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The study area is located on the boundary between the High

Cascade Range and the western flank of the Deschutes Basin in west-

central Oregon. The volcanic and volcaniclastic rocks within the

area are calc-alkaline and range in composition from olivine basalt

to rhyolite. The oldest dated lava flows yield a -K-Ar age of 9.2

.6 m.y , and the youngest flows are younger than 10,000 years. The

most common lava flows are platy jointed, cliff-forming basaltic ande-

sites and thin, rubbily, slope-forming vesicular basalts. Pyroclastic

rocks make up about one-tenth of the study area, and include ash-fall

tuffs, well-bedded basaltic hyaloclastic*tuffs and welded .and non-

welded ash-flow tuffs with dacitic and andesitic components. Ash-

flow tuffs are predominant and vary from 2 to 200 m thick. The lavas

and pyroclastic rocks of Green Ridge dip approximately 3 degrees to
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the east. Sedimentary interbeds have internal structures which indi-

cate an eastward flow direction. As these volcanic rocks are traced

eastward into the Deschutes Basin, the lava flows get thinner and

tongue out while the ash-flow tuffs reach their maximum thickness.

A hornblende a,ndesite stratovolcano (8.1 * .6 m. y. ) in the

northern part of the study area is composed of a sequence of lavas

which reveal a progressive change in phenocryst content. The old-

est flows have primary phenocrysts of hornblende, while in the pro-

gressively younger lavas, pyroxene replaces hornblende.

In late Miocene time the study area was situated on the eastern

slope of the Cascade Range, and it contributed lava flows, pyroclastic

rocks and fluvial sediments eastward into the Deschutes Basin. This

contribution of volcanic and volcaniclastic rocks ended between 4.5 ±

.4 m.y. and 2.1 * .2 m.y. ago when the western part of the study

area was downdropped a minimum of 300 m along the Metolius Fault.

The fault was dated by determining the ages of flows truncated by the

fault along the crest of Green Ridge, and flows which ponded up at the

base of the escarpment. The attitudes and flow directions of the

Green Ridge volcanic and volcaniclastic rocks indicate that the rocks

on the east side of the fault remained relatively undisturbed by the

faulting. The Metolius fault may be part of the eastern boundary of

a graben which extended the entire length of the Oregon Cascade

Range.



The normal faulting within the area also marks a division

between two different phases of volcanism. Lavas younger than the

Metolius Fault have the same chemical trends as the rocks older than

the Metolius Fault except for the iron which is less abundant in the

younger rocks. A lower iron enrichment curve is characteristic of

High Cascade lavas. The post-Metoliu.s Fault lavas within the study

area are equivalent to High Cascade lavas on the basis of age, aerial

distribution and lithology. Dated rocks which are truncated by the

Metolius Fault range in age from 4.5 .4 to 9. , 6 m. y. They

have similar age, lithology and chemical composition to the Sardine

Formation of the Western Cascade Range. The pre-fault rocks are

also equivalent to the rocks in the Deschutes Basin on the basis of

age, lithology, chemistry and aerial distribution.
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GEOLOGY OF THE GREEN RIDGE AREA, WHITEWATER
RIVER QUADRANGLE, OREGON

INTRODUCTION

Location and Geologic Setting

The study area encloses 310 kna2 and is located within the 15-

minute Whitewater River Quadrangle, in the west part of Jefferson

County, Oregon (Fig. 1). It straddles a political boundary between

the Warm Springs Indian Reservation to the north and Deschutes

National Forest to the south, and a geologic boundary between the

High Cascade Range on the west and the Deschutes Basin to the east.

The area is chiefly underlain by lavas and volcaniclastic sedi-

ments of Miocene to Quaternary age. The Miocene-Pliocene terrain,

consisting of coalescing shield volcanoes and at least one strato-

volcano, was a source area for clastic sediments which filled the

adjacent Deschutes Basin. Major normal faulting and glaciation have

modified the older topography, producing the north-south trending

Green Ridge and Bald Peter escarpments, respectively (Fig. 1).

Lava flows of Quaternary age are found in Jefferson Creek and

Metolius River canyons. Those rocks older than the episode of

normal faulting are part of the Deschutes Formation and those young-

er are part of the High Cascade Range.
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Relief, Exposure and Access

Major topographic features within the study area consist of

escarpments and steep walled canyons cut into gently sloping volcanic

terrain. Bald Peter Mountain is the highest point of elevation (2000

m), and the lowest point is in the Metolius River Canyon (600 m).

The Metolius River Canyon is 400 m deep and streams draining east

from Green Ridge have cut canyons 1300 m into tuffaceous flows and

sediments.

The quality of rock exposure depends upon the resistance of

rock units and extent of vegetative cover. Outcrops are sparse in the

forested and man.zanita-covered slopes of Bald Peter Mountain. Only

on steep escarpments and in roadcuts are there extensive outcrops.

Some of the best rock exposures are in Metolius River canyon, but

even there, talus slopes, a thick soil cover and dense pine forests

obscure one-half of the area. The more arid, sagebrush and juniper-

covered lowlands to the east provide continuous exposures of bedrock.

Secondary logging roads provide access to within 3 km of any

point during the summer and fall. In the winter access is limited

because of snow cover.

3

Previous Work

The structure of the Green Ridge area has attracted attention of



geologists for the last 85 years. In 1886 C. E. Dutton discovered

Metolius Springs and then followed the Metolius River downstream:

Its gorge becomes a canon twelve hundred to fifteen
hundred feet deep and some difficulty was experienced
in getting into it and out again . . . the only interest
excited by the valley of the Metolias is in the curious
questions, how came the river to flow in such a direc-
tion, in apparent conflict with the natural slopes and
topographic features of the country? (Dutton, 1889,
p. 163)

Almost 50 years later an answer to this question was proposed by

E. T. Hodge who referred to a "fault on the west side of Green Ridge"

(1938, p. 851), which he thought might be related to a fault zone near

Klamath Lake to the south and Hood River to the north. However, in

a subsequent publication (Hodge, 1942), no fault was shown on a geo-

logic map of the Green Ridge area, A fault at the foot of Green Ridge

appeared on a geologic map by Howell Williams in 1957. Also in-

cluded on this map was a north-northwest trending fault at the base of

Bald Peter Mountain. The Bald Peter area has also been mapped by

Walker and others (1966) and by Green (1968). The fault at the foot

of Green Ridge was later extended as far south as Bend on the "Geo-

logic Map of Oregon West of the 121st Meridian" (Wells and Peck,

1961). On this map the fault was named "Metolius Fault" and a north-

west trending normal fault which is a continuation of a fault mapped

by A. C. Waters (1968), was shown intersecting the Metolius Fault

in the position of the Whitewater and Metolius River canyons. Allen

4
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(1965) included the Metolius Fault as part of a north-south graben

subsidence system proposed for the entire Oregon segment of the

Cascade Range. In this work the name "Metolius Fault" is applied

to the north-south segment north of Black Butte, and the name "Turn-

alo Fault" is applied to the northwest trending segments south of

Black Butte (Fig. 1).

Hewitt (1970) mapped the geology of the Fly Creek Quadrangle

and the north half of the Round Butte Dam Quadrangle, an area which

is adjacent to the eastern border of the area mapped in this study.

There is a one kilometer overlap extending north-south for 14.5 km,

which helps maintain continuity between Hewitt's mapping of the basin

of deposition (Deschutes Basin), and mapping of the eastern most

part of the source area (Green Ridge).

Purpose and Procedure

The intent of this work is to investigate stratigraphy and timing

of tectonic events in the Green Ridge area and correlate the findings

with studies in the adjacent Deschutes Basin (Hewitt, 1970, and

Stensland, 1970).

Geologic mapping was done directly on 7.5;minute U. S. Geo-

logical Survey advance topographic prints. Black and white aerial

photographs at scales of 1:62,000 and 1:250,000 and ERTS satellite

photographs at a scale of 1:1,000,000 were used. An altimeter was
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Figure 2. Aerial view looking north along the Green Ridge escarp-
ment. Mount Hood is on left-center skyline.



used in the field for determining elevation of stations. Oriented

samples of volcanic rocks were checked with a fluxgate magnetom-

eter in the field for normal or reversed paleomagnetic polarity.

Sixty-five days were spent in the field.

Content of SiO2' Al2 03' CaO, FeO, TiO2 and K20 in rocks

was determined by X-ray emission spectornetry. MgO and Na20

content were determined by atomic absorption spectrophotometry.

In this report the division between basalt and basaltic anclesite,

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

rhyolite is 52.0, 58.0, 64.0, and 70.0 percent silica respectively.

Plagioclase determinations were made by the "a-normal"

method (Deer, Howie, and Zussman, 1966).

K-Ar age determinations were made during a visit to Kline

Geological Laboratory at Yale University in 1973. Potassium con-

tent was determined by atomic absorption spectrophotometry and

argon by isotope dilution (Armstrong, 1970). Constants used in the

reduction of analytical data were KX
e

5.84 x 10-11/yr.; KX

-104.72 x 10 /yr. ; and K40 = 0,0119 atom percent. Uncertainties

reported are for analytical error only and represent one standard

deviation, or the standard error for average dates.

The time scale (Geological Society of London, 1964) used in

this study places the Miocene-Pliocene boundary in the upper Hem-

phillian stage (7 in. y. ).

7
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DESCRIPTION OF MAPPED UNITS

Brown Glassy Dacite

Unit Description

The oldest rocks exposed in the study area are brown flow

banded clacites. This dacite unit crops out over an area of 4 km2 at

the junction of the Whitewater and Metolius Rivers (Plate I). There

is about 270 m of vertical exposure. Bedded pyroclastic rocks within

this unit are dipping 30 degrees to the northeast. Overlying the

brown glassy dacite is an 8 m.y. old hornblende-andesite strato-

volcano (Table 1, sample 143).

The Brown Glassy Dacite Unit is composed of lava flows

(Appendix 1, sample 298), au.tobreccias and interbedded tuffaceous

sandstone of dacite composition. The lavas make up 25 percent of

this unit and are generally less than 5 m thick and of limited lateral

extent. Characteristic of the lavas is flow banding which is recog-

nized by parallel alignment of plagioclase phenocrysts and parallel

layers with tonal variations in the glassy matrix. Joint surfaces are

parallel to the flow banding and they are commonly filled with clear

botryoidal silica. Interbedded with the lavas are resistant auto-

breccias which make up over 70 percent of this unit, The auto-

breccias are composed of angular and subangular blocks, 5 to 15 cm

in diameter, lithologically identical to the dacite lava flows. Within
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the autobreccia.s are amorphous stringers of coherent lava which may

be 25 cm thick and extend for 3 m A subordinate volume of flows

and autobreccias of gray rhyolite (Appendix 1, sample 384) is exposed

within the highest stratigraphic levels of this unit.

Two types of pyroclastic interbeds represent a volumetrically

minor, but genetically significant part of the dacite unit One kind is

poorly sorted, containing angular blocks of vesicular and nonvesicular

dacite, 2 to 25 cm in diameter, and pumice bombs with glassy rinds,

all in a matrix of ash and pumice lapilli. The other type of interbed

(Fig. 4) is composed of well bedded coarse sand- to silt-sized non-

vesicular dacite grains. Some outcrops have a few 1 to 6 cm thick

beds of pumice lapilli between the sandy layers. Individual sandy

beds range from 1 to 4 cm in thickness and show little variation in

bed thickness over the entire length of the outcrop. Most of the beds

are graded, either reverse or normal. Sedimentary structures such

as scoured and filled channels and low angle cross-beds indicate that

the unit was emplaced or reworked by current flow. Post deposi-

tional structures such as slightly crenulated beds indicate that there

was minor slumping. Both the poorly sorted and the well bedded

pyroclastic rocks crop out in units .25 to 5 m thick.

The well bedded sandy units could have been formed by current

reworking (e. g. streams) of ash-fall debris related to the dacitic

eruptions or they could be hyaloclastic in origin. If the tuffaceous
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sand stone units (Fig. 4) were originally deposited subaqueou sly then

there has been some major tectonic displacement in the area. How-

ever, a base-surge origin for these deposits would account for the

current formed sedimentary features, the persistent thin laminar

bedding, and deposition on a 30 degree slope (Crow and Fischer,

1973).

A few dacitic dikes 30 cm wide, cut the pyroclastic interbeds,

flows and autobreccias. The presence of these intrusive rocks sug-

gests that the eruptive center for this dacite eruptive complex was

nearby.

Petrography

The dacite lavas (Appendix 1, sample 298) are vitrophyric with

5 percent ande sine phenocrysts (1 to 3 mm), 1 to 3 percent glomero-

porphyritic olivine phenocrysts altered to iddingsite (0.5 to 0.7 mm),

and less than 1 percent altered pyroxene. The lavas of this unit have

abnormally high FeO content (Appendix 1, samples 298 and 384),

The bedded pyroclastic units are made up of coarse to medium

sand-sized, subrounded to subangular grains. Over 80 percent of

the grains are petrographically identical to the glassy dacite flow

rocks, and the remaining 20 percent are grains of coarse equigranu-

Jar lavas or separate crystals of plagioclase, pyroxene and unaltered



olivine. The grains have yellow alteration rinds which cement the

rock together.

Hornblende Andesite Volcano

The eroded remnant of a hornblende andesite stratovolcano

covers 40 km2 of the northeast corner of the study area. This vol-

cano forms the north end of Green Ridge and is exposed in the canyon

walls of the Metolius River to the west, and to the northeast beneath

Metolius Bench. There is about 900 m of vertical exposure. This

volcano is composed chiefly of lava flows, agglomerates, intrusive

rocks and mudflow deposits. The volcano overlies the brown glassy

dacite unit to the north, and at its southernmost occurrence, it over-

laps a_n olivine basalt flow. A K-Ar age determination on whole rock

and hornblende are 7.3 ± .11 m.y. and 8.1 ± .6 m.y. respectively

(Table 1, sample 143).

Lava Flows

The lava flows related to this volcano range from basaltic ande-

site to andesite in composition (Appendix 1) and are characterized by

their gray-green color and the presence of hornblende and pyroxene

phenocrysts. The flows vary from 1 to 150 m in thickness and dis-

play a wide variety of joint patterns which are related to thickness.

The predominant pattern in the thicker flows consists of a basal zone

13
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with irregular joints which are perpendicular to the underlying

topography, spaced 1 to 5 cm apart and overlain by a central zone

with coarse horizontal platy or blocky jointing, and an upper zone

with vertical platy jointing. These flows have little if any basal flow

breccia and are nonvesicular. The flows dip radially away from the

central portion of the hornblende ande site unit.

Hornblende and pyroxene phenocrysts are the distinguishing

feature of this volcano. Individual flows (and agglomerates) can be

distinguished from one another by the characteristic size, shape and

percent of hornblende phenocrysts. The hornblende is pleochroic in

green and yellow-brown, has average 2V of -85 and is commonly

zoned. Hornblende phenocrysts are subhedral to euhedral and vary

in size from 2 by 0.5 cm to 4 by 1 mm. Although no basaltic horn-

blende was detected in the flow rocks, the margins of the hornblende

phenocrysts are corroded and replaced with fine-grained magnetite.

Most hornblende appears unaltered in hand specimens, but some

degree of replacement by augite was seen in all thin sections studied.

This replacement becomes more prevalent in the younger flows.

Due to the zoning in the hornblende, replacement is more prevalent

in the cores of the crystals.

Hype rsthene and augite gradually increase in percent relative

to hornblende in successively younger flows until they are the only

mafic phases present. Phenocrysts of pyroxene in the youngest flows
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are euhedral and up to 5 mm in diameter. Hypersthene is slightly

more abundant than augite. In flows with silica content in the mid-

fifties (Appendix 1, samples 296 and 162), small remnants of olivine

can be seen in poikilitic h,ypersthene phenocrysts and in the ground-

mass. These two samples also have more titania than the other

analyzed rocks from this volcano.

The pattern of decrease in hornblende content with successive-

ly younger flows is a pattern common to many hornblende andesite

volcanoes. H. H. Washington (1896) cites many examples of vol-

canoes exhibiting this pattern and attributes the alteration of horn-

blende to pyroxene to the reduction of pressure on the magma as the

eruption proceeds. This hypothesis is supported by experimental

work of Yoder and Tilley (1962, Fig. 28).

Flow directions of the hornblende ande site lavas can be deter-

mined from studying phenocryst orientation and attitudes of the lava

flows. In many flows, the elongate phenocrysts provide a flow linea-

tion (Smith and Rhodes, 1972). When the flow lineations are com-

bined with the primary dips of the lava flows, flow directions are

determined. The flow direction determinations indicate that the

source of the flows is in the vicinity of the filled conduit which is

discussed in a subsequent section.

Flow banding, which is common in the inhomogeneous flows,

is another directional indicator. Eddy patterns in the inhomogeneous
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matrix around solid lithic inclusions or large phenocrysts indicate

flow direction (Cummings, 1964). The inhornogeneity is recognized

by color variations within the alternating bands, a.nd by differential

weathering of the matrix. The two best examples of flow banding are

at the N. W, 1/4 Sec. 4, T. 11 S., R. 10 E. and at center Sec. 18,

T. 11 S., R. 10 E. The flow banding at the latter location occurs

near the top of the flow and resembles a sequence of cross-beds

(Fig. 5). The hornblende phenocrysts are aligned parallel to the dip

of each layer and each successive set of "cross-beds" appears to be

scoured into the set below it. Alternately, these "scoured contacts"

could be formed by the brittle break-up and collision of parallel flow

banding as more fluid parts of the lava continued to flow.

Pyroclastic Rocks

Agglomerates and interbedded lava flows each make up 45 per-

cent of the volcano. The agglomerate consists of angular blocks of

hornblende ande site .15 to 1 m in diameter, which are cemented

together with white ash. The blocks are bleached white, in contrast

to the darker flow rocks. The agglomerate units vary from 1 to

200 m in thickness, and some are even more resistant to erosion

than the lava flows. The resistance of the Castle Rock agglomerate

(Fig. 7), relative to adjacent flow rocks is due to the lack of jointing

in the agglomerate, The agglomerate is analogous to a masonry
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Figure 6. Aerial view of the Metolius valley looking south. In the
foreground is the filled conduit of the hornblende ande site
volcano.

Figure 7. Castle Rock, a 200 m-thick unit of hornblende ande site
agglomerate. The crude bedding dips to the south, away
from the conduit.
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wall, while cooling joints make the flows analogous to a stack of

unmortared bricks.

Close examination of the alternating agglomerate units and lava

flows reveals that many agglomerate units have a close genetic rela-

tionship with the lava flow which lies just beneath them. The percent

and size of hornblende phenocryst which distinguishes a certain flow

from all the rest, may also be characteristic of the overlying agglom-

erate. The lava flow-agglomerate pair, therefore, were derived from

the same magma, but they had a different mode of extrusion. Petro-

graphic examination of the agglomerates indicates that unlike the lava

flows, there is pervasive fracturing. Phenocrysts are cracked and

the broken fragments may be slightly offset from one another. This

pervasive fracturing suggests a, pyroclastic origin for the agglom-

erates.

A model of an eruptive cycle for this stratovolcano can be

developed from the information described above. The first part of

the cycle consists of extrusion of a pulse of lava with characteristic

hornblende phenocryst mineralogy, followed by crystallization of the

unerupted remnants of that magma batch in the conduit. As pressure

within the magma chamber builds up prior to a subsequent pulse of

volcanism, the crystallized magma from the previous phase of vol-

canism must be removed from the conduit. Therefore, the second

part of the eruptive cycle is the explosive eruption of agglomerate
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blocks, which clears the path for the next pulse of lava extrusion,

This model suggests an explanation for the similar lithology between

lava flows and overlying agglomerates and the pervasive fracturing

in the agglomerates.

Intrusive Rocks

At the apex of the radially dipping lava flows and agglomerates

is a central plug filling the conduit of this volcano (N,E, 1/4 Sec. 6,

T. 11 S., R. 10 E.). Geometrically it resembles an eroded, verti-

cal, hollow cylinder 100 m in diameter, extending 200 m above the

agglomerate which it intrudes (Fig. 6), Both the plug and the strati-

graphically highest flows are pyroxene andesites which lack horn-

blende phenocrysts. The rocks that filled the conduit therefore

represent unextrucled magma caught during the final pulse of vol-

canism. The plug, like most of the flows, has a silica content of

approximately 61 percent (Appendix 1, sample 266).

The hollow nature of the interior is a function of the internal

joint pattern relative to that of the perimeter. The perimeter of the

plug is fine grained, and contains parallel, horizontal joints 1 to 2

cm apart. In contrast, the interior is coarser grained and contains

vertical as well as horizontal joints which allow the interior to

crumble, while the horizontally jointed perimeter stays in place.

Pyroxene phenocrysts and glorneroporphyritic groups of
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pyroxene phenocrysts are more abundant in the central portion of the

plug (7 percent). They are euhedral and are 0.5 to 1 cm in diameter.

The phenocrysts in the outer perimeter are about 2 mm in diameter

and represent 5 percent of the rock. The hypersthene phenocrysts

are poikilitic with olivine and are also associated with a trace of

biotite (0.1 to 0.5 mm). Ande sine laths are 0.1 to 0.5 mm long in

the perimeter of the plug while those from the center vary from 0.5

to 2 mm.

Vertical dikes radiate from the central plug on its western side

(Plate I). To the east, any dikes that may be present are covered

by lava flows. The dikes are vesicular, dark brown and have diag-

nostic hornblende phenocrysts which are 3 by 20 mm. The largest

dike forms the crest of an agglomerate-flanked ridge which extends

north-northwest from the conduit for 1 km. This dike ranges from

1 to 5 m in width and stands as high as 10 m above the surrounding

surface. The other dikes are 1 to 3 m wide and can be traced for

about 100 m. There are also numerous, small irregular-shaped

dikes which are traceable for no more than 3 rn.

Lithologic comparison of the hornblende-bearing dikes (Appen-

dix 1, sample 162), with the flow stratigraphy of this volcano sug-

gests that they are probably of a much earlier phase of volcanism

than the pyroxene andesite in the volcanic conduit. Their radial

nature indicates that the location of the conduit for the older eruptive
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phases was in about the same geographic position as the conduit for

the final phase.

Mudflows

Mudflows on the west flank of the volcano are composed of com-

pletely unsorted boulder- to cobble-sized clasts of hornblende ande-

site and olivine basalt, in a brown sand- to silt-sized matrix. The

large boulders are primarily basalt (up to 2 m in diameter), and are

generally subangular to angular. The hornblende andesite clasts are

smaller than the basalt clasts, and appear to have been derived from

the agglomerate in the vicinity of Castle Rock (Plate 1). Both grain-

and matrix-supported clasts are exposed in this chaotic unit, and

crude bedding can be recognized in some exposures. Red scoria.ce-

ous basalt clasts are common, suggesting that the mu.dflow may have

been triggered by an eruption from a basaltic cone on the flanks of

the hornblende andesite volcano. In Sec. 1, T. 11 S., R. 9 E., the

mudflow is overlain by basalt lavas similar in lithology to the

basaltic clasts within the nauclflow.

Green Ridge Lavas

The Green Ridge lavas represent a series of overlapping basalt

and basaltic andesite shield volcanoes. The lavas dip about 3 de-

grees east and can be traced eastward into the Deschutes Basin. In
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late Miocene and Pliocene time (Table 1, samples 102, 189, 246,

248 and 328), these lavas flowed eastward down canyons cut into

tuffaceous material, as suggested by the occurrence of beds of sub-

rounded fluvial gravels (0.3 to 2 m thick) between the lavas and

underlying tuffs. Today these lavas occupy the ridges between stream

canyons (Plate 1) representing a reversal in topography.

One of the two predominant flow types recognized in the Green

Ridge area is a cliff-forming basaltic andesite. These flows are

characterized by variably-oriented platy jointing (Fig. 8). The platy

jointing results in talus slopes that develop at the foot of cliffs. On

the Green Ridge escarpment, talus slopes of platy basaltic andesite

extend down slope for more than ZOO m, obscuring underlying rock

units. The outcrops are gray-green and the flows are between 7 and

30 rn thick. These platy basaltic andesites are holocrystalline and

porphyritic. On the average, 10 percent of the rock is composed of

plagioclase phenocrysts with andesine rims and labradorite cores.

Augite, hypersthene and olivine are the other pb.en.ocrystic constitu-

ents, and each makes up between 2 and 4 percent of the rock. The

analyzed platy basaltic andesites contain about 57 percent silica, and

17 percent alumina (Appendix 2, samples 104, 172, 201, 238, 239,

264, and 344).

Petrographic examination shows that groundmass textures con-

tribute to the jointing of some of the fine grained lava flows of Green
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Figure 8. Basaltic andesite flow '\. '4.0N ..;(N. W 1/4 Sec. 23, T. 12 S., R. r ----, :,..-3 ,

10 E. The base and top of the flow
have horizontal platy jointing, while
the jointing in the center of the flow-
is vertical.
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Figure 9, Flow-banded basaltic ande site (center Sec. 14, T,. 12.S.,
R. 10 E.) Hammer for scale.
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Ridge. Outcrops with very thin (less than 1 cm) parallel platy joint-

ing, such as the light gray aphanitic andesite designated '1,dt on

Plate 1, generally have pilotaxitic textures. The jointing is parallel

to the flow planes of the plagioclase microlites.

The second main flow type in Green Ridge is vesicular basaltic

andesite, which forms low rubbly outcrops. These thin. flows gen-

erally lack jointing. The brown-to-gray lava flows are not individ-

ually thick, but may be found as composite flow series up to 100 m

in thickness. The silica content of these lavas is around 53 percent

(Appendix 2, samples 178, 189, 217, and 319). The lavas are gen-

erally hypocrystalline and porphyritic with 10 to 20 percent labra-

dorite and 5 percent olivine phenocrysts. When present, pyroxene

phenocrysts make up less than 1 percent of the rock.

Many of the individual Green Ridge flows are very similar in

outcrop appearance, and their lack of continuity over long distances

frustrates any attempt to completely unravel the flow stratigraphy.

However, the few extensive flows that have some characteristic sig-

nature are very important when correlating flows exposed in the

Green Ridge escarpment with those exposed on the dip slope to the

east.

One set of Green Ridge lavas with a distinctive texture is the

diktytaxitic basalt flow series (see unit "Ld, " Plate I). These flows

crop out between elevations 3,800 and 4,200 ft in Sec. 36 and 25,
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T. 11 S., R. 10 E. on the escarpment; and to the east, the top of

the flow is exposed at the 3,700 ft elevation between Prairie Farm

Creek and the South Fork of Spring Creek (samples 4 and 385,

Table ID. Calculation from the mapped elevations indicate that these

basalts dip 2 degrees east. These diktytaxitic flows have from 7 to

10 per.cent euhedral, 2 mm olivine phen.ocrysts (with rims of iddings-

ite). Less than 1 percent of subophitic augite is present, enclosing

labradorite laths. The silica percent of the analyzed samples varies

between 49.5 and 51.4, and alumina varies from 15.2 to 17.7 per-

cent (Appendix 2, samples 4, 215, 221, 385). Just as there are vari-

ations in the chemistry of the flows of this group, there are also

textural variations. Although samples 215 and 221 are non-vesicular

and have a pilotaxitic groundmass, they are presumed to be part of

this predominantly diktytaxitic group of flows on the basis of their

similar mineralogy, chemistry and stratigraphic position.

Another distinctive flow unit in Green Ridge is characterized

by its porphyritic texture and a dark gray to black, commonly in-

homogeneous groundmass. The inhomogeneous grouncirriass leads

to a variety of flow banding structures best exposed in weathered

outcrops (Fig. 9), These flows are 7 to 30 m thick and they vary in

their joint patterns from entirely platy to sparse blocky where flow

banding is most prevalent. This flow type can be traced between the

4,250 and 4,500 ft elevations for a north-south extent of 2 km between
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Sec. 1 and 13, T. 12 S., R. 9 E. on the escarpment (samples 260

and 264, Table II). The same flow crops out to the east in Six Creek

and extends east for 13 km (samples 174 and 236, Table II). The

over-all dip of this flow unit is three degrees east. Phenocrysts of

plagioclase, augite, hypersthene and olivine are about 2 mm in

diameter, while the hypocrystalline groun.dmass is made up of cry-

stals smaller than 0.1 mm in diameter. Plagioclase phenocrysts,

which comprise 10 percent of the rock, are extensively resorbed and

they have labradorite cores and andesine rims. Augite and hyper-

sth.ene phenocrysts are euhedral and make up 4 and 2 percent of the

rock respectively. Olivine is anhedral and comprises less than one

percent of the rock.

The groundmass changes in hue from dark gray to light gray in

alternating bands or blebs in outcrops which exhibit flow banding.

The groundmass in the dark blebs and bands has a higher percent of

glass and opaques than in the surrounding lighter-colored ground-

mass. The phenocrysts are not segregated, but appear to be ran-

domly distributed irrespective to changes in the groundmass. The

blebs may be due to chilling and oxidation of the surface of the flow,

which is reincorporated into the main body of the lava as it moves

along. However, variations in silica from 55 to 60 percent and

alumina from 16.7 to 19.6 percent as revealed by analyses of two

samples from the same flow-handed flow (Appendix 2, samples 236
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and 174) demonstrate an inherent inhomogeneity within these flows.

Another flow, with similar lithology and chemistry crops out in

Spring Creek (Appendix 2, sample 205).

A basaltic ande site flow series which crops out along the crest

of Green Ridge in Sec. 24 and 25, T. 12 S., R. 9 E. has a distinctive

glomeroporphyritic texture. This same glomeroporphyritic texture

is found in the flow series which composes the north-northwest trend-

ing ridge adjacent to Wizard Falls. The two flow series are chemi-

cally identical (Appendix 2, samples 178 and 189). Both of the flow

series have low rubbly outcrops, with individual flow units about 2 m

thick. Both flows are holocrystalline and have phenocrysts (1 to 2

mm) of euhedral, normally zoned labradori4

with rims of iddingsite. The labradorite and olivine form glomero-

phorphyritic groups up to 5 mm in diameter. In both flow series,

the only pyroxene present (0.01 mm) is in the groundmass. If these

flows were once continuous, they have been vertically offset 300 m

by the Metolius Fault.

Evidence that volcanism occurred in the Green Ridge area is

given by the presence of a basaltic cinder cone in the Green Ridge

escarpment (N. W. 1/4 Sec. 30, T. 11 S., R. 10 E.), Erosion has

cut deeply into this cinder cone which is a complex of bedded lapilli-

stone, pyroclastic breccia and palagonitic ash. The beds dip qua-

quaversally, range from 3 to 30 m in thickness and vary in color

e and euhedral olivine
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from black to yellow (Fig. 10). The cinder cone, which has 450 m of

vertical exposure, is overlain by a fine-grained basaltic ande site that

yields a K-Ar age of 9.2 ± ,6 rn.y. (Table I, sample 248). Along

the escarpment to the north, is a hornblende andesite agglomerate

cut by a swarm of basalt dikes (center Sec. 19, T. 11 S., R. 10 E.),

and 1 km to the northwest is another complex of bedded basaltic pyro-

clastic breccia and lappillistone, which indicates that this region was

a locus of late Miocene and Pliocene volcanism.

Green Ridge Pyroclastic Rocks

Ash-flow, ash-fall and water-worked tuffaceous sediments are

interlaye red with the Miocene and Pliocene lava flows of Green Ridge.

They crop out along the western face of the escarpment and they can

be correlated with units on the dip slope of Green Ridge, which ex-

tend eastward into the Deschutes Basin.

The tuffaceous units are generally less resistant to erosion

than the basaltic andesite lava flows. On the west face of Green

Ridge scalloped indentations are commonly occupied by easily eroded

tuffaceous units. The major creeks which drain eastward from the

crest of Green Ridge are all out into the less resistant tuffaceous

units. The tuffs generally support trees, but little underbrush, while

adjacent lavas support trees as well as manzanita and snowbrush.
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Figure 10. Remnant of a late Miocene cinder cone exposed in the'
Green Ridge escarpment (N. W. 1/4 Sec. 30, T. 11 S.
R. 10 E.). The beds are dipping eastward.
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Ash-Flow Tuffs

The ash-flow and water-worked tuffs are lenticular, and are

inferred to be intracanyon. deposits. The ash-flow tuffs exposed in

the west face of Green Ridge average between 15 and 65 m thick and

generally extend less than 1 km in width. To the east these ash-flow

tuffs become thicker as would be expected if they were deposited fur-

ther away from the steeper flanks of their source region. The

average thickness of units in the canyons on the dip slope of Green

Ridge is between 65 and 100 m, with a maximum thickness of 200 m

in the Street Creek drainage.

The ash-flow units exhibit a simple zonation pattern. There

may be a basal section, 1 to 2 m thick, which is predominantly com-

posed of gravel or well rounded basaltic andesite boulders. If there

is a welded zone, it is in the basal quarter of the flow. It is char-

acterized by dark brown, resistant, ledge- or hoodoo-forming out-

crops, and a dense groundmass with collapsed and elongate pumice

lumps. Above the welded zone is a well-lithified, slope-forming unit.

The volume of the unwelded zone is primarily taken up by light buff

pumice.

Over 95 percent of the ash-flow tuffs within the study area are

composed of varying percentages of four main constituents: light

colored dacitic pumice lumps, black porphyritic glassy bombs of

dacitic composition, black vesicular cinders of andesitic composition
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and angular volcanic lithic fragments. Individual flows have char-

acteristic proportions of each constituent, but in every flow, pumice

and lithic fragments are predominant.

The angular volcanic lithic fragments range from basalt to ande-

site in composition and are incorporated uniformly throughout the

u.nwelded part of the flows. The fragments usually make up about 35

percent of the welded portion of the flows. It is hypothesized that

they were incorporated into the tuffs during explosive eruption from

the conduit and as a result of turbulent flow over rock-strewn sur-

faces.

The black glassy bombs (Appendix 3, sample 335) represent non.-

vesicular portions of the same dacitic magma from which the pumice

is derived (Appendix 3, samples 336 and 373). The black glassy

bombs are porphyritic with resorbed andesine and are sometimes

found in a slightly vesicular state. When freshly fractured, the con-

choidal surfaces have a vitreous luster. On the Green Ridge escarp-

ment the black glassy bombs are as large as 1 m in diameter but

more commonly 25 cm in diameter. To the east in the same flows,

the bombs and lapilli are generally 2 to 10 cm in diameter. The

black glassy bombs are generally well-rounded in the unwelded por-

tions of the ash-flows, while adjacent lithic fragments are angular.

In the welded portions of the ash-flows, the black glassy bombs are

indistinguishable from collapsed pumice. The black lenses are
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drawn out in a direction parallel to the surface of the ash-flow tuff,

and they are deformed by compaction around adjacent lithic fragments

(Fig. 11). The bombs were probably erupted in a liquid or plastic

state.

In contrast to the rounded black glassy bombs, the black wide-

sitic cinders (Appendix 3, samples 334 and 386), can be very irregu-

lar in shape and as vesicular as the light-colored pumice lumps. The

irregular cinders, with their ragged outlines, range in size from

0.01 to 1 m in their longest dimension. The cinders are sparsely

porphyritic.

The widespread occurrence of andesitic cinders in all of the

major ash-flow tuffs suggests that they are not post-eruptive lithic

inclusions, but may be an important initial component related to the

genesis of the ash-flow eruptions. As proposed by Lidstrom (l972),

an ignimbritic eruption can be triggered when a hot mafic magma

comes in contact with a cooling volatile-saturated silicic magma.

Heat is transferred from the mafic magma to the silicic magma

causing exsolution of gas, which is the driving force of the resulting

ignirnbritic eruption. The consistent occurrence of both dacitic and

andesitic components in the same ash-flow units, suggests that any

hypothesis for their origin must deal with two magmas.

There are other types of ash-flow tuff within the study area

with lithologies different from the previously mentioned tuffs, but
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Figure ,11 Welded lithic tuff containing black collapsed pumice
lumps (fiamme), from an ash-flow tuff in the Middle
Fork of Street Creek drainage (el. 3,700 ft., S. W. 1/4
Sec. 28, T. 11 S., R. 10 E.).
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Figure 12. Sedimentary interbeds between tWo ash-flow tuffs on the
Green Ridge escarpment (el. 4,050 ft., S. W. 1/4 Sec.
1, T. 12,S., R. 9 E.).
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they are only of local occurrence and generally are too limited in

outcrop distribution to be represented on Plate I. A vitric welded

tuff, which is ,7 m thick, occurs in S. W. 1/4 Sec. 35, T. 10 S. , R.

10 E., at an elevation of 2,400 ft. A crystal-lithic welded tuff crops

out above hornblende andesite in S. W. .1/4 Sec. 18, T. 11 S., R. 10

E., at an elevation of 3,400 ft. A red welded tuff which crops out

above hornblende andesite in S. W. 1/4 sec. 22, T. 10 S., R. 10 E.,

at an elevation of 3,360 ft, is 5 m thick.

A pseudo-welded tuff is exposed in N. W. 1/4 Sec. 23, T. 12

S., R. 10 E. It is a vitric horizon which occurs at the contact of a

20-m-thick lava flow (Fig. 8) and an underlying red, baked, unwelded,

ash-flow tuff. This is not a welded tuff because it occurs at the top

of a well exposed ash-flow unit, whereas a true welded zone is in the

basal section of the ash-flow tuff. This vitric layer is a fused hori-

zon of tuff, resulting from the heat and weight of a thick overlying

lava flow.

Ash-Fall Tuffs and Tuffaceous Sediments

Layers of bedded ash-fall tuff and water-worked sediments

have been preserved between ash-flow tuffs (Fig. 12). These inter-

beds are less resistant to erosion than the ash-flow tuffs, resulting

in 0.2-to 1-m-thick notches cut between the ash-flow outcrops

wherever the interbeds are present. The planar interbeds dip 1 to
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3 degrees east, and paleocurrent measurements of sedimentary

structures within the water-worked layers, such as fore set beds and

scour-and-fill channels indicate a west to east dispersal direction,

The interbeds serve as internal paleo slope indicators for the sur-

rounding ash-flow tuffs.

An ash-fall tuff is well exposed in a roadcut between Six Creek

and Meadow Creek at an elevation of 3,200 ft. This ash-fall tuff is

5 m thick and its beds are draped over the 30-degree flanks of a gully

which was 5 m deep. Within this tuff are accretionary lapilli 1 to 2

cm in diameter. They are sparsely scattered throughout the unit,

and are concentrated in several horizons (Fig. 13).

The two best exposures of water-worked tuffs are in roadcuts.

One is just east of Bridge 99 (N. W. 1/4 Sec. 1, T. 12 S., R. 9 E..)

and the other is at the intersection of Squawback Ridge Road and

Meadow Creek (N. E. 1/4 Sec. 22, T. 12 S., R. 10 E.). At the

former location, which has a 3 m vertical exposure, there are

coarse sand beds containing scour-arid-fill channels and also over-

lying diatomite beds. This unit may extend as much as 70 m up the

slope, but the only outcrops are in the roadcut. At Meadow Creek

the sedimentary inter beds with a high ash content are well lithified,

while those beds without the finer material are not lithified. This

unit is composed primarily of su.bangular, coarse, sand-sized glassy

dacite and lithic fragments probably derived from erosion of an



Figure 13. Accretionary lapilli in an ash-fall tuff (S. W. 1/4 Sec.
14, T. 12 S., R. 10 E.).
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ash-flow tuff.

A 50-cm-thick bed of gravel, similar in composition to the

gravels in the Deschutes Basin, is exposed underneath a lava flow

in the S. E. 1/4 Sec. 14, T. 11 S., R. 10 E. Imbrication in. these

gravels indicate a west-to-east dispersal direction.

Hyaloclastic Tuffs

A hyaloclastic unit of basaltic composition rests depositionally

on hornblende anclesite along the 4,200 ft elevation in Sec. 7, T. 11

S., R. 10 E. An apparently identical hyaloclastic tuff, also overly-

ing hornblende ande site crops out 5 km to the east at an elevation of

3, ZOO ft in the Bean Creek drainage. Both of these tuffs are over-

lain by lava flows with identical lithology and chemistry (Appendix 2,

samples 256 and 195). The bedded hyalocla.stic tuffs are exposed in

yellow-brown, red or black cliffs that vary between 3 and 15 m in

height (Fig. 14). The exposures are characterized by continuous

laminar beds, 1 to 5 cm thick, which exhibit reverse and normal

grading. The tuff is composed primarily of scoriaceous lapilli and

coarse ash with minor amounts of 0.5-to-1 mm angular grains of

black glassy basalt.

The sedimentary structures within the well-bedded lapilli tuff

indicate that the unit was emplaced by flow and that the beds were

cohesive upon deposition. The unit has very shallow scour-and-fill
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Figure 14. Outcrop of hyaloclastic tuff (elevation 4,400 ft, N. E.
1/4 Sec. 18, T. 11 S., R. 10 E.).
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Figure 15. Hyaloclastic tuff
with plastic deformation struc-
tures and lenticular beds. The
rule is 15 cm long.
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channels, which are about 1 cm deep and 30 cm wide (Fig. 15). The

impact of falling bombs induced plastic deformation of the underlying

well-bedded tuffs, which is evidence of the tuff's coherency at the

time of impact (Crow and Fisher, 1973), Flame structures are very

common and convolute bedding occurs locally. Sedimentary struc-

tures exhibiting flow features and the initial coherency of thin-bedded

sideromelane tuffs are characteristic of tuff rings and base surge

deposits.

In the Bean Creek drainage there is an exposure of a 7 m-deep,

steep-sided gully which is infilled with hyaloclastic lapilli tuff.

Parallel to the 45 degree walls of this infilled gully is a unit of

lapilli tuff (1.5 rri thick) composed of individual beds which are 1 to

5 cm thick and dip 45 degrees. The central part of the gully has been

infilled with horizontal beds of lapilli tuff which are 30 cm thick

(Fig. 16). The plastering of the thin bedded tuff against the steep

flanks of the gully and the horizontal infilling is a characteristic

feature in base surge deposits:

There is a plastering of ejecta layers against topographic
features at angles greater than the angle of repose, even
vertical surfaces. The thin bedded, undisturbed layering
of such deposits, especially on vertical surfaces, required
deposition from horizontally moving currents carrying
cohesive debris (Crow and Fisher, 1973, p. 666).

Contemporaneous with the emplacement of the hyaloclastic

tuffs were eruptions of basaltic lavas. In the N. E. 1/4 N. E. 1/4
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Figure 16. Cross section of a gully filled with hyaloclastic tuff,
located on the south side of Bean Creek (elevation 2,900
ft, S. E. 1/4 Sec. 10, T. 10 S., R. JOE.).
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Sec. 18, T. 11 S, R. 10 E,, a 3-m-thick lava flow is sandwiched

within a unit of red hyaloclastic tuff. The basalt flow is non-

vesicular and locally, the upper contact is irregular, extending as

much as 20 cm into the overlying tuff, thus disturbing the bedding.

The overlying and underlying tuffs owe their red color to the heat

from this flow. To the north, where the lava flow pinches out, the

same tuff is black in color. The red overlying hyaloclastic tuff was

therefore deposited before the lava cooled. The presence of this

subaerially deposited lava flow indicates that the tuffaceous unit was

also deposited subaerially.

The Pliocene-Miocene paleogeography and paleocurrent dis-

persal patterns suggest that the source of most of the pyroclastic

rocks in the Green Ridge area is west of Green Ridge. Recent in-

vestigation in the Deschutes Basin by Hewitt (1970) and Stensland

(1970) shows that there is no recognized source within the basin, and

studies by Peck (1964) and Swanson (1969) reveal no source areas to

the east in the adjacent Ochoco Mountains. To the west, rocks of

equivalent age and lithology are present in the Western Cascade

Range (Peck and others, 1964). The pyroclastic flows become thick-

er east of Green Ridge, as if they were fo.nneled between the flanks

of the volcanoes of Green Ridge and accumulated in the flat topography

of the Deschutes Basin (Plate I). The paleocurrent directions and

depositional dip of the fluvial and tuffaceous strata in the Green Ridge



area are from west to east, and the size of lithic boulders in the

basal portion of the ash-flow tuffs decreases to the east.

Bald Peter Lavas

Unit Description

Bald Peter Mountain is a 2 rn.y. old (Table 1, samples 308 and

311) basaltic andesite shield volcano which has been eroded by gla-

ciers from Mount Jefferson. Bald Peter Mountain (elevation 6,574

ft) and associated flows are bounded on the south and west by Jeffer-

son Creek and on the east by the Metolius River and Racing Creek.

In the vicinity of Code Creek and to the north, the Bald Peter Flows

rest upon a platform of Pliocene volcanic rocks equivalent in age to

the rocks on Green Ridge. The Bald Peter flows all have reverse

paleomagnetic polarity and extend for a north-south distance of 14 km.

The basaltic andesite flows are light gray, medium-grained and

3 to 25 m thick. The dominant jointing pattern in the Bald Peter

Flows is blocky in the 3-m-thick flows and hackily in the slightly

thicker ones. A thick flow on the north side of Sheep Creek (possibly

older than the Bald Peter lavas) is pon.ded up against the Green Ridge

escarpment (Plate I). This flow is 200 m thick and has crude, ir-

regular, 10-cm-wide columnar jointing.

Exposed in the northeast wall of Jefferson Creek Canyon is the

eruptive center of Bald Peter shield volcano. The vent complex is a
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100- to 500-m-wide system of bedded red cinders, baked flows and

long, irregular, fine grained basaltic ande site feeder dikes and north-

west trending, porphyritic pyroxene basaltic andesite feeder dikes.

The fine grained dikes are unaltered and dark gray in color while the

porphyritic pyroxen.e basaltic andesite dikes are altered to a white

color, and a fresh sample could not be collected. The porphyritic

dikes produced characteristic flows which can be traced along the

crest of Bald Peter. The cross-cutting nature of the porphyritic

dikes and the high stratigraphic occurrence of the related porphyritic

flows indicate that they represent one of the last pulses of volcanism

in this basaltic andesite volcano.

Bald Peter shield voleano stood in the path of glaciers from the

east side of Mount Jefferson, These glaciers were diverted to the

north and south of Bald Peter (See Fig. 1). Pockets of glacial drift

found on the escarpment and the presence of Wisconsin lateral mor-

aines on the southwest side of Jefferson Creek support the interpre-

tation that the escarpment is glacially carved rather than a fault

escarpment.

Petrography

Chemical analyses of six Bald Peter rocks have silica values

that range from 53.0 percent to 57.7 percent, and are thus basaltic

andesites (Appendix 4, samples 276, 278, 308, 311, and 326).
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Texturally, the Bald Peter lavas vary from fine-grained and equi-

granular to coarsely porphyritic.

The euhedral plagioclase phenocrysts (1 mm) and the ground-

mass plagioclase have resorbed cores and are oscillatory zoned.

Most have ande sine rims and labradorite cores. Some flows have

glomeroporphyritic plagioclase and olivine, Z to 3 mm in diameter.

The olivine phenocrysts are euhedral and are in various stages of

alteration to iddingsite.

Pyroxene phenocrysts are euhedral and occur in variable per-

centages in the numerous flows. The culminating phase of volcanism

in this volcano produced subhedral to euhedral augite and hypersthene

phenocrysts as large as 5 mm in diameter. The olivine in these

final flows and dikes was partially replaced by hypersthene, These final

flows also have a higher silica content than the stratigraphically

lower flows which contain hypersthene and olivine in apparent equili-

brium.

The 200-m-thick flow on the north side of Sheep Creek (Appen-

dix 4, sample 278) is petrographically unique in that it has pheno-

crysts of olivine and 2 mm resorbed grains of quartz. The irregular

shaped quartz grains have reaction rims of diopside and therefore

are believed to be xenocrysts.



Intracanyon Lava Flows

Unit Description

Two olivine basalt flows have been recognized that are intra-

canyon to the Metolius River Valley. Both are diktytaxitic compound

flows which crop out as benches on opposite banks of the river. The

elevation of these benches decreases steadily downstream at a gra-

dient of 5.5 m per km. This gradient together with abundant pipe

vesicles which have been bent over in a downstream direction indi-

cate that the flows traveled down the Metolius River canyon, rather

than up it. The exposures facing the river are between 3 and l00 ,m

thick and are made of numerous 3-m-thick cooling units. The joint

patterns of these cooling units vary from crude columnar to blocky.

The absence of weathering profiles between the flows suggests that

the lava was extruded as a rapid succession of pulses, each of which

represents a cooling unit.

One of the two recognized Metolius River intracanyon flows

forms a bench in the Jefferson Creek region at elevation 3,050 ft.

This basalt is characterized by a fine-grained diktytaxitic texture

and reverse paleomagnetic polarity. This flow is a high alumina

basalt, as shown by analysis of samples 370, 369, and 11 (Appendix

5). A K-Ar age of 1.60 ± .26 m.y. was obtained from sample 11

(Table 1), which was collected on the north side of Jefferson Creek.
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The other Metolius River intracanyon flow has a number of

characteristics which distinguishes it from the intracanyon flow just

mentioned. This compound flow forms benches at 3,250 ft elevation

in the vicinity of the mouth of Jefferson Creek, and has a coarse

grained diktytaxitic texture. Chemically, the flow is a low alumina

basalt (Appendix 5, sample 329) and has normal paleomagnetic

polarity.

The eastern part of this intracanyon flow is misrepresented on

the geologic maps by Wells and Peck (1961) and Newcomb (1971).

They refer to this Pleistocene, diktytaxitic, intracanyon flow as

Columbia River Basalt.

Descriptions of thin, compound, diktytaxitic lavas intracanyon

to the Metolius River in the Fly Creek Quadrangle by Hewitt (1970,

p. 42 and 43), suggest that they are part of the sequence which is

present in the upper Metolius River canyon.

In the southwest corner of the study area are three lava flows

which are outlined on Plate I. Basalt flows associated with the three

linear cinder cones just east of Wizard Falls are light gray, fine-

grained and locally vesicular. On Plate 1 they are designated "Ip."

The Canyon Creek flow (lc) is diktytaxitic and forms low rubbily out-

crops. Flows designated "Ie" are light gray diktytaxitic lavas which

came from a cinder cone just south of the study area on the Green

Ridge escarpment (elevation 3,600 ft, N.E. 1/4 Sec. 35, 12 S., R.9 E.
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The youngest lava flow in the area is intracanyon to the glacially

carved Jefferson Creek valley. This flow emanated from the cinder

cone on the south side of Bear Butte, and has a vesicular blocky sur-

face (Fig. 17). Chemical analysis of a sample from the Jefferson

Creek flow (Appendix 5, sample 352) indicate that it is a basaltic

ande site.

Petrography

Both the paleornagnetic normal and reverse Metolius River

intracanyon flows are cliktytaxitic basalts with 10 to 20 percent void

space. Most of the plagioclase laths are 1 mm in length, are sub-

hedral and have simple normal zoning. Subophitic augite is optically

continuous for about 1 mm. Olivine phen.ocrysts are subhedral and

have single halos of idding site inside their borders. Magnetite is

present as 0.2 mm equidimensional crystals, elongate blades, or as

fine dusty aggregate in glass.

The Jefferson Creek intracanyon flow is hypocrystalline and

porphyritic with 2-mm-long crystals of andesine. Irregular shaped

vesicles occupy at least 20 percent of the rock. The groundmass is

predominantly an.desin.e laths, glass, subhedral olivine, hypersthene

and magnetite. A detailed petrographic description of a sample from

the Jefferson Creek flow has been reported by R. C. Green (1968,

p. G29).
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Figure 17. Blocky Jefferson Creek intracanyon flow (foreground) and
glacially eroded Bald Peter Mountain (background).



Quaternary Deposits

Alluvium

Recent stream sediments are shown on Plate I (Qa1) in order

to indicate the extent of outcropping flow rocks. The stream deposits

are of volcanic clasts which range in size from clay to 3 m boulders.

Moraines

The moraines within the study area are lateral moraines bor-

dering both sides of Jefferson Creek. They are the result of Wiscon-

sinan glaciation of Mt. Jefferson. These moraines consist of

unsorted striated volcanic boulders, cobbles and sand in a clay

matrix. The lateral moraine on the south side of Jefferson Creek

is nearly 200 m high and many of the boulders and cobbles were

derived from Mt. Jefferson lavas. On the north side of Jefferson

Creek there are isolated pockets of morainal material which have

striated boulders and cobbles derived primarily from Bald Peter

lavas.

Colluviurn

The colluvium mapped in Sec. 25 and 26, T. 11 S., R. 9 E.

(Plate I) is landslide and slump debris derived from Green Ridge

lavas and tuffs. This mixture of pumice lapilli, soil, and subangular

volcanic cobbles and boulders slumped onto a bench of Metolius River
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Intracanyon lava, and thus obscures the upper contact of the intra-

canyon flow.

Diatomite

The exact age and stratigraphic position of the diatomite deposit

in the S. W. 1/4 Sec. 11, T. 12 S., R. 10 E. has not been deter-

mined. A 5 m vertical exposure of white, u.nbedded diatomite is

present in the roadcut, but the upper and lower contacts remain ob-

scured. This diatomite indicates a quiet clear water lucustrine

environment.
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INTERPRETATIVE PETROLOGY

The rocks within the study area vary compositionally from high

alumina olivine basalts (as low as 49 percent silica) to rhyolites (as

high as 75 percent silica). The predominant rock type is platy

basaltic andesite (approximately 56-58 percent silica) containing

phenocrysts of andesine, h-ypersthene, augite and olivine. The

second most common rock is vesicular basaltic ande site (approxi-

mately 52-54 percent silica) with primary phenocrysts of lab radorite

and olivine. Ten percent of the rocks in the area are hornblende

andesites. Olivine-bearing dacites of the Brown Glassy Dacite Unit

and dacite ash-flow tuffs (68 percent silica) with andesitic components

represent about 1 and 6 percent of the study area respectively, This

suite of rocks has an alkali-lime index (Peacock, 1931) of about 60

or 61 (Fig. 22), and are therefore part of the calc-alkaline suite.

Also characteristic of the calc-alkaline suite is the high alumina

content (up to 19 percent) in the basaltic and andesitic members

(Fig. 19). Another characteristic feature of the calc-alkaline suite

is that when the analyses are plotted on an FMA diagram, they fall

in a nearly straight band extending from the Fe0-1vIg0 side toward

the alkali apex (Green and Ringwood, 1968). Figure 18 bears out

this relationship and reveals a hiatus between the cluster of clacite

analyses and those points representing analyzed basalts and andesites.
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This hiatus is also evident in the Harker variation diagrams (Fig.

19, 20 and 21), in which there is a paucity of analyzed samples with

silica content from 62 to 66 percent.

Except for slight variations, all of the rocks within the study

area belong to the same chemical trend. One variation, evident in

Figure 23, is the lower Fe0/(Fe0 MgO) ratio in the young instra-

canyon lavas analyzed relative to the other lavas in the Green Ridge

area.

The Cascade Range in Oregon is divided into two physiographic

regions: the High Cascades which occupy the crest of the range and

the older Western Cascades, which are the western flank of the range.

The Miocene- to Pliocene-age rocks within the Western Cascade

Range (Sardine Formation, Peck and others, 1964) are predominantly

lava flows of platy andesite (approximately average 61 percent silica)

with phenocrysts of lab radorite and hype rsthene, less abundant augite

and magnetite, and occasional olivine set in a hyalopilitic to pilotaxi-

tic groundmass (Peck and others, 1964). Basaltic andesites (approx-

imately 53 percent silica) represent less than 10 percent of the Sar-

dine Formation. Andesitic and dacitic tuffs make up between 10 to

50 percent, while dacite and rhyolite flows represent less than 2

percent of the total. Hornblende is rare in the Sardine Formation

(Peck and others, 1964). There is a hiatus in silica values in the

Western Cascades at 65 percent silica (Peck and others, 1964, Fig.
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32). The High Cascade rocks vary from olivine basalts to rhyolites,

but are predominantly basalts and basaltic andesites. Chemically

and lithologically they are very similar to the Western Cascade rocks.

High Cascade rocks from the Mount Jefferson area have an alkali-

lime index of about 61 (Green, 1968, Fig. 18), while the Western

Cascades have an alkali-lime index of 60 (Peck and others, 1964, p.

48). They are thus both part of the calc-alkaline suite. The High

Cascades contain less iron and more alumina than the Western Cas-

cades. However, the alumina values in the Sardine Formation are

comparable to High Cascade alumina values. The Western Cascades

have a distinctly higher iron enrichment curve (Fe0/(Fe0 + MgO)

versus SiO2) than the High Cascades (Green, 1968, Fig. 27).

Rocks within the study area can be correlated with both the

High Cascades and the Sardine Formation of the Western Cascades.

The lithologies and frequency distributions are very similar. Any

variations in the frequency distribution can be attributed to the small

size of the study area relative to the Western Cascade Range. If the

rocks from the adjacent Fly creek Quadrangle (Hewitt, 1970) are

combined with those in the study area, the percentage of pyroclastics

would increase and the percentage of hornblende'-bearing rocks would

decrease, thus more evenly matching the frequency of rock types in

the Cascade Range. The rocks in the study area also share the same

chemical trends as those rocks to the west, The distinction between
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the High Cascades and Western Cascades on the basis of iron enrich-

ment curves is also present in the study area, separating the Pleis-

tocene intracanyon lavas with low iron enrichment, from the remain-

ing rocks which have a higher enrichment (Fig. 23). The Pleistocene

basalt and basaltic ande site intracanyon flows of the study area are

therefore chemically and lithologically equivalent to the High Cas-

cade Range. The remaining rocks of the study area are equivalent

with the Sardine Formation on the basis of chemistry and lithology.
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PROVENANCE OF THE DESCHUTES FORMATION

The rocks which fill the Deschutes Basin are volcaniclastic

sediments, andesitic to dacitic pyroclastic rocks and basalt to ande-

site lava flows. Extensive chemical analyses of these rocks have not

been reported (an average of 11 analyses has been reported by En-

lows and others, 1973), but they cannot differ much from the rocks

of Green Ridge because the lava flows and pyrocla.stic units can be

individually traced from Green Ridge out into the Deschutes Basin

(Plate I, this study: Hewitt, 1970, Plate II: Stensland., 1970, Plate

I).

The provenance of part of the Deschutes Formation can be

determined by investigating the lithology, geometry, and flow direc-

tion of Green Ridge rock units. The lithologies of sedimentary

clasts within the Green Ridge area and the Deschutes Basin to east,

are the same as the Green Ridge and Western Cascade lavas. Sedi-

mentary structures in the fluvial and tuffaceous beds of the Green

Ridge area indicate an eastward dispersal for these clasts. The lava

flows tongue out in the basin, while the pyroclastic units, which are

of a restricted intracanyon nature in the Green Ridge area, spread

out into broad sheets in the Deschutes Basin. This geometry and the

eruptive centers in Green Ridge, when combined with the eastward

paleocurrent dispersal pattern, suggests that a source of the Des-

chutes sediments and volcanics was in and west of the Green Ridge
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area. Although there are no recognized volcanic source vents directly

east of the basin, some of the widespread sheets of basalt did come

frCm vents within the basin itself. The Green Ridge rocks are litho

logical, chemical, and chronologic equivalents of the Sardine Forma-

tion in the Western Cascades, and the Deschutes Formation is equiva-

lent to Green Ridge rocks, which indicates that the Deschutes Basin

was a repository for the products of volcanism and erosion of the Late

Miocene-Pliocene Cascade Range.



RELATIVE AND RADIOMETRIC AGES OF ROCK UNITS

Rocks in the Brown Glassy Dacite Unit are among the oldest in

the study area. The 30 degree dips on the sandy tuffaceous interbeds

of this unit indicate either a primary depositional surface (of hyalo-

elastic origin) or some major tectonism prior to the burial of this

unit by the hornblende ande site volcano. The deeply eroded horn-

blende andesite volcano has an age of 8.1 ± .6 m.y. (Table I, sample

143) based on K-Ar determination of hornblende. The Green Ridge

volcanic rocks overlie and are interbedded with the hornblende ande-

site volcano. Dated samples collected along the crest of Green Ridge

range in age from 9.2 ± .6 m.y, to 5,2 * .13 m.y. (Table I, samples

102, 246 and 248). The rocks forming Metolius Bench are of a com-

parable age (Table I, sample 328). The faulted and deeply weathered

Sardine Formation of the Western Cascades overlies late Miocene

plant fossils and is in turn overlain by the late Pliocene to recent

High Cascades (Peck and others, 1964). The Green Ridge volcanics

and the hornblende andesite volcano correspond in age with the Sar-

dine Formation. The Brown Glassy Dacite Unit probably also be-

longs to this age group, but it may be older.

The volcanic and elastic rocks in the Deschutes Basin are also

equivalent in age with the Green Ridge rocks. Not only are the rocks

traceable from Green Ridge into the basin, but a lava interbed in the
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Table 1. K/Ar age determinations on rocks from the Green Ridge area.

11 Intracanyon, diktytaxitic basalt (reverse paleomagnetic
polarity): elevation 3,000 feet, N. W. 1/4 Sec. 34, T.
11 S., R. 9 E. Sample collected by E. M. Taylor,
analyses by Don Parker.
K = 0.29, 0.29%; Ar40 = .0180 x 10-6 cc/gm (4% E
0.0188 x 10-6 cc/gm (5% E Ar40).

Whole rock 1.60 ± .26 my.

102 Fine-grained andesite: elevation 4,560 feet, S. W. 1/4 Whole rock 5.2 ± .13 my.
Sec. 1, T. 12 S. It. 9E. -6K = 1.27, 1.27%;11r" = .2669 x 10 cc/gm
(33% E Ar"), .2598 x 10-6 cc/gm (26% E Ar40).

143 Porphyritic hornblende andesite: elevation 3,900 feet,
S. E. 1/4 Sec. 18, T. 11 S., R. 10 E.
K = 1.20, 1.21%; Xr" = .3541 x 10-6 cc/gm
(56% E Ar"), .3472 x 10-6 cc/gm (45% E Ar °).

*
143 K= .370, .370%; Ar40 = .1199 x 10-6 cc/gm(l3%EAr40).EAr").

189 Glomeroporphyritic olivine basaltic andesite: elevation
3,250 feet, N. k. 1/4 Sec. 27, T. 12 S., R. 9E.
K = .84, .86%; Ar" = .1402 x 10-6 cc/gm(6% Z Ar40 ),

1692 x 10-6 cc/gm (16% Ar").

246 Fine-grained olivine basaltic andesite: elevation 5,000
feet, S. E. 1/4 Sec. 19, T. 11 S., R. 10 E.
K = .79, .80%; Aril° = .1739 x 10-6 cc/gm(6% E Ar40),

1629 x 10-6 cc/gm (5% E Ar").

Whole rock 7.26 ± .11 my.

Hornblende 8.1 ± 6 my.

Whole rock 4.5 ± .4 my.

Whole rock 5.3 ± .7 my.



Table 1 (continued)

248 Fine-grained olivine basaltic andesite: elevation 4,600
feet, N. W. 1/4 Sec. 30, T. 111 S., R. 10 E.
K= .73, .72%; Ar" = .2805x 10-6 cc/gm (12% E Ar40),
.2499 x 10-6 cc/gm (10% Ar40).

308 Augite basaltic ande site porphyry: elevation 6,650 feet,
S. E. 1/4 Sec. 32, T. 10 S., R. 9E.
K = .97, .99%; .11r40 = .0820 x 10-6 cc/gm (14% E Ar40).

311 Porphyritic olivine basaltic andesite elevation 5,200
feet, S. W. 1/4 Sec. 32, T. 10 S., R. 9 E....
K = .91, .92%; Ar40 . .0707 x 10-6 cc/gm(8% E Ar40),
.0806 x 10-6 cc/gm (7% E Ar").

328 Fine-grained andesite: elevation 3,100 feet, N. W. 1/4
Sec. 27, T. 10 10 E.
K = 1.13, 1.13%; Ar" = .2843 x 10-6 cc/gm
(8% Ar40), .2348 x 10-6 cc/gm (6% E Ar").

Whole rock 9.2 ± .6 my.

Whole rock 2.1 ± .15 my.

Whole rock 2.1 ± .2 my.

Whole rock 5.7 ± .6 my.
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middle of a Deschutes stratigraphic section (Round Butte Dam Quad-

rangle, 2,400 ft elevation, center, N. W. 1/4 Sec. 21, T. 126, R.

12 E.) yields a K-Ar age of 5.8 ± 1 rn.y, (E. M. Taylor, personal

communication), which is equivalent in age with the Green Ridge

lavas.

The rocks west of the Green Ridge escarpment are generally

younger and show fewer signs of prolonged erosion. One exception

is the north-northwest trending ridge adjacent to Wizard Falls, which

has an age of 4.5 * .4 m.y. (Table 1, sample 189). This ridge ap-

pears to be a tectonically offset part of the Green Ridge escarpment.

Bald Peter shield volcano is paleoma.gnetically reverse, yields an

age of 2.1 ± .2 m.y. (Table 1, samples 308 and 311), and it rests on

a platform of rocks equivalent to the Green Ridge volcanics. The

flanks of this volcano show little deep erosion when compared with

the deeply eroded hornblende stratovolcano to the west. Lava flows

from Bald Peter ponded up against the Green, Ridge escarpment, as

did the subsequent lava flows (designated In and Ir, Plate I) intra-

canyon to the Metolius River. One intracanyon flow has an age of

1.60 ± .26 m.y. (Table I, sample 11) and has reverse paleomagnetic

polarity. Another flow intracanyon to the Metolius River has a posi-

tive paleomagnetic polarity but its age relationship is not known.

Resting on top of a portion of the reverse intracanyon flow are three

aligned cinder cones. The symmetry of these vulnerable yet uneroded
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cinder cones attests to their youth. The youngest lava flow is the

Jefferson Creek flow which is probably only a few thousand years

old. It occupies a glacially excavated valley and has fresh clinkery

to sharp blocky surficial features. This lava lacks any weathering

profile and supports very little vegetation. Bald Peter Mountain and

the younger intracanyon flows are age equivalents of the late Pliocene

to recent High Cascade range. Alluvial hornblende-bearing pumice

scattered throughout the western part of the study area is evidence

of recent volcanism, probably west of the study area.



STRUCTURE

To determine the gross structure of the Green Ridge area, the

structure of individual rock units must be first examined. A com-

plete structural picture can then be put together when the data on the

individual rock units are combined and viewed as a whole.

The Green Ridge volcanic and volcaniclastic rocks dip 1 to 5

degree eastward toward the Deschutes Basin. The eastward disper-

sion directions in these units suggest that this was an initial deposi-

tional slope and that the source of these rocks was to the west. The

lavas overlap the hornblende andesite stratovolcano which is com-

posed of radially dipping flows and agglomerate beds. Field mapping

produced no evidence for any local tectonic disturbances east of

Green Ridge.

The High Cascade lava flows, cinder cones and shield vol-

canoes in the western part of the study area are apparently unef-

fected by major tectonic disturbances. Even where intracanyon

lavas have flowed down the Metolius River drainage, the lava

benches against the escarpment are not displaced from those to the

west on the opposite side of the river.

The eastward-dipping lavas, pyroclastic flows and sedimentary

interbeds exposed in the Green Ridge escarpment had a source re-

gion to the west which has been down dropped relative to the Green
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Ridge rocks. These down dropped western Green Ridge equivalents

have subsequently been covered by High Cascade lavas. This normal

faulting left the Green Ridge units "skying out" in the 600-m-high

escarpment that extends north-south for 20 km from Black Butte to

the Sheep Creek area. There is no major displacement in the Green

Ridge volcanic s or in the hornblende-andesite flows in the northern

part of the area, suggesting that the Metolius Fault dies out to the

north (Plate 1). To the south, in the Black Butte area, the height of

the escarpment diminishes to only a few hundreds of meters. South-

east of Black Butte there are discontinuous normal faults with a few

meters displacement which trend in a northwesterly direction, in

line with the Tumalo Fault.

The north-northwest trending ridge adjacent to Wizard Falls

(hereafter designated Wizard Ridge) is a lithological, chemical and

age correlative with the flows on the adjacent crest of Green Ridge.

Wizard Ridge is a tectonic sliver that has been down dropped 400

relative to the equivalent flows in Green Ridge. Wizard Ridge is

probably bounded on the west by a fault of lesser displacement than

the Metolius Fault. The position of the three cinder cones parallel

in trend with the west side of the ridge may have been influenced by

the hypothesized fault. The eruptive center of Bald Peter shield vol-

cano is also parallel to the trend, which suggests that the fault may

extend as far to the north as Bald Peter Mountain.
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Other north-south trending normal faults have been mapped in

the Oregon Cascade Range. The normal Hood Fault (Hodge, 1938) on

the east side of Mount Hood is 30 km long, has a 300 m escarpment

and is down on the west and is post early Pliocene in age (Wise, 1969).

Wells and Peck (1961) mapped an 8-km-long normal fault mid-way

between the Hood Fault and the Metolius Fault. On the west side of

the High Cascade Range, Thayer (1936) described the Cascade Fault,

a north-south trending normal fault down on the east, with about a

thousand meters of displacement. Allen (1965) described a north-

south trending fault, northwest of Mount Hood, exposed along the

Columbia River. Other structures may be expressed by the north-

south trending drainages of the upper Clackamas, North Santiam and

Smith Rivers. North- south trending faulting, and the extensional

forces that produced it, is therefore not restricted to the Green

Ridge area.

Allen (1965) proposed that the north-south structures which are

found bordering the east and west side of the High Cascade Range,

define the borders of a volcano-tectonic depression. Between these

structures only Pleistocene rocks have been reported even though

this High Cascade Province is flanked by Pliocene and older volcanic

rocks.

The Cascade volcano-tectonic depression is not a unique feature,

but is common in andesite belts. Linear volcano-tectonic depressions
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are documented in the island arcs of the western Pacific by Karig

(1971), the Andes of Peru (Noble, 1972), Central America (McBirney,

1969), and in Kamchatka (Averyev and Svyatlousky, 1961). Associ-

ated with most of these major depressions are ignimbrites which

were emplaced prior to graben development (Karig, 1971). Ignirn-

brites represent an important percentage of the western Cascade

rocks mapped by Peck and others (1964), and in the Green Ridge

area. Green Ridge and the Metoliu.s Fault are part of eastern bou.n-

dry of the Cascade volcano-tectonic depression.



GEOLOGIC HISTORY

In late Miocene the Green Ridge area was the eastern part of

the Cascade Range. The area was active with diverse types of calc-

alkaline volcanism ranging from sideromelane base-surge eruptions

to rhyolite lava flows. Volcanic and volcarxiclastic rocks flowed

eastward between the flanks of the coalescing Green Ridge shield and

stra,tovolcanoes, into the Deschutes Basin.

A north-south trending system of normal faulting ended the

contribution of volcanic and clastic rocks from the Western Cascades.

The Metolius Fault was part of this system and it occurred between

Z and 4.5 million years ago as determined by ages of the oldest lava

flows lapping onto the escarpment and the youngest lavas truncated

by the fault. The rocks to the west of Green Ridge were down

dropped at least 700 m while the Green Ridge block was relatively

undisturbed. This conclusion is based on the eastward paleocurrent

dispersal patterns of the Green Ridge sedimentary units and their 3

degree eastward dip. Related to the Metolius Fault and trending

north-northwest from the Wizard Falls area is a partially buried

normal fault, also down on the west. This episode of normal fault-

ing resulted in the removal of a source area which previously con-

tributed volcanic and volcaniclastic rocks to the Deschutes Basin.

Subsequent volcanism was primarily basalt and basaltic ande site
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flows. These post-fault volcanic rocks are higher in MgO relative

to FeO when compared with the pre-fault volcanic rocks. The tim-

ing of the Metolius Fault therefore defines a chronologic boundary

between two different phases of volcanism; the post-fault High Cas-

cades and the pre-fault Deschutes Formation which is equivalent to

the Sardine Formation of the Western Cascades.

The ancestral Metolius River drainage has been at the base of

the Green Ridge escarpment at least since early Pleistocene. Lava

flows from Bald Peter shield volcano (2.1 ± .2 m.y.) crowded the

river against Green Ridge, causing erosion of the north end of the

escarpment. This erosion is evident in the divergence from the

straight escarpment trend in the Jefferson Creek area (Fig. 1). The

river channel was also temporarily blocked by several later intra-

canyon flows, and after each, the river cut through the lavas to re-

establish its channel.

Glaciers from Mount Jefferson flowed eastward, scraping into

Bald Peter Mountain, creating the north-northwest trending Bald

Peter escarpment which coincidentally parallels the trend of the

buried late Pliocene fault shown on Plate I. Feeder conduits of

three cinder cones in the southwest corner of the study area were

channeled along this buried fault as was the older Bald Peter shield

volcano. The most recent lava flow is the Jefferson Creek intra-

canyon flow which is post glacial in age. Alluvial hornblende-
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bearing pumice is scattered throughout the western part of the study

area, suggesting recent High Cascade eruption.
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5f2

143 Porphyritic hornblende andesite: elevation 3,900 ft, S. E. 1/4
Sec. 18, T. 11 S., R. 10 E.

159 Porphyritic hypersthene andesite: elevation 3,800 ft, S. E.
1/4 Sec. 32, T. 10 S., R. 10 E.

160 Porphyritic hypersthene andesite: elevation 4,650 ft, S. E,
1/4 Sec. 33, T. 10 S, R. 10 E.

162 Hornblende basaltic-andesite porphyry (dike): elevation 2,400
ft, N. E. 1/4 Sec. 31, T. 10 S., R. 10 E.

266 Porphyritic hypersthene andesite (conduit): elevation 4,000 ft,
N. E. 1/4 Sec. 6, T. 11 S., R. 10 E.

296 Hype rsthene basaltic-andesite porphyry: elevation 3,3Z0 ft,
E. 1/4 Sec. 20, T. 10 S., R. 10 E.

384 Fine-grained rhyolite: elevation 2,900 ft, S. E. 1/4 Sec, 21,
10 S., R. 10 E.

298 Porphyritic olivine-bearing dacite (lava flow): elevation 2,600
It, N. W. 1/4 Sec. 28, T. 10 S. , R. 10 E.

H 0 Free, All Iron as FeO.
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Appendix 1. Chemical analyses of the hornblende-ande site volcano
and the brown glassy dacite unit.*

Sample 143 159 160 162 266 296 384 298

SiO2
63.2 61,0 61.3 56.0 61.0 56,6 75.8 67.5

Al203 17.0 16.8 17.4 17.6 17.5 18.9 10.5 14.8

FeO 4.5 5.5 4.9 7.3 5.0 7.0 4.8 5.6

CaO 6.3 5.8 6.8 7.8 6.6 7.6 1.8 2.1

MgO 1.8 3.4 2.5 4.4 2.3 3.0 .1 0.0
K20 1.50 1.00 1.00 .65 1.18 .75 2.40 3.25

Na20 3.8 3.8 4.0 3.5 3.9 3.6 3.0 5.1

TiO2 .60 .75 .65 1.00 .65 1.02 .38 .55

Total 99.70 98.05 98.55 98,25 98.13 98.47 98.75 98.90



102 Fine-grained andesite: elevation 4,560 ft, S. W. 1/4 Sec.
T. 12 S., R. 9E.

104 Porphyritic ancle site: elevation 3,940 ft, N. W. 1/4 Sec. 1,
T. 12 S., R. 9E.

201 Porphyritic olivine basaltic andesite: elevation 3,400 ft, N. E.
1/4 Sec. 15, T. 11 S, R. 10 E.

202 Fine-grained basaltic andesite: elevation 3,190 ft, center Sec.
23, T. 11 S., R. 10 E.

206 Fine-grained basaltic andesite: elevation 3,140 ft, S. E. 1/4
Sec. 22, T. 11 S., R. 10 E.

216 Fine-grained basaltic andesite: elevation 3,640 ft, S. W. 1/4
Sec. 35, T. 11 S., R. 10 E.

241 Porphyritic olivine basaltic andesite: elevation 4,400 ft, N. W.
1/4 Sec. 17, T. 11 S., R. JOE.

243 Fine-grained basaltic andesite: elevation 37-56-9 ft, S. W. 1/4
Sec. 17, T. 11 S., R, 10 E.
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Appendix 2. Chemical analyses of Green Ridge Lavas.

Sample 102 104 201 202 206 216 241 243

SiOz
60.6 58.0 54.1 55.7 56.2 57.5 54.5 55.4

Al203 16.0 17.0 19.0 18.0 16.0 17.6 19.3 18.1

FeO 7.6 7,4 7.8 9.2 9.1 8.2 7.8 8.6
CaO 5.6 8.0 8.4 6.9 7.1 6.6 8.4 7.2
MgO 3.3 3.4 3.8 2.8 3.5 2.7 3.5 3.4

K20 1.55 1.26 .87 .75 1.00 1.20 .62 1.00

Na20 4.6 3.6 3.8 4.2 4.5 4.5 3.8 3.9
TiO .95 1.05 1.20 1.32 2.10 1.45 1.17 1.34

2

Total 100.20 99.71 98.97 98.87 99.50 99.55 99.09 98.94



Appendix 2 (continued)
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Sample 179 181 174 205 236 260 264

SiO2
58.3 59.0 60.3 56.7 55.2 57.0 57.0

Al203 16.8 ,16.5 16.7 18.2 19,6 16.6 16.6

FeO 7.5 6.6 7.3 7.8 8.2 7.6 7.4

CaO 7.8 6.4 6,2 7.1 8.7 7.9 7.8

MgO 3.3 3.1 1.6 2.3 2.6 3.4 3.2

K20 1.23 1.60 1.35 1.12 .95 1.47 1.32

Na.20 3.6 4.0 5.8 3.7 3.8 3.5 3.2

TiO 1.07 1.00 1.05 1.42 1.37 .83 1.02
2

Total 99.60 98.20 100.30 98.34 100.42 98.40 98.04

s 179 Porphyritic olivine andesite: elevation. 4,360 ft, S. W. 1/4
Sec, 25, T. 12S. R. 9E.

181. Pnrphyritic olivine andesite: elevation 3,900 ft, N. W. 1/4
Sec. 25, T. 12 S., R. 9 E.

CF.,4 174 Porphyritic augite andesite: elevation 3,160 ft, S. W. 1/4
Sec. 14, T. 12 S., R. JOE.

205 Porphyritic augite basaltic andesite: elevation 3,360 ft, N. E.
1/4 Sec. 33, T. 11 S., R. 10 E.

236 Porphyritic augite basaltic an.desite: elevation 3,800 ft, N. E.
1/4 Sec. 17, T. 12 S., R. JOE.

260 Porphyritic augite basaltic andesite: elevation 4,390 ft, S. E.
1/4 Sec. 1, T. 12S., R. 9E.

264 Porphyritic augite basaltic ande site: elevation 4,500 ft, S. E.
1/4 Sec. 12, T. 12 S R. 9 E.



244 Glorneroporphyritic olivine basaltic andesite; elevation 4,520
ft, N. W. 1/4 Sec. 20, T. 11 S., R. 10 E.

178 GlorneroporphyTitic olivine basalt: elevation 4,700 ft, S. W,
1/4 Sec. 25, T. 12 S., R. 9 E.

189 Glorneroporphyritic olivine basaltic andesite; elevation 3,250
ft., N. E. 1/4 Sec, 27, T. 12 S., R, 9 E.

217 Porphyritic olivine basaltic arxdesite: elevation 3,850 ft, S. W.
1/4 Sec. 4, T, 12 S., R. 10 E.

215 Porphyritic olivine basalt; elevation 3,480 ft, S. W. 1/4 Sec.
34, T. 11 S., R. 10 E.

221 Porphyritic olivine basalt: elevation 4,120 ft, N. E. 1/4 Sec.
32, T. 11 S., R. 10 E.

'VI '50
385 Diktytaxitic olivine basalt: elevation 31-344ft, N. E. 1/4 Sec.

11, T. 12 S., R. 10 E.

4 Diktytaxitic olivine basalt: elevation 3,700 ft, S. E. 1/4 Sec.
25, T. 11 S., R. 9 E. (analyzed and collected by E. M.
Taylor)

Appendix 2 (continued)
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Sample 244 178 189 217 215 221 385 4

SiO2 54.4 53.1 53.8 53.7 49,5 50.5 51.0 51.4

Al20 17.5 16.9 17.6 17.4 15.8 15.9 15.2 17.7

FeO 8,7 9.6 8.6 .84 10.4 8,8 10.6 11.1

CaO 7.3 8,7 8.1 7.9 10.0 9.7 9.7 10.2

MO 3.9 5.1 4,3 5.3 7.6 7.1 6.9 5.3

K20 1.04 .72 1.03 .90 1.00 .80 .60 .13

Na20 4.1 3.5 3.4 3.7 3.0 4.2 2.9 3.0
TiO2 1.37 1.37 1.33 1.25 1.73 1.63 1137 1.40

Total 98.31 98,99 98.16 98.55 99.03 98.63 98.47 100.32



Appendix 2 (continued)

246 Fine-grained olivine basaltic andesite: elevation 5,000 ft, S. E.
1/4 Sec. 19, T. 11 S., R. 10 E.

247 Fine-grained olivine basaltic ande site: elevation 4,360 ft,
N. W. 1/4 Sec. 30, T. 11 S., R. JOE.

248 Fine-grained olivine basaltic ande site: elevation 4,600 ft,
N. W. 1/4 Sec. 30, T. 11 S. , R. 10 E.

250 Porphyritic hypersthene basaltic andesite: elevation 4,440 ft,
N. E. 1/4 Sec. 36, T. 11 S, R. 9L.

283 Porphyritic au.gite-olivine basaltic a.ndesite: elevation 3,330
ft, N. W. 1/4 Sec. 36, T, 10 S., R. 9 E.

4*V
297 Glomeroporphyritic olivine basalt: elevation 3,3-20-ft. , S. E.

1/4 Sec. 20, T. 1Q S. , R. JOE.

340 Fine-grained olivine basaltic an.de site: elevation 4,000 ft,
S. W. 1/4 Sec. 13, T. 12 S., R. 9 E.

,400.
342 Porphyritic basaltic ande site: elevation 4040 ft, N. W, 1/4

Sec, 13, T. 12 S., R. 9E.

86

Sample 246 247 248 250 283 297 340 342

Si02 54.0 53.5 53.4 54.0 53.3 50.2 54.0 55.0
Al203 18,5 18.1 17.6 17.5 19.3 17.0 16.1 17.6

FeO 8.3 8.2 9.8 8.2 7.2 11.1 10.1 8.1
CaO 8.0 9.1 8.4 8.6 9.2 9,6 7.7 9.1
MgO 3.5 5,1 4.6 4.7 4.9 5.8 3.2 4.8
K20 .95 .40 .85 .95 .62 .20 1.00 .85

Na 02 3.7 3.4 3.8 3.5 3.2 3.0 4.2 3.3

TiOz 1.33 .97 1.40 1.02 .60 1.67 1.92 1.05
Total 98.28 98.77 99.85 98.47 98.32 98.57 98,22 99.80



Appendix 2 (continued)

319 Vesicular olivine basaltic andesite: elevation 2,900 ft, S. W.
1/4 Sec. 7, T. 11 S., R. 10 E.

ou
256 Olivine basaltic andesite: elevation 4,700 ft, N. E. 1/4 Sec.

7, T. US., R. 10 E.
1140

195 Olivine basaltic andesite: elevation 3744Q-ft, N. E. 1/4 Sec.
10, T. 11 S, R. 10 E.

3
238 Porphyritic basaltic andesite: elevation 3,850 ft, S. W. 1/4

Sec. 9, T. 12 S., R. 10 E.
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172 Porphyritic olivine basaltic andesite: elevation 3,600 ft, N. W.
1/4 Sec. 21, T. 12 S., R. 10 E.

4)239 Porphyritic olivine basaltic andesite: elevation 39750 ft, N.E.
1/4 Sec. 16, T. 12 S., R. 10 E.

344 Porphyritic olivine basaltic andesite: elevation 4,300 ft, N. W.
1/4 Sec. 13, T. 12 S., R. 9 E.

321 Olivine bearing dacite porphyry: elevation 41-,-A4.8, ft, N. W.
1/4 Sec. 20, T. 10 S., R. 9 E.

Sample 319 256 195 238 172 239 344 321

SiO2 54.0 54.0 54.2 57.4 56.6 57.2 57.5 67.5
Al 03

3 17.5 17.5 17.5 16.9 16.8 16.9 17.5 15.6

FeO 9.0 9.0 9.0 7.6 7.8 7.3 7.5 4.0
CaO 7.4 7.1 7.4 7.5 7.2 7,6 7.5 3.1

MgO 3.4 3.1 3.5 3.4 3.7 3.5 3.1 0.5

K20 1.55 1.70 1.70 1.36 1.35 1.40 1.35 2.15
Naz0 4.2 4.4 4.4 3.6 3.8 3.8 3.7 5,2
TiO2 1.25 1.31 1,02 1,02 1.10 1.01 1.00 65
Total 98.50 98.11 98.72 98.78 93.35 98.71 98.95 98.70
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334 Black cinder from ash-flow tuff: N. E. 1/4 N. W. 1/4 Sec. 13,
T. 12S., R. 9 E., elevation 49300 ft.

335 Porphyritic black glassy bomb from ash flow tuff: N. E. 1/4
N. W. 1/4 Sec. 13, T. 12 S., R. 9 E., elevation 4,350 ft.

336 Pumice lump from ash-flow tuff: N. E. 1/4 N. W. 1/4 Sec,
13, T. 12 S., R. 9 E., elevation 4,350 ft.

373 Pumice lump from ash-flow tuff: N. W. 1/4 Sec. 23, T. 12
S. , R. 10 E., elevation 3,200 ft.

386 _Black cinder from ash-flow tuff: N. W. 1/4 Sec. 11, T. 12S.,
R. 10 E., elevation 3,450 ft.

Appendix 3. Chemical analyses of Ignimbrites

Sample 334 335 336 373 386

S102 57.7 66.6 68.0 68.0 5 9.0

Al 0
2 3

16.3 15.8 15.5 15.9 16.6

FeO 8.3 3.9 4.2 4.3 8.2

CaO 6.4 2.9 2.3 2.3 5.8

MgO 2.2 0.3 0.1 0.1 1.8

K20 1.10 2.14 2.45 2.80 1.55

Na20 4.7 6.0 5.4 4.2 4.7

TiO 1.67 1.36 0.60 0.67 1.40
2

Total 99.07 98.60 98.55 98.17 99.05



276 Fine-grained olivine basaltic ande site: elevation 3,700 ft,
N. E, 1/4 Sec. 20, T. 11 S., R, 9E.

L7278 Porphyritic olivine basaltic andesite: elevation 3,400 ft, N. E.
1/4 Sec. 14, T. 11 S., R. 9E.
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6 C
L 308 Augite basaltic-ande site porphyry: elevation4-,-6-5-0 ft, S. E.

S. W. 1/4 Sec.-.2-21-, T. 10 S., R. 9 E.
7,1

Appendix 4. Chemical analyses of Bald Peter Lavas.

Sample 276 278 308 309 311 326

SiO 53.0 57.7 57.0 55.0 53.5 54.7

Al203 17.8 18.3 18.0 18.2 18.0 16.1

FeO 10.4 6.5 6.8 7.2 8.8 10.3

CaO 8.3 7.7 7.5 8.2 8.1 8.2

MgO 3.9 3.0 3.0 4.3 3.7 3.0

0 .60 .99 1.10 1.03 .95 1.30

Na20 3.8 4.1 4.1 3,5 3.8 4.3

TiO2 1.70 .85 1.25 .97 1.33 .85

Total 98.50 99.14 98.75 98.40 98.18 98.82

1/4 Sec. 32, T. 10 S., R. 9E.

S. E. 1/4 Sec. 32, T. 10 S., R. 9 E.
309 Porphyritic olivine basaltic andesite: elevation 6,650 ft,

311 Porphyritic olivine basaltic andesite: elevation 5,200 ft,
S. W. 1/4 Sec. 32, T. 10 S., R. 9 E.

<17,77-0
326 Porphyritic olivine basaltic andesite: elevation 5-5-6-017 ft,



11 Fine-grained diktytaxitic olivine basalt: elevation 3,000 ft,
center Sec. 34, T. 11 S., R. 9 E. (analyzed and collected by
E. M. Taylor)

329 Coarse-grained cliktytaxitic olivine basaltic andesite: eleva-
tion 2,700 ft, N. W. 1/4 Sec. 2, T. 11 S R. 10 E.

352 Porphyritic, hypocrystalline basaltic andesite: Jefferson
Creek, elevation 3,000 ft, S. W. 1/4 Sec. 28, T. 11 S., R.
9E.

369 Fine-grained diktytaxitic olivine basaltic andesite: elevation
3,000 ft, N. E. 1/4 Sec. 9, T. 12 S., R. 9 E.

c 370 Fine-grained diktytaxitic olivine basalt: elevation 3,000 ft,
S. W. 1/4 Sec. 2, T. 12 S., R. 9 E.
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Appendix 5. Chemical analyses of Intracanyon Lavas.

Sample 11 329 352 369 370

Si02 50.5 52.4 55.1 52.3 50.0

Al203 16.3 14.6 17.5 17.4 16.4

FeO 10.7 11.7 7.8 10.0 10.6

CaO 10.1 9.3 8.0 8.8 9.6

MgO 7.8 7.5 4.8 5.1 6.6

K20 .34 .30 .90 .77 .40

Na20 2.8 2.9 3.7 3.5 3.2

TiO 1.56 1.32 1.15 1.15 1.27
2

Total 100.10 100.02 98.95 99.02 98.07




