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Bayocean peninsula, the sand spit at Tillamook Bay,
projects 4 mi northward from Cape Meares. A dike along
the bay was built to close a mile-long gap eroded during
a storm in 1952. Article beginning on page 57 discusses
archaeological finds from the bay area as possible ev-
idence of periodic breaching of the spit in the past, not
just by storms but by wave erosion from earthquake-
related tsunamis or bay seiching.
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OIL AND GAS NEWS

Rules being finalized

Public hearings were held during April regarding the imple-
mentation of House Bill 2089 (1989 Legislature). These will provide
for ground-water protection and surface reclamation when shallow
exploratory holes, such as seismic shot holes, are drilled by the
oil and gas industry in Oregon. Public hearings were also held
during April on the revisions to administrative rules for oil and
gas exploration and development in Oregon. Copies of these rules
should be available during July. for details, contact Dan Wermiel
at the Oregon Department of Geology and Mineral Industries (DOG-
AMI), phone (503)-229-5580.

Report on Tyee Basin oil, gas, and coal resources released

The first publication produced in the five-year Tyee Basin study
project has been released by the Department (see description in
the March issue of Oregon Geology, p. 36). The project was begun
in mid-1988 and is funded by a consortium of public and private
supporters. The Tyee Basin, an area of more than 4,000 mi? in
the southern Oregon Coast Range, is underlain dominantly by Eo-
cene sedimentary rocks. -

Much of the information presented in the report consists of
previously confidential research data and is made available here
for the first time through the cooperation of several oil companies.

The report has been released as DOGAMI Open-File Report
0-89-3 (price $9) and is entitled Geology and Oil, Gas, and
Coal Resources, Southern Tyee Basin, Southern Coast Range,
Oregon. It was produced by A.R. and W.A. Niem of Oregon
State University, with major contributions by E.M. Baldwin of
the University of Oregon.

NWPA Field Symposium scheduled

The Northwest Petroleum Association has scheduled its 1990
Annual Field Symposium for September 30, October 1, 2, and
3, 1990, in Roseburg, Oregon. The symposium will include one
day of talks relating to energy development, primarily oil and
gas, in the Pacific Northwest. Two days of field trips will be
held to observe the strata of the Tyee Basin and Coos Basin
areas. For details, contact the NWPA, P.O. Box 6679, Portland,
OR 97228-6679. (1

Papers on industrial minerals
published

Papers presented at the 25th Forum on the Geology of Industrial
Minerals have been published by the Oregon Department of Geology
and Mineral Industries (DOGAMI). The Forum was held in spring
1989 in Portland, Oregon, and was attended by about 120 industrial
mineral specialists from all parts of the United States, Canada,
and Great Britain.

The new publication is entitled /ndustrial Rocks and Minerals
of the Pacific Northwest. Proceedings of the 25th Forum on the
Geology of Industrial Minerals, April 30 to May 2, 1989, Portland,
Oregon, and has been released as DOGAMI Special Paper 23.

In addition to the 16 technical papers presented at the Forum,
the 100-page publication contains the chronology of the Forums
that have been held annually since 1965 in 22 different states
of the U.S. and in Toronto, Ontario, and a list of the participants
at the 25th Forum.

Six of the technical papers present surveys of occurrences and
production of various industrial minerals in the Pacific Northwest

{Continued on page 70, Proceedings)
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Geothermal exploration in Oregon, 1989

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

INTRODUCTION

Geothermal exploration activity increased somewhat in 1989
relative to 1988. Drilling occurred on the flanks of Mount Mazama
near Crater Lake National Park, at Santiam Pass, in the Alvord
Desert, and in the Western Cascades. The amount of leased land
and lease revenues declined sharply on federal lands. The total
amount of federal land leased for geothermal resources has declined
steadily since the peak in 1983.

DRILLING ACTIVITY AND RESULTS

Figure 1 shows the number of geothermal wells drilled and
geothermal drilling permits issued from 1970-1989. Figure 2 shows
the same information for geothermal prospect wells. Tables 1 and
2 list the Oregon Department of Geology and Mineral Industries
(DOGAMI) permits for geothermal drilling that were active in
1989. Six new permits were issued, three for prospect holes and
three for geothermal wells. Eight holes were drilled. Four shallow
(< 152 m) temperature-gradient holes drilled by the U.S. Geological
Survey (USGS) in the northern part of the Western Cascades had
temperature gradients typical of background values for the area.
A well drilled to a depth of 450 m in the Alvord Desert produced
1,211 liters per minute of 152 °C water in a 22-hour flow test
(press release by Anadarko Petroleum Corporation). A tempera-
ture-gradient hole drilled by California Energy Company (CEC)
near the east boundary of Crater Lake National Park reached a
temperature of 129 °C at 1,068 m depth (Daily Journal of Commerce

GEOTHERMAL DRILLING ACTIVITY IN OREGON
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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 610 m.
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Figure 2. Geothermal prospect well drilling in Oregon. Vertical
line indicates time when definition of prospect well was changed
to a depth of less than 610 m.
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Table 1. Active permits for geothermal drilling in 1989

Permit  Operator, well Status, proposed
no. API number Location total depth (m)
116 Calif. Energy Co. SWVs sec. 10 Suspended;
MZI-11A (deepening) T. 31 S., R. 75 E. confidential.
36-035-90014-80 Klamath County

117 Calif. Energy Co. SEV4 sec. 13 Suspended,;
MZII-1 (deepening) T. 32 S, R. 6 E. confidential.
36-035-90015-80 Klamath County

118 GEO' SWs sec. 25 Suspended;
N-1 T. 22 S.,, R. 12 E. 1,387.
36-017-90013 Deschutes County

124 Thermal Power Co. SEV4 sec. 28 Plugged;
CTGH-1 T.8S,R. 8 W. 1,463.
36-047-90002 Marion County

125 GEO" SW4 sec. 29 Suspended;
N-2 T. 21 S, R. 12 E. confidential.
36-017-90018 Deschutes County

126 GEO" NEV4 sec. 24 Suspended;
N-3 T.20 S, R. 12 E. 1,219.
36-017-90019 Deschutes County

131 GEO’ NEV sec. 35 Suspended;
N-4 T. 21 S, R. 13 E. confidential.
36-017-90023 Deschutes County

132 GEO NEY sec. 8 Suspended;
N-5 T. 22 S., R. 12 E. confidential.
36-017-90024 Deschutes County

135 GEO" SEVa sec. 29 Canceled.
NC88-29 T. 21 S, R. 12 E.
36-017-90027 Deschutes County

136 GEO NEV4 sec. 5 Canceled.
NC54-5 T. 22 S, R. 12 E.
36-017-90028 Deschutes County

137 DOGAMI NWY4 sec. 1 Canceled.
Cache Creek No. 1 T. 14 S., R. 8 E.
36-017-90029 Deschutes County

138 GEO" NEV4 sec. 5 Permit;
NC54-5 T.22 S, R. 12 E. 3,048.
36-017-90030 Deschutes County

139 Oxbow Power Corp. SEV4 sec. 24 Suspended;
77-24 T. 13 S., R. 74 E. 141.
36-031-90001 Jefferson County

140 Calif. Energy Co. SWhs sec. 9 Canceled.

141

142

143

MZI-9
36-035-90017

Calif. Energy Co.
MZI-11
36-009-90018

Calif. Energy Co.
MZI-11B
36-035-90019

Calif. Energy Co.
CE-BH-4
36-017-90031

T. 31 S, R. 74 E.
Klamath County

SWhs sec. 11
T. 31 S.,, R. 74 E.
Klamath County

SWYs sec. 14
T. 31 S, R. 74 E.
Klamath County

SWls sec. 27
T.16 S., R. 9 E.
Deschutes County

Withdrawn by
applicant.

Suspended;
confidential.

Permitted;
1,676.

* GEO-Newberry Crater, Inc.
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Figure 3. Active geothermal leases on federal lands in Oregon
from the inception of leasing in 1974 through December 1989.

article, March 15, 1990). CEC also deepened a nearby hole, but
the results are confidential. The Oxbow Power Corporation, working
cooperatively with DOGAMI, rotary-drilled to 141 m near Santiam
Pass. The Santiam Pass hole is scheduled to be diamond-cored
to approximately 900 m in July of 1990.

LEASING

The consolidation of land holdings continued in 1989 as the
total leased acreage of federal lands decreased by about 40 percent
(Table 3; Figure 3). This decrease in leased lands was almost
entirely caused by a decline in USDA Forest Service (USFS) leases
(Table 3). U.S. Bureau of Land Management (USBLM) leases
also suffered declines, but so little USBLM land is leased that
it contributed little to the total. This decrease marks the sixth straight
year of decline since the 1983 peak in total leased acreage.

Part of the reason for the steep decline in leased lands is a
shift from leasing on the flanks of Newberry volcano to areas
in the High Cascades. Lease applications for approximately 85,000
acres in the High Cascades, principally in the Bend highlands
and Santiam Pass area, are currently being processed with the
USFS (Robert Fujimoto, personal communication, 1990).

Figure 4 is a graph of the annual total monies received by
the federal government from geothermal leasing in Oregon from
1974, when leasing was initiated, to the present. Included in the
graph is income from filing fees, rental on competitive and non-
competitive leases, and bonus bids. Income from geothermal leasing
peaked in 1980 at $1,701,189 and has declined steadily since then
to its present level of about $268,000.

KNOWN GEOTHERMAL RESOURCE AREA
(KGRA) SALES

No KGRA lands were offered for bid in 1989. Some KGRA
lands at Newberry volcano will probably be incorporated into a
proposed geological monument (see section on regulatory actions).

Table 2. Active permits for geothermal prospect drilling in 1989
(holes less than 610 m)

Permit Operator, Issue date;
no. well name Location status
97  Anadarko Petroleum Alvord Desert Suspended;
Well 25-22A area confidential.
98 USGS Mount Hood National June 1989; drilled

Forest, two sites to 153 and 70 m.

99  USGS June 1989; drilled

to 92 and 46 m.

Willamette National
Forest, two sites
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Figure 4. Federal income from geothermal leases in Oregon
from the inception of leasing in 1974 through December 1989.

REGULATORY ACTIONS

USFS and USBLM officials met with industry and environ-
mental groups in February 1989 to work out a preliminary boundary
for the proposed Newberry Volcanoes National Monument. The
area of the monument will reportedly encompass much of the
land formerly classified as KGRA. Bills establishing the monument
were submitted to the House (HR 3840) and Senate (S 1947)
on November 21, 1989. These bills are under review at present.

DIRECT-USE PROJECTS

The direct use of relatively low-temperature geothermal fluids
continued in 1989 at about the same level as over the last several
years. Most of the activity is centered in Klamath Falls and Vale.

Ashland

Jackson Hot Springs in Ashland, Oregon, is still being operated
as a resort.

Klamath Falls

The City continued to wrestle with the problem of defective
piping installed in its district heating system. In 1989, the City
completed engineering plans for the replacement of the defective
pipe connections, and replacement should occur in the near future.
Further expansion of the system is planned utilizing the Small
Scale Energy Loan Program of the Oregon Department of Energy.

La Grande

The Hot Lake Recreational Vehicle Resort is utilizing 85 °C
water from the Hot Lake artesian well to heat a pool and building.
The company hopes to eventually use the resource to heat a fish-
farming operation and to generate electricity.

Lakeview

In Lakeview, the binary-cycle electrical generating station set
up several years ago remains idle. The 300-kilowatt (kw) unit
had an output of 250 kw from 105 °C water in a November 18,
1982, test (Geo-Heat Center Quarterly Bulletin, 1982).

Paisley

The Paisley area has one of the best quality but least utilized
low-temperature geothermal resources in the State. Thermal wells
there reportedly have high flow rates (observations of Gerald L.
Black, 1981) and temperatures as high as 111 °C at only 228
m (Oregon Department of Geology and Mineral Industries, 1982).
A campground and recreational-vehicle park utilizes hot water for
a pool, but no other uses are known.
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Vale

In Vale, the successful Oregon Trail Mushroom Company, which
commenced full-scale operations in 1986, continues to operate using
water from a 107 °C aquifer for heating and cooling. Oregon
Trail annually produces 2.3 million kilograms of mushrooms, which
are marketed in Spokane, Seattle, Salt Lake City, and the Treasure
Valley area in Idaho (Geo-Heat Center Quarterly Bulletin, 1987).
Ag-Dryers, a grain-drying facility, also uses the resource.

USGS ACTIVITIES

1989 saw the publication by the U.S. Geological Survey (USGS)
of 27 papers discussing the geological, geophysical, and tectonic
setting of the Cascade Range, as part of the proceedings of a
workshop held in December 1988 (Muffler and others, 1989b).
Contributors included earth scientists from the USGS, universities,
and the state geological surveys of Oregon and Washington. Many
of these papers, as well as other contributions, are soon to be
published in a special volume of the Journal of Geophysical Re-
search. Pat Muffler and Marianne Guffanti are continuing their
assessment of the geothermal potential of the Cascade Range (Muf-
fler and Guffanti, 1989).

Also published in early 1989 was a small-scale (1:500,000)
compilation map of the Cascade Range in Oregon, summarizing
a decade of work by several contributors (Sherrod and Smith,
1989). In addition, full-color maps showing greater detail are now
in press: (1) part of the Cascade Range between Three Sisters
and Crater Lake (Sherrod, in preparation) and (2) west half of
the Klamath Falls 1° x 2° quadrangle (Sherrod and Pickthom,
in preparation). Eleven new K-Ar age determinations for the Klam-
ath Falls map will soon be published by Isochron/West (Pickthorn
and Sherrod, in preparation).

Dal Stanley has integrated several east-west magnetotelluric-
profile interpretations with regional seismic-refraction modeling
(Stanley and others, 1989). This work better defines a high con-
ductive (2 to 20 ohm-meters) zone that occurs at depths of 6
to 20 km and is largely confined within a mid-crustal layer with
seismic velocity of 6.4 to 6.6 km/sec. The proposed model suggests
that metamorphic zonation and fluids are responsible for super-
position of these features.

Steve Ingebritsen and Bob Mariner continued water chemistry
and hydrologic modeling of the Breitenbush Hot Springs and Mc-
Kenzie Pass areas as part of a project to understand the circulation
of meteoric and hydrothermal water in the Cascades (Ingebritsen
and others, 1989a,b; Mariner and others, 1989).

Charlie Bacon’s geologic map of Crater Lake is progressing.
His studies will rigorously define the magmatic evolution and events
leading to the caldera-forming climactic eruptions in Holocene
time (Druitt and Bacon, 1989; Bacon, 1990). Field work included
five dives with the portable submersible Deep Rover, during which
samples were collected from the submerged parts of the caldera
walls.

Keith Bargar and Terry Keith continued studies of hydrother-
mal-alteration mineralogy at Mount Hood, Newberry volcano, and
the Clackamas River area. It is evident that low-temperature al-
teration (not much greater than 100 °C) is present to several ki-
lometers depth in the Western Cascades, with no higher temperature
minerals present. High-temperature mineralization is found only
in areas adjacent to small plutons and hot springs.

Willie Scott coordinated a field trip in the Mount Bachelor-South
Sister-Bend area for the Friends of the Pleistocene Fall 1989 Meet-
ing (Scott and others, 1989). Trip leaders included Andrei Sarna-
Wojcicki and Cynthia Gardner of the USGS and Edward Taylor
and Brittain Hill of Oregon State University (OSU). Other Oregon
Cascade field trips were conducted in association with the Santa
Fe, New Mexico, meeting of the International Association of Vol-
canology and Chemistry of the Earth’s Interior (Muffler and others,
1989a; Swanson and others, 1989).
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The year 1989 also saw the beginning of a major investigation
of Mount Hood, a volcano that heretofore was relatively unstudied
despite its obvious hazard potential and proximity to the densely
populated area of Portland and vicinity. This project is a cooperative
effort between the Geologic and Water-Resources Divisions of the
USGS and involves geologists Willie Scott, Tom Pierson, Bob Till-
ing, and Dave Sherrod. It will focus in part on downstream debris
flows and floods, recent eruptive history, and geologic mapping
and petrology of Mount Hood and vicinity. Field work by Dave
Sherrod was concentrated mainly in the area southeast of Mount
Hood, in an effort to finish three 15-minute quadrangles along
the crest and east slopes of the range. Willie Scott is working
mainly with the pyroclastic flows erupted from Mount Hood during
the last 15,000 years.

BONNEVILLE POWER ADMINISTRATION

In its Draft 1990 Resource Program, Bonneville Power Ad-
ministration (BPA) offered to purchase, in joint ventures with re-
gional utilities, 10 MW of output from each of three geographically
diverse geothermal pilot projects in the Northwest. The power
contracts will include an option on the next 200 MW to be developed
at each site. The main goal of the project is to determine the
location, size, and cost of power at three of the largest, most prom-
ising sites in the region. Secondary goals are to encourage ex-
ploration, to build capability in regulators and developers, and
to resolve land use issues that could impede development. If the
projects proceed as scheduled, plants could start producing power
as early as 1994.

BPA will also work with USFS, USBLM, and state energy
offices to produce estimates of economic and land use impacts
of geothermal development in areas where exploration is under
way or imminent. Programs for public outreach and base-line en-
vironmental data collection are also being developed.

BPA has contracted with the Washington State Energy Office
(WSEO) to produce a series of guides to the energy facility regulator
maze in Idaho, Montana, Oregon, and Washington (WSEO is sub-
contracting appropriate parts of the project to the other three states).
The guides will cover geothermal, hydroelectric, solar, wind, co-
generation, and biomass energy development. The geothermal guide
is due in mid-1990 and will be followed by a workshop for de-
velopers, planners, and regulators in late 1990.

BPA is also participating, with the University of Hawaii and
the Electric Power Research Institute, in a project aimed at im-
proving our ability to use slim holes for reservoir assessment.

Table 3. Geothermal leases in Oregon in 1988

Types of leases Numbers Acres

Federal leases in effect:

Noncompetitive, USFS 153 234,638.54

Noncompetitive, USBLM 1 622.79

KGRA, USFS 1 100.00

KGRA, USBLM 7 16,465.12
Total leases issued:

Noncompetitive, USFS 357 685,805.79

Noncompetitive, USBLM 266 406,157.79

KGRA, USFS 8 11,924.61

KGRA, USBLM 62 118,307.85
Total leases relinquished:

Noncompetitive, USFS 204 451,167.25

Noncompetitive, USBLM 265 405,535.00

KGRA, USFS 7 11,824.61

KGR, USBLM 55 101,842.73
Lease applications pending 107 —_
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If the proposed technology proves to be feasible, then software
will be developed to facilitate use. Expected completion date is
mid-1991. A follow-on project might be a joint effort with a de-
veloper to test the technology in the Northwest.

DOGAMI APPLIED RESEARCH

DOGAMI formulated a scientific drilling program in 1987
(Priest and others, 1987a). Funding to support the program was
found in 1989 from contributions of $200,000 by the U.S. De-
partment of Energy (USDOE) and $100,000 by Oxbow Power
Corporation (OPC). A hole was rotary-drilled and casing was set
to 141 m in 1989 near Santiam Pass (Figures 5 and 6). The hole
will be diamond-cored to about 900 m, and temperatures will be
measured. It is hoped that the geologic and geophysical data from
this hole will help to better understand the geologic history and
regional heat flow near the axis of active volcanism in the Cascades.
Those interested in participating in the project are encouraged to
contact George R. Priest for further information.

In 1988, UNOCAL donated to DOGAMI core from four tem-
perature-gradient holes that is currently available for use in research
projects. The holes, drilled in the High Cascades near the South
Sister and Mount Jefferson (Figure 5), reached depths ranging
from 250 to 610 m. No temperature data from the holes are pubiicly
available, but detailed lithologic logs are being produced as part
of DOGAMTI’s scientific drilling program. The core is stored at
Oregon State University, with representative samples available for
inspection at DOGAMI.

An abstract in EOS (Priest and others, 1989) presents new
isotopic age data for the UNOCAL holes. The paper shows that
downward displacement on a complex graben structure in the San-
tiam Pass area is probably greater than or equal to 1.4 km. This
amount of displacement is consistent with earlier interpretations
of Taylor (1981). High permeability and geothermal fluids could
occur in fractures and intergranular pore spaces associated with
intra-graben faults and fill.

GEO-HEAT CENTER, OREGON INSTITUTE
OF TECHNOLOGY

The Geo-Heat Center at the Oregon Institute of Technology
(OIT) specializes in assisting in the development of low-temperature
(<90 °C) and moderate-temperature (90-150 °C) geothermal ap-
plications for direct use. The Center is under contract with USDOE
to provide geothermal services to state and federal agencies who
receive requests from engineering consultants, planners, and de-
velopers for development assistance on direct-use projects. The
assistance can range from answering technical questions and simple
consultations on methods, equipment, and applications to providing
feasibility studies. The Geo-Heat Center has published over 70
such feasibility studies, which are available as examples. The project
period is slated to run through the end of 1992.

The Geo-Heat Center continues to be involved in the evaluation
of the Klamath Falls geothermal aquifer. Its staff plays an active
role on the Klamath Falls Geothermal Advisory Committee and
continues to publish the Geo-Heat Center Quarterly Bulletin, which
has been in circulation since 1975.

ACTIVITIES OF OREGON WATER
RESOURCES DEPARTMENT

The Oregon Water Resources Department (WRD) low-temper-
ature geothermal program increased monitoring in the Klamath
Falls area for aquifer pressure, temperature, and water-quality data
in response to the City of Klamath Falls ordinance requiring injection
of all geothermal effluent by July 1, 1990. WRD continues to
monitor a light but persistent decline in the geothermal aquifer
of about 0.3 m per year.’ Local officials feel that injection will
halt this decline in the resource. WRD will continue to monitor
to see whether any further steps are needed to stabilize the aquifer.
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Jan Koehler recently joined WRD as a staff geologist, after
having recently worked for the State Health Division drinking-water
program. Jan brings a lot of water-quality control experience to
the Department, which should be very useful in the geothermal
program.

Senate Bill 237, passed in the last legislative session, requires
WRD to develop rules that address several geothermal issues. The
Department must adopt a “temperature below which low-temper-
ature geothermal appropriations shall not be protected from thermal
interference caused by ground-water appropriations for other pur-
poses.” The Department must also define terms such as “thermal
interference” and “substantial thermal alterations.”

Review of the statewide geothermal well and spring network
continues, as WRD attempts to consolidate the net and assign
monitoring efforts to the regional offices.

ACTIVITIES OF OREGON DEPARTMENT
OF ENERGY

In 1989, the Oregon Department of Energy (ODOE) continued
its research work, in cooperation with the Washington State Energy
Office, on behalf of BPA. Results of both 1988 and 1989 work
were presented to BPA in a July 1989 publication, “Innovative
Design of Geothermal Generating Plants.” ODOE put together
additional case studies of two small independent power projects
operating in Oregon. Neither was a geothermal plant, but the work
provides BPA with insight necessary to eventually contract with
a small geothermal developer.

ODOE provided comments on the Northwest Power Council
(NPC) geothermal-issue paper and at a December NPC hearing
presented testimony supporting geothermal energy development.

ODOE responds to public inquiries on geothermal energy de-
velopment from the public, answering over 120 such inquiries
in 1989. Since ODOE started keeping track of these inquiries in
1984, the yearly average is about 130 requests.

ODOE continues to certify geothermal tax credits for both homes
and businesses in the state. In 1989, 70 residential tax credit ap-
plications were reviewed and 59 final certificates issued. The total
number of geothermal residential tax credits issued from 1978
through 1989 is 596. Two geothermal business energy tax credit
applications were reviewed in 1989. The total number of geothermal
business energy tax credits issued from 1980 through 1989 is 40.

ODOE’s geothermal specialist also attended the USDOE geo-
thermal program review and the Geothermal Resource Council
(GRC) Small (Geothermal) Power Plant meeting, taught a com-
munity college course session on geothermal energy at Central
Oregon Community College, spoke at the USFS annual Lands
and Minerals Conference, and published a paper on financial aspects
of geothermal power plants for the annual GRC meeting.

RESEARCH BY OREGON STATE UNIVERSITY

Brittain Hill, a doctoral candidate at OSU, is continuing his
work on Quaternary ash flows in the Bend area (Hill, 1985) and
the silicic highland west of Bend. He will also be the field supervisor
for scientific work on the scientific drill hole at Santiam Pass.

Jack Dymond and Robert Collier of the OSU College of Ocean-
ography continued investigations at Crater Lake during the summer
of 1989. Their objective is to determine whether or not hot springs
exist on the floor of the lake. They contributed the following sum-
mary of their 1989 work.

Laboratory and surface-ship studies were extended during the
summer of 1989 with deployment of the single-person submersible
Deep Rover. The scientists used Deep Rover primarily to search
out, observe, and sample thermal features in the bottom of the
lake. In addition, they deployed in situ experiments to obtain time
series measurements of flow rates, composition, and temperatures
of the anomalous fluids found in certain parts of the lake. A total
of 24 dives were carried out. Of these, five were funded by the
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Figure 5. Physiographic provinces of western Oregon (after
Dicken, 1950), showing major areas of geothermal activity
discussed in text. 1. Location of Thermal Power drill hole
CTGH-1. 2. Breitenbush study area. 3. Santiam Pass study
area. 4. Silicic highland study area. 5. Location of CEC drill
hole MZI-11A. Edge of High Cascade heat-flow anomaly after
Black and others (1983).

USGS for observation and sampling of the lake’s submarine geo-
logic features. Four dives were funded by the National Geographic
Society in order to carry out biological observations of moss and
attached algae.

The submersible observations extended the areal coverage pro-
vided by the 1987 Remotely Operated Vehicle and the 1988 Deep
Rover studies. These extended surveys located many additional
colonies of chemoautotrophic bacteria. Most of the colonies were
located within the southern basin that received major attention
in 1988. However, a large area of bacteria coverage was located
in the deep waters near Palisade Point. All the bacterial com-
munities were associated with fluids 2-15 °C above the ambient
temperatures that are found in the deep lake. These temperature
anomalies are greater than those observed previously and, ac-
cording to Dymond and Collier, exceed the USGS temperature
criteria for geothermal waters.
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One of the most surprising discoveries of the 1989 studies
was the existence of pools of more saline water in the deep lake.
These pools have dimensions ranging from a few centimeters to
more than 10 m across. The pools are filled with fluids that are
more than an order of magznitude more saline than normal lake
waters. These waters have “>’Rn concentrations more than three
orders of magnitude greater than background lake concentrations
and have temperature anomalies of 2-6 °C above normal lake waters.
Pools in the basin adjacent to the Palisades Point exhibited evidence
of inlet and outlet channels in the sediments. These streamlike
features may not presently be flowing, but erosional forms suggest
that intermittent flow does occur. Bacterial communities of a variety
of forms are associated with the pools, including both iron and
sulfur oxidizers. The analytical program on the many aqueous and
solid samples is currently underway.

RESEARCH BY WASHINGTON STATE UNIVERSITY

Richard Conrey is finishing up a four-year study of the Mount
Jefferson area. He found that, for the last 2.5 Ma, about 200 km?
of the area has been the site of andesitic to rhyodacitic volcanism
(Conrey, 1988). He postulates that a granodiorite-tonalite batholith
lies at shallow depths beneath the area.

MOUNT MAZAMA (CRATER LAKE) AREA

The reader is referred to Black and Priest (1988) for a detailed
history of geothermal development issues at Mount Mazama prior
to July 1988.
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