

tion.

As was the case with the lower member andesites, the

typical pyroxenes in the upper member andesites were de-

termined to be augite and hypersthene. They are also

sometimes concentrated into glomeroporphyritic clumps a-

long with lesser amounts of plagioclase and magnetite.

The crystals usually occur as euhedral to subhedral

prisms,up to 3 millimeters in length, and may be partly

resorbed. The augite phenocrysts are occasionally

twinned. The pyroxene phenocrysts average about 4 per-

cent by volume in the upper member andesites, and the

relative percentages of augite and hypersthene are nearly

always equal, unlike the lower member andesites.

The major groundmass constituents in the upper mem-

ber andesites are plagioclase microlites, pyroxene crys-
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tals, magnetite, and occasionally brown glass (Fig. 19).

Only rarely is the patchy quartz and feldspar needle-

aggregate groundmass, which is so common in the lower

member andesites, developed in these rocks. The most

common type of groundmass observed consists of about 50

to 70 percent plagioclase microlites, 20 to 40 percent

equant pyroxene crystals, and 10 to 20 percent magnetite

granules. Usually these rocks display intergranular tex-

tures but occasionally the texture will be pilotaxitic

or, if abundant fresh brown glass is preserved, hyalopil-

itic. The plagioclase microlites were found to be of

roughly the same composition as the plagioclase pheno-

crysts and the pyroxenes were determined to be augite and

hypersthene. A few thin sections contained abundant

apatite. The apatite occurs as minute fibers and rods

and may constitute nearly 20 percent by volume of the

groundmass. It is not uncommon in these rocks to see the

apatite crystallites enclosed in the margins of the

larger plagioclase phenocrysts.

There are generally no major chemical or mineralogi-

cal differences between the porphyritic and nonporphyri-

tic upper member samples (Fig. 20). The one chemically

analysed upper member sample that has been determined to

be a basaltic andesite is, however, a nonporphyritic

rock. The mineral phases that are usually present in the



Figure 20. Photomicrograph of a typical upper member
nonporphyritic andesite. Minerals include plagioclase,
augite, hypersthene, and rnagnetite. Note pilotaxitic
texture. Cross ploarized light; field width is
approximately 4 mm. (Sample 97 from SE, NE, Sec.
31, T.12S. R.16E.)
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nonporphyritic samples include plagioclase microlites,

equant hypersthene and augite crystals, magnetite gran-

ules, and occasionally small hornblende needles largely

replaced by iron oxides. Fresh brown glass may also be

present. The relative percentages of these consituents

are roughly the same as observed in the groundmasses of

the porphyritic rocks. Textures may be intergranular,

pilotaxitic, or hyalopilitic.

The one basalt sample examined from the upper member

came from an outcrop along a roadcut in the NW of sec-

tion 2, T.13S., R.16E. The rock isporphyritic, coarse

grained, and quite dense. Fresh surfaces are dark gray

(N3) while weathered samples are usually altered to yel-

lowish gray (5Y8/1). Thin section examination reveals

that the rock is composed of euhedral labradorite (26.1

percent by volume) and anhedral to euhedral olivine

phenocrysts (3.7 percent by volume). The pilotaxitic

groundmass consists of about 50 percent plagioclase mi-

crolites, 30 percent equant pigeoriite crystals, 10 per-

cent olivine, and 10 percent magnetite granules. This is

the only Clarno rock in the project area in which olivine

and pigeonite have been identified positively.

An interesting quartz-bearing andesite has been re-

covered from what appears to be a vertically restricted

yet laterally extensive stratigraphic horizon within the
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upper member. Although never observed in Outcrop,

colluvium from these lavas is abundant in the SE¼ of sec-

tion 8, the NW¼ of section 9,the NE¼ of section 11, and

the NW¼ of section 12, T.13S., R.16E. This colluvium is

always blocky. The platy jointing so characteristic of

other upper member flows is lacking in these rocks. Hand

samples are dark gray (N3) on fresh surfaces and often

moderate reddish brown (10R6/6) on weathered surfaces.

The rock appears sparsely porphyritic in hand sample and,

when struck with a rock hammer, tends to shatter with a

distinct concoidal fracture. The samples examined in

thin section contain on the average about 12 percent by

volume of phenocrysts. The phenocrystic phases include

plagioclase, hypersthene, augite, rnagnetite, and quartz

(see Table 2 samples 163 and 168 for a volumetric modal

analysis). The groundmass constituents include fresh

brown glass, plagioclase microlites (labradorite), gran-

ular pyroxene crystals, and magnetite. Some of the

plagioclase phenocrysts are partly resorbed and contain

abundant dust inclusion, often concentrically arranged

in the outer part of the crystal (Fig. 21). Usually a

thin rim of fresh feldspar exists just outside the in-

clusion-riddled zone. The quartz phenocrysts also show

the effects of having been in disequilibrium with the

melt prior to extrusion. The crystals are highly embayed
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and are often surrounded by a reaction rim of brown glass

and fine-grained granular augite and magnetite (Fig.22).

Outcrops of volcanic mudlow and breccia are common

but volumetrically minor in the upper member of the Clar-

no Formation. These deposits have not been mapped sep-

arately on Plate 1. Williams and McBirney (1979) have

listed numerous ways in which accumulations of fragmental

volcanic material may form. They may form as flow

breccias produced by differential movement within lava

flows. Some deposits result from the explosive shattering

of plugs or domes while others may represent the initial

products of new vents. These deposits may also form

through the non-explosive disintegration and collapse of

the flanks of domes and summit spines or by the breakup

of the snouts and levees of viscous lava flows on steep

slopes. A very common type of fragmental deposit is that

formed by blocky rnudf lows or lahars. Williams and McBir-

ney (1979) define mudf lows as deposits containing f rag-

mental materials which were mixed with water and depo-

sited on land. These deposits may be formed during erup-

tion or by the reworking of volcanic debris. They may be

formed by geyser-like eruptions of water-soaked ash,

probably in response to rising magma, by eruptions

through crater lakes, or by the melting of snow and ice

during eruptions. They may also be initiated by heavy



Figure 22. Photomicrograph of resorbed quartz with
a reaction rim of glass, augite, and magnetite in
an upper member quartz-bearing andesite. Cross polarized
light; field width is approximately 1.5 mm. (Sample
168 from SE¼, SE, Sec. 8, T.13S., R.16E.)
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tropical rains falling on steep slopes covered with thick

accumulations of ash.

The characteristics of the mudf lows and breccias

within the project area are highly variable and it is

often very difficult to determine a precise mode of on-

gin for many of the fragmental deposits. Those deposits

thought to probably represent mudflows contain subangular

to rounded, coarse-sand to boulder-sized heterogeneous

clasts in a clay matrix. Generally the clasts are in

matrix support and are unsorted. Most of these deposits

are relatively thin, often less than 5 meters thick., and

usually appear to be confined to gullies eroded in the

underlying rock (Fig. 23). This is in contrast to the

thick, extensive Clarno mudflows described from other

parts of north-central Oregon (Taylor, 1960).

Some of the brecciated exposures are probably flow

breccias formed by the autobrecciation of viscous lava

flows. However, the origin of many of these deposits is

not clear. The breccias usually contain monolithologic

clasts, sometimes of fairly uniform size, unlike those

deposits thought to represent mudf lows (Fig. 24). The

rock fragments may be fresh or altered to varying degrees

but are usually not mixed in a single outcrop. Matrix

material may consist of red clays or buff-colored

tuffaceoug material. In some breccias void spaces may be
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Figure 23. Photograph of a small, gully-filling
mudf low in the upper member of the Clarno Formation.
Note high-angle fault on right side of photograph.
(NE¼, NW¼, Sec. 13, T.13S., R.16E.)



Figure 24. Photograph of a. thick upper member andesite
flow with a 1 meter thick breccia at base. The breccia
contains angular andesite clasts in a clay matrix.
(NW¼, NE, Sec. 23, T.13S., R.16E.)
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partially or completely filled by secondary silica, cal-

cite, or zeolites.

The most extensive and perhaps puzzling exposure of

fragmental volcanic materials occurs in the SW¼ of sec-

tion 6, T.14S., R.16E. The rounded hill at this location

is composed of mostly subangular pebble-to cobble-sized

clasts which have been severely iron stained and resili-

cified. An aggregate quarry on the south side of the

hill has exposed approximately 20 vertical meters of this

deposit. The exposures in the quarry walls are predomi-

nantly unsorted, but in some areas a crude discontinuous

layering of size-sorted material can be observed. Most

of the clasts are so severely iron stained and resilici-

fled that any clue as to their original texture or compo-

sition has been obliterated. Even in thin section the

casts are so strongly iron stained that they have been

rendered completly opaque. Some clasts are highly vesi-

cular and arriygdaloidal. Occasionally a clast of rela-

tively unaltered porphyritic andesite can be found which

appears very similar in texture and composition to the

nearest upper member flow outcrop (Fig.25). The in-

terstices between clasts are partially or completely

filled by chalcedony, opal, or red to buff-colored clays.

The south side of this exposure is in contact with

tuffaceous claystones probably of John Day age. These
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Figure 25. Photograph of an iron stained, resilicified
upper member breccia outcrop. Note relatively unaltered
clast of porphyritic andesite above hammer head.
(SE¼, SW, Sec. 6, T.14S., R.16E.)
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tuffs are a possible source of the introduced silica and

iron. Swanson (1969) has previously mapped this hill as

a mafic Clarno intrusive body. It may very well repre-

sent a near vent agglomerate or agglutinate deposit

(Williams and Mcflirney, 1979). However, no attempt will

be made by this author to interpret the precise mode of

formation of this particular exposure of fragmental ma-

terial.

Hôrnblende-baring Dacites Domes and associated

thick flows of hornblende-bearing dacite within the

upper member of the Clarno Formation have been mapped

separately on Plate 1. The largest outcrops form a dis-

continuous band, roughly three kilometers wide, trending

east-west across the middle of the project area. These

rocks have been mapped separately because of their dis-

tinct lithology and outcrop characteristics, and because

their occurrence appears to represent a relatively syn-

chronous volcanic event across the project area. It

appears that the major outcrops of this material are

temporally and genetically related.

The hornblende-bearing dacites typically occur as

thick, massive piles of brecciated material (Fig. 26).

The subangular clasts in these outcrops range from peb-

ble to boulder size and are encased in a matrix of the

same dacitic material (Fig. 27). Occasionally the out-



Figure 26. Photograph of
hornblende-bearing dacite.
T.13S, R.16E.)

massive outcrop of
(NE, NE¼, Sec. 16,

76



77

Figure 27. Photograph of autobrecciation in a
hornblende-bearing dacite outcrop. (SE, NW¼,
Sec. 16, T.13S., R.16E.)



crops will appear less fragmental and display chaoti-

cally oriented flow banding. The flow-banded outcrops

may also show some development of columnar jointing.

Exposures of the hornblende-bearing dacites may be over

200 meters thick, and roughly vertical contacts with up-

per member andesite flows are not uncommon. It is ap-

parent from these features that the hornblende-bearing

dacites formed as large, steep-sided domes with associ-

ated short, thick, autobrecciated flows.

Hand samples are always porphyritic and may occa-

sionally be flow banded. Colors on fresh surfaces range

from pale pink (5RP8/2) to grayish red purple (5RP4/5).

Weathered surfaces are usually greenish gray (5G6/1).

Plagioclase and hornbleride are the most abundant pheno-

crysts which together usually comprise about 10 to 15

percent of the rock. The plagioclase tablets may be up

to 5 millimeters in length and the hornblende needles up

to 7 millimeters in length. The plagioclase is usually

weathered to white clays, and the hornblende is often

altered to iron oxides. Rounded quartz crystals are

the only other phenocrysts which can be frequently iden-

tified in hand sample.

Phenocrystic phases which can be identified in thin

section include plagioclase, pyroxene, quartz, horn-
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blende, magnetite, and rare biotite. Every thin section

contained plagioclase, hornblende, and magnetite. Quartz

and pyroxene were absent from a few samples and biotite

was found in only one of the thin sections examined. A

volumetric modal analysis of the phenocrystic phases pre-

sent in the hornblende-bearing dacites is shown in Table

3.

Plagioclase phenocrysts average about 12 percent by

volume of the thin sections examined. The crystals al-

most always occur as euhedral tablets generally about 2

to 3 millimeters long. The phenocrysts are calcic an-

desines with anorthite contents averaging about 45 per-

cent. Oscillatory zoning is common and occasionally zo-

nally arranged inclusions are observed.

The only type of pyroxene phenocryst identified in

the thin sections examined is augite. It is absent from

some samples and at most comprises onlyO..5 percent by

volume of any thin section. When present it occurs as

subhedral prisms up to 1 millimeter in length.

Quartz phenocrysts are another minor and occasion-

ally missing constituent of the thin sections examined.

The maximum amount detected in any sample is 0.7 percent

by volume. The quartz phenocrysts occur as round an-

hedral crystals up to 1.5 millimeters in diameter. Al-

though rounded, the quartz phenocrysts are not severely



Table 3. Volumetric modes of phenocryst phases of
selected hornblende-bearing dacite samples,
Clarno Formation.

Sample 112 53 141 30a

Plagioclase 10.3% 10.5% 12.9% 5.5%

Clinopyroxene tr. 0.4% tr. --

Hornblende 1.4% 3.6% 1.0% 0.4%

Quartz 0.7% -- 0.3% -
Magnetite 0.3% 0.2% tr. 0.2%

(tr.= less than .2%)

Sample Locations:

112 Elevation
R. 16E.

53 Elevation
R. 16E.

141 Elevation
R. 16E.

30a Elevation
R. 16E.

3,880 ft., NE¼,

3,400 ft., SE¼,

4,200 ft., SE,

3,600 ft., SE¼,

NW¼, Sec. 16, T.13S.,

SE¼, Sec. 14, T.13S.,

NE, Sec. 18, T.13S.,

NE¼, Sec. 14, T.13S.,



Table 3. Continued.

Sample 172 161 31a

Plagioclase 10.1% 14.4% 23.2%

Clinopyroxene tr. 0.5% 0.8%

Hornblende 1.7% 0.6% 3.6%

Quartz 0.3% 0.6% --

Magnetite 0.3% tr. tr.

(tr.= less than .2%)

Sample Locations:

172 Elevation
R. 16E.

161 Elevation
R. 16E.

31a Elevation
R. 16E.

4,040 ft.., NE¼,

3,520 ft., NW,

4,080 ft., NE,

SE, Sec. 7, T..13S.,

NW, Sec. 16, T.13S.,

NE¼, Sec. 14, T.13S.,



scalloped and are never surrounded by any type of reac-

tion rim.

The characteristic hornblende observed in most thin

sections is reddish brown oxyhornblende (Fig. 28). It is

nearly always surrounded by a rim of fine-grained gran-

ular iron oxides and is commonly totally replaced. A few

thin sections do contain fresh, unaltered green horn-

blende (Fig. 29). Both types of hornblende are never

observed in the same thin section. The amount of either

type of hornblende observed in a single sample varies be-

tweenO.4and 3.6 percent by volume. The crystals, or

their iron oxide pseudomorphs, usually occur as elongate

euhedral laths averaging about 2 millimeters in length.

The essential chemical characteristics of the oxy-

hornblendes are high ferric-ferrous iron ratios and low

hydroxyl contents (Deere and others, 1963). The origin

of oxyhornblende is frequently attributed to post-con-

solidation alteration of common green hornblende

(Wilkinson, 1961). The transformation is accomplished by

the loss of hydrogen from the hydroxyl ions with accom-

panying oxidation of the ferrous iron (Winchell, 1945).

The addition of more oxygen into the system is not re-

quired. Hughes (1982) adds that magmatic systems which

produce rocks with phenocrysts of oxyhornblende and mag-

netite probably have elevated oxygen fugacities as well



Figure 28. Photomicrograph of reddish brown
oxyhornblende phenocrysts partly replaced by
iron oxides in a sample of hornblende-bearing
dacite. Plane polarized light; field width is
approximately 4 -. (Sample 141 from SE¼, NE¼,
Sec. 18, T.13S., R.16E.)
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as significant water contents.

The characteristic groundmass observed in most thin

sections is composed predominantly of either gray brown

glass or a felsitIc intergrowth of quartz and alkali

feldspar. Occasionally the felsitic textures will occur

along fractures in the predominantly glassy rocks.

Plagioclase microlites, hornblende needles (usually oxy-

hornblende), and magnetite granules constitute the re-

mainder of the average groundmass. Pilotaxitic tex-

tures are common and occasionally flow-banding is

obvious.

Rhyodacites. Rocks of rhyodacitic composition

within the upper member of the Clarno Formation have

been mapped separately, primarily on the basis of their

distinct lithology. Their extent is limited to two

domes, one on the western boundary of the project area

(section 12, T.13S.,, R15E.), the other in the southeast

corner of the quadrangle (section 36, T.13S., R.16E.),

and an extensive flow in the Sealy Creek area (section

11 T..13S., R.16E.). Swanson (1969) previously has

mapped the dome on the western boundary of the project

area as an intrusive body of questionable age. Rhyoda-

citic dikes which intrude upper member andesite flows

can be observed beyond the western boundary of the area

mapped. These dikes are clearly related to this occur-



rence of rhyodacite. In the project area itself, how-

ever, the outcrop of rhyodacite does not show an intru-

sive character and seems better described as a dome.

Thormahlen (1984) places this occurrence of rhyodacite

into the Clarno Formation primarily on the basis of dis-

tinct petrographic differences between this rock and all

samples taken from nearby outcrops of known John Day

Formation.

The two rhyodacite domes in the project area are

very similar in many respects. Both are approximately

40 meters thick and both are extremely platy (Fig. 30).

Individual plates are generally less than 1 centimeter

thick. Hand samples are aphanitic and flow banding is

ubiquitous. Fresh surfaces usually display alternating

bands of pale purple (5P6/2) and pale pink (5RP8/2).

Weathered surfaces are usually moderate reddish brown

(10R6/6).

Samples examined in thin secton from the two rhyo-

dacite domes were found to be composed of primarily very

small plagioclase microlites and iron oxide needles dis-

persed throughout a matrix of intergrown quartz and al-

kali feldspar fibers. Every thin section examined also

contained equigranular mosaic intergrowths of quartz,

alkali feldspar, and biotite crystals in elongate lenses

aligned with the flow banding (Fig. 31). This material



Figure 30. Photograph of platy fracturing in a
rhyodacite dome outcrop. (NE, SW¼, Sec. 36, T.13S.,
R. 16E.)
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is probably the result of late deuteric crystallization

(Enlows, 1983, personal communication). Most thin sec-

tions also contain trace amounts of tabular, euhedral

andesine phenocrysts up to 1 millimeter in length, and

a few magnetite granules.

Outcrops of rhyodacite in the Sealy Creek are gen-

erally massive and occasionally appear somewhat auto-

brecciated. Vesicular rocks are common near the top

of many of the outcrops. It is very difficult to deter-

mine how many individual flows of rhyodacite are present

in this area; however, the lack of obvious flow contacts

within the outcrops and the frequently observed increase

in vesicularity near the top of the exposures suggests

a single upwelling of rhyodacitic material. The thick-

ness of this rhyodacite may be in excess of 100 meters

in some areas but near the edges of the flow it appears

to average about 25 to 30 meters.

The most characteristic feature of this flow is the

numerous xenoliths which are present in nearly every

hand sample (Fig. 32). The xenoliths are usually fine

to medium grained, subrounded, and often appear more

weathered than the aphanitic or glassy groundmass en-

closing them. They may be up to 2.5 centimeters in

diameter and frequently constitute between 5 and 10 per-

cent of a hand sample. The color of the xenoliths is



Figure 32. Photograph of hand samples of xenolith-
bearing rhyodacite. (Samples from various locations
in Sec. 11, T.13S., R.16E.)
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often yellowish gray (5Y8/1) while the rest of the rock

usually varies between grayish purple (5P4/2) and gray-

ish red (10R4/2).

Thin section examination of this rhyodacite reveals

that the mineralogy and texture of the xenoliths mimicks

that of the andesites. and basaltic andesites. found

throughout the upper member of the Clarno Formation

(Fig.33). The matrix material surrounding the xenoliths

usually consists of fresh brown glass or a felsitic in-

tergrowth of quartz and alkali feldspar. The xenoliths

may be over 2 centimeters in diameter or consist of only

a few crystals. Generally, the xenoliths are somewhat

rounded but their margins with the matrix material is

often fairly sharp. The origin of the xenoliths is

probably that of fragments of country rock which have

been ripped up and incorporated into the rhyodacitic

lava during extrusion. All thin sections also contain

individual phenocrysts, up to 5 percent by volume, of

plagioclase, augite, and magnetite. Some of these

phenocrysts are partly resorbed and altered and may rep-

resent individual crystal xenocrysts. However, fresh

euhedral andesine and augite phenocrysts are also pre-

sent which probably represent original constituents of

the rhyodacitic magma.

Iritrusives. There are very few clearly identifiable
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Figure 33. Photomicrograph of an andesitic xenolith
in a rhyodacite. Cross ploarized light; field width
is approximately 4 mm. (Sample 132 from SW¼, SWj,
Sec. 11, T.13S., R.16E.)
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Clarno-age intrusive bodies within the project area.

Those which have been recognized have been composition-

ally subdivided into two separate units: intrusive bod-

ies of hornblende-bearing dacite composition and maf Ic

dikes. The intrusive bodies of hornblende-bearing dacite

composition include two dikes and one intrusive plug.

One dike can be followed discontinuously for nearly 2.5

kilometers through sectionsI5, 115, arid 17, T.13S.., R.16E.

(Fig. 34). The other dike crops out continuously for

about 250 meters in section 28, T.13S., R.16E. Both

dikes trend roughly east-west, average between 4 and 6

meters in thickness, and are essentially vertical. They

also display well-developed horizontal columnar jointing.

The intrusive plug is located in the NW¼ of section 23,

T.13S., R.16E. (Fig. 35). The plug has a basal diameter

of about 20 to 25 meters and projects slightly above the

hillslope at this location. It displays well-developed

vertical jointing. Stratigraphically above the plug is

a 50 meter thick autobrecciated flow of hornblende-bear-

irig dacite (Fig. 36). It is thought that the plug marks

the feeder vent for this flow. Erosional removal of

much of this flow by McKay Creek has exposed the feeder

vent.

Samples examined both in hand sample and in thin

section from the hornblende-bearing dacite intrusives are



Figure 34. Photograph of a hornblende-bearing dacite
dike. Width of dike is approximately 5 meters.
(Sw¼, SE¼, Sec. 16, T.13S., R.16E.)
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Figure 35. Photograph of a hornblende-bearing dacite
intrusive plug. (SW¼, NW¼, Sec. 23, T.13S., R.16E.,)
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Figure 36. Photograph showing the relationship
between the intrusive plug shown in Figure 35 (left
center) and a thic}c,massjve, autobrecciated flow
of hornblende-bearing dacite which crops out on:the
hilislope just above the plug. The intrusive plug
probably marks the feeder vent for this flow.
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virtually identical to many of the samples taken from

outcrops of the hornblende-bearing dacite flows and

domes (Fig. 37). A volumetric modal analysis of the

phenocrystic phases present in the hornblende-bearing

dacite intrusive rocks is shown in Table 4 (samples 38

and 40). The only consistant difference noticed in thin

section between the intrusives and the flows or domes is

that only fresh, unaltered green hornblende is found in

the intrusive rocks. Iron oxide reaction rims and oxy-

hornblende phenocrysts are lacking. Chemically there

are no major differences between the intrusive and ex-

trusive samples of this material. Clearly these rocks

are temporally and genetically related.

The remaining intrusive bodies in the project area

have been mapped as mafic Clarno dikes. One of these

dikes crops out continuously for about 275 meters through

section 15, T.13S.,, R.16E. It is parallel to and about

120 meters north of one of the hornblende-bearing dacite

dikes. This vertical dike is about 3 meters wide and

displays well-developed horizontal columnar jointing. In

hand sample it is dark gray (N3), porphyritic, and some-

what vesicular. The phenocrystic phases identified in

thin section include plagioclase (labradorite), hy-

persthene, augite, magnetite, and minor hornblende which

has been largely replaced by iron oxides. A volumetric
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Figure 37. Photomicrograph of a sample from a
hornblende-bearing dacite intrusive dike. Note
similarities to the photomicrograph from the
hornblende-bearing dacite flow shown in Figure
29. Cross polarized light; field width is
approximately 4 mm. (Sample 40 from SW, SE¼,
Sec. 16, T.13S., R.16E.)



Table 4. Volumetric modes of phenocryst phases of
selected intrusive rocks, Clarno Formation.

Sample 38 40 26 31-dike

Plagioclase 5.4% 7.6% 17.5% 1.8%

Clinopyroxene 0.4% 0.2% 1.5% 5.3%

Orthopyroxene -- -- 2.7% --

Hornblende 1.0% 4.6% 0.5% --

Quartz tr. 0.2% -- --

Magnetite 0.2% 0.4% 0.6% tr.

Olivine -- -- -- 0.3%

(tr. less than .2%)

Sample Locations:

38 Porphyritic horriblende-bearing dacite intrusive
plug: elevation 3,480 ft., SW¼, NW¼, Sec.
23, T.13S., R.16E.

40 Porphyritic hornblende-bearing dacite intrusive
dike: elevation 3,400 ft., sw%, SE, Sec.
16, T.13S., R.16E.

26 Porphyritic two-pyroxene bearing andesite
intrusive dike: elevation 3,840 ft., SW,
SW¼, Sec. 15, T.13S., R.16E.

31-dike Porphyritic olivine-bearing basalt intrusive
dike: elevation 3,680 ft., SW¼, NW¼, Sec.
13, T.13S., R.16E.
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modal analysis of the phenocrystic phases present in a

representative sample (sample 26) is shown in Table 4.

The groundmass contains plagioclase microlites, augite,

hypersthene, magnetite, and brown glass. Petrographi-

cally this rock is very similar to many of the upper mem-

ber andesite lavas, and it probably represents a feeder

dike for some of these flows.

The remaining maf Ic Clarno dikes crop out as a small

swarm of at least three and perhaps as many as six close-

ly spaced individual dikes in the NW¼ of section 13,

T.13S., R.16E. (Fig. 38). The dikes trend N75E, dip

about 70 degrees to the south, and crop out discontin-

uously for a distance of about 25 meters. They intrude

an outcrop of autobrecciated hornblende-bearing dacite.

They range from less than one to about six meters in

thickness and display the same well-developed horizontal

columnar jointing common to all of the dame dikes in

the area. In hand sample these rocks are dark gray (r'T3),

fine grained, slightly vesicular, and only sparsly por-

phyritic. They appear very glassy and more highly ye-

sicular near the margins of the dikes. Thin section ex-

amination reveals that the rock contains less than 10

percent by volume of phenocrysts of which augite is the

most abundant. Plagioclase (labrodorite), magnetite, and

an anhedral mineral largely altered to clays, which has
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Figure 38. Photograph showing several mafic Clarno
dikes. Note well-developed horizontal columnar
jointing. (SW¼, NW¼, Sec. 13, T.13S., R.16E.)
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been tentatively identified as olivine (Taylor, 1983,

personal communication), constitute the remaining pheno-

crystic phases. A volumetric modal analysis of the

phenocrystic phases present in a representative sample

(sample 31-dike) is shown in Table 4. The groundmass

contains plagioclase microlites, augite, magnetite, and

abundant brown glass. These dikes are also thought to

represent feeder dikes for some of the upper member lavas

although no flow with a composition precisely matching

that of these dikes has been analysed.

Alteration. A thorough study of the alteration

products found in the Clarno rocks of this area has not

been attempted. In fact, it was only the freshest ap-

pearing samples that were chosn for all chemical and

petrographic analyses. However, all rocks of this area

show some degree of alteration. Identification of the

alteration products was limited to what could be deter-

mined in hand sample or thin section.

Plagioclase phenocrysts show the greatest variety of

alteration products. Those phenocrysts which display

the patchy zoning are always the most thoroughly altered.

What appears to be smectite clay is the most abundant al-

teration product in these crystals. Zeolites may also be

present. Other alteration products identified in plagio-

clase include chlorite, calcite, and iron oxides which
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frequently stain fractures or entire crystals near

weathered surfaces.

The ferromagnesian minerals often alter to fibrous

or platy smectite. Iron oxides are often observed in

the pyroxenes. The hornblendes are frequently partly

or completely replaced by granular iron oxides. Chlorite

is rarely observed in the pyroxenes. Blood-red iddings-

ite is common in those few samples which contain olivine,

especially in the olivine crystals near weathered sur-

faces.

The rhyodacitic rocks in the project area are fre-

guently stained by iron oxides, especially in fractures

parallel to the flow banding. Pinkish white patches of

kaolinite have also been tentatively identified in these

rocks.

John Day Formation

Welded Ash-flow Tuff. An outcrop of welded ash-flow

tuff caps two small hills near the southwest corner of

the project area in the NW¼ of section 1, T.14S., R.15E.

(Fig. 39). The welded ash-flow tuff is approximately 15

meters thick at this location and is separated from the

underlying upper member Clarno Formation andesites by

about 3 meters of red saprolite (Fig. 40). It is not

well exposed. Additional outcrops have been mapped just
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Figure 39. Photograph showing platy upper member
Clarno Formation andesites in foreground, John Day
Formation basal welded ash-flow tuff in the middle
distance (contact with the Clarno Formation drawn
on photograph), and Grizzly Mountain, a John Day
Formation rhyolite dome in the far distance.
(Photograph taken from NE¼, SW¼, Sec. 6, T.14S.,
R.16E., looking west.)
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Figure 40. Photograph showing the red saprolite
separating the Clarno and John Day Formations.
Colluvium from upper member Clarno Formation andesites
in foreground, John Day Formation welded ash-flow
tuff on ridge. (NE¼, NE¼, Sec. 1, T.14S., R.15E.)
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beyond the southern and western boundaries of the pro-

ject area by Swanson (1969) who has placed these rocks in

the John Day Formation. Swanson (1969) suggests that

these welded ash-flow tuffs were vented nearby from the

southeastern side of Grizzly Mountain.

The John Day ash-flow tuff s are densely welded and

oxidized moderate reddish brown (10R6/6). Many samples

are so intensely oxidized and altered that their welded

ash-flow tuff character has been nearly obliterated, and

they resemble rhyolite flow rocks. Features observed in

the less altered hand samples include eutaxitic textures,

flattened pumice lumps, rock fragments, and very sparse

lithophysae. Sanidine phenocrysts can be identified in

most samples.

The thin sections reveal that this welded ash-flow

tuff contains less than 3 percent phenocrysts. Sanidine

crystals constitute about half of this total followed

by quartz, oligoclase, and a mafic phenocryst that has

been completely replaced by iron oxides. The crystal

outlines left by this replaced mafió phenocryst suggest

that it was hornblende. Flattened pumice lumps and rock

fragments have also been completely replaced by iron

oxides. The flattened pumice lumps often contain vesi-

des which have been filled by secondary quartz and zeo-

lites. The rock fragments constitute about 2 percent by
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volume of the samples examined and have been rendered un-

identifiable by the iron oxides. The glassy matrix ma-

terial in these rocks has been completely devitrified

into an equigranular mosaic of quartz and alkali feld-

spar. The outlines of glass shards are occasionally dis-

tinguishable in the devitrified matrix.

Tuffaceous Claystones. Isolated outcrops of tuf-

faceous claystone occur in the southwest corner of the

project area in sections 1 and 12, T.14S., R.15E., and

in sections 6 and 7, T.14S., R.16E. Additional outcrops

have been mapped just beyond the southern and western

boundaries of the project area by Swanson (1969). These

rocks have also been placed by Swanson (1969) in the John

Day Formation. Swanson (1969) indicates that the clay-

stones may represent air-fall ash, ash flows reworked by

wind, streams, and sheet wash and deposited in shallow

ponds, or, less commonly, nonwelded ash flows. The best

exposure in this project area occurs in the northern part

of section 7, T.14S., R.16E., in a roadcut of Gerke Road

(Fig. 41). The tuffs in this location have been previ-

ously mentioned as the possible source of the silica and

iron responsible for the intense alteration of the nearby

exposure of Clarno breccia. These tuffaceous claystones

range in color from buff to light green to light reddish

brown. They are poorly bedded and contain sparse plant



Figure 41. Photograph of varicolored John Day
Formation claystones along Gerke Road. (NE,
NW¼, Sec. 7, T.14S.,, R.16E.,)
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fragments. Their precise origin has not been determined.

Tertiary Welded Ash-flow Tuff

Two isolated outcrops of welded ash-flow tuff occur

in the northeast corner of the project area in sections

25 and 36, T.12S., R.16E. Additional outcrops of this

welded ash-flow tuff exposed just beyond the eastern

boundary of the project area have been assigned to the

John Day Formation by Waters and Vaughan (1968). How-

ever, Swanson (1969) contends that the age of these rocks

is not evident from their stratigraphic position. These

outcrops are isolated and far removed from other expo-

sures of John Day rocks in the region. They are also

poorly exposed and in a heavily forested part of the

project area. Therefore, it seems best to accept

Swanson's conclusions and not assign an age to this weld-

ed ash-flow tuff until additional work can be completed.

Hand samples of this welded ash-flow tuff display a

strongly developed eutaxitic texture. Colors of samples

generally range from pale purple (5P6/2) to grayish red

(10R4/2). Flattened pumice lumps, up to 5 centimeters

long, rock fragments, sparse phenocrysts, and rare litho-

physae can also be observed in hand sample. Thin section

examination reveals that the phenocrysts are sanidine

(2.6 by volume), quartz (0.5 percent by volume), oligo-
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clase (0.4 percent by volume), biotite (0.4 percent by

volume), and hornblende (0.3 percent by volume). The

biotite and hornblende phenocrysts are nearly completely

altered to clays, and iron oxide staining is pervasive

throughout the rock. The flattened pumice lumps and

rock fragments have been completely replaced by iron

oxides. Void spaces in the vesicular pumice lumps are

filled with secondary quartz and zeolites. The outlines

of flattened glass shards are obvious even though most of

the glassy matrix material has been completely devitri-

fied to an equigranular mosaic of quartz and alkali feld-

spar.

Samples of this welded ash-flow tuff are similar to

but much fresher appearing than samples of the John Day

welded ash-flow tuff from near the southwest corner of

the project area (Fig. 42). There are also similarities

between this rock and a widespread basal John Day welded

ash-flow tuff described by Peck (1964) and Swanson and

Robinson (1968). However, any correlation of this rock

with either of the other welded ash-flow tuffs appears

premature.

Tertiary Olivine Basalt

An occurrence of olivine basalt of unknown age cov-

ers an area of approximately 2 square kilometers in sec-
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Figure 42. Photograph of hand samples from the John
Day Formation welded ash-flow tuff (left) and the
Tertiary welded ash-flow tuff (right). Note the
fresher appearance and well-developed eutaxitic texture
of the Tertiary welded ash-flow tuff. (John Day
ash-flow tuff from NE¼, NE¼, Sec. 1, T.14S., R.15E.,
Tertiary welded ash-flow tuff from SE¼, SE¼, Sec.
25, T.12S., R.16E.)
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tions 26 and 35, T.12S,, R.16E. This unit lies upon

flows of the Clarrio Formation. Swanson (1969), has sug-

gested a Fliocene age for this olivine basalt primarily

on the basis of the amount of erosional modification ob-

served. These outcrops form a prominent flat-topped mesa

surrounded by cliff faces as high as 25 meters (Fig. 43).

Only a single flow is obvious in the cliff faces and the

height of the cliffs is thought to be a good indication

of the thickness of this flow. Many of the cliff faces

are chaotically jointed but some display well-developed

platy jointing much like outcrops of upper member Clarno

andesites. Additional outcrops of olivine basalt may be

found near the flat-topped mesa at elevations roughly

70 meters below the major cliff faces. Apparently, sig-

nificant erosional relief, comparable to that which ex-

ists in the area today, was developed on the underlying

Clarno Formation prior to extrusion of the olivine ba-

salt.

Several observations have been made that suggest the

source of the olivine basalt is below the mesa itself.

The abundance of vesicular and scoraceous rock in the

talus slopes surrounding the mesa may be significant.

Much of the vesicular rock may represent flow top materi-

al, but the red, oxidized, highly scoraceous rocks may

represent near-vent materials (Fig. 44). There are also
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Figure 43. Photograph of prominent cliff face outcrop
of Tertiary olivine basalt. Only one flow is obvious
in this cliff face. Note chaotic jointing especially
in right center of photograph. (sw¼, NW¼, Sec. 35,
T.12S., R.16E.)



Figure 44. Photograph of a highly vesicular boulder
of Tertiary olivine basalt. Note red soil in this
area which is just below the cliff face shown in
Figure 43. (SW¼, NW¼, Sec. 35, T.12S., R.16E.)
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numerous red oxidized soils in the area. Some of these

red soils, especially at lower elevations near the satel-

lite outcrops of olivine basalt, are probably related to

the ancient soil horizon developed between the lower and

upper members of the Clarno Formation. However, the red

soils found just below the cliff faces may represent al-

tered near-vent ash and pumaceous material. Swanson

(1969) also indicates a local source for this rock by

suggesting that the conspicuous high point of the mesa in

the NW¼ of section 35 represents a vent plug.

Hand samples of the olivine basalt are medium

grained and porphyritic. Fresh surfaces are usually med-

ium J.ight gray (N6), and weathered surfaces are often

light olive gray (5Y6/1). Red colored olivine crystals

are the most obvious phenocrysts observed in hand sample.

A few magnetite phenocrysts are also frequently observed.

The phenocrystic phases identified in thin section

include olivine, rnagnetite, and plagioclase (see Table 5

for a volumetric modal analysis of the phenocrystic

phases present). The stubby olivine phenocrysts range

from 0.5 to 4 millimeters in length and may be euhedral,

subbedral, or anhedral (Fig. 45). They are often rimmed

by iddingsite and may be completely altered near weath-

ered surfaces. On: the basis of optic sign determination

and 2V estimation, they are thought to be chrysolite or
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Table 5. Volumetric modes of phenocryst phases of
selected Tertiary olivine basalt samples.

Sample 169 171

Plagioclase 1.6% tr.

Magnetite 1.3% 1.2%

Olivine 5.2% 8.7%

(tr.= less than .2%)

Sample Locations:

169 Elevation 4,400 ft., ME¼, NE¼, Sec. 35, T.12S.,
R. 16E.

171 Elevation 4,920 ft., NW, NW, Sec. 35, T.12S.,
R. 16E.



117

Figure 45. Photomicrograph of a sample of Tertiary
olivine basalt. Olivine phenocrysts; plagioclase
microlites, augite, olivine, and magnetite in p110-
taxitic groundmass. (Sample 171 from NW, NW¼, Sec.
35, T.12S., R.16E.)



118

hyalosiderite. Plagioclase phenocrysts are absent from

some thin sections and never exceed 1.6 percent by volume

of any sample. When present, these labradorite crystals

are in the form of euhedral tablets up to 5 millimeters

in length. Subequal amounts of plagioclase microlites

and augite crystals constitute about 80 percent of the

groundmass of these rocks. The plagioclase microlites

are labradorite and are usually oriented to give the rock

a strongly pilotaxitic texture. Nagnetite granules and

tiny olivine crystals constitute the remainder of the

groundmass.

One sample of Tertiary olivine basalt has been chem-

ically analysed (Appendix A, sample 169). The major ele-

ment chemistry closely matches that of the high-alumina

basalts of Waters (1962). These basalts cover much of

south-central Oregon and northeastern California and ex-

tend westward beneath the large Quaternary stratovolCanos

of the Cascade Range. These basalts are chiefly Pliocene

and Quaternary in age but in some areas may be as old as

Miocene (Walker, 1960). Waters (1962) contends that

these basalts were erupted during active block faulting

and that feeder channels for these flows often followed

the faults. In this area, however, major block faulting

localizing this occurrence of olivine basalt has not been

recognized.
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Quaternary Deposits

The Quaternary deposits in the project area have

been divided into three different mappable units. These

include stream alluvium, talus deposits, and a unit com-

bining alluvial fan deposits and slope wash gravels. By

far the most widespread and abundant type of Quaternary

deposit is the stream alluvium Unit. This unsorted sand-

to boulder-sized material has been deposited along the

banks and in the flood plains of the major creeks in the

area. The most extensive deposits occur toward the

southern boundary of the project area along the McKay

Creek drainage. Most of this area is now used as grazing

or farming land.

Talus deposits are widespread in the project area

but have been mapped only where they obscure important

contact relationships between different rock units. This

material has slowly accumulated near the base of cliff

faces or steep slopes. This unit has been mapped ex-

tensively on the steep slopes surrounding the outcrops of

Tertiary olivine basalt near the northern boundary of the

project area. Talus from the cliff faces has obscured

the bottom contact of the Tertiary olivine basalt unit

and has covered the lower member-upper member Clarno con-

tact in the area as well. The only other place where the
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talus unit has been mapped is below the intrusive plug of

hornblende-bearing dacite in section 23, T.13S., R.16E.

Talus from this plug has obscured the bottom contact of

the hornblende-bearing dacite unit with flows of upper

member Clarno andesite.

The alluvial fan deposit and slope wash gravel unit

has been mapped in broad, flat, low-lying areas which are

not drained by any major streams. These deposits have

been built up primarily by the debris from numerous small

gullies and channels which have deposited their eroded

materials upon issuing from steep slopes onto relatively

flat areas, Swanson (1969) has described these deposits

as occasionally being poorly sorted and stratified. This

observation is difficult to confirm, however, because

most of the area covered by these deposits has been

plowed for farm land and is completely covered by soils.
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STRUCTURAL GEOLOGY

The major structural feature dominating the project

area is the Blue Mountain anticline. The crest of this

broad uplift has been previously mapped as trending

northeast to southwest diagonally across the project

area (Swanson, 1969). This observation, however, is

difficult to verify primarily because of the nature of

the rock units exposed. The problems involved include

the lack of a laterally continuous marker bed in the area

and the tendency of most Clarno lavas to be short, thick

gully and valley filling flows that were probably origin-

ally deposited with large initial dips. The best way to

evaluate the structural relationships in the area is to

determine the attitudes of the few prominent questa-form--

ing flows (Fig. 16). All of the questas dip between

about three and ten degrees in a southerly direction,

never to the north. It is therefore concluded that the

entire project area lies on the southern limb of the Blue

Mountain anticline and that the crest of this broad up-

lift is located somewhat north of the thesis area. Sup-

porting this conclusion is the observation that eleva-

tions in the Ochoco Mountains continue to increase north

of the project area. The crest of the Blue Mountain

anticline is probably coincident with these topographi-

cally higher areas to the north.
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Identifying the fault relationships in the project

area is another problem which is complicated by the na-

ture of the Clarno lavas. The biggest problem is the

tendency of most Clarno lavas to be so similar megascop-

ically that changes in rock type across fault boundaries

are often imperceptiblé thereby rendering the recogni-

tion of faults extremely difficult. Only two faults have

been recognized and shown on Plate 1. One fault cuts

through the aggregate quarry in the previously mentioned

enigmatic Clarno breccia outcrop in the SW of section 6,

T.14S., R.16E. The other fault can be viewed in a road-

cut along McKay Creek road in the NE¼ of section 13,

T.13S., R.16E. (Fig. 23). Both faults are nearly verti-

cal, trend roughly east-west, and probably represent nor-

mal fault displacement of no more than a few meters.

Neither fault can be traced along strike for more than

about 100 meters. Undoubtedly, numerous other small-

scale faults exist in the project area. However, it is

only those faults which have been exposed in the man-made

excavations which can be clearly identified.
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GEOLOGIC HISTORY AND CONCLUSIONS

The oldest geologic event recorded in the project

area is the deposition of the lower member of the Clarno

Formation. Precisely what underlies this oldest rock

unit is unknown, but several clues as to the nature of

the substratum are evident. It has been previously esti-

mated that the total thickness of the Clarno Formation in

the vicinity of Prineville is in excess of 1500 meters

(Novitsky-Evans, 1974). Since only 900 to 1200 meters

of Clarno is exposed below the John Day contact in the

project area, it seems reasonable to assume that an addi-

tional 300 to 600 meters of Clarno Formation lies unex-

posed below the surface. The nearest outcrop of pre-

Clarno rock is located about five kilometers northwest

of the northwestern corner of the project area in the

Hay Creek drainage. These Permian to Triassic metasedi-

ments (Walker, 1977) are apparently correlative with the

oceanic crust terrane of Brooks (1979). The Clarno For-

mation is in direct contact with the melange terrane at

this location with no intervening Middle Cretaceous sedi-

ments (Swanson, 1969). The nearest outcrops of Middle

Cretaceous rock occur about 30 kilometers northeast of

the project area near Mitchell (Oles and Enlows, 1977).

It is tempting to conclude that the Clarno Formation

rests directly upon oceanic crust terrane in the vicinity
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of the project area. This conclusion must remain tenta-

tive, however, until the westward distribution of the

thick Middle Cretaceous section exposed near Mitchell is

better understood.

The lower member of the Clarno Formation in the pro-

ject area consists exclusively of very coarsely porphyri-

tic lavas of rhyodacitic to andesitic composition. The

rhyodacitic lavas in the Bogue Creek area appear to be

part of a large dome complex of which 200 vertical meters

has been exposed through erosion. The less silicic lavas

in the lower member generally occur as thick, massive

flows which were, in all likelihood, also associated with

with dome building eruptions. The relationships between

the different rock types in the lower member are, how-

ever, obscure. It is very difficult in the field to

establish the contact between the rhyodacites and the

less silicic lavas. Generally, the rhyodacites are con-

fined to the Bogue Creek area. Eastward, toward Fall

Creek, the lavas grade laterally to more andesitic types.

However, there are some areas where andesitic lavas ap-

pear to overlie the rhyodacites.

Following deposition of the lower member lavas, the

region experienced a prolonged hiatus in volcanic activ-

ity. Exactly how long or extensive this interruption was

is unknown. It was long enough to allow the development
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of a relatively thick saprolite upon the lower member

lavas. This ancient regolith is obvious everywhere the

contact between the lower and upper member lavas is well

exposed. The hiatus was also long enough to permit the

development of approximately 280 vertical meters of ero-

sional relief upon the lower member rocks prior to ex-

trusiori of the upper member flows.

The 700 to 1,000 vertical meters of upper member

lavas exposed in the project area are composed primarily

of andesitic rock types. Basalts and basaltic andesites

are subordinate in this unit. Most flows appear to have

been relatively short, thick, and confined to gullies and

valleys eroded in the underlying rock. Undoubtedly, some

of the exposures represent volcanic dome deposits. The

accumulation of mudflow and volcanic breccia material

accompanied deposition of these lavas. A few flows, es-

pecially the more mafic nonporphyritic or questa-forming

flows, appear to have been more fluid and sheet-like

during extrusion. It is very difficult to identify the

eruptive centers from which the upper member lavas on-

ginated. Only two intrusive dikes have been identified

as possible feeder vents for some of the upper member

flows.

A chain of east-west trending hornblende-beaning

dacite domes began building across the center of the
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project area sometime during deposition of the upper

member lavas. Gill (1981) contends that hornblende-bear-

ing andesites and dacites are usually erupted late in

the history of a particular cone, at high elevations,

often in association with caldera collapse or resurgent

doming, and often following periods of prolonged dorman-

cy. I-Iornblende--bearing dacite intrusive dikes and feed-

er vents have been identified which clearly crosscut

upper member lavas. Locally, however, later upper member

flows have been deposited stratigraphically above the

hornblende-bearing dacites. This is not the only area

where the accumulation of hornblende-bearing dome rocks

near the top of the Clarno section have been reported.

Waters and others (1951) and Noblett (1980) both report

similar occurrences in areas to the north of this pro-

ject area.

The emplacement of the hornblende-bearing dacites

appears to have some tectonic significance. The east-

west trend of the dome chain and the intrusive dikes

suggests their emplacement was not random but was con-

trolled by directional stresses imposed by a regional

crustal stress regime active at that time. It is tempt-

ing to relate the east-west orientation of the two faults

in the area to the same stress regime. There is, how-

ever, no upper time limit evident for the development of
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the faults.

The deposition of the rhyodacitic lavas within the

upper member of the Clarno Formation appears to have been

roughly contemporaneous with deposition of the horn-

blende-bearing dacites. The rhyodacite dome on the west-

ern boundary of the project area (section 12, T.13S.,

R.15E.,) and the extensive xenolith-bearing flow in the

Sealy Creek area (section 11, T.13S., R.16E.) are both

adjacent to outcrops of hornblende-bearing dacite. Both

of these rock types are in roughly equivalent strati-

graphic position. The one rhyodacite dome located near

the southeast corner of the project area (section 36,

T.13S., R.16E.) does not show the same relationship to

the hornblende-bearing dacite unit. However, it is clear

that the dome did form sometime during the sequence of

upper member deposition.

Deposition of the John Day welded ash-flow tuff

followed a hiatus in volcanic activity between Clarno and

John Day time. It is interesting to note, however, that

the saprolite developed on the upper member lavas prior

to deposition of the John Day welded ash-flow tuff is not

nearly as thick or well developed as the saprolite which

separates the lower and upper members of the Clarno For-

mation. This may reflect either a difference in climate

or duration of weathering. It seems reasonable to assume
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that the source of the welded ash-flow tuff and the

tuffaceous claystones near the southwest corner of the

project area is Grizzly Mountain. It is also probable

that with the existence so near by of a vent area as

large as Grizzly Mountain, that John Day tuffs once co-

vered a significant portion of the project area. Whether

the welded ash-flow tuff near the northeast corner of the

project area is John Day in age or not is unknown, but

the most reasonable guess at this time is that it is.

The youngest volcanic event preserved in the pro-

ject area is the deposition of the Tertiary olivine ba-

salt. This single, isolated flow appears to have been

vented locally from beneath the mesa which it now covers.

A significant amount of erosional relief, probably com-

parable to what exists in the area today, was developed

on the underlying Clarno Formation prior to extrusion

of this unit. Swanson (1969) has previously suggested a

Pliocene age for this olivine basalt.

Erosion of the Tertiary volcanic rocks and their

subsequent redeposition as various types of unconsoli-

dated alluvium continues to this day. In general, the

various rock types and structures appear to exert very

little influence over the areas random dendritic drain-

age pattern. The only exception to this is across the

center of the project area where the course of McKay
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Creek, Lof ten Creek, and Sealy Creek have been channeled

through the more easily eroded hornblende-bearing dacite

unit.
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Appendix A. Chemical analyses of selected rock
samples from the northeast one-quarter
of the Prineville quadrangle. Oxides
tabulated are in weight percent.

Sample 184 8-3 23-5 8-4 183

Si02 70.40 63.30 61.80 54.60 58.60

A1203 13.50 15.90 16.50 19.00 16.30

FeO 3.92 5.51 5.77 8.00 4.97

CaO 3.72 5.35 6.07 8.26 6.99

MgO 1.90 3.50 3.50 4.20 4.60

K20 2.67 2.39 1.82 0.99 1.74

Na20 3.05 3.25 3.30 3.25 4.65

Ti02 0.54 0.73 0.81 1.31 1.19

Total 99.70 99.93 99.57 99.61 99.04

184 Clarno Formation, lower member, porphyritic
hornblende-bearing rhyodacite: elevation 4,400
ft., SE, SW, Sec. 33, T.12S., R.16E.

8-3 Clarno Formation, lower member, porphyritic
quartz-bearing dacite: elevation 4,120 ft.,
NE, SW¼, Sec. 34, T.12S., R.16E.

23-5 Clarno Formation, lower member, porphyritic
quartz-bearing andesite: elevation 3,600
ft., SW, NE¼, Sec. 3, T.13S., R.16E.

8-4 Clarno Formation, upper member, two-pyroxene
bearing basaltic andesite: elevation 4,200
ft., NW, SW, Sec. 34, T.12S., R.16E.

183 Clarno Formation, upper member, two-pyroxene
bearing andesite: elevation 4,360 ft., SE¼,
SE¼, Sec. 26, T.12S.,, R.16E.



140

Sample 127 48b 168 53 112

Si02 60.20 62.90* 63.00 66.20 68.20*

A1203 16.90 15.80 14.90 16.00 17.30

FeO 5.99 5.54 6.34 4.85 3.31

CaO 6.79 4.89 4.08 3.89 4.48

MgO 3.20 3.10 3.20 1.60 0.04

K20 1.23 1.90 2.22 2.46 1.79

Na20 3.50 3.95 4.40 3.00 4.35

Ti02 0.87 1.00 0.89 0.79 0.48

Total 98.68 99.08 99.03 98.79 100.31

127 Clarno Formation, upper member, porphyritic
two-pyr-oxene bearing andesite: elevation 4,960
ft., NW¼, NW¼, Sec. 1, T.13S., R.16E.

48b Clarno Formation, upper member, two-pyroxene
bearing andesite: elevation 3,800 ft., SW¼,
NE, Sec. 23, T.13S., R.16E.

168 Clarno Formation, upper member, porphyritic
quartz-bearing andesite: elevation 3,800 ft.,
SE, SE, Sec. 8, T.13S., R.16E.

53 Clarno Formation, porphyritic hornblende-bearing
dacite: elevation 3,400 ft., SE¼, SE¼, Sec.
14, T.13S., R.16E.

112 Clarno Formation, porphyritic hornblende-bearing
dacite: elevation 3,880 ft., NE¼, NW¼, Sec.
16, T.13S., R.16E.

* secondary quartz in microfractures noticed
in thin section
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Sample 40 86 143 132 169

Si02 67.80 75.20 72.60 74.10 49.50

A1203 15.90 13.70 14.40 13.20 16.20

FeO 3.94 2.29 2.97 2.49 9.51

CaO 3.65 0.87 2.31 1.82 10.71

MgO 1.10 -- 0.20 0.30 9.40

K20 2.50 3.83 2.78 3.61 0.40

Na20 3.20 4.35 4.50 4.20 2.35

Tb2 0.63 0.15 0.22 0.39 1.09

Total 98.72 100.39 99.98 100.11 99.16

40 Clarno Formation, intrusive dike, porphyritic
hornblende-bearing dacite: elevation 3,400
ft., SW¼, SE¼, Sec. 16, T.13S., R.16E.

86 Clarno Formation, rhyodacite: elevation 3,660
ft., NW, SW, Sec. 36, T.13S., R.16E.

143 Clarno Formation, rhyodacite: elevation 4,600
ft., NW, SE¼, Sec. 12, T.13S., R.15E.

132 Clarno Formation, xenolith-bearing rhyodacite:
elevation 4,080, SW, SW, Sec. 11, T.13S.,
R. 16E.

169 Tertiary olivine basalt: elevation 4,400 ft.,,
NE¼, NE¼, Sec. 35, T.12S., R.16E.




