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Formations exposed in the Gateway, Oregon area are the Oligocene

to early Miocene John Day Formation (JD), the middle Miocene Columbia

River Basalt Group (CRB), and the middle Miocene to early Pliocene

Deschutes Formation (DF). These units are largely the results of

volcanism, tectonic activity, and fluvial processes.

JD rocks are member I, the youngest of the formation, and are

the air-fall products of explosive volcanism in the ancient Cascades.

Hydration of the glass prior to burial rendered major element

chemistry useless in determining rock type. Pyrogenic mineralogy

indicates the original composition was andesitic.

Two Prineville chemical-type CRB flows crop out in the study

area. They cover an erosional surface developed during a period of

regional folding coincident with a lull in volcanic activity in the

Cascades. The flows are assigned to the N1 magnetic interval.
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They are separated by a discontinuous sedimentary interbed deposited

by a northeastward flowing stream. The lower flow has crystalline

colonnades and glassy entabulatures.

The lower DF, middle Miocene in age, is mostly a lacustrine

deposit. However, the presence of ash-flow and air-fall tuffs

indicates explosive volcanism in the Cascades. These units

dip up to six degrees southwest, as do the CRB flows, and form a

shallow southwest-plunging syncline. This syncline is a result of

uplift of the Blue Mountains and Mutton Mountains to the southeast

and northwest, respectively. All post-CRB major fluvial channels

have a southwest-northeast trend similar to that of the syncline.

The early Pliocene upper DF racks are fluvial deposits, lahars,

and basalt flows. The oldest unit dips about two degrees to the

southwest; dips decrease up section, reflecting continued uplift of

the Blue Mountain and Mutton Mountain anticlines. The lahars and

basalts followed channels of the ancient Deschutes River. Hot lahars

were highly fluidized and developed crude stratification and bedding.

Individual vents east of the Cascades were active for short

intervals of time and erupted basaltic lavas which do not display

signs of extensive differentiation. However, lithological variations

are reflected in major element chemistry. Diktytaxitic basalt is

higher in Al203 than more dense basalt, possibly as a result of

higher partial pressure of water during magma generation. Dense

basalt has greater Fe-enrichment because of lower oxygen fugacity

during magmatic crystallization. Plagioclase phyric basalt has

higher Al203 as a result of plagioclase accumulation.



The upper and lower OF may actually be two formations, based on

the angular discordance, erosive contact, difference in ages, and

contrasting paleoclimates. The older formation is informally named

the Lake Simtustus formation and includes the sedimentary interbed

within the CRB as the Pelton Dam member. However, the regional

extent of these differences must be determined before this

nomenclature can be proposed formally.

Quaternary deposits are alluvium, river terraces, landslides,

and a hornblende-bearing ash-flow tuff. They are exposed in the

present-day canyons.
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Geology of a Part of the Eagle Butte and
Gateway Quadrangles East of the Deschutes River,

Jefferson County, Oregon

INTRODUCTION

LOCATION AND PHYSIOGRAPHY

The area discussed in this thesis is located in Jefferson

County, Oregon (Figure 1 and Plate 2). Starting with the northern

boundary and proceeding clockwise, the boundaries of the study area

are: the Wasco-Jefferson county line (4.3 miles), 1210 west

longitude (5 miles), 440 north latitude (11 miles), and the

Deschutes River ("43.4 miles). The entire study area is situated in

the Gateway, Oregon, and Eagle Butte, Oregon, 7.5 minute quadrangles

and is about 38 square miles in area.

The climate is semiarid. Precipitation averages just over

10 inches per year, mostly in the form of snow during the winter

months. Temperatures range from -200 F to +1200 F, with an annual

average temperature of 480 F.

The area is characterized by mesas and steep-sided canyons.

The mesas named Agency Plains and Seattle Flat are capped by

resistant rimrock of the Deschutes Formation. The broad valley in

which the town of Gateway is located was formed by streams eroding

the poorly consolidated Deschutes Formation where it was not

protected by rimrock.

Field work was enhanced by easy access on primary, secondary,

and private dirt roads. Minimal vegetative cover, and good exposures

in the canyons and road cuts also augmented field study.
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Altitudes range from 1,320 feet in the northwest to 2,480 feet

in the southeast, for a maximum of 1,160 feet of relief.

Major cash crops in the area are wheat, mint, and cattle. The

arable acreage is found on Agency Plains, Seattle Flat, Trout Creek

valley, and the broad valley where the town of Gateway is located.

Irrigation is utilized extensively to increase production.

Creeks fed by runoff are commonly lined with cottonwood and

tall grass. Where water is more scarce, away from the rivers and

influence of irrigation, the countryside is covered with grass,

sagebrush, and sparse juniper trees.

GENERAL GEOLOGY, PREVIOUS AND CURRENT WORK

The geology of this region was first studied by Russell in

1905. He reported three distinctive formations exposed in this area.

In order of decreasing age they are (1) the John Day Formation,

(2) the Columbia River lavas, and (3) the Deschutes sands.

Subsequent work has resulted in a greater understanding of the

geology and a more complex nomenclature.

The John Day Formation has been divided into "facie (Woodburn

and Robinson, 1977). It has also been divided into members (Fisher

and Rensberg, 1972; Peck, 1964). Some members cross 'facies"

boundaries (Robinson and Brem, 1981).

The Columbia River lavas are now referred to as the Columbia

River Basalt Group (Swanson et al., 1979). An elaborate stratigraphy

has been created for these basalts, based on field relationships,

petrography, chemistry, and magnetic polarity. They crop out over

a large part of Washington, Oregon, and Idaho.
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The Deschutes sands have been referred to as the Madras

Formation (Hewitt, 1970; Hodge, 1928, 1940; Robinson and Stensland,

1979; Williams, 1957); The Dalles Formation (Hodge, 1942; Robinson,

1975; Robison and Laenen, 1976; Waters, 1968); and the Deschutes

Formation (Chaney, 1938; Farooqui et al., 1981; Jay, 1982;

Peterson et al., 1976; Russell, 1905; Stearns, 1930; Taylor, 1980).

This report will use the name Deschutes Formation because of

historical precedence and to comply with an attempt to standardize

the nomenclature of the correlative basin sequences of north-central

Oregon (Farooqui et al., 1981).

The Deschutes Formation is composed of silt, sand, gravel,

intermediate to siliceous ash-flow and air-fall tuffs, and lava flows

of intermediate to mafic character. The lava flows have several

sources. The intermediate and some of the basaltic flows had a

source in the ancient Cascades, and flows from there are exposed

west of the Deschutes River (Conrey, 1982; Dill, 1982; Wendland,

1982). The remaining basalt flows erupted from cinder cones and

fissures within the Deschutes Basin (Taylor, 1980) and from shield

volcanoes east of the basin (Peck, 1964; Taylor, 1982). Volca-

niclastic and epiclastic rocks are chiefly of Cascades provenance.

Lesser amounts of sediment were derived from the Ochoco Mountains

and the Blue Mountains.

The ash-flow tuffs of the Deschutes Formation are most abundant

east of the Green Ridge Fault. This fault forms the eastern edge of

the graben in which the central High Cascades are located (Taylor,

1981). The displacement on the fault is over 2,300 feet (Hales,



1975). To the north the displacement decreases (Conrey, 1982;

Wendland, 1982) with no displacement observed along strike north of

the Metolius River (Yogodzinski, 1982). This indicates that the

tensional stress which caused the Green Ridge Fault to develop

decreased northward. The diminishing stress is also implied by the

northward decreasing number of ash-flow tuffs, which generally have

a source at a tensional structure (Smith, 1960).

The sediments of the Deschutes Formation record a change from

a predominately sedimentary depositional environment in the south

to a down-cutting stream in the north (Smith, 1982). The transition

from an aggrading stream to a degrading stream was in the vicinity

of Lake Simtustus. This change results from a northward decrease

in sediment supply from the ancient Cascades and channel incision

caused by uplift in the northern part of the basin.

The Deschutes Formation is generally flat lying (Hewitt, 1970;

Taylor, 1980). However, a broad syncline is found in the Gateway

area. This structure is related to uplift of the Mutton Mountain

and Blue Mountain anticlines. An east-dipping reverse fault with

an offset of several feet is located in a road cut of U.S. Route q7,

just south of the study area. Other deformation of the Deschutes

Formation discussed in the existing literature is restricted to

north-northwest-trending normal faults of the Brothers-Sisters Fault

Zone (Taylor, 1980).

PURPOSE, PROCEDURES, AND METHODS

The intent of this work is to compile a detailed geologic map

of the area around Gateway, Oregon. Emphasis is placed on the
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stratigraphy of the Deschutes Formation, as well as the provenance,

distribution, and petrology of the volcanic rocks of the formation.

Contact relationships and chemistry of the Quaternary deposits,

Columbia River Basalt Group, and John Day Formation rocks exposed

in the area are also examined.

Geologic contacts and sample locations were recorded directly

on 7.5 minute topographic quadrangles. USGS 7.5 minute advance

print orthophotos also were utilized to assist in recording data

accurately on the topographic maps.

In the field, oriented hand samples of basalt flows and ash-flow

tuffs were collected. These samples were used to determine magnetic

polarity with a fluxgate magnetometer.

The basalt flows were analyzed chemically and petrographically

to resolve major element composition, mineralogy, and texture.

Michel-Levy, "A" normal, and Carl sbad-albite methods were employed

to determine plagioclase compositions. Polished sections of some

of the basalt flows were prepared to study opaque mineralogy and

texture. Major element chemistry was determined by X-ray fluores-

cence spectrometry for Si02, Al203, FeO (total iron, hereafter

referred to as FeO*), CaO, K20, and Ti02. Atomic absorption

spectrophotometry was employed to determine MgO and Na20. Some

analyses list MnO and P205 in addition to the eight oxides listed

above. Analyses of these samples were performed using X-ray

fluorescence in Dr. Peter Hooper's laboratory at Washington State

University. Duplicate analyses at Oregon State University show very
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good agreement between the two laboratories (Table 1). All analyses

were performed on anhydrous powdered samples.

Pumice samples collected from the ash-flow and air-fall tuffs

were analyzed for major element chemistry and plagioclase phenocryst

composition. Major elements were determined by the same procedure

as was applied to the basalts. Plagioclase composition were

ascertained by determining the indices of refraction of fused

plagioclase crystals (Deer et al., 1966).

In this report the weight percent silica which divides basalt

and basaltic andesite, basaltic andesite and andesite, andesite and

dacite, and dacite and rhyodacite is 53.0, 58.0, 63.0, and 68.0,

respectively. Rhyolite is differentiated from rhyodacite by having

greater than 4.0 weight percent K20 (Taylor, 1978).

7



Table 1. Chemical analyses of John Day Formation air-fall tuff and Prineville
chemical-type Columbia River Basalt.

1Analysis performed at Washington State University.
*Total iron

16 - John Day Formation air-fall tuff exposed northeast of Mecca,
SE 1/4 NE 1/4 sec.20 T.9S R.13E.

32 - Sample of lower flow colonnade collected NE 1/4 NE 1/4 sec.14 T.9S R.13E.
33 - Sample of lower flow entabulature same location as sample 32.
58 - Sample of upper flow collected at NE 1/4 NE 1/4 sec.10 T.9S R.14E.
PCT - Prineville chemical-type average from Uppiluri (1974).

SiO2 Al203 TiO2
FeO* CaO MgO

K20 Na2 0 P205 MnO Total

69.2 16.5 0.37 3.5 1.9 0.9 4.32 1.9 98.59

52.00 14.80 2.70 11.79 7.86 4.42 1.76 3.03 1.20 0.23 99.99

52.8 14.0 2.75 12.3 7.8 4.3 1.72 3.7 -- -- 99.37

52.04 15.21 2.72 12.11 7.77 4.06 1.78 2.67 1.20 0.24 100.00

51.7 13.6 2.80 12.6 7.8 4.0 1.67 3.7 -- -- 97.87

50.54 13.59 2.66 12.04 7.96 4.35 1.98 3.29 1.36 0.24 98.01

Oxide:

Sample

16

321

32

331

58

PCT



JOHN DAY FORMATION (Tjd)

Rocks of the John Day Formation are widespread in north-central

Oregon. They are composed of rhyolite domes and flows, rhyolitic

ash-flow tuffs, tuffaceous sediments, dacitic to andesitic air-fall

tuffs, alkali basalts, and trachyandesites (Robinson and Brem, 1981).

The age of the John Day Formation is 36 my (late Oligocene) (Peck,

1964; Woodburne and Robinson, 1977) to 18 my (early Miocene)

(Woodburne and Robinson, 1977).

The John Day Formation is found in three geographically

distinct regions which have been designated the eastern, southern,

and western "facies" (Woodburne and Robinson, 1977). The eastern

"facies" crops out east of the Blue Mountain uplift. It has been

divided into four members (Fisher and Rensberg, 1972) and contains

the Picture Gorge Ignimbrite. The southern "facies" is exposed along

the south flank of the Ochoco Mountains. Reconnaissance studies

indicate that this sequence is similar to the eastern "facies" and

contains two prominent ash flows (Robinson and Brem, 1981). The

western "facies" is found west of the Blue Mountain uplift and east

of the Cascade Mountains. This "facies" has been divided into nine

members (A to I), primarily on the basis of distinctive ledge-forming

ash-flow tuffs (Peck, 1964).

There are two sources for the pyroclastic rocks of the John Day

Formation. Alkali-rich rhyolitic ash flows were erupted from vents

between the Blue Mountain uplift and the Cascade Range. Simulta-

neously, volcanoes in the vicinity of the present-day Cascades were
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erupting dacite and andesitic pyroclastic material, which was

deposited in the John Day Basin as air-fall tuffs (Robinson and Brem,

1981).

The John Day Formation exposed in the study area is member I

of the western "facies," the youngest unit of the formation. The

dominant lithologies are light grey to light brown air-fall tuffs

and tuffaceous sediments. This formation is generally covered with

talus or vegetation. The few good exposures contain beds which

dip towards a synclinal axis located near the eastern edge of

Agency Plains. Paleotopography on the John Day surface had over

700 feet of relief. The thickness of this formation is not known

in this study area because its base is not exposed, but it is over

2,600 feet thick at other localities (Robinson and Brem, 1981).

Zeolitization and hydration of the John Day Formation tuffs are

extensive (Hay, 1963). The lower part of member I is zeolitized;

the upper 150 to 300 feet are still glassy but hydrated (Robinson and

Brem, 1981). This alteration has modified the major element

chemistry of the tuffs in such a way that units initially rhyolitic

to andesitic in composition now have similar major element chemis-

tries (Hay, 1963). The initial composition of John Day tuffs can

only be inferred from pyrogenic mineralogy (Robinson and Brem, 1981).

An air-fall tuff sample collected from northeast of Mecca was

studied to determine the type of alteration in the Gateway area.

The major element chemistry (Table 1) is rhyodacitic with a high

potassium content. An X-ray diffraction pattern shows no peaks for

zeolites, indicating that alteration is restricted to the effects

10



of hydration. The crystals occurring in the tuff are plagioclase

(An36) and minor quartz. This tuff was probably originally of

dacitic to andesitic composition, based on the crystal content.

11



COLUMBIA RIVER BASALT GROUP (Tcr)

The Columbia River Basalt Group comprises a tholeiitic flood

basalt provenance of large areal extent (2 x 105 km2) and volume

(2 x 105 km3) (Waters, 1962). The age of the basalt flows ranges

from about 17 to 6 my, with most of the eruptions having taken place

between 17 and 14 my ago (McKee et al., 1977). The flood basalts of

the Columbia River Basalt Group were erupted through dikes.

STRATIGRAPH1C RELATIONSHIPS

In the study area there are two Columbia River Basalt Group

flows. They also have been mapped to the south (Jay, 1982) and

to the west (Smith, 1982). They unconformably overlie the John Day

Formation. In landslide scarps where the contacts are well-exposed,

baked soil horizons are present. The total thickness of the basalt

flows varies from 40 feet to over 600 feet. This variation in

thickness is a result of paleorelief developed on the surface of the

John Day Formation. Plate 1 shows the valley-filling nature of these

flows.

These two basalt flows are separated by a discontinuous sedi-

mentary interbed which, up to 60 feet thick, consists of tuffaceous

and basaltic silts, sands, and gravels. Cross-bedding (Figure 2) and

graded bedding are common in the interbed. Flow direction determined

from the cross-bedding was to the northeast. A green opaline

secondary material is commonly associated with this interbed.

The sediments commonly are covered by talus or soil. However,

12
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mapping the interbed in soil-covered areas was facilitated by the

presence of the green material in the soil.

The two Columbia River Basalt flows which crop out in the study

area are of the Prineville chemical-type (Table 1) and have normal

magnetic polarity. Prineville chemical-type flows are distinctive

because of their high P205 and Ba contents (Uppiluri, 1974).

In thin section, the high phosphorous is reflected by ubiquitous

apatite needles.

Prineville chemical-type flows have been identified at several

other localities in northwestern Oregon. The type section is at

Prineville Dam, where 13 flows are exposed. These flows all have

reversed magnetic polarity except for the lowermost flow, which

has normal magnetic polarity (Uppiluri, 1974). On the Warm Springs

Indian Reservation the two normal polarity flows found in the study

area crop out and are overlain by a Prineville-type flow of reversed

polarity (Smith, 1982). A Prineville chemical-type flow has been

identified on Tygh Ridge 40 miles north of Madras (Nathan and

Fruchter, 1974). It is assigned to the N2 magnetic polarity interval

because Nathan and Fruchter (1974) describe it as being in the normal

magnetic interval where the Grande Ronde basalt changes from the

low-Mg chemical-type member to the the high-Mg chemical-type member

(Figure 3). A Prineville chemical-type flow also has been identified

along Butte Creek 40 miles north of Madras (Nathan and Fruchter,

1974). This flow is assigned to the N2 magnetic interval

because Nathan and Fruchter (1974) indicate it is in the normal

polarity interval above the Picture Gorge Basalt (Figure 3).
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'After Swanson et al.(1979);2From McKee et al. (1977); 3 From Beeson
et al. (1979); 4 G. Smith (personal communication,1982);5D.Thormahlen
(personal communication, 1982).
Figure 3. Correlation diagram of Prineville chemical-type

Columbia River Basalt flows in north-central and
northwestern Oregon.
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The flows at these last two locations are interlayered with low-Mg

Grande Ronde flows and are included in the Grande Ronde stratigraphy;

however, they may be further subdivided in the future (Swanson

et al., 1979). Recent mapping in the Grizzly Mountain area west of

Prineville has established the presence of one Prineville-type

flow. The magnetic polarity of this unit is normal (Thormahlen,

1982). Lithologically and petrographically this flow is identical

to the lower flow exposed in this study area. In western Oregon,

Prineville chemical-type flows have been identified in a drill hole

on Old Maid Flat west of Mount Hood and in the Clackamas River

drainage. These flows are assigned to the N2 and R2 magnetic

polarity intervals respectively (Beeson et al., 1979).

Assuming Prineville-type flows are interlayered only with low-Mg

Grande Ronde basalt, as present knowledge suggests, the three flows

on the Warm Springs Indian Reservation straddle the N1-R2 magnetic

polarity reversal (Figure 3), the only normal-reverse transition in

the low-Mg Grande Ronde Basalt. This same reasoning can be applied

to the flows at Prineville Dam. The two flows in the study area can

be correlated with the lowermost flow of this locality. The lower

flow in the study area can also be correlated with the Grizzly

Mountain flow based on magnetic polarity, lithology, and petrography.

SOURCE VENTS

The fissures from which the Prineville chemical-type flows

were erupted have not been found; however, the literature does

contain some speculation about the source. Central Oregon is

suggested by Nathan and Fruchter (1974) because of the distribution
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of outcrops. Beeson et al. (1979) propose a more specific source.

They speculate that the source is in the Prineville area, with the

flows spreading north and northwest. A more precise source location

must wait until a dike or dikes of this basalt are identified.

LITHOLOGY AND PETROGRAPHY

Both Columbia River Basalt flows display a moderately

well-developed lower colonnade-entablature-upper colonnade jointing

pattern in cross section. On slopes the upper flow commonly weathers

to two benches which readily may be mistaken for two separate flows.

This flow also displays a top breccia of variable thickness.

The colonnades of the lower flow are medium dark grey on

a fresh surface and have an aphanitic texture. They weather to

a dark yellowish brown. The entablature of this flow is

characterized by a black color, aphanitic texture, and

brickbat jointing pattern (Figure 4).

Colonnades of the lower basalt flow are microporphyritic.

Plagioclase laths (An50) are up to 1.5 mm long. The groundmass is

composed of tachylyte, subhedral to anhedral magnetite up to 0.6 mm

across, anhedral olivine commonly altered to iddingsite, and inter-

sertal clinopyroxene. Needles of apatite are ubiquitous (Figure 5).

The entablature of this flow is chemically identical to the

colonnade (Table 1). However, it is much more glassy in thin

section. It is composed mostly of tachylyte; minor amounts of

plagioclase, olivine, clinopyroxene, apatite needles, and opaque

minerals also are present (Figure 6).
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Figure 5. Photomicrograph of sample from colonnade of lower
Columbia River Basalt. Note the needles of apatite and
brown tachylyte. Field of view in (a) and (b) is about
4.0 mm: (a) plane light, (b) crossed nicols. Field of
view in (c) is about 1.2 mm, plane light.
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The upper Columbia River Basalt is medium dark grey on

fresh surfaces and a brownish grey on weathered surfaces. It has an

aphyric texture in hand sample. In thin section it is equigranular,

with all grains being under 1 mm in size (Figure 7). Normally zoned

subhedral to anhedral plagioclase make up the majority of the rock.

Clinooyroxene is equant in shape and anhedral. Apatite occurs as

needles and stubby crystals. The tachylyte commonly is altered.

Opaque mineral phases are subhedral to anhedral.
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Figure 7. Photomicrograph of sample from upper Columbia River Basalt
flow. Note equigranular texture. Compare with Figure 5.
Field of view in (a) and (b) is about 4.0 mm: (a) plane
light, (b) crossed nicols. Field of view in (c) is about
1.2 mm, plane light.
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DESCHUTES FORMATION (Td)

The Deschutes Formation of north central Oregon was laid down

during the Miocene and Pliocene (15 mya to 5 mya) (Armstrong et al.,

1975; Bunker et al., 1982; Cavender and Miller, 1972; Chaney, 1938;

Downs, 1956; Hewitt, 1970). In the study area, it overlies flows

of the Columbia River Basalt Group and is composed of silt- to small

boulder-size fluvial sediment, ashy lacustrine deposits, hot and

cold lahars, a rhyodacitic ash-flow tuff, and basalt flows.

In the study area a lower and upper Deschutes Formation can be

identified. The lower unit is predominantly lacustrine sediments.

The upper unit is composed of fluvial sediment, lahars, and basalt

flows. The contact between the lower and upper Deschutes Formation

is sharp and irregular (Figure 8). Lithic clasts and transported

mammalian fossils of the lower Deschutes Formation are included in

the upper Deschutes Formation (Cavender and Miller, 1972).

LOWER DESCHUTES FORMATION

The lower Deschutes Formation is composed of lacustrine

sediments, air-fall tuffs, a rhyodacitic ash-flow tuff, a hot lahar,

and a diatomite bed. These units, excluding the diatomite bed,

are made up of tuffaceous material generated by concurrent explosive

volcanism in the ancient Cascades and possibly erosion of poorly

indurated rock of the John Day Formation. The lower Deschutes

Formation forms gentle slopes and is covered by vegetation on

north facing slopes. Slopes facing due south have minimal
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vegetative cover, probably as a result of intense summer sun

and innumerable freeze-thaw cycles causing soil creep which

retards the growth of vegetation.

Lower Deschutes Formation mammalian fossils collected from the

small hill about a mile southeast of Gateway are of middle to late

Miocene age (Downs, 1956). Plant fossils collected from the lower

Deschutes Formation in the area indicate the climate was charac-

terized by mild winters and wet summers (Downs, 1956).

Lacustrine Sediments

Lacustrine deposits are light brown and light grey tuffaceous

fine sand and silt. Minor amounts of lapilli pumice also are

present. Other important features of these sediments are the diato-

mite bed on Gateway Grade, clastic dikes, and accretionary lapilli

in the small hill southeast of Gateway. Post-depositional dewatering

of the sediment and hydration of glass particles have destroyed the

fine laminations commonly observed in lacustrine deposits.

Ash-flow Tuff (Tda)

The ash-flow tuff crops out on the small hill southeast of

Gateway where Downs (1956) collected some of his mammalian fossils.

The ash flow is light grey in color and four to eight feet thick

(Figure 9). Subrounded white pumice fragments up to four inches

across are randomly distributed throughout this unit. There is

a slight enrichment of pumice at the top of the flow. Lithic

fragments are small, less than a quarter of an inch across. At

the base of the flow there are small well-sorted, discontinuous

sand lenses. Small pipes which contain sand-size particles are
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very abundant above these sand lenses. These pipes probably

represent the passageways through which hot gases escaped after the

ash flow came to rest.

Chemical analysis of the pumice (Table 2) yields a rhyodacitic

composition. Sodium and potassium contents are indicative of a

Cascade provenance. Plagioclase phenocrysts have a composition

of An40. The only other crystals present in the pumice are

clinooyroxene and magnetite.

LaMar (Td1h1)

This lahar is a hot lahar. Lahars are discussed in more

detail later. The lahar of the lower Deschutes Formation crops

out in the same hill as the ash-flow tuff described above and in

the slopes west of the hill. Downs (1956) collected many of his

mammalian fossils from below this unit. He described it as a

"prominent dark grey layer of hard sandy to pebbly brecciated

tuff(?)." This is an accurate general description. The lahar

is poorly stratified, poorly sorted, and has a flat top. Matrix

supported clasts are angular to subangular in shape and generally

less than two inches in diameter. Common clast lithologies are

black vitrophere fragments and black or red scoria. Small rounded

pumice fragments are rare. The matrix is ground glass. No cement

is visible in hand sample or in thin section. Megascopic crystals

of plagioclase, oyroxene, and olivine also are common.

The base of the lahar is generally flat; however, several

exposures display intercalation of the lacustrine sediments and

the lahar (Figure 10). This is thought to represent the base of
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Table 2. Chemical analyses of Deschutes Formation volcanic rocks
and Quaternary pyroclastic units.

Oxide Si02 Al203 TiO2 FeO* CaO MgO K20 Na20 Total

Sample

153 69.3 15.1 0.61 3.5 2.8 2.9 2.51 2.8 99.55

39 48.1 15.9 1.63 11.2 9.5 8.0 0.50 2.9 97.76

Pelton 49.4 15.8 1.85 12.0 9.7 7.4 0.76 3.4 100.31

26 52.0 17.2 1.63 10.2 8.7 5.1 1.03 4.1 100.00

11 50.6 13.8 2.59 13.9 9.0 4.9 0.70 4.0 99.53

111 51.9 13.8 2.46 13.4 8.9 4.7 0.69 3.8 99.63

137 50.5 15.7 3.22 11.1 8.8 6.8 0.48 3.4 100.02

176 51.6 13.7 3.21 10.67 8.72 6.26 0.24 3.10 97.50

GS-11 70.2 15.1 0.42 2.67 2.40 0.90 2.23 4.36 98.28

GS-21 72.7 14.8 0.28 2.03 2.13 0.60 2.22 4.65 99.41

1Samples collected by Gary Smith during 1982 field season.
*Total iron

6 153 - Pumice from ash-flow tuff of lower Deschutes Formation
NW 1/4 NW 1/4 seo.28 T.95 R.14E.

39 - Clark Drive basalt collected in NE 1/4 SW 1/4 sec.29
2/G.

1.95 R.14E.
Pelton - Average of Jay (1982).

65 26 - Seekseequa basalt SE 1/4 SE 1/4 sec.16 T.95 R.13E.
F., 11 - Agency Plains basalt sample collected from exposures east

of Mecca, SE 1/4 NW 1/4 sec.29 TG.95 R.13E. -zzeo,
111 - Agency Plains basalt sample collected from exposures at

SE 1/4 NW 1/4 sec .8 T.9S R.14E.
137 - Seattle Flat basalt collected south of U.S. 97, SW 1/4

SW 1/4 sec.25 T.95 R.14E.
176 - Seattle Flat basalt collected from exposures SE 1/4 NW 1/4

sec.6 T.105 R15E, Teller Butte Quadrangle.
GS-1 - Sample of pumice from Quaternary intracanyon ash-flow tuff

NE 1/4 NW 1/4 sec.13 T.105 R.13E.
GS-2 - Sample of Quaternary air-fall tuff exposed on Vanora Grade,

NE 1/4 NE 1/4 sec.7 T.105 R.13E.
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clastic dikes which were formed by the lacustrine sediments becoming

mobilized after rapid loading by the lahar. Subsequent erosion has

removed the upper parts of the dike, but the base remains.

This unit is the only unit in the lower Deschutes Formation

which can be correlated beyond the small hill. It dips five to six

degrees to the southwest. This is the same dip as the Columbia River

Basalt Group flows in the study area.

UPPER DESCHUTES FORMATION

The upper Deschutes Formation is composed of fluvial sediments,

hot and cold lahars, and basalt flows. The hot lahars and basalt

flows are very resistant to erosion and form cliffs. Fluvial

sediments and cold lahars are generally exposed only where protected

by overlying resistant units or in man-made exposures.

Fossils collected from near the base of the upper Deschutes

Formation on Gateway Grade, southwest of Gateway, are of early

Pliocene age (Cavender and Miller, 1972). Plant fossils collected

from a mudflow on Vanora Grade south of the study area yield a

similar age and indicate a cooler, drier climate than lower Deschutes

time with slightly more precipitation than there is today (Chaney,

1938).

The dips of units in the upper Deschutes Formation change

systematically up-section. The oldest units dip one to two degrees

to the southwest. Units in mid-section dip only very slightly to

the southwest, and the rim-forming basalts dip slightly northward;

this may represent the original orientation of the basalts. This

up-section variation in dip probably reflects uplift of the Mutton
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Mountain Anticline to the northwest and the Blue Mountain Anticline

to the southeast. The uplift of these anticlines is probably related

to the uplift in the northern Deschutes basin, rather than the

absolute subsidence of the Deschutes basin.

Fluvial Sediments

The upper Deschutes Formation fluvial sediments are composed of

channel lag gravel and sand deposits (Figure 11). They have three

distinct provinces: the ancient Cascades, the Ochoco Mountains,

and poorly indurated rocks within the Deschutes basin. Sediments

derived from the ancient Cascades are composed primarily of basaltic

to andesitic clasts. They were deposited by streams which flowed

through the area now occupied by Agency Plains. The deposits are

well to moderately well-sorted with sub-rounded to well-rounded

clasts ranging in size from fine sand to cobbles (four inches

in diameter). Sediments from the Ochoco Mountains were deposited by

westerly to northwestly flowing streams. These deposits are found

east of the Agency Plains rimrock and are composed of clasts derived

from the John Day Formation. They are poorly sorted and cross-bedded

(Figure 12) with angular to subangular clasts ranging in size from

sand up to small boulders (three feet in diameter). Sediments

derived from within the Deschutes basin are reworked, poorly

indurated tuffaceous material. They are poorly sorted and composed

of grey to brown ash and rounded lapilli-sized pumice, locally

grading upwards into fluvial sand. Source formations are the

Deschutes and John Day formations.
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(a)

Figure 11. Cascade province fluvial sediments below the Seekseequa
basalt. Photographs show (a) imbricated river gravels
and (b) sandy channel deposits.
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Figure 11 continued.
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Figure 12. Upper Deschutes Formation fluvial sediments derived
from the Ochoco Mountains. Photograph taken on Gateway
Grade southwest of Gateway. This is the quarry where
Smilodonichthys Rastrosus (Cavender and Miller, 1972)
was recovered. Compared with Figure 9.
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Basalt Interbeds

Two basalt interbeds exposed in the study area are the

Clark Drive basalt and the Seekseequa basalt. The Clark Drive

basalt crops out south of Gateway. The Seekseequa basalt crops out

in the cliffs east of the Deschutes River.

CLARK DRIVE BASALT (Tdp). The Clark Drive basalt is informally

named after the road which extends south from Gateway and ascends

the slopes below the basalt. This basalt is underlain by sediment of

the lower and upper Deschutes Formation and overlain by fluvial

sediments of the upper Deschutes Formation. To the south of the

study area this basalt is covered by the slopes of Agency Plains.

Lithology and Petrography. The Clark Drive basalt forms cliffs

up to 50 feet high and has been partially exhumed to form a low rim

south of Gateway. Jointing in the Clark Drive basalt is very

irregular and flow top breccia is common. Flattened vesicles are

very abundant in the upper portion of the flow. Large blocks up to

20 feet in diameter are commonly rotated slightly, making sampling

for magnetic polarity determination difficult. This flow has a

normal magnetic polarity.

The Clark Drive basalt is dark grey and has a diktytaxitic

texture. Plagioclase laths up to 2 mm in length and olivine crystals

up to 1.0 mm in diameter are present and visible in hand sample.

Thin sections display plagioclase laths with An65_70 compositions

and anhedral to subhedral olivine phenocrysts; smaller anhedral

olivine is also interstitial. Olivine of both occurrences is

commonly altered to iddingsite. Augite is pale brown and occurs
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both subophitically and interstitially. The subophitic angite

is up to 1 mm in length; whereas, interstitial grains are much

smaller (Figure 13).

Stratigraphic Relationships. The Clark Drive basalt is

stratigraphially equivalent to the Pelton basalts which have been

studied by Hewitt (1970) and Jay (1982). In the Gateway area the

Clark Drive basalt overlies the lower Deschutes Formation.

Exposures south of the study area in Mud Springs Creek valley show

the Clark Drive basalt to be stratigraphically below an ash-flow

tuff tentatively identified as the Chinook tuff by Smith (1982).

In Jay's (1982) map area, the Pelton basalt lies above sediment

which is lithologically identical to the lower Deschutes Formation

and below the Chinook tuff (Smith, 1982). Further evidence for

the equivalence of these two basalts is that extrapolation of

the southwesterly dip of the Clark Drive basalt to Campbell Canyon

in Jay's (1982) map area, intersects the altitude at which the

Pelton basalts crop out.

There are also petrographic and chemical similarities between

the Clark Drive and Pelton basalts. Petrographic examination shows

that they both contain pale brown subophitic and interstitial augite;

olivine crystals of similar size, shape, and occurrence; and

similar plagioclase compositions. The major oxide compositions

of these units are compared in Table 2. The differences in

weight percent oxide are all within analytical error.

On the basis of stratigraphic position, petrography, and

chemistry, the Clark Drive basalt and the Pelton basalts are
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Figure 13. Photomicrograph of sample of the Clark Drive basalt.
Note the large olivine phenocryst which is partially
altered to iddingsite and the subophitic augite. Field
of view is about 4.0 mm: (a) plane light, (b) crossed
nicols.
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indistinguishable, which suggests that the Clark Drive basalt

should be considered a northern extention of the Pelton basalt member

of the Deschutes Formation.

Source Vent. The vent from which the Clark Drive and Pel on

basalts were erupted has not been identified (Hewitt, 1970;

Jay, 1982); however, the greater thickness and increased number of

flows of this unit to the south of the study area indicate that the

vent is in that region. Present known exposures suggest the vent may

be under the area now covered by the Agency Plains basalt, but

evidence is inconclusive.

SEEKSEEQUA BASALT (Tdb). The Seekseequa basalt is informally

named for its excellent exposures at Seekseequa Junction on the

Warm Springs Indian Reservation (Smith, 1982). This flow has

also been identified by Jay (1982) on the east side of the Deschutes

River to the south near Round Butte Dam and on the west side of the

river north of the dam. In the Gateway area it is exposed along the

Deschutes River.

Lithology and Petrography. Outcrops are characterized by

well-developed columnar jointing with columns up to six feet in

diameter, a dark grey color on fresh surfaces, plagioclase

glomerophenocrysts as large as 10 mm in length, and megascopic

olivine.

The porphyritic character of this flow is well-exhibited

in thin section (Figure 14). Plagioclase glomerophenocrysts

are composed of euhedral to anhedral crystals. Euhedral crystals

commonly display normal zoning with outer zone compositions of
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Figure 14. Photomicrograph of plagioclase phenocrysts and
groundmass of Seekseequa basalt. Note the resorbed
margin on the anhedral plagioclase phenocryst. Field
of view is about 4.0 mm, crossed nicols.
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An53_57 and inner zone compositions as calcic as An85. Some of

these euhedral crystals have unzoned cores with compositions of

An75_79. Inclusions of opaques, glass, and apatite occur

along cleavage traces and in some zones of the plagioclase.

The anhedral plagioclase crystals (An38 _42) commonly display

corroded and embayed margins and may be xenocrysts. Olivine

phenocrysts are subhedral to anhedral and comprise three percent

of the rock. The matrix of this lava flow is composed of plagioclase

laths (An53_57); equant anhedral augite; a lesser amount of olivine,

opaque minerals, and glass; and apatite in small euhedral crystals.

Stratigraphic Relationships. The distribution of exposures and

ubiquitous underlying fluvial sediments indicate that this basalt

flow followed a stream channel as it moved downslope (Plate 3).

Paleocurrent directions obtained from these sediments is northeast-

ward, suggesting that the basalt originated to the south or southwest

and flowed to the northeast. The flow is now dipping slightly south-

westward (less than 40 feet/mile) as a result of uplift and tilting

of the region.

Lahars of the Deschutes Formation

GENERAL DISCUSSION. Lahars are mixtures of volcaniclastic

materials and water deposited on land. They may be hot or cold

and need not be related to a specific volcanic eruption. The area

covered by a lahar or a series of lahars is as great as 30,000 square

kilometers (Williams and McBirney, 1979). Lahars may result from

eruption of volcanic debris mixing with water, or from heavy
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precipitation causing slopes of volcanic materials to become

unstable (Williams and Mairney, 1979).

Lahars frequently are confined to valleys in regions of high

relief and they spread out in broad sheets in areas of low

relief (Macdonald, 1972). Movement is laminar or turbulent

(Fisher, 1971). Lahars which were very fluid may display normal

or reverse graded bedding (Reineck and Singh, 1980), indicating that

flow was turbulent. Lajoie (1979) suggests this bedding may result

from deposition from turbulent suspensions rather than by lahars.

Reverse graded bedding may also result from a decrease in shear

stress upwards in the flow, causing larger clasts to be concentrated

towards the top of the lahar (Schmincke, 1967). Lahars advance by

lobes overriding one another and become better sorted, finer grained,

and more stratified away from the source (Fisher, 1971; Lajoie,

1979). They have little or no erosive power on low gradients.

Upon coming rest, the front and sides are steep (Fisher, 1971) with

debris piled up in these areas (Gorschkov, 1959). Tops of lahars

tend to flat lying, especially where they form sheets (Crandell

and Waldron, 1956).

Hot and warm lahars solidify rapidly and become well-indurated

after water is lost (Williams and McBirney, 1979). Close inspection

of lahars reveals a heterogeneous assortment of clasts in a matrix of

silt- and clay-size material (Mullineaux and Crandell, 1962). Some

lahars contain euhedral crystals (Crandell, 1957); pumiceous

fragments are rare (Mullineaux and Crandell, 1962).
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There are many similarities between lahars and oyroclastic

flows. Both are characteristically unstratified, unsorted, and

deposited at low initial dips (Williams and McBirney, 1979).

The resemblance is even greater if the lahar was hot at the time

of deposition. Hot lahars sometimes display signs of fumarolic

activity and contain fragments of charred wood as do oyroclastic

flows (Williams and McBirney, 1979). If its temperature at the time

of deposition was above' the Curie point, a lahar will exhibit a

strong paleointensity of magnetization (Lock, 1978), which is also

a common characteristic of oyroclastic flows.

Content and composition of fragments are the criteria used to

distinguish lahars from pyroclastic flows. Lahars generally have

a higher lithic fragment content and lower pumiceous fragment content

than oyroclastic flows (Locke, 1978). Fragment compositions of

lahars tends to be more heterogeneous than those of oyroclastic flows

(Williams and McBirney, 1979).

HOT LAHARS (Tdlh2). The hot lahars of upper Deschutes

Formation are exposed in the study area below Agency Plains

rim-forming basalt. The lahars are mapable as two distinct units.

In exposures where both units crop out, they are separated by fluvial

sediments, a cold lahar, or the Seekseequa basalt.

The lower of the two lahars is five to 20 feet thick and

comprised of a single lobe. It overlies fluvial sediments deposited

by northeast flowing streams. Outcrop patterns indicate this unit

was confined to channels and did not form sheets.
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The upper lahar is made up of several flat-topped lobes or flow

units. Cliffs east of Mecca (southwest corner of study area;

Figure 15) reveal six distinct lobes ranging in thickness from eight

to 40 feet and separated by thin sandy basal beds. Contacts between

lobes are nonerosive. Jay (1982) recognized these six lobes as

discrete mapable units in his map area to the south. However, they

are considered in this report to be one unit because they always

crop out together along paleochannel axes and are lithologically

identical.

The distribution of these lahars is a result of the flow

being channelized into two primary fluvial channels, one on each

of the east and west sides of Agency Plains (Plate 3). Fluvial

sediments below the lahar indicate a northeastly flow direction.

Lithology and Petrography. The hot lahars in this study area

are nearly identical in lithology and petrography and are described

together in this section. In outcrop the hot lahars are grey,

poorly stratified, and very well-indurated. Normal and reverse

graded bedding is very common with beds ranging in thickness from

several inches to tens of feet (Figure 16). Clasts are generally

angular to subangular and comprise 40 to 90 percent of the unit.

The lower lahar contains clasts mostly under half a foot in diameter.

The largest clasts are up to two feet in diameter. Clasts in the

upper lahar are generally under two feet across but may be as large

as 10 to 12 feet in diameter. Both units contain radially jointed

clasts. Clast lithologies are black vitrophyre and black or red

scoria; some clasts contain phenocrysts. Pumice fragments are
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Figure 15. Cliffs east of Mecca. The Seekseequa basalt is
readily identified by its well-developed columns.
The grey units are hot lahars of the upper Deschutes
Formation; also note the layered appearance of the
lahars which is a result of lobes or flow units over-
riding one another. The rimrock is Agency Plains
basalt.
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Figure 16. Hot lahar deposit. Note poorly developed bedding.
The deposit shown on the right side of the photograph
is about 15 feet thick. Photography was taken west of
the railroad tracks in Mud Springs Creek valley.
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rare, generally rounded, and under half an inch across. Locally

pumice fragments may be up to several inches across and comprise

five percent of the rock. In hand sample the matrix is grey

and contains phenocrysts of plagioclase, pyroxene, and olivine.

The upper lahar commonly displays a stockade-like feature

reminiscent of weathered columnar jointing. This feature probably

forms by weathering along cracks which developed as water was lost

soon after emplacement.

Thin sections of the hot lahars display a matrix of glass

shards enclosing crystals and volcaniclastic fragments (Figure 17).

No cement is visible and voids are abundant. Fresh olivine crystals

and only minor oxidation of opaque mineral phases indicate that

alteration was minor.

Paleomagnetic Character. The hot lahars of the upper and

lower Deschutes Formations have a variable magnetic signal which is

strong in some samples and undetectable in others. However, it is

consistently normal when strong. Samples from radially jointed

clasts have strong polarities and samples of the matrix have strong

to undetectable polarities.

Origin. The hot lahars of the Deschutes Formation are very

similar in outcrop lithology and petrography, indicating that they

probably formed by similar processes. From the features they

exhibit, it can be concluded that they were at an elevated

temperature and were very fluid when emplaced.

Radially jointed clasts, small pipes similar to those found in

the lower Deschutes Formation ash-flow tuff, and strong magnetic
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polarities are features which indicate that the hot lahars were at

an elevated temperature when emplaced. The development of radial

jointing in mudstones has been studied by Lock (1978), who concluded

that such jointing can only result from the rapid quenching of hot

(8000 C) clasts. Radially jointed clasts are readily destroyed

if transported after jointing develops and must have formed in situ.

The many small pipes which contain only coarse sand are further

evidence that the lahars were hot. The fine matrix material was

winnowed out by escaping steam and other hot gases. These

pipes are very abundant above radially jointed clasts (Figure 18)

but are not confined to this occurrence.

In mass flows such as lahars it is hard to imagine a mechanism

which would impart the variable magnetic strength observed. Such

variation in magnetic signal is best explained by isolated heat

sources within the lahar. The radially jointed clasts being this

heat source, the matrix material around the clasts would be heated

above the Curie point and acquire a strong magnetic signal; however,

heat from these clasts was insufficient to raise the entire lahar

to this temperature so only matrix around the clasts has a strong

polarity. Magnetic minerals in the unaffected matrix have random

magnetic orientations.

The crude stratification and lamellae within a lobe of the

lahars indicate that they were very fluid (Reineck and Singh, 1980)

and possibly turbulent suspensions (Lajoie, 1979). The extent and

thin nature of these lobes are also evidence of their fluid

character. This fluidity was enchanced by incorporation of the
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rest. Photograph taken west of Mud Springs Creek.
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water occupying the channels which the lahars followed, as well as

boiling of the incorporated water by hot clasts within the lahar.

Radially jointed clasts, small pipes, and variable paleomagnetic

signal indicate that the lahars had an internal source of heat. Crude

stratification within lobes and the great extent of thin lobes

indicate a highly fluid character. These units are probably the

result of hot volcanic material becoming mixed with water to form hot

lahars with water simultaneously incorporated into the flows and

boiled off as they moved downslope. They probably originated to the

south and/or west.

COLD LAHARS (Td1c). Several medium brown cold lahars are

identified in stream channels. They have none of the characteristics

which indicate elevated temperature and are therefore referred to as

cold lahars. These lahars are matrix supported with 15 to 40 percent

clasts, the majority of which are fluvial gravel and cobbles. Pumice

fragments are sparse and small.

One cold lahar exposed on Gateway Grade is less than 15 feet

above the contact of the lower and upper Deschutes Formation. It

contains abundant leaf fossils, and twig and branch molds near its

base. This lahar is lithologically similar and stratigraphically

equivalent to the mudflow on Vanora Grade sampled by Chaney (1938).

Leaf imprints within these two units are similar; however, they may

not be identical. Should this correlation be correct, the cold lahar

on Gateway Grade would be early Pliocene in age.



Rim-forming Basalts

There are two rimrock basalt flows exposed in the study

area. They are geographically, lithologically, and chemically

distinct. In this report they will be referred to as the Agency

Plains basalt and the Seattle Flat basalt. These names are derived

from their geographic distribution. Both flows are overlain by a

thin soil consisting of loess, volcanic ash and pumice, and

weathered basalt breccia. They both retain their original

northward dip.

AGENCY PLAINS BASALT (Tdr2). The Agency Plains basalt,

the most extensive of the two flows, caps the mesas immediately east

of the Deschutes River. Earlier studies have mapped this flow as far

south as Round Butte Dam (Jay, 1982) and it appears to cap Agency

Plains as far south as Juniper Butte. It is from 10 to 100 feet

thick and dips to the northeast about 14 feet per mile in the

study area.

The distribution of thick exposures defines a channel of the

ancient Deschutes River (Plate 3). Three jointing patterns are

observed where the basalt fills this channel (Figure 19). The

basal jointing pattern is characterized by columns 30 inches in

diameter with horizontal cross joints at four- to 12-inch intervals.

Weathering has rounded the edges of the plates formed by the joints.

The center of the flow displays splayed columns or war-bonnet

jointing. Columns are from six to 14 inches in diameter. The upper

section of the flow is characterized by irregular jointing and

flattened vesicles.
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LithologY and Petrography. The Agency Plains basalt is medium

dark grey on fresh surfaces and brownish grey on weathered

surfaces. Plagioclase phenocrysts up to 4 mm long occur in an

aphanitic groundmass.

Thin sections exhibit glomerophenocrysts of plagioclase and

subophitic augite (Figure 20). The cores of some plagioclase

phenocrysts are corroded and contain blebs of clinopyroxene, opaque

phases, and glass. The corroded cores have compositions of An55,

and the rim compositions are An64-66 . The groundmass contains

abundant plagioclase laths (An56), anhedral augite, and subhedral to

anhedral opaque phases, as well as tachylyte, apatite needles, and a

trace of olivine.

Two chemical analyses of the Agency Plains basalt, one sample

from the exposures east of Mecca (Figure 15), the other sample from

an exposure west of Gateway, indicate uniform chemical composition

(Table 2). These analyses also are very similar to those reported

earlier by Jay (1982).

Source Vent. Jay (1982) gives the source of the Agency Plains

basalt as a small cinder cone on the Madras West, Oregon quadrangle

near the head of Campbell Canyon. Such a source is unlikely because

it requires the lava to flow uphill several hundred feet in order

to cover the area near Round Butte Dam. The exact location of the

vent of this flow has not been determined, but it is probably

east of the Deschutes River because no Agency Plains basalt has been

found west of the river (Smith, 1982).
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SEATTLE FLAT BASALT (Tdri). The Seattle Flat basalt caps the

mesas north and south of Lyle Gap in the eastern portion of the

study area. Its thickness varies from 15 to 50 feet and increases

southward. The jointing of this flow forms crude columns at the

base which become more irregular upward. A flow-top breccia

is common and clasts within the breccia are commonly ropy.

Flattened vesicles are ubiquitous and increase in abundance upward.

The Seattle Flat basalt flow fills a stream channel in lower

Deschutes Formation sediments. However, the age of this basalt

relative to other upper Deschutes Formation rocks cannot be

determined from contact relationships. Nevertheless, the thin soil

cover, well-preserved flow-top breccia, and flat surface formed by

this flow indicate that it has not been exhumed by erosion. Based on

these observations the Seattle Flat basalt is probably about the same

age as the Agency Plains basalt.

Lithology and Petrography. The Seatle Flat basalt is

medium-dark grey on a fresh surface, brownish grey on weathered

surfaces, and has a well-developed diktytaxitic texture. Plagioclase

laths are ubiquitous and up to 2 mm in length.

Thin sections of this basalt further display the diktytaxitic

texture with voids comprising 15 to 20 percent of the rock

(Figure 21). Plagioclase crystals are normally zoned. The inner

zone composition may be as calcic as An72, the rim compositions

are An59_63. Augite crystals are subophitic and up to 1.5 mm

across. Olivine is subhedral to anhedral and up to 0.6 mm across

and commonly altered to iddingsite. Opaque phases are elongate
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(a)

(b)

Figure 21. Photomicrograph of a sample of the Seattle Flat basalt.
Note the well-developed diktytaxitic texture and also the
intersticial nature of the opaque phases, subophitic
augite, and small size of the olivine. Compare with
the Clark Drive and Agency Plains basalts (Figures
13 and 20 respectively). Field of view is about 4.0 mm:
(a) plane light, (b) crossed nicols.
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intersertal crystals, although some euhedral magnetite grains are

inclusions in augite. The tachylyte is brown and contains some

apatite needles.

Source Vent. Examination of topographic maps shows a southward

extention of the mesa capped by the Seattle Flat basalt into the

Teller Butte quadrangle. A sample collected from this mesa was

chemically analyzed and was found to be similar to the Seattle Flat

basalt (Table 2). Peck (1964) reports that the source of this flow is

the shield volcano of Teller Flat on the same quadrangle. The topo-

graphic expression and chemistry of this flow seem to confirm this

source vent; however, a more detailed chemical and petrographic study

is necessary before this volcano can be positively identified as the

source of the Seattle Flat basalt.

PETROLOGIC INTERPRETATION

The Deschutes age volcanic rocks which crop out in the study

area form a bimodal suite--the siliceous ash-flow tuff (69.3 wt %

Si02) and the basalts (less than 52.0 wt % Si02). Incorporation

of analyses from the work of Hales (1975) and Jay (1982) greatly

reduces this bimodality. Nevertheless, a small hiatus in silica

content remains (60.5 to 64.5 wt % Si02). A similar hiatus

was noted by Hales (1975). This may reflect a sampling bias and

disappear with further study. Previous work indicates that the

Deschutes Formation volanics are a calc-alkalic suite (Hales, 1975).

The AFM and Peacock diagrams of figures 22 and 23 confirm this

conclusion. However, the calc-alkalic nature of these rocks is not

clearly evident if Fe0*/Mg0 vs. Si02 and total alkalis vs. Si02



Figure 22. AFM diagram. Squares represent data from this work,
sample numbers are given next to the symbol. Circles
and triangles represent chemical data from Hales
(1975) and Jay (1982), respectively. Tholeiitic and
calc-alkalic fields are separated by a line from
Kuno (1968).
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diagrams (figures 24 and 25) are examined. These latter two diagrams

indicate that the Deschutes Formation volcanics are alkalic,

calc-alkalic, and tholeiitic in composition. Presently published

data and data from this study indicate that the volcanics erupted

within the Deschutes basin and from vents along its eastern margin

tend to be more alkalic than rocks erupted from vents within the

ancient Cascades. The Deschutes Formation basalts exposed in this

study area all show alkalic affinities. This is indicated in thin

section by the presence of olivine as phenocrysts and in the

groundmass, and one pyroxene.

The ash-flow tuff in the lower Deschutes Formation had its

source in the ancient Cascades, and on the basis of high silica

content and it represents a highly differentiated magma. The major

element chemistry (Table 2) of this unit may have been slightly

altered by groundwater which leached silica, potassium, and sodium,

and enriched magnesium and calcium (Scott, 1971). These effects are

most obvious for total alkalis (Figure 25) and magnesium (Figure 26).

The basalts in the study area were erupted from vents within the

Deschutes basin and from small shield volcanoes on the eastern margin

of the basin (Peck, 1964; Taylor, 1982). Magmas erupted from these

vents do not display the extensive differentiation observed in

Cascade volcanics. This is indicated by the basaltic nature of

lavas exposed in the study area and those exposed east of Lake

Simtustus (Jay, 1982). The vents were apparently short-lived

eruptive centers which extruded a single homogeneous lava flow,
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Fe0*/Mg0
Figure 24. Silica vs. total iron/magnesium ratio diagram.

The boundary between calc-alkalic and tholeiitic is from
Miyashiro (1974). For silica below 55 weight percent
(Kay et al., 1982) and for total iron/magnesium
less than two (Miyashiro, 1974), the value of this
discriminate diagram is limited because calc-alkalic
and tholeiitic magmas may be derived from the same parent
magmas (Kay et al., 1982). Symbols are the same as in
Figure 22.
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such as the Agency Plains basalt; or they erupted a series of

flows over a short period of time, such as the Pelton basalts.

Nevertheless, the series of flows are relatively homogeneous

in composition and show no obvious differentiation trend (Jay,

1982).

The Clark Drive basalt is chemically the most primitive basalt

in the study area. This conclusion is based on low silica and

potassium (Figure 27) as well as high magnesium contents (Figure 26).

Petrographic evidence which supports this interpretation is the

greater abundance of olivine as phenocrysts and within the

groundmass, and the slightly more calcic plagioclase than that

of the other basalts studied.

The Seekseequa basalt is probably the most evolved of the

Deschutes Formation basalts in the study area. Evidence for

this interpretation comes from the basalts somewhat elevated

potassium and silica contents (Figure 27). The concentration

of these two components increases as crystal fractionation

progresses along a calc-alkalic trend (Kushiro, 1979). The

Seekseequa basalt also has the highest weight percent alumina of

all analyzed Deschutes Formation basalts in the study area

(Figure 28), which probably reflects the accumulation of plagioclase

crystals (Cox et al., 1979, p. 181) in the magma prior to eruption.

The varied compositions of plagioclase phenocryst observed in thin

section support this idea.
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The Agency Plains basalt has relatively high iron and titanium,

and low alumina and magnesium concentrations (Figures 29, 30, 28, and

26). The elevated iron and titanium, and low magnesium, contents are

probably a result of olivine fractionation under low partial pressure

of oxygen, which suppresses the formation of magnetite, causing iron

and titanium to be enriched in the liquid while olivine crystalli-

zation depletes magnesium (Kushiro, 1979). The minor amounts of

olivine observed in thin section probably reflects the separation

of olivine from the magma by gravity settling. The intersertal

occurrence of opaque phases indicates these phases formed late

in the paragenetic sequence and further supports the hypothesis of

low oxygen partial pressure. The relatively low alumina content

(Figure 28) may have been caused by a low partial pressure of water

during partial melting, which shifts the eutectic in the

diopside-anorthite system toward diopside (Figure 33) and lowers

the alumina content of a eutectic melt. The Agency Plains basalt

is less vesicular than the Seattle Flat and Clark Drive basalts,

which may also be a result of the lower water content of the

Agency Plains basalt magma.

The Seattle Flat basalt has distinctly high titanium (Figure 30)

and a slightly higher total iron content than many basalts of the

Deschutes Formation (Figure 29). However, it does not display as

much iron enrichment as the Agency Plains basalt. This probably is

the result of magnetite becoming a stable phase earlier in the

paragenetic sequence of the Seatte Flat basalt and is indicated by

the presence of euhedral magnetite grains in the augite. The
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Seattle Flat basalt also has an intermediate magnesium content

(Figure 26) as a result of some olivine fractionation. The presence

of olivine as phenocrysts and in the groundmass supports this

conclusion.

The volcanic rocks of the Deschutes Formation have diverse

chemical affinities. Those exposed in the study area they were

derived from three source areas: the ancient Cascades, intrabasinal

vents, and vents to the east of the basin. The ancient Cascade

source is represented by an ash-flow tuff which may have been

slightly altered by groundwater. The intrabasinal and eastern source

volcanics are basaltic. They have chemical, petrographic, and

lithologic characteristics which may indicate magma generation and

crystal fractionation under different partial pressures of water and

oxygen. Further study on a basin-wide scale, and trace element

chemistry is necessary to precisely determine the conditions of

4
partial melting and the effectscrystal fractionation on the

volcanic rocks of the Deschutes Formation.

ALTERNATE STRATIGRAPHIC INTERPRETATION

An alternate interpretation of the stratigraphy in the Gateway

area is suggested by Baldwin (1976, P. 98). In this interpretation

a new formation is recognized and is informally called the Lake

Simtustus formation (Smith and Hayman, 1983). This formation is

composed of the lower Deschutes Formation and the sedimentary

interbed between the Columbia River Basalt flows. The interbed

is the Pelton Dam member (Figure 34). The age of the Lake Simtustus

formation is middle Miocene, about 13 to 16 mya. The Deschutes
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Formation age has been restricted to the latest Miocene and Pliocene,

about 4 to 6 mya (Figure 35; Smith and Hayman, 1983). The hiatus

between the two formations is a result of erosion by the ancient

Deschutes River.

There is geologic evidence to support this interpretation.

The contact between the Lake Simtustus formation and overlying

Deschutes Formation is erosive (Figure 8; Cavender and Miller,

1972). There is also a slight angular unconformity between the two

formations, the lower formation dips about six degrees to the

southwest and the upper formation dips at most two degrees to the

southwest. Fossils collected from these formations display a

hiatus from upper Miocene (Barstovian; Downs, 1956) to early

Pliocene (Hemphillian; Cavender and Miller, 1972). There is

a change in lithology as well, from dominantly bedded tuffs to

river gravels, lahars, and basalt flows. The geologic evidence

for the existence of a new formation is strong in the study area;

however, the regional significance of this evidence requires

more study.

There are striking similarities between the Lake Simtustus

formation and the Mascall Formation exposed in the John Day Basin.

Fossils from the Mascall type section are identical to those

collected southeast of Gateway (Downs, 1956). Lithologies are nearly

indistinguishable, the Mascall rocks being slightly more tuffaceous

(Downs, 1956). The contact relationships of these formations with

the Columbia River Basalt is also the same: both are interbedded

with and deformed with the basalt. Should the Lake Simtustus
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formation eventually be formally recognized, it would be the

Deschutes basin correlative of the Mascall Formation.

At the present time it is premature to formally introduce the

Lake Simtustus formation into the Deschutes basin stratigraphy.

The Deschutes Formation is currently defined as being middle Miocene

to late Pliocene in age (Farooqui et al., 1981). The radiometric

ages of the Pelton basalt and Deschutes Arm basalt (Figure 34)

indicate that this is the case. However, there is some question

about the accuracy of these dates because of incomplete degassing

during eruption, which is common in diktytaxitic basalts (Priest

et al., 1982) such as these. The unconformity between the Lake

Simtustus formation and the Deschutes Formation may be a result of

uplift of the north end of the basin, causing localized downcutting

by the ancient Deschutes River. If so, this unconformity becomes

less pronounced to the south where uplift was not as great; however,

further investigation is necessary. Additional study also is

required in order to determine whether the Lake Simtustus formation

is of regional significance and worthy of formalized nomenclature

as a formation, or if it should be recognized as a member of the

Deschutes Formation.
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QUATERNARY DEPOSITS

The Quaternary deposits in the study area are alluvium, river

terraces, an ash-flow tuff, and landslide deposits.

ALLUVIUM (Qal) AND RIVER TERRACES (Qt)

The alluvium and river terrace deposits are found along Trout

Creek and the Deschutes River. They are made up of river gravel,

sand, silt, and reworked pyroclastic material (Figure 36). The

alluvium deposits are very fertile; nevertheless, the small size and

tendency to flood generally limits their use to grazing of livestock.

The pyroclastic material in the alluvium and river terraces is

commonly reworked.

ASH-FLOW TUFF (Qa)

The ash-flow tuff is exposed in a river terrace in the

southwest corner of the study area. It is very light grey in color

(Figure 37), with pumice fragments up to three inches across and

randomly distributed throughout the flow. The top and base of the

unit have been removed by erosion. A small portion of the ash-flow

tuff has been reworked by water at the west end of the exposure.

Chemically this tuff is rhyodacitic (Table 2). Phenocrysts present

in the pumice are plagioclase, black hornblende, green clinopyroxene,

and magnetite.

Oriented hand samples were checked for magnetic polarity but no

reliable polarities could be determined. Several samples gave a very

weak reverse signal, others yielded no measureable signal.
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Figure 36. Quaternary Deschutes River terrace gravel. Exposed south
of the confluence of Trout Creek and the Deschutes River.
Light colored layer is reworked pyroclastic material.
Photograph by Gary Smith.
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Figure 37. Quaternary ash-flow tuff. The tuff is exposed in the
southwest corner of the study area in a river terrace
deposit. Photograph by Gary Smith.
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This ash-flow tuff also crops out east of the fish ladder below

Regulator Dam, several miles south of the study area. An air-fall

deposit on Vanora Grade is correlative with this ash-flow tuff,

based on mineralogy (Smith, 1982) and major element chemistry

(Table 2).

LANDSLIDE DEPOSITS

Landslide deposits are found along the Deschutes River and

Trout Creek. They are generally rotated slump blocks which show

varying amounts of internal deformation. Landslides are most common

where exposures of the John Day Formation are overlain by a

considerable thickness of Columbia River Basalt.

83



GEOLOGIC HISTORY

The rocks exposed in the study area represent a partial history

of the geologic events which formed the present landscape. The major

influences are: (1) volcanism in the ancient Cascades, eruptions

from intrabasinal vents, and small shield volcanoes on the eastern

margin of the Deschutes basin; (2) fluvial processes which deposited

sediment and carved out channels that controlled the distribution

of many units; and (3) tectonic events which deformed strata and

strongly influenced volcanic activity.

The oldest John Day Formation rocks were formed by a combination

of explosive volcanism in the ancient Cascades producing air-fall

tuffs, and volcanism east of the Cascades providing alkali-rich

products (Robinson and Brem, 1981). It was during this time that

uplift of the Blue Mountain Anticline was initiated, dividing the

formation into eastern and western "facies" (Robinson and Brem,

1981). The Mutton Mountains also were partly uplifted at this time

and may represent the source area for the alkalic ignimbrites which

allow the western "facies" to be divided into members. This alkalic

volcanism ceased around 25 mya (Robinson and Brem, 1981) and younger

John Day Formation volcanic rocks are strictly of Cascade origin.

A decrease in Cascade volcanic activity around 17 to 20 mya (Priest

et al., 1982; Robinson and Brem, 1981), coupled with regional folding

(Fisher and Rensberg, 1972), resulted in erosion and redeposition of

these tuffs, which partly destroyed the geologic record.
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The early Miocene (14-16.5 mya) eruptions of the Columbia River

Basalt halted the erosive processes and filled the valleys that had

formed. These eruptions were coincident with the 14-16 mya maxima

in Cascades volcanism (McBirney et al., 1974). This volcanism is

represented by an accretionary lapilli bed in the sedimentary

interbed between the basalt flows at Pelton Dam (Smith, 1982).

Very little, if any, erosion occurred between the emplacement

of Columbia River Basalt and subsequent deposition of the oldest

Deschutes Formation. This is indicated by the well-preserved

flow-top breccia of the upper Columbia River Basalt flow , as well

as the conformable contact of the two formations and the lithologic

similarity between the interbed and the lower Deschutes Formation.

Fossil evidence suggests that the climate was humid during

deposition of the middle Miocene lower Deschutes Formation (Downs,

1956). The climate had become cool and semi-arid by the early

Pliocene (Chaney, 1938). The cause of this climatic change is

twofold. On a local scale, the rising Cascades cast a rain shadow

over the region (Chaney, 1938). Regionally, the western United

States became drier, possibly as a result of extensive explosive

volcanism (Axelrod, 1981) or changes in ocean circulation.

The ash-flow tuff, accretionary lapilli, and hot lahar of the

lower Deschutes Formation are results of Cascade volcanism and

probably represent activity in the late Western Cascades of Priest

et al. (1982). The eroded volcanoes on Green Ridge (Conrey, 1982;

Hales, 1975; Wendland, 1982) also may represent this volcanic

episode; however, a K-Ar date (8.1 ± 0.6 my; Hales, 1975) suggests
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that these volcanoes are slightly younger than the lower Deschutes

Formation.

Late Miocene to early Pliocene time also was marked by renewed

uplift of the Blue Mountain Anticline and Mutton Mountain Anticline,

which resulted in further southwestward tilting of strata and

development of the northeast-trending syncline in the Gateway area.

The uplift of the Columbia River Basalt on the limbs of the syncline

influenced drainage in the region, causing a major northeastward-

flowing river to develop by early Pliocene time. This ancient

Deschutes River maintained its course through the study area by

downcutting in response to the continued uplift of the northern

Deschutes basin, removing the late Miocene to early Pliocene

rocks. The development of the erosional surface associated with

this river marks the base of the upper Deschutes Formation.

Eruption of the Pelton basalt records the onset of mafic

volcanism within the Deschutes basin and may have been coincident

with the 4 to 6 mya maxima in Cascade volcanism (McBirney et al.,

1974). This probably resulted because of a change in the

subduction system responsible for the volcanism (Taylor, 1980, 1981).

During this time, volcanic activity was greatest to the west of

Green Ridge, with intensity decreasing northward, similar to the

displacement on the Green Ridge fault (Conrey, 1982; Wendland, 1982;

Yogodzinski, 1982). The products of this volcanism were lavas of

basaltic to rhyodacitic composition and intermediate to siliceous

ash-flow tuffs. Vents within the Deschutes basin and on the eastern

margin erupted lavas of a more restricted compositional range,
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basaltic to basaltic andesite, and did not form large shields

or cones.

The hot lahars exposed in the Gateway area resulted from the

mixing of hot volcanic clasts, sediment, and water. These flows

gravitated downslope, following existing fluvial channels and

frequently displacing streams within the channels. Although the

ancient Deschutes River was displaced by hot lahars, it cut a new

channel very near the old one because of the structural control

exerted on the river's course by the northeast-trending syncline.

Throughout the deposition of the upper Deschutes Formation the units

in the Gateway area were continually tilted to the southwest by

uplift of the northern end of the Deschutes basin.

The subsidence of the ancient Cascades into the graben west of

Green Ridge stopped volcanics from the ancient Cascades from

entering the basin (Hales, 1975). This allowed the basalts erupted

from intrabasinal vents and sources along the eastern flank of the

basin to form extensive sheets which have protected much of the

underlying strata from erosion.

The present day topography is the result of streams cutting

canyons into the underlying formations. Recent volcanic activity

is represented in this study area by the ash-flow tuff in a river

terrace. However, the effects of volcanism are much greater to the

south and southwest where intracanyon basalt flows (Hales, 1975;

Hewitt, 1970; Jay, 1982; Stensland, 1970) and ash-flow tuffs (Hill,

1982; Smith, 1982; Taylor, 1982; Yogodzinski, 1982) are present.

Other recent large-scale geologic activity is restricted to
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landslides caused by failure of the John Day Formation under

the mass of the overlying units.
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APPENDIX 1

Chronological List of Sample Numbers on Variation Diagrams

The sample numbers from Hales (1975) and Jay (1982) plotted on
variation diagrams are listed below in chronological order.
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Hales: 296 Jay: 2
384 88
298 89
102 93
201 113
206 145
179 155
264 189
215 249
340 148
344 144
321 146
335
373
308
311
369



APPENDIX 2

Normative Mineralogy of Analyzed Samples

Explanation of Abbreviations:

Qtz - Weight percentage of normative quartz
Orth - Weight percentage of normative orthoclase
Albite - Weight percentage of normative albite
An - Weight percentage of normative anorthite
Neph Weight percentage of normative nepheline
Wollas Weight percentage of the wollastonite component

of normative clinopyroxene
En Cpx Weight percentage of the enstatite component

of normative clinopyroxene
Fs Cpx Weight percentage of the ferrosilite component

of normative clinopyroxene
En Opx Weight percentage of the enstatite component

of normative orthopyroxene
Fs Opx - Weight percentage of the ferrosilite component

of normative orthopyroxene
Fo Weight percentage of the forsterite component

of normative olivine
Fa Weight percentage of the fayalite component

of normative olivine
Mag Weight percentage of normative magnetite
Ilmen - Weight percentage of normative ilmenite
Ap - Weight percentage of normative apatite
Cor - Weight percentage of normative corundum
Wt. Sum Total of the weight percent normative components
Plag An Molecular percentage of anorthite in normative

plagioclase
Aug En Molecular percentage of enstatite in normative

clinopyroxene
Aug Fs - Molecular percentage of ferrosilite in normative

clinopyroxene
Hyp Fs Molecular percentage of ferrosilite of normative

orthopyroxene
01 Fa Molecular percentage of fayalite in normative olivine
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1Major element chemistry includes MnO and P205.

Table 3. Normative mineralogy of analyzed samples discussed in text.

Sample 16 331 321 32 58 153 39 26 11 111 132

Qtz 30.72 3.77 1.91 0.00 0.00 29.01 0.00 0.00 0.00 0.00 0.00
Orth 30.05 10.53 10.41 11.95 11.59 17.45 3.49 7.15 4.85 4.79 3.37
Albite 16.14 22.57 25.61 31.27 31.27 23.66 24.42 33.81 32.73 32.12 28.74
An 9.45 24.22 21.55 15.32 14.68 13.85 28.63 25.36 17.25 18.04 25.86
Neph 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.0
Wollas 0.00 2.72 4.03 9.46 9.90 0.00 7.68 7.38 11.36 10.82 7.33
En Cpx 0.00 1.02 1.60 3.60 3.57 0.00 3.96 3.27 4.25 4.03 3.77
Fs Cpx 0.00 1.76 2.47 6.01 6.55 0.00 3.51 4.08 7.32 7.00 3.36
En Opx 2.18 9.13 9.45 3.42 2.12 7.25 1.39 0.03 0.00 3.44 6.60
Fs Opx 5.62 15.83 14.57 5.71 3.89 5.29 1.23 0.04 0.00 5.97 5.87
Fo 0.00 0.00 0.00 2.61 3.02 0.00 10.29 6.61 5.60 3.00 4.47
Fa 0.00 0.00 0.00 4.80 6.12 0.00 10.06 9.12 10.65 5.74 4.39
Mag 0.24 0.22 0.21 0.20 0.19 0.22 0.23 0.24 0.20 0.20 0.22
Ilmen 0.70 5.17 5.13 5.22 5.32 1.16 3.10 3.10 4.92 4.67 6.12
Ap 0.01 2.84 2.84 0.08 0.08 0.02 0.05 0.05 0.08 0.07 0.10
Cor 4.39 0.00 0.00 0.00 0.00 2.21 0.00 0.00 0.00 0.00 0.0
Wt. Sum 99.49 99.77 99.77 99.66 98.31 100.21 98.03 100.26 99.78 99.89 100.19
Plag An 52.46 66.92 61.33 48.01 46.94 52.45 68.84 58.58 49.84 51.43 62.91
Aug En 0.00 21.62 23.06 22.08 20.91 0.00 29.93 25.69 21.69 21.60 29.86
Aug Fs 0.00 28.38 26.94 27.92 20.09 0.00 20.07 24.31 28.31 28.40 20.14
Nyp Fs 66.18 56.76 53.88 55.83 58.19 35.59 40.15 48.62 0.00 56.80 40.28
01 Fa 0.00 0.00 0.00 55.83 58.19 0.00 40.15 48.62 56.61 56.80 40.28




