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The BearBear Creek area is situated at the boundry

between the Basin and Range Province, Deschutes Basin

and Blue Mountains Province. It contains rock units

representing most of the Cenozoic geologic column. The

major rock units exposed are the Clarno Formation, John

Day Formation, Columbia River Basalt Group, Deschutes

Formation and the Rim Basalts. The Bear Creek area

exposes the southwestern most outcrops of the John Day

Formation, which are typically fresher than the John Day

rocks exposed elsewhere. In the Bear Creek area

fluviatile sediments of John Day affinity have been

reported for the first time.

The most important unconformity in the thesis

area is an angular break, between the John Day Formation

and the Columbia River Basalt Group rocks. Rocks under

the unconformity are folded with dips up to 40°, and the

thesis area is on the limb of one of these folds. The

Columbia River Basalt is very gently folded in the same
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pattern.

The most prominent structures of the area are

a number of north-south trending faults. Field evidence

is presented which indicates that all of these faults

are younger than the Columbia River Basalt / John Day

angular unconformity. Five different sets of faults

have been identified in the thesis area on the basis of

orientation and sequence. The Bear Creek Faults are the

oldest set of faults. These faults are high angle

normal and/or reverse (possibly scissor) faults. Minor

strike slip faults cut the Taylor Butte. These faults

are at least younger than the John Day Formation. The

Dam Fault is a high angle normal fault, and has the

maximum amount of displacement associated with it. The

Reservoir Fault trends in the northwest-southeast

direction and is a high angle normal fault. The Alkali

Flat Fault is the youngest fault exposed in the area,

and is a north-south trending normal fault. It is my

contention that these faults were developed in response

to the extention and development of the Deschutes Basin.
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Geology and Structure of the Bear Creek area,

Crook County, Oregon

INTRODUCTION

The area chosen for this thesis is situated

south of the Crooked river in Crook County in central

Oregon. The generalized location of the area is shown

in Figure I.

Most of the rock units found in Crook County

are geologically young materials of volcanic origin.

The thesis area particularly has material of most of

Cenozoic geological column, involved in complex fault

structures and folding. Though all the faults are

fairly young, at least one cuts the Rim basalts of the

Alkali Flat and is thus Pliocene/Pleistocene in age,

and is oriented in north-south direction. The area is

adjacent to the Brothers Fault Zone, a west-northwest

trending feature that forms the northern edge of the

Basin and Range Province to the south (Lawrence, 1976).

Scope of Investigation

The main objectives of this research are to make a

detailed geologic map of the area and answer the

following questions:
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Figure 1. Generalized location map of the Crook County
and the thesis area.
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What is the general structure of the area?

What are the different lithologies exposed in the

area?

What are the significant structures in the area?

The chronology of the complex faulting is revealed

by a large number of distinctive stratigraphic units.

Is this also typical of other nearby areas?

Problems Addressed by the Thesis

I) The southwestern most outcrop of John Day Formation

occurs in this area. What is its significance?

Are the young faults that cut the Alkali Flat

basalts related to the Brothers Fault Zone?

What are the age relationships of the cross cutting

faults found in the area?

Does the Basin and Range Province extend into the

thesis area, or is it ina different geological

province?

Is the area on the flank of an anticline or is it

on a tilted block?

Does the area exhibit an angular unconformity

between the John Day Formation and the Columbia River

Basalts?
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Methods

FIELD PROCEDURES: The field work was carried out

in two sessions.

Geological mapping was done on a base map at

the scale 1:20,000. On this map, the various

lithologies and structures were plotted along with the

locations of the rock samples. During the field work,

the various rock units were distinguished and their

contact relationships with other units were determined

and plotted on the map. The trends and apparent

displacements on the faults were also plotted on this

map.

LABORATORY PROCEDURES: Once the field study was

completed, the author focused his attention on the study

of samples taken from the field. Out of the fifty

samples collected, thirtyfive samples, representative of

all lithologies of the area were selected for thin

section study. Out of these, two, i.e. KPO-28 and

KPO-30 were also selected for major element chemical

analysis. The results of these studies are given below.

Location and Accessibility

The project area (figure 1) lies about 18
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miles south of the town of Prineville along the

Prineville reservoir and can be approached by highway

27. The area is situated between 1200 47' - 120° 40'

latitude and 440 00' - 440 08' longitude, in Crook

County, Oregon. Most of the area can be approached by

dirt roads, but traverses on foot were the essential

means of access to the outcrops. The exposure is

moderately good except for the north slopes, which are

covered with colluvium, landslides, vegetation, and

locally Mazama Ash.

Physiography and Climate

The thesis area lies along the western edge of

the Ochoco Mountains and is dominated by Taylor Butte,

the highest peak in the area at 4,644 feet. Total

relief within the area is 1,444 feet. The area is

dissected by Bear Creek and many other unnamed seasonal

streams. The northern part of the quadrangle contains

part of the Crooked River Valley.

Because the area lies east of the Cascade

Mountains, the climate is semi-arid as is much of

central and eastern Oregon. Vegetation consists mainly

of range grasses, sage and juniper.

Exposures of bedrock geology are generally

good because of the sparse vegetation throughout much of

Eagle Rock (1968a) quadrangles of the Crook County.
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the area, except within the Crooked River Valley due to

deposits of talus and alluvium.

Previous Work

The thesis area has received little specific

attention in the past, and most of the work done there

has been regional reconnaissance. This work constitutes

the first endeavor to study the area in detail.

In 1930, John P. Bavalda published a paper on

the structure and geomorphology of central Oregon.

Hodge (1942) described the general geology of the area

and provided a map of the western part of north-central

Oregon. Waters (1961) discussed the Columbia River

Basalts; he elevated the stratigraphic term "Columbia

River Basalt" to group status and sub-divided the group

into the Picture Gorge Basalt and the overlying Yakima

Basalt. Baldwin (1981) gave a general summary of the

geology of the entire state of Oregon.

Reconnaissance mapping at 1:250,000 was

compiled for the southern part of the area (Walker,

1967) and for the northern part of the area (Swanson,

1969). These were combined at 1:500,000 in the map of

eastern Oregon (Walker, 1977). Waters published

reconnaissance geologic maps of the Post (1968) and

Eagle Rock (1968a) quadrangles of the Crook County.

6



Rogers (1966) worked on the structure and

topography of the area and suggested that structurally

and topographically high areas maintained coincidence

and continued activity during much of post-Clarno time.

Later, he (1977) suggested a plate tectonic origin for

the Clarno Formation and suggested that it was formed on

thin (20-30 km) continental crust overlying a

subduction zone of about 120 km depth.

Lawrence (1974) worked on the ERTS-I imagery

of Crook County and identified young faulting in the

area which he suggested may be related to the Brothers

Fault Zone.

7



TECTONIC SETTING OF THE BEAR CREEK AREA

Stratigraphic Sequence

A simplified geologic map of the Bear Creek

area is shown in Figure 2. (modified from Swanson,

1969), with an accompanying stratigraphic column (Table

1). The rocks constitute a volcanic sequence in age

from Eocene (Clarno Formation) to as young as Pliocene-

Quaternary (Quaternary-Tertiary mafic vent and basalts).

The Clarno Formation has been studied in some

detail by Oles and Enlows (1971) in the Mitchell area

(Fig. 3), about 100 km north of the Bear Creek region.

They subdivided the Clarno into lower and upper units,

separated by an angular unconformity. The lower unit is

1200 meters thick and composed primarily of

calc-alkaline andesitic lavas and intrusions, basaltic

intrusive bodies, volcanic breccias, and tuffaceous

sediments. Gromme and others (1986) summarize available

ages for the Clarno rocks from 46.1 to 34.9 million

years ago (Ma), using K-Ar geochronologic techniques.

The upper and lower Clarno rocks are each about the same

thickness in the Mitchell area (Oles and Enlows, 1971).

Lithologic features are also similar, but the upper

Clarno contains more volcaniclastic material and

epiclastic sedimentary rocks than does the lower

8
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Table 1. Stratigraphy of the Bear Creek area, Crook
County, Oregon.
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Clarno.

In the Bear Creek area, many different

lithologic types are observed in the Clarno Formation,

ranging from lahar deposits and volcaniclastic sediments

to basaltic and andesitic flows. Extreme hydrothermal

alteration has occurred, resulting in places in mercury

mineralization which was studied by Wilkening (1986) in

the Bear Creek Butte area (Fig. 3). The Clarno rocks,

although stratigraphically the lowest unit in the Bear

Creek area, lie on a structural high (the Maury

Mountains anticline), and hence are found at the higher

elevations.

Unconformably overlying the Clarno Formation

is the John Day Formation. The John Day Formation

consists largely of andesitic to dacitic tuffaceous

clays, air-fall tuffs, and interlayered ash-flow sheets

(ignimbrites), with local rhyolite, trachyandesite, and

basalt flows in the basal part of the unit (Robinson and

others, 1984). Robinson and Brem (1981) and Robinson

and others (1984), divided the John Day Formation into

three geographically separated facies, (Fig. 4). The

western facies is exposed between the Blue Mountains

uplift and the Cascade Range and contains as much as

1300 meters of tuffs, ash-flows, and lava flows. It has

been divided into nine members by Peck (1964) and

Robinson (1975). The eastern facies,

12
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which lies to the east of the Blue Mountains uplift in

the Picture Gorge and Mitchell areas, and the southern

facies, which lies south and southwest of the Ochoco

Mountains (including the Bear Creek area), lack the lava

flows and consist chiefly of claystones, interlayered

air-fall tuffs, and ignimbrites. One ashflow tuff (the

Picture Gorge ignimbrite) lies in the middle of the John

Day section in the eastern fades. Robinson and others

(1984) report that available K-Ar ages and faunal

assemblages span from 36 Ma to as young as 18 Ma.

In the Bear Creek area, the John Day Formation

is generally thin and highly variable in thickness from

ridge to ridge. The maximum thickness of the John Day

Formation in the thesis area does not exceed 424

metres. In addition, between the uppermost John Day

rhyolite and the lowermost tuffs along Bear Creek,

fluviatile sediments are exposed. One possible

interpretation of this relationship is that the Bear

Creek area exposes the distal end of John Day air-fall

tuff which was eroded down to a series of shallow

canyons (gullies) by a river which left sediments in the

canyons (Brandon, 1987).

The Columbia River Basalt Group (CRB) is a

well known accumulation of thick, extensive tholeiitic

basalt flows that cover much of southeastern Washington,

western Idaho and northern Oregon. (Fig. 5). The

14
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Columbia River basalt flows were extruded over a time

period from 16 to 6 ma. (Swanson and others, 1979).

These flows originated from large north to

northwest-trending dike swarms (Waters, 1961; Swanson

and others, 1979).

The Columbia River Basalt Group is divided

into 5 formations, in order of decreasing age: the

Imnaha, Picture Gorge, Grande Ronde, Wanapum and Saddle

Mountains basalts. The Imnaha is thought to be the

oldest and is found at the base of the section in

northeast Oregon. The Picture Gorge Basalt is almost

completely confined to the area south of the Blue

Mountains uplift and is coeval with part of the Grande

Ronde Basalt. The Grande Ronde, Wanapum and Saddle

Mountains basalts make up the Yakima Basalt Subgroup

which is the most extensive part of the Columbia River

Basalt Group that forms the classic exposures of the

Columbia Plateau.

After the Columbia River Basalts were

deposited, two basins developed in Crook County. One on

the west side and one on the east. The eastern basin

called the Paulina Basin, is the older one within the

county and contains materials deposited in late Miocene

and Pliocene time. These are the Mascall and Danforth

Formations which are formed of siliceous tuffs and

sediments, and welded rhyolite tuffs. On the west side

16



the Prineville Basin is a reentrant of the larger

Deschutes Basin. Siliceous tuffs and sediments similar

to those described above accumulated here as the

Deschutes Formation.

The Rattlesnake Ignimbrite Tongue was first

described as pumiceous tuff and rhyolite interbedded

with fanglomerates in the John Day Valley. This unit

was later recognized throughout much of central Oregon.

Enlows (1976) recognized that this rhyolite and tuff is

actually an ignimbrite with a general source area in

the Harney Basin. The Rattlesnake ignimbrite has been

traced from the Harney basin into the John Day and

Crooked River basins and has been found as far northwest

as Sutton Mountain (Enlows, H.E., unpublished mapping,

cited in Smith, 1986a).

The Deschutes Formation is an accumulation of

volcanic debris and some lava flows derived from the

ancestral Cascades during late Miocene and Pliocene time

(Table 1). The formation consists of lava flows,

air-fall and ash-flow tuffs, mudflows and epiclastic

sediments that were deposited in a non-marine back-arc

basin environment. Most of this material is exposed in

river canyons within the Deschutes Basin on the east

side of the Cascades. Thin deposits of this material

are found as far east as the western slopes of the

Ochoco Mountains.
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Thin, late Pliocene to Pleistocene basalt

flows (Table 1), rest on top of the older units

described above. They are especially common over the

Paulina and Prineville Basin materials. Numerous vent

areas for these rocks are present in the county. In

places, they are so young that some of the larger

surface flow features have not been destroyed by

weathering.

These basalts which overlie the John Day

Formation and the Columbia River Basalts were mapped as

questionable Picture Gorge basalt of the Columbia River

Basalt Group by Walker and others (1967). Swanson

(1969) mapped these as Quaternary Olivine basalts.

Osawa and Goles (1970) referred to these basalts

informally as the "Highway-27 lavas" (because they crop

out along Oregon State Highway 27); they were later

named the Bear Creek basalts by Goles (1986). These

basaltic flows crop out along Bear Creek and seem to

represent accumulations from local eruptions; their

farthest known extent is 20 km to the south and east

along Bear Creek (as mapped by Walker and others, 1967)

and Swanson (1969). In this study each flow was mapped

individually.

The youngest geological materials in the

county are various unconsolidated deposits that have

accumulated mostly in valleys and small basins. These

18



include river and stream floodplain and terrace

deposits, local lake beds and playas, and alluvial fans

and pediment gravels. On valley slopes landslides,

talus and colluvium are present. Airfall ash from the

Cascades and Newberry Volcano are locally present over

much of the county and contribute significantly to the

valley fill materials. The most abundant of these is

the Mazama Ash produced by the catastrophic eruption and

caldera collapse about 6600 years ago that resulted in

the creation of Crater Lake, (Lawrence, 1974).

Volcano-tectonic History

The Bear Creek area lies in the southwest

corner of the Blue Mountains Province. The boundary

between the Blue Mountains Province and the

Basin-and-Range Province to the south appears to be the

Brothers Fault Zone (BFZ), as suggested by Lawrence

(1976). To the west of the Bear Creek area, a

transition occurs from the mountainous terrain of the

Blue Mountains Province to the generally flat basinal

terrain of the Deschutes Basin. Topographic features

that delineate these three provinces are related to the

different styles of structural deformation that have

occurred in each of them. The Deschutes Basin probably

originated as a response to backarc spreading behind the

19



Cascades, hence forming a basin. This inference follows

from the model of Gromme and others (1986), in which the

Oregon Coast Range and parts of the then-forming Cascade

arc were rotating clockwise from a hinge at the north

end of the Oregon Coast Range. The Basin-and-Range

Province is composed of series of north-south trending

normal fault structures which produce basin and range

topography. They are considered by Gromme and others

(1986) to result from north-south dextral shear

deformation and east-west extension. It extends east

from the eastern frontal fault of the Sierra Nevada.

Structural features (Fig. 3) that lie within

the Blue Mountains Province result from north-south to

northwest-southeast compression during Cenozoic times

(Livaccari, 1979; Robyn and Hoover, 1982; Goles,

1986). These structural features and the volcanism

associated with them will be discussed with reference to

four time periods: Clarno time, John Day time, Columbia

River basalt time, and post-Columbia River basalt time.

Figure 2 shows the distribution of volcanic formations

in the Bear Creek area in reference to these 4 time

periods.

CLARNO TIME

The origin of the Clarno Formation(46-36 Ma)

20



was considered by Rogers and Ragland (1980) and Rogers

and Novitsky-Evans (1977). Rogers and Ragland (1980)

report that rhyolite, andesite, and basalt of the

Clarno form a calc-alkaline suite with lithophile

element (i.e. 1(20) abundances transitional between

continental margin arc (greater K20 at a given Si02

value) with a thicker crust, and intra-oceanic island

arc (smaller K20 at a given Si02) with a thinner crust.

They conclude that this lithophile element signature

supports the suggestion of Rogers and Novitsky-Evans

(1977) that the Clarno rocks were erupted on a thin

continental margin of perhaps 20 to 30 km crustal

thickness over an active subduction zone.

Plate tectonic models are just begining to

appear, trying to explain the tectonic orign and

evolution of the rocks of central Oregon and Oregon

Coast Ranges. These models have not been fully

evaluated by field study, and some features that they

have proposed are not yet recognized by geologic

mapping.

Gromme and others (1986) studied

paleomagnetism of the Clarno Formation. Remnant

magnetization directions for several flows showed that

rocks of the Clarno Formation have been rotated 160 +

10° clockwise since their formation. In a

paleogeographic reconstruction of pre-Miocene Tertiary
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rocks at 37 Ma, they suggested that all of the

paleomagnetically indicated rotations for the Pacific

Northwest could be explained by an extensional tectonic

model. In this reconstruction, the Clarno outcrop

pattern is rotated back 160 counterclockwise and moved

eastward about 75 km toward the Paleozoic and Mesozoic

provinces of eastern Oregon, which some Clarno rocks

overlie. This reconstruction satisfies the conclusions

of Brooks and Vallier (1978), who showed that the whole

package of the Blue Mountains Province of Clarno and

older rocks has moved west and rotated via extension

since Clarno times. Gromme and others (1986) contract

the Clarno outcrop pattern by 50 km to account for

probable extension within the Clarno package itself.

In the model of Groome and others (1986) the

Oregon Coast Range is rotated back counterclockwise on a

hinge at its northern extent in order to satisfy

paleomagnetic data for the Eocene-age Tillamook Volcanic

Series (which experienced a 450 clockwise rotation since

deposition) in the northern Oregon Coast Range. In this

model, 220 of clockwise rotation for the Tyee and

Flournoy rocks remains unremoved at 37 Ma. Gromme and

others (1986) noted that deposition of the Tyee

Formation ceased at about 46 Ma, and the change within

the Tyee basin from arkosic petrofaci es to

volcano-lithic petrofacies occurred at about 45 Ma, the
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onset of Flournoy deposition. They cite Heller and

others (1985) who suggest that the provenance for the

50-46 Ma Tyee basin rocks (arkosic sands) was the Idaho

batholith and its associated accreted terranes. That

the most voluminous eruptive activity in the Clarno

commenced at about 46 Ma, suggested to Gromme and

others (1986) that this may be when crustal extension in

central Oregon was initiated, and the extension that

occurred during Clarno deposition (until about 37 Ma -

the time of the reconstruction) caused the first 220 of

rotation within the Tyee basin. During this time,

Clarno rocks served as sources for the Flournoy

sediments of the Tyee basin, resulting in a change from

arkosic to volcaniclastic sediments. Hence, in this

model, the Clarno Formation erupted during regional

extension in central Oregon.

JOHN DAY TIME

During John Day time (36 to 18 Ma), volcanic

vents were generally absent in the Blue Mountains

Province. Robinson and others (1984) suggested that the

calc-alkaline andesitic to dacitic pyroclastic debris in

the air-fall tuffs and tuffaceous claystones of the John

Day Formation were derived from volcanoes within the

coeval Cascade Range, eruptive products of which were
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blown east. Ash-flow tuffs, minor air-fall tuffs, lava

flows, and domes were erupted in the western fades of

the John Day Formation within the Deschutes Basin and

underneath what is now the Columbia Plateau north of the

Blue Mountains uplift (Robinson and others, 1984). This

interpretation fits in well with the model of Gromme and

others (1986) which has the Oregon Coast Range rotating

clockwise on a hinge at its north end during John Day

and younger times, opening up an "empty space" behind

it. In this model, the John Day vents would have

formed in a back-arc tectonic environment behind the

Cascade arc. Geochemical signatures in John Day

volcanic rocks are in agreement with a back-arc model

for lavas from the John Day vents (Brandon 1987).

Within the Blue Mountains Province, northeast

to east trending anticlines and reverse faults developed

during John Day times (Robyn and Hoover, 1982). The Blue

Mountains uplift shown in Figure 3 is an anticline which

developed during this time. The Aldrich Mountains

anticline and the Richmond fault also were active during

this time (Brandon 1987).

Associated synclinal basins became channels in

which sediments from erosion of John Day tuffs were

deposited (Brandon 1987). In the Bear Creek area the

rocks of the John Day Formation are sharply

unconformable under the CRB, therefore they were folded
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during late John Day time. The Bear Creek area may be a

synclinal structural basin at the west end of the Maury

Mountains. It would have formed initially during John

Day time. John Day air-fall tuffs were probably more

thickly deposited in this syncline. Additional evidence

for a valley developed along the axis of a syncline is

that at the end of John Day time the Bear Creek area

was in part occupied by the channel of a river, which

deposited sediments on top of John Day claystones.

COLUMBIA RIVER BASALT TIME

During mid to late Miocene times (16.5-10 Ma),

when the Columbia River basalts (CRB) were erupted,

basaltic and andesitic volcanism were an almost

ubiquitous feature in the landscape of Oregon and

Washington. The Cascade arc was very active, as

evidenced by the andesitic mid-Miocene Sardine Formation

of the Western Cascades (McBirney, 1978). Columbia

River basalts that erupted in northeastern Oregon and

southeastern Washington covered an area close to 160,000

km2 ( Robyn and Hoover, 1982; Goles, 1986). Associated

andesitic volcanic rocks of the Strawberry Mountains

(Goles, 1986) formed near what is now John Day

(Fig. 3).

Many of the basalts that erupted during

25



CRB time were fed by north-northwest trending dike

systems, leading Robyn and Hoover (1982) and Goles

(1986) to conclude that east-west extension was taking

place. Robyn and Hoover (1982) suggested that the

change from east-west folding and faulting during John

Day time to apparent east-west extension in the mid

Miocene may actually represent a response to increased

north-south compressional stress in the Blue Mountains

(and the Columbia Plateau and northern Basin-and-Range)

that resulted from increased transference of stress into

the American plate across the San Andreas system. In

other words, during Columbia River basalt time (17-10

Ma) pure east-west extension was not present, but rather

a virtual extension, where a north-south compression

gave rise to a minimal stress field in an east-west

direction. Such an orientation induced dike formation.

This extensional tectonism during CRB time allowed an

unusually large amount of primitive magma (basalt

predominating over andesite and rhyolite) to reach the

surface.

POST-COLUMBIA RIVER BASALT TIME

A change in the style of structural deformation

occurred after the end of CRB time. From 10 to 6 Ma, a

renewed period of folding and reverse faulting took
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place in the Blue Mountains Province (Robyn and Hoover,

1982). The Aldrich Mountains anticline was rejuvenated

(as was the Maury Mountains anticline), and high angle

south-dipping reverse faults arose such as the John Day

fault developed. This change in the style of

deformation in the Blue Mountains Province may have

transpired because of a 20° change in direction of

plate motions owing to the complete disappearance of the

Farallon plate along the full length of the present San

Andreas-Gulf of California system at 10 Ma (Robyn and

Hoover, 1982).

Since Columbia River Basalt time volcanic

activity has generally been absent within the Blue

Mountains Province,

its edges at least

the Brothers Fault

area, volcanic rocks mapped as

and instead has concentrated along

on the west and south sides, along

Zone (Fig. 3). In the Bear Creek

Plio-Pleistocene

Pyroclastic cinder cones, mafic vents and basalt

flows (QTp and QTb) represent this time.
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STRATIGRAPHY AND LITHOLOGY OF THE BEAR CREEK AREA

INTRODUCTION

Rocks of the Bear Creek area provide an

excellent opportunity to study Tertiary volcanic history

in central Oregon and its relationship to tectonism.

Rocks representing each major episode of Cenozoic

volcanism in central Oregon are present in this area and

the field area lies on the border of three tectonic

provinces, the Blue Mountains, the Deschutes Basin, and

the Basin-and-Range Provinces.

Clarno Formation

INTRODUCTION

The Clarno Formation was described by

J.C. Merriam (1901) as a series of, "ashes, tuffs and

lavas, resting upon the Cretaceous near Mitchell, and

also showing typical exposures at Clarno Ferry." This

formation is now known to contain many more rock types

and to occur over much of central Oregon. Included in

the Clarno now, are rhyolite, andesite and basaltic

flows, breccias and varicolored tuffs, waterlaid

conglomeratic and tuffaceous sedimentary rocks and mud
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flows are also present. This series includes

unconformaties, on the basis of which Oles and Enlows

(1971) proposed group status. They found that there is

a lower Clarno made up of thick andesite flows with

intercalated varicolored tuffaceous sedimentary rocks

and local volcanic breccias, intruded by andesite pipes

forming buttes such as the White Butte. This unit is

late Eocene in age and is separated from the overlying

upper Clarno by an unconformity, which is well exposed

in the Mitchell Quadrangle (Oles and Enlows, 1971). The

upper Clarno is made up of andesite flows, mudflows, and

tuffaceous sedimentary rocks, and is of early Oligocene

age.

The Clarno Formation has unconformable

contacts with the underlying Cretaceous Formations

(Oles and Enlows, 1971) and the overlying Tertiary John

Day Formation (Peck, 1964). Only the upper contact of

the Clarno Formation with the overlying John Day

formation is exposed in the project area. The Clarno

Formation is exposed predominantly in the northeastern

and southwestern section of the thesis area. In the

southwestern section it is exposed mainly due to

repeated faulting.

The thickness of the Clarno Formation within

the area of research is difficult to determine because

of the repeated faulting, but it is estimated from the
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map as at least 750 + 50 feet. The rock units exposed

in the area are lava flows, mud flows and tuffaceous

sediments. There also is an andesitic dyke which

intrudes the mud flows and strikes N 67° E.

CLARNO TUFFS

A variety of tuffs are found in the

northeastern part of the mapped area. The most common

are poorly indurated red, white, buff and green tuffs

interbedded throughout this unit. They are well

exposed along the southern slopes of the Crooked River

valley and Prineville reservoir. These tuffs swell

greatly when in contact with water, suggesting a high

percentage of expansive clay minerals. It is this

property of expansion and an accompanying lack of

cohesion that causes most slumping in the Clarno

Formation. Winter rains and long dry summer spells

cause the tuffs alternately to expand and contract,

producing a characteristic "popcorn" surface. The

Clarno tuffs tend to become red towards the top.

Yellow and buff, thinly bedded tuffaceous

shales occur within the poorly indurated tuffs. The

tuffaceous shales contain poorly preserved leaf

impressions and some petrified wood. They weather
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easily into thin flakes which mantle the surrounding

slopes.

In hand specimen these tuffs are chalk-like

and contain fragments of pumice, quartzite, basalt, and

coarse grained tuffaceous lithic fragments. In thin

section they show a non-welded vitro-clastic texture.

It is composed predominantly of angular glass shards and

fragments, spherulitic pumice, andesites, basalts, and

coarse-grained tuffaceous lithic fragments.

The upper contact of this unit exposed in the

northeastern part of the thesis area is an angular

unconformity with the overlying Rim Basalt to the south.

To the east this unit is overlain conformably by the

mudflows of the Clarno Formation. Detailed petrography

for sample KPO-51 is given in Appendix A.

CLARNO MUDFLOWS

Volcanic mudflows are present in the

northeastern and southeastern quadrants of the project

area. Good outcrops can be seen along the Roberts road

in the northeastern part of the thesis area, where the

mudflows exhibit a hummocky topography. Here they are

abundant and form a separately mappable unit. In the

southeastern quadrant these deposits have not been

mapped as a separate unit because of their limited
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distribution and because they are interlayered

intimately with andesitic lava flows. In this area the

thickness of individual mudflow does not exceed a few

meters.

Outcrops of mudflows consist of subrounded to

rounded, coarse sand to cobble sized clasts of andesite

in a clay to sand sized matrix of same composition. The

outcrops weather to various hues of green and grey and

sometimes contain randomly oriented fragments of

silicified wood. Generally the deposits are in matrix

support and are extremely poorly sorted. In some

outcrops the larger fragments are localized to the upper

parts of the flow. According to Bagnold (1956) reverse

grading in the mud flows may be due to the selective

removal of larger fragments that projected upwards into

the higher velocity zones during flow. Other

explanations for the reverse grading in mudflows are

based on the experimental work of Bagnold (1954), which

demonstrates that in grain flow the larger particles

migrate away from the zones of maximum shear strain.

In hand specimen most of the clasts seen in

these mudflows are derived from andesite flows of the

Clarno Formation. In thin section phenocrysts of

plagioclase, hornblende and magnetite are present in the

matrix. The plagioclase occurs as subhedral elongate

crystals up to 1.0 mm. in length. The crystals are
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compositionally andesine and make up about 25 volume

percent of the rock. Most of the plagioclase crystals

in the thin-section display well developed zoning.

Hornblende phenocrysts make up 8 volume percent of the

rock as subhedral laths with a maximum size of about 5.0

mm. Magnetite phenocrysts account for about 3 volume

percent of the rock as anhedral crystals up to 0.5 mm.

in diameter. The rock has a poorly developed

pilotaxitic texture with a groundmass made up of

plagioclase, clinopyroxene, magnetite and glass.

Detailed petrography for sample KPO-56 is given in

appendix "A".

CLARNO LAVA FLOWS

The lava flows of the Clarno Formation found

in the thesis area are of andesitic composition. These

flows are dominated by porphyritic pyroxene-bearing

andesite, but also contain at least one flow of

olivine-bearing basaltic andesite. The olivine-bearing

basaltic andesite flow is exposed in the northeastern

section of the mapped area and is underlain by Clarno

tuffs and is overlain unconformably by the John Day

tuffs. Exposures of pyroxene-bearing andesite flows in

the southeastern part of the mapped area exist as

inter-flows with the Clarno mudflows, and therefore are
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not mapped separately. The thickness of most individual

flows does not exceed a few meters, while the

olivine-bearing basaltic andesite flow is about 70 to

100 meters thick at some places (measured from the map).

In the southwestern quadrant of the mapped

area, these flows are exposed mainly in separate blocks

due to repeated faulting along the Bear Creek.

In outcrop, these flows are commonly fine

grained and platy jointed, with large plagioclase

phenocrysts, which weather to coarse grus. The

discontinuous nature of outcrops of these flows makes

mapping of individual flows impractical. Structural

attitudes are mainly based on joint surfaces that

closely approximate bedding and saprolite (paleosol)

layers. Most of these flows (along the Bear Creek)

appear to dip from 18°-28° to the west-southwest.

In hand sample, most of the flows are

porphyritic, usually with plagioclase phenocrysts in

fine-grained groundmass. The color ranges from

grayish-black to greenish-black for fresh samples.

Weathered samples are iron-stained and are reddish-brown

to reddish- greenish-brown. Fresh samples commonly

contain minor amounts of smectite, imparting a greenish

cast to the rocks. The Clarno andesitic flows found in

the southwestern section of the thesis area are

typically amygdaloidal and the vesicles are normally
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compressed. These vesicles are lined with a crystalline

hydrocarbon "Gilsonite" (which suggests the possible

presence of oil in the region) and are filled with

zeolite and secondary quartz.

Three mineralogical varieties were observed

within various flows of the Clarno lava flow unit in

thin sections. Augite bearing andesites were the most

common; one flow each of two pyroxene (augite and

hypersthene) bearing andesite and one flow of olivine

and augite bearing basaltic andesite were also studied.

For detailed petrography see samples no. KPO-9, KPO-11,

KPO-14, KPO-28, KPO-30, KPO-31a, KPO-36 and KPO-38,

appendix "A".

CLARNO ANDESITIC DYKE

One dike of Clarno age is exposed in the

northeastern section of the thesis area where it

intrudes the Clarno mudflows. In outcrop, it is

characterized by well developed platy jointing. The

dike is about 5-10 meters wide and stands about 7 meters

above the surface of the surrounding mudflow.

Hand samples of this dyke appear quite fresh.

The rock is hard, dense, and grayish-green on fresh

surfaces. It contains phenocrysts of plagioclase as well

as smaller phenocrysts of clinopyroxene (augite). Minor
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amounts of smectite and chlorite give the rock the

greenish cast. The dyke also shows some compressed

vesicles towards the top which are filled with deuteric

zeolite. The overall texture of the rock appears to be

porphyritic aphanitic.

For detailed petrography, see sample

no. KPO-40, appendix "A".

AGE

Marsh, 0.C. (1875), first referred to Clarno

Formation as "the Eocene beds containing fossil

plants." Paleobotanical work was done by Knowlton

(1902) and Chaney (1922 and 1938) on the Cherry Creek

and Bridge Creek floras. These were initially thought

to represent lower and upper Clarno beds respectively,

but Chaney (1922) established that the Bridge Creek

flora was from the John Day Formation. Chaney (1935)

referred to the Clarno as upper Eocene. Stirton (1944)

assigned the Clarno an early-middle Eocene age on the

basis of a fossil rhinoceros tooth. Further vertebrate

fossil discoveries, however, confirmed an upper Eocene

age (Shotwell, 1963, cited in Baldwin, 1981).

K-Ar ages of Clarno lavas indicate an age

range of from about 46 to 36 Ma. Evrenden and James

(1964) indicate that the Clarno nutbeds are 34.0 Ma.
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old. Dates of 36.5 + 0.9 Ma. and 37.5 Ma. were obtained

from underlying bentonite beds and andesite flows

respectively. These units were thought to be at or near

the top of the Clarno Formation. Swanson and Robinson

(1968) dated a porphyritic rhyolite flow, and found it

to be 41.0 + 1.2 Ma. old. This flow overlies a

saprolite mantled unconformity, but the K-Ar age

indicates that the unconformity and overlying rhyolite

belong within the Clarno Formation. Enlows and Parker

(1972) reported on the geochronology of the Clarno rocks

in the Mitchell quadrangle and found that the lower

Clarno yielded dates from 46.1 Ma. to 36.5 Ma. Dikes

considered to be from the upper Clarno were dated as

33.3 Ma. to 29.4 Ma. However Taylor (1981) argues

convincingly that the dikes that yield the young age are

most likely related to mafic lavas of the John Day

Formation.

John Day Formation

INTRODUCTION

The John Day Formation contains some of the

most colorful beds of Central Oregon. Thick sections of

tuff belonging to the John Day Formation are exposed in

basins in much the same areas as the Clarno Formation.
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The best known outcrops have been uncovered by the John

Day river from Clarno to Picture Gorge. Other notable

localities include the Painted Hills on Bridge Creek,

the Monument-Hamilton area on the North fork of the John

Day, many scattered exposures in the Crooked River

drainage system north of Prineville and east of Warm

Springs.

The John Day Formation is largely composed of

pyroclastic material lying between the Clarno Formation

of Eocene and Oligocene age and the Columbia River

Basalt Group of Miocene age.

Stratigraphic relationships and lithologic

variations within the formation indicate that the bulk

of the pyroclastic material was derived from west of the

present-day outcrops from vent in or near the Cascade

Range.

The John Day Formation consists of three

distinct mineralogical and compositional groups:

tuffaceous claystones and air-fall tuffs, ashflow tuffs

and silicic lava flows.

Initial compositions of the pyroclastic

material composing the tuffaceous claystones and

air-fall tuffs cannot be determined directly because of

extensive weathering and diagenetic alteration. Glassy

material in most rocks has been replaced by mixtures of

clay and zeolites and even where residual glass is
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preserved, it is etched, bleached, and hydrated.

However, the presence of andesine feldspar, together

with lesser amounts of labradorite, magnetite, pyroxene,

hornblende, biotite, and ilmenite suggests that the bulk

of the material was originally andesitic to dacitic.

The few air-fall tuffs containing quartz, sanidine, and

oligoclase phenocrysts were probably initially rhyolitic

or rhyodacitic in composition (Hay, 1962, 1963; Fisher

and Rensberger, 1972).

In contrast to the tuffaceous claystones and

most of the air-fall tuffs, the ash-flow tuffs in the

John Day Formation commonly contain quartz, sanidine,

and oligoclase phenocrysts. Chemical analyses of

nonporous, nonhydrated, densely welded zones indicate

moderately alkalic, rhyolitic compositions (Robinson and

others, 1984). The ash-flow tuffs are compositionally

similar to the silicic flows and domes of the John Day

Formation, but distinctly different from the

calc-alkaline sequences of the western Cascade Range

(Robinson and others, 1984).

Fossiliferous strata in the John Day Basin

were first discovered in 1861, by Dr. O.C. Marsh

(Baldwin, 1981). Early accounts of this rich fossil

discovery were published by Marsh (1875), and provided

the first general description of the geology of the

area. Marsh was the first to apply the name "John Day"
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to the principal fossiliferous beds. Merriam (1901)

formally named these beds the John Day Series and was

the first to describe the geology of the area now

recognized as the eastern facies of the John Day in

detail. Calkins (1902) provided important petrographic

descriptions of many rocks from the John Day Basin

including samples of the Clarno and John Day

formations. Lavas described by Calkins included a

rhyolite near Antelope.

Hodge (1942) noted Upper Oligocene-Lower

Miocene faunas in the John Day beds just east of the

Deschutes river. He suggested that this represented a

westward extension of the John Day Formation and,

indeed, it is now recognized as the western facies of

the unit. The discovery of younger (Lower Miocene)

fossils in the western John Day section indicated to

Hodge that this material represented late John Day

deposition and was probably restricted to this area,

near the Cascade Mountains which he believed to be its

source.

Waters (1954) noted that westwards, the

fine-grained water-laid tuffs of the John Day Basin

begin to alternate with increasing amounts of

air-deposited pumice-lapilli tuffs and coarse rhyolite

breccias, especially with great volumes of welded and

sintered tuffs. He also noted the appearance of
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rhyolite domes and flows in the western section. Waters

(1954) stated that the vents for these welded tuffs and

lavas are exposed both as dikes and central vents in

the Burnt Ranch, Eagle Rock and Ashwood areas. The

stratigraphy of this western facies was described by

Peck (1964) from exposures in the Antelope-Ashwood area.

Robinson and Brem (1981) discussed the

distribution of John Day exposures and briefly described

a third, southern facies which is exposed to the south

of the Ochoco Mountains. Chaney (1922) collected and

described fossils from the John Day Formation in the

Crooked River Basin, part of the southern facies. His

brief description of the geology of this area indicates

that it is very similar to the eastern facies of the

John Day Basin. Robinson and Brem (1981) note that the

southern facies contains two ash-flow sheets that have

not been correlated with the western or eastern facies.

They suggest that these ash-flow tuffs originated from

separate vents, south of the Ochoco Mountains.

The John Day Formation within the thesis area

is divided into tuffs, welded tuffs, fluviatile

sediments and rhyolite domes. The tuffs mark the base

of the John Day Formation in the thesis area and the

rhyolite domes are towards the top. The welded tuffs

are interlayered with the airfall tuffs. Two distinct

type of ashflow tuffs are observed in the area which



correspond to the types described by Robinson and Brem

(1981) in the southern facies of the John Day. The

air-fall tuffs are fossiliferous and vertebrate fossils

were found at two different localities by the author.

In the thesis area, it is difficult to

confidently locate the contact of the John Day with the

Clarno Formation, as the contact is marked by red

colored tuffs which could be either of John Day or

Clarno affinities. However, I suggest that these red

colored tuffs probably belong to the John Day Formation

and have thus marked the base of the John Day Formation

in the thesis area.

JOHN DAY TUFFS

The John Day tuffs in the thesis area consist

largely of varicolored andesitic to dacitic tuffaceous

clays and air-fall tuffs. The color of these tuffs

ranges from red at the base of the unit to green and

buff towards the top. These tuffs have been divided

into three members, a lower red-colored member, a middle

green-colored member and a top buff to whitish-colored

member (figure 6 and 7). The John Day tuffs are

composed of fine-grained pyroclastic materials which

decrease in their clay content and increase in grain and

clast size as they are traced upwards in the section.
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The base of the John Day Formation is marked

by the red-colored tuffs, the lower member, which

overlies the Clarno basaltic lavas exposed in the

northern sections 5, 6, and 8 of the mapped area.

These red tuffs owe their color to red stained clays,

which result from iron oxides incorporated from

underlying Clarno saprolite layers. These pass quickly

to a semicolloidal state in the presence of water,

commonly causing slumping and landslides. Such

landslides are quite characteristic of the John Day tuff

in the project area, making it difficult to map contacts

of this unit with great accuracy. Locally these tuffs

strike N 120-100 W and dip from 18°-28° towards the

west.

The basal red tuffs consist of layered

mudstones and silt stones in beds ranging from a few

centimeters to 3 meters thick and are rich in

montmorillonite. They weather to a clayey to silty red

soil. This member is exposed in the norhtern part of

the thesis area in sections 5, 6, and 8 of 716S and

R17E. These tuffs contain large crystals, and their

overall texture is vitroclastic. The groundmass which

makes about 80% of the rock is composed of slightly

altered glass, with crystals of plagioclase and possibly

pyroxene which have been completely altered to

montmorillonite. For detailed petrography see samples
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number KPO 31 and KPO 35, appendix "A".

The middle member is dominantly composed of

various shades of green color, but some yellowish

colored units are also present. This member by far

represents the thickest section of John Day tuffs in the

area, and the thickness of each bed varies from a few

inches to several feet. The beds strike at about N 11°

W and dip from 18° W to 28° W, and are exposed in

sections 1, 2, 6, 7, 8, 11, 12, 14, 24, and 25 of T17S,

R16E and R17E of the mapped area. This member is

interlayered with John Day welded tuffs. The tuffs of

the middle member contain less clay than the tuffs of

the lower member and are colored by an unusual

combination of ferro-ferric compounds. Coleman (1949),

believed it to be due to an original reducing

environment. The rocks of this member weather to a

hard, clod-forming soil which has a characteristic

popcorn appearance and is distinct from the soils of

lower members. In hand sample, these tuffs are composed

of fine grained glass-rich groundmass with abundant

pummice fragments. These fragments range in size from 4

mm to about 3 cm. The tuffs also have some crystals of

altered plagioclase and lithic fragments ranging in size

from 1/2 mm to 5 mm. Under the microscope, these are

found to consist mainly of glass shards, montmorillonite

pseudomorphs after plagioclase, lithic fragments and
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magnetite. The overall texture is vitroclastic. For

detailed petrography refer to sample number KPO 32,

appendix

The upper member is well exposed in section

24, T17S and R16E, where it is overlain by the John Day

rhyolite of Taylor Butte and the Bear Creek basalts

(rim basalts). It is poorly exposed in section 14,

T17S, R16E. The airfall tuffs of the upper member in

its thickest section are about 60 meters thick, and are

characterized by light grey or buff colors. They

weather to silty powdery soil. The upper member is well

bedded and the individual beds range in thickness from 6

centimeters to 2 meters and strike N 420 W and dips on

the average at 220 to the S.W. Under the microscope,

it is found to be composed mainly of glass fragments

partly altered to montmorillonite. The rock contains

montmorillonite pseudomorphs after pyroxene.

This member contains abundant fossilized

remains of vertebrate animals and at a locality in

section 24, T17S, R16E, fossilized bones and teeth of

herbivorous mammals including early forms of rhinoceros

(teleoceras), oreodont (merycoidodon), and camel were

found. These fossils were identified with help from

J. Rubin, Department of Zoology (0.S.U.).

Identification was made from fossilized teeth and other

bone fragments collected from the thesis area. This
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John Day fossil assemblage could not have lived under

semiarid climatic conditions like those which now exist

in the area. The abundant presence of this animal life

furnishes evidence to indicate the existance of

considerably more verdure and thus, decidedly more

moisture than occurs there at the present time. They

indicate that the climatic conditions at the time of

deposition of this member were quite temperate and wet.

JOHN DAY FLUVIATILE SEDIMENTS

These sediments are exposed in section 19,

T17S, R17E. Bedding is very conspicuous in this

sedimentary unit (figure 8), and the overall strike and

dip of these beds is N 300 E/42° NW. The thickness of

individual beds ranges from 15 cm. to over a meter. In

section 19, T17S, R17E, the rocks of this unit are

light yellow in color on fresh surfaces and

greenish-brownish-yellow on weatherized surfaces.

These rocks contain abundant angular lithic fragments

ranging in size from 2 mm to 1 cm.

Most of these lithic fragments are basaltic to

andesitic in composition and their angularity suggests

that they were not transported over any considerable

distance. They might have been incorporated within the

sediments due to reworking by local streams. The ground
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mass of the rock is very fine grained (glassy) and is

rich in pumice fragments. Under the microscope, the

rock seems to be composed mainly of compressed, altered,

and deformed glass shards and shows an overall

vitroclastic texture. For detailed petrography, refer

to sample number KPO-29, appendix "A". This rock seems

to have been derived from the John Day tuffs and the

underlying lava flows.

One possible interpretation of the presence of

these fluviatile sediments within the John Day section

in the thesis area is that the Bear Creek area exposed

the distal end of John Day air-fall tuff and ignimbrite

which was eroded into a series of shallow gullies.

Streams left sediments in these canyons, which are now

exposed as the John Day fluviatile sediments.

JOHN DAY WELDED TUFFS

These are principally welded rhyolitic to

dacitic ash-flow tuffs (Swanson, 1969) and display

typical welded tuff structures and textures. Laminar

flow structures are found in some of them. These

ash-flow tuffs were probably erupted from vents north to

northwest of the thesis area.

In the thesis area two flows of John Day

welded tuffs are exposed. The lower is predominantly

49



greenish with some yellowish-green units (figure 9) and

corresponds in character with the middle member of Peck

(1964), and Swanson (1969), the upper member is

dominantly reddish-brown in color and is similar in

character to the Eagle rock welded tuff (and thus

corresponds with the top member of the John Day welded

tuffs mapped in the area, Swanson, 1969), figure 10.

The lower welded tuff is exposed in section 6,

T17S, R17E and in section 24, 25, and 36 of T17S, R16E.

These rocks are light olive green on fresh surfaces and

greenish-brown on weathered surfaces. Bedding in this

unit has been greatly disrupted because of repeated

faulting. The individual beds range in thickness from

1/2 meter to 3 meters and are interlayered with thin 2

cm. 6 cm. thick beds of air fall tuffs. Their general

attitude seems to be N 32° W/21° SW. The rocks of this

unit are highly compacted and welded, and are very dense

and show no or very few vesicles which are less than 1

mm in diameter. These rocks also contain angular lithic

fragments which range in size from 1/2 mm to 18 mm and

are mainly composed of dark colored glass.

These rocks also show compressed and deformed

pumice fragments which are present in a glassy

groundmass, and phenocrysts of plagioclase that are

altering to montmorillonite. In thinsection, the

overall texture of these rocks appears to be
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Figure 9. Photograph showing lower member cf the John

Day welded tuffs.

Figure 10. Photograph showing upper member of the John

Day welded tuffs.
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vitroclastic to vitroclastic-vitrophyric. The

groundmass is composed of very fine, slightly

devitrified, deformed and compacted glass shards and

collapsed fiamme. The phenocrysts are potash feldspar

(sanidine) and range in size from .5 mm to 2 mm. They

are generally angular, but some show rounding by

resorption. For detailed petrography, refer to sample

numbers KPO-19, KPO-23, KPO-25, and KPO-34, appendix

"A".

The upper member of the John Day welded tuff

is exposed in sections 1, 12, 13, 14, 24, 25 and 36 of

T17S, R16E and sections 7, 8, 19 and 30 of T17S and

R17E. These welded tuffs are composed mainly of

reddish-brown and buff colored rocks to dark

yellowish-brown colored rocks. Great degree of

variability exists within this unit, both in texture,

composition, structure and appearance (figure 11).

Towards the base of this member the rocks are moderately

welded and compacted and are loaded with angular to

subangular lithic fragments ranging in size from 1 mm to

15 mm. Phenocrysts of feldspar, which have been altered

to montmorillonite, are also present in abundance. This

unit is intruded by the Taylor Butte rhyolite of the

John Day Formation, and the rocks that are in contact

with the rhyolite show baking effects.

The groundmass is composed of slightly
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devitrified dark brown glass and compressed and deformed

glass shards. The overall texture of these rocks is

porphyritic-vitroclastic. The phenocrysts in these

rocks are predominantly of alkali feldspar

(sanidine/orthoclase) and the lithic fragments are

composed of various shades of dark colored glass.

These rocks also show abundant vesicles ranging in size

from 1/2 mm to 2 mm in diameter. For detailed

petrography, refer to sample number KPO-2, KPO-10. and

KP012.

Towards the middle of this welded tuff unit,

its character changes quite considerably. Here, these

rocks are highly welded and compacted. They are very

dense and show very few stretched and compressed

vesicles. They contain white bands of slightly

devitrified, flattened pumice. These rocks are composed

of a groundmass of slightly devitrified brown colored

glass, angular lithic fragments ranging in size from 1

mm to 15 mm, and a few phenocrysts. Under the

microscope, these rocks have vitroclastic-vitrophyric

texture, and the feldspar phenocrysts here are

predominantly sodic oligoclase which is altering into

clay minerals. The lithic fragments are mostly

composed of dark colored glass and were probably

incorporated from the underlying welded tuff units. For

detailed petrography, refer to sample number KPO-12,
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KPO-13 and KPO-18.

The upper part of this member is composed of

rocks which are highly welded, but are not compacted.

Lithophysae are particularly common in these rocks, and

they show white bands of slightly devitrified, flattened

pumice. These rocks are very fine grained and very few

phenocrysts are present. In thin section, these rocks

are seen to have pronounced eutaxitic textures with

fused light orange-brown glass shards wrapped around

abundant devitrified pumice lumps and phenocrysts of

feldspar. The flattened pumice and glass shards are

slightly devitrified. The feldspar phenocrysts are

altering into clay minerals and the lithophysae are

encrusted with crystals from a gaseous phase and

deuteric material. For detailed petrography, refer to

sample number KPO-37.

JOHN DAY RHYOLITE DOME AND ASSOCIATED FLOWS

A complex of nested rhyolite domes and

associated flows extends from Grizzly Mountain to the

southeast corner of the thesis area. These domes are

marked by thick accumulations of rhyolite, often

exposed in cliff faces up to 130 meters high. Taylor

Butte is one such dome present in the thesis area. This

rhyolite was extruded towards the end of the John Day
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time, and therefore is not folded to the same degree as

the other John Day units in the thesis area. The

rhyolite is exposed in section 25, 26, 35 and 36 of

T17S, R16E, and overlies the John Day welded tuffs. The

contacts of this rhyolite with the welded tuff show

chilling effects and are rich in angular xenoliths

(figure 12) ranging in size from 1 cm to 10 cm. These

xenoliths were incorporated from the upper John Day

welded tuff, which the rhyolite intruded and flowed

over. A variety of textures is seen in this rhyolite,

ranging from vitrophyric-eutaxitic and

vitroclastic-eutaxitic in the lower flows, to strikingly

porphyritic-eutaxitic and lithophysal in flows along the

summit of Taylor Butte. The color of this rhyolite unit

ranges from greyish-pink to purplish pink to light

greyish-white.

Many of the lower rhyolites appear to be

highly bleached and altered. Their color ranges from

purplish-pink to brownish-pink on the fresh surface and

dark brown on weathered surface. These rocks are

vesicular and glassy and contain some xenoliths, which

range in size from 1/2 cm to 10 cm (figure 13). Some

phenocrysts of feldspar are also present. These rocks

show pronounced color banding, which is associated with

flow banding. In thin section, they exhibit an

eutaxitic-vitroclastic to propyritic spherulitic
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Figure 13. Photograph of the John Day Rhyolite, at the
contact with John Day welded tuff.
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texture. The ground mass is composed of perlitic

glass, which is slightly devitrified into microlites of

possibly quartz, feldspar, and spherulites. The glass

makes about 95% of the rock. It shows flow textures and

contains lithic fragments and phenocrysts. The

phenocrysts are partly or completely altered to

montmorillonite. They make about 1 to 3 percent of rock

mass and are dominantly composed of sodic-oligoclase

which is sometimes zoned, and sanidine. In some of

these rhyolites, one or the other is missing, which

might be due to hydrothermal activity in the area. For

detailed petrography, refer to sample number KPO-16,

KPO-21 and KPO-22. In the northeastern quarter of

section 35, T17S, R16E, a light yellowish-grey to

greyish-white flow is exposed. This flow is very dense

towards the base and highly vesicular towards the top,

and the vesicles range in size from 1/2 mm to 3 mm in

diameter and constitute about 40% of the rock. Some of

these vesicles are being filled by chalky white opal and

quartz. This flow shows phenocrysts of feldspar,

altering into clay minerals in a groundmass of white

glass. In thin section, these rocks show a

porphyritic-axiolitic texture, the groundmass is

composed of light brown slightly devitrified glass

showing axiolitic texture, which makes up about 90% of

the rock. The phenocrysts are mainly of sanidine and
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are altering into montmorillonite. These rocks also

have some secondary quartz, the accessory minerals are

magnetite and zircon. Any plagioclase feldspar if

present, was removed by hydrothermal activity. For

detailed petrography, see sample number KPO-26 and

KPO-27.

Strikingly, flow-banded, lithophysal rhyolites

are exposed along the summit ridge of the Taylor Butte.

These upper flows are conspicuously porphyritic with

about 5% phenocrysts of alkali feldspar (sanidine) and

3% phenocrysts of plagioclase feldspar (oligoclase). On

fresh surfaces, the rock is pinkish-grey in color, is

very fine grained and shows flow banding, with alternate

dense layers and lithophysal layers. In thin section,

the rock shows a porphyritic-vitrious texture, with

phenocrysts altering into montmorillonite. For detailed

petrography, refer to sample number KPO-24, appendix,

"A".

PALEONTOLOGY AND AGE

Marsh (1875) initially described the John Day

lake basin as Miocene in age, citing the vertebrate

fauna as evidence for this assignment. Later

paleontological work by Merriam (1901) provided evidence

that the John Day Formation is actually Oligocene and
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possibly early Miocene.

Paleobotanical studies led Chaney (1922) to

conclude that the Bridge Creek flora is from the John

Day Formation and represents the Upper Oligocene. K-Ar

dates published by Evernden and James (1964) indicate

that the Bridge Creek beds are 31.5 Ma. old, which

corresponds to an early Oligocene age.

A review of the stratigraphy of the John Day

Formation by Fisher and Rensberger (1972) shows that

the Haystack Valley member of the John Day eastern

facies is early Hemingfordian in age. Woodburne and

Robinson (1977) described the Warm Springs local fauna

from the John Day Formation west of the Deschutes River

as early late Hemingfordian. These assignments would

extend John Day deposition well into the Miocene.

Swanson and Robinson (1968) defined the base

of the John Day Formation in the western facies as a

distinctive ash-flow tuff which they dated as 36.1 Ma.

(K-Ar). Evernden and James (1964) dated the bentonite,

which underlies the basal ash-flow tuff as 32.0 Ma.

(K-Ar). The date for the bentonite is probably less

reliable than that for the ash-flow tuff because the

bentonite is more likely to have lost argon. Hay (1963)

obtained a K-Ar date of 25.3 Ma. for the Picture Gorge

ignimbrite, which is the youngest reliable radio-metric

age reported for the John Day Formation.
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When both radiometric and fossil ages are

considered, it is evident that John Day deposition began

about 36.1 million years ago and continued up until

perhaps 18 to 19 million years ago. It also seems

likely that deposition may have continued longer in the

western part of the formation than in the John Day

Basin, because the youngest material was recovered from

the western facies.

Columbia River Basalt Group

INTRODUCTION

The term Columbia River basalt has long been

used to refer to the basaltic lavas of the Columbia

Plateau. Waters (1961) summarized earlier attempts at

stratigraphic subdivision of the seemingly monotonous

basalts and defined the Columbia River Group by dividing

the basalts into two formations: the Picture Gorge

Basalt and the Yakima Basalt. The group name was later

changed to the Columbia River Basalt Group in order to

exclude interbedded, non-basaltic units. Waters (1961)

thought that the Picture Gorge Basalt was unconformably

overlain by the Yakima Basalt, but these two formations

were rarely found in contact. The Picture Gorge Basalt

is almost completely restricted to the John Day basin

while the Yakima Basalt is almost always found north of
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the Blue Mountains. The distribution of these lavas was

restricted by the Blue Mountains uplift which formed a

topographic barrier at the time the basalts were being

extruded (Swanson and others, 1979; Goles, 1986).

Within the main outcrop area, the Columbia

River Basalt Group is divided into 5 formations(Table 2)

based on chemical composition, paleomagnetic polarity,

and stratigraphic position (Swanson and others, 1979).

The Picture Gorge Basalt occurs in the Blue Mountains of

Oregon and was erupted from the Monument dike swarm.

The Imnaha Basalt is restricted to the Snake River

canyon region of eastern Oregon, southeastern

Washington, and western Idaho. The younger Yakima

Basalt Subgroup is composed of the Grande Ronde Basalt,

Wanapum Basalt, and Saddle Mountains Basalt and forms

the largest volume of the group. The Yakima Basalt

Subgroup lavas were mostly erupted from the Chief Joseph

dike swarm on the eastern margin of the Columbia

Plateau. According to Tolan and Beeson, 1984; and

Beeson and others, 1979a, Yakima Basalt Subgroup lavas

flowed westward down a gentle paleoslope and offlapped

topographic highs along the plateau margin. Several

flows continued eastward through the Cascade Range and

reached the Pacific Ocean.

Prineville Basalt is an added unit introduced

by Uppuluri (1974), for rocks in the Prineville area
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Table 2. Columbia River Basalt Group Stratigraphy from
Swanson and others, 1979.
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that are chemically distinct from any of the units just

mentioned. The type locality of Prineville Basalt is

located near the southwest end of the Blue Mountains

anticlinorium. Source dikes have not been found, but

becuase the number of flows is greatest near Bowman Dam,

the source is assumed to be nearby (Uppuluri, 1974).

The largest continuous exposure of Prineville

Basalt covers an area of about 180 km2 between the town

of Prineville and Prineville Reservoir. The type section

at Bowman Dam is 210 m thick. This section was

interpreted to be composed of 13 flows according to

Uppuluri (1974). Magnetic polarities, determined by

fluxgate magnetometer, were reported normal for the

lowest flow and reverse for the other 12 (Uppuluri,

1974).

Re-evaluation of the type section (Smith and

Cushing, 1985) indicated that only 6 flows are present.

The basal flow is exposed in contact with white, massive

tuff, similar silicic tuffs, occur between flows 1 and

2, and 2 and 3, south of the dam, but no interbeds occur

between flows elsewhere in the type section. The third

flow contains a thick pillow-palagonite zone at its

base, which can be recognized both north and south of

the dam. It is a useful marker and demonstrates the

equivalency of the exposures on both sides of the river

(Smith, 1986a). The Prineville Basalts are
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unconformably overlain by Pliocene/Pleistocene Rim

basalts (Bear Creek basalts). Magnetostratigraphy of

reverse/normal/normal/ normal/reverse/normal, from

bottom to top of the section, was designated by Smith

and Cushing (1985).

The Prineville Basalts at Bowman Dam are

typically hyalophitic with microlites of plagioclase,

pyroxene, and apatite. Olivine is very rare in these

basalts and they are generally aphyric with very rare

phenocrysts of plagioclase. Uppuluri (1974) noted that

the Prineville Basalt has a large amount of Ba and P205,

and is enriched in Sr, Sm, Yb, and Lu, and depleted in

Ni, Co, and Cr relative to most Columbia River Basalt

Group lavas. Goles (1986) suggested a tholeiitic

affinity for these lavas.

Goles (1986) suggested that the enrichment in

K20, P205, and Ba in Prineville Basalts may be a

reflection of metasomatism in the mantle source region

or contamination of the magma by crustal rocks.

DISCUSSION

Flows of Prineville Basalt are exposed in

sections 1, 2, 11, 14, and 23 of T17S, R17E. These

flows overlie the John Day tuffs and are overlain by the

Rim basalts (Bear Creek Basalts). The base of these
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flows exposed in the thesis area is marked by a pillow

flow in section 11 and 14, T17S, R16E, which is in

contact with white massive tuff (figure 14). According

to Smith (1986a), this would be flow number three. Most

of the outcrops in the thesis area are covered by

abundant basalt talus, thus, making it difficult to map

individual flows as the contacts are covered. This

probably accounts for much of the conflict in folw count

noted above (Uppuluri, 1974 versus Smith and Cushing,

1985). The thickness of these flows in the thesis area

ranges from 120 in to 180 m, and the flows represented

here would be flow number 3 to flow number 6 (see Smith,

1986a). Good exposures of these flows always consist of

a single colonnade overlain by a thick, glassy, hackly

jointed entablature. In one road cut (SW 1/4, section

14, T17S, R16E) there is good evidence that the basalt

flowed over a wet, muddy surface. At this locality the

basalt appears to be partly invasive into the underlying

tuffs and is surrounded by a palagonitic rind. The

basalt at the contact is very glassy and contains

inclusions of palagonite well above the contact

surface.

These rocks are dark grey in color with a

slight greenish hue on the fresh surface and dark brown

on weathered surface. In hand specimen, these rocks

appear to be porphyritic. In thin section they display
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Figure 14. Photograph of the Columbia River Basaltflow,
with interlayered massive tuffs.
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a porphyritic hyalo-ophitic texture, with microlites of

plagioclase, pyroxene and apatite. Phenocrysts of

plagioclase (labradorite) occur as laths, along with a

few anhedral crystals of olivine. Groundmass glass is

dark black in color and is slightly altered to yellowish

clay minerals.

Samples of the entablature of these flows are

similar mineralogically, but are much glassier than

those from the colonnade. For detailed petrography,

refer to sample number KPO-55.

AGE

Although the Columbia River Basalt Group was

extruded over a 10 million year period between 17.0 and

6.0 Ma (McKee and others, 1977; Swanson and others,

1979), more than 98% of these flows by volume were

extruded between 16.5 and 14.0 Ma (Smith, 1986a). The

only radiometric date known to the author for Prineville

Basalt is 15.7 + 0.1 Ma. (Snee, 1985, cited in Smith,

1986b). This date comes from the lowest Prineville

Basalt at Pelton Dam. Since there is no marked break in

the stratigraphy of the Prineville Basalt section, it is

considered most probable that it correlates in time to

the bulk of CRB eruption between 16.5 and 14 Ma.
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Deschutes Formation

INTRODUCTION

Geologic study in the Deschutes basin has

progressed in three stages. Initial studies were done

by Russell in 1905 in which he refered to the Deschutes

Formation as the Deschutes Sands. From 1925 to 1968

reconnaissance studies were published, (for example,

Hodge, 1942; and Waters, 1968a. From 1970 to the

present, work has been recorded in a number of theses at

Oregon State University.

Taylor, 1973, 1980a; Farooqui and others,

(1981b) suggested the name Deschutes Formation. The

name Dalles Formation was suggested by Hodge, (1942)

Waters, (1968a,b) and Robinson, (1975). Farooqui and

others (1981b) proposed retaining usage of Deschutes

Formation, because the name Deschutes has historic

priority, and placed the formation, along with other

units in north-central Oregon previously mapped as

Dalles Formation, into Dalles Group.

Until recently Deschutes Formation, included

all rocks in the Deschutes basin that overlie the

Columbia River Basalt Group and are unconformably

overlain by late Pliocene/Pleistocene basalts (Farooqui

and others, 1981b). Smith (1986a,b) reported evidence
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of an angular and erosional unconformity and distinct

lithologic break in this sequence. He proposed the name

Simtustus Formation for the light-colored, relatively

fine-grained volcaniclastics that are interstratified

with the Columbia River Basalt Group, and Deschutes

Formation for the unconformably overlying coarse-grained

volcanogenic sediments, lava flows and ignimbrites. The

Deschutes Formation is a diverse assemblage of volcanic

and volcanogenic sedimentry rocks, of late Miocene to

early Pliocene age. It is composed of gray to black

volcanic sandstone, conglomerate, minor mudstone, and

diatomite interbedded with lava flows, pumice

lapillistones, and ignimbrites of basaltic to rhyolitic

composition. The Deschutes Formation is about 700

meters thick in its western most exposure, and thins

eastward to about 250 m along the Deschutes River. The

formation also thins and pinches out northward against

older rocks on the south flank of the Mutton Mountains.

East and northeast of Madras the formation is generally

less than 75 m thick and is dominantly epiclastic

material eroded from John Day Formation (Smith, 1986a).

The type section for the Deschutes Formation as

described by Smith (1986a), is just north of Round Butte

Dam.

Deschutes Formation rocks cannot generally be

traced to potential source volcanoes in the modern
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Cascade Range. However, several features suggest that

the bulk of the Deschutes Formation was derived from the

site of the present-day High Cascade Range. Grain-size

trends and paleocurrent data in the sedimentary units

indicate sediment dispersal to the east and northeast

through most of the basin. Volcanic units become more

abundant, exhibit steeper initial dips, and ignimbrites

are thicker, coarser-grained, and exhibit greater

degrees of welding as one goes westward across the

Deschutes basin. A minor volume of Deschutes volcanics

was derived from sources outside the Cascade Range.

These include basalts erupted from sources within the

basin which form cinder cones and small shield volcanoes

between Bend and Sisters.

In the thesis area, the exposure of the

Deschutes Formation is obscured by landslides and

talus. Here the Deschutes Formation is composed of a

single basalt flow overlain by fine-grained,

cross-bedded volcaniclastic sediments, which are

exposed in isolated outcrops.

DISCUSSION

In the area of investigation, the Deschutes

Formation is exposed in sections 13 and 14 of T17S,

R16E. Here, the Deschutes Formation is composed of
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volcaniclastic sediments (figure 15) overlying a basalt

flow. These rocks lie unconformably over the John Day

sediments and are overlain by the Rim Basalts (Bear

Creek Basalts) of Plio-Pleistocene age. The exposure of

the Deschutes Formation in the thesis area is greatly

obscured by talus derived from the Rim Basalts and

alluvium. The total thickness of this formation in the

thesis area is less than 120m.

The rocks present in the thesis area, being

towards the distal, eastern end of the formation, are

not typical of the Deschutes Formation. The

volcaniclastic sediments exposed in the area are much

finer grained than the typical Deschutes Formation

sedimentary rocks. Here, the sediments are fine-grained

and cross-bedded volcanogenic mudstones, siltstones and

claystones. Unfortunately, only two isolated outcrops

of these sediments are exposed in the area. Therefore,

stratigraphic correlation is impossible and the detailed

description of these sedimentary rocks cannot be

accomplished on the basis of the limited exposure.

BASALT FLOW

The base of the Deschutes formation in the

thesis area is marked by a single flow of olivine-rich

basalt (picrite). This flow is about 12m thick. This
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Figure 15. Photograph showing sediments of the Deschutes
Formation.
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basalt is exposed in sections 13 and 14 of T17S, R16E,

and can be traced on aerial photographs. It forms the

ridge south of the Bowman dam. This flow is made up

entirely of a colonade and lacks any entablature (figure

16 and 17). In hand specimen, the rocks of this flow

appear to be very fresh, are dark grey in color, and

show abundant olivine phenocrysts, which range in size

from lmm to 4 mm in a mafic, crystalline groundmass.

These rocks are hard, dense, and have little

vesicularity.

In thin section, the rock shows an overall

porphyritic, ophitic texture. The groundmass is

crystalline and is composed of plagioclase, olivine and

pyroxene. This rock is surprisingly rich in olivine

phenocrysts, which make up about 33% of the total rock

volume (visual estimate). These phenocrysts occur as

5mm to 5cm anhedral to subhedral crystals under X10

magnification. Besides olivine phenocrysts, phenocrysts

of plagioclase (labradorite) occur as anhedral to

subhedral crystals 5mm to 2cm in size. They show

inclusions of glass and magnetite and are twined. Some

crystals show normal zoning. Phenocrysts of

clinopyroxene (augite) and orthopyroxene (hypersthene)

are also present. Detailed petrography for sample KPO-1

is given in Appendix A.

The presence of such great amounts of olivine
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Figure 16. Photograph showing olivine rich basalt flow
of the Deschutes Formation.
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suggests that the rock is rich in magnesium and is

depleted in silica, and was derived from a very

primitive magma. It can beconsidered almost komatiitic

in composition.

This flow was derived locally from a source

not too far away. There are two possible explanations

for the olivine enrichment of this basalt. The first is

that this basalt represents the lower level magma in the

magma chamber, which was enriched in olivine due to

gravitational sinking. The second explanation is that

this basalt represents a primitive magma which did not

come up through a thick continental crust, and

therefore, was not contaminated to a more silicic

composition, instead, it came up through a relatively

thin continental crust, and thus, retained most of its

original mafic composition.

On the basis of field observations, I am more

inclined towards the second hypothesis. If the first

explanation were true, then there would be a substantial

unit of basaltic lavas (derived from the upper levels of

the magma chamber), which would be similar or

transitional to the observed flow in composition and

age. However, in the thesis area, there are no other

basalt flows of similar age or character, nor have any

been reported elsewhere in the adjoining areas.

Therefore, it is my contention that this basalt
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represents a primitive (mantle derived) magma, which

came up through a relatively thin continental crust.

This hypothesis is also supported by the arguments of

Rogers and Novitsky-Evans (1977), where they suggest

that the continental crust over central Oregon is not

very thick (approximately 20-30 km).

PALEONTOLOGY AND AGE

Hodge (1928) was the first to recognize that

the Deschutes Formation is equivalent to the Dalles and

Clatsop Formations which are exposed along the Columbia

River. He consolidated these units into his Madras

Formation which he considered to be late Pleistocene or

post-Pleistocene based on its undisturbed position.

Paleontologic study of the Deschutes Formation

is indicative of a late Miocene to earliest Pliocene

age.

Isotopic dating of Deschutes Formation basalts

by K-Ar and 40 Ar/39 Ar radiometric techniques have

yielded disparate results. Evernden and James (1964)

report K-Ar ages of 4.3 Ma and 5.3 Ma for a Deschutes

tuff. Armstrong and others (1975) reported K-Ar ages

generally between 6.0 Ma and 4.7 Ma, Bunker and others

(1982) obtained K-Ar dates on Deschutes basalts ranging

from 10.7 + 1.2 Ma to 22.0 + 8.0 Ma. Smith and Snee

(1984) reported an 40 Ar/39 Ar age of 7.6 + 0.3 Ma for
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the Pelton basalt which is consistent with the

occurrence of Hemphillian (5.0 to 9.0 Ma) fossils

beneath the basalt. High-resolution 40 Ar/39 Ar dates

obtained by Snee (1986 from Smith 1986a) indicate that

the base of the Deschutes Formation in the Deschutes

Basin is about 7.6 Ma and that the oldest exposed

Deschutes volcanics on Green Ridge are about 7.3 Ma.

The youngest date, about 4.0 Ma, obtained from Round

Butte, represents the top of the Deschutes Formation

with the bulk of the unit being older than 5.3 Ma.

Rim Basalt (Bear Creek Basalt)

INTRODUCTION

A variety of volcanic rocks and unconsolidated

sediments overlie the Deschutes Formation. The younger

rocks are recognized by a disconformable contact with

the Deschutes Formation, resulting from incision of most

drainages following Deschutes aggradation, or

paraconformities indicated by lithologic changes or

isotopic-age determinations (Smith, 1986a).

Thin, late Pliocene to Pleistocene basalt

flows rest on top of the older units described above.

They are especially common over the Paulina and

Prineville Basin materials. Numerous vent areas for
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these rocks are present in the county. In places, they

are so young that some of the larger surface flow

features have not been destroyed by weathering.

These basalts, which overlie the John Day

Formation, the Columbia River Basalts, and the Deschutes

Formation were mapped as questionable Picture Gorge

basalt of the Columbia River Basalt Group by Walker and

others (1967). Swanson (1969) mapped these as

Quaternary olivine basalts. Osawa and Goles (1970)

referred to these basalts informally as the "Highway-27

lavas" (because they crop out along Oregon State Highway

27); they were later named as the Bear Creek basalts by

Goles (1986). These basaltic flows crop out along Bear

Creek and seem to represent accumulations from local

eruptions; their farthest known extent is 20km to the

south and east along Bear Creek (as mapped by Walker and

others (1967) and Swanson (1969).

Late Pliocene High Cascade basalts flowed

eastward into the northwestern Deschutes basin onto an

erosion surface developed on the Deschutes Formation.

These diktytaxitic olivine basalts form the rimrocks on

the Warm Springs Indian Reservation and thicken from 10m

west of Warm Springs, to 140m in the lower Mill Creek

drainage, approximately 100 km. northwest of the thesis

area (Smith, 1986a). Northeast of Warm Springs the

basalts rest on John Day Formation along an ancestral
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Deschutes River channel.

A K-Ar age of 9.1 + 1.0 Ma obtained by Bunker

and others (1982), is inconsistent with the position of

these basalts over the Deschutes Formation, basaltic

andesites from which have been dated at 4.27 + 0.75 Ma

(Yogodzinski, 1986). Snee (1985 in Smith, 1986a)

determined An age of 3.7 + 0.1 for the lowest, exposed

Pliocene/Pleistocene diktytaxitic basalt in Mill Creek

canyon.

These diktytaxitic, olivine rich basalts

erupted from sources southeast and south of the central

Deschutes basin near Prineville, during the Pliocene/

Pleistocene. These flows form the plateau between

Prineville and Redmond and extend northward. These

basalts are over 60m thick along the north side of the

Crooked River east of O'Neil Creek (approximately 32

km. northeast of the thesis area, near Eagle Rock ) and,

therefore, were erupted after intial incision of the

Crooked River (Smith 1986a). Sutter (unpublished data

in Smith,1986a) obtained a K-Ar age of 3.36 + 0.08 Ma

for the basalt at Coombs Flat, east of Prineville.

Basalts entered the Deschutes basin from the

south in two episodes during the Pleistocene and were

probably erupted from near Newberry volcano The older

flows, with reverse magnetic polarity and dated at 1.2 +

0.1 Ma (L. W. Snee, 1985 in Smith 1986a), entered the
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Crooked River at O'Neil and continued as intracanyon

flows. These flows cooled together in many places to

produce a single cooling unit composed of upper and

lower colonnade and intervening entablature. Younger,

normal-polarity basalt flows are widespread in the

southern Deschutes basin and form the "Lava Badlands"

between the Deschutes River and Powell Buttes. Most of

the basalt became confined to the narrow Deschutes

canyon just north of Lower Bridge and flowed as

intracanyon flows. Remnants of these intracanyon flows

are present at a lower elevation in the Deschutes canyon

then the older reverse-polarity lavas indicating that a

time interval elapsed between the two eruptions during

which most of the older basalts were eroded away.

Normal polarity basalts also overlie the reverse

polarity lavas in the Crooked River valley and extend

northward to Crooked River Ranch (Smith, 1986a).

DISCUSSION

The Rim Basalt (Bear Creek Basalt) is the most

widespread rock unit of the thesis area. The basalt

flows cap the older rock units of the area and form flat

plateaus (figure 18 and 19). These basalts are found in

sections 1, 2, 11, 12, 13, 14, 23, 24, and 26 of T17S,

R16E and sections 15, 16, 17, 18, 19, 20, 21, 22, 27,
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Figure 18. Photograph showing the Rim Basalt.
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28, 29, 33, and 34 of T17S, R17E. All of these basalt

units are composed of a single colonnade flow which is

about 10m thick (figure 20). On fresh surface these

basalts are dark grey in color, medium grained, and

exhibit a striking diktytaxitic texture and appear to be

porphyritic with phenocrysts of olivine in a mafic

groundmass. These basalts are very fresh and some of

the surface flow features are still present. Chemical

analysis of one sample reveals that these rocks are

depleted in silica (for a normal basalt) with total

weight percent of Si02 being 46.68%. They are also high

in MgO, with total MgO weight percent being 8.15% (see

table no. 3).

In thin section, these rocks show an overall

porphyritic diktytaxitic texture, with euhedral

phenocrysts of olivine and microphenocrysts of

clinopyroxene (augite) in a groundmass of plagioclase

laths. Olivine makes about 20% of the rock and occurs

as euhedral to subhedral phenocrysts, 4mm to 17mm in

size under X10 magnification. Most of the olivine shows

development of iddingsite along the margins, while some

crystals are completely replaced by iddingsite. Augite

makes about 32% of the rock and occurs as micro-

phenocrysts and phenocrysts, and the larger phenocrysts

develop ophitic texture with the plagioclase crystals.

The groundmass is made out of plagioclase laths which
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Table 3. Showing the chemical analysis of sample number

KPO-28, and KPO-30.
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Wt. % KPO-28 KPO-30

SiO2 46.68 48.73

Al203
15.92 15.68

Fe2 0*
3

12.04 11.75

MgO 8.15 5.17

CaO 10.42 11.20

Na20 3.25 3.05

1(20
0.87 0.36

TiO2
2.05 2.10

P205
0.38 0.37

Mn0 0.19 0.19

Total 99.95 98.60

* Total Fe as Fe203



exhibit diktytaxitic texture. Plagioclase (Labradorite)

also occurs as euhedral to subhedral phenocrysts 7 to

16mm long which show albite twining. For detailed

petrography, refer to sample number KPO-28, "Appendix

A".

MAAR VOLCANO

In sections 11 and 12 of T. 17 S., R. 16 E.

Maar Volcano is exposed. It is mapped as QTP (plate

1). This volcano (Figure 21) locally erupted

diktytaxitic basaltic lavas which form the rim rock and

are exposed in sections 1, 2, 11 and 12 of T. 17 S.,

R. 16 E. This volcano is characterized by a broad

volcanic crater of low relief formed due to multiple,

shallow explosive eruptions. The reason for these

explosive eruptions is that the crater was filled with

water at the time of the eruption. When the hot magma

came in contact with the water, an explosion resulted.

The Maar volcano is composed principally of

unconsolidated basaltic cinders, bombs, blocks and

lapilli tuff in the vent. It was not included in the

area of detailed mapping or study of this project.
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volcano.
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Quaternary Deposits

The youngest geological deposits in the county

are various unconsolidated material that have

accumulated mostly in valleys and small basins. These

include river and stream floodplain and terrace

deposits, local lake beds and playas, and alluvial fans

and pediment gravels. On valley slopes landslides,

talus, and colluvium are present. Landslides with

characteristic hummocky topography are seen on many

slopes in the thesis area, where the Rim Basalt forms a

resistant cap rock that is underlain in most instances

by John Day tuffs. These soft clay rich tuffs swell

greatly when wet, thus they loose their coherence and

cause landsliding of the overlying units. Most of these

landslides are localized along the main faults in the

thesis are, and were probably generated due to rock

disruption along these faults. Airfall ashes from the

Cascades and Newberry Volcano are locally present over

much of the county and contribute significantly to the

valley fill materials. The most abundant of these is

the Mazama ash produced by the catastrophic eruption

and caldera collapse about 6600 years ago that resulted

in the Crater Lake (Baldwin, 1981).
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STRUCTURAL GEOLOGY

The thesis area lies within the Deschutes

Basin, which is bounded by four, diverse structural

provinces (Figure 3). To the east is the Blue Mountains

anticlinorium (locally called the Ochoco Mountains). It

is a broad, complexly folded and faulted region that is

transitional in crustal properties and structures

between the Columbia Plateau, to the north, and the

Basin and Range, to the south. The north-western

portion of Deschutes Basin is bounded by the Yakima

fold-belt, which is characterized by generally east-west

trending anticlinal ridges and synclinal valleys

developed in the Columbia River Basalt Group. To the

south and southeast the Deschutes basin merges with the

High Lava Plains, which is an elevated plateau of

faulted, late Cenozoic volcanic rocks bounding the

northern margin of the Basin and Range province. To the

west is the Cascade Range with prominent faults, lines

of vents and other lineaments along primarily

north-south and northwest-southeast trends. With the

exception of large-scale faulting at Green Ridge, the

Deschutes Formation exhibits only minor local

deformation and obscures the underlying structures.

The Mutton Mountains anticline is located at

the edge of the Yakima fold-belt, but differs from these
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structures in that it already stood as a topographic

high prior to extrusion of the Columbia River Basalt

flows, and served as a barrier to southward onlap of

the Yakima Basalt lavas flowing westward through

north-central Oregon (Swanson and others, 1979).

Prineville chemical-type basalts that flowed northward

through the Deschutes valley were diverted eastward

around the anticline. Further uplift along the Mutton

Mountain Anticline deformed the Columbia River Basalt

Group, including the development of thrust faults on the

north flank of the Mutton Mountains (Swanson and others,

1981). Several volcanic units in the lower Deschutes

Formation dip southward at less than 10 (Smith, 1986a),

while interbedded sediments yield paleocurrent data

indicating a northward inclined paleoslope, suggesting

that minor uplift of the Mutton Moutains probably

continued during early Deschutes deposition, but had

ceased by latest Miocene (Smith, 1986a).

Swanson and Robinson (1968) suggested that

uplift of the Blue Mountains began at about 36 Ma, and

produced a substantial topographic high before extrusion

of Columbia River Basalts began at about 16 Ma (Nathan

and Fruchter, 1974). Fisher (1967) argued that uplift

along some structures in the anticlinorium preceded John

Day time. Along the eastern margin of the Deschutes

basin the Columbia River Basalt is gently folded, with
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dips of 5 to 150, and is overlain by flat-lying Pliocene

basalts. North-northeast trending faults east and north

of Madras offset the older units, but not the Deschutes

Formation basalts. However, the shield volcanoes (from

which the Deschutes Formation basalts erupted) are

located in the fault system, suggesting structural

control on the volcanism (Smith, 1986). The lack of

deformation in Pliocene units indicates that uplift

along the western end of the Blue Mountains structure

had largely ceased by Deschutes Formation time.

Anticlines in the Yakima fold-belt rose at a

slow, continuous rate during extrusion of the Columbia

River Basalts (Reidel, 1984) and although previous

growth on these structures cannot be ruled out, it must

have been minor because no pre-Miocene rocks are exposed

within the fold belt. Thus, the uplift history of the

Mutton Mountains is more similar to the Blue Mountains

than the Yakima fold-belt, but the anticline is not

located on the Blue Mountains trend.

The Brothers fault zone trends approximately

N700 W from the Harney basin to the northeast flank of

Newberry volcano, however, component en-echelon faults

are oriented between N30° W and N50° W. Lawrence (1976)

suggested that the disparity between the orientation of

the overall zone and its component faults reflects

burial of an active right-lateral, strike-slip fault by

93



lava flows so that subsequent movement has produced

Riedel shears in the surface basalts whose orientation

differs from that of the master strike-slip fault at

depth.

DISCUSSION

In the thesis area the most prominent

structures are a number of faults which are cross-

cutting each other and displaceing the stratigraphic

units in a complex manner. These faults have steep

attitudes, the direction of dip on some of these faults

is unclear, which makes it difficult to determine if

they are normal faults or very high angle reverse

faults. The most prominent of these faults are

north-south trending near vertical faults and their

associated splays. These faults are exposed in sections

11, 14, 23, 24, 25 and 36 of T. 17 S., R. 16 E., and

sections 17, 19, 20, 21, 29 and 30 of T. 17 S., R. 17

E. In addition to these faults there is another major

fault which is trending in the northeast-southwest

direction and is exposed in section 13 of T. 17 S.,

R. 16 E., and section 5 of T. 17 S., R. 16 E. This

fault cuts across and terminates some of the older

north-south trending faults and is thus younger in age.

Besides the aforementioned faults there are
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two minor apparent strike-slip faults, which are exposed

in sections 25 and 26 of T. 17 S., R. 16 E. There is

very little motion associated with these faults (about

one meter), and the bigger of these faults cuts across

Taylor Butte and forms a saddle there.

The thesis area is located on the limb of an

anticline. Folding in the Blue Mountain Province began

probably during Oligocene time and continued through

till late Miocene/early Pliocene time. This inference

comes from the fact that all the older rock units

including the Columbia River Basalt Group are folded to

some degree, but the younger units are not affected by

this deformation. Along the eastern margin of the

Deschutes Basin the Columbia River Basalt is gently

folded, with dips of 5 to 15° (Smith, 1986a). Similarly

in the thesis area the CRB is gently folded, but the

faults present in the thesis area do not appear to be

folded at all. At least one fault cuts the CRB. Thus I

infer that the faults present in the thesis area are

late Miocene or younger in age.

On the basis of stratigraphic displacement and

cross cutting relationships, I have divided the faults

present in the thesis area into five chronologic units.

They are discussed below in their chronologic sequence.

1) The oldest fault in the thesis area is a north-south

trending fault and its associated splays. Since these
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faults are localized mainly along Bear Creek, I have

named them the Bear Creek Faults. They are exposed in

sections 13, 24, 25 and 36 of 1.17 S., R. 16 E. and in

sections 19 and 30 of T. 17 S., R. 17 E. They are high

angle faults and mostly dip towards the east and

southeast, except for one which dips towards the

northeast. They repeatedly cut and displace the rock

units of the Clarno and John Day Formations. Thus they

are younger then the John Day Formation.

The major Bear Creek fault trends in the

north-south direction, and dips very steeply towards the

east. This fault cuts rocks of the Clarno and John Day

Formations, exposed along Bear Creek and Taylor Butte.

It is truncated to the north by the Crooked River fault,

and, therefore, it can not be traced north of the

reservoir.

On the basis of stratigraphic displacement,

the sense of motion along this fault in the north is

"down" on the eastern side of the fault, but in the

south the sense of motion along this fault changes to

"down" on the western side of the fault, which makes it

a scissor fault. An alternate explanation for this

fault could be that it is a normal fault, and the fact

that Clarno rocks are present on the "down thrown" side

of the fault and are abutted there against the rocks of

the John Day Formation, could be explained by taking
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into consideration the fact that the Clarno rocks there

were on a topographic high (Rogers, 1966; figure 22).

The Bear Creek Fault has three splays

associated with it. These splays trend in the northeast

direction. The two northern splays dip in the southeast

direction but the southern splay dips towards the

northwest, forming a small graben structure (see

cross-section B-B' on Plate 1). These faults cut

Clarno and John Day Formation and disappear under land

slides and the Rim Basalt.

Since the Bear Creek faults do not cut any of

the Pliocene or younger rocks it is difficult to assign

them a definite age, but they are probably late miocene

or younger.

2) Minor left lateral strike separation faults are

present in the thesis area. One of these faults cuts

across the summit of the Taylor Butte, where it creates

a saddle. Some shear zones and slickensides are

associated with this fault (Figure 23 and 24), the

displacement along these faults is very small (few

feet). These faults strike in the N 260 E direction and

dip approximately at 73° towards the southeast. The

pitch on the slickensides is 24° up from the north end

of the trend line.

These faults are present only within the rocks

of the John Day Formation, and do not interact with
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A

Future trace of sear Creek Fault.

Current topography

Figure 22. Diagrammatic illustration of the
topography along Bear Creek.

John Day deposited against post Clarno
topography.
Folding tilts units, then rhyolite dome
extrudes.
Faulting and erosion.
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any of the younger or older structures present in the

thesis area in any way. Therefore these faults are

younger than John Day time, but how young can not be

said with any confidence.

3) Younger then the aforementioned faults is another

major normal fault, which is exposed in sections 11, 14,

and 23 of T. 17 S., R. 16 E. This is a

northeast-southwest trending high angle normal fault,

and it dips towards the east. This fault is well

exposed east of Bowman Dam and therefore I have named it

the Dam Fault. This fault displaces units of the John

Day Formation and Columbia River Basalt group. Along

this fault the lavas of the Columbia River Basalt Group

are abutted against the tuffs of the John Day

Formation, both north and south of the reservoir, The

exposure is particularly good north of the reservoir.

This fault disappears under the Rim Basalts in section

11 and 14 of T. 17 S., R. 16 E., therefore its

interaction with the Crooked River fault is unknown.

On the basis of the type of rock units displaced by the

two faults, I suggest that the Dam fault is younger than

the Crooked River fault. The Dam fault has a

considerable amount of vertical separation associated

with it, and is younger then the CRB. Since it does not

seem to cut any younger strata, it is safe to assign

this fault a late Miocene to early Pliocene age.
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In section 13 of T. 17 S., R. 16 E. and section 6 of

T.17 S., R. 17 E., I mapped two short fault segments.

On the basis of their near alignment, and similar

character, I suggest that the two segments are connected

under reservoir water and landslide cone as one major

normal fault. It trends in the northeast-southwest

direction, roughly paralleling the course of the Crooked

river. I have named it the Crooked River Fault. This

normal fault is exposed clearly in section 13 of T. 17

S., R. 16 E., where it cuts the welded tuffs of the John

Day Formation (Figure 25). Here the welded tuffs

exhibit very steep dips and seem to be turned on end

(see cross-section B-B'), and are abutted against the

olivine rich basalt flow of the Deschutes Formation.

This fault is younger then the Bear Creek

Faults and cuts across them, which is why the Bear Creek

Faults can not be recognized north of Prineville

Reservoir. The Crooked River fault does not displace

the Rim Basalts and is thus older then the time of

emplacement of these basalts, but as it cuts across the

basalt of the Deschutes Formation, it must be younger

than them. Therefore this fault is early Pliocene or

younger in age, but is older then Pleistocene.

The youngest episode of faulting is revealed by the

Alkali Flat fault, which is a normal fault cutting

across the Pleistocene Rim Basalt of the Alkali Flat.

102



1,

-_,

3*'et

160.

.1 -.L.
it.: A.:.

.1.: 1kt.

,

4titi4;
1.00,

- _,-;

- cy
.4! .

t
lpt

Figure 25. Photograph showing the Crooked River Fault,
and the highly rotated John Day welded
tuffs.

a
r 115. +V-711 Wtrj"

103



This fault trends roughly in the north-south direction,

and dips towards the east. Very little motion is

associated with this fault (few meters). This fault is

only seen in the Rim basalts of the Alkali Flat, and

could not be traced north or south into the Clarno

units. One or both of two reasons may account for

this. It could be that the Clarno units present there

have little erosion resistance so that the scarp

produced by the small displacement on the fault is not

preserved. In addition the Clarno units are not

competent and brittle like the Rim Basalt and they have

largely responded ductely to this deformation except

where the competent Rim Basalt induces brittle behavior.

Though no recent movement or seismic activity

has been related to this fault, it is the youngest fault

in the area and may still be active.
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CONCLUSIONS

The Bear Creek area is situated on the flank

of an anticline. It contains rock units representing

most of the Cenozoic geologic column, these rocks have

been folded and faulted, creating complex structures.

Its geographic location, geology and structure make it

an attractive area for detailed geologic study. The

geology, tectonics and volcanic events that took place

in the Bear Creek area are summarized in table 4.

The most prominent structures of the area are

a number of north-south trending faults, most of which

are high angle normal and/or reverse faults. Five

different sets of faults have been identified in the

thesis area on the basis of orientation and sequence.

The oldest faults (Bear Creek Faults) are middle Miocene

(approximately 18 Ma) or younger, and the youngest fault

(Alkali Flat Fault) is Pleistocene to Holocene in age

(Table 4).

Basin and Range province is separated from the

Blue Mountain province (which includes the thesis area),

by a northwest-southeast trending, right-lateral,

strike-slip fault zone, called the Brothers Fault Zone

(BFZ). Most of the extension and related features seen

in the Basin and Range province do not extend north of

this fault zone. The BFZ trends approximately N 700 W,
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with associated enechelon (normal) faults, oriented

between N 300 W and N 50° W. According to Lawrence

(1976), these faults are produced as a result of

movement along a right-lateral, strike-slip fault

buried under the Pliocene/Pleistocene basalts. In the

thesis area, a number of north-south trending faults

might conceivebly be genetically related to the BFZ.

However, the faults were developed in response to an

east-west oriented extension or compression. The faults

of the thesis area are north-south trending, near

vertical normal or reverse faults. They do not present

the horst and graben topography such as is seen in the

case of BFZ faults. Therefore, it is my contention that

the faults present in the Bear Creek area are not

related to the BFZ.

The Bear Creek area exposes the southwestern

most outcrops of the John Day Formation. In these

outcrops the rocks are typically fresher than the John

Day rocks exposed elsewhere. The Bear Creek area is

also important, in that here for the first time

fluviatile sediments have been reported (Brandon, 1987;

this work). These sediments were derived from the

underlying John Day tuffs and igminbrites, and deposited

not very far from the source. Apart from the above

mentioned differences, the John Day stratigraphy of the

thesis area is quite similar to that of the rest of the
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southern and eastern fades, as described by Robinson

and others, (1984).

The most important angular unconformity in the

thesis area is between the John Day Formation and the

Columbia River Basalt. The John Day Formation in the

thesis area south of the Prineville Reservoir, shows

average dips of about 210 to the west at a distance from

major faults. North of the reservoir such dips reach

45°. The CRB, however, shows dips of about 50 to the

west. Unfortunately, the John Day - CRB contact is not

exposed in the thesis area. However, the substantial

difference in the dips suggests an angularity of 15° to

400 on this unconformity.

The Tertiary began in the Blue Mountains

province of north-central Oregon during a period of

relative tectonic quiescence. A regional unconformity

exists between subaerial Eocene volcanics of the Clarno

Formation and the underlying marine clastic sedimentary

strata belonging to the Cretaceous Gable Creek,

Hudspeth, and correlative Formations. This unconformity

represents a significant time gap in the geologic

column; however, there is little angular discordance

between the two formations.

The early Cenozoic history of the thesis area

closely parallels that of the rest north-central

Oregon. Clarno, John Day, and CRB were deposited as
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elsewhere.

During the late Miocene to early Pliocene

time, a major tectonic episode occurred, creating many

of the large scale structures which dominate the terrain

we see today in the north-central Oregon. During this

time the Deschutes Basin became an important structure,

and the thesis area is located along the eastern margin

of this feature. The Deschutes Basin probably developed

in response to backarc spreading behind the Cascades,

hence forming a basin. This backarc spreading was

probably initiated in the late Miocene time, due to the

clockwise rotation of the Oregon Coast Range, and parts

of the then forming Cascade arc, form a hinge at the

north end of the Oregon Coast Range.

Perhaps, the most reasonable interpretation of

most of the faults present in the thesis area, is that

these faults are related to the east-west extension of

the Deschutes Basin during late Miocene and Pliocene

time. The thesis area is situated on the eastern margin

of the Deschutes Basin, thus the faults present in the

area would be marginal to the basin. Faults marginal to

the Deschutes Basin are not exposed elsewhere because of

cover of young Deschutes Formation and Rim Basalt, but

are seen in the thesis area according to my

interpretation. Thus the thesis area may be the only

place along the eastern margin of the Deschutes basin
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where such structures can be seen.

On the basis of the presence of young

(Quaternary) normal faults (for example, Alkali Flat

Fault) in the thesis area, I suggest that the Deschutes

Basin might still be active, and that minor extension

may still be taking place in the basin.
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APPENDIX



Alterations:
Plagioclase and
montmorillonite.

APPENDIX "A"

SAMPLE NUMBER: KPO-51. Clarno Tuff.

Texture: The overall texture of the rock is
vitroclastic. The rock is very fine grained, mostly
composed of brownish altered glass, with some
phenocrysts of plagioclase, and pyroxene, which
have been altered compleatly into montmorillonite.

Mineralogy:
Essential and major minerals:
Glass 60% occurs as reddish brown glass, most of which

is altering.
Montmorillonite 22% occurs as anhedral-subhedral

pseudomorphs after plagioclase and pyroxene.
Rock fragments 17% mostly composed of volcanic rock,

derived from underlying Clarno flows.

Accessory Minerals:
Magnetite 2%

SAMPLE NUMBER: KPO-56. Clarno Mud Flow.

Texture: Phenocrysts of plagioclase, hornblende and
magnetite are present in a groundmass of
plagioclase, cpx, magnetite and glass. The rock has
a poorly developed pilotaxitic texture.

Mineralogy:
Essential and major minerals:
Plagioclase 40% occurs as phenocrysts and in the ground

mass.
Hornblende 8%
Magnetite 15%
Clinopyroxene 12%
Xenoliths 15%
glass 23%

Accessory Minerals:
Montmorillonite 2%

Alterations:
Glass is devitrifying,
montmorillonite.

pyroxene are altering into

plag. is altering into
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SAMPLE NUMBER: KPO-14. Clarno Basaltic Andesite.

Texture: Phenocrysts of plagioclase , chinopyroxene and
magnetite are present in a pilotaxitic groundmass,
whic is more or less holocrystaline, with
chinopyroxene occuring itersertal to the
plagioclase microlites. The overall texture is
porpyritic, pilotexitic intersertal.

Mineralogy:
Essential and major minerals:
Plagioclase (Labradorite) 50% occurs scarcely in the

form of subhedral to euhedral phenocrysts, which
show zoning and albite twining and range in size
from lOmm - 15mm. Most of the plagioclase occurs
in the form of microlitic groundmass with the size
ranging from 5mm - lOmm in length.

Clinopyroxene (Augite) 19% occurs predominently in the
form of subhedral - anhedral crystals forming the
groundmass with some phenocrysts. The grain size
ranges from 0.25mm - 7mm in size.

Magnetite 24% occurs in the form of subhedral to
euhedral crystals.

Volcanic glass 5% occurs intersertal to plagioclase
microliths in the form of dark grey glass.

Accessory minerals:
Zeolite 2%

Alterations:
Magnetite is altering into FeO, thus imparting a

reddish color to the grains and to the rock.

SAMPLE NUMBER: KPO 11. Clarno Basaltic Andesite.

Texture: In thin section the rock shows phenocrysts of
plagioclase and magnetite in a groundmass of
plagioclase microliths and chinopyroxene crystals.
The plagioclase microliths show a pilotaxitic
texture and the clinopyroxene grains occur
intersertal to the plagioclase. The overall
texture is pilotaxitic intersertal.

Mineralogy:
Essential and major minerals:
Plagioclase (Labradorite ) 45% a few phenocrysts occur

in the form of subhedral laths from 7mm - 20mm in
length. They show albite, combined albite, and
carlsbad twining, and a few are zoned. The
groundmass consists of microlitic plagioclase
crystals showing pilotaxitic texture.
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Clinopyroxene (Augite) 25% occurs in the form of
subhedral to anhedral crystals in the groundmass,
and range in size from lmm - 8mm under x 10
magnification.

Magnetite 16% occurs in the form of subhedral to
anhedral crystals.

Glass 14% occurs in the groundmass in the form of
reddish brown - brown colored glass.

Alterations:
Magnetite is oxidizing to FeO and thus

imparting a reddish color to the rock.

SAMPLE NUMBER: KPO-36 and KPO-31a. Clarno Basalt.

Texture: In thin section the rock shows phenocrysts of
olivine which show extensive development of
iddingsite around the crystals. The cores are
altered to talc or sericite. Besides olivine,
phenocrysts of clinopyroxene, bytownite, andesine
and/or labradorite are also present in a groundmass
of pyroxene, quartz and andesine microliths which
show a pilotaxitic texture. The overall texture is
porphyritic pilotaxitic intersertal.

Mineralogy:
Essential and major minerals:
Plagioclase (Andesine - Bytownite) 36% occurs as

euhedral -subhedral phenocrysts of andesine,
labradorite and bytownite in a groundmass of
andesine microliths. The phenocrysts range in size
from 7mm - 13mm. The microliths show a pilotaxitic
texture. the phenocrysts show twining.

Clinopyroxene (Augite) 34% occurs as phenocrysts as well
as in the groundmass in the form of anhedral to
subhedral crystals. The phenocrysts have been
completely altered.

Olivine 21% the olivine phenocrysts have been completely
altered into iddingsite and the cores are altered
into talc, serpentine and sericite. The phenocrysts
are euhedral to subhedral and range in size from
5mm - 2cm. Olivine also occurs in the groundmass.

Magnetite 8% occurs as euhedral to subhedral crystals.

Accessory Minerals:
glass 1% occurs as brownish glass.

Alterations:
Clinopyroxene is altering into sericite and other
clay minerals. Olivine is altering into iddingsite
and the cores of the olivine phenos are altering
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into talc or serpentine and sericite.

SAMPLE NUMBER: KPO-30. Clarno Basaltic Andesite.

Texture: In thin section it shows phencrysts of
plagioclase, orthoclose, and pyroxene in a

groundmass of plagioclase laths and clinopyroxene
crystals. The overall texture is porphyritic,
intergranular to intersertal.

Mineralogy:
Essential and major minerals:
Plagioclase 30% it occurs in the form of anhedral -

subhedral phenocrysts and laths. The phenocrysts
are from 7mm - 3cm in size. These crystals are
twined and zoned.

Clinopyroxene (diopsidic augite) 21% occurs as subhedral
- enhedral phenocrysts and in groundmass. The size
ranges from 4mm - 15mm.

Glass 20% occurs as brown glass.
Orthoclase 6% occurs as anhedral - subhedral phenocrysts

7mm - 10mm in size.
Orthopyroxene (hypersthene) 3% occurs as euhedral

subhedral phenocrysts from 6mm - 8mm in size.
Smictite 19% it has possibly formed as an alteration

product of pyroxene and has completely replaced
it.

Accessory minerals:
Ore min 1%

Alterations:
Some crystals of pyroxene have completely
altered into smictite.

SAMPLE NUMBER: KPO-28a. Calrno Basaltic Andesite.

Texture: The overall texture in thin section is
pophyritic pilotaxitic. The rock has euhedral -

subhedral phencrysts of andesine in a pilotaxitic
microlitic groundmass of labradorite. The rock
also contains clinopyroxene in the groundmass along
with some brownish glass. The amygdules are filled
in with zeolite and the cavities are lined with
gilsenite. The groundmass is holocrystalline.

Mineralogy:
Essential and major minerals:
Plagioclase 55% occurs as euhedral - subhedral

phenocrysts of andesine which make up 9% of total
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plagioclase and are from 3mm - 16mm in size, these
phenos show albite twining, and are in a groundmass
of labradorite which makes up 91% of the total
plagioclase present, they show pilotaxitic texture
and are holocrystaline.

Clinopyroxene (augite) 21% occurs in the groundmass as
anhedral to subhedral crystals and occurs
intergranular - intersertal to the plagioclase
microliths and are about lmm in size.

Magnetite 16% occurs as euhedral - subhedral crystals
not more than lmm in size.

Glass 6% occurs as brownish glass.

Accessory minerals:
Zeolite 2%

SAMPLE NUMBER: KPO-9. Clarno Andesite.

Texture: In thin section the rock shows phenocrysts of
plagioclase clinopyroxene and magnetite in a

ground mass of plagioclase microliths with
intersertal clinopyroxene and magnetite with some
glass. The rock is fairly altered and many of the
clinopyroxene phenocrysts are altered into sericite
and ironoxide and the plagioclase is altering into
kaolinite. Some glass is altering into
chloraphasite and celadenite. The overall texture
is porphyritic intersertal.

Mineralogy:
Essential and major minerals:
Plagioclase (labradorite) 35% occurs as euhedral

-subhedral phenocrysts from 5mm - 12mm in size and
also as groundmass in the form of microliths.

Clinopyroxene (augite) 20% occurs as subhedral to
euhedral phenocrysts 2mm - 7mm in size and most of
it has altered into sericite and oxides of iron.
It also occurs in the groundmass as lmm anhedral -

subhedral crystals.
Magnetite 23% magnetite occurs as euhedral - subhedral

crystals and some of it is altering into limonite.
Volcanic glass 14% occurs as transparent glass

intersertal to the plagioclase and some of it has
altered into chlorophasite/celadenite.

Accessory minerals:
Sericite 6%
Zeolite 1%
Chloraphasite/celadenite 1%

Alterations:
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Plagioclase is altering into kaolinite,
clinopyroxene is altering into sericite, magnetite
into limonite and glass into
chloraphasitic/celadenite.

SAMPLE NUMBER: KPO-38. Clarno Basalt.

Texture: In thin section shows phenocrysts of
plagioclase which have been altered to clay
minerals. The rock is very fine grained and
therefore individual minerals cannot be identified
by optical means. It shows a somewhat porphyritic
hyalophitic texture.

Mineralogy:
Essential and major minerals:
Plagioclase 37% (2% as microlites)
Glass 30%
Magnetite 20%
Pyroxene 10%

SAMPLE NUMBER: KPO-40. Clarno Andesitic Dyke.

Texture: Overall texture is porphyritic aphanitic
pilotaxitic. Phenocrysts of zoned and twined
labradorite - andesine, with inclusions of glass
and pyroxene are present in a groundmass of
oligoclase microlites.

Mineralogy:
Essential and major minerals:
Plagioclase (Andesine-Labradorite) 17% occur as euhedral

-subhedral phenocrysts from 7mm - 10cm in size
under x 10 magnification and are highly altered and
filled with inclusions of glass and pyroxene.

Oligoclase 50% occurs as microlites.
Montmorillonite 6% occurs as psendomorphs after

plagioclase phenocrysts.
Chlorite 10% occurs as alteration product of mafic

minerals and occurs as euhedral - subhedral
crystals from 2mm - 2cm in size.

Pyroxene (hyper-augite) 9% occurs as anhedral -subhedral
phenocrysts and in the ground mass as intersertal.

Glass 8% occurs as inclusions in the plagioclase
phenocrysts and in the groundmass.

Alterations: propylitization.
Orthoclase is altering into smictite and chlorite
is formed as an alteration product from pyroxene
and other mafic minerals.
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SAMPLE NUMBER: KPO-31. John Day Tuff.

Texture: The overall texture of the rock is
vitroclastic. It is mostly composed of brownish
glass with some phenocrysts of plagioclase and
pyroxene which have altered completely into
montmoralonite. it also contains some lithic
fragmewhich are dominantly that of fine grained
basaltic/andesitic flows.

Mineralogy:
Essential and major minerals:
Glass 82% brownish red colored glass, at few places

slightly devitrified.
Montmoralonite 7% occurs as an hedral -subhedral

psendomorphs after plagioclase and pyroxene and
ranges in size from 2mm - 6mm under x10 may.

Lithic fragments 2% mostly composed of volcanic rock
fragments derived from the underlying clarno
badeittes etc. and range in size from 3mMeMatite 9%

occurs as anhedral and isranging infsome 1/2mm
- 5mm.

Alterations:
Plagioclase and pyroxene are converted into
montmorillonite.

SAMPLE NUMBER: KPO-35. John Day Tuff.

Texture: The overall texture of the rock is
vitroclastic. It is very fine grained, mostly
composed of brownish glass, with some phenocrysts
of plagioclase and pyroxene which have been altered
completely into montmorillonite. It also contains
some lithic fragments which are dominantly that of
fine grained basaltic/andesitic flows.

Mineralogy:
Essential and major minerals:
Glass 45% reddish brown glass.
Rock fragments 29% mostly composed of volcanic rock

fragments derived from the underlying clarno
basaltic andecites etc. and range in size from 2mm
- 12mm.

Montmorillonite 23% occurs as anhedral-subhedral
psendomorphs after plagioclase and pyroxene and
ranges in size from 3mm - lcm.

Accessory Minerals:
Magnetite 2%
Orthoclase phenos 1%
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SAMPLE NUMBER:KPO-32. John Day Tuff.

Texture: The overall texture in thin section is
porphyritic vitroclastic. The glass shards are
slightly devitrifying and are compressed and
deformed. The lithic fragments are also glassy and
were probably derived from the underlying
ignimbrite units.

Mineralogy:
Essential and major minerals:
Glass 74% occurs as greyish and light brown colored

glass shards. The glass shards are compressed and
the pumice fragmnents are also slightly compressed
and deformed.

Anorthoclase 18% occurs as euhedral - subhedral
phenocrysts ranging in size from 2mm - 8mm.

Lithic fragments 7% are mostly composed of glass.
These probably belong to the underlying ignimbrite
units.

Accessory Minerals:
Chlorite 1%

SAMPLE NUMBER: KPO-13. John Day Welded Tuff.

Texture: In thin section the rock exhibits a

vitroclastic texture with deformed and compacted
glass shards and collapsed fiamme (pumice). Some
of the pumice and glass shards are slightly
devitrified and show spherulites. Most of the
phenocrysts are of potash feldspar. The lithic
fragments are mostly glassy and probably were
derived from lower volcanic units.

Mineralogy:
Essential and major minerals:
Potash felalspar (sanidine) 42% euhedral - subhedral

phenocrysts from lmm - 7mm in size, also in the
groundmass probably formed due to the
devitrification of glass.

Lithic fragments 7% mostly of very fine grained rock
(derived from underlying volcanic rocks) and are
probably basaltic - andesitic in composition.

Glass 46% it forms the groundmass and is dominantly
composed of compacted and deformed glass shards and
collapsed pumice and spherulites, all of which are
moderately devitrified.

Accessory Minerals:
Iron-oxide 1.6%
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Quartz 0.4%
Oligoclase 3%

Alterations:
The glass is devitrifing and altering into
smictite.

SAMPLE NUMBER: KPO-34. John Day Welded Tuff.

Texture: In thin section the rock appears to be a

welded tuff (ignimbrite). The rock shows
phenocrysts of plagioclase and potash feldspar in a

matrix of deformed glass shards (pumice lapilli).
The pumice lapilli are very slightly devitrified.
The overall texture of the rock is vitroclastic
(porphyritic).

Mineralogy:
Essential and major minerals:
Glass 85% occurs in the form of deformed and compressed

glass shards, light brown in color and very
slightly devitrified.

Sanidine 8% occurs in the form of subhedral - euhedral
phenocrysts from 3mm - 2cm in size.

Plagioclase (oligoclase) 4% occurs in the form of
subhedral - euhedral phenocrysts from lcm - 3.5cm
in size under x 10 magnification, and show combined
albite and carlsbad twining. Some are zoned.

Accessory Minerals:
Magnetite 2%
Appatite 5%
Zircon 5%

Alterations:
Feldspar is altering into kaolinite and glass is
very slightly devitrified. Some glass is altering
into greenish clay or chlorite.

SAMPLE NUMBER: KPO-25. John Day Welded Tuff.

Texture: In thin section the rock exhibits a

vitroclastic porphyritic texture with deformed and
compacted glass shards and collapsed fiamme
(pumice). Most phenocrysts are that of potash
feldspar (or thoclase/sanidine). These are mostly
euhedral - subhedral and are generall angular but
some show rounding by resorption. The lithic
fragments are glassy and were derived from the
underlying ignimbrite units.
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Mineralogy:
Essential and major minerals:
Glass 85% it forms the groundmass and is composed of

light green highly compressed and deformed glass
shards and collapsed fiamme.

Sanidine 5% occurs as euhedral - subhedral phenocrysts,
1/2cm - 2cm in size and mostly altered into
montmorillonite.

Montmorillonite 7% occurs as pseudomorphs after
feldspar.

Accessory Minerals:
Lithic fragments 1%
Magnetite/hematite 2%

Alterations:
Feldspar is altering into montmorillonite and the
glass is altering into smictite.

SAMPLE NUMBER KPO-19. John Day Welded Tuff.

Texture: The overall texture is porphyritic
vitroclastic. There are some highly compressed and
deformed glass shards which are slightly
devitrified. The lithic fragments are derived from
ignimbrite units and from very fine grained
(glassy) volcanic rocks. This rock contains
feldspar phenocrysts ranging in size from 3mm -

4.5cm.

Mineralogy:
Essential and major minerals:
Plagioclase (oligoclase) 9% occurs as anhedral

crystals. These crystals show a sugary texture, a

few phenocrysts show albite twining.
Glass 70% occurs as light brownish green glass and

highly compressed and deformed glass shards and
pumice. The glass shards and pumice are slightly
devitrifying.

Magnetite 3% occurs as euhedral - anhedral crystals
from lmm - 3mm in size.

Phenos 18% occurs as euhedral - anhedral phenocrysts
highly altered and showing inclusions of glass, and
range in size from 3mm - 3cm.

Alterations:
The glass is devitrifying and the plagioclase is

altering into clay mineral (semictite/
montmorillonite).
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SAMPLE NUMBER: KPO-12. John Day Welded Tuff.

Texture: In thin section the texture is vitroclastic
vitrophyric. The groundmass is composed light
orange brown colored glass shards with phenocrysts
of feldspar, lithic fragments, and magnetite
crystals within it. The lithic fragments are
glassy and belong to the ignimbrite units in the
area.

Mineralogy:
Essential and major minerals:
Glass 63% occurs as light orange brown glass shards and

light brown colored glass, slightly devitrified.
Plagioclase (Oligoclase) 25% occurs as euhedral -

anhedral phenocrysts ranging in size from lmm -

2cm. Mostly shows a sugary texture.
Lithic fragments 18% occur as angular to subangular

xenoliths, mostly composed of dark colored glass
and were probably derived from the underlying
welded tuft units and are from 3mm - 6cm in size.

Magnetite 4% occurs as euhedral subhedral crystals.

Alterations:
The plagioclase is altering into clay minerals.

SAMPLE NUMBER: KPO-2. John Day Welded Tuff.

Texture: The overall texture is porphyritic vitroclastic
in thin section. The ground mass is composed of
compressed and deformed glass shards which are
slightly devitrifying, with phenocrysts of alkali
feldspar and lithic fragments.

Mineralogy:
Essential and major minerals:
Alkali feldspar (sanidine/orthoclase) 33% occurs as

euhedral - subhedral phenocrysts, ranging in size
from 2mm - 2.5 cm. Some show carlsbad twining and
are highly altered to clay minerals.

Glass 45% occurs as very light brown glass and is
composed of compressed and deformed glass shards
which are slightly devitrifying.

Lithic fragments 20% mostly are angular while some are
subangular, these are mostly composed of various
shades of dark colored glass and are derived most
probably from the underlying welded tuff units.

Accessory minerals:
Magnetite 2%
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Alterations:
Glass is slightly devitrifying and the feldspar is
altering into clay minerals.

SAMPLE NUMBER: KPO-10. John Day Welded Tuff.

Texture: The overall texture in thin section seems to be
porphyritic vitroclastic. The groundmass is
composed of dark brownish glass, with orange brown
colored glass shards and pumice fragments which are
deformed and compressed and are devitrifying. The
feldspar (alkali) is altered to smectite/kaolinite.

Mineralogy:
Essential and major minerals:
Glass 72% occurs as dark brown glass with orange brown

colored glass shards. The glass is devitrifying,
but it cannot be determined as to which mineral it
is devitrifying into.

Lithic fragments 23% occur as angular - subangular
fragments ranging in size from 2mm - 6cm under x 10
magnification and are predominantly composed of
fragments derived from other ignimbrite units.

Sanidine 4% occurs as euhedral - subhedral phenocrysts,
ranging in size from 4mm - 8mm under x 10
magnification and are altered.

Accessory minerals:
Magnetite 1%

Alterations:
Glass is devitrifying and the feldspar is altering
into clay minerals.

SAMPLE NUMBER: KPO-37. John Day Welded Tuff.

Texture: The overall texture in thin section is
porphyritic-vitroclastic. The groundmass is
composed of light brown colored glass which is
devitrifying. The glass shards are also
devitrifying and are highly compressed and
deformed.

Mineralogy:
Essential and major minerals:
Glass 91% occurs as light orange brown colored glass and

glass shards which is moderately devitrified and
the shards are highly compressed and deformed.

Sanidine 5% occurs as euhedral - subhedral phenocrysts
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ranging in size from 4mm - 7mm, some are altered.
Lithic fragments 1.5% occur as subangular lithic

fragments predominantly composed of glass and
probably belong to other welded tuff units.

Magnetite 1.5% occurs as euhedral - subhedral crystals
from lmm - 5mm in size.

Accessory minerals:
Zircon 7%
Apatite 0.3%

Alterations:
The glass is devitrifying and the sanidine is
altering into smictite.

SAMPLE NUMBER: T.B. John Day Rhvolite.

Texture: In thin section the rock shows phenocrysts of
orthoclase in a devitrified glassy matrix. Some
of the feldspar has altered into kaolinite. The
devitrified glass shows a slight fluidal
structure. The overall texture of this rock is
porphyritic.

Mineralogy:
Essential and major minerals:
Sanidine 87% occurs mainly as euhedral phenocryst, some

subhedral phenocrysts are also present. Some of
these phenocrysts show carlsbad twining and
perthite. They range in size from 3mm - 7cm under
x 10 magnification and are surrounded by a fine
matrix of devitrified glass.

Montmorillonite/clay 5% occurs as dark olive to greyish
green brown phenocryst from 2mm - 16mm in size.
They are mostly subhedral and some of these exhibit
ophitic texture with feldspar. Most of these are
altered and show hematite around them.

Pyrite 8% occurs as euhedral - subhedral crystals from
0.5mm - 8mm in size.

Alterations:
San i di ne is al tering into kaol inite/
montmori 1 1 oni te.

SAMPLE NUMBER: KPO-24. John Day Rhvolite.

Texture: The rock is porphyritic with a few phenocrysts
of oligoclase/sodic andesine and probably alkali
feldspar (sanidine). The rock shows flow banding
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and is very fresh. The groundmass is glassy which
is very slightly altered (devitrified). The
overall texture is porphyritic vitrious.

Mineralogy:
Essential and major mineral:
Plagioclase (oligoclase) 3% euhedral subhedral

phenocrysts 3mm - 9mm in size in a glassy
groundmass.

Alkali feldspar (sanidine) 5% euhedral subhedral
phenocrysts 2mm - 7mm in size.

Glass 90% slightly devitrified and also present in the
form of stretched glass shards.

Magnetite 5% euhedral - subhedral crystal from 0.5mm -

2mm in size.

Alterations:
Feldspar is altering into montmorillonite and the
glass is slightly devitrified.

SAMPLE NUMBER: KPO-22. John Day Rhvolite.

Texture: In thin section the rock shows eutaxitic
porphyritic texture with phenocryst of sanidine and
plagioclase in a groundmass of slightly devitrified
volcanic glass which is of rhyolitic composition.
Most of the feldspar is altering into
montmorillonite.

Mineralogy:
Essential and major minerals:
Glass 65% the glass is perlitic and is probably of

rhyolitic composition and shows flow textures and
banding and contains microlites and phenocrysts.

Microlites 31% these are fine needle-like crystals and
are aligned somewhat in a pilotaxitic manner, and
show flow textures. Unfortunately it cannot be
determined definately if all or some of them
formed due to the devitrification of glass or are
original crystals. Because of their small size it
cannot be determined whether they are alkali
feldspar or plagioclase.

Sanidine 1% occurs as phenocrysts within the groundmass.
Plagioclase (oligoclase) 1% occurs as phenocrysts within

the groundmass and show zoning.

Accessory minerals:
Magnetite 2%

Alterations:
The glass is slightly devitrified and the feldspar
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is altering into montmorillonite.

SAMPLE NUMBER: KPO-26. John Day Rhyolite.

Texture: In thin section the rock shows porphyritic
axiolitic texture. The phenos are of sanidine
which are altering into montmorillonite or
kaolinite and range in size from lmm - 4mm in
diameter with one or two larger ones. The
spherulites are slightly devitrified on the
outsides. The rock is very vesicular and porous.

Mineralogy:
Essential and major minerals:
Glass 95% the glass is light brown in color and occurs

as spherulites slightly devitrifying on the
outside. i.e. they show axiolitic texture.

Sanidine 4% occurs in the form of euhedral - anhedral
crystals lmm - 4mm in size under x 10
magnification. A couple, however are about 9mm in
size.

Accessory minerals:
Magnetite 1%
Alterations:

Feldspar is altering into montmorillonite and glass
is slightly devitrified.

SAMPLE NUMBER: KPO-27. John Day Rhyolite.

Texture: In thin section the rock shows porphyritic
spherulitic texture. Most of the phenocrysts of
feldspar have been completely altered. Most of the
rock is glassy. Some spherulites are slightly
devitrified.

Mineralogy:
Essential and major minerals:
Glass 81% the glass is light brown in color and occurs

as spherulites slightly devitrifying on the
outside. i.e. they show axiolitic texture.

Feldspar (sanidine) 9% 2mm - 7mm long, euhedral -

anhedral crystal, some crystals show carlsbad
twining.

Quartz 6% euhedral - subhedral, 2mm - 4mm in size and
occurs probably as secondary quartz.

Accessory minerals:
Zircon 5%
Appatite 5%
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Magnetite 3%

Alterations:
Feldspar is altering into smictite.

SAMPLE NUMBER: KPO-21. John Day Rhyolite.

Texture: In thin section the rock shows porphyritic
spherulitic texture. Most of the rock is composed
of brownish sperulitic glass. The feldspar
phenocrysts are altering into semictite/kaolinite.

Mineralogy:
Essential and major minerals:
Glass 87%
Magnetite 2.5%
Kaolinite 7% formed due to the alteration of feldspar.
Sanidine 3% occurs as subhedral - anhedral crystals,

greatly altered into smictite, from 2mm - 4mm in
size.

Appatite 0.5%

Alterations:
Feldspar altered into kaolinite.

SAMPLE NUMBER: KPO-16. John Day Rhyolite.

Texture: The overall texture in thin section appears to
be porphyritic vitreous. The rock is mostly
composed of very fine glassy groundmass which is
slightly devitrified. The feldspar phenocrysts
have been altered to montmorillonite.

Mineralogy:
Essential and major minerals:
Glass 75% occurs as grey colored groundmass and slightly

devitrified. In some places the devitrification is
spherulitic.

Montmorillonite 19% occurs as pseudomorphs after
feldspar and range in size from 1/2cm - 8cm.

Hematite 3% occurs as anhedral crystals ranging in size
from lmm - 5mm.

Accessory minerals:
Sanidine 2%
Plagioclase (oligoclase) 1%

Alterations:
Feldspar is altering into montmorillonite and the
glass is slightly devitrified.
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SAMPLE NUMBER: KPO-29. John Day Fluviatile Sediments.

Texture: The rock is composed mainly of glass shards
which are compressed and deformed. The rock also
contains lithic fragments which are mainly of
andesitic compositions. The overall texture of
this rock is vitroclastic.

Mineralogy:
Essential and major minerals:
Glass 90% occurs in the form of compressed and elongated

glass shards, light yellow grey in color and
slightly devitrified.

Lithic fragments 9.5% mostly composed of andesitic
compositions and range in size from lcm 5cm
under x 10 magnification.

Accessory Minerals:
Magnetite 0.5%

Alterations:
Some of plagioclase crystals in the lithic
fragments are altering into kaolinite.

SAMPLE NUMBER: KPO-55. Columbia River Basalt.

Texture: In thinsection these rocks show a porphyritic
halo-ophitic texture. The groundmass is composed
of dark colored glass, slightly altering to clay
minerals.

Mineralogy:
Essential and major minerals:
Plagioclase (Labradorite) 29% occurs as laths

(phenocrysts) and also occurs in the groundmass. It
is commonly twined, while some crystals show
zoning.

Appatite 22% occurs as needles in the groundmass.
magnetite 8% occurs as subhedral to anhedral crystals.
Olivine 4% occurs as anhedral phenocrysts, altering to

iddingsite.
Glass 35% occurs as dark colored glass, slightly

altering to clay minerals.
Alterations:

Olivine is altering into iddingsite, and glass is
devitrifying and altering into clay minerals.
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SAMPLE NUMBER: KPO-1. Deschutes Formation Basalt.

Texture: In thinsection the rock shows phenocrysts of
olivine, clinopyroxene and orthopyroxene (2mm - 4cm
in size) in order of abundance, in a groundmass of
plagioclase crystals, olivine and pyroxene. The
plagioclase crystals show albite and
albite-carlsbad twins, while some crystals of
plagioclase are normally zoned. The overall
texture of the rock is porphyritic ophitic.

Mineralogy:
Essential and major minerals:
Plagioclase (labrodorite) 44% an hedral - subhedral

crystals 5mm - 2cm in size, and show inclusions of
glass and magnetite. The crystals are twined and
some show normal zoning.

Clinopyroxene (augite) 18% anhedral - euhedral
crystals, occur predominantly as phenocrysts lcm -

4cm in size and also occurs as groundmass.
Olivine 33% occurs as anhedral - subhedral phenocrysts

5mm - 8cm in size under x 10 magnification. These
also occur in groundmass lmm - 5mm in size. The
phenocrysts show inclusions of magnetite and
gas/liquid.

Orthopyroxene (hypersthene) 3% occurs as euhedral -

subhedral phenocrysts 5mm - 2cm in size.

Accessory minerals:
Ore 2% probably magnetite

SAMPLE NUMBER: KPO-28. Rim Basalt.

Texture: The rock shows euhedral phenocrysts of olivine
2mm - 18mm in size and show corroded outlines which
are marked by iddingsite. The clinopyroxene
(augite) occurs as microphenocrysts in a groundmass
of plagioclase laths 3mm - 15mm long. The overall
texture is porphyritic diktytaxitic. Labradorite
occurs as phenocrysts as well as in the groundmass.

Mineralogy:
Essential and major minerals:
Plagioclase (labradorite) 40% It occurs in the form of

anhedral - subhedral phenocrysts 7mm - 16mm long
and in the form of plagioclase laths which form the
groundmass, and exhibits diktytaxitic texture.

Clinopyroxene (augite) 32% occurs in the form of
anhedral - subhedral phenocrysts 7mm - 13mm long
and also as microphenocrysts. The larger
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phenocrysts develop ophitic texture with the
placioclase crystals.

Olivine 20% occurs in the form of euhedral - subhedral
crystals, 4mm - 17mm in size and show development
of iddingsite along the outlines, while a few are
completely altered into iddingsite.

Magnetite 8% occurs in the form of euhedral - subhedral
crystals.

Alterations:
Olivine is altering into iddingsite.
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