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COVER PHOTO

Phantom Ship, a small island in Crater Lake, the attraction of
Crater Lake National Park in Klamath County. The andesitic dikes
that hold up the “sails” of the “ship” are related to the oldest rocks
exposed in the caldera wall —about 400,000 years old. Under certain
viewing conditions, the island seems to become invisible —which
gave rise to the name. See stories related to Crater Lake National
Park on pages 3 and 10.

OIL AND GAS NEWS

Mist Gas Field boundaries

Oregon Administrative Rules governing the Mist Gas Field
allow drilling as close as 250 ft from a spacing-unit boundary
without the need for a public hearing. This compares with 500 ft for
statewide setback requirements. Due to the complex geology and
the small size of pools discovered so far at Mist, the Governing
Board of the Oregon Department of Geology and Mineral Indus-
tries (DOGAMI), at its November 28, 1983, meeting, enlarged the
size of the Mist Field to reduce the size of the setback over a wider
area. The field was enlarged from its former size of 42 mi? to a new
size of 141 mi2—an increase of 335 percent. A new map reflecting
these changes will be available from DOGAMI later this year as
Open-File Report O-84-2. The change became effective December
8, 1983.

Mist Gas Field activity

Reichhold Energy spudded Columbia County 23-22 on De-
cember 10, 1983. The well is located in sec. 22, T.6 N., R. 5 W.
and has a proposed depth of 5,000 ft.

Douglas County

Glory Hole 1, drilled by Hutchins and Marrs in sec. 10, T. 27
S., R. 7 W., has been suspended. Abandonment of this well is
planned, as well as further drilling of other wells in the area.

Morrow County

Oregon Natural Gas Development Company, operator for a
group of several companies, has proposed Morrow County’s first
deep exploration well (see table below). The well, with a proposed
depth of 10,000 ft, will be located 10 mi northeast of Heppner and
will be drilled this winter. The nearest deep test was the 1957 well
drilled by Standard Oil some 35 mi to the southwest, to a depth of
8,726 ft.

Recent permits
Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
254 Oregon Nat. Gas Development NE!% sec. 21 Location;
Dougherty 1-21 T.1S.,R.27E. 10,000
049-00001 Morrow County O

Mining-claim information
available from BLM

The U.S. Bureau of Land Management (BLM) has informa-
tion available on regulations and procedures for staking a mining
claim on federal lands. For a free packet of information write to Pat
Pickens, BLM, P.O. Box 2965, Portland, OR 97208, or call (503)
231-6281. This packet of regulations and information is also avail-
able over the counter at the BLM office on the 14th floor of 825 NE
Multnomah, Portland. [J
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The caves of Crater Lake National Park

by John Eliot Allen, Geo

ABSTRACT

At least five notable caves occur within Crater Lake National
Park outside the rim, and over 30 within the rim of the caldera, most
of them near the lake level which has varied as much as 30 feet
within the last 100 years. The caves originated, in order of abun-
dance, from wave erosion on strongly jointed platy lavas (25),
erosion of layers of mudflow (in a few cases possibly morainal)
material interbedded between the flows (11), beneath jumbles of
great blocks of lava on the surfaces of the rhyodacite flows (2),
sublimated gas cavity (1), and meandering of a stream, deeply
incised in thick ash-flow material (1).

PREFACE

During the summer of 1935, as my very first professional job
out of school, I was Ranger Naturalist at Crater Lake. Although my
work took up all my time during the week, we did have one day a
week off, and we used this for scientific research. I wrote one article
on the “Waterfalls of Crater Lake” which was published in the park
“Nature Notes,” but my main project was caves. It turned out to be
too long to publish in the “Notes,” and the manuscript has lan-
guished in the files at the park for nearly 50 years!

Recently I had occasion to correspond with Ann Cordero,
Seasonal Park Naturalist at the lake, and asked her if the manuscript
was still in the files. She sent me a copy, which is reproduced here
for the first time, with slight additions.

INTRODUCTION

From prehistoric times, caves have occupied a vital place in
the affairs of the human race. One of the early fossil men, Syn-
anthropus, lived deep in a limestone cavern in the hills near what is
now Beijin (Peking). Cro-Magnon man used the caves of Altamira,
Spain, and southern France for ceremonial purposes, and left
evidence of his superlative artistry on their walls. The oracles of
ancient Greece and Rome frequently chose caves as the dwelling
places for their mysteries, and several of the Old Testament proph-
ets spoke from the mouths of caves.

Caves have had a strong effect upon more recent history and
literature, from Beowulf to Ali Baba, from King Alfred and Robert
Bruce to Captain Jack of the Modoc wars, from the Count of Monte
Cristo to Tom Sawyer.

From a place of shelter and protection to which prehistoric
man owed his safety, caves in historic times have sometimes taken
on an ominous or dreaded aspect, and this spell may well be the
result of generations of supernatural and superstitious beliefs.

Before any discussion of caves, the scientist should try to
define the term “cave.” It must be large enough to enter, or else a
rabbit burrow would qualify. It must be enclosed above, or else any

artment, Portland State Universiry, P.O. Box 751, Portland, OR 97207

SPECIAL NOTICE

We are publishing this paper because of its unique
contribution to the knowledge about Crater Lake National
Park—not as an encouragement to “cavers” for casual
exploration.

We must warn our readers that the caves in the Park are
considered to be unsafe and are, therefore, off limits to Park
visitors.

For special research purposes, a written permit to enter
the caves must be obtained. It may be requested from (and
may be granted by) the Park authorities by writing to Crater
Lake National Park, Box 7, Crater Lake, OR 97604. (ed.)

deep quarry, crater, or gorge would be a cave. Man-made excava-
tions such as tunnels, adits, and shafts must be excluded. Perhaps
“Any natural opening beneath the surface of the earth, large enough
to enter and enclosed above™ will do, although the definition in the
American Geological Institute Glossary of Geology runs to five
lines!

The area of Crater Lake National Park is underlain entirely by
igneous materials (Williams, 1942), predominantly volcanic in
origin, consisting, in approximate order of abundance, of andesitic
lava flows, glowing avalanche and ash flow and fall deposits,
rhyodacite domes and short thick flows, basaltic cinder cones, and
glacial moraines. Most of the latter rocks are covered with air-fall
deposits formed circa 7,000 years ago when Crater Lake was
formed but are found within the rim of the caldera beneath the air-
fall deposits and interbedded between the lava flows.

All but a few of the caves have been formed during the last
7,000 years, which enables one to calculate the rate of formation of
such caves under the conditions prevailing during that very short
geologic time.

The most prevalent origin of world caves, of course, is by
solution in limestone, which is not found within the park. The
andesitic and rhyodacitic lavas are too viscous to form lava tube
caves, common elsewhere in the basaltic flows of other parts of
Oregon.

The 40 or more caves in Crater Lake National Park (Figure 1)
fall into five genetic categories:

1. Twenty-five caves, produced mostly by wave erosion in
strongly jointed platy andesitic lava flows. All but six occur within
the rim.

2. Eleven caves, produced by erosion of less resistant
mudflow or glacial debris lying between lava flows. Six of this type

for 18 years.

John Eliot Allen

The author of this paper, John Eliot Allen, Professor Emeritus of Portland State University, is
one of the “grand old men" of Oregon geology, well known as a geologist, teacher, and author.

Allen began his professional connection with Crater Lake National Park—and indeed his
professional career—as a park ranger-naturalist in 1935. He was part of the beginnings of the
Oregon Department of Geology and Mineral Industries and served on its staff for nearly a decade. He
also guided the early steps of the Portland State University Geology Department, serving as its head

The most recent book in Allen’s long list of publications, The Magnificent Gateway (/979),
brought him back to the object of his earliest research, the Columbia River Gorge, about which he
wrote his master’s thesis in 1932. At present, he is most widely known through his regular contribu-
tions to the science section in the Thursday edition of The Oregonian. (ed.)
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Figure 1. Caves in Crater Lake National Park. A=North
Entrance, B=Bear Creek, C=Music Shell, D=Castle Crest,
E=Rugged Crest, F (I-31)=caves within the rim, X=caves of
special interest within the rim.

occur within the rim (9, 21, 22, 25, 26 and 29) and 5 outside the rim
(Band D, nos. 1to4).

3. Two caves, one beneath the jumble of large blocks, one on
the surface of the Rugged Crest dacite flow (E), and one on Castle
Crest (D, no. 5).

4. One cave, the Music Shell (C), was formed by the deep
incision of Castle Creek in ash fall and flow deposits, and the
meandering of the stream as it cut down to produce a 75-ft
overhang.

5. One cave, the North Entrance Cave (A), lies near the
surface of the Llao Rock rhyodacite flow, and consists of an
elongated complex network of channelways with sublimated min-
erals on the walls.

NORTH ENTRANCE CAVE (A)

This cave is located on the backslope of the Llao Rock
rhyodacite flow on the Diamond Lake Road. The entrance is com-
pletely hidden, and it can only be explored with special permission
of the Superintendent of the Park. It well merits further study!

In 1935, I slid down a narrow opening in the roof, and the cave
quickly opened out into a cavern 40 ft long and over 10 ft wide and
high, with numerous small channels, all but a few of them too small
to enter, extending downward in all directions (Figure 2).

The general trend of the passages is N. 15° E., and most of the
lower passages correspond to this direction. Those that could be
explored are shown in the cross section, although they do not all lie
exactly in this plane.

A cold draft sufficiently strong to extinguish a match comes
out through the entrance, and as far as could be tested, is derived
from the northern rather than the southern channels.

The walls when fresh are of highly scoriaceous lava, often
spiny or fibrous, rough and cindery, and extremely hard on the
hands! This forms a crust from 1 to 2 in. thick over the wall rock of
well-banded glassy rhyodacite, whose flow structure is in places
alternated with pumiceous or included fragments.

A considerable amount of thin crystalline flakes of specular
hematite was found on the rough surfaces in several places, es-
pecially in the northern channels, indicating that sublimation had
been at work at temperatures above 500° C.

The cave is in no way a lava tube; the evidence seems to point
toward an origin as a steam vent, opened by fracturing of the
extremely viscous rhyodacite while still hot.

BEAR CREEK CAVE (B)

Bear Creek heads in a dry ravine just east of Skell Head on the
Rim Road. The south side of the ravine forms a line of cliffs
200-300 ft high which extend out to a point about 3% mi east of the
rim. If one follows eastward along the base of the cliffs to just
around the point, one comes, at an elevation of about 6,950 ft, upon
the largest cave now known in the park.

This cave, whose mouth is 40 ft wide and about 10 ft high,
extends back and up to the west into a dacite cliff for over 150 ft,
rising about 80 ft within this distance (Figure 3). It averages 20 ftin
diameter and is nearly circular, but its origin is not that of a lava
tube. The material of the floor, beyond a few feet of sandy ac-
cumulation near the mouth, is a mudflow or moraine.

Many of the cave surfaces are covered with minute (% to 1 in.)
siliceous stalactites, resulting from the weathering and redeposition
of the silica from the feldspars abundant in the dacite above. A few
of them may be calcareous, since they could be scratched with a
knife blade, but no acid for testing was available.

The cave is a result of the erosion by stoping of the less
resistant material of a ridge buried beneath the dacite flow.

This cave was discovered by white men onJune 11, 1932, by a
party composed of Ed Johns, Al Swan, P.H. Rushmore, and others,
engaged in pine beetle control work in the park. Indians are said to
have mentioned it, saying that on rare occasions their hunters had
used it for shelter.

THE MUSIC SHELL-LLAO’S HALLWAY (C)

Atthe lower end of that weird, vertical-walled gorge in the ash
flows called Llao’s Hallway, just above the junction of Castle Creek
and Little Castle Creek, the west-flowing stream, which is dry most
of the time during late summer months, makes a sudden meander to
the south.

This meander grew in radius as the stream cut down through
the 200 ft of tough pumice and ash flow until at the present time the
gorge wall has been undercut to form an overhang of over 75 ft,
resulting in a remarkably perfect natural acoustic arch at least 50 ft
high, which is most effective in concentrating the sounds of Castle
Creek at its focus.

CASTLE CREEK CAVES (D)

Several caves are visible from Government Headquarters in
the face of the steep cliffs that rise on the east side of Munson Valley
and are known as Castle Crest. Some of these are only accessible
with rock-climbing gear, others may be reached by a steep climb up
the talus and through chimneys, or by climbing down from above.
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Figure 2. North Entrance cave, longitudinal section.
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Those that were visited in 1935 are numbered on Figure 4 and
described below. Others, several of them larger and more impos-
ing, at least from the vantage point of the opposite wall of the
valley, could not be reached.

1. The mouth of this cave measures 10 by 30 ft and is nearly
25 ft deep. Another cave just north of it could not be reached. The
caves are cut in a layer of mudflow or moraine over which the lava
poured. The cliffs were later formed by the erosion of the glacier
that cut Munson Valley.

2. With a mouth from 5 to 10 ft wide and 4 to 6 ft high, this
cave has an overhang of at least 30 ft. Its origin is the same as for
cave 1. A 10-ft pinnacle in the mud flow rises opposite the mouth of
the cave.

3. This cave is one of the most spectacular of the group, lying
just above the steep wall at the top of the cliff. The cave is really a
natural tunnel, since it goes through and opens out to the rear as well
as below the main cliff face. The front entrance, about 10 ft in
diameter, lies below the back entrance, which is an open pit on the
level of the ridge top. The roof is only 5 to 10 ft thick and about 15 ft
wide from front to back. The cave was caused when a pile of
mudflow or morainal rubble, overwhelmed and buried by a lava
flow, was later eroded out to form the cave.

4. Two other small caves have the same character as the last,
except that they both lie entirely within the mudflow. The southern
cave has an 8- by 10-ft opening, is 15 ft long, with a 3- by 8-ft back
door. The second, only 40 ft farther north, is still shorter, with an
entrance only 5 ft in diameter and a roof of about that thickness.

5. This cave resulted when a giant block of lava leaned against
the base of the cliff to produce a cavity 10 ft deep and wide, with a
height of about 5 ft.

As far as can be told from a distance, the other unexplored
caves in Castle Crest originated by erosion of the more easily
eroded mudflow or morainal material, most often opening just
below the base of a massive flow of overlying andesite.

RUGGED CREST CAVES (E)

In a reconnaissance of the peculiar castellated rocks on the
surface of the Cleetwood Cove rhyodacite flow (including Mazama
Rock and many others), two caves of sufficient size to merit atten-
tion were discovered.

They lie about % mi northeast of Cleetwood Cove at an
elevation of about 6,675 ft, on the edge of a steep break in the slope
to the north, several hundred yards west of the valley wall which
drops off to the east.

Here two giant blocks of dacite, the western one 300 ft long by
75 ft wide and 30 ft high, and the eastern 200 by 50 by 40 ft, each
have within them a cave. The western cave is a tortuous passage
extending downwards for over 30 ft at an angle of more than 45°
along a cleft which has split the rock apart about 4 ft.

The other cave, 300 ft to the east, is a horizontal north-south-
trending passage completely through the rock about 10 ft above its
base. It averages 4 ft in height and 7 ft in width. This cave, rather
than being caused by displacement, is the result of the erosion of a
mudflow layer enclosed within the rock.

CAVES WITHIN THE RIM (F)

Atotal of over forty caves with dimensions varying from 3 or 4
to 50 ft may be seen from the surface of the lake, and several of
these are of sufficient interest or beauty to merit pointing out on the
special boat trip. These caves are marked with x’s on Figure 1 and
asterisks in the text.

Many caves above the water’s edge were not visited due to
inaccessibility or lack of time. Some of these are described, others
are only noted on the map with a question mark. All but six of these
caves(1,9,21, 22,25, and 26) have resulted from the erosion of the
lava flows along joints; the six are due to erosion in mudflow or
morainal material between the lava flows.
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Figure 3. Bear Creek cave, cross section.

Since the time this article was written, conditions have
changed a bit. The elevation of the water in the lake changes with
time. WhenJ.S. Diller was there in 1896, he placed a brass plug ina
cliff face at the water’s edge below the present Sinnott Memorial.
When I was there in 1935, after considerable search, we found this
plug, then 25 ft above the water level. Since that time, the water
level has fluctuated about 3 ft (M. Briggs, personal communication,
1983). The current status of the lake level should be determined and
the necessary mental adjustments should be made before one tries to
repeat the following clockwise boat trip around the lake.

1. On the south side of the base of the Devil’s Backbone, over
200 ft above the water level, is a cave of considerable dimensions,
which was not visited but which seems to be due to the erosion of a
mudflow partially surrounded by the lava dike.

2. Asmall cave with a bottom 4 ft below water level lies % mi
west of Llao Rock. Its dimensions are 10 ft wide, 5 ft deep, witha 7-
ft roof. It resulted from the breaking-out of jointed rock.

3. This cave is a low crevice at the water’s edge, perhaps 5 ft
deep.

The caves on the west side of Cleetwood Cove (numbered 4 to
8) are carved in a thick (40-50 ft) flow of gray andesite, which is
characterized by a fine (%2 to 1 in.) horizontal platy cleavage. When
these plates break out, governed by the major vertical joints (which
trend east-west), they leave rounded columns with more or less
perfect gothic arches between them over the caves. For this reason,
the name “Cathedral Columns” is suggested for these cliffs on the
west side of the Cove.

*4. “House Cave,” the largest and westernmost cave of the
area, differs from the others in being nearly square, with dimen-
sions averaging 20 ft in all directions; more accurately, 25 ft deep,
15-20 ft wide, with a roof 10-15 ft high.

5. “Fireplace Cave” has a mouth only 4 ft wide and 2 ft high,
but inside, 10 ft back from the mouth, the roof rises to over 10 ft,
and it is possible to stand erect.

6. “Arch Cave” is the most perfect and the deepest of the
gothic recesses between the columns. It is 12 ft high, 6 ft wide at the
base, and extends inward for 20 ft. Since, like the other caves, it
extends east-west, it can be seen only from well within Cleetwood
Cove. .

7. This is a broader cave, without special characteristics. It is
25 ft high, 15 ft deep, and 10 ft wide.

8. This is a small cave with an entrance only 5 ft high, but it
extends back for 15 ft, narrowing and forking toward the end.

9. This group of caves is located at the base of a 75-ft cliff, just
west of the West Palisade, about 300 ft above the water. One cave is
as much as 15 ft deep; others are 20-30 ft wide and 10 ft deep, but
with very low entrances. They are the result of the erosion of a layer
of mudflow which lies beneath the massive lava flow. At one place,



where the cliff overhangs at least 35 ft, the jointed lava has broken
out in a chimney 15 ft square, the top of which extends upwards for
20 ft, entirely enclosed except at the base.

10. This is a small cave between Skell Head and the point to
the north, that faces to the north and lies about 15 ft above the water.
It is only 5 ft wide and quickly narrows to a crevice.

11. Several shallow caves in platy andesite lie above a rock
beach about ' mi north of Pinnacle Rock (“Captain Applegate”).

Around the base of Skell Head there is a large number of caves
and crevices at the water’s edge which have for many years been
called “The Grottos.” Most of them are the result of the breaking-
out of blocks in the vertically cleaved andesite, whose wavy pat-
terns give a unique loveliness to the cliffs there. Seven of these
caves are sufficiently noteworthy for description and naming.

12. “Square Grotto,” the first to be seen on the boat trip, lies
just south of Pinnacle Rock, at the water’s edge, and is about 5 ft
square.

*13. “Lens Grotto” is a peculiar lens-shaped cavern 20 ft
high, 6 ft wide, and 10 ft deep, which lies about 3 ft above the water.
It is caused by the erosion of a lens-shaped body of mudfiow within

the lava.
*14. “Grotto Crevice” lies 300 ft south of Lens Grotto. This is

a cave that is not easy to find, since it is only 5 ft wide at its entrance
and about 6 ft high, with a floor at least 20 ft below the water’s
surface. If one places the nose of the boat in the opening, there is a
narrow ledge along which one can climb into the crevice, which
extends for 20 ft into the andesite.

15. “Llao’s Jaws” is not a water-level grotto, since it is at the
head of a rock slope 30 ft above the water. It has an entrance 10 ft
square, the top of which is jagged and toothed. The floor rises
another 15 ft, and the greatest length of the cave, about 40 ft, is
nearly at right angles to the entrance. The entrance faces almost

*16. “The Grotto” is located 100 ft south of Llao’s Jaws and is
the largest and loveliest of the grottos. The opening, which faces
northwest, is about 6 ft wide, and the roof is only 6 ft above the lake
level (1935) and is studded with the same jagged toothlike spires as
Llao’s Jaws. The cave is 20 ft deep, and when the boat is run into it,
the water below the boat has a deep brilliant blue color that is
indescribable. Although the entrance is only 6 ft wide, the cave
below the water surface is twice that deep. An overhang that almost
reaches the water cuts off half the opening.

17. A small south-facing grotto lies 300 ft south of The
Grotto; it is 10 ft wide and 7 ft high and narrows to a crack within

18. “Hidden Grotto” faces almost due south, so that it can be
seen only from a boat skirting the shore very closely. It is 5 ft wide,
15-20 ft high and 20 ft deep, of just such proportions that, the floor
being below water level, a rowboat will fit in and be completely
hidden. This is the last of the Grotto group.

19. Below one of the cliffs that lie under and to the south of
Castle Rock is a cave at least 25 ft wide, with an opening 5-8 ft high.
Since it lies 150 ft above the water at the base of a 150-ft thick
andesite flow, it was not explored.

20. This cave lies above a rock slope 10 ft above water level.
It is 8 ft wide, 5-6 ft high, and 10 ft deep with several short side
openings.

21. At the tip of Sentinel Point there is a cave with a water
floor in a mudflow. The cave is 15 ft wide, 20 ft high, and 10-15 ft
deep.

p22. A small cave 300 ft southeast of Sentinel Point lies 10 ft
above the water in a mudflow. It is 8 ft deep, 5 ft high, and 4 ft wide.

*23. “Blue Crevice” is a deep, mossy crevice in the vertically
cleaved rock that, although only 2% ft wide at the entrance, aver-
ages twice that width in the 25 ft of its depth. The crevice is 20 ft
high, and the floor slopes so steeply below the water level that at the
mouth the water is at least 75 ft deep, and a resulting deep blue light
comes from below. If the nose of the boat is placed in the opening,
there is a narrow ledge along which one can climb into the crevice

6

Figure 4. Caves in Castle Crest, east of Government
Headquarters.

and get the full effect of the color. A third of the way from the end,
there is a side opening 2% ft wide and 4 ft deep. The crevice bears
N.75° W. :

24. There are several vertical openings in the jointed andesite
at the water’s edge here, none of them very deep. They average
5-10 ft wide and 15-30 ft high.

25and 26. These are two inaccessible openings 200 and 400 ft
above the water in the face of the cliffs. They are of interest in that
they are eroded into layers of mudflow and stand out quite clearly in
the morning light. Neither can be very deep.

27. A small cave 5 ft above water level, on the firstspoint
northeast of Kerr Notch, is 4 to 5 ft wide and 10 ft deep.

*28. “Phantom Cave” lies just east of the Phantom Ship and
derives its name from the fact that from within the cave the Ship is
framed in its triangular opening. The top of the opening is 13 ft
above the water, and its base is 10 ft wide. The cave slopes back and
upwards for 30 ft from the mouth, the roof being 12-18 ft high. The
cave has resulted from the breaking-out of the rock along rhom-
boidal cleavages.

29. Another unvisited cave lies almost 900 ft above the water
at the base of Dutton Cliff, at the head of the great talus slope. It
appears to be about 30 ft wide and 15 ft high at the entrance. Itis due
to the erosion in a fragmental layer of mudflow or moraine under-
lying the massive cliff.

30. This tiny cave lies 8 ft above the water, with an entrance
5 ft square. It is only 4 ft deep.

31. Another similar cave 10 ft above the water is 10 ft deep,
with an entrance 3 ft high and 4-6 ft wide. Both these last two caves
are the result of the breaking-out of cleaved rock fragments.
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Temperature data and drilling history of the Sandia
National Laboratories well at Newberry caldera

by Gerald L. Black, George R. Priest, and Neil M. Woller, Oregon Department of Geology and Mineral Industries

ABSTRACT

A new geothermal well drilled by Sandia National Laborato-
ries in Newberry caldera reached temperatures in excess of 158° C
at depths of 350 to 424 m. Artesian fluids entered the well between
about 379 and 397 m at a rate of about 340 liters per minute (Ipm).
The temperature of the main fluid entry is probably in excess of
170° C. The temperature-depth profile of the Sandia well is similar
in shape to the nearby Newberry 2 drill hole but reaches higher
temperatures at equivalent depths. It is possible that the Sandia
well, which is closer to the caldera ring-fault system than Newberry
2, intercepted some of the same hot-water aquifers that Newberry 2
encountered, but the Sandia well is closer to the source of the fluids.

INTRODUCTION

Sandia National Laboratories, Albuquerque, New Mexico,
drilled well RDO-1 in Newberry caldera in September and October
of 1983. The drilling began on September 16, 1983, and the hole
was abandoned on October 20, 1983, as a result of casing problems.
The well, which reached a depth of 424 m, was drilled about 457 m
southeast of the U.S. Geological Survey (USGS) Newberry 2 drill
hole (Figure 1).

The Oregon Department of Geology and Mineral Industries

12015
T

(DOGAMI) and Columbia Geoscience of Hillsboro, Oregon, as-
sisted Sandia scientists with planning and logging the well. Edward
A. Sammel of the USGS was also involved in the planning stages.

This report focuses on the temperature data obtained from the
well. Lithologic data will be presented in later papers by Marshall
Gannett of Columbia Geoscience, John Eichelberger of Sandia
National Laboratories, and Terry E.C. Keith of the USGS, and the
drilling history will be discussed by Sandia.

TEMPERATURE LOG ANALYSIS

General observations

The final temperature log of RDO-1 was taken on October 6,
1983, two days after mud circulation ceased (Figure 2, Table 1).
The log is characterized by very low gradients in the upper part of
the well and a very high gradient in the lower part. In the interval
from 38 m to approximately 274 m, the hole is essentially isother-
mal, with a temperature of about 40° +5° C. From 274 m to the last
measurement at 350.5 m, the hole has a linear (conductive) gradient
of 1,665° C/km. The temperature probe failed at a depth of
350.5 m, so the final log did not reach total depth.

Earlier temperature logs utilizing Sandia’s thermocouple

43045

=, 4
(buried (?i;

'A obsidian flow)

EXPLANATION

Obsidian flows (includes flows buried by younger pumice and ash
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Figure 1. Locations of USGS well Newberry 2 and Sandia National Laboratories well RDO-1. Geologic map is from MacLeod and

Sammel (1982).
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Figure 2. Temperature-depth profiles run at various times during and after drilling the RDO-1 drill hole compared to the profile of the
Newberry 2 drill hole at equivalent depths. Thermocouple logs were run by Sandia National Laboratories. The thermistor probe was provided
by David D. Blackwell, Southern Methodist University. The first thermistor log was run by Marshall Gannett of Columbia Geoscience; the
final log was run by Gerald L. Black of the Oregon Department of Geology and Mineral Industries.

probe indicate that the temperature profile below about 351 m has a
very low, irregular gradient, which probably reverses near the
bottom of the hole. The earlier logs also show considerable cooling
in the lower part of the well as a result of mud circulation. It is
probable that the hole was not in complete thermal equilibrium
when the final log was completed.

Detailed log analysis

0-38 m: In this interval, the gradient is 770° C/km. It repre-
sents conductive heat flow between the surface and a warm aquifer
at 38 m. Nearby water wells indicate that the volcaniclastic rocks
from 12 to 38 m are saturated. The conductive gradient indicates
that there is probably neither rapid lateral nor vertical ground-water
flow in this interval.

38-67 m: A warm aquifer (44.5° C) causes this isothermal
section of the profile.

Negative inflection at 84, 183, 198, 239, and 274 m: All of
these negative inflections (Figure 2) occur in the portion of the hole
which has been cased off (casing was set to 305.7 m), so it is
unlikely that they are the result of disturbances caused by the
injection of drilling fluid into permeable zones in the formation.
Mud was circulated in the hole shortly before the temperature log of
10/4/83 was run. As can be seen in Figure 2, the upper portion of
the hole was roughly isothermal at a temperature just over 40° C,
19 hours after mud circulation ceased, although the wide separation
of data points could allow short wave length temperature inflections

to go unnoticed. On the final log of 10/6/83 (Figure 2), the upper
portion of the hole had apparently cooled (the DOGAMI thermistor
probe and the Sandia thermocouple were not calibrated against one
another), and several negative temperature inflections are present.
The inflection at 84 m correlates with a pumiceous layer and
probably represents a relatively cool aquifer. The inflections at
183, 198, 239, and 274 m do not correlate with lithologic changes.
All occur in a portion of the hole composed of uniform basaltic
lapilli tuff (Marshall Gannett, personal communication, 1983). The
inflections at 183 and 198 m are minor and may be of no signifi-
cance, or they may represent very small, slightly cool aquifers. The
inflections at 239 and 274 m are of higher amplitude than those of
183 and 198 m. They flank what is probably a small, warm aquifer
at 250 m. The minimum at 274 m correlates precisely with a cool
aquifer in the nearby Newberry 2 drill hole (MacLeod and Sammel,
1982). The convex shape of the temperature-depth curve above and
below the temperature minimum indicates that the hole is not yet in
equilibrium at that point. Projection of the linear segments just
above and below the convex segments indicates that the tem-
perature should eventually stabilize at about the same temperature
as observed in Newberry 2.

111-274 m: The overall gradient, except for one interval from
121 to 175 m which is essentially isothermal at a temperature of
41.5° C, is —69.8° C/km. This overall negative gradient, which
reaches a minimum temperature of 31.4° C at 274 m, indicates the
influence of a cold aquifer at 274 m.
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274-350.5 m: The smooth linear gradient of 1,665° C/km in
this interval is representative of conductive heat flow through
relatively impermeable rocks. These rocks consist predominantly
of the fine clay-rich volcanic sediments and devitrified tuffs which
are incompetent and incapable of sustaining open fractures for fluid
movement (Marshall Gannett, personal communication, 1983).

350.5-424 m (total depth): The last temperature probe did not
cover this interval because of failure of the cable and loss of the
probe at 350.5 m.

The log of 10/4/83 turns isothermal at approximately 375 m.
The hot aquifer occurs between 379 and 397 m (Marshall Gannett,
personal communication, 1983). The log of 10/5/83 turns isother-
mal at approximately 350 m. The difference between the two logs
results from intraborehole upflow caused by the overpressured hot
aquifer. The negative inflection at approximately 380 m may result
from the injection of drilling mud into the hot aquifer. Approx-
imately 80 barrels of fluid were pumped back into the thermal
aquifer about two days before this log was run (Marshall Gannett,
personal communication, 1983).

By projecting the gradient from the thermocouple log of
10/5/79 onto the bottom of the thermistor profile of 10/6/83, a
highly speculative bottom-hole temperature of 158°-166° C is pre-
dicted. However, in view of the amount of fluid pumped back into
the formation, it is likely that the bottom-hole temperature is in
excess of 170° C.

POSSIBLE RELATIONSHIP OF RDO-1
TO NEWBERRY 2

The absolute temperatures in the RDO-1 hole are higher than
the nearby Newberry 2 well, but the thermal profiles of the two
wells are very similar (Figure 2). This similarity implies that
components of common aquifers were encountered in both holes.
The fluids in Newberry 2 may be cooler than those in RDO-1 as a
result of conductive cooling and mixing with cool meteoric water.
RDO-1 may therefore be closer to the source of the upwelling
thermal waters which have migrated laterally to the Newberry 2
well. RDO-1 is also closer to the caldera ring fault system than
Newberry 2. While it is only speculation, a possible interpretation
is that thermal water is convecting up the nearby ring faults and
spreading out laterally along permeable layers within the caldera. If
this is the case, then similar lateral circulation may be occurring
from the ring faults into permeable layers outside of the caldera as
well.

CONCLUSIONS

Drill hole RDO-1, drilled to 424 m by Sandia National Labo-
ratories, intercepted a moderate-temperature hydrothermal system
at shallow depth in Newberry caldera. Between about 379 and

Table 1. Temperature-depth log of the Sandia well in Newberry
caldera, taken 10-6-83, approximately two days after circulating
mud. Total depth of well=1,390 ft; depth logged=1,150 ft

Depth (ft) Temp. ° C Depth (ft) Temp. ° C
0 14.43 600 39.15
25 20.08 625 39.60
50 23.68 650 36.93
75 29.47 675 38.19
100 33.10 700 37.15
125 43.78 725 35.84
150 44.67 750 34.38
175 44.58 775 36.82
200 44.36 800 37.51
225 43.87 825 40.13
250 41.64 850 35.08
275 40.38 875 32.20
300 41.23 900 31.40
325 42.26 925 38.06
350 42.79 950 55.39
375 42.47 975 63.22
400 41.74 1000 71.78
425 41.64 1025 85.04
450 41.35 1050 104.92
475 41.17 1075 118.78
500 41.38 1100 134.70
525 40.98 1125 147.58
550 40.53 1150 158.27
575 41.28

about 397 m, fluids in excess of 158° C produced artesian flow at
340 lpm. Although not reliably measured, the temperature at the
fluid entry was probably in excess of 170° C.

Temperatures, although not fully recovered from drilling ef-
fects, clearly show that the temperature-depth profile of RDO-1 is
very similar to, but much hotter than, that of the nearby Newberry 2
hole drilled by the USGS. The RDO-1 hole may be closer to the
source of the shallow thermal water encountered in Newberry 2.
Closer proximity of RDO-1 to thermal fluids possibly upwelling in
a caldera ring-fracture system may be the cause of the differences in
temperature between the two wells.
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Unique state map produced by OSU

Oregon State University researchers at the Environmental
Remote Sensing Applications Laboratory (ERSAL) have produced
this map of Oregon called the Oregon Landsat Mosaic. It combines
satellite pictures of Oregon in a conventional map format with
standard map information such as roads, towns, and county bound-
aries, and Oregon is the first state for which a map of these pictures
has been prepared.

The Oregon Landsat Mosaic is a composite of 74 different
satellite photographs, the most detailed satellite imagery of Oregon
available through 1982 —that of Landsat-3 RBV (Landsat is the
name of the satellite, and this one is the third in a series launched by
NASA in 1978; RBV designates the camera system as “Return
Beam Vidicon”).

Landsat-3 has been taking pictures from a circular orbit at an
altitude of 920 km (570 mi). The orbit is synchronized with the
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rotation of the earth and also sun-synchronous, so that the satellite
covers areas repeatedly, on a regular schedule, and at approx-
imately the same time of day (in this case, 10:05 a.m. PST). Since
clouds often cover the state and block the satellite’s view, the
pictures chosen for the mosaic are mostly summertime photos taken
in 1978, 1979, and 1980.

Portions of the RBV pictures were composed for the mosaic by
matching them to the 1:500,000 base map of Oregon produced by
the U.S. Geological Survey. The resolution quality of the pictures
is better than 40 m (43 yds).

The resulting Oregon Landsat Mosaic measures 42 by 53 in.
and is available in a black-and-white and a three-color version. A
1,000-word text of technical information about the satellite system
and the mosaic is included in the side margin. The three-color
version is sold by the Oregon Department of Geology and Mineral
Industries in Portland. See the listing under “Miscellaneous Pub-
lications” on the last page of this issue. [J



Howel Williams honored in new geographic name

The U.S. Board on Geographic Names approved, at its Oc-
tober 1983 meeting, the name “Williams Crater” for a previously
nameless but quite conspicuous and geologically fascinating feature
in Crater Lake National Park. Thanks to the efforts of U.S. Geo-
logical Survey geologist Charles R. Bacon, who has been studying
Crater Lake for several years now, the new name will be published
in the Board’s Decision List 8304 reading, in part, as follows:

Williams Crater: cinder cone, in Crater Lake National

Park, on the slope of Mount Mazama, 0.97 km (0.6 mi)

WNW of Hillman Peak; named for Dr. Howel Williams

(1898-1980), Professor of Geology at the University of

California at Berkeley, and author of “The Geology of

Crater Lake National Park”. ...

To quote Bacon, “Williams wrote the definitive account of the
geology of the park and many landmark papers in volcanology. At
the time of his death in 1980, he was perhaps the world’s preeminent
volcanologist. . . . Crater Lake was dear to his heart, and his work
there has had an impact on countless park visitors.”

Informally, the small cinder cone just outside the Crater Lake
caldera had been known as “Forgotten Crater”—a name Williams
made known in his 1942 study (Williams, 1942), where he referred
to a 1932 note by D. LeC. Evans in the Nature Notes published by
the park’s staff. Williams recognized that this cone was not much
older than the caldera itself, that it might be related to the eruptive
center at Hillman Peak, one of the few still remaining eruptive

peaks that once made up the volcanic complex of Mount Mazama,
and that it had erupted a puzzling variety of lavas.

Bacon’s research now shows that Williams crater is probably
22,000 to 30,000 years old. The three gray lava flows emanating
from the rusty-red cinder cone are composed of spectacularly
banded, “commingled” andesite and dacite lava, which itself con-
tains inclusions of basalt. What happened here “may have been ini-
tiated by an eruption of typical High Cascade basaltic magma. . . .
Because of its proximity to the Mazama magmatic system, this
disturbance came under the influence of the local stress field and
allowed the basaltic magma access to the margins of a composi-
tionally zoned system by opening of radial fractures. Eruption of
highly complex, varyingly mixed and commingled magmas fol-
lowed” (Bacon, 1983).

Bacon says that he chose this feature around the Crater Lake
caldera to commemorate Williams because it was first described by
Williams “and because virtually every topographic pimple [there]
already has a name.”
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Oregon land use symposium planned

A symposium on Oregon’s land use planning process will be
held February 17-18, 1984, on the campus of Lewis and Clark Law
School in Portland. The program is sponsored by Environmental
Law, the school’s law journal.

The symposium is entitled “Oregon Land Use: Promoting
Growth and Preservation in the Next Decade” and will take a
retrospective and prospective look at Oregon’s statewide land use
planning process which has been criticized as an obstacle to eco-
nomic growth and applauded as a model of environmental
prudence.

Speakers will include local, state, and national experts in land
use law, planning, and practice, chosen to provide a cross section
of viewpoints.

The agenda will focus both on current policy issues and the
practical aspects of participating in the Oregon land use planning
process. Continuing legal education credit is available for Wash-
ington attorneys and may be available for other states.

For more information, contact Renee Fitzgerald, Editor-in-
Chief, (503) 244-1181, x701; or Laurie Bennett, Program Chair-
person, (503) 244-1181, x702. [

AIME annual meeting announced

The American Institute of Mining, Metallurgical, and Pe-
troleum Engineers (AIME) will hold its 113th annual meeting in
Los Angeles, California, from February 26 to March 1, 1984.
Concurrently, there wili be annual meetings of SME-AIME, TMS-
AIME, and WAAIME.

There will be all-Institute meetings and social events, as well
as extensive technical programs by several of the subgroups of the
Institute. Featured speaker at the all-Institute luncheon on February
27 will be Harry M. Conger, Chairman of the Board and Chief
Executive Officer of Homestake Mining Company.

For advance registration (deadline February 10, 1984) and
further information, write to Society of Mining Engineers of
AIME, Meetings Dept., Caller No. D, Littleton, CO 80127. [

10

Grant money available from Mazamas

Each year the Mazamas provide grants to aid scholarly studies
related primarily to living features of the outdoors and the interac-
tion between people and their environment. The Mazamas have
recently supported research on such subjects as the vegetation of
Baldy Mountain, the geology of the Slesse Peak area, the ecology of
Bighorn Sheep, and the perception of climbers of their impact on
Grand Teton National Park. Preference is given to subjects of
interest to Mazamas.

Applications for such grants must be postmarked or received
by the Research Committee before March 1, 1984. Grants will be
awarded by the Research Committee on May 1, 1984. Detailed
information on conditions of awards, deadlines, and application
procedure may be obtained from the Mazamas, 909 NW 19th Ave.,
Portland, OR 97209. Letters requesting information should
be marked “Mazama Research Grant Information” on the
envelope. [

New mineral display at State Capitol
features Salem meteorite

The Willamette Agate and Mineral Society of Salem is provid-
ing the collection for December 1983 through February 1984 in the
State Capitol display case of the Oregon Council of Rock and
Mineral Clubs.

More than 50 specimens are being shown, all of them from
Oregon and representing 12 Oregon counties. The varied display
includes thundereggs (the “Oregon state rock”), various kinds of
petrified wood, jade, obsidian, rough and faceted sunstones, and
fossils.

Featured in the display are the fragments of the Salem mete-
orite of 1981, the first Oregon meteorite whose fall was witnessed
and which was then recovered. The meteorite specimens were
loaned by finder and owner Deputy Sheriff Jim Price of Salem.

The Rogue Gem and Geology Club of Grants Pass will provide
the subsequent display scheduled to open March 1, 1984. [
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COVER PHOTO

North flank of Mount Jefferson, central Oregon Cas-
cade Range, viewed across Olallie Lake. Geology and geo-
thermal resources of the central Cascades are the subject of a
new DOGAMI publication announced on page 22. (State
Highway Division photograph)
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OIL AND GAS NEWS

Mist Gas Field: New producer

The last well to be drilled in 1983, Reichhold Energy’s Colum-
bia County 23-22, was completed to production. The well, 1.5 mi
south of the nearest production to date in the field, is located in sec.
22, T. 6 N., R. 5 W., and was completed on December 20, 1983.
The total depth of the well was 2,028 ft, and the tested rate was 3
million cfd. The well is significant as the only new gas producer of
the year as well as being a new pool discovery. Offset wells have not
yet been located.

Mist Gas Field: New well

Reichhold Energy has spudded a new well in the Mist Gas
Field: Crown Zellerbach 23-26, located insec. 26, T.6 N., R. 4 W.
The well was spudded on January 5, 1984, and has a proposed total
depth of 4,000 ft. The well will be 7 mi southeast of production.

1983 production total

Preliminary gas production figures indicate that during the
year, 3,871,019 Mcf of gas was produced from the Mist Gas Field.
Reichhold Energy Corporation is the operator of all the producing
wells. A complete summary of 1983 drilling and production will
appear in the March 1984 issue of Oregon Geology.

Recent permits

Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
255  Reichhold Energy Corp.  SW % sec. 34 Application;

Columbia County 13-34A T.7N.,R.5W. 2,800.
009-00123 Columbia County O

Wilderness studies announced

The U.S. Bureau of Mines has announced its plans for min-
eral-assessment studies in proposed wilderness areas on federal
(BLM) lands in Oregon during 1984. Anybody who has mineral
interests or mining claims in any of the areas listed below is invited
to contact the appropriate project leader at the Western Field
Operations Center, U.S. Bureau of Mines, 360 East 3rd, Spokane,
WA 99202, phone (509) 456-5350.

Estimated time
in field

05/29/84-08/30/84
06/12/84-08/30/84
09/04/84-09/13/84
05/29/84-07/19/84
07/24/84-09/23/84

Wilderness
Study Area

Pueblo Mountains
High Steens

Little Blitzen Gorge
Owyhee Canyon
Honeycomb

Project Leader

Steven R. Munts
Leon E. Esparza
Thomas J. Peters
Mitch J. Linne

Douglas R. Scott

All the areas involved were included in a recent mineral-
assessment study by the Oregon Department of Geology and Min-
eral Industries (Open-File Report O-83-2), which identified some
areas with anomalous metal values. []
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Geothermal exploration at Glass Buttes, Oregon*

by Keith E. Johnson and Eugene V. Ciancanelli, Cascadia Exploration Corporation, 3358 Apostol Road, Escondido, CA 92025

ABSTRACT

Glass Buttes is a Pliocene-Pleistocene bimodal volcanic center
located in central Oregon along the Brothers fault zone. The silicic
volcanic rocks were erupted within a northwest-trending graben.
Hydrothermally altered rocks prove the former presence of a high-
temperature geothermal system. Data from temperature-gradient
wells define a thermal anomaly of about 8 sq mi located adjacent to
the alteration within an area which has undergone subsidence. The
temperatures and gradients measured are sufficient to suggest the
possible presence of commercial geothermal temperatures at a
depth of less than 10,000 ft.

INTRODUCTION

This paper is based largely upon the exploration efforts of the
Vulcan Geothermal Group which holds federal geothermal leases at
Glass Buttes. Various reports completed by Cascadia Exploration
and other consultants to the Vulcan Group form the basis for this
paper.

Phillips Petroleum and the Vulcan Geothermal Group sepa-
rately filed lease applications at Glass Buttes in 1974. At that time,
geologic information on the area was scant, but several factors
contributed to the attractiveness of Glass Buttes. These included the
presence of a volcanic center, the abundance of silicic volcanic
rocks, the presence of hydrothermal alteration and mercury miner-
alization, the existence of numerous Cenozoic faults, and a re-
ported warm well in the area.

The earliest geothermal exploration at Glass Buttes was spon-
sored by the Oregon Department of Geology and Mineral Industries
(DOGAMI). This preliminary work involved an electrical re-
sistivity survey and temperature-gradient measurements (Hull,
1976; Bowen and others, 1977; Hull and others, 1977). Phillips
Petroleum conducted geothermal research from 1977 to 1980,
including geologic mapping, geophysical surveys, and tem-
perature-gradient wells. The Vulcan Group began its exploration in
1978 with geologic mapping (Ciancanelli and Emmet, 1979). Gra-
dient drilling in 1979 was followed by additional drilling and a soil-
mercury survey in 1981 (Geothermal Services, Inc., 1979, 1981;
Ciancanelli and Johnson, 1981). This paper outlines the major
conclusions of these investigations.

GEOLOGY

Glass Buttes is located in the High Lava Plains province of
Oregon (Figure 1). This province marks the northern border of the
Basin and Range province and is dominated by late Miocene to
Pleistocene volcanic rocks. These rocks probably overlie older
Paleozoic to Tertiary rocks which crop out within the Basin and
Range to the south and within isolated areas to the north. Late
Tertiary and Quaternary silicic volcanic rocks of the High Lava
Plains were shown by Walker (1974) to display a systematic pro-
gression in age, becoming younger to the west. The most recent
rhyolitic volcanism in this trend occurs at Newberry volcano.

The most striking structural feature of the High Lava Plains is
the west-northwest-trending Brothers fault zone (Walker, 1969).
This zone of en echelon faults contains most of the silicic volcanic
centers within the High Lava Plains. The faults of the Brothers fault

* Reprinted with permission from Geothermal Resources Council
Transactions, v. 7 (1983), p. 169-174. This volume, which contains the
transactions of the 1983 annual meeting in Portland, Oregon, is available
from Geothermal Resources Council, P.O. Box 1350, Davis, CA 95617.
Price is $33 (10 percent discount for GRC members), plus $3.50 shipping
and handling.

OREGON GEOLOGY, VOLUME 46, NUMBER 2, FEBRUARY 1984

Willamette

Klamath

Mountains

Basin and Range

Figure 1. Index map showing the location of Glass Buttes and
the physiographic provinces of Oregon.

zone display normal offsets, although some authors have suggested
right-lateral motion along the zone (e.g., Lawrence, 1976). The
presence of such a distinct tectonic feature spatially coincident with
numerous volcanic centers strongly suggests the Brothers fault
zone is a deep-seated structure.

Rock units of the Glass Buttes area can be divided into four
major groups (Ciancanelli and Emmet, 1979) that differentiate
three periods of volcanism. Although three periods are suggested,
temporal overlap of the periods is probable. Within each group,
several different units were mapped, but for clarity, only the four
major groups are shown in Figure 2. The four rock groups are as
follows:

1. Pre-Glass Buttes volcanic rocks. These are the oldest
rocks exposed in the area and are probably early Pliocene or older.
The rocks of this group are nearly all olivine-bearing basalt flows
that comprise the flat-lying area surrounding Glass Buttes. Also
included within this group are two interbedded welded-tuff units
located in the eastern portion of the area. The welded-tuff units are
tentatively correlated with the Devine Canyon and the Wagontire
Mountain welded tuffs (Greene, 1973; Walker and Swanson,
1968).

2. Glass Buttes silicic volcanic rocks. Most of the rocks
comprising the Glass Buttes area are silicic rocks including rhyolite
and rhyodacite flows and tuffs. A series of silicic domes form the
elongate west-northwest-trending pattern of silicic volcanism at
Glass Buttes. Post-volcanic erosion leading to poor exposures and
the great petrographic diversity within individual rock units and
flows deter accurate mapping of all individual units within this
group. Most of Glass Buttes consists of a mappable unit composed
of rhyolite flows that appear in outcrop as flow-banded or
pumiceous rhyolite. Below the surface, however, is reddish-brown
obsidian. The bulk of silicic volcanism is probably Pliocene, based
upon an age of 4.9+0.3 m.y. (Walker, 1974) for the main silicic
unit of the area. A few mappable individual rhyolite and dacite units
overlie this main unit, suggesting some silicic volcanism after 4.9
m.y. B.P.
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Figure 2. Generalized geologic map of the Glass Buttes area. A high-altitude photograph was used as a base map. Some distortion is

present. Simplified from Ciancanelli and Johnson (1981).
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3. Plio-Pleistocene basalt and andesite. This group of rocks
forms a crude ring around the central silicic volcanic rocks, par-
tially separating them from the older Tertiary olivine basalt flows.
Although the Plio-Pleistocene basalt flows are very similar in
outcrop to the older basalt flows, they do differ petrographically,
and the younger basalt is more porphyritic. A large andesite flow
present on the northwest flank of Glass Buttes is part of this rock
group and was apparently erupted during the waning stages of
silicic volcanism. Also included within this group are several basalt
cinder cones within or near the younger porphyritic basalt flows.
These cones probably represent vents for the younger basalt and
suggest a ring-fracture system around the Glass Buttes silicic
domes.

4. Tertiary-Quaternary sediments. Extensive areas of al-
luvium surround the buttes. The alluvium consists of boulder- to
clay-size volcanic material shed from the complex. Local playa
deposits are also located on the flat-lying basalt flows which sur-
round the buttes.

A large area of intense hydrothermal alteration is exposed in
the eastern portion of Glass Buttes (Figure 2), primarily within the
silicic volcanic rocks. The alteration is characterized by silicifica-
tion, development of hydrothermal clay minerals, and deposition of
pyrite and metacinnabar along fractured and brecciated zones
(Ciancanelli and Emmet, 1979; Berri and others, 1983). The altera-
tion apparently occurs extensively in the subsurface below the
exposed area, as suggested by drill-hole cuttings (Berri and others,
1983). Mining operations at this site have recovered mercury, but
the operations are inactive at the present time. The area is a
potential target for epithermal gold mineralization.

Structurally, the majority of mappable faults trend in a north-
west-southeast direction, parallel or subparallel to the Brothers
fault zone (Figure 2) and display normal offsets. The overall struc-
tural pattern suggests emplacement of the Glass Buttes domes
within a northwest-trending graben (Ciancanelli and Emmet, 1979;

Berri and others, 1983). Seemingly, the northwest structural trend
represents an “open” fracture set along which magma could rise.
Berri and others (1983) note the importance of northwest-trending
normal faults as sites of permeable zones within the altered area.

A northwest-trending fault, a scissor fault (Figure 2), may be
an important structure related to the thermal anomaly and the
distribution of hydrothermal alteration (Ciancanelli and Johnson,
1981). The scissor fault consists of two strands that cut along the
northeast side of Glass Buttes and through the southern half of the
hydrothermal alteration (Figure 2). The majority of hydrothermal
alteration and the central portion of the thermal anomaly lie north of
the scissor fault. In the hinge area of the fault where the two fault
strands overlap, numerous northeast-trending faults intensely frac-
ture the rhyolite. This area lies in the center of the thermal anomaly.

SOIL-MERCURY SURVEY

With hydrothermal alteration and mercury mineralization in
the eastern half of the area, a soil-mercury survey was conducted to
determine the surficial distribution of mercury (Ciancanelli and
Johnson, 1981). It was hoped that the survey would aid in defining
permeable structures and subsurface alteration. After the collection
and analysis of over 100 soil samples, however, all samples except
a very few contained very low mercury concentrations. The few
samples which contained elevated mercury were collected within
and immediately adjacent to the exposed hydrothermal alteration.

From the soil-mercury survey, it was concluded that no near-
surface alteration is present west of the known area of hydrothermal
alteration. During field mapping, it was noted that the contact
between intensely altered and unaltered rocks is extremely sharp,
rarely more than a few inches or feet across. The mercury geo-
chemistry also established this sharp transition, indicating that the
hydrothermal reservoir was a tightly confined system. Volcanic
rocks adjacent to or even above the active hydrothermal system
may have remained unaltered if permeability was insufficient to
allow thermal-water passage into the rock. The soil-mercury sur-

TABLE 1

GRADIENT WELL DATA?"

FIGURE 2 DATE MEASURED MAX | MUM SS&iiﬁh

NUMBER NAME LOCATION MEASURED DEPTH(FT) TEMP °F  (°F/100 FT) OPERATOR
1 23/23/27¢* 27-235-23E 8/07/73 721 118.1 11.0 DOGAMI
2 BR-75-21 18-235-23E 9/30/75 205 65.7 7.3 DOGAMI
3 BR-75-22 2-245-22E 10/02/75 197 64.3 6.7 DOGAMI
4 BR-75-23 20-24s-22E 10/02/75 197 58.0 3.9 DOGAMI
5 Musser Wellb' 32-23S-22E 9/10/79 580 86.9 10.9 Vulcan Group
6 Strat #1 33-235-23E 2/03/78 1984 200.7 7.4 Phillips Pet.
7 Strat #2 22-235-23E 11/15/80 1180 104.1 5.7 Phillips Pet.
8 Strat #3 35-235-23E ? 840 75.9 3.4 Phillips Pet.
9 Strat #h4 9-245-23E 11/15/80 1945 121.7 3.4 Phillips Pet.
10 GB-1 31-235-23E 9/03/81 1160 96.8 4.8 Vulcan Group
1 GB-16 19-235-23E 10/19/79 2000 136.4 4.2 Vulcan Group
12 GB-18 29-235-23E 9/03/81 1290 165.8 10.5 Vulcan Group
13 GB-22 21-235-23E 1980 400 99.1 12.3 Phillips Pet.
14 GB-31 6-24S-23E 9/03/81 1165 98.4 3.9 Vulcan Group

a.
See text for references.

b'Previously existing water well.
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Gradient measured by operator.
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vey also demonstrated that, if alteration is present at depth, no
mercury is reaching the surface. Soil-mercury appears to be an
inappropriate method of geothermal exploration at Glass Buttes.

TEMPERATURE GRADIENTS

Data from two existing water wells and twelve temperature-
gradient holes are available for the area (Table 1). The earliest
gradient drilling was completed by DOGAMI (Bowen and others,
1977; Hull and others, 1977). Phillips Petroleum drilled numerous
shallow wells and four deeper wells. Data for some of these wells
were obtained by Cascadia Exploration from Phillips Petroleum in
1980. The Vulcan Geothermal Group also drilled four gradient
wells (Geothermal Services, Inc., 1979, 1981). The locations of the
wells for which data were available to the authors are shown in
Figure 2.

Loss of circulation was common and dramatically impaired
the recovery of drill cuttings below about 500 ft. Those cuttings
which were recovered from Phillips and Vulcan Group wells were
dominated by rhyolite flows, obsidian, perlite, and pumice (Cian-
canelli and Johnson, 1981). Gradient well Strat #4 contained abun-
dant basalt and volcaniclastic sediments and was therefore
presumed to lie on the southern flank of silicic volcanism. The
presence of local subsidence was suggested by examination of the
cuttings of the wells north of Strat #4. Thicker alluvial deposits in
GB-22 and Strat #2 indicate subsidence in this area relative to areas
farther south. This small basin is probably a local feature within the
larger northwest-trending graben which encloses Glass Buttes. The
thickening Quaternary alluvial deposits indicate relatively recent
subsidence and therefore relatively recent fault movement in this
small area.

Approximate temperature gradients for each well are shown in
Table 1, and temperature profiles are shown in Figure 3. The
gradients shown were obtained from assessment of each individual
well profile (Ciancanelli and Johnson, 1981). During these assess-
ments, poor correlation was found between the overall gradient of
an intermediate to deep well and the gradient determined for the
same well in the upper 600 ft. On the basis of this poor correlation,
it was determined that gradients from wells less than 1,000 ft deep
may not correctly reflect the gradient for that location.

Based upon gradients for the wells, a distinct gradient anomaly
was outlined (Ciancanelli and Johnson, 1981) (Figure 2). The
anomaly overlaps and lies adjacent to the altered area but cannot be
defined to the north due to the lack of wells in that area. The
southern edge of the anomaly is defined by lower gradients of 3.4°
to4.8° F/100 ft in Strat #3, Strat #4, GB-31, and GB-1. The central
portion of the anomaly contains much higher gradients of 10.5° to
12.3° F/100 ft, as displayed in 23/23/27C, GB-18, and possibly
GB-22. The 6° F/100-ft contour shown in Figure 2 encloses ap-
proximately 8 sq mi.

Isotherm contour maps constructed for various depths show an
anomaly similar to that of the gradient data, although the shape is
more elongate in the northwest direction. This northwest trend
suggests an affinity to the scissor fault, which lies along the south-
west edge of the anomaly. The isotherm maps also offer a weak
suggestion of a northwest shift in the anomaly with depth. Re-
gardless of the exact shape, a thermal anomaly is present and is
located in the hinge area of the scissor fault where numerous
northeast faults cross the predominant northwest trends. Local
subsidence in the area of the anomaly is suggested by drill-hole
cuttings.

Blackwell (1982) assessed the gradient-well data. From the
temperature profiles (Figure 3), he suggested the presence of por-
ous material at shallow and intermediate depths which are intervals
of lost circulation. Certainly, loss of circulation was a serious
problem, as previously noted. Only perched water tables were
intercepted, and the true water table has not yet been reached even
in the deepest holes (about 2,000 ft deep). In portions of the
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Figure 3. Temperature profiles for various wells of the Glass
Buttes area. The final temperature log for each well is shown.

gradient wells (below 1,200 ft), the temperature profiles appear to
represent conductive gradients.

CONCLUSIONS

1. Glass Buttes lies within the northwest-trending Brothers
fault zone. This highly fractured zone is probably a deep-seated
tectonic feature along which magma has risen in numerous
localities.

2. Pliocene to Pleistocene(?) volcanism centered at Glass
Buttes was bimodal in character. A central core of silicic volcanism
is surrounded by mafic volcanic rocks. Some silicic and probably
basaltic volcanism has occurred since 4.9+0.3 m.y. B.P.

3. Alarge area of hydrothermal alteration and mineralization
proves the presence of a high-temperature hydrothermal system at
Glass Buttes in the past. A soil-mercury survey indicates no near-
surface alteration is present west of the surficially exposed
alteration.

4. A thermal-gradient map and isotherm maps (at various
depths) define an anomaly of about 8 sq mi. The anomaly is open to
the north since data are lacking in that area.

5. The thermal anomaly partially overlaps the surficial hydro-
thermal alteration and coincides with a local subsiding basin. An
identified scissor fault lies along the southwest edge of the anomaly
and may represent a controlling structure for the anomaly and a
possible underlying geothermal reservoir.

6. The highest temperature encountered in the gradient wells
is 210° F at about the 2,000-ft depth. Gradients of over 10° F/100 ft
were measured in three wells. If the temperature profiles exhibited
in the gradient wells approximate deeper conditions, commercial
temperatures for electrical generation would be expected at be-
tween 5,000 and 10,000 ft in depth.

ACKNOWLEDGMENTS

The authors wish to thank the Vulcan Geothermal Group for
permission to publish the data collected from the exploration pro-
gram at Glass Buttes. In particular, appreciation is extended to
Norman Knowles and Jim Kirker who managed the exploration
program.

REFERENCES CITED

Berri, D.A., Cummings, M.L., and Johnson, M.J., 1983, Geology and
alteration of a Pliocene silicic volcanic center, Glass Buttes, Oregon
[abs.]: Geological Society of America Abstracts with Programs, v. 15,
no. 5, p. 326.

Blackwell, D.D., 1982, Discussion of exploration results for the Glass
Buttes geothermal project, central Oregon: A report prepared for Fran-

cana Resources, Inc., 9 p.
(Continued on page 20, Glass Buttes)

OREGON GEOLOGY, VOLUME 46, NUMBER 2, FEBRUARY 1984



A note on some remarkable
concretions from the
Yamhill Formation, Oregon

Four highly unusual, almost two-dimensional concretions
were collected by Carl J. Williams in August 1983 from near the
type locality of the Yamhill Formation (Baldwin and others, 1955)
on Mill Creek in Yamhill County, southwest of Sheridan, Oregon.

The disk-shaped concretions occur near a zone of ordinary,
light yellowish-gray (5Y 8/1*), ellipsoidal calcareous concretions,
from 5 to 8 cm in diameter and from I to 2 cm thick, in a highly
foraminiferal, obscurely color-laminated, olive-gray (5Y 4/1)
mudstone.

The newly found specimens are light olive-gray, nearly cir-
cular, and almost perfectly flat disks with a maximum thickness of
little more than | mm and diameters of 40, 43, 60, and 100 mm.
They are calcareous, and, in reflected light, the partly radiating
structure of the calcite crystals which impregnated the mudstone is
easily visible.
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Unusual, ultrathin concretion from the Yamhill Formation

These concretions were formed along planar fractures in-
clined about 25° to the color bedding in the mudstone, so that the
laminations show across the diameter of the concretions. There-
fore, they were emplaced at a later stage of ground-water deposi-
tion than the ordinary concretions, which are parallel to the
bedding.

* Terminology describing color taken from Rock-Color Chart pre-
pared by Rock-Color Chart Committee and sold by Geological Society of
America, Boulder, CO 80301.
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Marine geology in U.S. faces
challenge of new frontier

March 10, 1984, will be the first anniversary of the presiden-
tial proclamation that extended the national domain for seabed
resources to 200 nautical miles off the coasts of the continental
United States and U.S.-related islands. This newly created U.S.
Exclusive Economic Zone (EEZ) is approximately one and two-
thirds larger than the corresponding onshore area. The proclama-
tion means that the nation now claims jurisdiction over the mineral
and energy resources believed to be contained within the nearly
four billion acres of largely unexplored ocean bottom.

Assessment and development of minerals in the EEZ have
been made a key part of the program of the U.S. Department of the
Interior, and three of its agencies, the U.S. Geological Survey
(USGS), the U.S. Bureau of Mines (USBM), and the Minerals
Management Service, jointly sponsored a symposium in November
1983. A proceedings volume describing the conclusions and rec-
ommendations of the symposium will be published and made avail-
able to the public. The USGS recently published a description of its
exploratory marine geology program (“The Marine Geology Pro-
gram of the U.S. Geological Survey,” USGS Circular 906) and an
information booklet entitled “The Exclusive Economic Zone: An
Exciting New Frontier.”

The resource potential of the EEZ is expected to include
petroleum and heavy minerals such as titanium, platinum, gold,
and cobalt. Most of the zone, however, is still unexplored; inten-
sified exploration efforts may produce many new discoveries. Such
exploration will also benefit the progress of onshore geologic stud-
ies by increasing understanding of geologic features that are com-
mon to both offshore and onshore geology.

Off the coast of Oregon, the most promising mineral-resource
area known so far is the southern end of the Juan de Fuca Ridge, an
active sea-floor spreading center that is known to include at least six
hot-water vents. These vents deposit polymetallic sulfides that are
judged to contain high quantities of zinc and iron and lesser quan-
tities of silver and cadmium. The USBM has analyzed some early
samples provided by the USGS and has developed a leaching
process to recover silver and zinc from those deposits. One of the
analyzed samples contained a zinc concentration high enough for
direct processing in a conventional zinc smelter. Details of the
sample analyses and leaching tests are described in USBM Tech-
nical Progress Report 122, “Cl,-O, Leaching of Massive Sulfide
Samples from the Southern Juan de Fuca Ridge, North Pacific
Ocean.”

If further study shows these deposits are large enough, they
may be considered for future mining. Such mining will have to be
highly inventive, since sea-floor mining technology is not yet fully
developed, and the deposits on the ridge crest are under nearly
8,000 ft of water.

The USBM and USGS reports mentioned above are available
free, in single copies, from the following addresses: Publications
Distribution Section, Bureau of Mines, 4800 Forbes Ave., Pitts-
burgh, PA 15213 (phone 412-621-4500, ext. 342); and Branch of
Distribution, U.S. Geological Survey, 604 South Pickett St., Alex-
andria, VA 22304 (phone 703-756-6141).

— Compiled from USBM and USGS news releases
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PSU students win awards at
Northwest Mining Convention

Two Portland State University students won awards for poster
session presentations at the Northwest Mining Association Con-
vention held in Spokane, Washington, last December.

Christine Budai won first prize for her presentation, “Deposi-
tional Model of the Antelope Coal Field, Wyoming,” and was
awarded a Hewlett-Packard programmable calculator.

Christine Budai

Michael Johnson won third prize for his presentation, “Geol-
ogy, Alteration, and Mineralization of a Silicic Volcanic Center,
Glass Buttes, Oregon,” and received an award of fifty dollars.

Michael Johnson

Prizes were awarded to the top five of twenty-six poster
sessions. The presentations were judged mainly on expertise in the
area of study, clarity of presentation, and diagrammatic representa-
tion. The winning PSU students are both master’s candidates work-
ing under Professor M.L. Cummings, Ph.D., Economic Geologist
in PSU’s Department of Geology. [
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Walter Sullivan receives award
from earth-science editors

Walter Sullivan, science editor of The New York Times, was
named recipient of the Association of Earth Science Editors’
(AESE) Award for Outstanding Editorial or Publishing Contribu-
tions. The award was presented at the association’s annual meeting,
which was held October 9-12, 1983, in Houston, Texas.

Sullivan, who has served as science editor for the Times since
1964, was recognized for his singular achievements in commu-
nicating scientific information to the public principally through the
newspaper medium.

In addition to his regular contributions to the pages of The New
York Times, Sullivan has written several books that have served
effectively to communicate new scientific concepts to the informed
reader. His book Continents in Motion—The New Earth Debate
(McGraw Hill, 1974) outlines the impact of the concept of global
plate tectonics on scientific thought and investigation.

Past award recipients include Philip H. Abelson of the Ameri-
can Institute of Physics, Brian J. Skinner of Yale University,
Robert L. Bates of Ohio State University, and Wendell Cochran of
the American Geological Institute.

The Association of Earth Science Editors is a member society
of the American Geological Institute. It was founded in 1967 to
foster education and to promote the interchange of ideas on general
and specific problems of selection, editing, and publishing in the
earth sciences. The association numbers about 350 members, most
of whom work in the United States and Canada. Its next annual
meeting will be held October 8-10, 1984, in Portland, Oregon. (]

(Glass Buttes, continued from page 18)
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NWMA elects new leaders

The Northwest Mining Association (NWMA), an organiza-
tion that represents the interests of the minerals industry in Alaska,
Idaho, Montana, Oregon, Washington, and western Canada,
elected new officers for 1984 at its 89th annual convention in
Spokane, Washington, in December 1983.

The 1984 president is George D. Tikkanen, Vice President for
Mining and Exploration, Cominco American Inc. Lees J. Burrows,
Blue Bore Inc.; Eberhard Schmidt, Amoco Minerals Co.; and Karl
W. Mote were elected First, Second, and Third Vice Presidents,
respectively.

New trustees are Earl H. Bennett, Idaho Bureau of Mines and
Geology; Bonnie Butler Bunning, Washington State Department of
Natural Resources; Eugene Callahan, Coeur d’Alene Mines Corp.;
Martin W. Dippold, Cominco American Inc.; Gene K. Ealy, Hecla
Mining Co.; Ray W. Hammitt, Amoco Minerals Co.; Buster
LaMoure, U.S. Forest Service; Fred. H. Lightner, Pegasus Gold
Corp; Joseph F. McAleer, Molycorp Inc.; Gregory E. McKelvey,
Cominco American Inc.; Walter C. Meyers, Amselco Exploration
Inc.; and PhilipJ. Rush, American Copper and Nickel Co., Inc. OJ

Northwest Petroleum Association
expands scope of activities

The Northwest Petroleum Association (formerly the North-
west Association of Petroleum Landmen) has expanded its mem-
bership to include all those engaged in energy resource exploration,
development, and management. The Association’s goal is to pro-
mote communication and education among its members, govern-
ment, and the Northwest community. The Association will also
promote exploration in the Northwest.

Officers for 1983-84 are Garth T. Tallman, Tallman & Asso-
ciates, President; Vern C. Newton, Consulting Geologist, Vice-
President; Barbara B. Portwood, Oregon Natural Gas Develop-
ment Corporation, Secretary; and Ron L. Hordichok, Northwest
Natural Gas Company, Treasurer. Directors are Wesley G. Bruer,
Consulting Geologist, Bert B. Mueller, Reichhold Energy Corpo-
ration, and S. Kyle Huber, Huber & Associates.

Those persons interested in membership should call (503)
226-4211, extension 4308, or write to Barbara B. Portwood, Secre-
tary, Northwest Petroleum Association, 220 N.W. Second Ave-
nue, Portland, OR 97209. J

Isochron/West features index to K-Ar age
determinations in Oregon

The August 1983 issue of Isochron/West features a paper
entitled “Index to K-Ar Determinations for the State of Oregon,”
by Robin B. Fiebelkorn, George W. Walker, Norman S.
MacLeod, Edwin H. McKee, and James G. Smith, all of the U.S.
Geological Survey (USGS). The report includes a 38-page table of
all the available potassium-argon age determinations on rocks and
minerals in the State of Oregon by county. The age determinations
came from published reports and unpublished USGS and non-
USGS investigations through December of 1982. Index maps
showing sample locations from various parts of the state are
included in the back of the paper.

Isochron/West is sponsored jointly by the New Mexico
Bureau of Mines and Mineral Resources and the Nevada Bureau
of Mines and Geology. Single issues of the magazine are available
for $2 and may be purchased from Isochron/West, c/o New
Mexico Bureau of Mines and Mineral Resources, Campus
Station, Socorro, New Mexico 87801. [J
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USGS offers publications on national parks

A detailed list of the reports and maps of the U.S. Geological
Survey (USGS) that describe the geologic processes that shaped the
varied landscapes and scenic beauty of the national parks is avail-
able to the public.

As visitors travel through the scenic park areas, they are
treated to spectacular vistas such as Old Faithful Geyser in Yellow-
stone National Park, Yosemite’s El Capitan, or the deep gorge of
the Grand Canyon that tell a long and exciting history in their
exposed rocks. The USGS has published a variety of maps and
reports on these and other scenic wonders to help people understand
the processes that have created them.

The detailed list describes 64 selected publications on 40
national parks and includes information on the availability of each
publication and ordering instructions. Publications range from spe-
cial topographic maps to geologic maps and professional papers
that focus on a specific aspect of the geology in an area and include
materials suitable for both technical and nontechnical audiences.

Copies of the list are available free upon request from the
Geologic Inquiries Group, U.S. Geological Survey, 907 National
Center, Reston, VA 22092. The list is also available over the
counter at the 10 USGS Public Inquiries Offices; the one for the
Orgon region is at 678 U.S. Courthouse, West 920 Riverside Ave.,
Spokane, WA 99201, phone (509) 456-2524. O

AGI tabulates numbers of geology students

In its monthly newsletter Geospectrum, the American Geo-
logical Institute (AGI) published results of an annual study of
student enrollment in geoscience departments. Conducted by AGI's
Nick Claudy, editor of the Directory of Geoscience Departments,
the study produced the following information:

Of the 560 degree-granting departments in the United States
and Canada, 478 returned his questionnaires. . . . For 1982-83, the
total number of geoscience students at all levels in the U.S. was
47,301, or 6.4 percent more than the year before. Male enrollment
rose 6.7 percent, female, 5.5 percent. ... The U.S. had 36,893
undergraduate majors (up 7.4 percent), 7,511 master’s candidates
(up 2.2 percent), and 2,897 Ph.D. candidates (up 5 percent).. . . . Of
the total geoscience enrollment, geology accounted for 34,884 (74
percent). . . . Inearth-science teaching, enrollment rose for the first
time in nine years, by 3.5 percent. . . . Degrees totaled 9,586 (1.8
percent more men, 3.5 percent more women). . . . Bachelor candi-
dates were up by 5.4 percent; masters down by 7.2 percent; doctors
down by 3.9 percent. . . . The total for minority students rose from
1,224 to 1,240, up 1.3 percent. American Indians and native
Alaskans rose 113.5 percent, and Asians and Pacific Islanders 18.6
percent. But Hispanic numbers fell 3.4 percent and American
Blacks 17.1 percent. . . . Only 202 degrees were awarded to mem-
bers of minority groups, meaning even more trouble ahead for
companies and schools concerned with equal-opportunity
quotas. [J

Lecture on Thomas Condon available in print

The life of Oregon’s pioneer paleontologist and early state
geologist Thomas Condon was the subject of the Sixth Annual
Helen Oliver Memorial Lecture at the First Congregational Church
in Portland on October 29, 1983. The lecture was given by Egbert
S. Oliver, Emeritus Professor of English at Portland State
University.

The printed lecture, “Thomas Condon of Oregon,” is now
available for $2 as an illustrated booklet at the bookstore of the
Oregon Historical Society, 1230 SW Park Ave., Portland, OR
97205. O
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NEW DOGAMI PUBLICATIONS

Four new reports were released by the Oregon Department of
Geology and Mineral Industries (DOGAMI) during January. They
are described below and are available for purchase or inspection at
the DOGAMI offices in Portland, Baker, and Grants Pass, whose
addresses are listed in the box on page 14. Prepayment is required
for all orders under $50.

Released January 1, 1984:

FIFTH ANNUAL REPORT OF THE STATE MAP AD-
VISORY COMMITTEE FOR OREGON, 1983, by J.D. Beau-
lieu, Committee Chairman. DOGAMI Open-File Report
0-84-1, $2.00.

The State Map Advisory Committee is composed of represen-
tatives from federal and state agencies and universities and is
charged by Executive Order to identify the state’s needs in the area
of mapping and to coordinate all mapping efforts for maximum
efficiency. The committee gives direction to mapping projects in
Oregon and has as its major long-term objectives the completion of
the 7%-minute topographic map series and the coordinated devel-
opment of a digital map data base for the state.

This 39-page report contains summaries of the committee’s
activities, meetings, and workshops and of the progress of digital
mapping by state agencies in 1983; statistical summaries of the
year's mapping accomplishments; and the report of the Resident
Cartographer to the State of Oregon. It also includes a membership
and selected mailing list and the Governor’s Executive Order on the
reorganization of the committee.

A key factor of the committee’s success is the work of the
Resident Cartographer to the State of Oregon. This position was
created by a cooperative agreement between the U.S. Geological
Survey and the State of Oregon. One of the past year's accomplish-
ments for the committee and the Resident Cartographer was the
recent completion of a two-volume set of Oregon geographic
names—a computerized compilation of all the geographic names
which appear on topographic maps of Oregon.

Released January 3, 1984:

MINERAL POTENTIAL OF THE FALL CREEK MIN-
ING DISTRICT: A GEOLOGICAL-GEOCHEMICAL SUR-
VEY, by J.J. Gray and D.A. Berri. DOGAMI Open-File
Report 0-83-5, $6.00.

More widespread mineralization than had been known before
in the area and a likely economic potential for gold and silver were
found in the study of the Fall Creek district north of Oakridge in
Lane County, an old mining area that produced gold for some time
in the past between 1901 and 1931. The report was prepared for the
U.S. Forest Service (USFS) and was intended to assist the USFS in
the planning and management of that part of the Willamette Na-
tional Forest which is located in the Sardine Butte 15-minute
quadrangle.

In the survey, information on known mineral deposits was
reviewed and updated. a geologic map of the Sardine Butte quad-
rangle was prepared (scale 1:62.500), zones of alteration were
mapped. and 124 stream-sediment and rock-chip samples were
analyzed geochemically for gold, silver, arsenic. copper, mercury,
molybdenum, lead, and zinc. The 32-page report is accompanied
by one map and two microfiche, the latter containing raw analytical
data and computer-generated statistical analyses of the data.

Released January 6, 1984:

SURVEY OF POTENTIAL GEOTHERMAL EXPLORA-
TION SITES AT NEWBERRY VOLCANO, DESCHUTES
COUNTY, OREGON, edited by G.R. Priest, B.F. Vogt, and
G.L. Black. DOGAMI Open-File Report 0-83-3, $20.00.
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View of Newberry caldera, looking south.

Newberry volcano, located south of Bend in central Oregon
and best known for the two lakes, Paulina and East Lakes, in its
caldera, may possess significant geothermal resources under both
the caldera itself and large areas of the volcano’s flanks. That is the
main conclusion of a variety of studies undertaken by DOGAMI for
the Bonneville Power Administration.

The report consists of 174 pages of text, illustrations, and
appendices and is accompanied by eight blackline maps. It compiles
and interprets the available geologic, hydrologic, geochemical, and
geophysical data on the volcano and concludes with detailed recom-
mendations for further geothermal exploration. For the study. new
aecromagnetic and gravity maps were interpreted by A. Griscom
and C.W. Roberts of the U.S. Geological Survey; D.D. Blackwell
and J.L. Steele of Southern Methodist University developed nu-
merous theoretical conductive and convective heat-flow models for
a wide range of possible magmatic heat sources: and in a new soil-
mercury survey 1,641 samples were analyzed and plotted on a soil-
mercury contour map that covers most of the 500 sq mi of New-
berry volcano.

Released January 13, 1984:

GEOLOGY AND GEOTHERMAL RESOURCES OF
THE CENTRAL OREGON CASCADE RANGE, edited by
G.R. Priest and B.F. Vogt. DOGAMI Special Paper 15, $11.00.

The results of six years of geologic and geothermal research
on the central Oregon Cascade Range have been compiled and
analyzed in this study. It contains contributions by many re-
searchers, both from DOGAMI and universities in Utah and Texas,
and was funded primarily by the U.S. Department of Energy.

The 124-page publication includes four new one-color and
two-color maps (two in the text, two as separate plates) of central
Cascade areas that are of particular interest for geothermal explora-
tion. It provides numerous new K-Ar dates and chemical analyses
of volcanic rocks and tabulates and interprets all of the publicly
available heat-flow data for the entire Oregon Cascade Range. A
final chapter discusses geothermal exploration targets and tech-
niques for the central Cascades.

From all current geologic, geochemical, and geophysical
data, the report develops a volcano-tectonic model for the study
area, concluding that Basin and Range spreading processes have
strongly affected the central Cascades during the last 8 to 10 million
years and possibly earlier. [J
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Available publications

BULLETINS Price
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
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
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49. Lode mines, Granite mining district, Grant County, Oregon, 1959:Koch ............ ... ... ... .. ... ... 3.00
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61. Gold and silver in Oregon, 1968: Brooksand Ramp ........... ...ttt 17.50
62. Andesite Conference guidebook, 1968: DOle . .. ........uiiinniiiii i 3.50
65. Proceedings of the Andesite Conference, 1969: (COPI€S) .. ...ttt iiiiiiiiiiiiiieeeeeann 10.00
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78. Bibliography (5th supplement) geology and mineral resources of Oregon, 1973: Roberts ................... 3.00
81. Environmental geology of Lincoln County, 1973: Schlickerandothers ............... .. . ooiiiiiia.. 9.00
82. Geologic hazards of Bull Run Watershed, Multnomah, Clackamas Counties, 1974: Beaulieu ............... 6.50
83. Eocene stratigraphy of southwestern Oregon, 1974: Baldwin .......... ... ... .. ... .. oo, 4.00
84. Environmental geology of western Linn County, 1974: Beaulieuandothers .............................. 9.00
85. Environmental geology of coastal Lane County, 1974: Schlickerandothers .............................. 9.00
87. Environmental geology of western Coos and Douglas Counties, 1975 .......... ... . oo, 9.00
88. Geology and mineral resources of upper Chetco River drainage, 1975: Ramp............................ 4.00
89. Geology and mineral resources of Deschutes County, 1976: Petersonandothers .......................... 6.50
90. Land use geology of western Curry County, 1976: Beaulieu. ............. ... o ... 9.00
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties, Oregon, 1977: Beaulieu .. 8.00
92. Fossils in Oregon (reprinted from The Ore Bin), 1977 .. .. ... it 4.00
93. Geology, mineral resources, and rock material of Curry County, Oregon, 1977 ........................... 7.00
94. Land use geology of central Jackson County, Oregon, 1977: Beaulieu............. ... ... oiio.. 9.00
95. North American ophiolites, 1977 . ... ...ttt 7.00
96. Magma genesis: AGU Chapman Conference on Partial Melting, 1977 ............ ... .. ... oo, 12.50
97. Bibliography (6th supplement) geology and mineral resources of Oregon, 1971-75,1978 ................... 3.00
98. Geologic hazards of eastern Benton County, Oregon, 1979:Bela ............... .. ... oo i, 9.00
99. Geologic hazards of northwestern Clackamas County, Oregon, 1979: Schlicker and Finlayson .............. 10.00

100. Geology and mineral resources of Josephine County, Oregon, 1979: Ramp and Peterson................... 9.00

101. Geologic field trips in western Oregon and southwestern Washington, 1980 .............................. 9.00

102. Bibliography (7th supplement) geology and mineral resources of Oregon, 1976-1979, 1981 ................. 4.00

GEOLOGIC MAPS

Reconnaissance geologic map of Lebanon quadrangle, 1956........... ... ... . . i 3.00

Geologic map of Bend quadrangle and portion of High Cascade Mountains, 1957 ............................. 3.00

Geologic map of Oregon west of 121st meridian (USGS1-325), 1961 ... ... ... 5.50

Geologic map of Oregon east of 121st meridian (USGS1-902), 1977 ... 5.50

GMS-4: Oregon gravity maps, onshore and offshore, 1967 (folded) .. ............. ... .o oo i 3.00

GMS-5:  Geologic map of Powers quadrangle, Oregon, 1971 . ...... ... . 3.00

GMS-6: Preliminary report on geology of part of Snake River Canyon, 1974 .. ............. ... .. ... .ot 6.50

GMS-8: Complete Bouguer gravity anomaly map, Cascade Mountain Range, central Oregon, 1978 ............. 3.00

GMS-9: Total field aeromagnetic anomaly map, Cascade Mountain Range, central Oregon, 1978 .............. 3.00

GMS-10: Low- to intermediate-temperature thermal springs and wellsin Oregon, 1978 ........................ 3.00

GMS-12: Geologic map of the Oregon part of the Mineral quadrangle, 1978 ................................. 3.00

GMS-13: Geologic map of the Huntington and part of the Olds Ferry quadrangles, Oregon, 1979 ............... 3.00

GMS-14: Index to published geologic mapping in Oregon, 1898-1979, 1981 ....... ... ... ... .. iiiiiiiiienan. 7.00

GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, Cascade Mountain Range,

northern Oregon, 1981 . . ... ... 3.00

GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, Cascade Mountain Range,

southern Oregomn, 1981 . . ... ... i e 3.00
GMS-17: Total-field aeromagnetic anomaly map, Cascade Mountain Range, southern Oregon, 1981 ............ 3.00
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and Linn Counties, Oregon, 1981 . . ... ...ttt e et e 5.00
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COVER PHOTO

Winner of the annual Outstanding Mined Land Reclamation
Project award for 1983, the operations and maintenance headquar-
ters of Multnomah County in Portland. Foreground and background
of the photo show evidence of (respectively) past and ongoing
mining activity. See annual report on mined land reclamation in
Oregon in 1983 on page 33. (State Highway Division photo)

OIL AND GAS NEWS

Mist Gas Field

Reichhold Energy Corporation has drilled and abandoned
Crown Zellerbach 23-26, located in sec. 26, T. 6 N., R. 4 W. The
well was drilled to a total depth of 4,382 ft and was plugged on
January 18, 1984.

Preparation is under way to build locations for and spud two
offset wells to the most recent pool discovery, Columbia County
23-22. The two new locations (table below) will be located one-half
mile east and one-half mile south of the new producer. Meanwhile,
construction has begun on the pipeline to well 23-22.

Public hearing

On January 17, 1984, a public hearing was held in St. Helens
to discuss the application for permit 255, Reichhold Energy Corpo-
ration, Columbia County 13-34A. This is a proposed well for a
spacing unit in the Mist Gas Field for which there is already a
producing well. An exception to the spacing rule would need to be
granted by the Governing Board of DOGAMI to allow a second
well in the spacing unit. The unit is the SW% sec. 34, T. 7N.,R. 5
W. The testimony has been given to the Board for a decision.

DOGAMI Board meets

The Governing Board of DOGAMI met February 27, 1984, in
Roseburg, Oregon. The only oil and gas agenda item was the
decision on an exception to the spacing unit rule (see item above).
We will print the results in the next issue of Oregon Geology.

Other agenda items included discussion of the policy on off-
shore mineral development, water planning, non-metallic minerals
assessment, and legislative proposals for the 1985 legislature.

Recent permits

Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
256  Reichhold Energy Corp. SEY% sec. 22 Application;
Columbia County 43-22 T.6N.,R.5W. 4,000.
009-00124 Columbia County

257  Reichhold Energy Corp. NW% sec. 27 Application;
Columbia County 21-27 T.6N.,R.5W. 4,000.
009-00125 Columbia County O

Information for contributors to Oregon Geology

Readers are invited to submit manuscripts on Oregon geology and
other related subjects. Two copies of the manuscript should be submitted,
typed double-spaced throughout (including references) and on one side of
the paper only. Graphic illustrations should be camera-ready; photographs
should be black-and-white glossies. All figures should be clearly marked,
and all figure captions should be typed together on a separate sheet of paper.

The style to be followed is generally that of U.S. Geological Survey
publications (see the USGS manual Suggestions to Authors, 6thed., 1978).
The bibliography should be limited to “References Cited.” Authors are
responsible for the accuracy of their bibliographic references. Names of
reviewers should be included in the “Acknowledgments.”

Authors will receive 20 complimentary copies of the issue containing
their contribution. Manuscripts or any related questions should be ad-
dressed to Beverly F. Vogt, Publications Manager, at the Portland office of
DOGAMI. O
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Mineral industry in Oregon, 1983

by Mark L. Ferns, Len Ramp, Howard C. Brooks, and Jerry J. Gray, Oregon Department of Geology and Mineral Industries

INTRODUCTION

Oregon’s mineral industry saw a slow recovery in industrial
minerals (primarily cement, stone, and sand and gravel) production
in 1983. No formal canvass of precious-metal producers was made,
but field observations indicate that gold and silver production
remained low. The reopening of the Hanna Mining Company’s
nickel mine and smelter at Riddle on a part-time basis in November
indicated a strengthening minerals industry at year’s end.

METALS

The Hanna Mining Company nickel plant (14*) at Riddle was
reopened on November 7 after an 18-month closure due to high
power costs and low nickel prices. An off-peak power rate agree-
ment with the Bonneville Power Administration has allowed for
continued part-time operation of the plant.

Smaller placer mines continued to supply most of the gold
produced in the state. Small operations on Sucker Creek (19),
Josephine Creek (18). Coffee Creek (13), and in the Galice Creek
area (15) in southwestern Oregon and on Burnt River (3), Pine

* All mine numbers in this section refer to “Active Mines™ on location
map and in Table 1.

Creek (6), Elk Creek (4). and Clarks Creek (7) in northeastern
Oregon were among the most productive.

Several small lode gold and silver mines were intermittently
worked during the spring and summer of 1983. The Pyx Mine (2) in
Grant County and the Thomason Mine (5) in Baker County contin-
ued small-scale operations from 1982. The Sunny Valley Mining
and Development Company shipped a small amount of ore from the
Greenback Mine (16) to the smelter at Tacoma, Washington. The
property is now being evaluated by Mega Gold Resources, Inc. The
Lyons Brothers of John Day produced a small amount of silver ore
from the old Tempest Mine (1) in Grant County. The mine has been
operating on a small scale since 1980. Cash Industries produced an
undisclosed amount of silver ore from the old Bay Horse Mine (9)
on the Snake River carly in the summer of 1983. This property is a
noted past producer of silver (over 150,000 oz) and is now being
drilled by Silver King Mines, Inc.

NONMETALS

Block soapstone production at Steatite of Southern Oregon
(21) continued at a steady pace. This operation supplies markets as
far away as New York and Alaska with carving-grade soapstone.
The Oregon Portland Cement plant (8) at Durkee operated at an

Hanna Mining Company nickel smelter plant at Riddle in Douglas County, Oregon. Slag piles in background. Ore is mined at Nickel
Mountain, a few miles from the plant. This operation is the nation's only domestic mine source of nickel.
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EXPLANATION
ACTIVE MINES EXPLORATION SITES AND AREAS

1. Tempest Mine (Ag)
2. Pyx Mine (Au)
3. North Fork Burnt River placers (Au)
4. Elk Creek placers (Au)
5. Thomason Mine (Au)
6. Pine Creek placers (Au)
7. Clarks Creek placers (Au)
8. Oregon Portland Cement (limestone)
9. Bay Horse Mine (Ag)
10. Adrian (bentonite-zeolite)
11. Christmas Valley Diatomite
12. Bend area pumice mines
13. Coffee Creek placers (Au)
14. Nickel Mountain Mine (Ni)
15. Galice Creek area placers (Au)
16. Greenback Mine (Au)
17. Red Rose Mine (Au)
18. Josephine Creek placers (Au)
19. Sucker Creek placers (Au)
20. Bristol Silica (dolomite)
21. Steatite of S. Oregon (soapstone)

1. North Santiam area (Au, Ag, Cu, Zn)
2. Oregon King, Axehandle Mines area (Au, Ag)
3. Gold Hill area (Au, Hg)
4. Cougar Ridge area (Au)
5. Dixie Meadows Mine (Au)
6. Susanville area (Au, Hg)
7. Vinegar Hill-Sunrise Butte area (Au, Ag, Mo)
8. Buffalo Mine (Au, Ag)
9. Bald Mountain, Ibex Mines (Au, Ag)
10. Cable Cove area (Au, Ag)
11. Meadow Lakes area (Cu, Mo, Ag)
12. North Pole-Columbia lode (Au, Ag)
13. Gray Eagle Mine (Au)
14. Cornucopia Mine (Au, Ag)
15. Iron Dyke Mine (Au, Cu, Ag)
16. Flora coal deposits
17. Bay Horse Mine (Ag)
18. Sunday Hill Mine (Au)
19. Hereford area (Au)
20. Record Mine (Au)
21. Grouse Springs area (Cu, Mo)
22. Vale-Weiser area (Au)
23. Fields area (Au)
24. Eagle Picher claims (diatomite)

25. Idol City area (Au)

26. Quartz Mountain area (Au)

27. Dry Creek-Fitzwater Point area (Au, Hg)
28. Salt Creek area (Au)

29. Tucker Hills area (metallic and nonmetallic)
30. Paisley area (Au, Cu)

31. Barron Mine (Au, Ag)

32. Rowley Mine (Cu, Ag, Zn)

33. Martha Mine (Au)

34. Greenback Mine (Au)

35. McCullough Creek area (Au, Ag, Cu, Zn)
36. North Fork Silver Creek area (Au)

37. Yankee Silver Mine (Au, Ag)

38. Aimeda Mine (Au, Ag, barite)

39. Brass Ledge Mine (Cu, Ag, Au)

40. Iron Hat prospect (Au)

41. Ida Mine (Au, Cu)

42. Babcock Mine (Au, Ag, Cu, Co)

43. Lightning Gulch area (Au, Ag)

44. Turner-Albright Mine (Au, Ag, Cu, Co)
45. Mount Emily area (Au)

46. Coos County coal deposits

47. Bohemia district (Au, Ag, Cu, Zn)

Mining and mineral exploration in Oregon, 1983 (excluding sand and gravel and stone). Active mines are keyed to Table 1; exploration

sites are keyed to Table 2.
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increased rate in 1983 following a merger with the Ash Grove
Cement Company of Overland Park, Kansas. Bentonite and zeolite
continued to be produced at the Teague Minerals Products plant
(10) near Adrian.

OREGON’S MINERAL PRODUCTION
MILLIONS OF DOLLARS
ROCK MATERIALS OTHER MINERALS NATURAL GAS TOTAL
SAND, GRAVEL, STONE & METALS
CEMENT, NICKEL, PUMICE, ETC.

1983 82 41 10 133
1982 73 37 10 120
1981 85 65 13 163
1980 95 65 12 172
1979 11 54 + 165
1978 84 44 [ 128
1977 74 35 o 109
1976 77 35 [¢] 112
1975 73 33 o] 106
1974 75 29 (4] 104
1973 55 26 o] 81
1972 54 22 o] 76
1971 56 22 [o] 78
1970 48 20 (o] 68

Summary of mineral production in Oregon for the last 14
years. Data for 1983 derived from U.S. Bureau of Mines annual
preliminary Mineral Industry Survey and Oregon Department of
Geology and Mineral Industries natural gas production statistics.

Table 1. Active mines in Oregon, 1983

Table 1. Active mines in Oregon, 1983 — Continued

Map
no. Name

Location

Comments

15. Galice Creekarea T.34S.,R.8W.

Small seasonal

placers Josephine County operations on Galice
Creek and on the old
channel.
16. Greenback Mine Secs. 32,33, 5 Small smelter
Tps. 33,34 S.,R.5W. shipment to Tacoma
Josephine County (see text).
17. Red Rose Mine Secs. 19, 20 Some ore milled from
T.38S.,R.5W. dump by owner Dave
Josephine County Vallandigham.
18. Josephine Creek  Secs. 30, 36 Doodlebug dredge
placers T.38S.,Rs.8,9W. operation and other
Josephine County small operators.
19. Sucker Creek T.40S.,Rs.6,7W. Small seasonal
placers Josephine County operations.
20. Bristol Silica Sec. 30 Reportedly shipped
T.36S.,R.3W. about 1,000 tons of
Jackson County silica rock.
21. Steatite of Secs. 10, 11 Continued production
Southern Oregon T.41S.,R.3W. of carving-grade
Jackson County soapstone.

Map
no. Name Location Comments
1. Tempest Mine Sec. 10 Lyons Brothers
T.9S.,R.34E. continued small
Grant County production of silver
ore.
2. Pyx Mine Sec. 1 Continued small
T.10S.,R.35E. production by Myron
Grant County Woodley and partners.
3. North Fork Burnt T. 10S., Rs. 35,35% E. Several small seasonal
River placers Baker County operators. Max
Buckner operation.
4. Elk Creek placers T.10S.,R.39E. Several small seasonal
Baker County operators.
5. Thomason Mine  Sec. 6 Small seasonal
T.14S.,R.37E. operation by Art
Baker County Cheatham and
partners.
6. Pine Creek T.12S.,R.39E. Several small seasonal
placers Baker County operators.
7. Clarks Creek Tps. 12,13 S.,R. 41 E. Several small seasonal
placers Baker County operators.
8. Oregon Portland  Sec. 11 Continued production.
Cement T.12S.,R. 43 E.
Baker County
9. Bay Horse Mine  Sec. 9 Small production of
T.13S.,R.45E. silver ore by Case
Baker County Minerals (see text).
10. Adrian Sec. 29 Continued production.
(bentonite-zeolite) T.23S.,R. 46 E.
Malheur County
11. Christmas Valley T.27S.,R.17E. Continued production
Diatomite Lake County for pet litter and floor
sweep.
12. Bend area pumice Bend area Continued production.
Deschutes County
13. Coffee Creek Sec. 7 Seasonal operation by
placers T.30S.,R.2W. Bill Smith.
Douglas County
14. Nickel Mountain  Sec. 17 Mine and smelter
Mine T.30S.,R.6W. reopened on a limited
Douglas County basis in November.
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MINERAL PRODUCTION
IN_OREGON
1950-1985

ol - L e
1950 55 1960 5 970 75 980 85

Mineral production in Oregon between 1950 and 1983.

EXPLORATION AND DEVELOPMENT

Coal: Coal exploration continued at 1982’s pace. Utah Inter-
national continued to evaluate the lignite deposit (16**) in the
Flora-Promise area with a shallow drilling program. The drilling
program was set up to determine both the extent of the coal field and
the hydrologic characters of the adjoining aquifers. Some 44,000
acres of Boise Cascade lands in this area are currently under a lease
option to Utah International.

The Coos County coal fields (46) also continue to be the
subject of exploration activity. Shell Oil conducted a small drilling
program on lands whose mineral rights are held by the American
Coal Company.

Nonmetals: Zeolite, clay, perlite, and diatomite were the
principal nonmetallic exploration targets in 1983. Eagle Picher
continued evaluation of diatomite deposits (24) near Harper and

** All site numbers in this section refer to “Exploration sites and areas”
on location map and in Table 2.
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Table 2. Exploration sites and areas in Oregon, 1983

Map
no. Site or area name Location Commodity Comments
1. North Santiam area Sec. 27 Au, Ag, Cu, Zn Continued work in the vicinity of the Ruth Mine.
T.8S.,R.5E.
Marion County
2. Oregon King and T.9S.,R. 17E. Au, Ag Exploration program by Ocelot Mining Corporation.
Axehandle Mines area Jefferson County
3. Gold Hill area Tps. 13,14S.,R. 19E.  Au, Hg Exploration program by Utah International.
Crook County
4. Cougar Ridge area Sec. 12 Au Surface trenching and sampling of old workings by a local group (Cougar
T.12S.,R.33E. Ridge Mining Co., Inc.).
Grant County
5. Dixie Meadows Mine Sec. 23 Au Property dropped by Western Nuclear and later acquired by Big Turtle
T.11S.,R.33E. Mines.
Grant County
6. Susanville area T.10S.,R.33E. Au, Ag Intensive surface drilling and sampling program by American Copper
Grant County and Nickel.
7. Vinegar Hill-Sunrise Butte T.10S.,R.34E. Au, Ag, Mo Sampling and drilling program by American Copper and Nickel.
area Grant County
8. Buffalo Mine Sec. 14 Au, Ag Property acquired by Great American Gold Corporation.
T.8S.,R.35% E.
Grant County
9. Bald Mountain-Ibex Mines Sec. 4 Au, Ag NERCO completed first phase of evaluating the Bald Mountain-Ibex vein
T.9S.,R.36E. with 54,000 ft of underground diamond drilling.
Baker and Grant Counties
10. Cable Cove area T.8S.,R.36E. Au, Ag Small-scale sampling program by local group.
Baker and Grant Counties
11. - Meadow Lakes area T.8S.,R.37E. Cu, Mo, Ag Small drilling program by Manville.
Baker and Grant Counties
12.  North Pole-Columbia lode  Sec. 32 Au, Ag Property held by Brooks Minerals, Inc.
T.8S.,R.37E.
Baker County
13.  Gray Eagle Mine Sec. 7 Au Small exploration program by Big Turtle Mines.
T.9S.,R.41E.
Baker County
14. Cornucopia Mine Secs. 27, 28 Au, Ag Full ownership acquired by UNC Resources, Inc.
T.6S.,R.45E.
Baker County
15.  Iron Dyke Mine Sec. 21 Au, Cu, Ag Full ownership acquired by Silver King. Tentative plan to reopen in
T.6S.,R.48E. 1984.
Baker County
16.  Flora coal deposits Northern Wallowa Coal Utah International conducted drilling and hydrologic study programs.
County
17. Bay Horse Mine Sec. 9 Ag Exploration program of drilling and sampling by Silver King Mines, Inc.
T.13S.,R.45E.
Baker County
18.  Sunday Hill Mine Sec. 17 Au Sampling program by Capri Resources, Vancouver.
T.13S.,R.42E.
Malheur County
19. Hereford area T.12S.,R.38E. Au Continued exploration programs by Amselco and AMAX.
Baker County
20. Record Mine Sec. 1 Au Exploration program by Manville.
T.14S.,R. 36 E.
Baker County
21. Grouse Springs area Secs. 24,25 Cu, Mo Small drilling program by Manville.
T.14S.,R. 36 E.
Baker County
22.  Vale-Weiser area Northern and central Au Sampling and drilling programs on epithermal gold prospects held by
Malheur County Manville and others.
23. Fields area Harney County Au Exploration programs by FMC and Inspiration Development.
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Table 2. Exploration sites and areas in Oregon, 1983 — continued

Map
no. Site or area name Location Commodity Comments
24.  Eagle Picher claims Malheur and Harney Diatomite Exploration and development program.
Counties
25. Idol City area T.21S.,R.32E. Au Sampling and drilling program by Noranda.
Harney County
26. Quartz Mountain area T.37S.,R.16E. Au Sampling and drilling program by Anaconda.
Lake County
27. Dry Creek-Fitzwater Point T.41S.,R. 18E. Au, Hg Continued exploration by U.S. Steel.
area Lake County
28.  Salt Creek area T.38S.,R.21E. Au Continued exploration by Freeport Minerals.
Lake County
29.  Tucker Hills area T.34S.,R.19E. Metallic and Continued exploration by Houston International.
Lake County nonmetallic
30. Paisley area T.34S.,Rs. 18, 19 E. Au, Cu Continued exploration by Chevron.
Lake County
31. Barron Mine Sec. 23 Au, Ag Sampling and mapping program by Genex Resources, Vancouver.
T.39S.,R.2E.
Jackson County
32. Rowley Mine Sec. 4 Cu, Ag, Zn Mapping and drilling program by Standard Metals.
T.32S.,R.2W.
Douglas County
33. Martha Mine Sec. 28 Au Small exploration program by Jacksonville Mining Co.
T.33S.,R.5W.
Josephine County
34. Greenback Mine Secs. 32,33,5 Au Small production by Sunny Valley Mining and Development Co. early in
Tps.33,34S.,R.5W. 1983. Property now being evaluated by Mega Gold Resources Ltd.
Josephine County
35.  McCullough Creek area Secs. 30, 31 Au, Ag, Cu, Zn Continued exploration programs by Exxon and Boise Cascade.
T.32S.,R.6W.
Douglas County
36. North Fork Silver Creek T.35S.,R.9W. Au Large number of claims held by Goldwin Resources.
area Josephine County
37.  Yankee Silver Mine Secs. 25, 26 Au, Ag Property purchased by Condaka Metals, Inc., who are conducting a
T.34S.,R.8W. drilling and sampling program.
Josephine County
38. Almeda Mine Sec. 13 Au, Ag, baritt  Geochemical sampling program by Blue Diamond Energy Resources and
T.34S.,R.8W. Comanche Petroleum.
Josephine County
39. Brass Ledge Mine Sec. 28 Cu, Ag, Au Airborne E.M. program by Condaka Metals.
T.34S.,R.8W.
Josephine County
40. Iron Hat prospect Sec. 17 Au Geochemical sampling, airborne E.M., and mapping programs by
T.37S.,R.5W. Condaka Metals.
Josephine County
41. IdaMine Sec. 26 Au, Cu Old workings reopened and sampled by SCORE Resources.
T.35S.,R.5W.
Josephine County
42. Babcock Mine Sec. 5 Au, Ag, Cu, Co Airborne E.M. program by Condaka Metals.
T.39S.,R.6W.
Josephine County
43. Lightning Gulch area Tps. 38,39S.,R.9W. Au, Ag Airborne E.M. program by Condaka Metals.
Josephine County
44. Turner-Albright Mine Secs. 15, 16 Au, Ag, Cu, Co Gray Rock attempting to extend ore reserves by drilling program.
T.41S.,R.9W.
Josephine County
45. Mount Emily area T.40S.,R. 12W. Au Small exploration program by Mount Emily Mining and Exploration Co.
Curry County (Joe Montgomery and Associates) of Vancouver, B.C.
46. Coos County coal deposits Coos Bay and Eden Coal Small drilling program by Shell Oil.
Ridge coal fields
47. Bohemia district T.23S.,Rs. 1,2E. Au, Ag,Cu, Zn Underground work by Galactic Resources in early 1983 on the
Lane County Champion.
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announced plans in January 1984 to build a $13 million processing
plant west of Vale. The plant is expected to provide full-time
employment to 30 or 40 people in the production of filter-grade
diatomite.

Metals: Acquisition, exploration, and evaluation of precious-
metal deposits around the state continued at a strong pace in 1983.
Development activity, however, has declined, in part due to falling
metal prices. The principal exploration areas continue to be the
newly recognized zones of Tertiary epithermal gold mineralization
in Harney, Lake, and Malheur Counties and the old gold districts in
Baker and Grant Counties, northeast Oregon, and in Douglas,
Jackson, and Josephine Counties, southwest Oregon.

American Copper and Nickel continued its strong exploration
program in Grant and Baker Counties, having just completed an
extensive diamond drilling program on the Badger, Bull of the
Woods, and Gem veins in the old Susanville district (6). NERCO,
Inc., completed the initial phase of a Bald Mountain-Ibex evalua-
tion program which saw over 50,000 ft of underground diamond
drilling on the Bald Mountain-Ibex vein (9). NERCO announced a
joint venture exploration program of the property with American
Copper and Nickel in 1984. Current plans call for an above-ground
diamond drilling program to be started on the Grand Trunk and
Belle of Baker claims to the east of the main Bald Mountain
workings.

UNC Resources, Inc., has acquired full ownership of the
Cornucopia Mine (14) in eastern Baker County. Exploration and
development of the property was at a low level in 1983.

Silver King Mines, Inc., acquired the two-thirds interest of
Texasgulf, Inc., in the Iron Dyke Mine (15) on the Snake River,
along with a 100 percent interest in the Red Ledge property in
Idaho. Silver King had been in a joint venture partnership with
Texasgulf on the Iron Dyke since 1978. The property had produced
36,000 tons of high-grade gold copper ore when last operated in
1980 and 1981. Silver King has also begun an exploration and
evaluation program at the Bay Horse Mine (17), which is about 70
mi south of the Iron Dyke on the Snake River. Current plans call for
the stockpiling of ore from both properties for shipment to the
company’s mill at Copper Cliffs, Idaho.

Volcanogenic sulfide deposits continued to be the focus of
exploration activity in southwestern Oregon. Boise Cascade and
Exxon are continuing to explore in the McCullough Creek area
(35). Gray Rock is attempting to extend the ore reserves previously
established by Noranda at the Turner-Albright Mine (44). Noranda
had announced that their exploration program outlined over 3
million tons of gold copper ore at the Turner-Albright.

Active exploration of epithermal gold deposits in central and
southeastern Oregon continued at a strong pace throughout 1983.
Diamond-drill programs were under way at Idol City (25), Quartz
Mountain (26), and in the Vale-Weiser area (22). Many of the
prospects undergoing evaluation are new gold prospects discovered
since 1978.

Low-level exploration of base-metal deposits continued de-
spite depressed metal prices. Manville continued shallow diamond-
drilling programs at Meadow Lakes (11) and Grouse Springs (21).

The Oregon Department of Geology and Mineral Industries
released the results of several geochemical surveys during 1983.
These included studies of 18 BLM wilderness areas in southeast
Oregon (Open-File Report O-83-2) and of the western part of the
Ochoco National Forest in central Oregon (Open-File Report
0-83-4). The results of a similar survey in the Fall Creek district in
western Oregon (Open-File Report O-83-5) were released in Janu-
ary 1984. Geologic maps of mineralized areas in Baker and Grant
Counties released by the Department in 1983 included the Granite
(GMS-25), Greenhorn (GMS-28), and Bates NE (GMS-29) quad-
rangles. Similar maps of the Bates NW and Bates SW quadrangles
in Grant County and the Pearsoll Peak SE quadrangle in Josephine
and Curry Counties are in progress. [J
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Scientists report on Mount St. Helens
monitoring efforts

Monitoring efforts of Mount St. Helens by scientists of the
U.S. Geological Survey (USGS) and the University of Washington
geophysics program at the Cascades Volcano Observatory, Van-
couver, Washington, were described in a series of eight articles in
the September 30, 1983, issue of Science Magazine. Subjects
ranged from earthquakes occurring beneath the volcano, ground
measurements on the crater floor and lava dome, to daily gas
emissions from the crater. Some highlights:

Fifteen eruptions have taken place in the horse-shoe-shaped
crater of Mount St. Helens since the catastrophic events of May 18,
1980. Since late October 1980, the eruptions have been predomi-
nantly non-explosive dome-building events. Since early February
1983, the 750-ft-high lava dome in the middle of the crater has been
growing continuously, extruding lava high on its northeast flank.
This marks the longest dome-building eruption to date.

Information from six seismometers on the cone and 10 others
in the surrounding area is radioed to the University of Washington
in Seattle and analyzed and interpreted by seismologists. Seismic
data provide information about the location, depth and frequency of
earthquakes, times of degassing events for the dome, and rockfalls
associated with dome growth. Each of the eruptions in 1981-82 was
preceded by an increase in earthquake activity which was used to
anticipate the time of the eruptions, particularly 1-2 days before an
expected event.

Measurements inside the crater by USGS scientists using
precise surveying equipment and simple tape measures show that
the crater floor becomes deformed prior to an eruption, as magma
rises upward from a deeper source. In late 1980, cracks often
appeared on the crater floor before eruptions and extended outward
from the dome like spokes of a wheel. Measurements show that the
cracks widen with time, especially just before an eruption. Other
parts of the crater floor often become slightly wrinkled several
weeks before an eruption. A few of these wrinkles develop into
features called thrust faults, sometimes growing from less than 1 ft
high, to as high as 10-15 ft. The movement of the crater floor along
these faults increases before eruptions, and by measuring the rate of
movement scientists have been able to predict eruptions one to three
weeks in advance.

Electronic tiltmeters specifically designed for use at Mount St.
Helens are used to measure small changes in slope of the crater
floor, much like a carpenter’s level. These tiltmeters, installed
within several hundred feet of the dome, show rapid changes hours
to days before an eruption and send information by radio to the
USGS Cascades Volcano Observatory in Vancouver.

Monitoring the shape of the dome is also used to anticipate
eruptions one to three weeks in advance. Measurements between
points on the dome and crater floor show that the dome grows or
swells as magma moves upward into the dome before it is even-
tually erupted on the surface of the dome to form a new lobe.
Repeated surveys to targets placed on the dome reveal movements
that speed up as the eruption nears. Before the May 14, 1982,
eruption, for example, a target placed on the west side of the dome
was moving roughly 1 in. per day two weeks before the eruption;
this movement increased to about 7 ft per day two days before the
eruption. This increase in the rate of movement before the eruption
is the key for predictions.

The lava-dome eruptions have each added a new flow of sticky
viscous dacite magma to the composite lava dome. The major-
element chemical composition of the dome has remained essentially
constant at 62-63 percent SiO,, suggesting that no new material has
been added to the shallow magma system since the summer of 1980.
An increase in the crystallinity of the dacite suggests that a deeper,
gas-poor, crystal-rich layer is now being tapped rather than a gas-
rich magma as during the explosive eruptions of 1980.

—USGS News Release
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Surface mined land reclamation in Oregon, 1983

by Paul F. Lawson, Supervisor, Mined Land Reclamation Program, Albany Field Office,

Oregon Department of Geology and Mineral Industries

In 1983, Oregon’s Mined Land Reclamation Program (MLR)
made progress in several areas. The most important single item is
the reclamation of over 380 acres during the year. Other develop-
ments are detailed later in this report. In 1983, 785 field inspections
were conducted, compared to 682 in 1982, 912 in 1981, and 681 in
1980. Also in 1983, 19 Surface Mining Permit sites (SMP’s), 18
Limited Exempt sites (LE's), and 45 Total Exempt sites (TE's) were
transferred from state to county jurisdiction under provisions of
ORS 517.780.

After a five-month nationwide recruiting program, Frank
Schnitzer was hired and began work in February. Frank is a soils
scientist with an advanced degree. He has two years of comparable
mining regulatory work in Wyoming in addition to other experi-
ence. He has had surface mined land reclamation experience with
coal, uranium, bentonite, trona, and limestone operations as well as
the more common minerals.

E. Frank Schnitzer

The unanimous choice of the selection committee for the 1983
Mined Land Reclamation Award was Multnomah County. After
mining approximately 870,000 cubic yards of sand and gravel for
local needs, the county used the site for a county landfill. After the
landfill stabilized and was no longer chemically active, a portion
was re-excavated to a stable base, and an exceptionally well
planned and efficient building was completed for the county’s Divi-
sion of Operations and Maintenance (county shops). Other finalists
in 1983 included Harold Knapp of Knapp Ranches, Port Orford, for
pasture and recreation (organized rifle range); the Oregon State
Highway Division, Department of Transportation, for water im-
poundment (public fishing and other public recreation, including
flying of model seaplanes) and pasture; and Vernon Egge of Egge
Sand and Gravel, Eugene, for areas reclaimed to wildlife manage-
ment, agriculture, and a (permitted) solid-waste disposal site. More
details and some photographs of these projects were published in
the December 1983 issue of Oregon Geology.
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The award program exists to provide recognition for outstand-
ing performance and results in mined land reclamation and to
encourage further sensible mined land reclamation, both man-
datory and voluntary. While they cannot all be named, we do
appreciate the efforts of the many additional operators who comply
with the law and reclaim mined lands. Most reclaimed lands are
worth at least as much as they were before mining. Some are
substantially more valuable.

Regrettably, noncompliance also is a fact of life. The Depart-
ment reclaimed one site, after it was legally declared abandoned,
and the operator forfeited his security. It appears likely that the
Department will reclaim at least three or four sites in 1984,

Several changes in law governing reclamation (ORS
517.750-517.955 and 990[4], [5], and [6]) were made by the 1983
Legislative Assembly. Authority was granted to increase new per-
mit fees from $390 per year to a maximum of $415 and renewal fees
from $290 per year to a maximum of $315. So far, the Department
has not found it necessary to initiate a request to increase fees.

The Legislative Assembly, recognizing the added cost to the
Department if it has to contract reclamation work, authorized a
“per-site” bond of up to $2,000 on “aggregate” sites, in addition to
the existing maximum bond of $500 per acre. This amount will
meet the cost of moving equipment to and from the site, a cost that
usually does not arise when the operator completes reclamation
before leaving the site. The maximum bond of $500 per acre was
unchanged. Other changes relative to “aggregate” sites were an
increase in the authorized lien from $500 per acre to $2,000 per site
plus $1,500 per acre (ORS 517.865). A provision was adopted
authorizing the Department to accept a single bond covering two or
more sites operated by a single company or owned by a single
landowner.

The Legislature also directed the Department to conduct a
study of the alternatives for recovering the costs of mined land
reclamation. Authorization was given to appoint an advisory com-
mittee from mining industries, governmental agencies, and other
interested persons. The results of the study, and any recommenda-
tions are to be reported by the Department to the Sixty-Third
Legislative Assembly. The committee has been appointed and the
study is under way.

Another series of amendments concerns ORS 517.750. Defi-
nitions were added for “processing,” “surface impacts of under-
ground mining," and “underground mining.” The previously exist-
ing definition of surface mining was rewritten into two parts in an
attempt to define more clearly what is and is not surface mining
under this law. The Department will henceforth regulate the recla-
mation aspects of surface impacts of underground mining. Rules to
implement these new provisions are being drafted for review,
public hearings, and adoption.

Finally, amendments to ORS 517.780 were made. A terminal
date was established for Subsection (2) which provides for a city or
county to administer the mined land reclamation law. This amend-
ment terminates such an option unless a city or county has a
reclamation ordinance approved by the Department prior to July 1,
1984. An added provision directs the Department to review the
implementation of county ordinances adopted pursuant to ORS
517.780(2). The Department may withdraw approval of such ordi-
nances upon finding that implementation does not meet standards
prescribed by the law and state rules.

An automatic data processing system of the personal computer
class with word processing and database management software was
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procured in the summer of 1983. The word processing capability is
now very valuable in editing the large number of inspection reports,
as well as many letters and other communications which must be
produced. The data base is still being established with the insertion
of data from approximately 2,300 site files. As the system develops
itis expected that the administrative efficiency of the MLR program
will be significantly enhanced, particularly the ability to identify
monthly renewals and current delinquencies and to act on them
promptly and efficiently.

Status of the Mined Land Reclamation Program

Total acreage reclaimed
1972 through Dec. 1980: 443
1972 through Dec. 1981:  805.75
1972 through Dec. 1982:  961.65
1972 through Dec. 1983: 1,344.15

(1983:  382.5)

Total acreage under security to guarantee reclamation
December 31, 1980: 2,173
December 31, 1981: 2,606
December 31, 1982: 3,105
December 31, 1983: 3,189

Uses to which acreage was reclaimed

Agriculture  Forestry Housing Other*

1972 through 1980 251 6.5 37 148
During 1981 168 7 21 167.5
During 1982 105 14.5 0 36
During 1983 52.65 264 0 66
Total 576.65 292 58 417.5

* “Other” includes a wide variety of uses but contains a high percent-
age of various kinds of water impoundments, sites for wildlife management,
industrial-commercial construction, and permanent stockpile sites.

Changes: New and closed sites, 1980-1983
(Permits issued for new sites, records closed, sites reclaimed, or
activity legally terminated)

Surface mining Limited Total
permit! exemption? exemption3
Year New Closed New  Closed New  Closed
1980 46 19 34 4 46 3
1981 84 32 50 7 51 26
1982 35 34 24 14 106 28
1983+ 56 37 21 9 54 34

! Sites requiring a fee, reclamation, and security.

2 Sites requiring a fee, but legally exempt from reclamation and se-
curity until horizontal expansion occurs—after July 1, 1972, or January 1,
1981 (different provisions). Expansion requires conversion to surface min-
ing permit; expansion area only is then subject to reclamation and bonding.

3 Sites legally exempt from fee, reclamation, and bonding — for vari-
ous specific reasons, most commonly “access roads,” size, and inactivity.
(Surface mining permit category sites cannot go to total exemption status if
the surface mining permit has been utilized.)

4 During 1983 there were 49 other changes in status from one category
to another.

Total number of sites under permit

Surface mining Limited Total
As of permit exemption  exemption
December 31, 1980 348 333 571
December 31, 1981 399 338 587
December 31, 1982 400 287 648
December 31, 1983 405 254 602 O
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Task force to study alternatives
to MLR Program bhonding system

The Governing Board of the Oregon Department of Geology
and Mineral Industries (DOGAMI) has appointed a task force to
conduct a study of all possible alternatives for guaranteeing recov-
ery of costs of mined land reclamation in the state of Oregon. The
study will deal specifically with bonding or other security systems
assuring the availability of funds in the event DOGAMI must
reclaim mined lands.

The task force, known as the Mined Land Reclamation Ad-
visory Committee, was created in response to a charge established
in amendments to Mined Land Reclamation legislation which the
62nd Oregon Legislative Assembly enacted. Included in the task
force are representatives from the mining industry, government
agencies, environmental groups, and bonding companies.

The eight committee members are Stan Biles, Assistant to the
Director, Oregon Department of Environmental Quality; Kathleen
Brophy, Surety Manager, Industrial Indemnity Company, Port-
land; Bruce Henderson, Oregon Environmental Council; Randall
Hledick, Director of Land Use and Environmental Affairs, Wildish
Sand and Gravel Company, Eugene; Howard Long, Manager,
Fidelity and Surety Bond Department, North Pacific Insurance
Company, Portland; William Lyons, Vice President for Planning
and External Affairs, Northwest Energy Resources Company
(NERCO), Portland; and John Beaulieu, Deputy State Geologist,
and Donald Haagensen, Governing Board member, of DOGAMI.

The task force met for the first time on February 8, 1984.
Activities of the anticipated four- to six-month study by the commit-
tee will include, but are not necessarily limited to, presentations by
selected speakers and investigations of related mined land reclama-
tion practices in other states. DOGAMI will report the results of the
study and any recommendations to the 63rd Oregon Legislative
Assembly. [

AEG to hold symposium on ore exploration

The Association of Exploration Geochemists (AEG) will hold
a symposium on Exploration for Ore Deposits of the North Ameri-
can Cordillera on March 25-28, 1984, at the MGM Grand Hotel in
Reno, Nevada.

The program will include technical sessions, a poster session
and trade exhibit, and field trips both before and after the sym-
posium. A full-day short course on the design of geochemical
exploration programs will be offered on March 23 and 24. Keynote
speaker will be R.W. Boyle of the Geological Survey of Canada.

For further information on registration, reservations, special
travel services, and program details contact the Reno Symposium
Executive Committee, P.O. Box 9777, University Station, Reno,
Nevada 89507. Technical Program Chairman is J.W. Motter,
phone (702) 323-3050. (J

GSOC luncheon meetings announced

The Geological Society of the Oregon Country (GSOC)
holds noon meetings in the Standard Plaza Building, 1100 SW Sixth
Ave., Portland, OR, in Room A adjacent to the third-floor caf-
eteria. Upcoming meetings, topics, and speakers:

March 16—Indian Ruins of the Southwest, by Lloyd A.
Wilcox, past president of GSOC, active member of the Archae-
ologic Society, participant in dig at the Calico Man site.

April 6—Spring in the Mojave Desert, by Donald Barr,
naturalist.

April 20— Statues of the Easter Islands, by Esther Schwartz.

For additional information, contact Viola L. Oberson,
Luncheon Program Chairwoman, phone (503) 282-3685. [
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Jannsen Drilling Company workover rig at Reichhold Long-
view Fibre 12-33 in Mist Gas Field. Article beginning on next page
summarizes oil and gas activity in Oregon during 1983.
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OIL AND GAS NEWS

New producers at Mist Gas Field

On February 20, 1984, Reichhold Energy spudded Columbia
County 43-22 insec. 22, T. 6 N., R. 5 W. The well, an offset to the
recently completed Columbia County 23-22, was drilled and com-
pleted to production on February 29. The total depthis 2,252 ft, and
the initial production was 1.3 million cubic feet per day.

DOGAMI Board Meeting

At the February 27, 1984, meeting of the Governing Board,
one agenda item concerned the proposal by Reichhold Energy to
drill Columbia County 13-34A in the Mist Gas Field. The proposed
well would be in a spacing unit where a producer already exists.
Testimony from a January 17, 1984, hearing was discussed, and the
Board voted to permit the drilling of the new well.

Recent permits

Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
258 Reichhold Energy Corp.  SE'% sec. 28 Application;
Crown Zellerbach 34-28 T.6N.,R.4W. 2,500.
009-00126 Columbia County

259  Hutchins & Marrs NW 14 sec. 20 Application;
Great Discovery 2 T.30S.,R.9W. 3,500.
019-00023 Douglas County 0

Former Governing Board Chairman dies

Fayette Ingalls Bristol, former member and chairman of the
Governing Board of the Oregon Department of Geology and Min-
eral Industries (DOGAMI) between 1961 and 1972 died in Lincoln
City on Sunday, February 26, 1984.

Born in Hillsdale, Michigan, Bristol attended Michigan State
University, where he studied mining engineering. After moving to
Oregon, he began his own company, Oregon Lime Products, in
Williams. He later started Bristol Silica Company in Rogue River.
From 1967 to 1978, he owned and operated the Bristol Chemical
Company in Portland.

During his lifetime, Bristol was also deeply involved in pol-
itics and civic affairs. He served as state representative from
Josephine County from 1956 to 1959. He was appointed by then
Governor Mark Hatfield to the DOGAMI Governing Board on
April 1, 1961, and was reappointed by Hatfield to a second term.
He was reappointed to a third term by then Governor Tom McCall
and served as chairman during that term. He was also president of
the Oregon Mining Association and a member of the Society of
Mining Engineers.

Bristol is survived by two daughters, two sons, a sister, and
four grandchildren. O

CONTENTS

Oil and gas exploration and development in Oregon, 1983 . . . . . . .. 39
Rogue Gem and Mineral Club display in Capitol Building . . . . .. .. 44
GSOC meetingsannounced . . . .. ..................... 44
Abstractsof theses . . .. ... ... ... Lo 45
New biostratigraphic study of Mist Gas Fieldarea . ........... 46
Fireball sighted . . ... ... ......... ... . ......... .. 46
AIME announces 1984 spring field trip . . . . . .............. 46
Historic candlestick discovered at Oregon Historical Society . . .. .. 46

OREGON GEOLOGY, VOLUME 46, NUMBER 4, APRIL 1984



Oil and gas exploration and

development in Oregon, 1983

by William L. King, Oregon Department of Geology and Mineral Industries

ABSTRACT

Leasing decreased and terminations increased during 1983.
Drilling decreased 44 percent compared to last year. Two new
operators were active in the state, drilling in the Willamette Valley
and in the southern Coast Range. Mist Gas Field production contin-
ued at a strong rate. A new pool was discovered 1% mi from the
nearest Mist producing well. Injection began into Oregon’s first
salt-water disposal well. The Mist Gas Field boundaries were
enlarged. The Governing Board considered various issues. Three
oil and gas hearings were held. The Northwest Association of
Petroleum Landmen changed its name. Seismic permitting was
active.

LEASING ACTIVITY

Leasing of federal land in Oregon for oil and gas exploration
decreased in 1983. There were fewer applications than in 1982.
The number of leases issued also decreased, with a total 310
comprising 675,050 acres as compared to 2,249 comprising 6.9
million acres for the previous year.

Bureau of Land Management (BLM) leases issued on land
where there are no known producing geological structures are
subdivided into over-the-counter (OTC) leases and simultaneous
oil and gas (SOG) leases. OTC leases are granted on new applica-

tions. SOG leases are granted on property previously leased but
then expired, canceled, relinquished, or terminated. Every OTC
expiration must be reprocessed through the SOG program. In
October, however, the SOG program was closed for an undeter-
mined period, which accounts for the lull in OTC leasing.

Terminations increased during 1983. Historically, termina-
tions average 10 to 20 leases per month. During July and August,
however, this increased to an average of 300 per month, due
probably to the inability of speculators to find buyers before the
rental payments were due. The first year’s rental, which is submit-
ted when the application is filed, is credited when the lease is issued.
If buyers are not found before the second year’s due date, many
leases are dropped. At year’s end, 2,373 leases totaling 5,987,386
acres of federal land were under lease in Oregon.

No oil and gas lease sales were held during 1983 by the Oregon
Division of State Lands. At the end of the year, 780 leases were in
effect on state lands, comprising a total of 320,000 acres, a decrease
of 24,000 acres from the previous year. This is a very small rate of
surrender, considering the general industry trend. Counties with
the most remaining leased acres are Clatsop, 78,000 acres; Coos,
58,000 acres; Malheur, 54,000 acres; Douglas, 30,000 acres; and
Harney, 26,000 acres. Total lease rental income for the year
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Oil and gas leases obtained in Oregon, 1983. Lease data courtesy Dolores Yates, LANDATA Reporting and Services.
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Table 1. Oil and gas permits and drilling activity
in Oregon, 1983

Status, depth (ft)
TD=1otal depth

Permit Operator, well PTD=proposed
no. API number Location TD: RD =redrill
199 Oregon Natural Gas Dev. NE'% sec. 9 Abandoned,

Patton 32-9 T.7N.,R.8W. dry hole;
007-00011-01 Clatsop County RD: 3,917.

208 Reichhold Energy NW % sec. 5 Suspended:
Wilson 11-5 T.6N.,R.5W. TD: 2.827,
009-00099 Columbia County

226  Diamond Shamrock NWl sec. 14 Abandoned,
Watzek 22-19 T.6N.,R.6 W. dry hole;
007-00012 Clatsop County TD: 5.190.

227 Diamond Shamrock NE' sec. 33 Permit issued:
State of Oregon 23-33 T.6N,R.7TW. PTD: 7,000.
007-00013 Clatsop County

228  Reichhold Energy SW 4 sec. 28 Permit issued:
Columbia County 23-28  T.7N.,R. 5 W, PTD: 2.600.
009-00111 Columbia County

229  Reichhold Energy SWl sec. 35 Permit issued:
Columbia County 23-35 T.7N..R.5W. PTD: 2.800.
009-00112 Columbia County

230  Reichhold Energy SW ' sec. 33 Abandoned.
Columbia County 14-33 T.7N.,R.SW. dry hole;
009-00113 Columbia County TD: 3,105,

231 Reichhold Energy SWia sec. 12 Permit issued:
Longview Fibre 23-12 T.6N.,R.5W. PTD: 3.000.
009-00114 Columbia County

232 Reichhold Energy NE'% sec. 12 Permit issued:
Polak 31-12 T.6N.,R.5W. PTD: 3,000.
009-00115 Columbia County

233 Diamond Shamrock SE' sec. |1 Abandoned,
Clatsop County 33-11 T.6N..R.6 W dry hole:
007-00014 Clatsop County TD: 4,223

234 Reichhold Energy SE'4 sec. 21 Permit issued;
Werner 34-21 T.55.,R.2W. PTD: 3,500.
047-00014 Marion County

235 Diamond Shamrock SWl sec. 4 Permit issued:
Watzek Trust 23-4 T.6N.R.6W. PTD: 6.000.
007-00015 Clatsop County

236 Diamond Shamrock NE'% sec. 4 Permit issued;
Watzek Trust 31-4 T.6N..R.6W. PTD: 6.000.
007-00016 Clatsop County

237  Reichhold Energy SWi4 sec. 22 Completed,
Columbia County 23-22  T.6N..R. 3 W. gas;
009-00116 Columbia County TD: 2.028.

238  Leavitt Exploration NE' sec. 34 Permit issued:
Maurice Brooks 1 T.195.,R. 3 W, PTD: 3,000,
039-00005 Lane County

239 Petrol. & Min. Analysis  NE% sec. 15 Permit issued:
Keech | T.95..R.2W. PTD: 3,600.
047-00015 Marion County

240  RH Exploration NE'% sec. 20 Suspended;
Rose | T.5S..R.I1E. PTD: 3,500.
005-00002 Clackamas Co.

241  RH Exploration SW 4 sec. 29 Suspended;
Anderson 1 T.58.,.R.1E. PTD: 3.500.
005-00003 Clackamas Co.

242 RH Exploration SW 4 sec. 20 Application;
Rose 2 T.5S8..R.1E. PTD: 4.000.
005-00004 Clackamas Co.

243 Reichhold Energy NW % sec. 20 Abandoned,
Investment Manage- T.6N..R.4W. dry hole;

ment 21-20 Columbia County TD: 2.505.
009-00117

OREGON GEOLOGY, VOLUME 46, NUMBER 4, APRIL 1984

Status, depth (ft)
TD=total depth
Permit Operator, well, PTD =proposed
no. API number Location TD; RD=redrill
244 Hutchins & Marrs SW14 sec. 3 Permit issued;
Lord’s Will | T.275..,R.7W. PTD: 4,000.
019-00018 Douglas County
245 Hutchins & Marrs SEW sec. 34 Permit issued;
Lord’s Will 2 T.26S8.,R.TW. PTD: 4,000.
019-00019 Douglas County
246  Hutchins & Marrs NE% sec. 3 Permit issued:
Lord’s Will 3 T.278.,R.7TW. PTD: 4,000.
019-00020 Douglas County
247  Hutchins & Marrs NW % sec. 10 Suspended;
Glory Hole | T.278.,R.TW, TD: 2.987.
019-00021 Douglas County
248 Reichhold Energy SE' sec. 26 Permit issued;
Crown Zellerbach 33-26  T.6N..R.4W. PTD: 4,000,
009-00118 Columbia County
249 Reichhold Energy SW ' sec. 15 Permit issued:
Busch 14-15 T.6N..R.SW. PTD: 2,800.
009-00119 Columbia County
250  Reichhold Energy SE'% sec. 36 Permit issued:
Longview Fibre 33-36 T.6N..R.5W. PTD; 4.000.
009-00120 Columbia County
251  Reichhold Energy NW !4 sec. 16 Permit issued;
Grimsbo 11-16 T.6N.,R.5W. PTD: 2.600.
009-00121 Columbia County
252 Hutchins & Marrs SE% sec. 3 Permit issued:
Great Discovery | T.27S..R.7TW. PTD: 4,500,
019-00022 Douglas County
253 Reichhold Energy NE % sec. 34 Permit issued:
Adams 32-34 T.7N.,R.5W, PTD: 2.800.
009-00122 Columbia County
254  Oregon Nat. Gas Dev. NE% sec. 21 Permit issued:
Dougherty 1-21 T.1S..R.27E. PTD: 10.000,
049-00001 Morrow County
255 Reichhold Energy SW 4 sec. 34 Application;
Columbia County 13-34A T.7N..R.5W. PTD: 2,800.
009-00123 Columbia County

Christmas tree and cellar, Reichhold Columbia County
23-22, Oregon’s latest discovery in the Mist Gas Field.
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Oil and gas drilling sites in Oregon, 1983. All drilling was in
western Oregon.

amounted to $356.000, which includes rentals from 31,202 acres
under lease option to Mobil Oil.

State law authorizes a county court to execute an oil and gas
lease involving county-owned mineral rights through a process of
advertising with subsequent competitive bidding. Leases are
granted to the highest bidder. Douglas County held a lease auction
in December. One block of 9,921 acres west and southwest of
Roseburg was offered. A bid of $1.25 per acre for a lease term of
five years was offered and accepted, there being no opposing bids.
Selmar H. Hutchins was the successful bidder. Prior to this auction,
the county had held no oil and gas lease auctions since 1978, when
Mobil Oil leased acreage there.

DRILLING ACTIVITY

During 1983, 10 oil and gas test wells were drilled in Oregon,
This was a decrease of eight wells, or 44 percent, compared to the
preceding year, 1982, Twenty-nine oil and gas drilling permits
were issued in 1983, however, an increase of 81 percent over the
preceding year, indicating industry’s continued interest in Oregon’s
hydrocarbon potential.

Most of the drilling was in Columbia and Clatsop Counties, in
the northwest part of the state, by established operators. Reichhold
Energy Corporation led the activity with four wells drilled in the
Mist Gas Field area. Three of these wells were dry holes, but one,
Columbia County 23-22, was completed as a gas well. Diamond
Shamrock Corporation, which was recently renamed Diamond
Chemicals Company, continued its exploration effort in Clatsop
County by drilling two wells with a combined total footage 0f 9,413
ft. This brings the total number of Diamond Shamrock wells drilled
in Clatsop County since 1981 to five, with a combined total footage
0f29.072 ft. Oregon Natural Gas Development Corporation Patton
32-9, located east of Olney in Clatsop County, was redrilled to
3.917 ft in an unsuccessful attempt to establish production. This
redrill footage, combined with Oregon Natural Gas Development
Corporation’s previous Clatsop County drilling, brings its total
footage in the county to 22,050 ft since 1981.

Two new operators were active in other areas in Oregon in
1983. RH Exploration drilled two wells in the Willamette Valley,
east of Monitor in Clackamas County, and Hutchins and Marrs
drilled one well west of Melrose in Douglas County.

The deepest hole drilled in Oregon in 1983 was by Diamond
Shamrock to a total depth of 5,190 fi. The average well depth for the
year was 3,164 ft. Total footage drilled was 31,635 ft, a decrease of
53 percent from 1982’s total. Sixty percent of the wells drilled were
wildcats. The remainder were in the Mist Gas Field area.

Tavlor Drilling Company rig at Diamond Shamrock Clatsop
County 33-11 location.
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April 2, 1984

Dear Oregon Geology reader,
We are trying to evaluate the usefulness and effectiveness of Oregon Geology. We would also Tlike to

know more about our readers. We would appreciate it if you would complete this questionnaire and return it

to us within a month. This is your opportunity to tell us what you want--or need--from Oregon Geology,

so please be candid.

1.

2
3.
4

11.

Where do you live?

How long have you subscribed to Oregon Geology?

What is your occupation?

Check categories below that describe you.

____ Oregon resident __ Natural resource agency employee
_____ Professional geologist __Student
___ Teacher or professor _____ Member of environmental group
State of Oregon employee (which __ Federal employee (which agency?)
agency?) _ News media representative
Legislator _____ Amateur geologist or paleontologist
____ Recreational miner (rockhounding, _____ Prospector or explorationist
weekend placering, mineral collecting) _ Mine developer, owner, or operator
__ Gemstone miner, dealer, or cutter _____ Other mineral industry employee
011 and gas industry employee ____ Geothermal industry employee

How much of an issue of QOregon Geology do you usually read?
Very Tittle ___ Some, mostly by skimming
Only read papers of interest to me ____ Read most ___ Read all
Some of the material in Oregon Geology is very technical; some is not. How would you rate the
content and style of writing in papers and articles that interest you?
__ Too technical _ Just right __ Not technical enough
Check the topics you enjoy--or would enjoy--in Oregon Geology.
Annual summaries of oil and gas, mineral, mined-land reclamation, and geothermal activity

_ Monthly o0il and gas news ___ Plate tectonics

_ Field trip guides __ Mineral exploration and development

___ Announcements of new publications __ Geothermal exploration and development

__ Meeting announcements _ 0il1 and gas exploration and development

_ Geology ___ Meteorites

___ Book reviews _ News of people

_ Industry news __ Thesis abstracts

_ Mineral and gemstone localities _ Geology of specific areas; e.g., Blue
Mountains, Cascades, state parks, urban
areas

~_ Mining history _ Legislative news and Governing Board actions

Summaries of geology and mineral Other (specify)

resources of various counties
How could Oregon Geology be improved to meet your needs and interests more fully?

Is the type too small for you to read?

Would Oregon Geology be as useful to you if it came out less frequently but with more pages?

Would you accept an increase in cost so that each issue could have more pages, longer articles,

and more variety?




INSERT

12. Other comments

Remove this sheet from your magazine, fold as indicated, tape or staple, stamp with a 20¢ stamp,
and send to us. Results will be announced in an upcoming issue of QOregon Geology.
Thank you for your help.
Beverly F. Vogt
Publications Manager

Rather than Teave the rest of the questionnaire sheet blank, we are printing our current open-file report
list on the rest of the sheet. This list, which is available free of charge from the Portland office of the
Oregon Department of Geology and Mineral Industries, is frequently updated as new open-file reports are
released. If the reports are still in print and available for sale, the prices are listed.

April 1, 1984 OPEN-FILE REPORTS Price, if
for sale

0-69-1 Analyses of stream-sediment samples from southwestern Oregon. Bowen, 1969, 439 p. . . . . . -----
0-70-1 Sand and gravel, Bear Creek and Rogue River Valleys, Jackson County. Schlicker &

Deacon, 1970, 49 D. . . & . i i e e e e e e e e e e e e e e e e e e e e e e e e e e s e e
0-70-2 Gravel resources of the Applegate River area in Jackson County. Schlicker & Deacon,

1970, 17 Pu v v v o e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e e
0-71-1 Folsom Basin disposal site, Klamath County. Newton, 1971, 10 p. . . . . . . . . . . . . . . =--==
0-71-2 Geologic evaluation of Alkali Lake disposal site. Newton & Baggs, 1971, 90 p. . . . . . . . =-----
0-71-3 Engineering geology of La Grande and vicinity. Schlicker & Deacon, 1971, 16 p., 1 map . . . -----
0-72-1 Mineral resource status of state-owned lands in Malheur County. Wagner, 1972, 27 p., 41 maps. -----
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GAS PRODUCTION

One well was completed to production during 1983 at the Mist
Gas Field. To date, 12 wells have been completed. Of this total,
eight are currently producing, one is awaiting pipeline connection,
two are shut in, and one has been converted to a salt-water disposal
well. During 1983, the number of producing wells varied from six
to eight. Production rates during the year ranged from 7.1 to 10.8
million cubic feet per day (cfd). Eight different pools have been
designated. One additional pool will be designated for Reichhold
Columbia County 23-22, which was completed December 21,
1983. The price of Mist Gas Field gas from the Federal Energy
Regulatory Commission price schedule ranged from $3.299 per
million British thermal units (MMBtu) to $3.564 per MMBtu, or
from $3.09 per thousand cubic feet (Mcf) to $3.34 per Mcf.
Beginning in May, however, Mist gas was no longer sold at the
federally controlled ceiling price but rather at a monthly negotiated
contract price which was lower than the federal price. This con-
tract price ranged from $2.945 per MMBu to §3.219 MMBtu, or
from $2.76 per Mcf to $3.02 per Mcf. Total gas produced in 1983
was 3.16 billion cubic feet. Using federal prices from January
through April and contract prices from May through December, the
value of this gas was $9.5 million.

NEW POOL DISCOVERY

Reichhold Energy Corporation Columbia County 23-22, lo-
cated insec. 22, T. 6 N., R. 5 W, in the Mist Gas Field, was drilled
to a total depth of 2,028 ft and completed as a gas well December

21, 1983, flowing 3 MMcfd. This well is 1 %2 mi south of the nearest
producing well and approximately | mi south of and 1 mi west of,
respectively, the nearest dry holes. No wells have been drilled
south or west of Columbia County 23-22. A new pool, the twelfth to
date, will be designated for this discovery.

Flaring gas during initial potential test at Reichhold Colum-
bia Counry 23-22, December 1983.

Reichhold Columbia Counry 13-1, Oregon’s first salt-warter disposal well. Vacuum truck in background is transferring salt water 1o
holding tank for injection into the well.
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SALT WATER DISPOSAL

A water pollution control facilities permit that was issued in
August by the Oregon Department of Environmental Quality
(DEQ) to Reichhold Energy Corporation authorized injection of
salt water into their Columbia County 13-1 RD located insec. 1. T.
6 N., R. 5 W_, in the Mist Gas Field. This permit, issued in
conjunction with the Oregon Department of Geology and Mineral
Industries (DOGAMI), authorizes injection of salt water extracted
with natural gas into the depleted Clark and Wilson sand from
which the well formerly produced. DOGAMI also issued an injec-
tion permit. This is the first waste disposal well of this type in
Oregon.

Three Reichhold wells, Columbia County 4 RD, Longview
Fibre 12-33, and Paul 34-32, are currently producing salt water
which is being injected into Columbia County 13-1 RD. A max-
imum of 1,000 barrels per week is permitted. During 1983, a total
of 20,486 barrels was injected.

Welex personnel preparing to run a bridge plug to stop water
production at Reichhold Columbia County 4 at Mist Gas Field.

The DEQ permit also authorizes the spreading of salt water on
unpaved roads and along road rights-of-way during summer
months under dry conditions. Restrictions are included in this phase
of the disposal process to prevent stream pollution or damage to
vegetation. During 1983, a total of 10,666 barrels was disposed of
by surface spreading.

MIST GAS FIELD BOUNDARIES

The boundaries of the Mist Gas Field were changed in Novem-
ber by DOGAMI's Governing Board. Prior to this action, the
official boundaries had never been designated. After the previously
accepted boundaries were revised at a public hearing, the new
boundaries were approved by the Governing Board. The effect will
be to increase the field area from 42 to 141 sq mi, thereby enlarging
the area within which special setback distances apply. The state-
wide setback distance is 500 ft from a quarter section boundary.
The Mist Gas Field distance is 250 ft. A reduced version of the
revised Mist Gas Field map is printed with this article. The new
map is also available at a scale of 1:24,000 as DOGAMI Open-File
Report O-84-2, Mist Gas Field Well Location Map (cost $5), at the
Department's Portland office. This map replaces the old map in
Open-File Report O-81-4, which is no longer available.

OTHER

DOGAMT's Governing Board met five times during 1983.
Various issues considered were an appeal on the compulsory inte-
gration rule, unlawful well abandonment, request for suspended
well status, bond releases, a memorandum of understanding with
DEQ regarding underground injection, field boundaries designa-

EE

tion, amending orders, petitions to distribute revenues, and adop-
tion of administrative rules.

Three oil and gas hearings were held. Two of these were
contested case hearings to amend orders and terminate escrows.
The third was an administrative rules hearing to establish a rule to
designate boundaries for the Mist Gas Field.

The Northwest Association of Petroleum Landmen, founded
last year, has changed its name to the Northwest Petroleum Asso-
ciation. Membership has grown to 165 members. Four quarterly
meetings were held during 1983, three in Portland and one in
Olympia.

Seismic permits were issued by the Oregon Department of
Transportation for various parts of the state. Most of the applica-
tions were for permits in western Oregon in the Mist-Clatskanie
area of Columbia County, in the eastern Willamette Valley east of
Salem, and in the western Willamette Valley from Eugene to Forest
Grove, indicating continued interest in this part of the state as a
possible oil and gas province. Seismic permits issued for western
Wheeler County, which is in eastern Oregon, indicate a possible
extension of interest in the exploration activities occurring to the
north in central Washington. [

Rogue Gem and Mineral Club display
featured in Capitol Building

On March 1, 1984, members of the Rogue Gem and Mineral
Club of Grants Pass installed a new exhibit in the Oregon Council of
Rocks and Mineral Club display case on the first floor of the Capitol
Building in Salem. Included in the display are more than fifty
separate items from eight Oregon counties, Mexico, and Brazil.

Featured in the display are such items as two functioning
clocks. one of pink and black rhodonite and one of green Cedar
Mountain jade, soapstone sculptures, rhodonite bookends, agate
book ends, jade and rhodonite bowls, a marble vase, an obsidian
goblet, and a rodingite shot glass.

The variety of materials in the exhibit includes a large calcite
crystal, rhodonite, Cedar Mountain jade, soapstone. rodingite,
marble, obsidian, Oregon picture rock, Graveyard Point plume
agate, petrified wood, carnelian, Blue Mountain jasper, serpentine/
tremolite, and thundereggs.

This exhibit, which replaced that of the Willamette Agate and
Mineral Society, will remain in place until June 1, 1984. []

GSOC meetings announced

The Geological Society of the Oregon Country (GSOC) holds
noon meetings in the Standard Plaza Building, 1100 SW Sixth Ave.,
Portland, Oregon, in Room A adjacent to the third-floor cafeteria,
and 8-p.m. evening lectures at Portland State University, Room
371, Cramer Hall. Upcoming meetings, topics, and speakers are:

April 20 (luncheon) — Statues of the Easter Islands, by Esther
Schwartz.

May 4 (luncheon)—A Message From the Stone Age, by John
Nance, author and photographer.

May 11 (lecture) — Michael Cummings, PSU Geology Depart-
ment, will introduce GSOC Scholarship Award students.

May 18 (luncheon)—Archaeological Specimens—Fake or
Genuine? by Harvey Steele, past president of the Archaeological
Society.

May 25 (lecture, “Invite a Guest Night”)—Oregon from the
Air, by Ewart Baldwin, author of Geology of Oregon.

June 1 (luncheon)—An Elder Hostel Experience, by Wally
McClung, naturalist-photographer, GSOC president in 1969.

June 8 (lecture) — Geology of Death Valley, by Donald D. Barr,
naturalist-biologist, GSOC president in 1968.

For additional information about the lectures or luncheons,
contact Viola L. Oberson, GSOC president, phone (503) 282-3685.
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ABSTRACTS

The Department maintains a collection of theses and disserta-
tions on Oregon geology. From time to time, we print abstracts of
new acquisitions that we feel are of general interest to our readers.

THE GEOLOGY AND STRATIGRAPHY OF THE TERTI-
ARY VOLCANIC AND VOLCANICLASTIC ROCKS, WITH
SPECIAL EMPHASIS ON THE DESCHUTES FORMA-
TION, FROM LAKE SIMTUSTUS TO MADRAS IN CEN-
TRAL OREGON, by Jeremy Barth Jay (M.S., Oregon State
University, 1982)

A sequence of volcanic, volcaniclastic, and epiclastic deposits
from Oligocene to Recent age are exposed in the region from Lake
Simtustus to Madras in central Oregon. The epiclastic sediments of
the Oligocene John Day Formation are unconformably overlain by
two flows of the middle Miocene Columbia River Basalt Group.
The upper Miocene and lower Pliocene Deschutes Formation gen-
erally overlies the Columbia River basalt. The Deschutes Forma-
tion includes ash flows, pumice and ash falls, lava flows, and
epiclastic deposits. An ash-flow tuff with a composition similar to
other Deschutes ash flows occurs between flows of Columbia River
basalt suggesting that the formations interfinger.

The two flows of Columbia River basalt have compositions
typical of the Prineville chemical type. The flows contain an aver-
age of 1.24 weight-percent P,0s, and K,O is high compared to
other types of Columbia River basalt.

The Columbia River basalt and underlying rocks have been
moderately deformed, producing broad anticlines and synclines
and normal faults with small displacement. Northwest of Madras,
the Columbia River basalt dips three or four degrees to the south-
east. The Deschutes Formation and overlying rocks are generally
flat lying and undeformed. No faults were found extending into the
Deschutes deposits.

The Pelton Basalt Member is an 80- to 150-ft-thick unit of
tholeiitic basalt that occurs near the base of the Deschutes Forma-
tion. It contains numerous discontinuous flow units which represent
separate lobes of a compound lava flow. No interbeds or paleosols
between flow units were found. The basalt is probably the result of
a single prolonged eruption. Six intraformational lava flows occur
interstratified with volcaniclastic and epiclastic deposits. Five of
these flows are basalt; one flow is basaltic andesite.

The Deschutes volcaniclastic rocks generally occur in a 400-
ft-thick interval above the Pelton Member and below rim-forming
basalt lavas. The best exposures of these deposits are at the Vanora
Cliff and at the cliff on the north side of the mouth of Willow Creek.
Rocks in both of these areas are exposed as the result of large
landslides. The ash-flow tuffs range in composition from dacite to
rhyolite and in thickness from three to 60 ft. The deposits generally
have restricted areas of exposure. The strikes of paleochannels
filled by ash flows and the orientation of the long axes of clasts in
underlying fluvial conglomerates indicate a west or southwest
provenance for these deposits.

Seven lithic-rich laharic-breccia deposits occur interstratified
with the ash flows and epiclastic deposits. The laharic breccias are
the most resistant and extensive volcaniclastic rocks in the mapped
area. In certain outcrops, the breccias consist of as much as 70
percent angular to subrounded lithic clasts suspended in a fine-
grained matrix of glass shards. The deposits are more numerous,
thicker, and more poorly sorted to the north and northwest, indicat-
ing a provenance to the northwest. Many features of the deposits are
similar to volcanic lahars but other characteristics indicate that the
materials were subjected to temperatures above the Curie point of
the clasts. Some of these units might have been produced by a
combination of fluvial materials and a hot pyroclastic flow.

A widespread sheet of tholeiitic basalt caps the Deschutes
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Formation. Similarity between eight chemical analyses, constant
phenocryst mineralogy, and uniform normal paleomagnetic polar-
ity of samples from Binder’s Canyon to Round Butte Dam suggest
that the rim-forming flow is a single sheet of lava that originally
covered the mapped area.

Round Butte cinder cone and lava flow are the youngest
Deschutes Formation deposits in the mapped area. The Round
Butte deposits have a composition similar to other intraformational
lavas and therefore represent a continuation of the volcanism that
has occurred throughout the late Miocene and early Pliocene in the
Deschutes Basin.

STRUCTURE AND INFLUENCE OF THE TILLAMOOK
UPLIFT AND THE STRATIGRAPHY OF THE MIST AREA,
OREGON, by Moinoddin Murtuzamiya Kadri (M.S., Portland
State University, 1982)

Around the hamlet of Mist in Columbia County, northwestern
Oregon, four formations ranging in age from late Eocene to middle
Miocene are exposed. The late Eocene Keasey Formation consists
of gray, tuffaceous, concretionary mudstone, siltstone, and minor
sandstone. The unstable and complex environment of deposition is
indicated by lutokinesis and wide, shallow submarine channels.

Deltaic deposits of the Pittsburg Bluff Formation unconforma-
bly overlie the Keasey Formation. The lower laminated member
(informal) of the Pittsburg Bluff Formation consists of finely lami-
nated mudstone and interlayered arkosic sandstone. The upper
siltstone member (informal) consists of bioturbated, carbonaceous
siltstone and sandstone. It crops out in an arcuate belt generally
paralleling the Nehalem River and thins rapidly towards the west.

The middle Miocene Astoria Formation unconformably over-
lies the Pittsburg Bluff and Keasey Formations and consists of
poorly consolidated, lithic arkosic to quartzose sandstone and silt-
stone. Primary structure is well developed in the Astoria Forma-
tion; micro cross-bedding and trough cross-bedding are common in
the sandstone. The Columbia River Basalt Group is represented by
the Grande Ronde and Frenchman Springs geochemical types.
Some of the basalt clasts in the conglomerates in the Astoria
Formation were derived from Columbia River basalt flows.

Fifty-three sedimentary samples were analyzed for their
minor and trace element concentrations utilizing instrumental neu-
tron activation analysis. Concentrations of Na, K, La, Sm, and Sc,
and their ratios appear to establish significant trends. The data
suggest a major break from a granitic-metamorphic provenance and
a volcanic-component-dominated provenance between the Cowlitz
and Keasey Formations respectively. The provenance of the As-
toria Formation indicates the presence of flood basalts.

Complex faulting along northeast-southwest and younger
northwest-southeast trends primarily involves vertical movements.
Exposed faults have steep dips, narrow shear zones, very little drag
and form horsts and grabens. Pi-S, diagrams of the Keasey, Pitts-
burg Bluff, and Scappoose Formations indicate near-horizontal to
northerly or northeasterly dips. Northeast-trending, horizontal
Beta axes in the Pittsburg Bluff (siltstone member) and Scappoose
Formations parallel the axis of the Tillamook arch. The northwest-
trending Beta axis of the Scappoose Formation probably reflects the
latest structural grain of the area. Near-horizontal dips of the strata,
especially those of the post-Cowlitz age, the high-angle faults, and
the horizontal Beta axes probably preclude uplift involving exten-
sive compression and thrusting. The post-Keasey uplift produced
an unconformity and restricted the deposition of coarser lithofacies
of the Pittsburg Bluff Formation to the east and around the nose of
the plunging axis of the Tillamook arch. Post-Keasey but pre-
Astgria uplift along the axis of the Tillamook arch and Willapa Hills
upwarp produced the east-west trending Columbia River synclinal
trough. The Astoria Formation and the Columbia River basalt
flows are depositionally confined to this structural downwarp.
Continuity in the outcrop pattern of the middle Tertiary units
perhaps precludes any large-scale strike-slip offset. []
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New biostratigraphic study analyzes
subsurface of Mist Gas Field area

Fifteen wells drilled in the area of Columbia County's Mist
Gas Field, Oregon's only producing natural gas field, are the
subject of a biostratigraphic study published by the Oregon Depart-
ment of Geology and Mineral Industries (DOGAMI).

OIL AND GAS INVESTIGATION 9

SUBSURFACE BIOSTRATIGRAPHY OF THE
EAST NEHALEM BASIN,
COLUMBIA COUNTY, OREGON

1983
STATE OF OREGOW

DEFARTMENT OF AND MENERAL INDUSTRIES
DONALD A. HULL, STATE GEOLDGIST

Oil and Gas Investigation 9.

The newly published report. entitled Subsurface Biostratigra-
phy of the East Nehalem Basin, Columbia County, Oregon, was
prepared by paleontologist Daniel R. McKeel and has been released
as DOGAMTI's Oil and Gas Investigation 9. It includes individual
fossil reports based on 1,478 samples taken from 15 wells, with
sample-by-sample descriptions of rock types and marine fossils.
These identifications are used to determine the age, water depth,
and paleoenvironment for each distinctive well interval. Included
with this 34-page report is a separate subsurface illustration that
contains a surface location map and key correlations for all the
wells in the form of three separate north-south cross sections.

Using technical data and actual well cutting samples, this
study precisely interrelates the ages and kinds of rocks in the wells
of the Mist Gas Field arca. The result is a better understanding of
detailed geology of the area, which. inturn, will aid future explora-
tion. promote positive regulation of the resource. and provide a
useful basis for resource conservation and environmental protec-
tion, according to Deputy State Geologist John D. Beaulicu.

Oil and Gas Investigation 9 is now available at the Oregon
Department of Geology and Mineral Industries, 1005 State Office
Building, Portland. OR 97201. The purchase price is $6. Orders
under $50 require prepayment. [J
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Fireball sighted

A fireball sighting on February 16, 1984, at 6:07 p.m. PST,
was reported by two separate observing parties, Philip Brodahl of
Portland and Gary Messer and John Borden of Albany.

Bordahl made his observation at lat. 45°26'N.. long.
122°39'W. and was facing cast. He first saw the fireball 6° south of
eastatanaltitude of 45° and saw it last due east at an altitude of 207,
The angle of descent of the fireball was approximately 60°, and the
duration of its flight was two seconds. The fireball was three times
the size of Venus and white. It had a white, 25°-long tail. There was
no sound or breakup. At the time of the observation. the sun was
below the horizon, but it was not totally dark yet.

Messer and Borden sighted the same fireball at lat. 44°40'N. .
long. 123°9'W. and were facing north. The fireball was first seen in
the east at an altitude of 70° and was last seen 3° north of east at an
altitude of 207, when it disappeared behind a band of clouds. The
fireball’s angle of descent was 307, and the duration of its flight was
three seconds. Its size was one-tenth of the full moon. and its color
was light blue-green. No tail, sound, or breakup was observed.
Messer and Borden also reported that the sun had set but that it was
not totally dark yet. [

AIME announces 1984 spring field trip

The Oregon section of the American Institute of Mining and
Metallurgical Engineers (AIME) announces that the annual spring
field trip will be on the geology and hydrothermal alteration of
Glass Buttes in south-central Oregon. Glass Buttes is a Pliocene
silicic volcanic center in the High Lava Plains province of Oregon.
The buttes are underlain by rhyolitic glass domes, flows, and sparse
pyroclastic deposits that are interlayered with, and overlain by,
basalt. Mercury was mined from hydrothermally altered rocks in
the eastern end of the complex during the 1950’s. The hydrothermal
alteration is dominated by opal replacement of glass, with minor
alunite, opal. and hyalite veins. Precious-metal mineralization oc-
curs locally at the surface and in the subsurface.

The field trip is scheduled for June 9 and 10, 1984. On June 9.
the trip will focus on the hydrothermal alteration zones, and on June
10, the emphasis will be on the volcanic stratigraphy of the Glass
Buttes complex. Trip leaders will be Michael L. Cummings and
Michael J. Johnson of Portland State University. Further informa-
tion may be obtained from the Department of Geology. Portland
State University, P.O. Box 751, Portland, Oregon 97207, phone
(503)229-3022. O

Historic candlestick discovered
at Oregon Historical Society

Norman Wagner's excellent article on miner's candlesticks
(Oregon Geology, v. 44, no. 12) captured my interest and has led to
an important discovery concerning Oregon’s heritage of inventors.
As Curator of Technology, one of my responsibilities is to care for
our regional collection of mining artifacts, so naturally after read-
ing the article I dashed to our storage room and double-checked our
dozen or so candlesticks for errors in our catalog descriptions.
After several letters to and from Mr. Wagner, and instructions on
how to scrutinize a candlestick for patent dates, we discovered that
one of the Society's candlesticks, 73-89.13, with previously un-
noted date or manufacturer, was faintly stamped “JAN 9 1883.”
Further checking, especially in Ramsdell's and Wagner's book on
miner's candlesticks, indicates the candlestick was made and pa-
tented by John Jones of Oregon City, patent no. 270,316. This is an
important discovery because as of this writing it is the only known
surviving example of the earliest Oregon patent for a miner’s
candlestick. Also, it is only the third example extant of five miner's
candlesticks patented by Oregonians between 1883 and 1908.

—Ron Brentano, Oregon Historical Society
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OIL AND GAS NEWS

Mist Gas Field

As mentioned in the annual summary report published in the
April issue of this magazine, the Mist Gas Field has begun to
produce water in three of the wells. Reichhold Energy Corporation
has performed remedial work on one of the wells, Paul 34-32, in an
attempt to prevent the water from entering the perforations. No
results are known at this time. The contractor was A.M. Jannsen
Well Drilling Company.

Water from the well Paul 34-32 is hauled to the well Columbia
County 13-1 for disposal. [J

PSU lectures announced

The spring term lecture series of the Portland State University
Department of Geology is scheduled to conclude with seminar
speakers from the Seattle area. The final three lectures, presented in
cooperation with PSU’s Environmental Sciences and Hydrology
Programs, are listed below and will be held at 3:00 p.m. in Room
250, Cramer Hall, on the PSU campus in Portland.

May 23— Gravity changes and surface deformation on strato-
volcanoes, by Al Eggers, University of Puget Sound.

May 29 —Estimates of flood and sedimentation hazards
around active volcanoes, by Thomas Dunne, University of
Washington.

May 30— Hillslope runoff processes and their significance, by
Thomas Dunne, University of Washington. [J

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

COVER PHOTO

Unusual “thunder egg” (rock structure formed in welded tuffs
and rhyolites, of spherical or ellipsoidal shape, containing cores of
chalcedony and sometimes quartz) from central Oregon. This cut
specimen, which was recently donated to the Portland State Univer-
sity Department of Geology, records a late-stage fracturing event
during which jaspery breccia entered the thunder egg from below
(note triangular fragment of white agate in center of photo). Photo
and description courtesy John E. Allen, Emeritus Professor, De-
partment of Geology, Portland State University.

USGS revises hazard warning system

New criteria and terms have been adopted by the U.S. Geo-
logical Survey (USGS) for issuing formal statements to government
officials and the public about geologic hazards such as earthquakes,
volcanic eruptions, and landslides.

In the future, any formal statement issued by the director of the
USGS concerning a geologic hazard will be called a hazard warning
and will address a condition “that poses a significant threat to public
health and safety and for which near-term public response would be
expected,” according to USGS Director Dallas L. Peck.

The previous system had three categories of hazard state-
ments —notice of potential hazard, hazard watch, and hazard warn-
ing. Peck explained that “if a potential hazard is not apt to occur in
the near future or doesn’t suggest that the public should do some-
thing different than [continue] normal activity, then we don’t want
to generate excessive concern from the public, news media, and
public officials over the hazard with a formal hazard warning.”

“Understandably, a hazard warning tends to create some anx-
iety within a community,” Peck said. The new system, in his words,
“will help eliminate situations in which USGS statements might
cause unwarranted public concern over potential hazards that pre-
sent low risk to the public.”

The new system will continue earlier provisions for forward-
ing information to local and state officials about lesser geologic or
hydrologic hazards or hazards that may require longer-range
actions. [
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The trace fossil Cylindrichnus in the Oregon Oligocene

by William N. Orr and Paul R. Miller, Geology Department, University of Oregon, Eugene, Oregon 97403

INTRODUCTION

A trace fossil is the track, trail, or burrow of a prehistoric
organism. Because an animal could potentially leave an infinite
number of tracks, the reader might think trace fossils would greatly
outnumber ordinary fossils in the geologic record. However, the
probability of preserving a track in soft sediment, as opposed to the
hard shell of a mollusc, for example, precludes an overabundance
of trace fossils in the record. To the geologist, trace fossils are more
useful as indices of particular palecenvironments than as bio-
stratigraphic markers. Unlike most other fossils, trace fossils are
rarely reworked from older sediments into younger.

Marine shallow water intervals of the Oligocene informally
designated “Butte Creek Beds” in Marion County, Oregon, have
yielded trace fossil specimens assignable to the genus
Cvlindrichnus.

To date there are less than a half-dozen published reports of
trace fossils in Oregon, and this is the first record of Cvlindrichnus.

DESCRIPTION

Preserved in an upright, concave upward position, these cone-
shaped specimens are a series of tall, tapering, cone-in-cone, sand
and clay sheaths surrounding a central sand-filled tube. Subconical
clay sheaths fade into the sand at both the proximal and distal ends,
with a maximum height of 120 mm. Maximum cone diameter on the
dorsal margin (at the distal lip) is 60 mm. The central sand-filled
tube averages 4 mm in diameter. As many as 20 to 30 light-colored
separate clay sheaths make up and are responsible for the high
visibility of this trace fossil. These clay sheaths are not part of the
stratigraphic laminae of the entombing sandstones. Unlike many
previously described cone-shaped trace fossils, Oregon specimens
flare out at the open end and show no constriction of the cone or
truncation by the overlying sedimentary sequence. The clay sheaths
are commonly rippled or rugose as a by-product of preconsolida-
tion settling of the sediments. Fossils are preserved in a near-shore
infra-littoral tuffaceous sand/silt (Orr and Faulhaber, 1975; Orr and
Miller, 1983). Upper Oligocene mollusc-dominated invertebrate
faunas at the same interval bear all the characteristics of an un-
disturbed biococenosis paleoenvironment (Orr and Miller, 1981,
1982).

DISCUSSION

Examination of the trace fossil literature reveals considerable
diversity with respect to the taxonomic status of cone-shaped trace
fossils. Oregon specimens conform well in shape to the genus
Cylindrichnus first described by Toots (1962), but Toots' spec-
imens were only half as large as ours. Chamberlain (1978) dis-
tinguishes Cylindrichnus from a similar form Rosselia by the size
disparity and thinner, tapering shape of the former. Oregon spec-
imens are not truncate at the distal end, as Chamberlain notes is
often the case for Cylindrichnus. Frey and Howard (1970) use the
genus Asterosoma as part of a gradational sequence for Cvlin-
drichnus. A similar form, Anemonichnus (Chamberlain and Clark,
1973) is reported by those authors from the late Paleozoic rocks in
Utah. Those authors note that the latter form is similar to extant
anemone burrows reported by Shinn (1968). Howard’s (1966)
report of Cylindrichnus from the Cretaceous of Utah compares well
with our specimens. A similar but, with respect to symmetry, quite
distinct form, Conostichnus (Lesquereux, 1876), from upper Pale-
ozoic rocks in southern Oklahoma. was demonstrated by Cham-
berlain (1971) to represent the probable trace fossil of a burrowing
coelenterate. The same author has shown that a succession of
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Vertically sawed section of tuffaceous sandstone of “Butte
Creek Beds,” Oregon Western Cascades, displaying Cylindrichnus
sp. wrinkled clay sheaths around central and sand-filled tube. Scale
is in centimeters.
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spiraling motions by a burrowing organism could produce the cone-
in-cone structure of the similar trace fossil Rosselia. Chamberlain
considered Conostichnus to be the trace fossil of a permanent
shelter, whereas Rosselia may represent the by-product of a sedi-
ment processor such as a worm. Several authors have also sug-
gested that a cone-in-cone structure may represent the vertical track
of an organism keeping pace with sedimentation.
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Map (scale 1:24,000) showing sec. 34 (see ‘LOCALITY” in
text), where the trace fossil Cylindrichnus was found. Circle indi-
cates exact location of Abiqua Road (north of creek), approximately
3.5 mi southeast from intersection with State Highway 213 and, via
213, approximately 6.5 mi east of Silverton.

LOCALITY

The trace fossil Cylindrichnus was found in the northwest
corner of sec. 34, T. 6 S., R. 1 E., in Marion County. The fossils
were taken from exposures of siltstone and sandstone in the bed of
Abiqua Creek beneath the bridge where the Abiqua Creek road
crosses the creek. This locality is stratigraphically within the desig-
nated “Unit II” of Orr and Miller (1983). The stratigraphy of the
“Butte Creek Beds” has been described by Orr and Miller (1983).
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Publications received

From time to time, we print information about new books that
we have received in the Department’s Portland library. These books
are available from the publisher or may be ordered from local
bookstores.

Mount St. Helens, An Annotated Bibliography, by Car-
oline D. Harnly and David A. Tyckoson (1984; hardbound; 261
pages, 5%2 X 8'; Scarecrow Press, Inc., P.O. Box 656, Metuchen,
NJ 08840; $17.50): The authors, who are reference librarians,
have compiled a collection of 1,700 annotated citations from jour-
nals, technical reports, conference proceedings, trade newspapers,
dissertations, maps, and books covering both the technical and
popular literature on the eruption of Mount St. Helens from March
1980 through December 1982. The references are divided into ten
broad categories: general Mount St. Helens information; geo-
logical studies; atmospheric and climatic studies; chemical and
physical studies; effects on agriculture; biological and environmen-
tal effects; medical and health effects; business, commercial, and
economic implications; industrial and engineering aspects; and
social and cultural aspects. An author index and chapters listing
special maps, dissertations, books, and material on Mount St.
Helens before the 1980 eruption are also included.

Contributions to the Tectonics and Geophysics of Moun-
tain Chains (Geological Society of America Memoir 158), edited
by Robert D. Hatcher, Jr., Harold Williams, and Isidore Zietz
(1983; hardbound; 8': X 11; 228 pages plus 9 oversize plates in a
rear pocket; Geological Society of America, Inc., Publications
Sales, Department 58, P.O. Box 9140, Boulder, CO 80301;
$42.50): This volume grew out of a GSA Penrose Conference held
in Helen, Georgia, in May 1980, where geologists and geophysi-
cists from academic institutions, government, and industry ad-
dressed some of the complex problems of orogenic terranes. The
papers presented in this volume develop ideas either generated by
the conference or presented there. Topics covered by the 15 papers
in the book include regional geology and tectonics of the Ap-
palachian orogen; comparisons with the Caledonides, Mauri-
tanides, Alps, and the North American Cordillera; the application
of mechanical principles to structural problems; and the utilization
of reflection seismology to interpret tectonics of mountain chains.
The text is illustrated with numerous maps and figures; one of the
plates is a two-color map, and the rest are one color.

The Role of Heat in the Development of Energy and Min-
eral Resources in the Northern Basin and Range Province
(Geothermal Resources Council Special Report No. 13) (1983;
hardbound; 8%2 X 11; 384 pages; Geothermal Resources Council,
P.O. Box 1350, Davis, CA 95617; $30 plus $3.50 handling and
mailing): This publication contains 27 papers, including five papers
on the northern Basin and Range province, six papers on active
hydrothermal systems, four on thermogenics and hydrocarbon
resources, six on fossil hydrothermal systems, and six on regional
geophysics of the northern Great Basin. The publication is a prod-
uct of a symposium co-sponsored by the Geothermal Resources
Council and the American Association of Petroleum Geologists and
convened in Reno, Nevada, in May 1983. (J

Programs, v. 14, no. 4, p. 222.
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Oregon Geology, v. 45, no. 9, p. 95-98.
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Bahamas: Journal of Paleontology, v. 42, p. 879-894, pl. 109-112.

Toots, H., 1962, Paleoecological studies on the Mesaverde Formation in
the Laramie Basin: Laramie, Wyo., University of Wyoming master’s
thesis. OJ
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Geothermal exploration in Oregon, 1983

by George R. Priest, Oregon Department of Geology and Mineral Industries

ABSTRACT

Drilling continued at a very low level in 1983 and was chiefly
centered on Newberry volcano and the central High Cascades. The
total acreage of leased geothermal lands in Oregon increased by 45
percent in 1983, primarily because of the release of large tracts of
pending leases in Deschutes National Forest and new leases to
California Energy in Winema National Forest. For the first time in
the history of geothermal leasing in Oregon, the acreage leased by
the U.S. Forest Service (USFS) exceeded the acreage leased by the
U.S. Bureau of Land Management (BLM). This was caused pri-
marily by the release of part of the large backlog of pending USFS
leases but also reflected continued investor confidence in Newberry
volcano and the Cascades. The nearly 50-percent decrease in BLM
leased acreage may in part reflect the fact that developers are
trading off former holdings at Basin and Range sites for Cascade
sites in order to stay under the current acreage ceiling of 20,480
acres.

The geothermal group of the Oregon Department of Geology
and Mineral Industries (DOGAMI) published Special Paper 15, a
comprehensive summary of the geology and geothermal resources
of the Central Cascades. A similar report on Newberry volcano was
released as an open-file report. In addition, DOGAMI assisted
Sandia National Laboratories in drilling a well at Newberry
caldera.

New life will be pumped into the Oregon Institute of Tech-
nology (OIT) and the DOGAMI geothermal programs in 1984 by a
planned $530,000 grant from the U.S. Department of Energy
(USDOE). Most of the money will go to OIT to revive recently
canceled services such as the institute’s newsletter and free tech-
nical transfer program. The money will not be enough, however,
for new research drilling by DOGAMI.

LEVEL OF GEOTHERMAL EXPLORATION

The level of geothermal exploration in 1983 was similar to the
low level which characterized 1982. The continuing power surplus
and the low cost of competing energy sources such as coal, oil, and
hydropower have all combined to depress the market for geother-
mal energy. With no current market incentive, developers are
reluctant to sink large amounts of capital into drilling and other
expensive exploration techniques. Only the largest companies,
such as Union Oil of California, can afford to invest in capital-
intensive near-term exploration for long-term payoffs expected
when the current energy surplus disappears.

DRILLING ACTIVITY

Drilling activity continued to be low, although more permits
for deep test wells were processed in 1983 than in 1982 (Tables |
and 2, Figures 1 and 2). Only three groups were involved in
significant geothermal drilling in Oregon during 1983. Union Oil of
California (Table 2) drilled three 2,000-ft prospect wells in the
Newberry-High Cascades area. Occidental Geothermal, Inc.
(Table 1) drilled on the west flank of Newberry volcano, just
outside the caldera. After the 1983 field season, the company
revised the target depth of its drilling permit from 3,000 ft to 4,500
ft. Finally, Sandia National Laboratories (Table 1, Orvail Buckner
Drilling) drilled a rotary-drill hole to 1,390 ft in Newberry caldera,
near the U.S. Geological Survey (USGS) Newberry 2 site (see
Black and others, 1984, for location of the Newberry 2 well).

Table 1. Permits for geothermal wells
(greater than 2,000 ft in depth)

Permit Operator, well, Status, proposed
number API number Location total depth (ft)
94 John W. Hook and Assoc.. Inc. SE% sec. 34 Application;
USA-Site A T.20S.,R.8E. 4,000,
017-90003 Deschutes County
95 John W. Hook and Assoc., Inc.  SW'% sec. 17 Application;
USA-Sitc B T.205.,R.8E. 4,000,
017-90004 Deschutes County
96 Orvail Buckner Drilling SW 4 sec. 31 Abandoned at
RDO-1 T.21S.,R.12E. 1,390 ft;
017-90005 Deschutes County 5.000.
97  Occidental Geothermal, Inc. NE% sec. 3 Suspended;
Well No. 72-03 T.22S..R.12E.  orig. 3,000,
017-90006 Deschutes County  now 4,500.

The emphasis on the Cascades and on Newberry volcano,
which began in 1981, continued in the drilling activity of 1983. All
of the holes drilled were in these two areas. Newberry volcano
remained the most popular target, but the High Cascade Range,
particularly the area just south of the silicic South Sister volcano
and the area between Mount Jefferson and Green Ridge, were also
attracting drilling interest.

A major increase in drilling activity around the flanks of the
Mount Mazama volcano (Crater Lake) is expected for 1984. Cal-
ifornia Energy Company, Inc., has a very large block of unitized
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Figure 1. Geothermal well drilling in Oregon. Vertical line
indicates time when definition of geothermal well was changed to a
depth greater than 2,000 fi.
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Figure 2. Geothermal prospect-well drilling in Oregon. Ver-
tical line indicates time when definition of prospect well was
changed to a depth less than 2,000 fi.
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Table 2. Permits for geothermal prospect wells
(less than 2,000 ft in depth)

Permit Issue date,
number Operator Location status
94 Union Oil of California  Eight locations in March 1983;
the Western Cascades, drilled three holes
Deschutes, Lane, and to 2,000 ft.
Linn Counties

leases covering most areas adjacent to the Crater Lake National
Park. Unitized lease blocks must, by law, have a substantial amount
of development every year. A large capital investment by Califor-
nia Energy, probably including extensive drilling, can thus be
expected this summer.

LEASING

For the first time in the history of geothermal leasing in
Oregon, USFS active-leased acreage now exceeds BLM acreage
(Figure 3, Table 3). In 1983, the USFS granted large numbers of
leases in the Winema and Deschutes National Forests, causing a
235-percent increase in the acreage of active noncompetitive geo-
thermal leases on USFS lands (Figure 3, Table 3). The 45-percent
increase in the total acreage of federal lands leased for geothermal
resources in Oregon was caused in large part by this release of
USFS noncompetitive leases which had been pending for years. If
284 USFS leases still pending are also released, then another sharp
increase in the numbers of active leases may be expected. The
logjam of pending leases on USFS lands has been a major impedi-
ment to geothermal development in the Cascades for years. It now
looks as though it is finally beginning to break.

According to current statutes, the BLM can increase the
acreage limitation of 20,480 acres to as much as 51,400 acres as of
December 20, 1985. If BLM increases the limit to the maximum
that it is allowed, leasing could be dramatically affected in future
years.

At the present time, holders of prime leases in such areas as
Newberry volcano, for example, are being forced to give up other
lease blocks in order to stay below the 20,480-acre limit. This
limitation may, in part, explain the nearly 50-percent decrease in
active leases on BLM lands (Figure 3, Table 3), as holders of
southeast Oregon Basin and Range leases (chiefly BLM lands)
traded off those leases for the newly available Newberry and Cas-
cade areas (chiefly USFS lands).

Some companies such as California Energy are avoiding the
acreage limitation by unitizing hundreds of thousands of acres. As
mentioned above, however, the accelerated development mandated
on unitized lands requires substantial capital outlay in the first few
years. This can prove to be an unacceptable risk for smaller
companies.

The shift from BLM to USFS leases reflects a fundamental
change in the emphasis of the geothermal industry in Oregon. Prior
to 1980 and 1981, Basin and Range targets were predominant, but
the discovery of high-temperature resources at Meager Creek in the
British Columbia Cascades and a similar discovery at Newberry
volcano demonstrated to explorationists the tremendous potential
of the Cascades. It became apparent from the results at Newberry
that high-temperature reservoirs could exist in youthful volcanic
areas without significant hot-spring activity. This conclusion im-
plied that, even though most of the High Cascade Range lacks
significant hot springs, large, undetected reservoirs could still exist
almost anywhere. This caused a rush to lease Cascade lands,
especially lands next to silicic volcanic centers such as Crater Lake
and the South Sister.

Thus there is hope that Oregonians may some day see elec-
tricity produced from geothermal plants harnessing Cascade heat
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sources. If so, geothermal energy may prove in the future to be a
very important alternative to electrical generation by coal and
nuclear energy.

KGRA LEASE SALES

On September 23, 1983, the BLM opened and read bids on
3,658.6 acres of land in the McCredie Hot Springs Known Geother-
mal Resource Area (KGRA). Gaslight Corporation was the only
bidder and acquired 360 acres for $720. The company reportedly
intends to develop a resort at McCredie Hot Springs.

Table 3. Geothermal leases in Oregon, 1983

Types of leases Numbers Acres
Federal active leases:
Total, 1/1/1983 259 449,316
Changes during 1983:
Noncompetitive, BLM -70 —112,147 (—46%)
Noncompetitive, USFS +172 +320,735 (+235%)
KGRA, BLM —4 —8,645 (—14%)
KGRA, USFS +2 +2,933 (+43%)
Subtotal +100 +202,876 (+45%)
Total, 12/31/1983 359 652,192
Federal leases relinquished:
Noncompetitive, BLM 68 112,137
Noncompetitive, USFS 9 16,459
KGRA, BLM 4 8,645
KGRA, USFS 1 2,133
Federal leases pending (total since 1974):
Noncompetitive, BLM 5 No data
Noncompetitive, USFS 284 No data
State leases (total since 1974):
Total active in 1983 11 22,404
Total applications pending in 1983 0 0
Private leases (total since 1974):
Total active in 1983 No data 200,000 (est.)

DOGAMI RESEARCH

The DOGAMI geothermal research group was reduced to one
staff member during most of the 1983 field season because of
continually dwindling government support for the program. How-
ever, during the fall of 1983, DOGAMI employed two additional
geologists: one to serve in an 18-month regional geothermal re-
source study sponsored by the Bonneville Power Administration
(BPA), and one to assist with the drilling done by Sandia National
Laboratories in Newberry caldera.

The BPA study is a cooperative effort involving state agencies
in Oregon, Washington, Idaho, and Montana and will result in a
summary of the resource base and development possibilities of all
potential geothermal resources in the BPA service area. The em-
phasis of the BPA study is on potential electrical-load offsets that
could be realized from geothermal energy. The study will be used
by planners at BPA to evaluate the contribution of geothermal
energy to the region’s future electrical-power needs.

The Sandia project was intended to investigate the deep parts
of the Newberry geothermal system, and the drill hole was origi-
nally aimed at reaching about 5,000 ft. However, serious problems
with the cement job in the upper casing string, coupled with artesian
fluids at moderately high (170° C) temperature, caused the hole to
be abandoned at 1,390 ft. For information on the temperatures in
the well, see Black and others (1984). Sandia National Laboratories
is also preparing a report on the drilling history and data from the
well (Jim Dunn, personal communication, 1983).

The DOGAMI geothermal staff also initiated a long-term
research project aimed at assessing the geothermal potential of the
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central Oregon Cascade Range. This program will investigate
structure, heat flow, and hydrothermal resources in the area from
Mount Jefferson to Crater Lake. Much work has already been done
in previous programs, but there are still large gaps in the geologic
mapping and, particularly, in the heat-flow data base. As a first
step, mapping of the North Santiam area in the vicinity of Mount
Jefferson was begun by the writer during the summer of 1983. In
addition, a task force of researchers interested in the Cascades was
organized by DOGAMI at the 1983 fall meeting of the American
Geophysical Union in San Francisco. The task force, which con-
sists of USGS, university, and DOGAMI personnel, is preparing a
scientific plan for surface surveys and deep drilling in the central
Oregon Cascade Range. Researchers interested in becoming in-
volved in preparation or review of the scientific plan are encour-
aged to contact the following people who are coordinating various
aspects of the proposed investigation:

e Hydrothermal and hydrologic studies—Terry E.C. Keith,
Edward A. Sammel, and Robert H. Mariner, U.S. Geo-
logical Survey, 345 Middlefield Road, Menlo Park, Cal-
ifornia 94025, phone (415) 323-8111.

e Geophysical studies—Richard W. Couch and G. Steven
Pitts, Department of Geophysics, School of Oceanography,
Oregon State University, Corvallis, Oregon 97331, phone
(503) 754-4430; and David D. Blackwell, Geothermal Lab-
oratory, 253 Heroy Building, Southern Methodist Univer-
sity, Dallas, Texas 75275, phone (214) 692-2745.

¢ Geologic studies—George R. Priest, Oregon Department of
Geology and Mineral Industries, 1005 State Office Build-
ing, Portland, Oregon 97201, phone (503) 229-5580; and
Edward M. Taylor and Gary Smith, Department of Geol-
ogy, Oregon State University, Corvallis, Oregon 97331,
phone (503) 754-2484.

In 1984, the geothermal research group will finish the pre-
viously mentioned geologic map of the North Santiam area and
begin mapping a similar-sized area to the south. The goal of this
mapping program is to eventually complete detailed mapping of the
structural boundary between the High Cascade and Western Cas-
cade Range from the North Santiam River to the Rogue River.

DOGAMI GEOTHERMAL PUBLICATIONS

Two new geothermal publications and an Oregon Geology
paper were completed in 1983 and released by DOGAMI in Janu-
ary 1984:

1. Priest, G.R., and Vogt, B.F., eds., 1983, Geology and
Geothermal Resources of the Central Oregon Cascade
Range: DOGAMI Special Paper 15, 123 p., 3 plates
(price $11).

2. Priest, G.R., Vogt, B.F., and Black, G.L., eds., 1983,
Survey of Potential Geothermal Exploration Sites at New-
berry Volcano, Deschutes County, Oregon: DOGAMI
Open-File Report O-83-3, 174 p., 8 maps (price $20).

3. Black, G.L., Priest, G.R., and Woller, N.M., 1984, Tem-
perature Data and Drilling History of the Sandia National
Laboratories Well at Newberry Caldera: DOGAMI, Ore-
gon Geology, v. 46, no. 1, p. 7-9 (price $.75 over the
counter, $1 mailed).

Special Paper 15 summarizes the results of six years of geo-
logic and geothermal research funded by the USDOE. It includes
new geologic maps, radiometric dates, geochemical analyses, and a
complete summary of heat-flow data for the central Cascades.

In 1982, a preliminary version of Special Paper 15 was re-
leased for review as Open-File Report O-82-7 (Priest and Vogt,
1982). Special Paper 15 is not, however, identical with the earlier
report. It has been extensively revised and contains geologic data
collected during an additional field season in the Waldo Lake-
Willamette Pass area. A new geologic map of the entire Waldo
Lake 15-minute quadrangle is the result of this additional field
season of work.
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Figure 3. Change of pattern of active geothermal leases on
federal lands in Oregon from the inception of leasing in 1974
through December of 1983.

Owing to budgetary constraints, two maps included in Open-
File Report O-82-7 were omitted from Special Paper 15. The maps,
an index map to geologic mapping in the Cascades and a 1:250,000-
scale map showing the heat-flow data base for the entire Cascade
Range, are, however, available as Open-File Report O-84-4 (Priest
and others, 1984). Most of the data given on the geologic index map
can also be obtained from an index to theses and dissertations in
Oregon, DOGAMI Special Paper 11 (Neuendorf and others,
1982), and the index to published geologic mapping in Oregon,
DOGAMI map set GMS-14 (Schumacher, 1981). However, only
Open-File Reports O-82-7 and O-84-4 show the actual boundaries
of unpublished Cascade thesis maps.

Open-File Report O-83-3 (item 2, above) is the final report for
a BPA-funded study aimed at evaluating and updating the current
data base on geothermal resources at Newberry volcano. A soil-
mercury survey of the entire volcano was conducted by DOGAMI
as part of this study (Priest and others, 1983a). In this survey, 1,641
samples were collected from an area covering 500 sq mi of the
volcano. The survey showed large mercury anomalies associated
with both the caldera and the south and east flanks of the volcano
(Figure 4). Also included in the report were new interpretations and
models for available geophysical data. The series of gravity and
aeromagnetic maps included in the report should prove valuable to
explorationists. All of the available geographic, geologic, geophys-
ical, and geochemical data were utilized to develop a drilling
program which could put constraints on the geothermal potential of
the flanks of the volcano.

The Oregon Geology article on the Sandia National Laborato-
ries well (item 3, above) summarizes the results of several tem-
perature logs of the 1,390-ft well. When compared at equivalent
depths to the USGS Newberry 2 well, the Sandia well has much
higher temperatures. This is remarkable when one considers that
the two wells are only 1,500 ft apart. Black and others (1984)
concluded that the Sandia well may have encountered the same flow
of hot water that occurred in Newberry 2 at a depth of 1,300-1,400
ft but that the Sandia well is closer to the source of the fluids, which
probably emanate from the caldera ring-fault system.

NEW USDOE FUNDING ANNOUNCED

In a Washington, D.C., news release of December 14, 1983,
Senator Mark Hatfield announced that $530,000 will be given to
Oregon from a total of $2 million allocated by the USDOE to assist
the western states in geothermal research. Of that amount, about
$342,000 is expected to go to OIT for continuation of the services
the institute provides (Paul Lienau, personal communication,
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1984), about $150,000 will be made available to DOGAMI, and the
balance is being held in reserve. OIT had previously received
$70,800 of federal support in 1983 for technology transfer.

These new USDOE funds will help to restore some Oregon
geothermal research programs, which had all but disappeared in
recent years. The funds will also substantially revitalize the OIT
program. OIT offers technological assistance to developers of low-
temperature geothermal resources. The funding to DOGAMI will
be inadequate for the aggressive drilling and mapping programs
which have characterized its research in the past, but the support
will allow a modest amount of temperature logging of water wells
as well as some geologic mapping.

It is to be hoped that this new support for state programs from
USDOE signals an important change in funding priorities. The
level of funding for all state-coupled geothermal research has
steadily declined over the last three years.

OIT GEO-HEAT UTILIZATION CENTER

During 1983, the OIT Geo-Heat Utilization Center offered a
limited program of technical assistance to developers interested in
utilization of low- to moderate-temperature geothermal resources.
The Center completed a feasibility analysis for a district heating
system for the City of Vale and has continued to monitor the
Lakeview low-temperature electrical generation project operated
by Wood and Associates. Computer programs simulating electrical
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generation from Freon-based binary wellhead generators are being
developed as part of the Lakeview project. The Geo-Heat Center
also completed a district heating analysis guide. The guide and the
Lakeview and Vale work were funded under subcontracts from the
Oregon Department of Energy (ODOE).

The Center cooperated with the USGS, the Lawrence Berke-
ley Laboratory, and Stanford University during hydrologic testing
of the Klamath Falls geothermal system. The pump test was super-
vised by Edward A. Sammel of the USGS and is discussed below in
the USGS section of this report.

The previously mentioned USDOE support will allow OIT to
expand its services. There will be free feasibility analysis and
consulting for developers, amounting to as much as 64 hours per
site, if the initial proposal to USDOE is approved (Paul Lienau,
personal communication, 1984). A referral service identifying
organizations that can be contacted for particular information and
services will also be offered. A quarterly bulletin, monthly newslet-
ter, library, and tour program will be available to the public. A
speaker’s bureau for geothermal conferences will also be part of the
services. The new USDOE program will be operated for 18 months
under the upcoming contract.

OREGON DEPARTMENT OF ENERGY (ODOE)

In 1983, ODOE supported some OIT activities, subcontracted
a number of studies to OIT (mentioned above), provided direct
technical assistance to the City of Vale, provided public informa-
tion, and responded to inquiries on geothermal energy and develop-
ment from the public. ODOE also participated in the above-men-
tioned regional geothermal assessment project funded by BPA,
working closely with DOGAMI on compilation of the Oregon data.

ODOE reviewed applications for state tax credits for geother-
mal heating development, processing eight applications for direct
use and forty-five applications for ground-water heat pumps in
1983. A 25-percent tax credit, up to a maximum of $1,000, is
offered for individual residences for the year of the installation. A
35-percent tax credit apportioned over as much as five years is
offered to businesses.

ODOE now has a new geothermal program manager. David
Brown, who left the position on December 15, 1983, to join a
private consulting firm, has been replaced by Alex Sifford, for-
merly of Eliot Allen and Associates, Salem. Sifford has extensive
experience in geothermal energy work from his association with
Eliot Allen and from a previous position as geothermal program
manager for the State of Idaho.

U.S. GEOLOGICAL SURVEY (USGS)

Geothermal research in Oregon by the USGS was sharply
curtailed because of budget cuts. A few projects, however, were
completed in 1983 or are still continuing.

According to Walter D. Mooney (personal communication,
1984), a 60-km east-west seismic refraction line was completed
across Newberry volcano in the fall of 1983. Five shots along the
line and two shots offset to the east were recorded at stations spaced
500 m apart. Although the data have not yet been reduced, magma
bodies as small as 2 to 3 km in diameter down to depths of 10 km
beneath the volcano should be detectable at this station spacing. The
offset shots were done to explore the crust-mantle boundary.

Edward A. Sammel (USGS), in cooperation with Lawrence
Berkeley Laboratory, conducted a pump test of the Klamath Falls
hydrothermal system between July 5 and August 26, 1983. The test
was preceded in June by tracer tests conducted by Stanford Univer-
sity. Important conclusions from the testing were presented at a
public meeting in Klamath Falls on January 25, 1984. It was found
that (1) temperatures did not change during the test; (2) the cone of
depression encountered no major hydrologic barriers; (3) draw-
down was very significantly decreased in all wells when reinjection
was employed; (4) the thermal waters are tens of thousands of years
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old and receive essentially no local recharge. Mixing calculations
by A.H. Truesdell (USGS) indicated that (5) the deep thermal water
has equilibrated with an extensive volume of rock and has an
estimated minimum reservoir temperature of 180° C. Finally, (6)
the entire shallow hydrothermal system responds as one relatively
simple system with two distinct types of permeability, a fracture-
controlled system with rapid flow and a system controlled by
intergranular permeability with slower flow (E.A. Sammel, per-
sonal communication, 1984).

Extensive reconnaissance-level geologic mapping by G.W.
Walker, N.S. MacLeod, and D.R. Sherrod continued in the Cas-
cades. This project is aimed at completing the Roseburg and Salem
1° X2° quadrangle maps, which will eventually be combined into a
new compilation map covering the western half of Oregon.

Information from previous USGS field work at Newberry
volcano and the Cascades was published chiefly in USGS open-file
reports and as short papers in conferences. The following are some
of the more important papers which were published in 1983 or are
in press for 1984:

1. Summary papers were published on the geology (Bacon,
1983a,b) and the heat flow and limnology (Williams and von
Herzen, 1983) of Crater Lake.

2. Keith and others (1984) interpreted the hydrothermal al-
teration mineralogy of the Newberry 2 drill hole. Bargar and Keith
(1984) presented the full data set from the hole in an open-file
report.

3. Data from time-domain electromagnetic soundings (Fitter-
man, 1983a,b) and Schlumberger soundings (Bisdorf, 1983) of
Newberry volcano were released as open-file reports.

4. The hydrology of Newberry volcano was summarized in
two papers (Sammel, 1983; Sammel and Craig, 1983).

5. A major paper summarizing results of a seismic refraction
line from Mount Hood to Crater Lake will soon be published in the
Journal of Geophysical Research (Leaver and others, 1984).
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GRC annual meeting announced

The 1984 annual meeting of the Geothermal Resources Coun-
cil will be held August 26-29 at the MGM Grand Hotel in Reno,
Nevada.

The three-day meeting will include a technical program con-
sisting of oral and poster presentations, special sessions, commer-
cial and educational events, luncheons, special events, a guest
program, and both pre- and post-meeting field trips.

There will also be a display of the winning entries in the fifth
annual photograph contest. Winning photos automatically become
candidates for use as a cover on the GRC Bulletin. Entries for this
contest must be submitted by July 6, 1984, to the Geothermal
Resources Council, 111 G Street, Suite 29, or P.O. Box 1350,
Davis, CA 95617-1350. Use this address, or phone (916)
758-2360, also to obtain further information about the contest or the
annual meeting. [J

Did you know. . .

.. .that you can receive monthly information about the new
publications of the U.S. Geological Survey —just for the asking?
Just send your request to be placed on the list of subscribers for New
Publications of the Geological Survey to National Mapping Divi-
sion, National Center, Mail Stop 582, Reston, VA 22092. []
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BOOK REVIEW

by Ralph S. Mason, former State Geologist

Dodosaurs. The Dinosaurs That Didn’t Make It, by Rick
Meyerowitz and Henry Beard., New York. Harmony Books, 1983,
63 p. $7.95.

Deadly serious, truly scientific publications are easy to re-
view, even though they may be deadly dull. Science is usually
quantifiable and dependable, and scientific writers rarely stray very
far from home base. Dodosaurs, on the other hand. is none of these.
The author, who is a cofounder of the Harvard Lampoon, and the
illustrator, who has also done artwork for the Lampoon, Time, and
Newsweek, have apparently thrown their bonnets over the wind-
mill, as the saying goes, kicked over the traces, and taken off into
the wild blue yonder in a flying machine constructed of pure
whimsy and powered by 180-spoof fuel. And there you have it.

Part of jacket design for Dodosaurs, featuring the giant Para-
noiasaurus, whose carnivorous front end posed a constant threat to
his herbivorous rear end and who is surrounded here by, in the
foreground, such smaller creatures as a Clamphibian, a Bungalo-
saurus, the ever-fearful Omeomyosaurus, a Saxophonotherium,
and, in the background, a herd of Incognitodons (no, that'’s not a
forest!), a Kaleidoscophus, and a Polychromodon.

The naturalist-author Gerald Durrell once claimed he had a
zoo in his suitcase. These guys not only have a zoo in a book but
have invented a whole new geologic time chart and geographic area
to accommodate their wildly imaginative prehistoric denizens.
Unlikely animals glare at one in full color from every page, while
the rather sparse text tries to explain how. when, and where they
lived, but skillfully avoids why. The Dodosaurs, according to the
author, lived on a land mass called Extragaea during the Moronic,
Idiotic, and Preposterous geologic periods. The Dodosaurs be-
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longed to a separate class of animals, the Ineptiles, some of whom
had tired blood, assured their own oblivion by sporting self-defeat-
ing physical conformations such as having two tails and no head,
two heads and no tail, and everything, or nothing, in between. For
instance the Chopstichthyosaur was outfitted with, you guessed it,
chopsticks for eating, while the Triunclogosincus looked sus-
piciously like that necessary household appliance, the “plumber’s
helper.”

How do you treat a book such as this? Take it seriously, finding
deeply hidden truisms visible only to the select few, or play it for
laughs, chuckle at the witticisms and funny drawings, and then put
it down and get back to perusing the Wall Street Journal? Maybe a
bit of both. Believe it or not, there is quite a bit of sound historical
geology tucked away in the text, but it is overshadowed by the
absurdities created and flaunted everywhere in this large-format
book. At first blush, Dodosaurs looks like a fanciful picture book

The authors of Dodosaurs, pondering a model of the majestic
Blunderdon (“almost ninety feet from the tip of its tail to the tip of its
tail”): “Considering its monumental defects, if it were alive today, it
would almost certainly be dead.” (lllustration by Rick Meyerowitz,
© 1983)

for primary kids, and doubtless they would laugh all the way
through the merry menagerie. Adults will smile at the nutty nomen-
clature, but the loudest guffaws will undoubtedly arise from the
professional geology community, since the memory of not-so-
funny-at-the-time boners by other professionals (remember the
Piltdown Hoax?) may be revived here. And lastly, some of those
same experts will ask themselves reproachfully “Why didn’t I think
of this before they did?" This brings us to the close of the
Preposterous. [

Workshop on geothermal
economics announced

The Geothermal Resources Council and the U.S. Department
of Energy are sponsoring a workshop on geothermal economics and
related institutional factors, May 21-23, 1984, in Palm Springs,
California. The workshop fee is $100.

The workshop is intended primarily for those actively in-
volved in the development of geothermal energy and, in particular,
those developing funding programs for power plants. It is recom-
mended also for geologists, reservoir and design engineers, attor-
neys, accountants, economists, and employees of financial houses.

For information and registration, call (800) 525-3587 (in
Colorado 337-4809) on weekdays between 9:00 a.m. and 8:00 p.m.
(Mountain Time), or write to GRC-Convention Center, 2323 S.
Troy, Suite 105B, Aurora, CO 80014, OJ
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Basalt columns from the Eugene, Oregon, area compose this
sculpture in a Corvallis, Oregon, park. The intended practical use of
the sculpture is demonstrated here by Corvallis art historian Marie
Louise Martignoni. See related article beginning on page 68. (Photo
courtesy John Bragg, Corvallis Gazette-Times)
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To our readers

Many thanks to the over 300 of you who responded to the
questionnaire in the April issue of Oregon Geology. Your willing-
ness to spend your time and a 20¢ stamp to share your ideas about
Oregon Geology with us warmed our hearts.

When the questionnaires have been completely tabulated, we
will share the results with you. We are about a third of the way
through the tabulation, and we have already learned that you are an
interesting group filled with all sorts of good ideas. One theme runs
through all your comments —you want to learn as much as you can
about some or all aspects of the geology of Oregon. We appreciate
that desire, and we will try to pack as much as we can into each issue
of Oregon Geology.

Many of you indicated your understanding of the problem of
satisfying both technical and nontechnical audiences in one maga-
zine. You had some good suggestions on ways to do that, and we
will try to implement those ideas as the months go by. We try to
maintain a balance of technical and nontechnical material in Oregon
Geology, and as many of our feature articles and announcements
come from you, our readers, we invite authors of both types of
articles to submit their work to us.

As always, we invite letters, comments, papers, phone calls —
any type of communication from you. Oregon Geology is your
magazine, and we want it to meet your needs. We want it to be a
clearing house of geologic information about the state of Oregon,
and we need your help for that. [

New geologic map of eastern Oregon
gold-mining country released

A new geologic map of the northwest portion of the Bates
15-minute quadrangle in eastern Oregon has just been published by
the Oregon Department of Geology and Mineral Industries
(DOGAMI). The new map, Geology and Gold Deposits Map of the
Northwest Quarter of the Bates Quadrangle, Baker and Grant
Counties, Oregon, by Mark L. Ferns, Howard C. Brooks, and
Greg R. Wheeler, has been released as Map GMS-31 in
DOGAMT’s Geological Map Series.

This new map is the latest eastern Oregon gold-country geo-
logic map produced by DOGAMI in cooperation with and funded in
part by the U.S. Forest Service. Earlier maps of this series, which
are also available from DOGAMI, include the Bullrun Rock,
Rastus Mountain, Bourne, Mount Ireland, Granite, and Greenhorn
7' -minute quadrangles and the Mineral, Huntington, Olds Ferry,
and the northeast portion of the Bates 15-minute quadrangles.

The four-color geologic map of the Bates NW quadrangle is at
a scale of 1:24,000. It shows sedimentary, volcanic, and meta-
morphic geologic units that were deposited or formed over a period
of time extending from the present day back to the pre-Permian
(more than 280 million years ago). The geology of this area is very
complex, and two cross sections are included to show the rela-
tionships of the 14 geologic units presented on the map.

Parts of this area have been mineralized, and the map area
includes the former New Eldorado mining district. The map shows
the locations of numerous mines, prospects, and quartz veins. Also
included on the map sheet are one data table of mines and prospects,
one table with chemical analyses of rock samples, a discussion of
the mineral deposits in this portion of the quadrangle, and a list of
references about the area.

The new map, GMS-31, is now available at the Oregon De-
partment of Geology and Mineral Industries, 1005 State Office
Building, 1400 SW Fifth Avenue, Portland, OR 97201. The pur-
chase price is $5. Orders under $50 require pre-payment. []
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Geology of the Portland Well Field

by W.H. Hoffstetter, Portland Water Bureau, 1120 SW 5th Ave., Portland, OR 97204

INTRODUCTION

The Portland Well Field (Figure 1) is one of the nation’s
largest ground-water development programs. It is designed to pro-
vide emergency water in case something happens to the Bull Run
Watershed, the current major source of water, and to meet peak
demand for water during periods of heavy usage. Water-right
applications have been filed for over forty production wells with a
combined yield of over 150 million gallons per day. Twenty pro-
duction wells have been constructed with capacities ranging from
1,000 to 10,000 gpm (gallons per minute), producing from fluvial-
lacustrine aquifers 100 to 600 ft below ground level. The water
rights are being obtained by several municipal suppliers including
the Portland Water Bureau, the Parkrose Water District, and the
Rockwood Water District. The water will be used for both residen-

The well field is located in east Portland along the ancestral
Columbia River flood plain between the Portland Airport and Blue
Lake Park. The area is generally below 30 ft in elevation and
contains several sloughs and lakes. Aquifers being developed con-
sist of alluvium with particle sizes of fine sand to coarse gravel with
boulders. The ages of the deposits range from Miocene to Recent.
Transmissivities range from 20,000 to over 1 million gpd/ft
(gallons per day per foot).

The water quality has proven to be good for the intended use.
Specific conductivities are mostly from 150 to 400 pohms/cm, with
calcium, silica, sodium, magnesium, and potassium as the domi-
nant ions. The ground water reportedly has a very good taste.

Geologic and geophysical logging, combined with hydraulic

tial and industrial purposes.

testing, have allowed delineation of the sedimentary deposits. Prior

2

Scale

mile

Figure 1. Map showing well locations in the Portland Well Field. Cross sections M-M' and N-S are shown in Figure 3.
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to the construction of the well field, a geologic study of the north-
east Portland area was completed by Robert Willis and Diane
Partch for the Portland Water Bureau exploratory well study
(Willis, 1977). Results of this study indicated that the best potential
for production wells existed along the ancestral flood plain of the
Columbia River. Eleven pilot wells were drilled and test-pumped
by the Portland Water Bureau. Detailed cross sections and a geo-
logic study were made by this writer and included in the Portland
Water Bureau's pilot well study (Willis, 1979). The cross sections
and geology contained in this report include results of more recent
well-drilling and test-pumping programs.

WELL-FIELD GEOLOGY

Older bedrock units in the east Portland area-consist of
Miocene Columbia River Basalt Group flows and Eocene Skamania
Volcanics (Figure 2). The Skamania Volcanics crop out on Lady
Island to the east of the well field. Although Columbia River basalt
has been interpreted to underlie the well field at depth, drilling has
reached a depth of over 1,100 ft below mean sea level (MSL) in the
well field without encountering any of the flows. The basalt prob-
ably underlies the area at a greater depth, unless it is not present due
to erusion or initial exclusion from this area. During the deposition
of the basalt, a topographic high of Skamania Volcanics which may
have existed in the north part of the well-field area could have
caused the flood basalts to flow around it to the south. By the end of
Columbia River basalt deposition in the Portland area (about 14
million years ago), the topography of the east Portland area prob-
ably consisted of a small range of Skamania Volcanics to the north
surrounded by a plain of Columbia River basalt. Because of the lack
of deep drilling in the Portland Basin, the actual contact between the
Skamania Volcanics and the Columbia River basalt has not been
located. The contact could be as far north as the Columbia River or
slightly farther to the south. The Ladd well (circa 1885, located
several miles to the west of the well field) encountered a unit at
1,100 ft below MSL that was originally logged as solid granite.
This unit has been interpreted subsequently to be Columbia River
basalt and is the basis for Trimble's (1963) cross section of the
Partland Basin.

During or after the deposition of the Columbia River basalt, a
basin was formed in the Portland area. The basin is structural in
origin but could have been locally deepened by erosion along the
contact between the basalt and the less competent Skamania Vol-
canics. The depth of the basin is unknown but is at least 1,100 ft,
based on the Ladd well located near SE 39th and Glisan (Hodge,
1938) and on the Portland Water Bureau exploratory well near NE
185th and Marine Drive.

The Portland Basin was filled by fluvial-lacustrine deposits
and local lava flows during the Miocene and Pliocene. These
deposits, in order of deposition, are the Sandy River Mudstone, the
Troutdale Formation, and the Boring Lavas. The sedimentary
deposition filled the basin to an elevation of about 700 ft, based on
erosional remnants including Mount Tabor, Rocky Butte, and
Powell Butte (Allen, 1975).

Erosional forces took control once again in the late Pliocene or
early Pleistocene. Much of the Troutdale Formation deposits was
removed to an elevation of roughly 100 to 200 ft above present sea
level (Mundorff, 1959). Erosion and deposition alternated in the
basin as the base level rose and fell during the Pleistocene.

Boring Lava eruptions continued into the Pleistocene, produc-
ing numerous volcanic vents and lava flows in the eastern portion of
the Portland Basin (Allen, 1975). The lava flows also contributed
hyaloclastic material that formed the numerous vitric sand beds in
the well field. The Boring Lava flows resisted later erosion and
contributed to the formation of the buttes and hills in the eastern
portion of the basin. Boring intrusions are associated with these
buttes in east Portland. Beeson and Nelson (1979) suggested that
geothermal convection within the Troutdale Formation around

these vents caused solution and precipitation of silica in the Trout-
dale Formation, making the vent areas more resistant to erosion.

The most recent episode of erosion and deposition is illus-
trated by logs of several wells located near the east end of the
Portland Airport. These wells encountered a Fraser Glaciation
river valley that had been eroded to 300 ft below MSL approx-
imately 15,000 years ago and then had been filled with sand as the
sea level rose during the Holocene.

AlTuvium .« .+ v & v v o Recent to upper Pleistocene
Boring Lava . . . . . . . . Pleistocene to Pliocene
Troutdale Formation. . . . . Pleistocene to Miocene

Sandy River Mudstone . . . . Pliocene to Miocene
Columbia River Basalt Grp. . Miocene

Skamania Volcanics . . . . . Eocene

Figure 2. Major geologic units found in the Portland Well
Field and vicinity. Several of these units are subdivided in the text.

The present river geography is similar to that found by the
Lewis and Clark expedition and other early explorers. The main
channel of the river is controlled to some extent by bed rock in the
area to the east of NE 185th Avenue. Resistant beds of the Trout-
dale Formation and coarse gravel and boulders of the Blue Lake
aquifer force the main channel of the river to the northwest near
Blue Lake Park. The river is entrenched between outcrops of the
Skamania Volcanics near Washougal, Washington. In the study
area, the Columbia River is presently an aggrading stream, and
tidal fluctuations are measurable in the river adjacent to the well
field.

Cross sections and outcrops in the well-field area (Figure 3)
indicate a general southwest dip to the older units. It should be
noted, however, that part of the apparent structural deformation on
the cross sections may be due to normal fluvial processes such as
nesting of fills. Outcrops of the Troutdale Formation which occur
from Blue Lake to NE 185th Avenue show only poorly developed,
wide-spaced jointing without displacement. The jointing is prob-
ably from stress release and is not of the magnitude that would
indicate faulting in this locality.

GEOLOGIC UNITS

Introduction

The following geologic units were delineated in the well field
on the basis of lithology, geophysical logging, and hydraulic test-
ing. Gamma-ray logs were especially useful for differentiating
units (Figure 4) and for correlating between wells.

Recent and upper Pleistocene alluvium

Younger alluvium: This unit is represented by (1) flood-plain
deposits, (2) a late Pleistocene river valley that was backfilled
during the Holocene, and (3) a deposit of coarse-grained fluvial
deposits located to the north and east of Blue Lake.

Recent flood-plain deposits: These deposits consist of uncon-
solidated layers of silt, clayey silt, and sand. The thickness of these
deposits is variable, but the unit generally thickens to the north from
Sandy Boulevard to the Columbia River. The maximum recorded
thickness is 70 ft at well IN/3E 19BAC. The lower portion of the
flood-plain deposits is probably related to the Columbia River sands
group as described by Willis (1979).

Columbia River sands aquifer (CRSA): This unit that fills a
Pleistocene Columbia River valley is composed of late Pleistocene
and Holocene sand. The aquifer was previously considered to be
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Figure 3. Cross sections N-S and M-M' of the Portland Well Field. Locations of cross-section lines are shown in Figure 1. The unmarked

well on the right side of N-S§ line is well IN/2E 31CD.

approximately 200 ft thick (Hogenson and Foxworthy, 1965).
However, a Portland Water Bureau pilot well (IN/2E 15BC) en-
countered a thickness of approximately 300 ft. The elevation of the
bottom of the CRSA in this well is about 300 ft below MSL, which
correlates well with the elevations of Fraser Glaciation erosional
valleys along coastlines in other areas (Milliman and Emery,
1968). The CRSA consists of medium sand, with occasional layers
of silt, clay, and gravelly zones. The sand is quartzose in composi-
tion, and the gravel is basalt, andesite, dacite, and quartzite. A
carbon-14 age for a wood sample from Portland Water Bureau well
IN/2E 15BC, depth 200-300 ft, was 8,9104+115 years (Willis,
1979).

Blue Lake aquifer: This coarse-grained fluvial deposit con-
tains mostly coarse gravel with some cobbles and boulders. The
large grain sizes in the aquifer, combined with the lack of cement-
ing and matrix material, provide a very high permeability, and
several wells with yields of up to 10,000 gpm are planned. The
thickness of the aquifer increases to the north from Blue Lake to the
Columbia River, with a maximum recorded thickness of about
200 ft. The Blue Lake aquifer deposits are distinguishable from
older deposits by higher percentages of clasts from the High Cas-
cades, the lack of cementation, and the absence of the thin second-
ary mineralization present on older clasts. An aquifer of similar
composition to the Blue Lake aquifer is used extensively by the
Crown Zellerbach paper mill in the Camas-Washougal, Wash-
ington, area (Hoffstetter, 1981).

Parkrose gravel aquifer (PGA): This unit consists of a thick
layer of coarse-grained fluvial deposits. The unit underlies most of
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the well field area to the east of NE 122nd Avenue. In the vicinity of
the Portland airport, the PGA has been partially to entirely eroded
by the Pleistocene Columbia River. The PGA generally thickens
from east to west, with the maximum thickness of 125 ft recorded at
Portland Water Bureau well 11(1N/2E 14DDD). The aquifer con-
sists of coarse sand and gravel, with zones containing cobbles and
boulders. A silty matrix which is present in some areas severely
limits the amount of water obtainable from some wells. In other
areas, the gravels are open and yield several thousand gallons per
minute. The lower portion of the aquifer is commonly partially
cemented, and the clasts are similar to those of the Pleistocene
terrace gravels. The upper portion of the aquifer has been reworked
locally by the Columbia River, and numerous clasts of High Cas-
cade composition occur in some of the reworked gravels.
Troutdale Formation (Miocene-Pleistocene)

Introduction: The Troutdale Formation in the well field con-
sists of Pleistocene, Pliocene, and upper Miocene fluvial-lacustrine
deposits of partially cemented sand, sandstone, and conglomerate,
with indurated silts and clays. The formation underlies Recent and
upper Pleistocene deposits throughout the study area. Two major
aquifers and two major aquitards (semiconfining units of low per-
meability) have been delineated within the Troutdale Formation.
The maximum thickness of this sequence in the well field is over
600 ft.

This sequence is identified as part of the Troutdale Formation
because of the presence of basalt and quartzite gravels and clasts of
vitric composition, the partial cementation, and the low percentage
of High Cascade andesite-dacite clasts. Carbon-14 dates show well-
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field samples from the units identified as Troutdale Formation to be
over 40,000 years old, which is the age limit for carbon-14 dating.
No fossil correlations have been attempted in the well-field area,
and there is some controversy about whether or not the sediments
may be younger than the Troutdale Formation. This controversy
stems from the fact that the well samples appear less weathered and
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Figure 4. Typical lithologic section located near NE 148th
Avenue and Marine Drive.

66

do not have the yellowish matrix typical of Troutdale Formation
outcrops. The absence of the yellowish matrix is possibly caused by
the relative reducing environment in the wells as compared to the
oxidizing environment at outcrops.

There is some question about the distinction between Trout-
dale Formation, Sandy River Mudstone, and younger deposits.
Hodge (1938) believed that micaceous sands found in the Ladd well
near SE 39th Avenue and Glisan Street indicated that the sequence
was post-Troutdale because, as he stated, “Micaceous sands are not
found in the Troutdale Formation but are characteristic of the
present load of the Columbia River.” Trimble (1963) determined
that the sequence in this well represented Troutdale Formation
underlain by Sandy River Mudstone, with the micaceous sand
belonging to the Sandy River Mudstone. Tolan and Beeson (1984)
reported micaceous arkosic sands in what they termed the lower
member of the Troutdale Formation.

The findings from the well drilling possibly correlate with
Tolan and Beeson’s (1984) interpretation. That is, the units that are
identified as the upper Troutdale Formation contain sand of mostly
vitric, basalt-andesite, and quartzite composition, while the lower
Troutdale Formation contains mostly micaceous quartzose or
arkosic sand. Basalt and quartzite gravels were found in Portland
Water Bureau well 1N/3E 20CB2 to a depth of over 1,000 ft below
MSL. These findings indicate a possible maximum thickness of
over 1,500 ft of Troutdale Formation in the Portland Basin.

The gravels in the well-field samples identified as Troutdale
Formation are different from younger gravels in that they have a
low percentage of dacite-andesite clasts of the High Cascade
composition.

Troutdale sandstone aquifer (TSA): This unit is a relatively
uniform deposit of fluvial conglomerate and fluvial-lacustrine vitric
sand and sandstone that probably extends throughout a large por-
tion of the basin. The wells proposed for the TSA have yields of
1,000 to 2,000 gpm. Thickness of the TSA varies from 70 to 140 ft,
with the lower third of the unit typically consisting of conglomerate
and the upper two-thirds consisting of vitric sand and sandstone.
Roughly at the midpoint vertically in the aquifer is a thin layer of silt
that shows distinctly in gamma-ray logs. This bed separates the
aquifer in depositional mode; the vitric sand and sandstone layer
above the silt represents a fluvial-lacustrine hyaloclastic deposit,
and the lower layer consists of a fluvial conglomerate. The vitric
beds interfinger with fine-grained material of the overlying Park-
rose aquitard, and it is common for well logs to show several layers
of vitric sand or sandstone with silt and clay interbeds in the
aquitard. The vitric beds increase in number and thickness in the
lower portion of the aquitard.

The vitric beds are composed of clasts of volcanic glass and
volcanic crystalline rock ranging in composition from basalt to
andesite, with a minor amount of quartz, quartzite, and mica. The
glass is usually relatively dense; however, a vesicular, scoriaceous
material is occasionally present. Samples of the sand from
boreholes typically have a thin, bluish- to greenish-gray coating.
The coating is similar to that on the nonvitric basaltic clasts, and
beds of over 50 percent vitric material have been passed over in
geologic logging in the well field and discovered later by review of
gamma logs. Cementing is highly variable. In some boreholes, the
vitric material is cemented so tightly that underreaming* must be
done to advance casing, while in another zone the sand may be so
loose that it heaves up into the casing. The vitric clasts are believed
to have originated when lava flowed into water, chilling quickly
into glassy fragments that were transported and then deposited by
the ancestral Columbia River and its tributaries (Trimble, 1963).
An easily seen example of this process is present at an outcrop along

*Underreaming is a drilling operation done when the formation becomes so
consolidated that steel casing cannot be driven through it. A special drilling
bit that drills an oversize hole is used, thereby allowing the casing to be
moved farther down the hole.
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Interstate 1-84 west of the town of Hood River, where a large
volume of lava flowed into the Columbia River, forming a pala-
gonitic tuff that was later partially eroded by the Columbia River
(Waters, 1973).

The lava that formed the vitric sand in the well field is probably
of early High Cascade and Boring Lava origin; analysis of samples
of the vitric sand show that the chemical composition is similar to
that of the Boring Lavas (Beeson, personal communication, 1983).

The conglomerate zone of the TSA is composed of basalt and
quartzite gravel, with varying amounts of sand. Some cementing is
usually visible on the gravel particles, and the same thin, bluish- to
greenish-gray coating that occurs on the vitric sand is also present
on the gravel clasts.

Although the sand is mostly well sorted and at least partially
rounded, both the sorting and rounding vary from one well to
another. This is believed to have been caused by variable distances
to local volcanic vents contributing material to the sand. This
finding is generally in agreement with the conclusions made on the
origin of the vitric sand by Trimble (1963).

A wood sample from the TSA was dated by the carbon-14
method at over 40,000 years B.P.

Parkrose and Rose City aquitards: These units are com-
posed of lenticular and interbedded zones of fine-grained, lacus-
trine deposits of consolidated sand, silt, and clay that act as
hydraulic confining layers preventing the rapid movement of water
between the Troutdale and Rose City aquifers.

The Parkrose aquitard, which ranges in thickness from about
70 to 150 ft, underlies most of the well field. Consolidation tests
were run on samples from the Parkrose aquitard for the Interstate
1-205 bridge foundation (CH,M-Hill, 1979). These tests show that
this unit had been previously loaded by at least an additional 700 ft
of overburden. The thickness of the ancestral overburden indicates
that the Parkrose aquitard was deposited prior to the time the
Troutdale Formation reached its maximum thickness in the Port-
land Basin. The Troutdale Formation is considered to have filled
the Portland Basin to a present elevation of approximately 700 ft.

The other major confining layer is the Rose City aquitard,
which separates the Troutdale sandstone aquifer and the Rose City
aquifer with an average of about 75 ft of consolidated silt, sand, and
clay.

Rose City aquifer: This unit consists of discontinuous lenses
of sand, gravel, silt, and clay. Pump tests have shown the unit to be
continuous throughout the study area, but each well shows a differ-
ent sequence of materials. Well yields for the Rose City aquifer
range from 2,000 to 3,000 gpm.

The unit is several hundred feet thick, and the well samples
generally become finer grained with depth. Various mixtures of
gravel and sand usually dominate the upper 100 ft of the aquifer,
while thick layers of sand with occasional silt and clay beds pre-
dominate in the lower portion of the aquifer. This deeper, finer
grained portion of the aquifer is referred to as the lower Rose City
aquifer.

Most of the sand in the Rose City aquifer is greenish-gray to
gray and quartzose, with a minor amount of mica. Vitric sand is
found in several wells completed in the Rose City aquifer, but it
generally occurs in separate layers rather than being dispersed
within the quartzose sand. Two wells (9 IN/3E 19BAC and 16
IN/2E 24CAC) have logs showing a large amount of vitric sand in
the Rose City aquifer. Both wells are in the southern portion of the
well field, and the presence of more vitric sand in the Rose City
aquifer in this location could indicate a nested fill. The distinct
difference between the two sands indicates that two separate
sources were providing the sand, and the lack of quartzose sand in
the Troutdale sandstone aquifer indicates that the source for the
quartzose sand may have become unavailable or was highly diluted
by vitric sand during the time of deposition of the Troutdale sand-
stone aquifer.
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The gravel in the Rose City aquifer is similar to other gravels
in the Troutdale Formation. It consists almost entirely of basalt and
quartzite clasts. Some cementing is usually evident on the gravel
clasts, and the thin, bluish- to greenish-gray coating is visible. A
minor amount of pyrite has been found in samples from the deeper
portions of the aquifer. The cementing is apparently less tight than
in the Troutdale sandstone aquifer, and the zones that are predomi-
nantly sand have caused problems for the drillers because of sand
heaving up into the well casing when the hydraulic head is reduced
during drilling. The quartzose sand is subrounded to rounded and
very well sorted. The sorting is better and more consistent than that
of the vitric sand.

CONCLUSIONS

The drilling of over 40 wells in the East Portland area has
provided new data on the geology of the Portland Basin and has
allowed the definition of several major units. Further work defining
the ages and characteristics of the Troutdale Formation, the Sandy
River Mudstone, and younger units in light of these new findings
will enhance our understanding of the geology of the Portland area.
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Facts your geology professor never taught you

In “The Geologic Column” (Geotimes, August 1982),
Robert L. Bates quotes a report by Edwards and Anderson of
a recent industrial-minerals Congress: “Unobtainium trioxide
is a ‘derivative of the ore mineral bewilderite, an accessory
mineral in many enigmatite bodies. It is a by-product of
enigmatite mining in central Erewhon, and from the new deep-
sea mining venture in the republic of Atlantis. It is, withal, a
compound of rare provenance.” ” [
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Basalt columns as sculpture pieces

by Jim Howland, Senior Consultant, CH,M Hill, Corvallis, Oregon

.

v e
d .

Ceremonial structure made of basalt columns, Nan Madal, Ponape Island, Micronesia.

It is a long way, both geographically and culturally, from a
prehistoric ceremonial structure on the island of Ponape (Micro-
nesia), far out in the western Pacific, to a park sculpture on Madison
Avenue in Corvallis, Oregon. Yet, there is a connection: they are
both made of long, narrow basalt columns that form  when
basaltic magma cools undisturbed and under just the right condi-
tions. And from the Ponape structures came the idea for the Oregon
application.

The prehistoric natives on Ponape built islands in a large

45

Basalt columns in the Crooked River canyon above Prineville, Basalt columns beside the North Umpqua River at the Soda
Crook County. Springs Powerhouse, Douglas County.
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Basalt column arrangement at SW 8th and Madison, Cor-
vallis, Oregon, under construction.

lagoon formed by coral reefs. First, they filled protective rings of
basalt columns with coral and dirt. On top of the fill, they created
massive walls by laying up crisscrossed stacks of columns. Legend
has it that the stones were transported from the main island to the
construction sites by a great chief who flew there with a column
under each arm.

My wife and I, with the help of former State Geologist Ralph
S. Mason, searched Oregon for suitable columns that could be
obtained reasonably and transported to Corvallis. We found beau-
tiful specimens along the North Umpqua River, near the Soda
Springs powerhouse, also in the Crooked River canyon above
Prineville, and at Skinner Butte Park in Eugene. The columns we
found ranged in thickness from a few inches in a roadside quarry
above Hills Creek Dam (near Oakridge in Lane County) to several
feet inthe Crooked River canyon. However, these stones were not
available for a variety of reasons. At Hills Creek, the columns were
cemented together with quartz and thus could not be removed as
columns. Many of the columns found in various locations were

Designers and builders pose on the finished basalt column
sculpture in Corvallis, Oregon.

fractured every few feet.

Finally, in the spring of 1983, easily available stones were
located practically in our backyard, in the S.J. Quam quarry on
West 11th Street in Eugene. With a source of columns located,
Corvallis landscape architect John Stewart designed and supervised
the construction of a small plaza featuring groupings of columns.

The columns are set in a concrete base, with a concrete seat
formed in among them. On nice days, there is generally at least one
person sitting by the columns. During events in the park, the stones
provide elevated seating for numerous spectators.

In the Eugene area, short sections of basalt columns were used
as slope paving for an early water reservoir that is still in use on
Skinner Butte. Entrance stones to the rhododendron garden in
Hendricks Park are basalt columns, as are a number of sign sup-
ports and building number displays in Eugene. Basalt columns were
used to form water falls at the Spokane World's Fair in 1974.
Perhaps the time has come when we will see more use of these
distinctive natural shapes in construction and art pieces. [

Summer geology to be presented at the OSU
Marine Science Center in Newport, Oregon

Oregon State University’s Hatfield Marine Science Center at
Newport is offering the following geology presentations and
courses in its summer program this year.,

Workshops —On July 20 and 21, Guy Rooth, geologist, West-
ern Oregon State College, will conduct a class on coastal fossils. On
July 23, 24, and 25, Clara Jarman, Corvallis geologist, will hold a
workshop on rock identification.

Van trips— Don Giles, OSU Extension marine education spe-
cialist, will lead six one-day tours to survey the natural history and
geology of the central Oregon coast. The dates are July 5, 17, and
26 and August 2, 14, and 21.

Talks—On July 11, Bob Bailey, Oregon Land Conservation
and Development will speak on “Gorda Ridge —Mining Off Ore-
gon’s Coast?”. On July 18, Don Hunter, Eugene audiovisual spe-
cialist, will present a multimedia show, “The Volcanic Cascades.”
On August 29, Paul Komar, OSU oceanographer, will present a
talk entitled “Coastal Erosion—What to Look For”. The talks are
free and are presented at 7:00 p.m. on Wednesday evenings in the
Hatfield Marine Science Center Auditorium.

The workshops and trips are available for a fee, and space
must be reserved. For additional course descriptions, registrations,
and further information on the Marine Science Center’'s summer
program, call (503) 867-3011. [
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British research ship to visit Coos Bay

The British research ship Farnella is due to dock in Coos Bay,
Oregon, Monday, July 9, and leave again Wednesday, July 11, for
the last leg of its cruise along the West Coast in a joint British-U.S.
project called EEZ-SCAN.

EEZ-SCAN is the name of a three-month project of the U.S.
Geological Survey (USGS) and the British Institute of Oceano-
graphic Sciences (I0S). It involves sonar scanning of offshore West
Coast parts of the Exclusive Economic Zone (EEZ) established last
year by presidential proclamation (see related report in this year’s
February issue of Oregon Geology). EEZ-SCAN is the first step in
the systematic and comprehensive study and exploration of the
EEZ.

The EEZ-SCAN trip by the Farnella will involve about
21,000 nautical miles of scanning and cover nearly one million
square miles of ocean bottom. It began in San Diego, California, at
the end of April, with subsequent stops scheduled for Los Angeles
(late May) and San Francisco (mid-June). After the final cruise
from Coos Bay to the Canadian border, the ship will return to San
Diego in early August.

The scanning system and equipment, named GLORIA for
Geological Long-Range Inclined Asdic (sonar), was designed,
developed, and operated by the IOS and is the only system of its
kind in the world. The images it creates will reveal in broad outlines

(Continued on page 70, EEZ-SCAN)
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OIL AND GAS NEWS

Mist Gas Field: Remedial Work

Repair work has been completed on the Reichhold Energy
well Paul 34-32. This has eliminated the water-production problem
but reduced gas production to about 0.25 to 0.5 MMcfd (million
cubic feet per day).

Mist Gas Field: One new producer on line

Since December of last year, Reichhold Energy has completed
two new wells in the Mist field, Columbia County 23-22 and
Columbia County 43-22. A gathering line has been installed to the
new wells, which lie 1.5 mi south of the nearest production, and gas
started flowing from Columbia County 23-22 on April 15 at a rate
of about 2 MMcfd. Additional treatment equipment is needed to put
Columbia County 43-22 on line.

Mist Gas Field: Gas well on compressor

The gathering lines from the two new wells (item above) join
the line from the producer Columbia County 4. To bring the output
pressure of the older producer up to the level of the new producers,
a compressor was installed in April.

Installation of compressor on Reichhold Energy well Colum-
bia County 4, Mist Gas Field.

Mist gas production

Total Field avg. Total
Month Mcf Btu therms
January 1984 185,602 970 1,799,901
February 1984 185,281 970 1,795,891
March 1984 185,882 972 1,803,542
Cumulative field production

through March 1984 16,984,167

Recent permits

Permit Operator, well, Status, proposed

no. API number Location total depth (ft)

260 Amoco Production Co. SW % sec. 26 Application.
Weyerhaeuser 1-26 T.258.,R.9W. 15,000
019-00024 Douglas County

261 Amoco Production Co.  NW % sec. 34 Application.
Weyerhaeuser 1-34 T-255:R:9W. 15,000
019-00025 Douglas County

262 Amoco Production Co. SE'% sec. 1 Application.
Weyerhaeuser [-1 T.255.,R. 11 W. 14,800
011-00020 Coos County d
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Stinchfield reappointed to Governing Board

Governor Victor Atiyeh has reappointed Allen P. Stinchfield
of North Bend to the Governing Board of the Department of
Geology and Mineral Industries (DOGAMI). Stinchfield’s new
term will begin July 1, 1984, and end June 30, 1988. The term is
subject to Senate confirmation.

The three-member DOGAMI Governing Board makes policy
for the Department, whose mission it is to develop needed informa-
tion about the geology and mineral resources of Oregon and to
effectively store and disseminate this information so that it can
serve as a basis for correct decisionmaking in resource develop-
ment and land management.

Stinchfield is the retired vice-president of the Menasha Corpo-
ration, Land and Timber Division, North Bend. He is also chair-
man of the board, Posey Manufacturing Company, Hoquiam,
Washington, and currently serves on the board of directors, Bay
Hospital, Coos Bay.

He is a graduate of the University of Washington (1940) and
Grays Harbor College, Aberdeen, Washington. [J

Malheur Field Station offers summer courses

Malheur Field Station, one of Oregon's unusual research out-
posts at Malheur Lake in the Malheur National Wildlife Refuge,
Harney County, will offer a great variety of summer courses during
a 12-week period from mid-June through August.

The classes offer optional and easily transferable college credit
through Pacific University and are taught by instructors from a
variety of colleges across the nation. Room and board are, of
course, provided.

One-week workshops will be held at the beginning and end of
the session. Subjects will include environmental assessment, ecol-
ogy, natural history, experimental anthropology, aquatic biology,
insect studies, bird identification, nature drawing, and watercolor
painting. The period in between will offer three sequences of three-
week courses on such subjects as animal behavior, marshlands
ecology, field botany, flint knapping, fossil excavation, regional
geology, natural history, ornithology, solar heating systems, and
poetry.

All class sizes will be limited. For a course brochure or other
information, write to Malheur Field Station, P.O. Box 260E,
Princeton, OR 97721, or call (503) 493-2629. [

(EEZ-SCAN, continued from page 69)

the bathymetry (underwater topography) of the ocean floor. One of
the first products of the approximately $2-million program will be
an atlas of a mosaic of images of the entire West Coast EEZ, at a
scale of 1:500,000.

The public is invited to visit aboard the Farnella while the ship
is in port. A summary report on proposals and recommendations
for developing the offshore mineral and energy resources of the
EEZ has been published by the USGS as Circular 929 and is
available at the USGS Public Inquiries Office, 678 U.S. Court-
house, West 920 Riverside Avenue, Spokane, WA 99201, phone
(509) 456-2524, and at many other USGS offices. []

Send us your change of address

If you move and do not let us know, the post office does
not deliver the magazine and charges us 25¢ for your new ad-
dress. This costs us money and means you do not receive your
magazine for that month. Save money and your copy of the
magazine by sending us your new address when you move. [J
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Bibliography of Oregon
paleontology released

The Oregon Department of Geology and Mineral Industries
(DOGAMI) has released the first comprehensive bibliography of
the paleontological literature on Oregon.

Bibliography of Oregon Paleontology, 1792-1983. DOGAMI
Special Paper 17. was compiled by Elizabeth L. Orr. Research
Librarian in Eugene, Oregon, and William N. Orr, Associate
Professor, Department of Geology, University of Oregon. The 82-
page publication is the result of six years of research and compila-
tion. It contains approximately 1.200 individual references. includ-
ing articles from about 160 different serial publications.

SPECIAL PAPER 17

BIBLIOGRAPHY OF OREGON PALEONTOLOGY
1792-1983

1984

STATL OF OREGON
DEPARTMENT OF GECLOGY AND MINERAL INDUSTRIES
DONALD A WULL. STATE GEOLOGSST

Sandstone pinnacle in Oter Point terrane. upper Sixes River,
Curry County, near the Dement Ranch. Article beginning on next
page discusses nature of such exotic blocks,
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Special Paper 17, Bibliography of Oregon Paleontology, by
Elizabeth L. and William N. Orr.

The bibliography has two parts: an author index and a subject
index. The author entries are annotated. providing information on
subject area. location, geologic formation. and similar matters that
might not be evident in the title of the entry. The subject index
is arranged by formation. county. subject (e.g.. Vertebrates). or by
a specific name (e.g.. Cedar). whenever such a name was used in
the title of a reference. Geographic subject terms include broader
divisions (e.g.. Blue Mountains) as well as smaller subdivisions
under the county headings (e.g.. Douglas County, Bohemia area).
References under individual subject headings also include such
geographic subdivisions. so that the literature is accessible through
both paleontologic/geologic and geographic subject terms.

The new bibliography, DOGAMI Special Paper 17, is now
available at the Oregon Department of Geology and Mineral Indus-
tries. 1005 State Office Building, 1400 SW Fifth Avenue. Portland,
OR 97201. The purchase price is $6. Orders under $50 require
prepayment. []
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The origin of olistostromes in the Roseburg Formation

in southwestern Oregon

by Ewart M. Baldwin, Department of Geology, University of Oregon, Eugene, Oregon 97403

OLISTOSTROMES AND OLISTOLITHS

Olistostromes, as defined in the American Geological Institute
(AGI) geologic dictionary (Bates and Jackson. 1980). are sedimen-
tary deposits consisting of a chaotic mass of intimately mixed
heterogeneous material (such as blocks and muds) that accumulated
as a semifluid body by submarine gravity sliding and slumping of
unconsolidated sediments. An olistolith is an exotic block or other
rock in an olistostrome. The terms “megabreccia” and “wildflysch”
are sometimes used for exotic blocks of unusually large size. A
seismoturbidite is an olistostrome produced by an earthquake, and
the slide involved would presumably have taken place along a broad
front all at one time. in contrast to more random sliding of indi-
vidual blocks.

There are many exotic blocks of schists, greenstone. chert.
basalt. and sandstone within the Roseburg Formation in the Co-
quille and Sitkum (15-minute) quadrangles east of Myrtle Point and
along the Middle, North, and East Forks of the Coquille River near
the communities of Gravelford and Bridge.

The writer's attention was first directed to these blocks when
he was mapping the Coos Bay 30-minute quadrangle (Allen and
Baldwin, 1944). Diller (1901) had located several of these blocks
on his geologic folio. Magoon (1966) discovered others in the area
he mapped along the edge of the Coquille and Sitkum quadrangles.
When compiling the geologic map of Coos County (Baldwin and
others. 1973). the writer noted these and other exotic rocks that had
been discovered during the extension of many logging roads.

The Otter Point Formation (Koch, 1966; Dott, 1971) of south-
western Oregon is largely a mélange of Upper Jurassic and Lower
Cretaceous sedimentary rocks. submarine flows. and less abundant
pods of chert and blueschists. According to the AGI dictionary. a
mélange is a mappable body of rock characterized by the inclusion
of fragments and blocks of all sizes, both exotic and native, embed-
ded in a fragmental and generally sheared matrix of more tractable
material. The definition goes on to speak of a sedimentary mélange
that is about the same as an olistostrome. The writer uses the term
“mélange” only to refer to tectonically mixed material. The blocks
within the mélange are usually more resistant to erosion. so that
they stand out as stacks and pinnacles.

Upfaulted blocks of Otter Point terrane are present in the
Powers 15-minute quadrangle (Baldwin and Hess. 1971). a short
distance south of the Middle Fork of the Coquille River. This
terrane contains rocks similar to those now interspersed within the
Roseburg Formation and may have provided the source rock for the
olistoliths in it.

ORIGIN OF EXOTIC ROCKS

The exotic rocks are common to both the Otter Point and
Roseburg terranes. and thus there is a problem in determining
which is an Otter Point mélange and which is sheared Roscburg
along a fault. Such an indeterminate area lies between Powers
Junction south of Myrtle Point, Sugarloaf Mountain to the east. and
the North Fork of the Coquille River to the north.

The writer mapped a thrust-fault zone extending from the
northwest face of Sugarloaf Mountain along the East Fork of the
Coquille River to a point just east of the Pleasant Hill School, where
it goes under younger and noninvolved Lookingglass sedimentary
rocks (Baldwin and others, 1973). Some of the most obvious exotic
blocks lie along this zone, and they may be positioned there from
thrust Otter Point material or exhumed from nearby Roseburg rock.

OREGON GEOLOGY, VOLUME 46, NUMBER 7, JULY 1984

N g D ey |
:‘ﬁ'%hz:(:——, }g "_Lg.?:._..—,'- P "
. TR ¢

e’ *

A

Diagram of block movement from the Otter Point terrane to
modern sediments.
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One large block of greenstone is situated at the south end of the
North Fork bridge 2 mi east of Myrtle Point. but it has been largely
removed by quarrying. Along the north bank road from this bridge
westward to Oregon Highway 42, one soon comes to an outcrop of
red chert in the NE'% sec. 10, T. 29 S.. R. 12 W._ and. a short
distance north of this. an outcrop of yellow sandstone with
quartzite-bearing conglomerate which is very close to auger holes
that yielded Late Cretaceous microfossils. The other arcas between
the bridge and the highway are underlain by sheared rock that tends
to slide. The writer considered the area to be Roseburg and the
exotic rocks to have been introduced by sliding at the time of
deposition or by faulting (Baldwin and others. 1973). A greenstone
body was present at Kasper's quarry a few miles east of Gravelford,
in line with the thrust fauit that passes by Sugarloaf Mountain. It is
located in the NE'4 sec. 29. T. 28 S.. R. 11 W. A few yards down
the hill from the quarry are two blocks of schist. Whether both the
greenstone and the schist blocks are in Otter Point terrane exposed
along the thrust or whether they are olistoliths from nearby Rose-

Block of blueschist near Kasper's quarry along the East Fork of
the Coquille River.
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burg sediments is difficult to determine. Magoon (1966) mapped
the area including Kasper's quarry and suggested the possibilities
that the rocks were positioned by faulting or by sliding in, during
Roseburg deposition, from a nearby Otter Point highland.

OLISTOSTROME AT BRIDGE, OREGON

One of the small exotic blocks mapped by Diller (1901) proved
to be a block of schist no more than 8 ft in maximum dimension, on
a small ridge just north of the business section in the small commu-
nity of Bridge. Bridge evidently derived its name from the large
covered bridge over the Middle Fork of the Coquille River by the
school on the Myrtle Creek road. This bridge was not designed for
large logging trucks, so when the State Highway Department
straightened Highway 42 at this point, creating two bridges over the
Middle Fork of the Coquille, the County extended the Myrtle Creek
road across the mouth of Salmon Creek to join the highway farther
west, thus climinating the need for the old covered bridge by the
schoolhouse. As the Myrtle Creek road was being relocated, most
of the material in a cluster of mica-sheet blocks that had been
situated on the west bank of Salmon Creck was removed. Another
large block of greenstone, 15 ft or more in diameter and almost

_,._xr o Snde ]

¥

ROSEBULRG 47 MI

REMOTE 7 M

f

)_/’ o/~ RIW. =

i — S

Segment of the Bridge 7%:-minute quadrangle showing the
olistostrome at Bridge and olistolith locations in the vicinity. Black
line=olistostrome. X=olistolith location. Arrows=suggested di-
rection of movement of olistoliths.

76

metamorphosed to a low-grade blueschist, is situated in the Co-
quille River just south of the westernmost of the new highway
bridges.

The schist block on the small ridge north of the Bridge busi-
ness section proved to be but one of the exotic rocks in a bed of
olistoliths that can be traced to the north across Big Creek and also
south to the river bank, then may be projected beneath the alluvial
flat and on up the hill southward, paralleling Salmon Creek to the
west. There seems to be no doubt as to this bed’s being a part of the
Roseburg Formation. The bed, which is approximately 4 ft thick,
may be seen dipping steeply eastward along the north bank of the
river. It contains subrounded to angular blocks of poorly sorted
exotic rocks in a sandstone matrix. When projected southward, it
goes between the schist blocks at the mouth of Salmon Creek and
the large one beneath the highway bridge to the west, but these
blocks may have slid from their original positions to where they are
now. Other blocks along Salmon Creek probably came from this
bed, although some of them may be olistoliths randomly placed in
the Roseburg Formation. The writer favors the hypothesis that the
olistostrome at Bridge is a seismoturbidite, that is, an olistostrome
triggered by an earthquake which caused the olistostrome to form
all at one time, in contrast to those singly situated, randomly spaced
olistoliths that may have slid into the Roseburg sediments in other
parts of the area.

Tor H. Nilsen of the U.S. Geological Survey described the
Hilt Bed of the Hornbrook Formation at the Geological Society of
America meeting in Indianapolis, November 3, 1983. He traced
this bed from Hilt, California, past Ashland, Oregon, and, by
projection and intermittent outcrop, to Grave Creek. He considered
the Hilt Bed to be a seismoturbidite triggered by an earthquake in
Late Cretaceous time. There is a similarity between the Hilt Bed
and the one at Bridge. although the latter is not as extensive.

For a modern example of olistostrome formation, we might
consider the coastal area south of Humbug Mountain which is
underlain by sheared Otter Point terrane (Koch, 1966; Dott, 1971).

Sliding terrane with exotic blocks south of Humbug Mountain,
Curry County coast.
Here, the unstable sheared material is sliding seaward, with large
exotic blocks reaching the shoreline to beome stacks and eventually
migrating seaward by sliding. Studies of sedimentation in other
parts of the world indicate that material may slide for a considerable
distance on sea bottoms of only a few degrees slope. As the sea
erodes inland, the stacks become situated farther from the shore and
surrounded by bedded sediments. In both the modern sediments and
the Roseburg Formation the exotic blocks almost surely came from
such an unstable Otter Point terrane.
(Continued on page 82, Olistostromes)
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Petroleum source rock evaluations of outcrop
samples from Oregon and northern California

by B.E. Law, D.E. Anders, T.D. Fouch, M.J. Pawlewicz, M.R. Lickus, and C.M. Molenaar,
U.S. Geological Survey, Denver Federal Center, Box 25046, MS 971, Denver, Colorado 80225

ABSTRACT

Petroleum source rock evaluations of carbonaceous sand-
stone, siltstone. shale, mudstone. and coal samples of various ages
collected from surface exposures in Oregon and northern Califor-
nia indicate that the organic matter is predominantly type III ker-
ogen. Most samples contain less than 1.0 weight percent organic
carbon; the average organic carbon content is 0.91 weight percent.
The thermal maturities of the samples with respect to hydrocarbon
generation range from immature in the younger rocks to post-

mature in the older rocks. Most of the samples are immature to
marginally mature. Based on our evaluation of the type of organic
matter contained in these samples. indications are the source rock is
capable of generating gas and little or no oil.

INTRODUCTION
There has been sporadic interest in the petroleum potential of
the Pacific Northwest for several years. Since the 1979 discovery of
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Figure 1. Sample localities and sample areas in Oregon and northern California. Analytical data and more specific locality descriptions

for samples are shown in Table 1.
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Table l.--Source=rock amalvtical data for surface sa

[Tr, Triasstc; ITr, Jurassic an
elvat, clavstone; ms, mdstone;

Triassale: J, Jurassic; ¥, Cretaceous; T, Tertiary; argl, argillite; carh, Carbonaceous;
o sandstone; wdv, sandy; sh, shale; shy, shaly; sltst, siltstone; slty, silty; = no datal
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Vitrinite Trans=
Map reflec~ frganic Cenetic _-N 0y formation
no. Sample Sec— Town— tance, R, carbon S mu mu Taax potent Lal Index index ratio,
(e 1) no, tion ship Range [mr— Age Strattzraphic unit tLithology (percent) (We %) (ngHC/g) (ogHC/z) Hlnﬁou___av “c) (5)*5,) (mpHC/gC) (mgC0,/gC) (S, /5,+5,)
Area |
I ORITF=1% SW 3, T. & S., ®, 7R E,, Morrow K pre-Clarno Fm,=======s=s=ce=ee= carh sh - 4.72 A5 31.83 2,04 a4 1.87 L] a3 <M
2 NAZTF=14 W, T, 4S5, R.28E., -dar K Sand (Pre=Clarno Fm,)===== as R 4 N7 - .29 - W17 - n7 1
1 NRITF=26 B, T. 12 8., ", 22 E., ¥heeler K Hudspeth Formation sh - .44 0013 0,093 .64 G4R 0,106 ] hl 0,13
L 082TP=27 35, T. 11 8., R. 21 E., -dor K ~dar ma 0.82 TN 028 «l2 A0 430 oS 17 58 19
5 NA2TP-28 1M, T J1. 8., ®y 22 E,, dor K . me .85 .36 W21 «03 A9 LEL] S024 1 145 86
L] DRITF=30 2B, T. 11 S., R 21 E., d K d o A1 1.19 N17 123 Jh Ahn Wla0 1] Bl «12
7 NR2ITF=11 3, Ti 12 8., R, 2O E., Ao K mu L «21 017 h.95 254 LR L] ha97 3 256 1
A NA2TF=32 3, Ta 12 8., R. 20 E., Wheeler 3 d mi Tk W47 022 9 «2R 426 ol 20 59 «19
9 0R2TP-2% 21, T. 12 8., R, 22 E., ===do==——=—=—== K Cahle Creek Pormatiope=s-eeeee= oclyst .1 86 014 006 53 434 020 i) 81 .69
10 082TP=22 23, T. 17 8., R. 27 E., Grant———==—— 1 Sedimentary rockg===--- - ah .06 - - -— - =i e e - -
(Walker, 1977)
11 ORITF=16 7, To 13 8,, R, 4] E., Baker========== ITr Sedimentary and vealeanie rocks= argl W49 - - - - - - - -— -
(Walker, 1977)
12 NR2TP=17 19, T. 14 8., R, 40 E., Malheur======== ITE = g o i . e argl -— .99 L17 - .35 - D17 -— 15 1
13 0R2TP=18  NW 32, T. 3 8., R. 42 K., Malheur-——-  ITr dor argl - 1.22 010 - L51 - 010 - 4l 1
14 0DAITP=19 2, T, 14 S., R. 40 H., ===do ITr dor clyat .50 .22 009 - 49 - 09 . 222 1
15 NA2TP=200 NW 11, T. 15 S., R, 31 E., Grant=——=——= Tr Gravwacke and shale=======m=ee- sh 3.0% 1.0 D16 - A6 - W16 - b 1
(Thaver, 1958)
16 naaTr-23 18, T. 17 8., R. 27 E., ——do-——— Tr Sedimentary and valeanles====== sltut T == = _— = N == = s =5
rocks (Walker, 1977)
17 082TF=-24 25, T. 17 8., R. 27 E., Crook—————— Tr Marine sedimentary rockp======= gdy sh W58 -— - -— -— - — -— i ag
(Walker, 1977)
Area 2
8 DRZTF-1 18, T. 5 N., R, 10 W,, Clatsop——=-——=— T Astoria Formatlon=-============ clyst n.36 1.18 n.043 n.21 1.33 47 n,25 18 112 0.17
19 DRITF-2 18, T. 5 N., R, 10 W, ——do T ~do- wdy clyst A5 1.61 061 a7 s 424 81 a8 28 07
20 OAITF-88  SW 9, T, 11 5., R. 11 ¥., Lincoln——— T Sye Shale (mtddle part)-—--—= ultst <36 1.34 091 99 97 404 1.08 14 72 «08
21 NAZTF-3 7, T. 3 N., R. 1IN W., Tillanook-———— T Formation at Osvald Wemt ====== slty clyst 1.78 55 089 02 22 446 A1 2 £ .86
22 082TP-4 7, T. I N., R. I0 W., —-do T dor sleat 1.86 - -— - - - - - - -—
23 naITP-6 27, T. & N., R, 5 W., Columbia— - T Keasey Formation-=-==eseccaceee sley clvst W34 91 008 24 J9 418 «2% 27 Bb 03
(%eim and Yan Atta, 1971)
4 082TP-5 35, T. 4 M., R. 5 W., Columbia— T EKeasey Formatfon {lower part) slese, coal . +18 L0017 s ) 36 401 05 14 203 40
25 DA2TF-8 15, T. 4 N., % 5 W, —do T do wdy slest .29 - - - - - - - - -
26 082TP-7 1, T. AN, R 5W,, —do———r T Cowlitz Formation (upper part)= slty ss 21 - — - — -— - - _— -—
(Xiem and Van Arca, 1973)
7 DRITP-A6  SE NE 5, T. 11 S., R, 17 W., Lincoln—— T Yamhill Formation===-sssscceees clyst «32 .50 N2 A7 51 418 «19 35 103 <l
(Snavely ot al., 1980)
rL] NRITP-R4  SW SW 3, T. Il 5., ®. 9 W., ==~do---—- T Tyee Formatiomr———=====e=scceee gh «53 53 112 <16 9 422 «A7 k11 73 07
i DRITP-BS SW 24, T. IND S., R. 1IN WM., ~—=da--—— T ~dor sh L] 95 <034 21 Pt 27 24 23 51 4
0 NAITP-B2  SW SW 18, T. 11 5., ®. & W., Bentom—— T  Umpqua Pormationeseeee—eeeseees  clyat .51 23 N2 - .25 - 012 - 107 1
Area 3
3 ORITF=AT  SW NE Lane————— T Nye Shale=---cescecescmcacaceas  gleat 0,34 1.75 0046 0,91 407 65 52 0.04
12 NE SW Coog=———x T Rastendorff Shale (upper part)- nlty sh #32 W94 J087 L05 Al8 106 1t .08
13 NW g T Coalado Formation (middle part) ah 51 1.46 017 5l 425 5 35 07
Y NA|ITP=97 NE =y T Coaledo Formation (lower part)= «h A9 1.44 16 J6 417 27 53 S
b NAIM=4 SE NW Douglas== T P Formation elvat, earh sh 4R 4.4R N30 1.61 409 22 6 03
6 DAIM=5 &0 SW ——g—— T d wltat «45 1.12 L0482 «35 409 91 H <04
LY NRIM=3  NE NW ~——do=--m T Flkton Formatlon===ss==secee= == wltur, slty sh .59 1.35 W26 24 LR Bl 18 202
I A 1 M= [+ Cong===== T 1 wlty sh 45 WAk .029 ik 420 41 17 W07
39 NAIM=7  NW NW —=dg=——= T ===y saue sltv ah +52 .58 AN22 AR G424 ah LR W08
an NRITF=95  NW NW Do las== b 1 - alty sh .59 LT PUL] 2 420 27 51 <09
4l ORITF=)20  NE SE ] g T Elkton Formation===ss==ssasce=s gh 59 A1 IR »13 4l 453 56 6 03
(Raldwin, 1974)
42 NRITK=91 € z._____u 29, T Tyee Formatlon (upper parg)==-- A9 A2 WN51 == .59 - 51 - 95 1
al ORITF=94 21, T. 225 T do B0 1.41 #0468 A7 68 436 S92 62 48 15
Wb MRITP=-RT 8¢ 8¢ 19, T  Tvee Formatlan==—s=sscseecaeee I8 AT 02 «12 «56 a7 W13 14 L3 09
- - [ |




Table l.-——Source-rock analytical data for surface samples from Oregon and morthern California--continued
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Vicrinice Trans=
Map reflec— Organic fenet ic H 0y formatlion
no. hwle_ Sec~ Town= tance, la carbon SI 52 51 Taax potential index index ratlo,
(fig. 1) no. tion ship Range l‘nua(y’ Age Stratigraphic unit Lithology (percent) (W I) (mgHC/g) (mgHC/g) (mgCO,/g) (®c) (5145;) (mgHC/gC) (mgCO,/gC) (S;/5,45;)
Ares 3
45 ORITF-90 NE NE 16, T, 18 S., R. 9w, -do- o dor slty sh « 54 2.5% 042 96 93 435 1.00 £ 7 04
ah O8ITF-104 MW 21, T. 33 5., R, 11 W., Coos T dor sh A6 -84 N24 N8 AL 435 .10 0] 2 «22
47 OBITF=-106 SW NE 32, T. 32 5., R, 11 W, ~do- T do coal « 55 54,97 «28% 147.71 7.03 421 148,00 269 15 002
48 DBITF-109 NE 29, T. 32 §,, R, 11 W,, ~—do— T ~dor coal 63 36.61 999 59.69 .70 W16 6069 163 11 W02
49 OBITP-119 SW SW 33, T. 26 5., R. 7 W., Douglas— T Tyee Formation (lower part)——— sh .58 1.02 019 .76 A2 435 .78 1 &l 02
50 OBITF-127 SWNW A, T. 23§, R, 5W,, d dor sh .59 +h5 020 #12 26 w30 Al 19 39 o1&
s1 ORITP-117 € Mlh17, T. 26 5., R, 3 W,, =——-do———- T Uspqua Format{an==-- ———- clyst .52 .22 008 H .27 432 06 22 122 15
52 0BIM=16 € Wl 15, T. 27 S., R. 11 W., Coos T Umpqua Formation==== ===e=s=  glty sh «51 +66 016 <16 <38 427 «18 24 57 «09
53 081TP-126 C SW 20, T. 23 §., R. T dor nlty sh .61 +31 019 .02 #15 LT J04 5 243 +54
54 081TP=102 MW 5, T. 325, R, T do sh «58 66 <025 W18 «23 431 2l 27 35 «12
55 0BITF=100 C MNE 34, T. 30 5., R, 12 WN,, ——do—— T Umpqua Formation======s=s====== gh S «B9 019 «11 A7 3l «13 13 52 olé
{=Lookingglass Formation of
Baldwin and Beaulieu, 1973)
56 08ITF=101 c19, T. 315, R 11l W, ——do—- T ~d o alest L Whl 017 .13 «33 426 #15 22 54 W12
57 BELO 2082 NE 5, T. 35 5., R. 11 W., Curry-—-- T Umpqua Formatfion-- === nlty sh <73 W07 O16 «09 .23 428 «ll 12 3n W4
{=Lookingglass Formation of
Ahmad, 1981)
58 BELO 2182 W 5, T. 35 8., R, 1L W, do T dor alty sh «63 W48 017 #11 Al 440 «13 23 #3 .13
59 BELO 23A2 SE SW 19, T, 34 S, R, 11 W,, ——do T do slty sh .61 L35 015 .01 KD 419 .03 3 9% .60
60 BELO 2482 NE SW 19, T. 3 5., R. 11 W., ===do-——— T ~dor shy sltst L1 W51 029 «152 «31 w39 «181 kN 75 «l6
6l 0BITP=116 €13, T. 26 5., R. 4 W., Coos T Umpqua Formatlon=s=s===ss=oee. == slty sh «533 .37 <015 <04 37 428 <06 12 99 +28
(=Lower part of Lookingglass=
Formation of Baldwin, 1974)
62 08IM-2 CN I!z 17, T« 22 8., R. 5 W., Douglas-— T Umpqua Formatjion====s==s======= gh, clyst «65 #32 16 =12 .38 422 alh k) 120 «l2
63 0BIM-15 NW SE 5, T. 27 S., R. 11 W., Coos T do slty sh .53 1.47 010 .05 S40 428 +06 3 7 <18
1) 0814-8 NE 34, T, 27 S., R, 1& W,, ——do=—— T Umpqua Formation===========e=== glty sh »52 «37 025 094 +28 447 «118 5 75 «20
(=Roseburg Formation of
Baldwin and Beaulleu, 1973)
65 081M=-9 W 35, T. 27 5., R, 14 W, dor T ~dor slty sh +59 .68 014 .08 +26 424 09 12 38 «15
66  RELO 2282 SE NW 31, T. 34 S., R. 1l W., Curry=——- T Umpqua Fm. (=Roseburg ======= - slty sh 60 2 013 .09 .22 441 A0 2 52 A2
Formation of Ahmad, 1981)
67 BELO 2582 NENE 7, T. 355., R. 11 W,, —do—— T dor carb shy sltst 1.75 «13 +024 -_— «23 — 024 -— 57 1
68 o81M-1 SW 2, T. 23 8., R. 5 W., Douglas— T Usmpqua Formation ====== alty sh «60 43 009 007 Ab 426 016 2 107 «56
69 0817F-92 Slhsw 8, T. 22 5., R, 6 W., ——-do-—— T do sh .76 .41 .021 .05 56 422 .07 13 161 .27
10 081TF-113 M 16, T. 30 S8,, R. 9 W, dor T do carb sltst A8 19.20 <037 11.05 16.66 425 11.09 58 87 003
T 081TF=121 SE SE 25, T. 25 5., m. 7 W, do- T ~do- slty sh +59 63 .028 24 +24 428 «27 18 38 .10
72 0BITF-122 NE SW 36, T. 25 S,, R. 5 M., —-do T o h 54 .81 018 003 .87 442 021 1 108 .87
73 0BITP=-124 8, T. 25 6., R, 5 W., ——do— T ~dor sh +56 234 <011 +06 +23 431 07 16 68 A7
T4 081TF-125 SU MW 17, T. 24 S., R, 5 W., —=do— T do sh B4 B4 015 14 «25 426 16 17 30 1
75 BELD 2682 5w W I8, T. 35 5., R. 11 W., Curry K Unnamed Cretaceous rocks alty sh 75 2.42 067 79 «28 448 «86 1 10 08
76 BELO 2782 NE 13, T. 35 S., R. 12 W., —=do x o slty sh J2 2.48 040 .36 .62 454 A0 14 25 J10
Area 4
77+ BELO 1082 WE 32, T. 40 S., R. 2 E., Jackson— T Colestin Formatlon-=-ss==s———== carh alty ms 0,52 .11 0.002 == 0.31 = 0.002 - m 1
(Elliott, 1971)
78 BELD 282 SW SE 18, T, 38 5., R. 14 ¥W., Curry—— K Hornbrook Formatlon=-=-======== slty sh « 54 .57 008 12 «33 431 «13 21 59 06
(Hells and Peck, 1961)
79 BELD 482 SE 23, T. 46 M., R, 6 W,, Siskiyou (CA) K Hornbrook Fm. = Unit b==- coaly sh «%9 23.61 20 Lh.BB 5.50 Wh2  &4.RD 189 23 003
(¥ilsen et al., 1983
A0 BELC 582 NE 32, T. 47 W., R. 6 WM., dor 14 do carb sltet, ss .51 93 D26 +15 «19 w7 «28 27 21 <09
A1 RELO 14A2 W 5, T. 39§, R, | E,, Jacksen— K do shly sltst 17 LBé MN12 04 .33 431 «05 L} 65 .21
A2 RELC 6A2 NE NE 29, T. &7 N., R. .6 W., Siskiyou (CA) K do slty sh 58 .37 007 N1 WAb 5% W02 3 123 o4
a1 KELC 7R2 MW 20, T, 47 N., Ry 6 W., d K do slty ah +67 T4 Wn22 «22 +34 438 W24 30 4h .09
b BELC AARZ  SE NW 25, T, 4B N,, R, T W, d o K do slty sh oAb 90 013 «17 +20 B34 W18 19 2 «07
BS BELC 982 S5F 14, T. 48 N., R. 6 W., do X do aley ah q.U] 69 016 «20 «26 431 $22 30 k1) 07
L1 BELD 12A2 12, T+ 39 5., k. 1 E., Jack 14 do alty sl .52 Wi +N09 .01 .83 434 N2 2 129 .39
87 BELO A2 SW SW 32, T, 37 8., R. 14 W., Curry-——- K Days Creek Formation--s==-====== mg «55 1.08 15 03 «h5 LR 0% 2 60 « 36
(Wells and Peck, 1961)
BA BELC A2 NW 15, T. 1A N,, R, & E., Del Norte (CA)] Galice Formatinn===-= == mlaty sh 5.33 1.14 o 0 .22 - o o 19 1]

I.al.l. countles are In Oregon, except as noted.




the Mist Gas Field in northwestern Oregon and encouraging gas
shows in wells drilled in central Washington, the region has experi-
enced renewed hydrocarbon exploration activity. However, very
little information that might be used to establish the oil and gas
source rock potential of the region has been published. The only
study in Oregon and northern California is an oil and gas investiga-
tion report by Newton (1980) in the Coos Bay, Oregon, area.
The purposes of this study are (1) to report the analytical
results of a reconnaissance source rock sampling project in Oregon
and northern California and (2) to evaluate the quality, quantity,
and thermal maturity of organic matter contained in those samples.

SOURCE ROCK EVALUATION

Eighty-eight samples were collected from outcrops, primarily
in road cuts and stream drainages. Sample localities are shown in
Figure 1 and are listed in Table 1. Based on the areal distribution of
samples, the region was subdivided into four areas (Figure 1).
Within each area, the samples are listed in approximate order of
increasing age. The age of most samples is Cretaceous or younger.
A few pre-Cretaceous rock samples were collected, although rocks
older than Cretaceous are commonly metamorphosed. The samples
consist of carbonaceous sandstone, siltstone, shale, mudstone, and
coal (Table 1) and represent depositional environments ranging
from nonmarine to marine. The samples were analyzed for vitrinite
reflectance (R,), total organic carbon (weight percent), and Rock-
Eval pyrolysis (Table 1). Vitrinite reflectance and Rock-Eval
pyrolysis analyses were conducted by the U.S. Geological Survey
(USGS), Denver, Colorado, and organic carbon analyses were
conducted by Rinehart Laboratory, Arvada, Colorado.

Rock-Eval pyrolysis includes evaluations of the genetic poten-
tial (S, +S,), organic matter type (hydrogen index [S,/organic car-
bon] versus oxygen index [S;/organic carbon]), and thermal matu-
rity (7°S, max. and transformation ratio [S,/S, +85,]). S, represents
the quantity of volatile hydrocarbons (HC) expelled from rocks
held at 250° C for 5 minutes. S, measures the quantity of hydrocar-
bons (HC) released from the rock upon pyrolysis of the kerogen at
250° to 550° C, programmed at 25° C per minute. S; is a measure
of the amount of pyrolitic carbon dioxide evolved during the heat-
ing interval from 250° to 390° C. Detailed explanations of Rock-
Eval pyrolysis are given by Espitalié¢ and others (1977) and Tissot
and Welte (1978).

The organic matter richness of the samples is generally low.
However, the organic matter content of these surface samples may
have been significantly reduced by weathering (Leythaeuser, 1973;
Clayton and Swetland, 1978). Most samples contain less than 1.0
weight percent organic carbon (Table 1); average organic carbon
content, excluding coal, is 0.91 weight percent. According to
Dickey and Hunt (1972), a rock must have a minimum organic
carbon content of 0.50 weight percent to be an effective hydrocar-
bon source rock. Organic matter occurs in most samples as dissemi-
nated flakes and plant fragments. The more organic-rich rocks are
the coals and carbonaceous shales and mudstones.

Hydrogen and oxygen indices from Rock-Eval pyrolysis are
plotted in Figure 2. These results show that the organic matter in the
analyzed samples is mainly type III kerogen. The three samples that
are in proximity to the merged types I and II evolutionary paths are
coal and coaly shale (map numbers 47 and 48 from the Eocene Tyee
Formation and 79 fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>