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INTRODUCTION

Since 1978, the Division of Geology and Earth Resources of the Washington
Department of Natural Resources has participated in the U.S. Department of
Energy's (USDOE) State-Coupled Geothermal Resource Program. Federal and state
funds have been used to investigate and evaluate the potential for geothermal
resources, on both a reconnaissance ard area-specific level.

Preliminary results and progress reports for the period up through mid-
1980 have been released as a Divisicn Open File Report, OFR 81-3 (Korosec,
Schuster, and others, 1981). Preliminary results and progress summaries of
work carried out from mid-1980 through the end of 1982 are presented in
OFR 83-7 (Korosec and others, 1983). Only one other summary report dealing
with geothermal resource investigations in the state has been published to
date. An Information Circular released by the Division, I.C. 62, (Schuster
and others, 1978) compiled the geology, geochemistry, and heat flow
drilling results from a project in the Indian Heaven area of the south
Cascades.

The progress report for the geothermal program, covering the period up
to mid-1980, Open File Report 81-3 included information on temperature
gradients measured throughout the state, heat f1ow'dri111ng in the southern
Cascades, gravity surveys for the southern Cascades, thermal and mineral
spring investigations, geologic mapping for the White Pass-Tumac Mountatin
area, and area specific studies for the Camas area of Clark County and
Mount St. Helens. This work, along with some additional studies, led to
the compilation of the Geothermal Resources of Washington, Geologic Map
GM-25, (Korosec, Kaler, and others, 1931). The map is principally a non-
technical presentation based on all available geothermal information, pre-

sented as data points, tables, and text on a map with a scale of 1:500,000.




The progress report covering the period from mid-1980 through the end
of 1982, Open File Report 83-7 presented: chemical analyses for thermal
and mineral springs, including available U.S. Geological Survey data; dis-
cussions of the regional gravity work conducted in the Cascade Range; results
of the heat flow drilling program carried out during 1982; a discussion of
the low temperature geothermal resources of the Columbia Basin and surrounding
regions of eastern Washington; a progress report for the time-space-composition
modeling project for south Cascades Quaternary volcanics; a summary of the
findings for the White Pass-Tumac Mountain-Bumping Lake area geologic happing
project; a synopsis of the geohydrologic studies and modeling of the thermal
aquifers in the Yakima Valley area; and a summary report on progress and pro-
posals for the state's most significant geothermal resource targets. Since
the release of the 1980-1982 progress report, several additional projects
have been completed. The results of these projects are available as open
file reports, as described below.

The results of the 1983 temperature gradient and heat flow drilling
project are discussed in Open File Report 83-12. The two areas examined were
the Green River Soda Springs near Mount St. Helens, and the Mount Baker area.

Open File Report 83-10 consists of a soil mercury project report prepared
by two geology students who conducted the work as part of the Department of
Natural Resources' intern program. The studies were concentrated in the
Green River Soda Springs and Marble Mountain areas just beyond the boundaries
of the Mount St. Helens National Volcanic Monument.

Geologic mapping for'the Wind River area by Dulcy Berri, a subcontractor
to the Division, is presented in Open File Report 83-5. A discussion of the

geothermal potential of this portion of the Columbia River Gorge is included.



Npen File Report 83-11 consists of a geohydrologic study of the thermal
aquifers in the Moses lake-Ritzville-fonnell area of the Columhia Rasin, The
work was carried out by Scott Widness, a graduate student at Washington State
Hniversity.

Open File Report 83-13 presents geochemical analyses, age dates, and flow
estimates for Quaternary volcanic rocks of the southern Cascade Range of
Washington. The work was carfied out by Nr., Paul Hammond, Portland State
liniversity, through a subcontract.

Open file Report R4-1 presents the results of chemical analyses of thermal
and mineral springs investigated in 1982-19R3, A tahle of spring geochemistry
from the 1.S. Geological Survey (not previously reported in other Division
progress reports) has heen included. |

The piesent report is meant to serve as (1) a summary of project activity,
‘'with references to the puhlications produced, and (?) a summary of the project
findings, as they relate to specific geothermal resource target areas. It is
recommended that the individual project open file reports and the "annual"
program summary open file reports be consulted for details on study area,

methods, and specific findings.
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PART 1, - SUMMARY OF PROJECTS AND PRODICTS FOR THF

GEOTHERMAL "PRNGRAM IN TRE STATE OF WASHINGTNN
1978-1983

Nuring the course of the geothermal program, many different projects were
conducted by personnel of the NDivision of feology and Earth Resources and by
subcontractors working for the division. In the following sections (A and RY,
brief descriptions of these projects and the publications which have been
produced are discussed. BRoth progress reports and final reports are included,
consisting of open file reports (0NFR), geologic maps (M), and university theses.
Section C lists the publications which serve as data sets, arranged by major
topic. Full references for the reports are presented in Section N, the Tist

of publications,

A. Major Projects of the Geothermal
Exploration Program

Thermal and Mineral Spring Chemistry

Nuring the geothermal assessment program, most of the state's known thermal
and mineral springs were sampled and analyzed by the division. Major and
significant minor anion and cation concentrations were measured and used
with various geothermometers to estimate reservoir equilibrium temperatures.

Npen File Report (NFR) AN-11 was an early compilation of thermal and
mineral spring locations, including information on temperature and conductivity.
In Chapter 4 of NFR R1-3, chemical analyses and several site-specific des-
criptions were presented for springs examined from 1978 through 19R0,

Chapter 3 of OFR 83-7 serves as a compilation of all available information
on thermal and mineral springs up to 1983, including locations, geochemistry
(from the Division as well as the !1.S. Geological Survey), geothermometers,
and several site-specific descriptions. OFR R84.1 presents geochemical
analyses for springs examined and analyzed by the NDivision in 1983,
Additional geochemical data from the 11,S. Geological Survey are also pre-

sented in OFR R4-1,
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Heat Flow Drilling

A major portion of the Geothermal Exploration Program has been the drilling
of 500 foot temperature-gradient and heat5f1ow holes within regions and areas
where down-hole information had not heen previously available,

The first heat flow drilling project was part of a 1975-1976 National
Science Foundation-sponsored program to explore the Indian Heaven Nuaternary
volcanic region of the southern Cascades. Results were presented in Information
Circular A2, "Heat Flow Studies in the Steamboat Mountain-lLemei Rock area,
Skamania County, Washington".

Nuring the Summer and Fall of 1979, 11 holes were drilled, primarily in
the southern Cascades. Sites include Longmire, Randle, Packwood, Ohanapecosh,
White Pass, Mount St. Helens (3 sites), and Camas (? sites). Chapter 4 of
OFR 81-3 presents the locations, temperature gradients and heat flow values
for these holes.

During the Summer of 1981, 11 temperature gradient heat flow holes were
completed, including the sites at Scenic (? sites near Scenic Hot Springs, Stevens
Pass area), Sncqualmie Pass (? sites), White River, Clear Creek and Sand Ridge
(east of White Pass), Tieton, Wind River, Trout Creek Hil1l, and Klickitat.
Locations and results were presented in OFR 81-8 and Chapter f of OFR 83-7,

Three temperature gradient heat-flow holes were drilled during_the summer
of 1983, including one néar the Green Rivér Soda Springs northwest of Mount
St. Helens, and two holes in the Mount Baker area. The Tocations and results

for these holes are presented in OFR 83.12,
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Temperature fradient Measurements

Besides measuring temperature gradients for the 500-foot holes drilled
for heat flow studies, the division measured numerous temperature gradients
in existing wells. Most of the wells are located within the Columbia Rasin
and around its perimeter. Locations and hottom-hole temperatures for many
of these wells were shown on the 1981 Geothermal Resource Map of Washington,
GM-25. A collection of the best quality gradients up to 1981 are listed and
plotted in OFR R0-9, A1l temperature-gradient information collected from wells
since the program bhegan up to 1983 are listed in a computer file called
WELLTHERM which is available as a printout in OFR R2-2, Results of the gradient
measuring projects are discussed in OFR 82.1 and Chapter 7 of NFR 83-7,
Additional gradient information is presented in reports generated by two
area-specific hydrologic studies, including OFR 81-7, OFR R?-6, Chapter 10
of OFR 83-7, and the John Biggane thesis for the Yakima area; and OFR 83-11

and the Scott Widness thesis for the Moses Lake-Ritzville-Connell area.

Cascade Range Regional fGravity

The NDivision supported gravity studies of the north and south Cascade

* Mountains province through subcontracts with Z. F. Danes of the University of

Pugéf Sound and Danés Research Associates, Tacoma, Washington. The purpose

of the work was to gather haée]ine gravity data for contribution to

‘geothermal resource evaluation, with a goal of achieving a gravity station

dedsify of about one QraVity;stétion per 5 mi?.

"“Information collected as part of the regional gravity survey has heen
presented in four publications. The principal facts for all of the gravity
stations and a discussion of terrain correction methods were released as
0FR R3-1, Contoured Bouguer gravity anomaly maps for the north and south
sections of the Cascades were published as GM-?27 at a scale of 1:750,000,

In Chapters 4 and 5 of OFR 83.7, W, M, Phillips described the reductions used

-h-



to produce the maps, and presented preliminary interpretations of the gravity
trends and anomalies. DN. Dishberger prepared residual gravity maps for the

southern Cascade Mountains using Fourier analysis in OFR 83-4,

Geohydrology Study of the Yakima Area

The geohydrology of the low temperature geothermal resources of the Yakima
area was studied by John Biggane of Washington State liniversity. This thesis
project was funded by the Nivision through a subhcontract with Biggane. A pre-
liminary report was released as NFR R1-7, Riggane's thesis, "The Tow tem-
perature geothermal resources and stratigraphy of portions of Yakima
County, Washington" was released by Washirgton State University in 1982,

This same publication was released by the Division as NFR 87-6f, and a con-
densed version of this study was presented in Chapter 10 of 0OFR 83-7. The
computer-processed geophysical logs for the area, collected by Washington

State University over the past decade, were released as OFR 83-2,

Low Temperature Geothermal Resources of the Moses Lake-Ritzville-Connell Area:

Geohydrologic studies of the Mnses Lake-Ritzville-Connell area of the
Columhia BRasin were carried out by Scott Widness, a graduate student at
Washington State !niversity (WSH). The work was supported by the Division
through a suhcontract.

The first publications dealing with the resources of this region were
the geothermal map GM-25 and a report on the potential low temperature gen-
thermal resources throughout the Columbia BRasin (NFR 82-.1 and Chapter 7 of
OFR R83-7). The area-specific project conducted by Scott Widness was sum-
marized in OFR 83-11. The thesis produced for this project is scheduled
for release in early 1084, Computer-processed geophysical logs collected

by WSH and used in Widness' studies are found in OFR 83-14 and NFR R3-15.
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Geology of the White Pass-Tumac Mountain-Bumping Lake Region

The White Pass-Tumac Mountain geologic mapping project was begun in 1978
and expanded to include Bumping Lake to the north and Goat Rocks to the south.
Work was carried out by Geoff. Clayton, a graduate student at the University
of Washington, and supported by the Division through a subcontract.

The region 1ies in the northeastern part of the southern Cascades of
Washington, which form the crest between the Columbia Basin to the east and
the Puget Sound Trough, Cascade foothills, and Mount Rainier to the west.

Detailed field mapping, petrologic and geochemical studies, and radio-
metric dating of rock units in the area were designed to clarify the record
of Quaternary volcanism, define the major structures which control the
location of a high-level silicic magma chamber inferred to exist beneath the
northwestern portion of the area, and permit a better understanding of smaller
scale structures which might control hydrothermal systems and localization of
heat.

A preliminary progress report was presented in Chapter 6 of OFR 81-3.

The preliminary map was made available as OFR 80-8, at a scale of 1:24,000.
The final report and map comprise a Master of Science thesis at the University
of Washington entitled, "Geology of the White Pass Area, South-Central Cascade
Range, Washington". Sections of the thesis dealing with Pliocene to Recent
volcanic activity and distribution of volcanic centers and products in the

area were compiled in Chapter 9 of OFR 83-7.

Wind River Geology

Dulcy Berri, Portland State University, was subcontracted by the Division
to map the geology of the lower Wind River drainage and surrounding ridges,
from Trout Creek Hill south to the Columbia River Gorge. The results were
presented in OFR 83-5. The report includes a map at a scale of 1:24,000,
cross sections, petrochemical data, age dates, and a discussion of the geo-

thermal potential of the area.



Geochemistry of Southern Cascade Mountains Nuaternary Volcanic Rocks

A geolngic and genchemical invesfigation of the Nuaternary volcanic racks
of the southern Cascades was carried out by Paul Hammond, Portland State
University, through a subcontract with the nivisjon. The study area exfended
from the Columbia River north to the Cowlitz River and Goat Rocks Wilderness
Area, and from the Klickitat River west to ahout longitude 122° W, Whole-rock
chemical analyses, selected trace element geochemistry, volume approximations,
specific gravity determinations, and locations were determined for 103 samples.
Radiometric dates were determined for ?1 of the basalt and hasaltic andesite
flows.

Preliminary progress was reported in Chapter 8 of OFR 83-7. Tables of
age dates, geochemical data, and‘vo1umes, along with a location map, are

presented in OFR 83-13,

Soil Mercury Studies

So1l mercury surveys were conducted by two interns working for the Nivision,
Jenny Holmes and Kathleen Waugh, The areas coveréﬁ were the Green River Soda
Springs region northwest of Mount St. Helens, and the Marble Mountaiﬁ region
southeast of.Mount St. Helens, The results of their stud*éé, including two

maps and a detai1ed description of the project, are presented in OFR R3-10,

R. Additional Projects

The following reports were completed for projgcts.condqtted ering earlier
vears of the geothermal program. |
a. Resistihity of the Camas, Washington area;'(ﬁppehdjx C of‘dFR 81-3.
b. GedthérmaT'investiqations’iq the Camas area: Chapter 7 of OFR R1-3,
c. Area-specific studies atiMoqht St.vHe1gns: Chapter .8 of OFR.91-3.

"d. Fault map of Washington: 0FR 30-? and.0FR 81-1.




C. Data Sets
Compilations of data generated or collected by the geothermal program over
the past five years have been released in several separate publications, many
of which have already been mentioned,

a. Gravity: Principal facts for Cascade gravity are tisted in OFR 83-1.

b. Temperature fradients: A1T good quality temperature gradients up to
1981 are listed and plotted in NOFR RN-9, Information collected since
then, along with the older data, are listed in a computer file called
WELLTHERM (an updated: version of OFR 82-2), GM-?5, NFR 83-2,

OFR 83-14, and OFR R3-15,. also include temperature gradient information.

c. Heat Flow Drilling: Results of the various heat flow drilling projects
aﬁe presented in Chapter 3 of OFR 81-3, OFR 81-8, Chapter A of OFR R3-7,
and OFR 83-12. A1Y of the information has: heen drawn together in a
report being prépared:by Navid N. Blackwell of Southern Methodist
Iniversity for the !1.S. Départment of Fnergy Geothermal Program, under
separate contract, and will He available through the nivisi&n.

d'. Spring and Well Geochemistry: Chapter 3 of OFR 83-7 and OFR R4-1
contain several tables which present all available data for thermal
and mineral springs i Washington.

e. Petrochemistry: Petrochemical data for Cascade Ouaternary volcanic
Focks are presented i a' thesis: By Geoff. Clayton for the White Pass-
Tumiac Mountain PYateau: area, and' in OFR R3x13 for the south Cascades.

f. Geophysical WeTl Logss WeTT Yogs are only availahble for the Columbia
Rasin: area: and’ have heer releéased as NFR: R3-7, OFR 83-14,. and’ OFR 83-15.

g SO1V Mercury: Vatues: ATY soil mercury values collected in the southern
Caseade region are prasénted i OFR R3=10. They dre restricted to the
specific areas studied: around’ Areen River Soda Springs. and Marble: Mountain.

fie RIRYTography: A ﬁ*ﬁffGQFaﬁHy‘df geothermal reports and articles for the

State of Wishington 1s presented in OFR R0-4 and Chapter 12 of NFR R3-7.



D. LIST OF PUBLICATIONS

Open File
Report

80-4 Korosec, Michael A., 1980, Bibliography of geothermal resources infor-
mation for the State of Washington: Washington Division of Geology
and Earth Resources DOpen-File Report 80-4, 17 p.
(NOTE: Also released as OFR 81-3, Chapter IX.)

80-8 Clayton, Geoff., 1980, Geology of White Pass-Tumac Mountain area,
Washington: Washington Division of Geology and Earth Resources
Open File Report 80-8, 1 map, scale 1:24,000.
(NOTE: Also released as OFR 81-3, Appendix B.)

80-9 Blackwell, David D., 1980, Heat flow and geothermal gradient measure-
ments in Washington to 1979, and temperature-depth data collected
during 1979: Washington Division of Geology and Earth Resources
Open-File Report 80-9, 524 p.

80-11 Korosec, Michael A., 1980, Table c¢f thermal and mineral spring locations
in Washington: Washington Division of Geology and Earth Resources
Open File Report 80-11, 6 p. (NOTE: Also released as OFR 81-3,
Table 4.1).

81-3 Korosec., Michael A.; Schuster, J. Eric, with Blackwell, David D.;
Danes, Z. Frank; Clayton, Geoffrey A.; Rigby, J. A.; McEuen,
R. B., 1981, The 1979-1980 gecthermal resource assessment program
in Washington: Washington Division of Geology and Earth Resources
Open File Report 81-3, 270 p., 1 map, scale 1:24,000.

81-7 Biggane, John H., 1981, The low temperature geothermal resource of
the Yakima region - A preliminary report: Washington Division
of Geology and Earth Resources Open File Report 81-7, 70 pages,
3 plates.

81-8 Schuster, J. Eric; Korosec, Michael A., 1981, Preliminary report on
heat flow drilling in Washington during 1981: Washington Division
of Geology and Earth Resources Open File Report 81-8, 36 pages.

82-1 Korosec, Michael A.; Phillips, William M.; Schuster, J. Eric, 1982,
The low temperature geothermal resources of eastern Washington:
Washington Division of Geology and Earth Resources Open File
Report 82-1, 20 pages, 2 figures, 1 table, 1 appendix.

82-2 Korosec, Michael A.; Phillips, William M., 1982, WELLTHERM:
Temperature, depth, and geothermal gradient data for wells in
Washington State: Washington Division of Geology and Earth
Resources Open File Report 82-2, 3 sheets, 1 table.

82-3 Korosec, Michael A,, 1982, Table of chemical analyses for thermal
and mineral spring and well waters collected in 1980 and 1981;
Washington Division of Geology and Earth Resources Open File
Report 82-3, 5 pages.
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Open File
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136 p., 58 figures, 4 plates, 11 tables.
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15 p., 1 appendix.

83-2 Biggane, John, 1983, Geophysical logs from water wells in the Yakima
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Resources Open File Report 83-2, 53 p.
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the southern Cascade Mountains, Washington, using Fourier analysis:
Washington Division of Geology and Earth Resources Open File
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83-7 Korosec, M. A.; Phillips, W. M.; Schuster, J. E.; Danes, Z. F.;
Biggane, J. H.; Hammond, P. E.; Clayton, G. A., 1983, The 1980-
1982 geothermal resource assessment program in Washington; with
chapters on thermal springs, gravity investigations, heat flow
drilling, low-temperature resources in eastern Washington,
geology of the south Cascades and White Pass areas, and targets
for geothermal resource exploration: Washington Division of
Geology and Earth Resources Open File Report 83-7, 299 p.

83-10 Holmes, Jenny; Waugh, Kathleen, 1983, Targeting geothermal exploration
- sites in the Mount St. Helens area using soil mercury surveys:
Washington Division of Geology and Earth Resources Open File
Report 83-10, 13 pages, 3 appendices.

83-11  Widness, Scott, 1983, Low temperature geothermal resource evaluation
of the Moses Lake-Ritzville-Connell area, Washington: Washington
Division of Geology and Earth Resources Open File Report 83-11,
28 p.

83-12 Korosec, M. A., 1983, The 1983 temperature gradient and heat flow
drilling project for the State of Washington: Washington Division
of Geology and Earth Resources Open File Report 83-12, 13 pages.

83-13  Hammond, Paul E.; Korosec, Michael A., 1983, Geochemical analyses,
' age dates, and flow-volume estimates for Quaternary volcanic
rocks., Southern Cascade Mountains, Washington: Washington Division
of Geology and Earth Resources 0Open File Report 83-13, 36 pages,
1 map. :
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Part 2. Summary of Progress and Proposals for Washington's
Geothermal Resource Targets

Introduction

During the course of conducting the statewide reconnaissance study of
Washington's potential geothermal resources, several specific areas and
hroader regions have been identified as targets which warrant a more con-
centrated effort. Over the past three years, the program has continued to
identify new sites, hut has concentrated on hetter defining the resource
potential of the best areas. Fiqure 1 shows the Incations of these
geothermal areas, and Tahle 1 presents the level of progress for each area,
expressed as a percentage of completion for the various exploration tasks.

In the following section, descriptions of the geothermal target areas
are presented. Much of this material has been summarized from earlier

reports, especially Korosec and others, 1981 and Korosec and others, 1083,

feothermal Target Area Nescriptions

Olympic and Sol Nuc Hot Springs: Because these hot springs are within the

ﬂlympié National Park, very 1itt1e’éttention has been paid to them despite
their 60°C surface temperature. The water chemistry and regional geo]ogy
suggest that the temperature is the result of deep circulation through per-
Qeah]e structures, probably fau]ts, Fquilibrium reservoir temperatures as
indicated hy cHémica]‘gébthermometers,_aré about 100°C. See Korosec and

others, 1081, for further information on the Sol Nuc Hot Springs area.
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Figure 1. Geothermal Resources of Washington
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The development of these resources will need to he consistent with the
philosophy of the National Park Service, and will likely include a greater
use of the Sol Nuc resource for pool and space heating than is currently
taking place. Olympic Hot Springs will be left in a "natural" state, with
no development planned for the future.

For a better understanding of the geolngic nature of these systems, an
important information void to fill is the lack of temperature gradient
and heat-flow data for the area. The entire Dlympic Peninsula is suspected
to be a relatively low heat flow province, with gradients less than 40°C/km,
but very little downhole temperatura information exists in support of this.
In addition, a shallow drilling program in the vicinity of the hot springs
will provide information on the depih and extent of the shallow aquifers,
thought to be the lower portion of the valley filling alluvium, and could

hetter define the structure which controls these hot springs.

ilacier Peak: Glacier Peak, part of the North Cascade Range, is a primarily
andesitic Nuaternary stratovolcano. While the most significant period of
recent activity occurred hetween 5,000 and 14,000 years ago, smaller tephra
eruptions have occurred as recently as 100 to 300 years ago (Reget, 1087),
The volcano is part of the Glacier Feak Wilderness Area in the Mount Raker-
Snogquaimie National Forest.

food qenlogic mapping exists for the area (Tabhor and Crowder, 19AR), and
the recent eruptive history, of the volcano has been documented in detail
(Reget, 1982),

Fossil and possihly still active solfataric areas on the upper slopes
of the volcano suggest that a high temperature reservoir exists within the
upper part of the cone, Hot springs on the lower flanks suggest that a
substantial high temperature reservoir exists below the cone, -especially on

the northeast and west sides.
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Kennedy Hot Springs (38°C) is located about 5 km west of the peak and
about 3 km inside the Wilderness Area Boundary. The springs may arise from
a reservoir with an equilibrium temperature from 170 to ?220°C, based on the
water chemistry and geothermometers.

Gamma Hot Springs (AK°C), located about 5 km ﬁortheast of the peak, has
one of the highest surface temperatures of any hot spring system in the State
of Washington. Water chemistry suggests that it may originate in a reservoir
with a temperature of 200 to ?15°C.

Within the valley of the Suiattle River, ahout 11 km northeast of the
peak, a group of cold mineral seeps flow from alluvium on the east side of
the river, The water is sodium chloride-type, similar to Gamma Hot Springs.
The water chemistry suggests a reservoir equilibrium temperature in the range
of 170 to 225°C. The Suiatt]e River Mineral Seeps are possibly related to
Gamma Hot Springs (4.5 km southwest and upslope from the seeps) and may be
part of the volcano's geothermal system.

Sulphur Creek Hot Springs (37°C) is located about 17 km north of the
peak. Its water chemistry suggests that the spring is part of a moderate-
temperature system, probahly the result of deep circulation. 0n the hasis
of its chemistry and distance from Glacier Peak, Sulphur Creek Hot Springs
is probably not related to the stratovolcano's geothermal system,

Nespite the high potential of the Glacier Peak systems, very little geo-
thermally oriented geologic work has been completed. To date, no shallow
drilling for temperature gradients and heat-flow determinations have heen
performed, and no information from geophysical surveys, such as gravity and
resistivity, is available. The principal reason for this is the wilderness

status of the Glacier Peak area, which precludes most types of exploration.
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The area outside of the western houndary of the wilderness area deserves
further attention. It is only 3 km from Kennedy Hot Springs, and is easily
accessible by existing logging and recreational roads. The land is part of
the Mount Raker-Snoqualmie National Forest. Recommended preliminary work
includes geochemical samp]ing of springs in the area, soil mercury surveys,
and shallow drilling for temperature gradient information, especially in the
White Chuck River and North Fork Sauk River drainages. It may he found that
holes deeper than 1650 meters will be needed to adequately test the tem-
perature gradients in the river valleys, due to possibly deep river deposits,

glacial debris, and mudflnow deposits.

Mount Baker: Mount Raker is a fNuaternary stratovolcano on the western front
of the Morth Cascades. [t is located within the Mount Raker-Snoqualmie
National Forest, and has been designated a National Forest Recreation Area.
The bulk of the mountain's edifice was formed prior to the last glaciation,
with the earliest activity extending as far bhack as 400,000 years ago (Rlack
Ruttes volcanics) (Swan, 1980), There has heen some activity within the
tast 180 years, according to numerous historic accounts. Fumarolic activity
at the Norr fumarole field and within the Sherman crater suggests that a high
temperature geothermal system exists within the upper part of the cone.

The best detailed geologic mapping for the area is provided by McKeever
(1977) (south flank only), Blackwell (1983) (reqion beyond the south and
east flanks), and Swan (1980), while regional reconnaissance geology is pre-
sented by Moen (1969). Studies which pertain to surficial expressions of
the upper cone hydrothermal reservoir include Friedman and Frank (1974),
Frank and Friedman (1975), and Hyde and Crandell (1978), The volcanic

hazards aspects of this volcano are addressed by Hyde and Crandell (1978),

-19..




The occurrence of BRaker Hot Springs (45°C), about 11 km east of the peak,
suggests that a geothermal system may extend at depth well beyond the topo-
graphic limits of the volcanic pile. The water chemistry at Raker Hot Springs
sugqgests that the reservoir equilibrium temperature of this system may range
as high as 150 to 170°C., There are also reports of other hot springs in the
area, including submerged thermal springs in the Swift Creek drainage north
of Raker Hot Springs. Along the North Fork Nooksack River to the north of
the volcano, several mineral and possihly thermal springs and seeps are
rumored to exist.

A 140-meter-deep heat-flow hole was drilled about 14 km to the southwest
of Raker Hot Springs in August, 1983, Hot water similar to the hot spring
was encountered, and a hottom hole temperature of 48°C was measured. Two
temperature gradients were observed; ?00°C/Km in the upper portion of the
hole, and 100°C/Km in the lower 1/3 of the hnle.

Abpout 8 km south of the peak, in Schrieber's Meadow, a cinder cone and
several water-filled boccas mark the vent area which produced the numerous
andesite flows of the Sulphur Creek and Rocky freek drainages. The vent was
active in Holocene time, younger than about 10,000 years, hut older than the
6,700 year old Mazama ash which lies on the surface of some of the distal
flows. While no present-day thermal manifestations have been found in the
vicinity, the re]ative]y young age of this vent, the volume of andesite
produced, and the comparatively easy access to Schrieber's Meadow (in com-
parison to the upper slopes and crater areas of the peak) make this area a
prime target for further geothermal exploration.

‘Additional features of interest in the Mount Raker area include rela-
tively young volcanic centers on Ptarmigan Ridge and in the upper Boulder
Creek drainage, a deep gravity low on the west and south-southwest sides of

“the volcano fabout 50 to AN mgals) extending from the Schrieber's Meadow
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area to the Rlacier Creek VYalley to the northWest, and a slight gravity high
near the Raker Hot Springs area.

Nuring tate 1981 through 1983, Nevin, Sadlier-Brown, foodbrand, Ltd.,
conducted a preliminary reconnaissance survey of the Mount Baker area for
Seattle City Light. This was followed up by further reconnaissance and area-
specific tasks in a number of targel areas. The work included resistivity
surveys, soil mercury measurements, and water conductivity determinations.

As of this writing, much of the results of the work were proprietary, and
therefore confidential. It is expected that the information will be released
in the near future,

Only one temperature-gradient hole is availahle for the Mount Raker area,
Tocated near the Raker Hot Springs. As such, the drilling of several inter-
mediate depth temperature-gradient/heat-flow holes around the flanks of
Mount Raker, especially in the Schrieber's Meadow area, and the region west
of Raker Hot Springs, should be carried out as part of any further explora-
tion program. Tn addition, detailed gravity surveys and resistivity
measurements in the Schrieber's Meadow area should be conducted in an effort
to identify the underlying structure and determine the cause of the deep
gravity Tow, This could he followed up by seismic profiling which would
also define structure, hut the rugged terraine would make such surveys

difficult to conduct.

Central fascades: The central Cascades region of Washington, informally

defined as the area extending from Mount Rainier north to about Glacier
Peak, is characterized primarily by Tertiary Vb1can1cs and sediments, inter-
rupted by numernus N1jgocene(?) fo Miocene intrusives, The ownership is
primarily 1.S, Forest Service (Mount Raker-Snoqualmie National Forest),

with lesser private ownership concentrated in the foothills and major valleys.

-21-
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The only sugdestion of geothermal potential in this region is the occurrence
of four isolated thermal springs. They include Garland Mineral Springs
(79°C) in the Skykomish River valley, Scenic Hot Springs (50°C) on the
southern slope of the Skykomish River valley near Stevens Pass, fnldmeyer
Hot Springs (53°C) near the Middle Fork of the Snogualmie River drainage,
and Lester Hot Springs (49°C) in the Green River valley.

Scenic and foldmeyer systems have chemistries which suggest that their
reservoir equilihrium temperatures are near 10N0°C. The springs are likely
the result of deep circulation of meteoric water. See Chapter 3 of.Korosec
and others, 1983, for additional information on these springs.

Garland Mineral Spring has a chemistry which suggests a high reservoir
equilibrium temperature of 1f6 to 19n°C, It flows from river alluvium and
glacial debris in a valley cut through Miocene granite and granodiorite and
pre-Tertiary metamorphic rocks. A north-south trending fault thought to be
a part of the Straight Creek Fault system has been projected across the valley
at Garland (Tabor and others, 1982), The closest Nuaternary volcanic centers
are the White Chuck and Indian Pass cinder cones about ?1 km to the northeast,
and Rlacier Peak, about 30 ki to the rorftheast. Little else is known abhout
this spring system, but on the basis of its chemistry, Garland is probably
the best geothermal target in the central Cascades.

Lester Hot Springs may also have a moderately high reservoir temperature,
about 170 to 150°F, but its lecation within the City of Tacoma Watershed
complicates exploration and evéntual development. See Korosec and others
(1681) for further information on Lester Hot Springs.

Véry 1ittle heat=flow and temperature=gradient information has heen
cHl1actad from the central Gascades. The area just north of~Mount'Radnior'
and the Shoqualmie Pass area produced very low heat flow, about S0 mW/m”»

Kt twe holes near Scenic and Stavens Pass produced relatively high heat
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flows of about 100 to 140 mW/m?. As such, the general character of the
heat flow for the hulk of the ceniral Cascades has yet to he determined.
The temperature gradients at the holes near Scenic are 35 and R5°C/km.

In addition to reconnaissance heat flow drilling in this region, deeper
drilling may he warranted in the Garland and Lester areas as part of future
exploration activity. There should be an attempt to collect geothermal
fluids from deeper portions of the spring systems with these deeper holes,

along with the determination of gradients at depth,

South fascades: The southern portion of Washington's Cascades consists of

uplifted Tertiary volcanics, capped in places by Nuaternary stratovolcanoes,
cinder cones, shield volcanoes, and lava flows. There are several specific
targets within this gengraphic province, including Mount Rainier, Mount St.
Helens, Mount Adams, and the Columbia River Gorge--Wind River areas. Fach
of these targets is discussed separately in this chapter.

Most of the young volcanics in the South Cascades are monogenetic basalt
and basaltic-andesite flows and cones and polygenetic hasaltic shield
volcanoes, with only minor occurrences of more silicic products. The best
targets within this volcanic province should be judged by a combination of
a) age of volcanic centers, b) density of volcanic centers and/or volume of
volcanics in the area, and ¢) composition of volcanics, with the more silicic
centers heing most favorable.

The hest comhination of density and relative youth of volcanic centers
nccurs in the Indian Heaven area of the Gifford Pinchot National Forest.
North-south oriented fissure zones have produced hasalts which éover 2,20N
km?, The oldest flows are from about 140,000 to A9N,0N00 years old, hut the
majority of flows are 20,000 to 13n0,NNN years old (Hammond, 198N), Several

flows are of recent age, perhaps only a few thousand years old, including
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the very large Big Lava Red. Individual centers and their ages are discussed
in Schuster and others (1978), and Hammond (1980). The Indian Heaven area

is also the location of a large, relatively deep (about 2?5 mgals) gravity
l1ow, centered near the main fissure zones,

NDespite the concentration of young volcanics, no thermal or mineral
springs occur in the vicinity of Indian Heaven. It is suspected, however,
that any upwelling thermal fluids would bhe rapidly diluted by the deep
penetrating meteoric-ground water in this region of high precipitation.

Nuring 1975, a shallow drilling project found temperature gradients of
45 to AN°C/km, and heat flows of about &0 to 70 mW/m” (Schuster and others,
1978). The drill holes were only 150 meters deep, and were obviously
influenced hy ground water flow to depths of 50 to 9N meters. Recause there
are doubts as to whether or not this adequately characterizes the area's
temperature gradients and heat flow, deeper holes, of AON meters or greater,
should be dri]]ed before the Indian Heaven area is removed from further geo-
thermal consideration.

A similar concentration of hasaltic centers occurs within the King
Mountain fissure zone, east of Indian Heaven and south of Mount Adams. These
volcanics are older than those of Indian Heaven on the average, but some of
the centers may be only a few tens of thousands of years old, Very little
js known about the King Mountain area's geologic nature and geothermal
potential. Geologic maps of the area are provided by Sheppard (19A4),
Hopkins (1976), and Hammond (1980), Recause of its proximity to Mount Adams
and favorable land status (primarily 1.S. Forest Service land designated for
multiple use), future exploratory efforts should be conducted in the area,
with an emphasis on intermediate drilling, age dating, and structural mapping.

Another area of concentrated volcanic centers, south of Mount St. Helens

and northwest of Trout Creek Hill, includes West Crater and Soda Peak.
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The land is part of the Gifford Pinchot National Forest. West Crater is a
hasaltic cinder cone with two intra-canyon lava flows of Recent age. It may be
one of the youngest volcanic centers in the state, aside from the five main
stratovolcanoes {Paul Hammond, perscnal communications). Timbered and Soda Peaks
are volcanic centers which produced hornblende andesite flows. They are signi-
ficantly older than West Crater, probably of Middle to lLate Pleistocene age.

Bare Mountain crater, however, which consists of andesitic scoria atop the flows
northwest of Soda Peak, is well-preserved and probably of Recent age.

No temperature-gradient or heat-flow information is availabhle for the region
around Soda Peak and West Crater, and no occurrences of thermal or mineral springs
have been reported for the immediate area. The Government Mineral Springs and
Little Soda Springs occur 5 to A km east of Soda Peak, and may be related to the
Ouaternary volcanics which surround the area. Published geolngic mapping for the
area is very crude, but it should be greatly improved by a thesis mapping project
currently being carried out by Dave Polivka at Portland State llniversity.

Future work in the West Crater-Snda Peak area should include drilling of
shallow and intermediate holes for tamperature-gradient and heat-flow information,
and age dating of the volcanics. Geophysical surveys such as resistivity and
seismic profiling might be effective exploration techniques for later stage
exploration in this area. Recause of the extensive logging operations which have
persisted in this portion of the National Forest for many decades, an extensive

road system exists which should greatly facilitate exb]oration activities,

Columbia Gorge - Wind River Area: Along a section of the Columbia Gorge,

extending from about Skamania east toAabout the Little whité Salmon River,
several warm springs and wells with relatively high temperature gradients occur,
These are especially concentrated in the area of Carson, where the Wind River
flows into the Columbia River. Within the Wind River valley to the north of the

Columbia River, there are several mineral springs and high-temperature-gradient
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holes. Consequently, the Wind River valTey has been included as. part of the
Columbia Gorge geothermal target area.,

Land ownership in the' region is a comhination of federal, state, and
private. Along the Columbia River and through the lower portion of the
Wind River valley, the land is primarily under private ownership. Ahove
the rivers, valleys, and through the upper portion of the Wind River valley,
the ownership is primarily Federal (Gifford Pinchot National Forest). The
State of Washington owns lands along the periphery of the National Forest
and scattered throughout some of the private land. The entire region of the
Columbia Gorge is under study for some type of preservation, such as a National
Monument, which may influence development activity in the future.

fieologic mapping in the area is quite good, with coverage provided by
Hammond (1080), Wise (1961 and 1970), and Berri (10R3), The area of the forge
has a relatively low density of fNuaternary volcanic centers compared to areas
to the north and south. The closest volcanic centers are monogenetic bhasalt
cones and flows at or near Red Bluffs (Greenleaf Rasin), Rock Creek Rutte,
Cedar Creek, Reacon Rock, and Mt, Nefiance (Nregon). The Wind River Valley cuts
close to the Trout Creek Hi¥l volecano, whose bhasalt covers the floor of the
valley down to the Columbia Gorge. Trout Creek Hi11 is. close to the relatively
young West Crater and Soda Peak volcanic centers (see section on South Cascades).
The springs along the Gorge include Bonneville Hot Springs. (38°C) near
the town of North Bonneville (see Korosec and others, 1981, Chapter 4),
Rock Creek Hot Springs (35°C) 4.5 km northwest of Stevenson: (see Korosec
and others, 1983, chapter 1), (St. Martins (Carson) (54°C) and Shipherds.

Hot Springs (45°C) on' the Wind River near its mouth (see Kerosec and
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others, 1983, chapter 3), and Collins Hot Springs, near the hase of Wind
Mountain, DNue to the raising of the water level hehind Ronneville Nam,
Collins Hot Springs is submerged, but from historic accounts, the springs
at Collins were similar to St. Martins Hot Springs.

The chemistries of these springs suggest that they have reservoir equilibrium
temperatures of about 100°C or less, not significantly warmer than their surface
temperatures. They occur along suspected north-northwest trending faults, where
these faults intersect the major northeast trending lineament of the Columbia
River and Little Wind River (Hammond, 1980),

Wells drilied in the vicinity of the hot springs have produced spectacular
temperature gradients, as would be expected, and have encountered the warm
aquifers at relatively shallow depths. In the Bonneville area, the town of
North Bonneville drilled three shallow temperature holes, followed by an inter-
mediate depth exploration-production well. Gradients ranged from 55 to 120°C/km
in the 150 to 190 meter-deep holes. The production well, 680 meters deep,
encountered several different aquifers which produced a combined flowing tem-
perature of 4N0°C, and had a hottom hole temperature of 44°C, with an average
gradient of only 50°C/km, The effects of cooler water entering the well from
shallower depths may be significant, but have not been fully assessed.

A shallow (150 meter) heat flow hole near Shipherds Hot Springs, drilled by
the Diyision in 1081 {see Korosec and others, 1093, ;hapters 3 and A )? produced
a gradient of 3A6°C/km. A well drilled by a nearby property owner in 19872
penetrated to a depth of 100vmeters, encountgped 3?°C‘water at.about i70 meters,
and continued to have an increase in temperature helow the hot aquifer. The
gradient determined foq”this well was abouty1§3°C/km.{H{,,

Nnly a few other wells have been nmasured.in the surrounding.area, with mixed
results. Most are uncased and too shallow to produce good gradients, but some

give indications of gradients as Tow as 35°C/km and as high as only &5°C/km,
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However, a ?50-270 meter water well southwest of Home Valley along the Columbhia
River reportedly produced about ?8 to 3N°C mineralized water, which suggests a
temperature gradient of at least A5°C/km, and perhaps much higher,

About 20 to 27 km up the Wind River, two spring groups, Government
Mineral Springs and Little Soda Springs, produce cool mineralized water.
Their chemistries suggest they arise from reservoirs of 100 to 150°C at hest
(see Korosec and others, 1983, chapter 3). A heat-flow hole drilled about
5 km south of the springs and southeast of Trout Creek Hill produced a gra-
dient of R4A°C/km (see Korosec and others, 1983, chapter 6).

ther interesting features and observations for this area include the
occurrence of a broad east-west trending gravity high north of the Columbia
River which interrupts the large north-south trending Cascade Range gravity
Tow; a small gravity low superimposed on the regional high in the vicinity
of North Ronneville; high chloride content of the St. Martins Hot Springs
water; and very high pH values for all of the spring waters, especially for
waters from the Bonneville Hot Springs, Rock Creek Hot Springs, and
Bonneville Nrill Hole.

The Columhia Gorge and Wind River area is one of the hest areas for low
to intermediate temperature geothermal resources, hecause of the combination
of confirmed resource, favorable economics, nearby users, and currently
favorable land status and ownership. Additional exploration activities
which would add to the understanding of these geothermal resources include
the drilling of additional shallow temperature gradient holes and inter-
mediate depth holes (A00 meters) in the vicinity of thermal springs and
existihg high-temperature-gradient wells, and hydrological studies of the
shallow warm aquifers. Resistivity should he tested as a method to trace
the extent of the mineralized warm water aquifers. The bhest target appears
to be the St. Martins Hot Springs area. This target may extend southeast-
ward to the Wind Mountain-ColYins Hot Springs area, as suggested hy the warm

well southwest of Home Valley.
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Goat Rocks: The foat Rocks are high elevation volcanic ridges south of
White Pass and north of Mount Adams. This roadless area has been preserved
as a National Wilderness Area.

The Goat Rocks should bhe considered Washington State's sixth Ouaternary
stratovolcano., After ekp]osive rhyolitic volcanism during the late Pliocene,
activity shifted to calc-alkaline cone-building volcanism in the early
Pleistocene. This strato-volcanic activity continued until at least 1
million years ago. Most of the edifice, which at one time may have been as
large as Mount Adams, has been eroded and deeply dissected, primarily through
glacial activity. Additional geological information for this area is pre-
sented in Korosec and others (1983, chapter 9) and Clayton (1983),

No surface manifestations exist which suggest the presence of active
geothermal systems, except for a few reported mineral springs southeast of
Cispus Pass in the upper reaches of the Klickitat River (Geoff. Clayton,
personal communication). Cispus Pass is also an area of hydrothermal
alteration,

While no measurements have been made in the vicinity, it is suspected
that the area is characterized by above normal heat flow. This is suggested
by high temperature gradients and heat flows measured in surrounding regions,
and the presence of Nuaternary volcanic centers throughout the region.

Recause the Goat Rocks are part of a Wilderness Area, and closed to most
exploration and development, it is unlikely that further work will be con-
ducted in the near future, except for ongoing geological mapping and‘potpn-
tial mineral resources assessment for the region heing carried out hy the

1.5. Geological Survey.

Mount Adams: Mount Adams is a pyroxene andesite Nuaternary volcano
surrounded by a number of monogenetic, basaltic volcanoes. The eastern

portion of the mountain is part of the Yakima Indian Reservation. The rest
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of the vnlcano and much of the surrounding region are part of the Mount Adams
Wilderness Area. |

Because of the land status (Wilderness Area and Indian Reservation), very
1itt1e exploration has taken place in the region. The only areas that cnuld
he easily explored and eventually developed would be the Gifford Pinchot
National Forest Tands beyond the boundaries of the Wilderness Area on the
west, southwest, and south sides. The only thermal manifestation in this
region is Orr Creek warm springs (¥orosec and others, 1981). Water chemistry
from this 2n°C spring system suggests that the equilibrium reservoir tem-
perature may be as high as 200°C, but the water has a relatively low total
disso1ved solids content and probahly represents a highly diluted thermal
seep. The springs may haQe no relationship to the Mount Adams volcano, but
for lack of additional information, Orr Creek should be considered a prime
geothermal target worthy of further consideration and exploration. There is
no temperature-éradient information for the region, and as such, the drilling
of shallow to intermediate exploration holes should be carried out as part
of an exploration program, especially near Orr Creek and in the vicinity of
Potato Hill north of Mt, Adams. Potato Hill may be the youngest of the
numerous basalt volcanoes extending between Mount Adams and Goat Rocks, with
a possihly post-glacial age (Hammond, 1980).

On the south and southeast sides of Mount Adams, several bhasaltic shield
volcanoes and cinder cones of the King Mountain fissure zone occur., These
volcanic centers are primarily late Pleistocene in age. No thermal mani-
festations occur in the area, and no temperature-gradient or heat-flow
information has heen collected in the region. Intermediate drilling for
temperature gradient information might he the best means to assess whether

this area holds any potential for geothermal resources.
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Mount Rainier: This Nuaternary volcano, located within Mount Rainier

National Park, is the largest of the state's stratovolcanic mountains. It
is considered temporarily dormant, with the last minor eruptions reported

in the mid to late 1800's, 1Ice caves formed hy fumarolic activity in the
summit crater area and thermal seeps which occur near the terminus of several
of the major glaciers suggest that a significant hydrothermal system exists
within the upper cone. The occurrence of hot springs heyond the main edi-
fice of the mountain, at Longmire and Nhanapecosh, suggest that there may
also be a hydrothermal system which extends bheyond the topographic hounds of
the volcano. Chemistry of the waters from both Longmire (?8°C) and
Nhanapecosh (50°C) Hot Springs suggest the temperature of the systems may be
as high as 150 to 175°C.

Very little geothermal exploration has taken place at Mount Rainier,
primarily hecause it is within a National Park whose houndary extends about
17 to ?5 km out from the peak. Preliminary work outside of the Park boundary
has. not produced any high potential prospects, but the occurrence of a min-
eralized spring along the Puyallup River near the Park boundary (Pigeon Soda
Springs) may warrant further attention. The proximity of the Ohanapecosh
Hot Springs to the southeast corner of the Park suggests that this boundary
area may be a prime target for further studies, including intermediate depth

drilling and various geophysical work, such as resistivity surveys.

Mount St. Helens: Mount St. Helens is, without question, the most obvious

geothermal manifestation in the State of Washington, as a consequence of

its continuing eruptive activity since early 1980, Prior to that time,‘this
andesitic to dacite strétovolcano-wasvacprfme‘tarqet due~t0'a=combinatién of
factors, including the young age: of the mountain, historic reports of acti-

vity during the 19th century, fumarolic activity on its upper flanks,
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accessibility, and land status. ﬂwnership of the surrounding land was
divided between the I.,S. ForestbSérvice (Gifford Pinchot National Forest),
the State of Washington, and private concerns, primarf]y large timber com-
panies. Decades of logging in the area were respbﬁsih1e’for the construc-
tion of an extensive road éysteh.

In the wake of the major eruptions of the volcano, a National Volcanic
Monument. was established, which removes the mﬁuntain and immediate
5urroundinq‘countnyside from.further exploration and specifically precludes
any type of development of geothermal resources. There are a few areas
outside of the monument s boundaries, however, which should he considered
for further exploration,

The fireen River Soda Springs occur whére a projection of a linear dis-
tribution of earthquake epicenters extending north-northwest from Mount St.
He]eﬁs crosses the Green River valley. This 1iﬁear zone, which sdgqests the
presence of a large fault or fracture zone related to the volcano, was evi-
dent bhefore 1980. :Seismié activfty from the latest eruptions and from
aftershocks asgociated with the 1981 Elk Lake earthquake (Richter magnitude
5.5), hés better defined this.strﬁcture. It extends for at Teast 30 km and
i§,§ej5micaliy disturbed af.depthé as shallow Es a few kilometers. The land
_belgnqs_hoth to the state’and to private timber companies. The land immediately
su}roundingvthe soda sprﬁnﬁ is part of three pétented mining claims. *

The Mbuﬁt St. He1ens‘féQ1tAzone hecomes an intriquing tarqef for gen-
théfMa1‘exb10ration hecause it is dintimately related to volcanic activity,
represents a probable -permeable zone which would allow fluid movement; §hows
‘seismic activity to drillable depths, and extends heyond the bounds of the
preserved monument. The Green River Soda Springs mark an obvious area to
cthenfhaté“future-activity. Chemistry of this cool mineral spring,

reported to have been-significantly warmer. several decades ago, suggests
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that the equilibrium reservoir temperature may be as high as 140 to 15n°C,
Because the spring is flowing from valley fill, it is very likely that the
spring waters represent a mix of the upwelling thermal fluids and the
shallow ground water,

A 140 meter deep temperature-gradient hole was drilled about 1o km east
of the fGreen River Soda Springs in July, 1983, High salinity, bicarbonate,
artesian water with a temperature of 14°C and a conductivity of 5,500 umhos/
cm (significantly higher than the <oda springs) was encountered. A relati-
vely straight-line gradient of A0°C/km was measured in the lower 3/4 of the
hole. Work which should he carried out at this prospect includes detailed
geological mapping, resistivity surveys, and the drilling of an intermediate
depth hole (ANN meters or deeper) to test the gradient at depth.

On the south-southeast extension of the suspected fault zone, bheyond the
southern boundary of the monument, a collection of Nuaternary volcanic cen-
ters has built up Marble Mountain. The volcanics are primarily mid to late
Pieistocene basalts, but one center, probahly the youngest, produced a horn-
hlende andesite f1oQ. This flow has'heen K-Ar age dated at about 160,000
years old, No thermal manifestations occur within the immediate area, and
no temperature-gradient or heat-flow information has been collected. For
many of the same reasons mentioned for the Green River Soda Springs area,
Marble Mguntain should be further investigated, primarily through shallow

and intermediate drilling.

Simcoe Mountains and Klickitat Area: The Simcoe Mountains are a collection

of Pliocene to Pleistocene olivine and pyroxene-nlivine hasalt shield
volcanoes and cinder cones in south central Washington. The northern portion
nf the area is within the Yakima Indian Reservation, while the rest is a

comhination of private and state ownership.
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Although the area has been mapped at scales of 1:125,000 (Sheppard, 1960
and 1967) and 1:62,500 (Shannon and Wilson, 1973), the Simcoe Mountains are
poorly understood. Only a few age dates have heen determined for the
volcanics, and the results suggest ages of late Pliocene to early
Pleistocene. BRut the geomorphology of many of the cinder cones suggests
that some of the volcanics may be significantly younger. A few cinder cones
are thought to bhe as young as 10,000 to 100,000 years old,

Many of the cones, particularly those in the southern portion of the
area, are arranged in linear clusters, suggesting fault and/or fissure zone
control., The centers are aligned roughly north-south, as well as northwest-
southeast.

The only recognized silicic products of the Simcoes occur near Indian
Rock, atop and along the flanks of a very large shield volcano. The dacite
domes and rhyolite flows are only minor in volume, but their presence
suggests the occurrence of shallow crustal accumulations of magma sometime
during the history of the Simcoe volcanics.

There are 4 mineral springs associated with the Simcoes, including
Klickitat Mineral Springs (warm spring and wells up to 3?°C), Klickitat Soda
Springs (cold), Rlockhouse Mineral Springs (cold), and Fish Hatchery Warm
Springs (?24°C). Klickitat Mineral Springs has the highest reservoir
equilibrium temperature predicted by geothermometers, at about 160 to 170°C
(see Korosec and others, 1983, chapter 3).

Most temperature-gradient information for the area comes from water wells
on the south side of volcanic field, clustered around the Goldendale area.
The gradients range from 30 to 55°C/km., There are no high-quality data from
wells located within the main volcanic province. A temperature-gradient hole
drilled near the Klickitat Mineral Springs in 1981 gave a gradient of 5A°C/km

and a heat flow of 78 mw/m7.
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The best recognized geothermal targets within the Simcoes are Klickitat
Mineral Springs, Fish Hatchery Warm Springs, and the dacite domes near
Indian Rock. Intermediate drilling in these areas may be the only means of
demonstrating any geothermal potential for these targets, heyond that
suggested by the presently availabhle 1nf0rmation, such as spring chemistry.
Temperature-gradient drilling in the other portions of the Simcoe volcanic
field is needed to characterize the local gradients and heat flow, and

possihly find otherwise blind geotharmal systems in the region.

Tumac Mountain-White Pass Area: This area forms the Cascade crest east of

Mt. Rainier, west of Yakima, and north of the Goat Rocks Wilderness Area.
Ownership is primarily \1.S. Forest Service. Relatively young volcanic cen-
ters occur within the area, surrounded by volcanic products produced during
the Pliocene through late Pleistocene. A detailed mapping, geochemical, and
petrologic study of the area was conducted hy Geoff. Clayton from 1078
through 1982 (Clayton, 198?) and is summarized in chapter 9 of XKorosec and
others (1983).

The youngest volcanic center is Tumac Modntaih, estimated to be between
40,000 and 10,000 years old. The products are flows and cinders of
hasaltic-andesite composition. A number of relatively young monogenetic
volcanoes consisting of hornb1eﬁde andesite qﬁd gacitevmay be of qréatef
geothermal significance than_TumaCEMountain. Tﬁis volcanism is estimated
to span a period from about ”? million years to 30,000 years R.P., and
involves the area from Sugarloaf Mountain near Bumping Lake on the%norfhvto
Clear Fork on the southwest. to Spiral Rutte to the east. The‘1on§‘duration
of volcanism, areal exten;, and. composition of the hocnb]ende an&esifés and
dacites(which appear to be generated from a common source), sugqéstvthaf a sig-

nificant upper crustal magma chamber may underlie the entire area.
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Nnly two shallow temperature-gradient holes exist within this area, one
at White Pass summit, the other in the Clear Creek valley just south of
Spiral Butte. The first produced a temperature gradient of 52°C/km, with a
heat flow of about 90 mW/m”, The Clear Creek hole produced a gradient of
£5°C/km and a heat flow of about 130 mW/m”. The only mineralized spring in
this area is Summit Creek Soda Springs, a series of springs and seeps which
have built up several tufa mounds (Korosec and others, 1981). The chemistry
of thié spring system suggests that it may arise from a reservoir with an
equilibrium temperature of 150 to 155°C.

Future work in the area should start with further shallow drilling
throughout the region. Shallow drilling should be followed up by inter-
mediate depth drilling (AON meters and deeper) in the most promising areas,
especially near Spiral Rutte, the youngest hornblende andesite-~dacite
volcanic center. Additional work should also be designed to help interpret
the complex structural nature of the area suggested by the surficial
geology, including close-spacing gravity surveys, seismic profiling (where
terrain and access permit) and possibly resistivity work (targeted around

the volcanic centers and major faults, and high temperature-gradient

areas).

Columbia Basin, Yakima Valley, and Walla Walla Valley: From numerous tem-

perature-gradient measurements for wells throughout the Columbia Rasin pro-
vince, seévéral areas have heen identified wheére above average gradients
occur, resulting in warm aquifers at relatively shallow depth. The hest
areas are discussed in éhapter 7 of Korosec and others, (1983), They

include the Yakima-AWtanumsSimcoé areas, Moses Lake-Ritzville-Connell region,
portions of Lincoln and Nouglas Counties, Horse Heaven Hills, lower Yakima

Valley, the Walla Walla Valley, and several other smaller anomalous areas.
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In the Yakima area, a detailed, statistically oriented study focused on
the variations in temperature gradients and aquifer characteristics for the
jndividual basins and valleys in the area (Biggane, 1981, 1982, and Korosec
and others, 1983, chapter 7). A similar study is in progress for the Moses
Lake-Ritzville-Connell region. These studies have shown that significant
variations exist within the broad anomalous areas identified in earlier
studies. TIn addition, they have shown that individual warm aquifers may be
somewhat limited in extent.

The best areas around Yakima include the city proper, Moxee Valley to
the east, and the Yakima River Valley to the north and to the south of the
city. Gradients are generally in the 45 to 60°C/km range. Many irrigation
and domestic wells produce ?0 to 35°C water from depths generally less than
400 to 500 meters.

Within the central and eastern portions of the Columhia Basin, several
pockets of very high temperature-gradient wells occur. Near Moses Lake,
gradients range from 45 to A0°C/km. North of Ritzville, anomalous gradients
range from 50 to 65°C/km. A broad anomalous area extends northeast, east,
and southeast from Connell, extending over 70 km to the east, with gradients
ranging from 55 to A0°C/km, but the density of coverage within this area is
low. This region and its low-temperature geothermal potential are treated
in greater detail by Widness (1983, 1984),.

In Lincoln County, an area which extends 50 km west from Navenport con-
tains many wells with good quality gradients ranging from 50 to 6N°C/km,
Most of the wells are less than 7?50 meters deep, and very little information
is availahle on the temperature and production of the aquifers within the
anomaly., The same could he said of the anomaly in Douglas County, where a

few wells suggest above normal gradients,
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In the Horse Heaven Hills in eastern Klickitat and southern Benton
Counties, wells produce warm irrigation water from relatively shallow depths.
The gradients range from 45 to 55°C/km.

In the lower Yakima Valley area, from about Union Gap south to Prosser,
several wells have gradients of 50 to 55°C/km, but there are a number of
cooler wells interspersed. Concentrations of warm wells or high temperature
gradient wells occur west of Mabton and northeast of Sunnyside,

In;the Walla Walla River Valley, temperature gradients range from 45 to
55°C/km, and higher., In the Lowden-Touchet area, several wells produce
gradients greater than 70°C/km, Because of the relatively high gradients
in the area, and the deep depths of many of the wells, water temperatures
vof 30 to 4n°C are common.

In summary, the collection of downhole temperature gradient information
for the Columbia Basin, and the contouring of the data on maps has Tead to
the identification of specific areas of anomalous temperature gradients.
However, for most of these areas, very little is known about the number,
characteristics, and extent of the aquifers encountered by these wells,

Many high gradient wells may be "dry holes". Studies similar to the Yakima
area project (Biggane, 1982) and the work in the Moses Lake-Ritzville-Connell
aréa (Widness, 1983, 1984) should be carried out in all of the anomalous
areas hefore proceeding with development plans. At the very least, well
production and temperature information should be collected, to identify
existing wells which could he used for low temperature geothermal applica-
tions right away. Tn addition, the continued collection of downhole tem-
perature information in new wells and previously unmeasured wells will better
define the extent of the identified anomalies, and perhaps Tocate new ano-

malies in areas of poor coverage,
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