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Clackamas County

RH Exploration Anderson 1, permit 241, located in sec. 29, T.
5S.,R. 1 E., was plugged and abandoned October 3, 1983.

RH Exploration Rose 1, permit 240, located in sec. 20, T. 5
S.,R. 1 E., was spudded October 6, 1983, and is presently drilling.

Columbia County

Reichhold Energy Corporation Investment Management
21-20, permit 243, located in sec. 20, T. 6 N., R. 4 W., was
plugged and abandoned September 21, 1983, at a total depth of
2,505 ft.

Reichhold Energy Corporation Wilson 11-5, revised from
Wilson 12-5 and located in sec. 5, T. 6 N., R. 5 W., was spudded
October 4, 1983, and is presently drilling.

Recent permits

Second class postage paid at Portland, Oregon.
Postmaster: Send address changes to Oregon Geology, 1005 State
Office Building, Portland, OR 97201.

COVER PHOTO

Crooked River arm of Lake Billy Chinook looking south from
above the marina at the Cove Palisades State Park. Pleistocene
intracanyon basalt flows form the prominent terrace within the
canyon in the background. Other exposures on the canyon walls are
volcanic and volcaniclastic rocks of the Neogene Deschutes Forma-
tion. See article beginning on next page.
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Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
244 Hutchins & Marrs SW' sec. 3 Application;
Lord’s Will 1 T.27S.,R.7TW. 4,000
019-00018 Douglas County

245  Hutchins & Marrs SE' sec. 34 Application;
Lord’s Will 2 T.26S.,R.7TW. 4,000
019-00019 Douglas County

246 Hutchins & Marrs NE Y% sec. 3 Application;
Lord’s Will 3 T.27S.,R.7TW. 4,000
019-00020 Douglas County

247  Hutchins & Marrs NW ' sec. 10 Application;
Glory Hole 1 T.27S.,R.7TW. 4,000
019-00021 Douglas County

248  Reichhold Energy Corp. SEY% sec. 26 Location;

Crown Zellerbach 33-26 T.6N.,R.4W. 4,000

009-00118 Columbia County

249 Reichhold Energy Corp. SW % sec. 15 Location;
Busch 14-15 T.6N.,R.5W. 2,800
009-00119 Columbia County

250  Reichhold Energy Corp. SE'% sec. 36 Location;
Longview Fibre 33-36 T.6N.,R.5W. 4,000
009-00120 Columbia County .

251 Reichhold Energy Corp. NW % sec. 16 Location
Grimsbo 11-16 T.6N.,R.5W. 2,600
009-00121 Columbia County

252 Hutchins & Marrs SE'% sec. 3 Application;
Great Discovery 1 T.27S.,R.7TW. 4,500
019-00022 Douglas County

1983 oil and gas drilling activity to date
Permits Wells
Operator Applications issued drilled
Diamond Shamrock Corp. 5 5 2
Reichhold Energy Corp. 12 3
RH Exploration 3 2

Petroleum & Mineral Analysis
Leavitt Exploration
Hutchins & Marrs
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Please note that the cover page of this issue bears a RE-
MINDER TO RENEW, if your subscription expires in Decem-
ber. Most subscriptions expire in that month, so make sure
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A field trip guide to the central Oregon Cascades

overnight stay in Bend, Oregon.

High Cascade graben.

This field trip to the central Oregon Cascades was offered as part of the annual meeting of the Geothermal Resources Council on
October 24-27, 1983, in Portland, Oregon. The trip began in Portland on October 28 and ended back in Portland on October 29, after an

As presented here, the trip is guided by mileage count and comments, on the first day, from Government Camp at Mount Hood to
Bend and, on the second day, from Bend to the final stop at Breitenbush Hot Springs. The trip route is indicated by the trip stops in
Figure 1. The first day’s trip is printed here, the second day’s trip and the references will be in the next issue.

The main purpose of the trip was to examine the structure of the central Oregon Cascades, particularly the evidence for a central

We thank the Geothermal Resources Council for the permission to reprint the field trip guide here.

First day: Mount Hood—Deschutes basin

by Gary A. Smith, Department of Geology, Oregon State University, Corvallis, Oregon 97331, and
George R. Priest, Oregon Department of Geology and Mineral Industries

INTRODUCTION

Although the road log for this trip begins at Mount Hood, the
first day of the field trip is primarily concerned with the geology of
the Deschutes basin and the Green Ridge area. Green Ridge itself is
not conveniently accessible, but discussions of its significance with
respect to down-to-the-west faulting on the east side of the High
Cascades are included. The trip starts in Government Camp at
Mount Hood and ends in Bend after the geologic sections exposed
in canyons of the Deschutes River drainage (Figure 1) have been
examined.

General geology of Mount Hood

The Mount Hood volcano is composed of chiefly andesitic
lavas and pyroclastic rocks which were erupted within the last
700,000 years. The youngest eruptions occurred from the vicinity
of Crater Rock where, about 200 years ago, andesite domes ex-
ploded forming hot debris flows which spread out into the head-
waters of the Sandy River. Crater Rock is a hypersthene-
hornblende andesite dome with twenty active fumaroles ranging in
temperature from 122° to 194° F on its east and northeast sides.
Minor eruptions of dacite pumice in 1859 and 1865 A.D. were the
last phase of this activity (see Crandell, 1980, for the details of
Mount Haod eruptive activity).

The volcano sits on a platform of andesites and dacites of
middle Miocene to Pliocene age. These rocks are underlain by the
Yakima Basalt of the Columbia River Basalt Group which flowed
into the area during the interval from about 15.3 to about 12 m.y.
B.P. (million years before the present) (Anderson, 1980; Lux,
1982).

According to Williams and others (1982), geophysical data
indicate that Mount Hood sits on a graben bounded by the Hood
River fault system on the east and unmapped faults on the north,
south, and west sides. A northwest-trending, down-to-the-east fault
identified by Priest and others (1982) may be one of the graben-
bounding faults.

Geothermal exploration at Mount Hood

Many shallow (500 ft) to intermediate-depth (2,000 ft) tem-
perature-gradient holes have been drilled around Mount Hood by
the Oregon Department of Geology and Mineral Industries
(DOGAMI), Northwest Natural Gas Company (NWNG), and the
U.S. Geological Survey (USGS). Only three deep wells have been
drilled. Two deep wells were drilled by NWNG and DOGAMI at
Old Maid Flat near the west flank of the volcano to depths of
approximately 4,000 and 6,000 ft. These wells are aimed at dis-
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covering low- to moderate-temperature water for district heating in
the suburbs of Portland. Both were dry holes, although the deeper
well had temperatures up to 246° F. The third deep well was drilled
near Timberline Lodge by the USGS. It reached a depth of 4,000 ft
and temperatures as high as 169° F. The well encountered signifi-
cant thermal fluids between 3,600 and 4,000 ft but caved in after
flow testing.

Heat-flow analysis of the Mount Hood temperature-gradient
data reveals that the volcano is associated with a local heat-flow
anomaly which, at distances of 3 to 5 mi from the apex, reaches
values of 130 to 150 mW/m? (Blackwell and others, 1982). No drill
holes are closer than 3 mi to the apex, but heat flow must be quite
high near the Crater Rock vent where fumaroles indicate that feeder
dikes are still cooling. The reader is referred to DOGAMI Special
Paper 14 (Priest and Vogt, 1982) for a more comprehensive review
of the Mount Hood data.

Overview geology of the Deschutes basin

The Deschutes basin of central Oregon is defined by the
exposed extent of the Deschutes Formation, an upper Miocene-
lower Pliocene assemblage of volcanic and nonmarine epiclastic
rocks. The basin extends from the Mutton Mountains on the north
to the High Lava Plains on the south, and from the Ochoco Moun-
tains on the east to the High Cascade Range on the west.

The pre-Deschutes Formation history of the region (Figure 2)
is well known back only to the late Eocene. Eocene calc-alkaline
volcanism of the Clarno Formation is represented by exposure of
andesites and tuffs along the northern and eastern margins of the
basin. The John Day Formation, lower Oligocene to lower
Miocene rhyolite domes and ignimbrites with interbedded
tuffaceous sediment, is widely distributed in the Mutton and
Ochoco Mountains. Several of the dome complexes also occur
within the basin where they protrude through younger cover. Dur-
ing the middle Miocene, two flows of the Columbia River Basalt
Group were emplaced in the eastern half of the basin. These basalts
are of the Prineville chemical type (Uppuluri, 1974; Swanson,
personal communication, 1983) and are interbedded with, and
overlain by, middle Miocene volcaniclastic rocks informally re-
ferred to as the Simtustus formation.

The Deschutes Formation represents a major period of ag-
gradation within the basin between 7.6 and 4.5 m.y. B.P. (Smith
and Snee, in press). During this time, explosive volcanism along
the site of the present High Cascades produced dozens of ash-flow
tuffs with volumes sufficient to cover large areas of the Deschutes
basin. A large volume of epiclastic debris was carried into the
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Figure 1. Location map for the central Oregon Cascade field trip. Numbers surrounded by squares are the field trip stops.
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Figure 2. Cenozoic stratigraphy of the Deschutes basin and
vicinity.

basin, largely during floods, burying many pyroclastic units before
extensive erosional modification. Lava flows of basalt and basaltic
andesite composition are also abundant in the basin and were
derived from vents within and east of the basin as well as from the
Cascades on the west.

Study of the structure and petrology of Deschutes Formation
volcanic rocks indicates that this volcanic episode occurred during
a period of extension within the High Cascade arc. This extension
culminated in the formation of a discontinuous axial graben which
is represented along the central western margin of the Deschutes
basin by the Green Ridge fault escarpment. This 2,000-ft-high,
west-facing scarp is composed of silicic to mafic lavas and ash-flow
tuffs of the Deschutes Formation overlying the eroded remnants of
slightly older upper Miocene volcanic vents. The Deschutes For-
mation volcanic rocks on Green Ridge were clearly derived from
the west, where the oldest exposed rocks are only 2.5 m.y. old.
Thus the Deschutes source volcanoes, an ancestral High Cascades
Range, have subsided along faults, such as the faults at Green
Ridge, and were subsequently buried by a younger platform of
predominantly mafic character. The modern High Cascade strato-
volcanoes and shield volcanoes were developed on this “mafic
platform” starting in the early Pleistocene (Taylor, 1981; Smith and
Taylor, in press).

Following the formation of the central Oregon High Cascade
graben at about 4.5 m.y. B.P. (Taylor, 1981) and the general shift
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to less explosive mafic volcanism, aggradation in the basin ended.
As the Deschutes River and its tributaries began cutting through the
Deschutes Formation pile, small shield volcanoes of middle
Pliocene age, such as Squaw Back Ridge and Round Butte, devel-
oped in the basin. Younger Pliocene and Pleistocene lavas from the
High Cascades, Newberry volcano, and other shield volcanoes east
and southeast of the basin flowed into well-developed canyons
producing spectacular intracanyon basalt benches such as those at
the Cove Palisades State Park. Also, during the early Pleistocene,
an isolated highland of silicic volcanism extending eastward from
the Three Sisters area was the source for at least five andesite to
rhyodacite ash-flow tuffs which are now exposed over a large area
between Sisters and Bend.
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ROAD LOG

(See Figure 1 for locations of stops. To indicate viewing
directions, the “o’clock” system is used, with the word “o'clock™
omitted. Thus, for example, “12:00” means straight ahead.)

Miles Comments

0 Ratskeller Restaurant, Government Camp, Mount Hood.
Proceed east on U.S. Highway 26.

1.0 Holocene eruptive debris from Mount Hood in roadcut on
left.

1.7 Pleistocene platy andesite from Mount Hood on left.

2.7 Junction, Oregon Highway 35. Continue on U.S. 26.

6.9 Two-pyroxene andesite of late Miocene age (Keith and
others, 1982) erupted from a volcanic center on Barlow
Ridge to the east (Wise, 1969). These lavas are similar in
age to andesites overlying the Rhododendron Formation on
Zigzag Mountain west of Mount Hood.

7.5 Wapanitia Pass.

8.8 Blue Box Pass.

11.4 Junction, Skyline Road. Continue straight on U.S. 26.

15.8 Entering Warm Springs Indian Reservation.

16.5 Junction, Oregon Highway 216. Continue straight on
U.S. 26.

22.7 Quarry on right in upper High Cascade platy andesite.
27.7 Exposure on right is diktytaxitic glomeroporphyritic
olivine basalt. This lithology forms a thick rimrock on the

east half of the Reservation but is overlain here by 60 ft of
sand and gravel.
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33.1

375

40.7

45.5

122

The forested hill just southeast of the highway is Hehe
Butte, a rhyolite dome of probable John Day age, project-
ing through younger cover. Peaks visible on the Cascade
crest are Mount Jefferson (10,497 ft) and Olallic Butte
(7,215 fr).

Junction, road to the left leads to Simnasho and Kah-Nee-
Ta. Continue straight on U.S. 26.

Warm Springs River.

Roadcuts in “post-rimrock™ sand and gravel continue for
the next several miles.

The ridge crossed by power lines to the southwest is Sid-
walter Buttes, three coalescing silicic domes of probable
John Day age.

Mutton Mountains, composed of gently folded Clarno and
John Day Formation rocks, form the skyline at 9:00. The
Ochoco Mountains dominate the skyline from 10:00 to
12:00. The two most prominent peaks ahead are Grizzly
Mountain (5.635 ft), a John Day dome complex, on the left
and Gray Butte (5,108 ft), uplifted rocks of the Clarno and
John Day Formations, on the right.

STOP 1. Mill Creek Canyon. This 220-ft-deep canyon
exposes five units of diktytaxitic olivine basalt which are
over 400 ft thick in this area. These Aows are the “northern
Deschutes basin rimrock basalts™ of Smith and Taylor (in
press) and were erupted from unknown vents on the east
flank of the High Cascades onto an erosion surface devel-
oped on the Deschutes Formation. There are no reliable
dates on these rocks, and they may be equivalent to the
oldest “mafic platform™ rocks upon which the High Cas-
cade shield and composite volcanoes have been con-
structed (Smith and Taylor, in press). As noted by Hughes
and Taylor (in press) for “mafic platform” basalts, the lavas
exposed in Mill Creek Canyon have a major-element com-
position atypical of calc-alkaline chemistry (e.g..
TiO,=1.36-1.48 percent) and are more similar to basalts
associated with extensional tectonic regimes.

Ridge at 10:00 with the lookout tower is Eagle Butte, a
John Day eruptive center.

Panorama of Cascades at 3:00. Moving left from Mount
Jefferson, the first prominent forested peak is Bald Peter
(6,574 ft), a basaltic andesite shield volcano 2.1 +0.2 m.y.
old (Armstrong and others, 1975). Bald Peter is located
west of Green Ridge which is visible to the left of the
glaciated spires of Three Fingered Jack (7.841 ft), a
Pleistocene basaltic andesite eruptive center. This view of
Green Ridge is perpendicular to its strike.

Warm Springs grade. Roadcuts on left side of road are in
Deschutes Formation and expose two ash-flow tuffs, nu-
merous air-fall pumice lapilli beds, and interbedded sedi-
ment. Pediment surfaces along Shitike Creek, on the right,
are developed on the John Day Formation.

From here to the Deschutes River, roadcuts expose
tuffaceous sandstones and mudstones of member I of the
John Day Formation. The unit dips about 5° to the south
and southwest in this area. More extreme dips are the
results of landslides. Gravel observed in many roadcuts is
Pleistocene in age. Member I is the youngest unit in the

47.3

Figure 3. View eastward from near Warm Springs of an

John Day Formation, and plagioclase separated from tuff 2
mi northeast of Warm Springs yielded dates of 22.7+2.7
and 23.44+3.3 m.y. B.P. (data of E.H. McKee reported in
Dingus, 1979).

Angular unconformity visible at 12:00, across the Des-
chutes River (difficult to see in morning sunlight), is be-
tween Columbia River Basalt Group, below, and Des-
chutes Formation, above (Figure 3). The lava flow with the
spectacular colonnade is the Seekseequa basalt flow which
can be traced for a distance of 20 mi where it fills the
channel of an ancestral Deschutes River.

angular unconformity in the Deschutes River canyon. Cliff-forming
unit dipping to the south (right) is Columbia River Basalt Group
overlying slope-forming John Day Formation. Flat-lying lava
flows and epiclastics above unconformity are in Deschutes
Formation.

47.9

50.0

525

54.1

54.6

Junction, road leads to Warm Springs on the right and to
Kah-Nee-Ta on the left. Continue straight on U.S. 26.

Crossing the Deschutes River, leaving the Warm Springs
Indian Reservation. Cuts visible uphill on left side of
highway for the next several miles are along the abandoned
Oregon Trunk railroad grade, constructed around 1910.
Exposures in these cuts are mostly John Day Formation.
Above Rainbow Market, just east of the Deschutes River,
Pleistocene terrace deposits are exposed in cuts at a rail-
road tunnel and an adjacent power-line service road.
Within these terrace deposits is an ash flow of rhyodacite
composition (§i0,=72 percent, K,0=2.21 percent),
probably derived from Pleistocene activity at Mount Jeffer-
son (Yogodzinski and others, in press). This eruptive event
is older than that reported by Beget (1981).

The cliff on the left is the scarp of a large prehistoric
landslide and provides excellent exposure of Deschutes
Formation volcaniclastic rocks. The prominent light-col-
ored unit near the base of the exposure is the Chinook tuff
member (named by D.E. Stensland at Cove Palisades State
Park), a silicic ash-flow tuff which provides a distinctive
marker horizon in the northern Deschutes basin.

Junction, Pelton Dam Road. Turn right.

Roadcuts on both sides of road are in the Simtustus
formation.

Roadcut on left is in the upper of two basalt flows in this
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vicinity that are of the Prineville chemical type.

STOP 2. Pelton Dam. Roadcut exposure here is of lower
Simtustus formation which occurs as an interbed between
two flows of Columbia River basalt. These Prineville
chemical type basalts are characterized by high P,O4 con-
tent (greater than 1 weight percent) which is portrayed in
the rock by abundant groundmass and intracrystal apatite.
These two flows both have normal magnetic polarity and
are probably equivalent to the base of the section described
by Uppuluri (1974) at Prineville Dam. The Simtustus for-
mation interbed shows sedimentary structures suggestive
of low-gradient, possibly meandering, fluvial deposition
within a channel and on an adjacent flood plain. An approx-
imately 8-in.-thick accretionary lapilli bed near the top of
the exposure is the only unreworked pyroclastic material
present here. About 1,000 ft south of the dam, two high-
angle faults (trend N. 20° W.) displace the basalts and
Simtustus formation a few feet but do not affect the overly-
ing Deschutes Formation. The prominent basalt bench
about halfway up the canyon wall on both sides of the river
is the Pelton basalt member of the Deschutes Formation.
The Pelton basalt is 7.6+0.3 m.y. old (Smith and Snee, in
press) and rests on conglomerate exposed in old railroad
cuts on the east canyon wall. Current work by author Smith
indicates that this conglomerate is the base of the Deschutes
Formation, and the age of the Pelton basalt member there-
fore closely represents the age of the base of the formation.

Turn around and return to U.S. 26. (Optional trip:
Continue south on Pelton Dam Road and rejoin field trip at
mile 75.0. This route leads across Willow Creek. Air-fall
pumice along the road after crossing Willow Creek is from
a Pleistocene eruption of Mount Jefferson reported by
Beget [1981]. From the top of the grade south of Willow
Creek, a view of the north canyon wall shows a Deschutes
Formation ash-flow tuff filling a channel.)

Junction, U.S. 26. Turn right.

Bedded air-fall pumice lapilli deposit on left side of road is
compositionally and mineralogically identical to the
Pleistocene ash-flow tuff above Rainbow Market men-
tioned at mile 50.0.

Roadcut on left is in mudflow breccia that has yielded
Hemphillian leaf fossils (Chaney, 1938). Vertical flutes are
upright tree molds. Plagioclase collected from this locality
has yielded ages of 4.3 and 5.3 m.y. (uncorrected from
Evernden and James, 1964).

Roadcut in the spectacular colonnade of the Agency Plains
basalt flow of the Deschutes Formation. This basalt, which
forms the rimrock over an area of at least 70 mi? on the east
side of the Deschutes River, flowed northward from a vent
which has not yet been positively located. Here, the
Agency Plains basalt is over 150 ft thick where it filled and
overflowed an ancestral Deschutes River channel.

Road turns southeastward across Agency Plains toward
Madras. This rich, irrigated farm area was first home-
steaded around 1900 but not irrigated until the 1920°s and
1930’s. Mutton Mountains at 9:00.

Panorama of the eastern margin of the Deschutes basin.
Hills from 9:00 to 12:00 are faulted John Day Formation
ignimbrites and interbedded sedimentary rocks. Grizzly
Mountain is at 12:00, Gray Butte at 1:00. Round Butte, a

66.9

67.3

67.8

68.9
69.3
69.4

70.3

71.7

73.0

5.3

76.1

77.8

78.7

80.8

late Pliocene basalt shield volcano, is at 2:00.
Descending into the city of Madras.

Deschutes Formation sedimentary rocks in roadcuts on
right. Distinctive red cobbles and boulders are John Day
ignimbrite clasts.

Junction, U.S. 97. Continue straight on U.S. 26 East/U.S.
97 South.

Junction, J Street. Turn right.
Pelton basalt member on the left at road level.
Stop sign. Jog left and continue west on Belmont Lane.

Railroad crossing; road is on the Agency Plains basalt
flow. Note the cinder cone capping the Round Butte shield
volcano at 11:00.

Road descends into Dry Canyon. Rimrock on the west side
of the canyon is Round Butte basalt. Thin Agency Plains
basalt is present on left and right sides of the road ahead but
does not appear in roadcuts.

Roadcuts in diktytaxitic olivine basalt from Round Butte.

Panorama to northwest across the Warm Springs Indian
Reservation.

Turn left on SW Mountain View Drive. Quarry on right,
after turn, is in intracanyon basalt to be described at the
next stop.,

Road to right to Round Butte Dam viewpoint. Continue
straight.

Intersection. Bear right toward Lake Chinook Village.

STOP 3. Deschutes basin overview. Turn right to overlook
of Cove Palisades State Park and Lake Billy Chinook. Here
at the confluence of the Crooked (foreground) and Des-
chutes Rivers are typical exposures of Deschutes Forma-
tion volcanic and sedimentary rocks. The light-colored
unit visible downstream at water level, near the mouth of
the Metolius River, is the Chinook tuff member (see mile
51.2). Prominent ledges are intraformational basalts and
basaltic andesites. The spectacular 450-ft-high cliff of
basalt between the Deschutes and Crooked Rivers, called
The Island, and benches of similar appearance visible
downstream are Pleistocene intracanyon basalt flows.
These diktytaxitic olivine basalt flows have reversed mag-
netic polarity and can be traced southward until they disap-
pear beneath normal-polarity flows of similar composition
which fan out from the north flank of Newberry volcano,
about 50 mi away. The intracanyon flows continued down-
stream only 3 miles farther before coming to rest. Basalt
was quarried (see mile 76.1) for the construction of Round
Butte Dam from the distal end of this flow. Younger,
normal-polarity flows proceeded down the Deschutes
River to a point about 4 mi south of here and will be seen at
stop 6. On the skyline, the Cascades from Bachelor Butte
on the south to Mount Adams on the north are visible on a
clear day. Mount Jefferson is due west and the Three
Sisters are visible at 10:00. The broad ridge about 12 mi
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distant at 11:00 is Squaw Back Ridge, a basaltic andesite
shield volcano 2.9+0.2 m.y. old (Armstrong and others,
1975). The conical summit of Black Butte (6,436 ft), an
early Pleistocene basaltic andesite volcano, is visible over
the left flank of Squaw Back Ridge. Black Butte is located
at the south end of Green Ridge, which extends northward
behind Squaw Back Ridge to a point in front of Mount
Jefferson where the Metolius River canyon extends around
the northern end of the ridge. The west side of Green Ridge
is a steep, 2,000-ft-high fault scarp facing the late Pliocene-
Pleistocene High Cascade Range. Rocks-exposed on Green
Ridge are of late Miocene to early Pliocene age and are
largely part of the Deschutes Formation. The oldest rocks
along the northern third of the ridge are as old as 9.4 +0.6
m.y. (Armstrong and others. 1975, recalculated by
Fiebelkorn and others, 1982) and are associated with vol-
canic centers which became extinct shortly before deposi-
tion of the Deschutes Formation in the basin. The Green
Ridge fault is the local expression of the central Oregon
High Cascade graben. Subsidence there occurred about 4.5
m.y. ago (Taylor, 1981; Smith and Taylor, in press) and
isolated the Deschutes basin from its ancestral High Cas-
cade source volcanoes which were subsequently buried by
younger, predominantly mafic volcanics. Return to the
road and turn right.

Hills at 11:00 are faulted and folded John Day Formation
ignimbrites. Juniper Butte, a John Day rhyolite dome com-
plex, is the dominant hill at 12:00.

Intersection. Turn right, enter Cove Palisades State Park.

Campground on the left is located on a bench of intracan-
yon basalt. The intracanyon bench can be seen extending
several miles up the Crooked River canyon.

STOP 4. Cove Palisades State Park. Pull off on left side of
road. Roadcut exposures here illustrate the lithologic vari-
ety of the Deschutes Formation. Note the poor sorting of
the sediments which is attributed to rapid deposition from
high-sediment-load floods (Figure 4). Two plagioclase-
rich, silicic ash-flow tuffs are exposed here. The white tuff,
the Cove Palisades tuff member, is widespread in the area
of the park and is prominent on the point called The Ship
(Figure 5), across the Crooked River and south of The
Island. The orange tuff has been recognized only in this

Figure 4. Deschutes Formation ash-flow tuff overlain by
poorly sorted flood-deposited sediment. Exposed portion of the tuff
is about 12 fi thick. Roadcut on east side of Cove Palisades State
Park.
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Figure 5. Deschutes Formation ash-flow tuffs and sediments,
capped by basalt, form The Ship, a prominent feature in the Cove
Palisades State Park. Conical butte in the background is Black
Butte, behind and to the left of the Squaw Back Ridge shield

volcano.

roadcut. Clasts of orange welded tuft with black pumice are
common in the sediment here and are derived from the
McKenzie Canyon tuff member which will be seen at stop
6. The top and bottom of the section exposed in the Des-
chutes canyon 1 mi west of here was dated by Armstrong
and others (1975) as 5.0+0.5 and 5.94+1.0 m.y., respec-
tive (recalculated by Fiebelkorn and others, 1982). Al-
though the standard errors on these K-Ar ages are large,
paleomagnetic stratigraphy also implies that the entire ex-
posed section was deposited in 1 to 1.5 m.y. Turn around
and proceed eastward from the Cove Palisades State Park.

85.0 Stop sign. Turn right on SW Frazier Drive.

85.5 Sharp curve left onto SW Fisch Road.

86.0 Stop sign. Turn right on SW Feather Drive.

87.0 Intersection. Turn left on SW Huber Road.

87.3  Enter Culver.

87.9 Stop sign. Turn right on Ist Street.

88.2  Bear left on paved road.

90.5 Junction, U.S. 97. Turn right.

91.5 Basal member H rhyolite ignimbrite of the John Day For-
mation in the roadcuts on the left (Robinson and Stensland,
1979), Juniper Butte on the right.

91.6 Prominent hill at 12:00 and about 15 mi distant is Cline
Buttes, a silicic dome complex of probable John Day age
projecting through the Deschutes Formation.

93.1 Newberry volcano visible on southern skyline. Numerous
cinder cones on the northwest flank of the shield are also

visible.

95.5 Smith Rock, a massive, tan tuff of either John Day or
Clarno age, is visible at 10:00.

96.9 Cross Crooked River, turn right into Ogden Scenic
Wayside.
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STOP 5. Ogden Scenic Wayside. The Crooked River has
sliced a 300-ft-deep canyon through Newberry intracanyon
lavas. The cliff-forming lava flow on the north side of the
canyon and east of the highway bridge is a Deschutes
Formation basaltic andesite. The thickness of this flow
suggests that it filled a river channel that existed here about
4to4.5m.y. ago. Return to U.S. 97; turn right.

Intersection. Turn right on Lower Bridge Way.

Low cinder cones at 9:00 are the Tetherow Buttes. Ejecta
from these cinder cones have a composition very similar to
the Agency Plains basalt and may have been the source for
that extensive lava flow.

Small ridges along the road are pressure ridges on a nor-
mal-polarity, diktytaxitic olivine basalt flow probably
erupted from the Newberry volcano complex.

Intersection, 43rd Street. Continue straight.

Roadcut on right exposes Newberry basalt overlying white
diatomite. Spoil piles across the Deschutes River indicate
the site of former efforts at mining this diatomite horizon.
Diatoms collected here are probably of Pleistocene age
(J.P. Bradbury, USGS, written communication, 1983) and
are not part of the Deschutes Formation. The lake repre-
sented by this diatomite probably formed from the disrup-
tion of local drainage by Newberry lavas, one of which
later flowed over the lake deposits.

Lower Bridge tuff member on right.

STOP 6. Lower Bridge. Pull off on gravel on left and walk
across bridge to exposure on right side of road. Here are
the two most extensive exposed ash-flow tuffs in the Des-
chutes Formation. The lower, pink-gray tuff is the Lower
Bridge tuff member, and the upper white to red-orange tuff
is the McKenzie Canyon tuff member, which is strati-
graphically nearly equivalent to, but slightly younger than,
the Cove Palisades tuff member at stop 4. Textural varia-
tion within the two tuffs exposed here and paleotopography
suggest a source to the southwest, probably from volcanoes
now buried beneath the early Pleistocene “silicic highland”
of Taylor (1978) which extends eastward from the Three
Sisters. Exposure does not permit accurate estimation of
the volume of these ash-flows, but if a source under the
present highland is assumed, the minimum dispersal dis-
tance is about 50 percent greater than for Mount Mazama
ash-flows east of Crater Lake (Smith and Taylor, in press).
Large calderas were probably formed during each eruptive
event. Chemical analyses by Debra Cannon (Oregon State
University) indicate that the Lower Bridge tuff represents a
rhyolite magma (SiO, =70 percent, K,O=5 percent) and
that the McKenzie Canyon tuff was erupted from a hetero-
genous magma chamber. The base of the McKenzie Can-
yon tuff is dominated by rhyolite pumice (SiO,=70 per-
cent, K;0=4.5-6 percent), and black andesitic pumice
(SiO,=61 percent) becomes more abundant upward.
Mixed pumice .is very common (Figure 6). The andesitic
component is not of calc-alkaline parentage but has a ma-
jor-element composition similar to icelandite (TiO,=
1.5-1.6 percent; FeO*/MgO=2.5). Basaltic andesite and
andesite lava flows with high TiO, content and high FeO*/
MgO ratio are widespread, though not dominant, in the
Deschutes Formation. These compositions suggest pe-

* Total Fe recalculated as volatile-free FeO.
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Figure 6. Close-up of McKenzie Canyon tuff at Lower Bridge.
Note different types of pumice—white (rhyolite), black (andesite),
and mixed (e.g. at upper knife point). Body of knife is 3.5 in long.
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trogenetic processes more like those in extensional tectonic
regions than in a subduction-related arc and are undoubt-
edly related to the formation of the central Oregon High
Cascade graben. Turn around and return to U.S. 97.

Junction, U.S. 97. Turn right.

Entering the community of Terrebonne. The town is built
on diktytaxitic olivine basalt that is younger than the Teth-
erow Buttes. This basalt was probably erupted from
Pliocene shield volcanoes near Prineville, about 15 mi to
the east.

Tetherow Buttes cinder cones ahead and on right.

Highland at 10:00 is Powell Buttes, a John Day dome
complex which was the target of a geothermal-gradient
drilling program in 1979-1980 (Brown and others, 1980a).

Entering the city of Redmond which is located on the same,
or a similar, basalt flow as Terrebonne.

Junction, Oregon Highway 126. Continue straight on
U.S. 97.

Low scarp on left is erosional edge of the diktytaxitic
olivine basalt on which most of Redmond is built. Banked
against this scarp is a normal-polarity diktytaxitic olivine
basalt flow from Newberry volcano. Pressure ridges on
this Pleistocene flow will be visible along the road most of
the way to Bend.

Pilot Butte, at 11:00, is a Holocene cinder cone on the
castern outskirts of Bend. Newberry volcano on the
horizon.

Junction, U.S. 20. Turn left and follow U.S. 20 west
toward Sisters.

Deschutes River.
Intersection. Turn left.
Intersection. Turn right.

Exposure of the Desert Spring tuff, an early Pleistocene
ash-flow tuff, on the right.
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137.0 STOP 7. Pleistocene pyroclastic rocks. Five ash-flow tuffs
and one air-fall lapilli tuff of Pleistocene age are exposed in
the Bend-Sisters area. From oldest to youngest these are
the Desert Spring tuff, Bend pumice, Tumalo tuff, Lava
Island tuff, Century Drive tuff, and Shevlin Park tuff (Tay-
lor, 1980). These pyroclastic rocks appear to be derived
from sources in the “silicic highland” of Taylor (1978) and
are now buried by late Pleistocene-Holocene volcanic
rocks. The inactive borrow pit here exposes the rhyodacitic
Tumalo tuff overlying consanguineous, air-fall Bend
pumice (Figure 7). The dacitic Desert Spring tuff is ex-
posed across and below the road. About 0.1 mi down the
road, a fault can be seen offsetting this sequence, including
interbedded epiclastics, by several feet. This northwest-
trending fault is one of many en-echelon normal faults
spread over a zone 15 mi wide that extends from the north
flank of Newberry volcano to the south end of Green
Ridge. The dacitic Lava Island tuff and andesitic Century
Drive and Shevlin Park tuffs are absent here but are ex-
posed to the south and west (see Taylor, 1981). Early
Pleistocene volcanism in the central Oregon Cascades was
dominantly mafic (i.e., basalt and basaltic andesite) in
character. The silicic volcanism represented by these
pyroclastic units and contemporary domes to the west
(e.g., Three Creek Butte and Melvin Butte) is anomalous

Figure 7. Tumalo tuff overlying Bend pumice in a borrow pit
south of Tumalo. White band, 2 fi thick, in center of the photo is
ground-surge deposit at base of the Tumalo tuff. Note hammer for
scale just below center of photo.

1978) and almost completely obscures a similar,_highland
that existed during Deschutes time (Smith and Taylor, in
press). Return to U.S. 20.

(Taylor, 1978). This “silicic highland” may obscure
graben-forming faults analogous to Green Ridge (Taylor, End of first-day road log.
NEXT MONTH:
Second day: Santiam Pass—Belknap Hot Springs—Breitenbush Hot
Springs.

0SU, PSU schedule guest speakers

Oregon State University:

The guest speakers series of the Department of Geology,
Oregon State University (OSU), is being dedicated this year to
Professor William H. Taubeneck, who is retiring on December 31,
1983, after 32 years of distinguished service to OSU and the general
geologic community. In keeping with Professor Taubeneck's
knowledge of igneous petrology and the rocks of Oregon and
western Idaho, the topic of the series will be granite petrology, with
a focus on the Idaho batholith. Seminars will be held on Tuesday
and Thursday at 12:30 p.m. in Room 108, Wilkinson Hall, OSU, in
Corvallis, beginning November 15, 1983. The speakers and tenta-
tive topics are listed below.

Nov, 15: Lawrence Snee, OSU, Introductory Remarks on the Series
Topic and the Invited Speakers.

Nov. 17: Karen Lund, OSU, Structural Setting of Mesozoic- and
Cenozoic-Age Igneous Complexes of Central Idaho.

Nov. 22: Paul Bateman, U.S. Geological Survey (USGS), The Sierra
Nevada Batholith, California, with a Comparison to the Idaho Batholith.

Nov. 29: E-an Zen, USGS, Epidote-Bearing Plutons and Their Im-
plications on the Tectonic Development of the North American Cordillera.

Dec. 1: Robert Fleck, USGS, Strontium Isotope Constraints on the
Origin of Rocks along the Western Margin of the ldaho Batholith.

Dec. 6: William Kelly, University of Michigan, The Tin-Tungsten
Deposit of Panasqueira, Portugal, as a Basis for Research on Ore Deposits
Related to Granite Plutons.

Dec. 8: Thor Kiilsgaard, USGS, Plutons and Ore Deposits of the
South-Central Part of the Idaho Batholith.

Dec. 13: Karl Evans, USGS, Pre-Cambrian Granites of Central
Idaho and Their Use in Understanding the Structural History of the ldaho
Barholith.

Dec. 15: Lawrence Snee, OSU, Summary and Conclusion.

For additional information and confirmation of the schedule
and topics, please contact Lawrence Snee, (503) 754-2284, or the
OSU Department of Geology, (503) 754-2484.

126

Portland State University

The fall seminar series for the Department of Geology at
Portland State University (PSU) has begun, and Sam Johnson of
Washington State University, Terry Keith of the USGS, and Jack
Kepper of PSU have already presented talks. Upcoming seminars
are scheduled for the following dates and will be held at 3:00 p.m.
in Room 258, Cramer Hall, PSU, in Portland.

Nov. 9: Erwin Suess, OSU, Coastal Upwelling and a History of
Organic-Rich Mudstone Deposition: Stable Isotope and Geochemical
Evidence.

Nov. 14: Dick Couch, OSU, Structures of the Cascade Range in
Oregon.

Nov. 16: Richard Fifarek, OSU, Geology and Mineralization of the
Red Ledge Volcanogenic Massive Sulfide Deposit, Idaho.

Nov. 30: William Orr and Paul Miller, University of Oregon, Deposi-
tional Environments of Sediments of Late Oligocene Age in the Central
Western Cascades, Oregon,

Dec. 7: Michael Alger, Reichhold Energy, Portland, Development of
a Petroleum Prospect: From Raw Dirt to Pay Dirt(?).

For additional information on the seminars, please contact
Mike Cummings, (503) 229-3029, or the PSU Department of
Geology, (503) 229-3022. [0
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I 33. Bibliography (1st supplement) geology and mineral resources of Oregon, 1947: Allen...................... $ 3.00
35. Geology of the Dallas and Valsetz quadrangles, rev. 1964: Baldwin (maponly) ........................... 3.00 - _
I 36. Papers on Tertiary foraminifera: Cushman, Stewart, and Stewart, 1949:v.2............. ... ... ... ..... 3.00 _ -
| 44. Bibliography (2nd supplement) geology and mineral resources of Oregon, 1953: Steere .................... 3.00 - _
46. Ferruginous bauxite deposits, Salem Hills, 1956: Corcoranand Libbey . .............. ... . ... . ... 3.00 - -
I 49. Lode mines, Granite mining district, Grant County, Oregon, 1959:Koch ....... ... ... ... ... ... ... ... 3.00 - -
l 53. Bibliography (3rd supplement) geology and mineral resources of Oregon, 1962: Steereand Owen............ 3.00 I N
I 61. Gold and silver in Oregon, 1968: Brooksand Ramp . ......... ...ttt 17.50 - I
62. Andesite Conference guidebook, 1968: DOle .. ...........uiiiiiiiiiii i i e 3.50 [ -
I 65. Proceedings of the Andesite Conference, 1969: (COPI€S) . . .. ..ot 10.00 - _
I 67. Bibliography (4th supplement) geology and mineral resources of Oregon, 1970: Roberts ................... 3.00 I -
71. Geology of selected lava tubes in Bend area, Oregon, 1971: Greeley (COpi€s) . . .. cvvvveeiiniiinnnniinnnn. 5.00 I N
I 78. Bibliography (5th supplement) geology and mineral resources of Oregon, 1973: Roberts ................... 3.00 - -
I 81. Environmental geology of Lincoln County, 1973: Schlickerandothers .............. ... ... ... ... ... ... 9.00 _ _
82. Geologic hazards of Bull Run Watershed, Multnomah, Clackamas Counties, 1974: Beaulieu ............... 6.50 - -
I 83. Eocene stratigraphy of southwestern Oregon, 1974: Baldwin .......... ... ... . o i iiiiiiiinn.. 4.00 - _
I 84. Environmental geology of western Linn County, 1974: Beaulieuandothers .............................. 9.00 I R
85. Environmental geology of coastal Lane County, 1974: Schlickerand others . ............................. 9.00 _ I
I 87. Environmental geology of western Coos and Douglas Counties, 1975 .............. ... . ... ... ... ... 9.00 - J—
I 88. Geology and mineral resources of upper Chetco River drainage, 1975: Ramp...............coooiiiieaa... 4.00 - _
I 89. Geology and mineral resources of Deschutes County, 1976: Petersonandothers .......................... 6.50 I N
90. Land use geology of western Curry County, 1976: Beaulieu............ ... ... .o i iiiiiiiiena.. 9.00 _ _
I" 91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties, Oregon, 1977: Beaulieu .. 8.00 - -
I w 92. Fossils in Oregon (reprinted from The Ore Bin), 1977 . . . ... .ot e 4.00 R N
z 93. Geology, mineral resources, and rock material of Curry County, Oregon, 1977 ............ ... ... .cooua... 7.00 _ -
I - 94. Land use geology of central Jackson County, Oregon, 1977: Beaulieu.................. ... ... e, 9.00 - R
I - 95. North American Ophiolites, 1977 . . . ... ittt ettt e e e e e e e i e 7.00 - -
96. Magma genesis: AGU Chapman Conference on Partial Melting, 1977 .......... ... ... ... ... .. ..., 12.50 - -
I o 97. Bibliography (6th supplement) geology and mineral resources of Oregon, 1971-75,1978 ................... 3.00 - .
| w 98. Geologic hazards of eastern Benton County, Oregon, 1979:Bela .............. ... ... ... oot 9.00 _ -
- 99. Geologic hazards of northwestern Clackamas County, Oregon, 1979: Schlicker and Finlayson .............. 10.00 N R
I © 100. Geology and mineral resources of Josephine County, Oregon, 1979: Ramp and Peterson................... 9.00 _ -
I < 101. Geologic field trips in western Oregon and southwestern Washington, 1980 .............................. 9.00 - -
l a 102. Bibliography (7th supplement) geology and mineral resources of Oregon, 1976-1979, 1981 ................. 4.00 - -
GEOLOGIC MAPS
I Z Reconnaissance geologic map of Lebanon quadrangle, 1956. . ... ... ... . . . . i 3.00 _ _
| (e] Geologic map of Bend quadrangle and portion of High Cascade Mountains, 1957 ..................oooiiina... 3.00 - I
l Geologic map of Oregon west of 121st meridian (USGS I-325), 1961 .. . ... ... ... . . i 5.00 - -
- Geologic map of Oregon east of 121st meridian (USGS1-902), 1977 .. ... ittt 5.00 . -
| = GMS-4: Oregon gravity maps, onshore and offshore, 1967 (folded) . . .. .......... ... ... ... ... . ... 3.00 - N
I v GMS-5:  Geologic map of Powers quadrangle, Oregon, 1971 ......... ... ... . . i, 3.00 - -
GMS-6: Preliminary report on geology of part of Snake River Canyon, 1974 ............. ... ... ... ... .... 6.50 - I
I | GMS-8: Complete Bouguer gravity anomaly map, Cascade Mountain Range, central Oregon, 1978 ............. 3.00 -
I s GMS-9: Total field aeromagnetic anomaly map, Cascade Mountain Range, central Oregon, 1978 .............. 3.00 - I
GMS-10: Low- to intermediate-temperature thermal springs and wells in Oregon, 1978 ........................ 3.00 I —
I «“ GMS-12: Geologic map of the Oregon part of the Mineral quadrangle, 1978 .......... ... ... ... ... ... .... 3.00 _ -
l 8 GMS-13: Geologic map of the Huntington and part of the Olds Ferry quadrangles, Oregon, 1979 ............... 3.00 - N
GMS-14: Index to published geologic mapping in Oregon, 1898-1979, 1981 ... ... ... ... ... ... .. ii.t. 7.00 I
I o GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, Cascade Mountain Range,
I w NOTthern OregOm, 1981 . .. . .ttt ettt e et e et e et e 3.00 -
I a GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, Cascade Mountain Range,
-9 - southern Oregom, 1981 . . ... ...ttt e e e 3.00 _ —
I (o] GMS-17: Total-field aeromagnetic anomaly map, Cascade Mountain Range, southern Oregon, 1981 ............ 3.00 - _
l - GMS-18: Geology of the Rickreall, Salem West, Monmouth, and Sidney 7'2-minute quadrangles, Marion, Polk,
and Linn Counties, Oregon, 1981 .. ... ... o i i i e 5.00 -
I GMS-19: Geology and gold deposits map of the Bourne quadrangle, Baker and Grant Counties, Oregon, 1982 .... 5.00 I N
I GMS-20: Map showing geology and geothermal resources of the southern half of the Burns 15-minute quadrangle,
[0 072 (R L 7 5.00 -
I GMS-21: Geology and geothermal resources map of the Vale East 7'2-minute quadrangle, Oregon, 1982 ......... 5.00 -
I GMS-22: Geology and mineral resources map of the Mt. Ireland quadrangle, Baker and Grant Counties, Oregon,
D72 PP 5.00 R R
l GMS-23: Geologic map of the Sheridan quadrangle, Polk and Yamhill Counties, Oregon, 1982 ................. 5.00 I
l GMS-24: Geologic map of the Grand Ronde quadrangle, Polk and Yamhill Counties, Oregon, 1982 ............. 5.00 I
l GMS-25: Geology and gold deposits map of the Granite quadrangle, Baker and Grant Counties, Oregon, 1982 .... 5.00
GMS-26: Residual gravity maps of the northern, central, and southern Cascade Range, Oregon, 1982............ 5.00 -
I GMS-27: Geologic and neotectonic evaluation of north-central Oregon: The Dalles 1° by 2° quadrangle, 1982. .. .. 6.00 N -
I GMS-28: Geology and gold deposits map of the Greenhorn quadrangle, Baker and Grant Counties, Oregon, 1983 .  5.00 - -
I GMS-29: Geology and gold deposits map, NE4 Bates quadrangle, Baker and Grant Counties, Oregon, 1983... 5.00 - [
I OIL AND GAS INVESTIGATIONS
3. Preliminary identifications of foraminifera, General Petroleum Long Bell #lwell .. ........................ 3.00 - _
I 4. Preliminary identifications of foraminifera, E.M. Warren Coos County 1-7well, 1973...................... 3.00 - -
I 5. Prospects for natural gas production or underground storage of pipeline gas,
upper Nehalem River Basin, Columbia-Clatsop Counties, Oregon, 1976.............cooiiiiiiiiieennnn... 5.00 N -
I 6. Prospects for oil and gas in the Coos Basin, western Coos, Douglas, and Lane Counties, Oregon, 1980: Newton
l BT 0T 1 9.00 [ N
I 7. Correlation of Cenozoic stratigraphic units of western Oregon and Washington, 1983 ...................... 8.00 - I
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Available publications (continued)

SPECIAL PAPERS Price No. Copies Amount
1. Mission, goals, and programs of Oregon Department of Geology and Mineral Industries, 1978.............. 3.00
2. Field geology of SW Broken Top quadrangle, Oregon, 1978: Taylor ...........c.oiiiieinnineeennnn... 3.50 _ I
3. Rock material resources of Clackamas, Columbia, Multnomah, and Washington Counties, Oregon, 1978:
Gray and OtheTS . .. ..ot e 7.00 I -
4. Heat flow of Oregon, 1978: Blackwell, Hull, Bowen, and Steele. ........... ... ... iiiiiiiiiiianna... 3.00 - -
5. Analysis and forecasts of the demand for rock materials in Oregon, 1979: Friedman and others ............. 3.00 I I
6. Geology of the La Grande area, Oregon, 1980: Barrashandothers .............. ... ... ... ... .. ...... 5.00 . R
7. Pluvial Fort Rock Lake, Lake County, Oregon, 1979: AIliSON .. .........ouiuiuiiiiireiiiennneanns 4.00 [ I
8. Geology and geochemistry of the Mt. Hood volcano, 1980: White . ....................ooiiiiiinnnn.. 3.00 - I
9. Geology of the Breitenbush Hot Springs quadrangle, Oregon, 1980: White............................... 4.00 I N
10. Tectonic rotation of the Oregon Western Cascades, 1980: Magilland COX .............coviiiieeinnnnn... 3.00 - N
11. Theses and dissertations on the geology of Oregon: Bibliography and index, 1899-1982, 1982: Neuendorf
AN OLNETS . . .ot 6.00 I -
12. Geologic linears of the northern part of the Cascade Range, Oregon, 1980: Venkatakrishnan, Bond,
and Kauffman . ... ... 3.00 _ -
13. Faults and lineaments of the southern Cascades, Oregon, 1981: Kienle, Nelson, and Lawrence .............. 4.00 - -
14. Geology and geothermal resources of the Mount Hood area, Oregon, 1982: Priestand Vogt ................ 7.00 I -
16. Index to the Ore Bin (1939-1978) and Oregon Geology (1979-1982), 1983: Mahoney and Steere.............. 4.00 - -
SHORT PAPERS
21. Lightweight aggregate industry in Oregon, 1951: MasOn .. ..........ouiiiiiiieii it 1.00 [ I
24. The Almeda Mine, Josephine County, Oregon, 1967: Libbey ............ ... ... i, 3.00 - -
25. Petrography, type Rattlesnake Formation, central Oregon, 1976: Enlows. ................................ 3.00 - -
27. Rock material resources of Benton County, 1978: Schlickerandothers ................................... 4.00 -
MISCELLANEOUS PAPERS >
1. A description of some Oregon rocks and minerals, 1950: Dole ................ooiiiiiiiiiiiiinnanan. 1.00 - -
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