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CHEMICAL AND -ISOTOPIC DATA FOR WATER FROM THERMAL SPRINGS
f AND WELLS OF OREGON

By R. H. Mariner, J. R. Swanson, G. J. Orris,
T. S. Presser, and W. C. Evans

ABSTRACT

The thermal springs of Oregon range in composition from dilute
NaHCO, waters to moderately saline CO,-charged NaCl-NaHCO; waters.
, Most of the thermal springs are located in southeastern or south-
c central Oregon, with a few in northeastern Oregon and near the
o contact of the Western Cascades with the High Cascades. Thermal
springs in the central and northern parts of the Cascades generally
issue moderately saline NaCl waters. Farther south in the Cascades,
the thermal waters are high in C0, as well as chloride. Most thermal
springs in northeastern Oregon issue dilute MaHCO; waters of high
¢ pH (>8.5). These waters are similar to the thermal waters which
R issue from the Idaho batholith, farther east. Most of the remaining
thermal waters are Na mixed-anion waters. Based on the chemical
geothermometers, Mickey Springs, Hot Borax Lake, Alvord Hot Springs,
Neal Hot Springs, Vale Hot Springs, Crump Well, Hunters (Lakeview)
Hot Springs, and perhaps some of the springs in the Cascades are
associated with the highest temperature systms (>150°C).



INTRODUCTION

Data presented in this paper are stoned in the U.S. Geo]ogagal
Survey%Gthnerm fil€. - Geotherm#is a computer1zed ffle ¢reated and
" maintai eﬁ as part of. the Geolog1ca1 Survey's GeOthErW o

{programtiﬁeshnn and’ ‘others, ! '1979) . #Gedtherm contalins Hnféraadticn

0N the physical charactenistics, zgaology geochem1stry,*and hydrol-

Ty,

0gy of natioral 2nd some international geothermal -resources. The

-data include gublished information, data from other computer files,
~3personﬂl commynications, .and compilations of various government and
“Jprivate organizations. Retrievals are available to the public in a

variety of formats: tape, punched cards, listings, or tables. Re-

-quests should be sent to: Geotherm Project, Mail Stop 84, U.S.

‘Geological Survey, 345 Middlefield Road, Menlo Park, CA 94025.

Geotherm is currently composed of three subfiles: geothermal
fields/areas, chemistry and physical properties of thermal wells
and springs (sample file), and geothermal drill holes. In addition
to these subfiles, there is a file containing the references listed
in each record. The data retrieved from the sample file were for-
matted and special programs were written to calculate temperatures
using geothermometers and to create the tables. The records in
Geotherm contain more data than are listed in the tables. An exam-

"ple of a complete record is illustrated in figure 1.

The physiographic provinces of Fenneman (1946), shown on
figure 2, have differing geologic settings which, in large part,
determine the chemical character of the thermal fluids. The Basin
and Range prov1nce is characterized by a thick sequence of nonmarine
volcanic and sed1mentary rocks of Cenozoic age, broken by faults
which bound the major topographic features (Walker and Peterson,
1969). The volcanics range from basalt to rhyolite and the sedi-
mentary rocks contain considerable volcanic debris. The Owyhee
Uplands of southeastern Oregon make up a relatively unbroken plateau
consisting of basaltic, andesitic, and rhyolitic sheets and their
associated pyroclastics of middle to late Cenozoic age (Corcoran and
Walker, 1969). The High Lava Plains of southcentral Oregon also
consist of basalt, andesite, and rhyolite flows and their associated
sedimentary . rocks (Walker, 1969). The Blue Mountains are generally
made up of intrusive rock, Quaternary basalts, and older sediments
and volcanics, some of which are highly metamorphosed. Intrusive
rocks of two ages are present, an older Permian to Triassic suite
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GEOTHERM SAMPLE FILE 4 . GEOYHERM FILE 10! 0000711
NAME OF SAMPLE SOURCE..., HOT LAKE
WARING NUMHBER g qq0ensqse ‘l
LOCATION TOWNSHIP=RANGE ) COORDINATES )
COUNTMY secoce0nnene uNlYtD STATES - 04S 0J9E 05 Nw OF SE LAT/LONGsos 4S=14,63 N 117-57,51 W
STATF . eee0vses0seee OREGON : .
COUNT Y, o0e00en00000 UNION )
MAP NEFEKENCE o000 CRALIG MTN, 11240004 GHRANGEVILLE 11250000
SAMPLL DFSCRIPYION AND CONDITIONS :
OATEZ/COLLECTOR . 4oevee 1972700700 BARNES GROUP )
YEMP&RAYURE (C)...... 60 0 C ’ . q
DISCHARGE e sesasenge ‘500. L/ZMIN
WATER TREATMENT soececcecene PRESSURE=FILTERED THROUGH A (45 NlCROHETRE HEHBRANEQ PONT[ON ACIDIFIED, O’LU‘Cﬁo
DEPOSITS OR ALTERATIUNs.ee TRAVERTINE .
PERTINENT LITHOLOGY ce0veee BASALT AND MYLONITE : ) .
WATER AMALYSIS
OATE/ANALVS‘oo‘oooo.o.ooo_ 1972700700 BARNES GROUP

PHOO'Q'.l....l........... 9.2!

SPECIFIC CONDUCTANCEseees 686, - ]

ANALYSIS IN MG/L ' ISOTOPES (0/00). o B
AGesoe L 0,02 CU3senss 2. Llees 0,03 . SHeee L 0.2 DEL O OF WATERsenessqe e127.7 ‘ﬁ
ALseoe CRessene MGoesse L 04l = SCese DEL 0(18) OF WATER,,, =16.56 N b
ASeves 0,01 CSceseee L 041 " MNees L 0,02 S€iae . DEL O(18) OF SO&4sqeq0 4,63 i‘ &
AUseses L 0,1 ‘ CUsevrees 0,01 MOoes S102. 48, ’ : -
Beeveo 2.9 Foeosenno 1a? ' NAs oo 130. F=
BAsseo L 0,1 FEeldaoue NA*K, S04, 56, _"“
nE..O. L o.l FE“O,,. L °g°2 NB... ) SR..- L 0.05 :
BRecee Ost - ]

Cheose 4.9 HCO3e 0o 15. o

CA'Nﬁi “G..Q... 0.0032 PB--. L Q. 06 :

CDesoe L 0,01 H2S560000 PO4, . 0,09 } ¥

Cleceoe 140, loeossssne 0.08 RBeee L 0,02 o g

COCQOC L ooos Kesssone 2.7 : . ' -
GAS ANALYSIS . .

ANALYSIS IN VOLUME % ' ISOIOPES 10070}

CHé, o 9, ’ : . . .

C2Hb, i N2ees 90.

€02.., L 1.

OTHER ANALYTICAL oA!A... 02+AR=2 .
REFERENCE AND TOENTIFICATION
COMPILED BYsedoessssses SAHFORDs LINDA
COMPIILER AFFILIATIONG.,s U.S, GEOLOGICAL SURVEY
COMPILER CROSS INDEXeee 02 ,
REFERENCE qevosoaosnceee MARINER AND OTHERS, 19743 MARINER AND OTHERSs 19751 NEHRING AND OTHEHSs {1979

Figure.1. Example of a complete feotherm record
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which ranges from peridotite to granite, and a Lower Cretaceous suites
which ranges from gabbro to granodiorite i{(Thayer and Wagner, 1969).
Several of the younger intrusives are outliers of the Idaho batholith.
The Cascade province consists of two subdivisions, the High Cascades
and the Western Cascades. The High Cascade Subprovince is a rela-
tively narrow plateau of basalt and andesite flows of Pleistocene and
Pliocene Age. The Western Cascade Subprovince is made up of slightly
deformed and altered volcanic and pyroclastic rocks that range from
late Eocene to late Mioccene in age. A few small diorite intrusions .
also occur im the altered zones of the Western Cascades. The southern
end of the Cascades is underlain by a complex of graywacke, siltstone,
and interbedded volcanmics -of Triassic to Cretaceous age, some of which
have been regionally metamorphosed. Intrusives associated with these

rocks range from granite to peridotite (Griggs, 1969). This type of

basement rock extends from the Klamath Mountains in-southwestern
Oregon to. the Blue Mountainms in northeastern Oregon. The northern
part of the Cascades is underlain by marine and estuarine deposits of
Eocene age which are exposed in the Coast Ranges to the west.

Thirteen KGRA's (Known Geothermal Resource Areas) have been
designated in Oregon: Mt. Hood, Cary Hot Springs, Breitenbush Hot
Springs, Belknap-Foley Hot Springs, and McCredie Hot Springs in the
Cascades; Klamath Falls, Lakeview, Crump Geyser, Alvord, and Summer
Lake Hot Springs in the Basin and Range province, Newberry Caldera

“and Burns Butte in the High Lava Plains; and Vale Hot Springs in the

Owyhee Uplands. Groh (1966) pointed out several other areas of
potential geothermal importance: Jordan Craters in the Owyhee Uplands;
Diamond Craters in the Harney Basin; the area southeast of MNewberry
Caldera in the High Lava Plains; and the VWarner Range in the southern
part of the Basin and Range province. . .

B others (1979) 1ist eight areas which they believe have

mean reservoir temperatures of more than 150°C: Nguﬁgxry_ﬁalgggg_j;367'
(230°C), Crump's Hot Spring (167°C), Mickey Hot Springs (207°C),

vor Springs (181°C), Hot (Borax) Lake {181°C), Trout Creek
Area (154°C), Neal Hot Springs (188°C), and Vale Hot Springs (157°C).
These areas are estimated to have an aggregate thermal energy of
90 x 1018 joules, most of which is in the Vale, Alvord, and Newberry
areas. About 55 x 1018 joules are estimated to be present in 20
systems of lower temperature (90° to 150°C), with approximately 70
percent of this amount in the Klamath Falls and Lakeview areas. The

temperatures used in the estimates are mean temperatures for the




‘Fespactive systems¥and Ho not Feflelt the maxifumdid minimum- “temper-
' ‘aturés of therreservairs. “Sincetvolumés. of therindividual Systems
areémore 1nportant in. determ1n1ng the amount of stored heat than the
temperatures and since the volume estimates may undergo considerabla

change as drillhole and geophysical data. sbecome ava14ab1e, changes in

“the {estimated q43ntat1as of’ therﬂ&]&heau Availlible dn Ofcgoq are
anticipated.

Ghemical data exist for many of Oregon's thermal waters, but

_ they are often scattered“in the: literature or in unpublxshed.:11es.

A comp11at10n of the raw chemical data for Oregon, as it wds! entered
into Geotherm, .has recently -been published by the Oregon Department
-of Geo]ogy and Mineral Industries as Open=File Report 0-79-3.' “The

data stored in Geotherm cannot be consjdered to be of uniform quality

since they were collected for a myriad of purposes and by different
techniques. Anyone -considering a sampling program should consult the
available literature on general water sampling, such ‘as Brown and
others (1970), and the special techniques described for handling:geo-
thermal waters such as those given by Presser and Barnes (1974).

The approx1mate1y 170 thermal springs and wel]s 1dent1f1ed in

Oregon are not distributed uniformly over the state (Bowen,
Peterson and Riccio, 1979; Waring,-1965). The largest number of
- springs issue in the Basin and Range province of southeastern Oregon,
with progressively fewer springs in the High Lava Plains, Owyhee
Uplands, Blue Mountains, and Cascade Range. The Coastal Plain, Coast
Range, K]amath,MountaLnsd.and Willamette Valley of western Oregon are
devoidZof_thermal springs.. Curiously, most hot springs do not occur
~in the areas of most recent volcanic activity. Crater Lake, formed

some 7,000 years ago by a violent volcanic.eruption, has no hot
springs associated with'it, and the smaller Newberry Caldera has only

. two areas of weak thermal springs. ‘The springs at Mewberry may be

drowned fumaroles; they issue in or at the  edges of the lakes and
appear to be dominantly gas vents. . Diamand Craters in_the-eastern
High Lava Plains and _Jordan.Craterns..in_the Owyhee Uplands..are.also-of
Holocene.age, but neither has thermal springs nearby. With the ex-
ception of Mt. Hood, which has a fumarole on it and a weak thermal
spring at its base, the prominent volcanoes of the High Cascades,
which have all been formed in -the last three million years, do not
have thermal springs directly associated with them. Most of the
thermal springs in the Cascades issue to the west of the crest, near
the contact of the High Cascades and the older Vestern Cascades.
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DATA

Chemical data for the springs and wells {table 1) are arranged
by county and numbered to correspond to the thermal springs and wells
on a map prepared by Bowen and others (1978). This compilation
represents all of the chemical and isotopic data in Geotherm as of
October, 1979. Entries for springs that have been analyzed several
times are arranged chronologically. -Sources of data, topographic
map coverage, and year of .collection are listed in table 2. Two of
the chemical analyses have gross imbalances of ionic charge and
hence are imcomplete or otherwise inaccurate. Joaguin Miller Hot
Springs in Grant County has 25.3 millequivalents .cations to 5.5
-milliequivalents anions. A sample recently collected by us indicates
that the reported alkalinity is low by more than a factor of 10.

The sodium concentration of the sample from Camp Collins in Multnomah
County seems to be excessively small. If the sodium concentration
were greater by a factor of 10, the charge balance would be much
better, 4.88 milliequivalents cations to 4.80 milliequivalents
anions rather than the 0.95 to 4.80 as reported.

Waters from several geographic areas can be distinguished on the
basis of their chemical composition. Thermal waters in the Western
Cascades from Austin to Kitson and McCredie Hot Springs are high in
chloride, but low in sulfate and bicarbonate. These sodium chloride
waters may originate from the Eocene sediments which are thought to
underlie this part of the Cascades. Ratios of B/Cl1, Br/Cl, and
HCO3/C1 are similar to those reported for connate waters (White, 1960).
Connate marine waters have been noted in springs and wells in the Coast
Range, the Western Cascades, and at depths of as little as 30 meters
in the Willamette Valley (P1per, 1942) Farther south in the Cascades,
~ the water of Umpqua Hot in chloride, but is
also high in C0,. HMany C02—charged m1nera1 springs issue in Douglas
County (Wagner, 1959) CO,-charged thermal waters also issue from
Weberg Hot Springs in southwestern Grant County; this area also has
many cold CO,-charged springs. The water issuing from Weberg Hot
Springs differs from that of Umpqua Hot Springs in that it contains
very little chloride. The rest of Grant County, and the southern
part of Umatilla, Union, and western Baker counties, all in the north-
eastern part of Oregon, have thermal springs which issue dilute, high-
pH thermal water similar to waters from thermal springs in gran1tic
rocks of the Idaho batholith. Bagby Hot Springs in the Cascades is
another spring that yields the dilute, high-pH waters associated with
granitic rock. These waters are high enough in pH to require correc-
tions to the silica concentrations, as discussed in the section on




Rap Name

Code
BAKER COUNTY
01 RADIUM HOT SPRINGS
01 RADIUM HOT SPRINGS
02 SAM-0 SPRING
0S5 KROPP HOT SPRING
06 FISHER HOT SPRING
CLACKANAS COUNTY
01 ACIO=SULFATE SPRING
ON N7, HOOD
02.SWIM WARM SPRINGS
03 AUSTIN HOT SPRINGS
(CAREY)
04 BAGBY HOT SPRINGS
04 BAGBY MHOT SPRINGS

‘05 GEOTHERMAL GRADIENT

TEST NEAR AUSTIN HOT

DESCHUTES COUNTY
01 EAST LAKE HOT
SPRINGS

EAST LAKE HOT
SPRINGS

02 PAULINA HOT SPRINGS

01

02 WARM JELL AT LITTLE
CRATER CAMPGROUND

DOUGLAS COUNTY
01 UMPQUA HOT) SPRINGS

01 UMPQUA HOT SPRINGS

GRANT COUNTY .
01 RITTER HOT SPRINGS

04 BLUE WOUNTAIN: HOT
SPRINGS

05 JOAQUIN MILLER
RESORT

Table 1:

CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL WATERY

[(Map code refers to Bowen, Peterson, and Riccio 1978:

Concentrat ions

Location

44-55.82 1172-56,36

07s/039€ =-28 NE
£4-55,82 117-56.36
078/039¢€ ~28 NE
Lb=-46.76 117-48,65
09s5/040€ ~16 SE
¢5-00.8 117-53.,1%
06S/039€ -25 NW

44-58.48 118-02.61

07s/038¢ -10 NV

(5=22.3 121-41.8
025/009€ -29
0S=17.7 121-44.3

03$/8.5€8 -24 SW

.645-01.30 122-00.50

065/007€¢ -30 NW
64-56,15 122-10.35
07S/00SE -26 NW
64-56.15 122-10.35
075/005€ -26 NW
45-01,65 121-57.80
065/007€ -21 Sw

£3-43,1 121-12.2
21S/013€ -29 sw
03-43,1 121-12.2
215/013€ -29 sw
43-43.7 121-45.0
215/012¢ -26 NE
43-42.9 121-1¢,5

215/7012€ -36 NW

63-17,70 121-21,90
265/004€ =20 NE
43-17,70 121-21.90
265/004€ -20 NE

$4-53,60 119-08.50
085/030€ -08 NW
£4-21.30 118-34.40

145/034€ =13 §/2

L4~-16.81 118-57.36
15S/031€ -11 SE
~

Date
YriMo

35705
T2/00
17102

12706

7606
76712
72100
70/03
77709

76/08

73/00
75/08
77707

75708

77/09

78706

73700

72100,

78/07

Sp
Cond
(umho)
290
290
891
445

197

227
1300
1720

290

282

396

767

900

11300

10920

319
610

2194

in mg/i;

Major Elements

Temp
Q)

57.2

s8.
27.0
43.0

37.0

26.0
86.0
57.2
58.

35.6

62.0

49,

35.5

48.5

LY-1

41,0
58.0

40,

pH

6.82

6.46

19.

" 72,3

81,
81,5
74,

36,

36,
199,
205,

161,

90,

9¢6.

70,

47,

N

Sitica Sodiunm
(si02)

(Na)

63.
58.
171,

93,

40,

136,
BdO.
54,
53.

48,

32,
53.
140,

83,

2400,
2150,

72,

140,

500,

(ND) not detected]

Potas~ (ﬁl—

stua  cidm
(x)  (€a)
2.0 1.6
1.1 1.3
12,2 16,2
1.5 L
1.6
0.2 13,
11,7 60
7.1 3%,
0.8 347
0.7¢ 3.3
2.8 12,
3.8 3e,
70.
17. 56,
10. S4,
ey, 340Y
62, 4728,
Oagl Yok
5.3 R
1i.2 ¥,

;

Y £

(Mg)  (HE 03D
101
0., 161
6. 519
0.1 5
<041 83
2.8
v8, i
0.1 58
0.1 68
<0.0%5 69
2.6 162
6. 8%
3, 5§
607 856
48, 679
@,  13ED
‘2t 1120
k
Wios e
0.2 329
rz;l 108

Mag- i%i;'%'%ul(

nestue LiaTey
&y

e

¥

(506

i
1

:j‘i e Ehlor™ Fluor-

4‘963 ide
e ()
7. i.0
17, 1.3
15,9 1.2
§0.8 119
1.8 0.4
1.
161.. 0,23
430, 1.4
14,6 068
14, 0.66
2. 0.7
6.4 0.2
1.7 0.16,
6.0 0.57.
$.1 0.6
§580.  1.s
3366, 1.2
é?. (3%
5. 10.8
Y. 7.
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Table 13 (HEMICAL COMPOSITION OF THERMAL SPRING AND WELL WATERS
(Map code refers to dowen, Peterson, and Ricclio, 1978,
Concentrations in mg/l; (ND) not detected; (m) monomeric aluminum)
Minor and Trace Elements
Map Name Boron Lithium Rubidium Cesfum Strontium Bromide Jodide Nitrate Aluminuas fron HanAganeu Mercury
Code (8) (i) (Rb) (Cs) sr) (Br) t(n (NO3) (AL) (Fe) (%n) (Hg)
BAKER COUNTY T o .
01 RADIUM HOT SPRINGS : 0,2 HEY ND NG s
Ot RADIUM HOT SPRINGS 0.42 0.01 <0.02 <0.1 <0.05 0.0y 0.307 €002 <0.02 0.000%
02 SAM-0 SPRING , 1.6 0.06 S 0.3 <0.1 0.0%
05 KROPP HOT SPRING 3.3 <0.1 . v 0.06 <0.03 <0.,03
06 FISHER HOT SPRING ) 2.8 1.0 0.07 <0.03 <0.03
CLACKANAS COUNTY .
01 ACID-SULFATE SPRING <0,01
ON NT, HOOD : - ]
02 SWIM WARM SPRINGS _ 0.32 0.13 | - <0.02 <0.02 <0.05 <0.05. .
w 03 AUSTIN HOT SPRINGS 2.6 0.4 0.03 <0.1 0.33 2. 0.13 <0.02 <0.02 0.0202 " 3
(CAREY) )
04 BAGBY HOT SPRINGS 0.6 ) 0.2 -
04 BAGBY HOT SPRINGS 0.07 0.02 e
05 GEOTHERMAL GRADIENT ‘ 0.42  0.01 - 9.38. <0.05 18, =
TEST NEAR AUSTIN HOT S o
DESCHUTES COUNTY : h
01 EAST LAKE HOT 0.93 0.0% <0.02 <0.1 0.14 <0.02 0.10 0.0903
SPRINGS ) ] )
D1 EAST LAKE HOT 1.1 0.04 0.03 <0.1 0.008m 0.66 0.90
SPRINGS . :
02 PAULINA HOT SPRINGS 0.87 0.22 0.04 <0,.1
02 WARM WELL AT LITTLE S2.8 0.12 0.02 . <0.1 0.602m ‘. b.2$ <0,00017"
CRATER ICAMPGROUND
DOUGLAS COUNTY ‘
01 UMPQUA HOT SPRINGS 41, 2.6 0.16 0.2 <0,002m 0.46¢ : <0.0901
01 UMPQUA HOT SPRINGS 61,2 2.6 2.2 6.2
GRANT COUNTY
0V RITTER HOT SPRINGS 2.6 0.01 <0.02 <0.1 <0.05 <0.02 <0.,02 0.0005
D& BLUE MOUNTAIN HOT 1.6 0.07 <0.02 <0.1 <0.05 0.04 9.9 . <f,02 <0.02 0.000¢
SPRINGS ) .
0S5 JOAWUIN MILLEK 12.7 0.25 .02 0.08 0.1 1.8

RESORTY
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Rap

Code

GRANT COUNTY
07 WEBERG HOT SPRING

HARNEY COUNTY

01
02
04
0s
os
09
09
09

10

15

15
22
Q2
22
22
22
23
23
23
23
24

24

UNNARED SPRING
0. 4. THORMAS
MILLPOND SPRING
HARNEY VALLEY OEV
co.
ISLAND RAMCH WELL
CRANE HOT SPRINGS
CRANE HOT SPRINGS
CRANE HOT SPRINGS
WARM SPRING NEAR
VENATOR
UNNAMED HOT SPRING
_ NEAR HARNEY LAKE
UNNAMED HOT SPRING
NEAR MHARNEY LAKE
MICKEY SPRINGS
MICKEY SPRINGS
MICKEY SPRINGS
MICKEY SPRINGS
MICKEY SPRINGS
ALVORD HOT SPRINGS
ALVORD HOT SPRINGS
ALVORD HOT SPRINGS
ALVORD HOT SPRINGS
HOT BORAX LAKE

HOT BORAX LAKE

OlL TEST WELL

Tavle 1:

Location

44~00,1 119-38.8
185/026€ -18

43-39,76 118-44,30
225/32.56-14 SW
43-37.65 118-51,75
225/032€ -34 NE
(3-32.43 119-04,86
23S/030€ -35 NE
¢3-30.25 118-54.30
245/032€ -08 SE
$3-25.40 118-55.95
255/032€ -07 NW
03-26.45 118-38.30
245/033€ -34 Sw
£3-26.45 118-38.3D
245/033E -34 SW
£3-26.45 118~38,.30
24S/033€ -34 SW
43-23.7 118-18.4
255/036E -16 SW
$3-10.6 119-03.6
275/129,5e-36 SE
¢3-10.6 119-03,6

275/29.5€6-36
$2-40.6 118-20.7
335/035€ -13 -
(2-40.6 118-20.7
33S/03S€E -13
42-40.6 118-20.7
335/035€ -13
£2-40.6 118-20.7
338/035€ -13
$2-40,56¢ 118-20.67
" 335/035E -13
42-32.6 118-32.1
345/034€ =33 SE
42-32,6 118-32.1
345/034€ -33 Nw
$2-32.6 118-32.1%
34S/034E ~33
£2-32.6 118-32,1
345/034€ -33
42-19.60 118-36,17
3757033 ~15 Sw
42~19.60 118-36.17
37S/033€ -15 Sw

Date
YriMo

12/00

31709
68/0§
31708
68709
69/08
31708
68709
72700
77/06
31708
72/00
70707
>72/00
76709
76709
76/09
$5/11
72/00
76709
76/09
53709

PN e

61/06

Sp -’
Cond
(umho)

2570

7146

602

1450

B4
810

650

2970

2200

2490

2200
2220
2290
4490
43590
4100
4070
2227

2410

Peterson,

not

Major Elements

Temp
(C)

46,0

22.
72.0
26.
46,0
41.0
49,
80.0
78.0
41.0
59.
68.0
85.
73.0
86.

86,

82,2
76,0
78.5
78,5
29.¢

311

pH

Silic
(s§02

89,

72,

54,

80,
83.
37).
92.
92.
167..
200.
214,
216,
230.
135.
120,
129,
128.
18;.

193,

and Riccio 1978
detected]

Poval-
siue
(x)

s Sodium
) (Na)

610, 36.

157, 1,8

135. 1.¢6

386,

170.
170.
100.
s22.
630. 13.
478, 20.
$S0. 35.
550. 31,
550, 30.
560, 32,
1040, 66,
960, 69
990, &4,
1000, 63,
488, 21,

S16. 27.°

CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL il!tﬂs
(Map code refers to Bowen,
Concentrations in mg/l/; (NU)

Cal-

cTUR T

${Ca)

38.

SGUtalt'e Chlar~ Fluor-

(§04)

13

ide
(cL)

50.

ide
(F)

3.9

12.

19.

19.6
18,

LE-

(-



Lt

Map

Name

Code

GRANT COUNTY

07

WEBERG HOT SPRING

HARMNEY COUNTY

01
02
04
0s
08
09
09
.09
10
15
15
22
22
22
22
22
23
23
23
23
24

24

UNNAMED SPRING
0. J. THOMAS
MILLPOND SPRING
HARNEY VALLEY DEV
€O, Ot TEST WELL
ISLAND RANCH WELL
CRANE HOT SPRINGS
CRANE HOT SPRINGS
CRANE HOT SPRINGS
WARM SPRING NEAR
VENATOR
UNNAMED HOT SPRING
NEAR HARNEY LAKE
UNNAMED HOT SPRING
NEAR HARNEY LAKE
MICKEY SPRINGS
MICKEY SPRINGS
MICKEY SPRINGS
MICKEY SPRI?GS
MICKEY SPRINGS
ALVORD HOT SPRINGS
ALVORD HOT SPRINGS
ALVORD HOT SPRINGS
ALVORD HOT SPRINGS
HOT BORAX LAKE

HOT UORAX LAKE

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND JELL WATERS
(Map code refers to Bowen, Peterson, and Riccio, 19787
Concentrations in ag/L; (ND) not detected; (a) monoeeric slumsinum]

Boron
B) (L)

15. 0.7

3.99

11.3 0.45

9.2 <0.2
0.5 . 1.1
", 0.90
1M, 0.90
. 0.85
28.

30. 2.1
35. 1.9
36. 1.9

Minor and Trace Elements

(Rb)

0.33

(Cs)

<0,1

<0.1

(Se)

(Br)

ol’

29.

1

0.1

0,39

Lithium Rubidium Cesiua Strontium Bromide lodide Nitrate Atusinus

(NO3) (AL)
1.0
HO
1.1
0.2
0.1
1.4
HO
0.022m
0.5
b.QdSn
0.02 «0,01
0.058n
0.068m
1.1
0.00%%
2.5

fron
(fFe)

0.20

<0.02

Manganese Mercury

(Mn) (#g)

6.66 0.0003
<0.02 " 0.0105
N

0.04 0.0001
0.02

<0.02 0.0901
N

n.02 0.0721



al

Map
Cod

HARNE
24
27
ra4
39
43
43
43
43
43
&3
43
43
43
43
[}
&4
45

‘6

Naame
e

Y COUNTY
HOT BORAX LAKE

UNNAMED HOT SPRING
NEAR TROUT CREEK
UNNAMED HOT SPRING
NEAR TROUT (CREEK
GOODMAN SPRING
(HOTCHKISS)
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT 'BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOT BORAX LAKE
UNNAMED HOT SPRING
NEAR HOY BORAX LAKE
HOTCHKISS WELL

HOTCHCESS WELL
HINES LUMBER €O,

WELL
CITY OF HINES WELL

JACKSON COUNTY - !

01

JACKSON HOT SPRING

KLAMATH COUNTY

ALFRED JACOBSEN

BlLL HILL

CLAUDE SHuck %!

Table 1:

(map code refers to Bowens Peterson,

Location

42-19,60 118-36.17
375/033€ ~15 sw

(2-1%.3 118-23.0
39S/037€ -16
42-11,3 118-23.0

395/037¢ ~16
63-31.73 119-04.83
23S/030E -35 SE
62-20,17 118-36,.08
375/033¢ =11 Sw
$2-19,.82 113-36.16
37S/033E -14 NW
$2-20,08 118-36,11
375/033€ -11
42-20.17 118-36.08
375S/033€ ~11 Sw -
62-20.17 118-36.08
378/033€ -11 Sw
42-20,08 118-36.11
375/033¢ -1
£2-19.82 118-36.16
375/7033€ ~14 Nw
62-19.82 118-36.16
378/033€ -14 Nw
62-20.,17 118-36.08
3757033 -11 Sw
42-19.82 118-36.16
375/033€ -14 Nu
£3-31.42 119-03.83
245/030€ -01 NE
£3-31,42 119-03.83
24S/030€ ~01 NE
63-32.34 119-04.80
2357030€ -35 NE
£3-33,57 119-05,.31
2357030 =23 Sw

£2-13,30 122-44,65
38S/001€E -48 SwW

62-07.065 121-44,40

395/009€ -34 NE
£2-03.55 121-36.60
40S/7010€ -26 NW
£2-11,35 121-39,80
39s/010¢ -08 SE
.

Concentrations in mg/L;

Date
Yr/Mo

72/00
' 70/08
72/00
68/09
53/09
53/09
$7/05
73/06
76109
76109
76109
76109
76/09
76109
31/08
68/09
68/07

68/07
52704

74705

74/006

Sp
Cond
(umho)
2410
1060
1168
210
2050
2160
2190
2020
1990
1840
1910
2040
1840

1890

194

289

460

290

245

and Riccio 1978
(ND)not detected]

Major Elements

Temp
)

36.0

52.0
22.0
73.9
79,4
87.0
96.0
91.
97.
90.5
86.
97.
84.
27.
27.
25.0

17.0

55.0

310.0

20.0

24,

pH Silica Sodium Potas-~-
($i02) (Na) sfum
()
7.28 190, 500, 31,
8.3 79. 230, 25,
6.77 105. 270, 10.8
7.5 46, 35, 3.2
7.6 119, 430, 27,
8.1 173, «56. 30,
7.5 160. 426, 29,
7.30 160. 450. 28.
7.94 189, 46D, 29.
7.36 189, 435, 24,
7.06 154, 435, 26.
8.67 157, 450. 26.
7.26 183, 425, 24,
7.48 164, 440, 25.
51, 30, 2.4
B.1 46, 31, 2,9
7.8 55, 33, &,
7.8 0. 35, 6.9
9.3 65. 9§. 122
7.6 65, 49, 12,
7.7 26, 19, 6.6
8.2 S7T.. .- 25, 6.2

Cal-
clum
(Ca)

16/,

208

CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL WATERS

SR

mag~ ill}'

nesfium

(Aag)

(Y |'k;j Aoy

(1icos)

422

o

(X))

Séygﬂfe Chior- Fltuoe=-

(5049 ide ide
(cL) (F)
353, 300. 9.0
137, 2260 12.9
204, 26, 12,8
15, 7. S.o
19, 255. 7.0
333, 270, 7.2
"3is. 265. 6.5
43¢, 250, 7.2
320 270, 7.5
409, 250, 7.6
303, 250, 7.0
303. 235, 1.7
3037 250, 7.4
5137 256, 7.5
135 5.2
124 s. 0.5
", 7. 0.5
19, 13, 0.5
H 80, 2.0
Vs, 7.9 001
Yok 4.2
Ve %8 0.2



el

z

Table 1: CHEWMICAL COMPOSITION OF THERMAL SPRING AND WJELL WATERS
(Map code refers to Bowen, Peterson, and Riccio, 1978
Concentrations in mg/l; (NJ) not detected’; (m) monomeric atuminunm]

Minor and Trace Elements
Map _Name Boron Lithium Rubidium Cesium Strontium Bromide lodide Nitrate Aluminun Iron Manganese Mercury

(ode (8) (L) (Rb) (Cs) (Sr) (Br) n (NO3) (Al) (Fe) (Mn) (Hg)

HARNEY COUNTY ' . ) : o
24 HOT BORAX LAKE 16.6 0.65 0.23 0.1 D.42 2. 0.2 <0,0? 0.0% 0.0)9‘

27 UNNAMED HOT SPRING 1.6 <0.5 ' 0.05 <0.01% 0.0}
NEAR TROUT CREEK : . ) )
27 UNNAMED HOT SPRING 0.89 0.68 0.10 0.1 0.30 0,0024 .09 <0,02 0.000% .
NEAR TROUT CREEX :
39 GOODMAN SPRING o 0.23 ) 2.1 0.02
© (HOTCHKISS) . . : ' .
43 UNNAMED HOT SPRING 12. <1,5 1.2
NEAR HOT BORAX LAKE ' :
43 UNNAMED HOT SPRING . 14, <1,5 1.3
NEAR HOT BORAX LAKE i : )
43 UNNAMED HOT SPRING S8, ND . y HD 1.8 0.2 MO HD Ho 0.10
NEAR HOT BORAX LAKE , : ke 4
43 UNNAMED HOT SPRING 15, 0.51 0.18 . 0.1 0.60 ‘0.020n <0.02 0,04 ° 0.0008 ©
NEAR HOT BORAX LAKE : . -
43 UNNAMED HOT SPRING 15. 0.50 0.23 0.2 : - =
NEAR HOT BORAX LAXE )
43 UNNAMED HOT SPRING ) 14, 0.50 0.17 0.1 0.028a <0.02 0.05
NEAR HOT BORAX LAKE i
43 UNNAMED HOT SPRING 15. 0.5 0.18 0.2
NEAR HOT BORAX LAKE
43 UNNAMED HOT SPRING 14, 0.55 0.18 0.1 -
NEAR HOT BORAX LAKE ' =
43 UNNAMED HOT SPRING . 14, 0.45 0.17 0.1 - <0.02 - E
NEAR HOT BORAX LAKE . . wn %
43 UNNAMED HOT SPRING 15. 0.45 0.18 0.1
NEAR HOT BORAX LAKE
44 HOTCHKISS WELL . 1.2 6.01
44 HOTCHKISS WELL i 0.06 . : 1.1
45 HINES LUMBER (0. 0,38 1.5 0.02
~ OMELL
46 CITY OF HINES WELL 0.53 1.8 0.05

JACKSON COUNTY ] ‘ )
01 JACKSON HOT SPRING 2.9 0.7 0,07

KLAMATH COUNTY 7 .
ALFRED JACOBSEN 0.05 0.12 0.050
BILL HILL ' 0.02 ) n.o0¢ 0,030

CLAUDE SHUCK 0.02 , ' 0.05 0.010




vl

Map

Name

Code

KLAMATH COUNTY

01
02
02
02
02

02

CLYDE DEMILINGER
FALCON HEIGHTS
SCHOOL
GEORGE CARTER
GEORGE STACY (O,
JACK O'CONNER
LEN DJBRY
LESTER .BROOKSHIRE
MELVIN MCCOLLUNM
MONTE DEHILINGER
O°CONNER LIVESTOCK
co.
OREGON WATER
CORP, (&)
POPE'S MEAT (O,
RAY BIXLER
ROBERT LANGLEY
TOWN, OF MERRILL
U.So ALR FORCE(1)
UsSe AIR FORCE(2)
WEYERHAUSER WJELL
NO. &
EAGLE POIN] SPRING
Jo Eo FRIESEN
LOIS MERRUYS
MEDO-BELL DAIRY
MILLS SCHOOL

P
MOYINA WATER CO.

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL WATERS
Peterson,
Concentrations in mg/Ll; (ND) not detected)

(Map code refers to Bowen.,

Location

$2-06.75 121-39,65
405/010€ -05 S¢E
¢2-07,.80 121-45,10
395/009€ ~34 Sw
42-00,55 121-36,90
41S/010E =146 NW
$2-08.40 121-39,80
398/010€ -32 NE
62-02.00 121-42,95
415/009€ -01 NE
42-08.90 121-38.65
395/010€ -28 SE
§2-08.70 121-39.70

395/010€ -29
£2-11,30 121-41,05
3957010 -07 NE
$2-07.60 121-40,40
395/010€ -32 SW
42-01.00 121-41,00
41s/010€e -07 SE
42-12.10 121-41,40
39s/010€ -06 SW
42-01.95 121-37.50
415/010€ -03 NE
42-11.55 121-37,.95

39s/010€ ~10 NV

42-10.75 121-37.90
395/010€ =15 SE
42-01,50 121-36.00
415/010€e -02 SE
£2-08.05 121-45,25
395/009¢ -34 NV
£2-08.10 121-45,35
39S/009€ =34 NW
42-10.70 121-48.10
395/009€ -18 sw
62-25.85 121-57.75
345/007€ -23 SE
L2-13.75 121-46,15
385/009¢ -28 sw
62-13.65 121-01,45
385/009€ =33 Nw
$2-13,8 121-46,4
38s/009¢ -28 sw

42-13,45 121-45,90

385/009€ -33 NE
L2-12.60 121-42,45
39s/009¢ -01 Nw

Date
Yr/Mo

74706

74/05
74706
74706
74/08
74705
74105
74705
74706
74106
10/08
74/06
74709
74705
55702
72710
72710
72/08
72708
55/02
54712

55701

ol

66708

2

~

Sp
Cond
(umho)
240
3150
860
170
640

195

300
260

1300

255
200
305
1230
1100
1160
1200

222

Major Elements

Temp
Q)

24.0
37.0
22,

25.0
38.0
21,0

25.0

25.0 -

26.0
30.0
26.
22,0
22.0
23,
21.0
3.0
30.
22.
35,
73.0
7.0
81.0
89.0

50.

pH

and Riccio 1978;

Silica Sodiums

($i02) (Na)
72. %0,
80, 57.
4, 99,
34, 20,
65. 130.
65. 32,
35. 21,
s2. 20.
S4. 22.
80. 210,
63. 36,
25. 30.
49, 16,
50, 22,
38, L,
53, 47,
51, 48,
16, 32,
38, 62,
87, 221,
83. 207.
81. 213,
78. 370,
66 38,

Potas~ Cal-

sium
(x)

6.5

Ciua
“Ca)

Wit Alha-
néstUs Uindty
(R} (HCO3)
!.} 1s0
. 170
z.i 160
220 946
046 zn
@, 100
2,0 97
K3 120
11 160
6% 250
5.8

1.4 10%
&f? 110
5.3 112
4.3 114
1.2 128
Zfs Vs
1.9 1%
touﬁ fSe
48

54

¥

0,7 ”E%

.3

Sy
(504)

2,43
&,
9.,

Wi

11,

4,
3%
$8¥,
i,

5.6

()

« i I
tet Chlor- Fluor=
jde*

ide.”
(F)

02

r32

022



N

Map

Name

- Code

KLAMATH COUNTY

01
02
02
02
2

ue

CLYOE DEHILINGER

FALCON HEIGHTS
SCHOOL

GEORGE CARTER

GEORGE STACY (O,

JACK O°'CONNER

LEN DOBRY

LESTER BROOXSHIRE

MELVIN MCCOLLUM

MONTE DEHILINGER

0'CONNER LIVESTOCK
co.

OREGON WATER

CORP. (4)
POPE'S MEAT C(CO.

" RAY BIXLER

ROBERT LANGLEY
TOWN OF MERRILL
U.S. AIR FORCE(1)
U.S, AIRIFPRCE(Z)
WEYERHAUSER WELL
NO, &

EAGLE POINT SPRING
J. E. FRIESEN
LOIS MERRUYS
MEDO-BELL ODAIlRY
MILLS SCHOOL

MOYINA WATER CO.

" Vable 1:

Boron
(8)

CHEMICAL COMPOSITION OF THERWAL SPRING AND WELL WATERS
. {(Map code refers to Bowen,
(oncentra

tions

Lithium Rubidium Cesium Strontium Bromide lodide Nitrate Alusinus

(L)

Peterson,

in mg/l; (ND) not detected’;

and Riccio,

(a) monomeric aluminum)

Minor and lrice Elements

{Rb)

(Cs)

(Sr)

(Br)

1)

19787

(KOY)

1

kb
0.2

til1

at)

H
(

ron
fe)

]

<
o

manganese Mercury
(M) (Hg)

4y
0.630
6.020

0.010

D12
b, 04

0.0% -



S

Yable 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND JELL WATERS
(Map code refers to Bowen, Peterson, and Riccio 1978;
Concentrations in mg/l; (ND) not detected)

Major Elements

Lk A
Map Name Location bate Sp Temp pH Silica Sodium Potas~ Cal- Mag- Alka= ‘Sulfate Chlor= Fluore=-
Code . : Yr/Mo Cond (C) (si02) (N2) tlus  citm nedius Liaity” (504) ide ide
(umho) (<) (Ca) (mgd  (McodYy ey (k)
KLARATH COUMTY : ‘ L Pev s - -
02 0.1.T. NO. § 42-13.85 121-46,40 67/00 1000 B9.0 B.6 73. 331, 3.S 2.1 i.0¢ 5 384, 48, 1.12
' 38S/009€ -28 Sw v . . .
02 0.1.T. NO. & $2-14,.90 121-46.85 ?72/08 88.0 8.2 31, 195, 3.9 24,2 <0.1 44 400, 58. 1.45
. 38S/009€ -20 NE )
02 D.1.T. NO. & 62-%4.90 12V-46.85 75703 79, 90,
385/009E ~20 NE : )
02 OREGOM WATER 42-13.30 121-47.45 30/03 200 21, 46, 29, 10, & P17 8.
CORP. (1) 38S/009E -32 NW . ] o . )
02 OREGON WATER $2-13,30 121-47.45 71/09 21.0 8.3 2%, 26, 1.2 6.8 1,2 s.3 0.01
CORP. (2) 38S/009€ -32 NW : ; 5
02 OREGON WATER 42-13.30 121-47.45 ?71/09 205 20.0 8.4 25. 26. 19,2 $.8 0.4 ©5.3 D:02
CORP. (3) 385/009€ =32 NW ) L.
03 HOWARD HOLLIDAY 42-10.55 121-49.70 74705 220 25.0 7.9 27. 27, 2.9 2. 3.9 122 S.4 S.1 0.1
395/008€ -13 Su . , L . - -
04 MAZAMA SCHOOL £2-11.85 121-43.90 895 61.0 8.3 92. 266, 8.0 $.4 1.0 120 '25s. 3s. 1.0
39S/009€ -11 NW -
06 ABE BOEHM 42-04,05 121-45.40 74/05 2700 25.0 7.1 100, 480, 18, 180. ‘7. 1462 300, 170. 0.2
40S/7009€ -28B NE o
06 ABE BOEHM 42~04.05 121-45,40 75708 25. 308, 205.
. 40S/009€ -28 NE ) )
06 OAN O'CONNER 42-04.85 121-43.85 74/05 260 24,0 7.6 42, 32, 8.1 12. 6.6 130 14, 9.1
40S/009€ =23 Nu . .
06 JACK LISKEY 42-02.95 121-44.40 74/05 1030 93.0 8.9 90. 200, 4.0 15. <0.1 52 363, 59. 15
, 40S/009€ -34 NE
06 JACK LISKEY 42-02.25 121-43.60 74705 2400 22.0 7.6 100, 580. 12. 35, 16. 15507 13z 140.
41S/009¢ -02 Nw .
06 JACK LISKEY ¢2-02.25 121-43.60 75/08 25. Se 152+
41$/009€ -02 N ‘ ) .
06 0. H. OSBORN 42-03.30 121-44.70 74705 920 90.0 9.5 90. 190. 4. 15. ss  27), S6: 1.5
40S/009€ -27 Sw , . .
07 OLENE GAP HOT £2-10.45 121-36.90 67/00 1000 7?73.9 7.3 79. 294, 6,5 3409 2,09 S YT 58. 1212
SPRINGS 39S/010€ -14 SW . . .
07 OLENE GAP MOV 62-10.45 121-36.90 72/00 1140 74,0 7.68 38, 190, 7.2 40, 0,2 55 00, 59, 1.2
SPRINGS . '395/010€ -14 SW . ,
07 OLENE GAP HOT 42-10.45 121-34.90 7?75/07 87. ’ vas, 59,
SPRINGS 39S/010€ -14 Sw . » .
UB KOENICKE HO] SPRING  42-10,40 121-37.05 72/10 1300 65.0 8.2 48, 217, 5.0 3s, 0,1 T w0, 65. 1.5
: 395/010€ =14 Sw : . » .
16 MELVIN FEIGI 42-08,20 121-30.10 ?0/90 273 31,0 8.8 110, 86, 1,0 .72 158 §,8 $i Dis
LOS/UYYE -03 NE . 1 . .
22 RAY SMITH WELL §2-27,25 121-25.40 70710 148 25, B.4 . 50. 30, 1.9 3.8 0:) ‘Be I 2.5 02
: 36S/011€ -16 Nu ) ) .
23 KLAMATH ICE CO. 42-13.40 121-01.40 36704 51,7 9.0 70. W83, 58,
38S/009E -33 Nw _ )
24 4. Ko O'NEIL ¢2-08,30 121-38.10 72/03 . 222 7.6 45,2 22. 5,4 b.4 5.7 101 8,5 2.5 0.2
o 39S/010E ~34¢ NW [P C s .. x
24 J. K. DUNEIL 42-08.30 121-38.10 74/05 190 23.0 7.4 SO, 26, 5.1 b0t 55 112 s, 2.8

395/010€ -34 Nw




A

Map

Name

Code

KLAMATH COUNTY

02
02
02
02
02
02
03
04
06
06
06
06
06
06
06
07
07
07
os
16
22
23
24

24

0.1.T, NO. 5

O.1.T. NO. &

0,1.7. NO. o
OREGOY WATER
CORP. (1)
OREGON WATER
CORP, (2)
OREGON WATER
CORP, (3)

HOWARD HOLLIDAY

MAZAMA SCHOOL
ABE BOEHKM -
ABE BOEHM

DAN O°*CONNER
JACK -LISKEY
JA(K.LlSKEY
JACK LiSKEY
0.

H. OSBORN

OLENE GAP HOT
SPRINGS

OLENE GAP‘HOT
SPRINGS

OLENE GAP HOT
SPRINGS

ROENICKE HOT SPRING

MELVIN FEIGL

RAY SYMITH WELL

KLAMATH
J. K. O'NEIL

J. K. O'NEIL

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND JELL WATERS
{(Map code refers to Bowen, Peterson, and Riccio. 1978.
Concentrations in mg/l; (NU) not detected; (m) monomeric aluminus]

Minor and Trace Elements

doran
(B)

Lithium Rubidium Cesfum Strontium Bromide lodide Nitrate Alueinua
(L) (Rb) (Cs) {(sr) (Br) (1) {NO3) (AL)

<0, 01 0.03

1.0

<0.1 0.58

oo 2.9

1CE (0.

0.03  <0.00

fron
(Fe)

<0.05
0.09
0.05

0.0%

0.26
0.0
<0,02

0.02
0.03

t)

Hlnglﬁcse Hercury‘
(Mn) (Hg)

<0.,02

20,09
<0,01

HD

Sa

i)
0.04
0,02

0.02



8l

Map
Cod

LAKE
05
14
14
23
23
23
24
25
25
28
32
33
33
33
33
LANE
09
01
02
03
03
0¢
05

Qs

Name
e
COUNTY
ARA RIVER SPRING

SUMMER LAKE MHOY
SPRING (WOODWARD)
SURMMER LAKE HOT
SPRING (WOODWARD)
HUNTERS HOT SPRINGS
(LAKEVIEW)
HUNTERS HOT SPRINGS
(LAKEVIEW)
HUNTERS HOT SPRINGS
(LAKEVIEW)
LEITHEAD MOT

SPRINGS (JOYLAND PLU

BARRY RANCH HOTY
-SPRINGS (GUS
BARRY RANCH NOT
SPRINGS (GUS
ANTELOPE HOT
SPRINGS
FISHER HOT SPRINGS

CRUMP SPRING

CRUHP SPRING

CRUMP WELL (1)

CRUMP WELL (2)

COUNTY
BELKNAP HOT SPRINGS

BELKNAP HOT SPRINGS
FOLEY SPRINGS
. ' o

COUGAR RESERVOIR

HOT SPRINGS (RIDER)
COUGAR RESERVOIR

HOT SPRINGS (RIDER)
WALL CREEK WARM

SPRINGS .
MCCREDIE SPRINGS

e
MCCREDIE SPRINGS

ALLEN)

ALLEY)

Table 1

Location

42-59.8 120-45.3
308/0t7¢ -06
42-43.53 120-38,.75
33s/017€e -12 NE
42-43,53 120-38.75
335/017€ -12 NE
42-13.32 120-22.09
395/020€ =04 Nw
42-13,.32 120-22.09
395/020€ -04 Nw
42-13.32 120-22,09
3987020 -04 NW
42-09.7t 120-20.60
39S/020€ -27 NE
42-09,35-120-20.67
39S/020€ -27 SE
42-09.35 120-20.67
395/020€ -27 SE
£2-29.97 119-41,.48
355/026E -32 NW
L2-17.84 119-46,.55
385/025€ =10 Nw
£2-13.60 119-52,78
385S/024E =34 SW
€2-13.60 119-52.78
385/024€ -34 SW
£2-13.59 119-52.87
385/024E -34 Sw
42-13.59 119-52.87
385/7024E -34 Sw

(4=-11,65 122-02.90
165/006E -11 NE
44-11,65 122-02.90
16S/006E =11 NE
44-09.20 122-05.85
16S/006E -28 Nw
64-04.95 122-14,00

175/005€ =20
L4-04.95 122-14.00
175/005E -20 Nw
43-48.45 122-18.55
20S/004E -26 Nu
£3-42.35 122-17.20
21S/004E -36 NW
$3-42.35 122-17.20
2157004t ~36 NW

Date
Yr/Mo

48712
48/10

72/00

56/10

57710
72/00
48/06
48/05
72/00
48/08
r2/00
48/09
72/00
59707

60/09

03700
72700
76/03
73700
76/03
76703
74700

76/03

Sp
Cond
{umho)

{760
1790
1110
1140
1120
813
‘1320
1370
876
S13
935
1490

1580

1460 -

4300
4800
2890
2660
2340
‘6730

X

6770

Peterson.,

Major Elements

Temp
(¢)

18.9
£6.7
3.0
98.0
86.0
96.0
69.4

85.0

88.0

40.0
68.0
40.0
78.0
9%9.0

88.0

86.7
71.0
80.6
44,0
£2.0
41,0
73.

71.0

pH

7.93

and Riccio 1978
in mg/l’ (NU) not detected)

Sitica Sodium Potas~- Cal~

(si02

146.
140.
140.

66.
140.
130.
168.

7.
125.
180.

167,

80,9
96.
60.4
50,
7.
62.7
79.

65.4

) (N2)

175,
280,
298.

281,

364,
690,
675,
392,
320,
s,
1004,

910,

siue
()

5.2

(iq’
(ca)

8.0
13.

655,

210,

9%,

225,

196,
130,
46U,
500.

CHEMICAL COMPOSITION OF THERMAL SPRINC AND WELL uKlfRS
[Map code refers to Bowen,
Concentrations

“ag-.

RIYE
nesiua "LiAiLy (504
(Wg)y  theoH
3.9 108 6.7

0.6 374 11{.
0.1 426 130,
16 269,
24 TR T
<041 8f 260,
0.4 pe Cise.
1.4 206 228,
0.1 236 240;
2.5 1 %1
1.0 107 59.
2. 130 1138/
0.2 , iss 300,
.5 143209,
13, 168.
0.2 19 V7).
0.8 16 850F
0 1 g,
0:i 16 8%,
1, b .
1.9 2 Teb,

9 20

subfate Chi8r- Fluore-

jde -

tchH

120.
120,
99.
146,
170.
64,
S6.

150.

2404

263,

2¢8.

133,

1300.

-
w
Cx
»
.

£
£

~7
ooy
o
-

602;
F200.
2232,

i ge
(f)



6l .

Map

Name

Code

"LAKE
05

14
14
23
23
23
24
25
25
28
32
33
33
33
33
LANE
o0
01
02
03
03
04
05

05

COUNTY
ANA RIVER SPRING

SUMMER LAKE HOT
SPRING (WOODWARD)
SUMMER LAKE HOT
SPRING (WOODWARD)
HUNTERS HOT SPRINGS
(LAKEVIEW) .
HUNTERS HOT SPRINGS
(LAKEVIEW)
HUNTERS HOT SPRINGS
(LAKEVIEW)
LEITHEAD HOTY
SPRINGS (JOYLAND PLU
BARRY RANCH HOT
SPRINGS (GUS ALLEN)
BARRY RANCH HOT
SPRINGS (GUS ALLEN)
ANTELOPE HOT
SPRINGS
FISHER HOT SPRINGS

CRUMP SPRING

CRUMP SPRING

CRUMP WELL (1)

CRUMP WELL (2)

COUNTY
BELKNAP H?T SPRINGS

BELKNAP HOT SPRINGS
FOLEY SPRINGS

COUGAR RESERVOIR
HOT SPRINGS (RIDER)
COUGAR RESERVOIR
HOT SPRINGS (RIDER)
WALL CREEK WARM
SPRINGS
MCCREDIE SPRINGS

MCCREDIE SPRINGS

Table 1

[(Map code refers to Bowen,

CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL WATERS

Concentrations

Boron
(8)

18,

17.8

Lithiuam Rubidium Cesium Strontium Bromide lodide Nitrate Atuainus

(i)

0.15

0.2

0.04

0.95
0.96
0.52
0.64

-0.57

in mg/l;

Peterson, and Riccio,
(ND) not detected’

1978,
(m) monoaeric aluainus]

Minor and Trace Elesents

(Rb)

<0.02

(Cs)

<041

<0,.1

<0.1

<0.1

(Sr)

0.07
0.5

0.12

0.3

(Br) (1) (NOY)
0.1
6.1
1.
7.2
0.3
0.4 0.08
0.2
0.3
1. 0.1
0.2
0.4 0.03
1.5
d.‘ 0.1
0.9 . 0.1 1.0
33, 0.2

(AL)

ND

0.03¢nm

0.014m

0,011m

<0.0

<0,08%
<0,09

0.010m

lron Manganese Mercury
(Fe) (Mn) (Hg)
0.1%

0,03

0,02 ¢0,02

0.01 NO

<0,02 <0,02 0.000¢
0.0%

0.0?2 ‘

<0.02 <0.02 .. 0.0217
0.0?2

<0.02 <0.02  <0,0001
0.04 .
<0.02 0.032;  0.0004
0.15 N )

1

0,02 0:02 <0.00014
€0,05

€0,02 <0,02 0.000%
et <0.0%

<0.Qs
0.0 0.10
0.1  0.05



0¢

Map Name
Code
LANE COUNTY
06 KITSON SPRINGS
06 KITSON SPRINGS
OB BIGELO4 HOT SPRINGS

MALHEUR COUNTY

03
04
05
05
06
os
18
18
19
19
2}
24
25

26

QT

28
29

30

MARION COUNTY

01

NEAL HOT SPRINGS
BEULAH HOT SPRINGS
VALE MOT SPRINGS
VALE HOT SPRINGS

UNNAMED HOT SPRINGS
NEAR LITTLE VALLEY
MITCHELL BUTTE HOY
SPRINGS
UNNAMED HOT SPRING
AT THREE FORKS
UNNAMED HOT SPRING
AT THREE FORKS
UNNAMED HOT SPRING
NEAR MCOERMITY
UNNAMED HOT SPRING
NEAR MCOERMITT
LUCE HOT SPRINGS

JONESBORO WARM
.SPRING

JUNTURA WARR SPRING
"

JUNTURA WARM SPRING
2

ARTESIAN WBLL

ALKALT FLAT
GRADIENT WELL

NORTH HARPER HLM
WELL

UNNAMED WARM SPRING
NEAR BULLY CREEK

SN

BDREITENBUSH HOT
SPRINGS

Tabte 1:

Location

43-461.35 122-22,.50
225/004€ -D6

43-41,35 122-22.50
228/004€ ~06 NE

L4-14.35 122-03.50
155/006¢€ ~26 Nw

L4-01.45 117-27,60
185/043¢ ~09 Nw
63-56.65 118-08.15
195/037¢ -02 SE
£3-58.96 117-13,.98
18S/045€ -20 SE
43-58.96 117-14,98
185/045€ -20 SE
£3-53.48 117-30.00
195/043€ -30 NW
43-45.78 117-09.34
21S/045€ -12 NE

42-32.0 117-10.9
355/045€ -03
42-32.0 117-10.9
3558/065€ -03
£2-04.7 117-45,.6
40S/042€ =25
£2-04.7 117-45,6

40s/7042€ =25
43-28.15 118-12,08
248/037¢ -20
43-47.5 117-57.5
20s/039%€ -29 S¢
43-45.5 118-04.,0
21S/038€ -09 sw
43-45.5 118-05.5
215/038¢ -17 nv
43-41,8 117-0S5.7
21S/006€ =33 SE
44-06.60 117-13,60
175/0645€ -08 NE
£3-55,76 117-12,72
195/045€ -09 SE
44-01,95 117-26.95
185/063E -04 SE

bb-46.86 121-58,.54
09s/007€ -20 NE

Date
YelMo

58/03
78/05
76703

72/00
?2/00
74/00
74708
73700
72/00
35/07
73/00
57/05
72100

72100

77103
75105
76106

??/06

12/00

Sp
Cond
(umho)
10500
10100

3800

1010
1090

1530

338
604
598

1330

4030

CHEMICAL COMPOSITION OF
(Map code refers to Bowen,
Concentrations

THERMAL SPRING AND JEUL WATERS

Peterson, and Riccio 1978
in mg/7t; (ND) not detected]

ﬁajor Elements

Temp
)

Ghob
43,

61.0

87.0
60.0
73.0
90.
70.0
62.0
35.0
34,0
53.5
$2.0
63.0
44,5

" 25.0
35.0
46,0
24.0
36.0

7.0

92.0

pH

Silica
($i102)

47,
‘s.

68.9

115,
94,

L4,

32.0
39,7

99.

83,

Sodium
(Na)

1450,

1500. -
540,

190,
200,
310,

160.
110.
62.
o1.
135,
130.
240.
72.
24,
78,
124,
«82.
134
1.

4
720,

Potas- Cal- Wig-

siue
(<)

6.0

16,

3.2

3,

Kb~

Sulfateé CNlor~

cius nesdum LiniCy " (504) ide |
(Ca) (ng) (HCOY) (CL)
126s $.7 27 ﬁgry 3420.°
710, tob 26 -219; ¥450,
1886, 1 ™Moz, 1148,
8.8 0.2 200" 170, 120
24, 0.2 163" 292, ss.
19, 3.8 143 107, 360.
7, 350.
5.2 <0.05 129 130 74.
Cob o €0L is 3B, 28,
12. 1.8 1iv 3. 19,
10.5 0.7 110 LT 18.
1.2 263 «s. 15.
0.6 <0, 263 53. 14,
34, 0.5 162 293. 140,
1.0 <0.,1 P48 18, 1.
‘8. 2. 206 1s, i20.
1.0 <0.) 1YY s, 140,
1.8 0.1 96 16, 12.2
it 0.5  fen  n3v,2 5987
370 0,5 192 ¥ w3
Fo.6 147 ) fe0 0.5
100. V.3 14s 43, 1300,
=

Fluore-

ide
(F)




¥

Map

~Cod

LANE
06

06
08
RALHE
03
04
0s
0s
06
08
18
18
19
19
23
24

25

26

27

28

29

30

MARIO
o1

Name
e
COUNTY
KITSON SPRINGS

KITSON SPRINGS

BIGELOW HOT SPRINGS

UR COUNTY .
NEAL HOT SPRINGS

BEULAN HOT SPRINGS
VALE HOT SPRINGS
VALE HOT SPRINGS

UNNAMED HOT SPRINGS
NEAR LITTLE VALLEY
MITCHELL BUTTE HOT
SPRINGS .
UNNAMED HOT SPRING
AT THREE FORKS
UNNAMED HOT SPRING
AT THREE FORKS
UNNAMED HOT SPRING
NEAR MCDERMITT
UNNAMED HOT SPRING
NEAR MCDERMITT
LUCE HOT SPRINGS

JONESBORO WARM
SPRING

JUNTURA WARM SPRING
SR

JUNTURA WARM SPRING

R ¥4

ARTESIAN WELL

ALKALL FLAT
GRADIENT WELL

NORTH HARPER BLM
WELL

UNNAMED WARM SPRING
NEAR BULLY CREEK

N COUNTY
BREITENBUSH HOY
SPRINGS

Lo

Tabte 1:
[(Map code refers to bowen,

Boron
(a)

25.
22,

6.5 .

CHEMICAL COMPOSITION OF THERMWAL SPRING AND JELL WATERS
Peterson, and Ricciosr 1978/
Concentrations in mg/l; (ND) not detected; (m) monoseric aluminua)

Minor and Trace Elements

Lithium Rubidium Cesium Strontium Bromide Jodide Nitrste Alunian

iy (Rb)
1.8
2.0 0.10
1.1
0.3 0.09

0.04- <0.02°

ND

0.06 <0.02

.27 0.04

1.8 0.18

(Cs)

<0.1

0.1

<0.1

" <Dt

<0.1

0.1

(se) (8r)
6.6

0.16 0.5

0.17 0.1

<0.95

<0.05 0.2

0.06

<0.05 0.4

0.42 0.5

0.73 s,

%)) (NOD) CAt)
0.9 2.7 g.2?
0,602a
¢0.05
0.06 0.008m
0.23 0.006a
0.017a
0.01 0.015a
2.9
Hp
0.708 G.013a
0.2%
0,02 0.1
D.03 0.01

Iron Manganese Mercury

(fFe) (nn)
0,01 KD
<0,0¢ 0415
0.1 <6.00%
<0,.,02 0.06
<0.02 0.03

<0.02 0.0¢;

€0.02 <0,02

<0.02 <0.02

0.02

<0,02 <0;0;§

<0,02 <0,02

<0,02 0.04
<01 <0.05
0.4 0.0

<§,.05 <0,0%
0.4 6.06

(Hg)

<0.0001%

0.0201

0.0001

0.0007

0.0201

0,0001

0.0009

A

6.0902



ee

Table 1t CNEHICAL.COHPOSIIION OF THERMAL SPRING AND JELL WATERS
{Map code refers to Bowen, Peterson, and Riccio 1978
Concentrations in mg/l; (HD) not detected)

Major Elements

Map Name Location Date Sp Temp bN Silicoe Sodium Potas- (al- ﬁoq-g j(ﬁ(: Sg(!ﬁte kh@pr- fFlLudrs
‘Code Yr/iMo (Cond () (5i02) (Na) stue  (ius nesfue Lidity (50 ide. ide
' . : : (umho) (x) ¢Cay (M) (MCO3Y e CF)
MARION COUNTY : _ - . . , . e £ ,
01 BREITENBUSH HOY C6-46.86 121-58.54 ?8/02 110.0 8.5 182, 690, 34, 90, 1.5 .1 98% - 1170, 40
SPRINGS - WELL 09s/007€ =20 NE - .
NULTNOMAH COUNTY . Lo B . . .
01 CORBETT WARM SPRING 45~32.5 122-172.5 . 5?20 18.0. 8.2 44,2 85. 4.¢ 21,7 G.8° 127 §q 77.4 204
) OI1N/QD4E =27 SE

02 YMCA CAMP COLLINS 45-30.2 122-18.3  56/09 . 517 23.3 8.6  60. 10, 9.6 52 0i2 126 W2 92. 3.2
o 01S/004E -10 NW ;

UMATILLA COUNTY

01 BINGHAR SPRINGS £5-44,.47 118-13,.96 54704 765 34.4 B.6 68, 133, 7:6 1% 1.9 a2 raz 192, ¢ED -
o ‘ O3N/O37E -18 NE ’ . , o R .
03 LEHMAN SPRINGS 4£5-09.06 118-39.55 72/00 252 61.0 9,18 &6, 3. 0.7 0:9 . 0.1 127 235 S.h 2.1
0SS/033E -12 NE :
UNION COUNTY ’ ok '
0) COVE JARM SPRING 45-17.67 117-48.38 57706 150 29.4 9.8 29. 30, 0.5 1.6 70 3.8 5.0 0:3°
) 03S/040E -22 Nw ) : . e .
01 WELL : £5-19.89 118-05.43 55/01 27. 7.9 84, 2. 5S¢ . 0§83 LD 3.2 045
03S/038E -DS SW : . R - )
01 WELL. £5-19.89 118-05.43 SS5/D : 25, 7.9 - 72. 3D. S, 4.8 1:% &3 B 2.1 0%s
035/038E -05 Sw : o . . & B
01 wWELL : ¢5-20.07 118-05.83  57/05 146 27, 71, 19, 5. 10, 02 .3 e, 1. 0.5
035/038€ -06 NE e _ A — :
02 HOT LAKE . 45=14,63 197-57.51 72/00 688 B80.0 9.2% 48, 130. 2.7 6.9  <DJ 99 96 140, 1.7°
04S/039€ =05 SE ) : _ ) .
05 WAGNER WELL 45-27.43 117-59.84 50/08 148 29, 8.0 28, 4,0 3,6 0.8° 1 8,3 3.1 2.7
01S/038€ -24 SE ] , i . '
07 MEDICAL HOT SPRINGS 45-01,08 117-37.48 60,0 97, 191, 3.4 82. 1,2 22 w2, mn
- ' - 06S/041E =25 NE ' T
07 MEDICAL HOT SPRINGS 45-01,08 117-37.48 73/00 11?3 60,0 8.23 .80, 190, 7,0 72, . 0.2 28 400, 77. 1.2
K 06S/041E =25 NE
WALLOWA COUNTY' ' , - ) . s .
01 COOK CREEK WARM . 65-53,49 116-52.41 7471 610 36.0 7.95 46,1 61, 235 ¥, 1.9 G 168in 203 0,99
_ SPRING _ OSN/04BE =30 NW : : : ' :
WASCO COUNTY . ' ) . e o ol . ‘
01 KAHNEETAH HOT €46~51,72 121-12,05 73/00 1370 52.0 8.32 104, 325, 3,4 3.2 <009 519 3 tss. 21,
SPRINGS - 08S/013€ -20 NE ‘ - ) . .o ‘
02 MILTON MARTIN WELL 45~31.70 121-12,95 $8/07 279 22.2 8.5 8¢, 3 I 15, 249 167 2.k 6.0 0,9
e A COWNZOI3E =32 NE U e . L E .y Ll
03 J. SANDOZ WELL 45~33,.8 121-16.6 58/07 378 27.8 7.9 9s. 62, 11, 16, Tl 145 7.5 1.6

0OI1N/012E -38



Map
Cod

MARIO
01

MULTN
01
02

UNATI]
01

03

Name
Py .

N COUNTY
BREITENBUSH HOT
SPRINGS - WELL

OMAH COUNTY
CORBETT WARM SPRING

YMCA CAMP COLLINS
LLA COUNTY
BINGHAM SPRINGS

LEHMAN SPRINGS

no UNION COUNTY

(98]

01
01
o0
01
02
0s
07
Q?

COVE JARM SPRING
WELL

WELL

WELL

HOT LAKE

WAGNER WELL

HEDICAL HOT SPRINGS

MEDICAL HOT SPRINGS

WALLOWA COUNTY !

01

COOK CREEK WARM
SPRING

WASCO COUNTY

o
02

03

KAHNEETAH HOT
SPRINGS
MILYON MARTIN WELL

J. SANDOZ WELL

AR ACERS

Table 1t CHEMICAL COMPOSITION OF THERMAL SPRING AND wELL WATERS
[Map code refers to Bowen, Peterson, and Riccio, 19787
Concentrations in mg/l; (ND) not detected: (ma) monomeric atuminue]
Minor and Trace Elements

. Boron Lithium Rubidium Cesium Strontium Bromide fodide Nitrate Atuainua

(B) . (L) (Rb) ts) = (sr) (8r) tn (403) (AL)
S.43 1.9 ' R
1.2 0.03 : ' 0.0 .0.16
0.38 : ’ D.%
10, _ : 0.2
0.12  0.03  <0.02 <0.1  <0.05 0.006 0.001
0.08 nO
2.9 0.03 <D.02 <0, <0.05 0.4 0,08
0.1 0,2
2.2 0.05 0,02 <0, 1 0.80 0.2

<0,01 ' , 0,13 0.6
2.6 0.52 0.02 <0.1 «0.0%

DY 1.0

RIS

{ron
(fe)

0.2

0.0%

0.2)

<0,02

<0,02

<0.02
0.15
<t,62

0.6%

0,06

Manganese Mercury

(Mn)

<0,02

<0.02

<0.02

¢<0,0%

<G.02

ty

M)

(Hg)

0.0003

0,0032

0.0004

0.030}%



ve

. Map
Code

BAKER COUNTY
01 RADIUN WO
01 RADIUM HO
02 SAM-0 SPR
05 KROPP HOT

06 FLISHER HO

Name

¥ SPRINGS
T SPRINGS

ING
SPRING

T SPRING

CLACKARAS COUNTY

01 ACID-SULFATE SPRING ON

M7, HOO
01 mT, HOOD
01 MT, HOOD
Gt nr, HOOO

]

FUMAROLES
FUMAROLES
FUMAROLES

Table 2: REFERENCES FOR ANALYSES
[Map code retfers to Bowen, Peterson, and Riccio, 1978;
Map reference refers to U, S. Geoogical Survey topogradshic saps)

01 AT. HOOD
01 MT. HOOOD
.91 MY, HOOD
01 MT. HOOO
01 MT. HOOD FUMAROLES
01 MT. HOOD FUMAROLES
02 SWIN WARM SPRINGS

FUMAROLES
FUMAROLES
FUMAROLES
FUMAROLES

03 AUSTIN HOT SPRINGS
(CAREY)

06 BAGBY HOT SPRINGS
04 BAGBY HOT SPRINGS

05 GEOTHERMAL GRADIENT
TEST NEAR AUSTIN HOT

DESCHUTES COUNTY
01 EAST LAKE HOT SPRINGS
01 EAST LAKE HOT SPRINGS
01 EAST LAKE HOT SPRINGS
02 PAULINA 'HOT SPRINGS
02 PAULINA HOT SPRINGS

02 WARM WELL AT LITILE
‘ CRATER CAMPGROUND

DOUGLAS COUNTY
01 UMPQUA HOT LSPRINGS

01 UMPQUA HOT “SPRINGS

3

Sample Map Retference Ann(y‘is Reference
Date
$5/05 HAINES 1:24000 _ scoxv Auo‘sAnxin, 1762 '@
72/00 HAINES 1324000, BAKER 1:250000 WARINER AN ’ovu[ns5 g7
' \AﬂlNEﬂ‘AN stas. 167
77702 BAKER 1:24000, BAKER 1:250000 onecou O(PAnlﬂcut aF GCO oa«“Auo .
. _ RINERAL luous1a|£s. wfuaL15u£o DATA
NORTH POWOER 1324000, GRANGEVILLE 1:250000 OREGON DEPARTHENT OF GEGTO5Y AND . @
AIHERAL lNoUSIRlci, nMPUBLlSMED DATA
72706 ROCK CREEK 1:24000, CANYON CITY 13250000 ORECON DEPARIMENT DF GEOLOLY AND -
MIHERRL THOUSTRIES, UNPUBLISHED DATA
76/06 MT. HOOD SOUTH 1324000 UeS. GEOLOGICAL SURVEY, WNPUBLISHED
pATA
35/00 MT. HOOD SOUTH 1:24000 PHILLIPS, 1934
35/00 MT. HOOD SOUTH 1:;24000 PHILLIPS, 1936
35700 MY, HOOD SOQUTH 1:24000 puILLIeS, 1938
$1/00 MT. HOOD SOUTH 1:24000 AYERS AND CRESWELL, loy
5$1/00 MT. HOOD SOUTH 1:24000 AYERS AND CRESWELL., 1951
©5$1/00 MT. HOOD SOUTH 1324000 AYERS ANOD (ﬂESVELL'ﬂ19S§
$1/00 MT, HOOD SOUTH 1:24000 AYERS AND WEeL, 95
51/00 MT. HOOD SOUTH 1:24000 Avghs‘auo*cnssthL, REARR
51/00 MT. HOOO SQUTH 1:24000 ATERS AND CRESWELL, 195V -~ . ..
16/12 MY, HOOD SOUTH 1:24000, THE DALLES 1:250000 OREGON DEPARTMENT. on*envtqpuneutAL
: QUALLTY, UNPUBLISNEO DATA
72/00 FISH CREEK MTN, 1:62500, VANCOUVER 1:250000 MARINER AND OTHERS, 1974
WARINER AND OTHERS, 1975
NEMRING AND,OTHERS, 1979
70/03% BATTLE AX 1:62500, SALEM 1:250000 ouzco~ DEPARTMENT OF csoto.v AND
HlNEﬂAL INDUSIRIES: UNPUBLPSNED DATA
77/09 BATTLE AX 1:62500 UeS & GEOLOGICAL SURVEY, UN>UBLISHED
- ATA
76/08 HIGH ROCK 1:62500, THE DALLES 1:;250000 oRE o~ DCPAnlutur 6F GLoLo3Y AND |
WINERAL INODUSTRIES, UNPUBLISHED DATA
73700 NEWBERRY CRATER 1:125000, CRESCENT 1:250000 WARINER AND oruaas, 1975
75708 NEWBERRY CRATER 1:125000, CRESCENT 1:250000 JoS.. GEOLOGICAL SURVEY, UNPUBLISHED
. . DATA . . P
77107 NEWBERRY CRATER 1:125030, CRESCENT 1:250000 uvs, GEOLCGI(AL fuwvcv, N“UéLlSNED
. . '”bklk . )
NEWBERRY CRATER 1:125000, CRESCENT 12250000 U. s . atouocltnL sunvci, uubuachnem
DAIMO ” . s '
77707 NEWBERRY CRATER 1:125000, CRESCENVNT 13250009 U.s§;a£OLoa|cAL SURVEYS UNPUBLISHED
GATA . w Ea !
75708 NEWBERRY CRATER 1:125000 Jo§. GLﬁLDGl(AL SUBVEY 2 UNBUBLYISHED
prii :
77709 TOKETEE/ "FALLS 1:62500 WARINER AND OTHERS, 1978
78706 TOKETEE FALLS 1362500 OREGON DEPARINENT DF GLoLDLY AND )
"MINEAAL INOUSTRIES, UNPUBLISHED DATA
~ - - ~ ~ - @



Table 2¢ REFERENCES FOR ANALYSES
[Map code refers to Bowen, Peterson, and Riccios, 1978/
Map reference refers to U, S. Geoogical Survey topographic maps)

5¢

Map Name Sample Map Reference Analysis Reference
Code ) Date
GRANT COUNTY o
01 RITTER HOV SPRINGS 73700 RITTER 1:62500, CANYON CITY 1:250000 SARINER AND OTHERS, 1974
) . ) . ’ MARINER AND OYMERS, 1975
04 BLUE MOUNTAIN HOT 72/00 PRAIRIE CITY 1:;62500, CANYON CITY 13250000 SARINER AND OTHERS, 1974
SPRINGS - = | . : ' . CARINER AND OTHERS, 197
05 JOAQUIN MILLER RESORT 78707 CANYON MTN. 1:24000, JOHN DAY 1:62500 OREGON DEPARTMENT OF GEOLOGY AND
- - c MINERAL INDUSTRIES, UNPUBLISHED DATA
07 WEBERG HOT SPRING 72700 CANYON CITY 1:250000 SARINER AND OTHERS, 1974
SARINER AND OTHERS, 1975
HARNEY COUNTY . .
01 UNNAMED SPRING 31709 BUCHANAN 1:24000 PIPER AND OTHERS, 1939
02 0. 4. THOMAS 68709 MARNEY 1:62500 LEONARD, 1970 '
04 MILLPOND SPRING 31/08 BURNS 1:24000 PIPER AND OTHERS, 1939
0S5 HARNEY VALLEY DEV (). 68/09 HARNEY 1:62500 . LEONARD, 1970
OIL TEST WELL ’
08 ISLAND RANCH WELL 69/08 LAWEN 1:62500 . LEONARD, 1970 . -
09 CRANE HOT SPRINGS 31/08 CRANE 1:62500, BURNS 1:250000 PIPER AND OTHERS, 1339 . : "
09 CRANE HOT SPRINGS 68709 CRANE 1:62500 3 LEONARD, 1970 B -
09 CRANE HOT SPRINGS © 72400 CRANE 1:62500, BURNS 1:250000 MARINER AND OTHERS, 1974 iy
' MARINER AND OTHERS, 1975 =
10 WARM SPRING NEAR 77706 BURNS 1:250000 GONTHLIER AND OTHERS, 1977
VENATOR. ,
15 UNNAMED HOT SPRING NEAR 31708 BURNS 1:250000 PIPER AND OTHERS, 1939
HARNEY LAKE N
15 UNNAMED HOT SPRING NEAR 72/00 CRANE 1:62500, BURNS 1:250000 YARINER AND OTHERS, 1974 L
HARNEY LAKE : ) "MARINER AND OTHERS, 1975 s
22 MICKEY SPRINGS 70707 ADEL 1:250000 OREGON DEPARTMENT OF GEOLO3Y AND -
: MINERAL INDUSTRIES, UNPUBLISHED DATA
22 MICKEY SPRINGS 72/00 ADEL 1:;250000 MARINER AND OTHERS, 1974
MARINER AND OTHERS, 1975
NEMRING AND OTHERS, 1979
22 MICKEY SPRINGS 76709 ADEL 1:250000 VeS. GEOLOGICAL SURVEY, UNOUBLISHED
‘ OATA '
22 MICKEY SPRINGS 76/09 ADEL 1:250000 UsSo GEOLOGICAL SURVEY, UNPUBLISHED
. DATA .
22 MICKEY SPRINGS 76/09 ADEL 131250000 Jo§Ss GEOLOGICAL SURVEY, UNSUBLISHED
. DATA
23 ALVORD HOT SPRINGS. $5/11 ADEL 1:250000 OREGON DEPARTMENT OF GEOLOST AND :
MINERAL INOUSTRIES, UNSUBLISHED DATA
23 ALVORD HOT SPKINGS 72700 ADEL 13250000 WARINER AND OTHERS, 197¢
NARINER AND OTHERS, 1976
. 5 NEMRING AND OTHERS, 1979 .
23 ALVORD HOT SPRINGS 76709 ADEL 1:250000 U5, GEOLOGICAL SURVEY, UNPJBLISHED
. o DATA '
23 ALVORD HOT SPRINGS 76709 ADEL 13250000 U.5. GEOLOGICAL SURVEY, UNGUBLISHED
DATA
24 HOT BORAX LAKE 53707 BORAX LAKE 1:24000 U.S. GEDLOGICAL SURVEY, UNIUBLISHED
DATA
24 HOT UBORAX LAKE 61706 BORAX LAKE 1:24000 U.S5. GEOLOGICAL SURVEY, UN2UBLISHED

DATA



9¢

Map
Cod

_MARNE

24

27
27

39
43
43
63

43

43
43
43
. k3.

43

JACKS
01

KLANA

Name
e N
Y COUNTY
HOT BORAX (AKE

UNNAMED HOT SPRING NEAR
TROUT CREEK

UNNAMED HOT SPRING NEAR
TROUT CREEK

GOODMAN SPRING
(HOTCHKISS)

UNNAMED HOT SPRING NEAR
HOT BORAX LAKE

UNNAMED HOT SPRING NEAR
HOT BORAX LAKE

UNNAMED HOT SPRING NEAR
HOT BORAX LAKE

UNNAMED HOT SPRING NEAR
HOT BORAX L AKE

UNNAMED HOT SPRING NEAR
HOT BORAX LAKE

UNNANMED HOT SPRING NEAR

. HOT BORAX LAKE
UNNAMED HOT SPRING NEAR
HOT BORAX LAKE
UNNAMED HOT. SPRING NEAR
HOT BORAX LAKE
UNNAMED HOT SPRING NEAR
HOT BORAX LAKE
UNNAMED HOT SPRING NEAR
HOT BORAX LAKE
HOTCHKISS WELL
HOTCHKISS WELL
HINES LUMBER (0. WELL
CLTY OF HINES WELL

ON COUNTY
JACKSON HOT SPRING

TH COUNTY
ALFRED JAtOuSEN

- ANNLE SPRING

BILL MILL

CLAUDE SHUCK

CLYDE DEMILINGER
FALCON HEIGHTS SCHOOL
GEORGE CARTER

GEORGE ‘STACY.(O.

JACK 0°CONNER

LEN DOBRY

Table 2: REFERENCES FOR ANALYSES
(Map code refers to Bowen, Peterson, and Riccio,

1978;

Map reference refers t0 U. S. Geoogical Survey topogrephic msps]

Sample Map Reference
Date
72/00 HORAX LAKE 1:24000
70/08 ADEL 1:250000
72/00 ADEL 13250000
68709 BURNS 1:24000
53709 BORAX LAKE 1:24000
53709 BORAX LAKE 1:24000
$7/05 BORAX LAKE 1:;24000
73/06 BORAX LAKE 1:24000, ‘ADEL 1:25000)
76/09 BORAX LAKE 1:24000
76709 BORAX LAKE 1:24000
76709 BORAX LAKE 1:24000
76709 BORAX LAKE 1:24000
76707 . BORAX LAKE 1:24000
76/09 BORAX LAKE 1:24000
31/08 BURNS 1:24000
68/09 BURNS 1:24000
68/07 BURNS 1:24000, BURNS 1:62500
68/07 BURNS 1:24000, BURNS 1:62500
52/04 ASHLAND 1:62500
74/05 MERRILL 1:62500
CRATER LAKE NATIONAL PARK AND VICINITY 1362550
747006 MERRILL 1:;62500
74705 MERRILL 1:62500
76106 MERRILL 1:62500
74705 KLAMATH FALLS 1:62500
74/06 MERRILL 1:62500
74106 MERRILL 1:62500
74405 MERRILL 162500
747105 MERRILL 1:62500
~, - I

o Yool e
Anstlysis Réfterenc

AARINER AND OINEﬂS; 197A

1AR1~£R AND ovu(«s. 1975

NEMR!NG AND . OINER$, 1979 B

ORIGON OEPAR!HENI ‘OFf GfOLO%w AND -
nlncaAL luousintfs, UHPUDL ISHED DATA

WAﬁlNii Anﬁ 07niﬂ5; 1?75

!Aulntﬂ Aub o'utus, 1973

N(NRING?AND OTHERS, 1979

LEONAhD, 1970

ﬁbs._otpLocchL SUNVEY, UNPUBLISHED
[Z 2N} R R

JiS, GEOLDGICAL SURVEYY UNPUBLISHED
oAYA . o ]

U.5% GCOLOGICAL SURVEY, UNSUDLTSHED

Lo DATA

NARINER AND OVMERS, 1976

HARINEJ AND OINERS; 1975

NEWRING AND OTHERS, 1979 o

U.S, GEOLOGICAL SURVEY, UNCUBLISHED
DATA . .

U.S. GEOLDGICAL SURVEY, UN>GBLISHED

. TATA L awmly

U.5. GEOLOGICAL SURVEYS. UNBUBLISHED
BATA, o

v.S., GEOLOGI(AL SURVEY » Uﬁ°uetlsuen
DATA . )

35, GEOLOGICAL SURVEYS UN2UBLISHED
DATA .

UvS. GEOLOGLTAL SURVEY, UNSUOL ISHED
DAYA

PIPER AND OTHERS, 1939

UEONARDS 1920

LEONARDS 1970

LEONARD, 1970

.

ROB1SON, 1972

1
e

sumuQ 1926
1nn£L,M\97‘
SANMELS 1976
SAMMEL, 1578
sEMMEL, 1076
SAMMEL 1978
SAHHEL ) V476
snwﬁct, 1976
SAMKEC, 177
SAMHEL s 197%




Le

i)

Table 2: REFERENCES FOR ANALYSES
{(Map code refers to Bowen, Peterson, and Riccio, 1978;
Map reference refers to U. S, Geoogical Survey topograohic maps]

“Yap Name Sample Map Reference . : Analysis Reference
Code . ‘Date

KLAMATH COUNTY

LESTER BROOKSHIRE 741708 MERRILL 1:62500 SAMMEL, 1976
MELVIN MCLOLLUNM 74705 MERRILL 1:62500 : SAMMEL, 1976
MONTE DEHILINGER 74706 MERRILL 1:62500 , o SAMREL, 1976
O'CONNER LIVESTOCK CO. 74706 MERRILL 1:62500 SAMMEL, 1976
‘OREGON WATER CORP. (&) 70/08 MERRILL 1:62500 SAMMEL, 1676
POPE'S MEAT (0. - 74706 MERRILL 1:62500 ’ . SAMHEL, 1976
RAY BIXLER - 76/0% MERRILL 1:62500 ' SARMEL, 1074
ROBERT LANGLEY 764705 MERRILL 1:62500 SARMEL, 1978
S. AND C. KILGORE GERBER RESERVOIR 1:62530 SAMMEL, 19706 .
TOMN OF MERRILL 55702 MERRILL 1:62500 NEWNCOMB AND HART, 1058
UeSe AIR FORCE(Y) 72/10 KLAMATH FALLS 1:62500 SAMRBEL, 1978
U.S. AIR FORCE(2) 72410 KLAMATH FALLS 1:62500 " OSAWMEL, 1976
WEYERHAUSER WELL NO. 4 72/08 KLAMATH FALLS 1:62500 SAMMEL, 1976
01 EAGLE POINT SPRING 72/08 MODOC POINT 1:62500 SAMMEL, 1974
02 J. E. FRIESEN $5702 KLAMATH FALLS 1:62500 . NEWCOMB AND HART, 1958
02 LOIS MERRUYS 54712 KLAMATH FALLS 1:62500 NEWCO4YB AND HART, 1958 -
02 MEDO-BELL DAIRY $S/01 KLAMATH FALLS 1:62500 NEWCOMB8 AND HART, 1958
02 MEDO-BELL DAIRY 75707 KLAMATH FALLS 1:62500 SAMMEL, 1976
: ' NEHRING AND OTHERS, 1979 :
02 MILLS SCHOOL KLAMATH FALLS 1:62500 SAMMEL, 1976 h
] R NEHRING AND OTHERS, 1979 -
02 MOYINA WATER (O, 66/08 MERRILL 1:62500 SAMMEL, 1976 CRa
02 0.1.T. NO. 5 67/00 KLAMATH FALLS 1:62500 PETERSON AND GROH, 1967 :
02 0.1,7T. NO. & ?72/08 KLAMATH FALLS 1:62500 SAMMEL, 1976 .
02 0.1.7. NO. 6 75703 KLAMATH FALLS 1:62500 SAMMEL, 1976 -
: B NEHRING AND QTHERS, 1979 -
02 OREGON WATER CORP.(1) 30/03 KLAMATH FALLS 1:62500 SAMMEL, 1976 -
D2 OREGON WATER CORP,(2) 71709 KLAMATH FALLS 1:62500 SAMMEL, 1976
02 OREGON WATER CORP,(3) 71709 KLAMATH FALLS 1:62500 ) SAMMEL, 1976 T
03 HOWARD HOLLIDAY 74705 KLAMATH FALLS 1:62500 SAMMEL, 1978
04 MAZAMA SCHOOL . MERRILL 1:62500 SAMMEL, 1976
‘06 ABE BOEHM , 14705 KLAMATH FALLS 1:62500 - : SAMMEL, 1976
06 ABE BOEHM 75/08 KLAMATH FALLS 1:62500 - NEHRING AND OTHERS, 1979
06 DAN O°CONNER 74705 MERRILL 1:62500 . SAUMEL, 1970
06 JACK LISKEY 74/05 CMERRILL 1362500 : SAMMEL, 1976
. ’ . B NEMRING AND OTHERS, 1979
06 JACK LISKEY 764705 ,  MERRILL 1162500 : . SAWMEL, 1976
06 JACK LISKEY 75708 MERRILL 1:62500 . . ‘ NEHRING AND OTHERS, 1979
06 0. H. OSBORN 74705 MERRILL 1:62500 SAMMEL, 1976
‘ ) NEHRING AND OTHERS, 1979
07 OLENE GAP HOT SPRINGS 67700 MERRILL 1:62500 PETERSON AND GROM, 1967
0?7 OLENE GAP HOT SPRINGS 72/00 MERRILL 1362500, KLAMATH FALLS 1:250000 QARINCR AND OTHERS, 1974
’ . . AR INER ANOD OTHERS, 1975
07 OLENE GAP HOT SPRINGS 75407 MERRILL 1:62500 SAmMEL, 1676
. NEHRING AND OTHERS, 1976
0B ROENICKE HOT SPRING 72710 MERRILL 1:62500 SAMMEL, 1978
16 MELVIN FEIGIL 70710 MERRILL 1;62500 LEONARD AND MARRIS, 19074
22 RAY SWMITH WELL 70/10 BEATTY 1:62500 LEONARD AND HARRIS, 1974
23 KLAMATH 1CE (O, 36704 KLAMATH FALLS 1:62500 . NEWJCO%B AND HART, 1958
24 Jo ko O'NEIL 72703 MERRILL 1:62500 OREGON DEPARTMENT OF GEOLO3Y AND

MINERAL INDUSTRIES, UNCPUBLISHED DATA



8¢

Map
Cod

Naae
e

KLAMATH COUNTY

24
LAKE
05
14

14

23
23
23
24
25

25

28
.74

33
33
.33
33
LANE
01

01

02
u3
03
04

05
us

Jo Ko O'NETL

COUNTY

ANA RIVER SPRING

SUMMER LAKE HOT SPRING
(WOODWARD)

SUMMER LAKE HOT SPRING
(WOODWARD)

HUNTERS HOT SPRINGS
(LAKEVIEW)
HUNTERS HOT SPRINGS
(LAKEVIEW) ,
HUNTERS HOT SPRINGS
(LAKEVIEW)
[
LEITHEAD HOT SPRINGS
-CJOYLAND PLUNGE, LEO
BARRY RANCH HOT SPRINGS
(GUS ALLEN)
BARRY RANCH HOT SPRINGS
(GUS ALLEN)
ANTELOPE HOT SPRINGS
FISHER HOTY SPRINGS

CRUMP SPRING

CRUMP SPRING.

CRUMP JELL (1)
CRUMP WELL (2)
COUNTY

BELKNAP HOT SPRINGS

BELKNAP HOT SPRINGS

FOLEY SPRINGS

COUGAR RESERVOIR HOT
SPRINGS (RIDER)

COUGAR RESERVOIR HOT
SPRINGS (RI1DER)

WALL CREEXK WARM SPRINGS

MCCREDIE SPRENGS
MCCREDIE SPRINGS

Table 2: REFERENCES FOR ANALYSES ) L
[(Map coue refers to Bowen, Peterson, and Riccio, 1978.

Map reference refers to U, S. Geoogical Survey tooogruahtcyiaéii

n

gnar x b -
Sample Map Reference Analyiis %Erfiﬁncé
Date
76105 MERRILL 1:62500 SARMEL, 1976
48712 KLAMATH FALLS 1:250000 Iﬂluﬂtﬂ; 1950
48710 SLIDE MTN. 1;24000 TRAAUGER, 1950
72700 SLIDE MTN. 1124000, KLAMATH FALLS 1:250000 WARNER inD OTHERS, 1970
WARINER ANG O'rderd, 1473
. NEHRING ANOD OTHERS, 1979
56710 LAXEVIES NE 1:24000, KLAMATH FALLS 1:250000 UiS, GEOLOGICAL SURVEY, UNPUDLISHED
" DATA
57710 LAKEVIEW NE 1:24000, KLAMATH FALLS 1:250000 JeSs GEOLOGICAL SURVEY; {inoypLIsHED
bATA

72/00 LAKEVIEW NE 1:24000, KLAMATH FALLS 13250000 SARINER AND OTHERS, 19074
. nAalucn AND Oquns. 197S
vgunlno AND 0T WE RSy 1§79

«8/06 LAKEVIEW NE 1:24000 TRXUGER, 1950
48705 LAKEVIEW NE 1:24000 C 4 RalEeR, 1950
72/00 LAKEVIEW NE 1:24000 ‘Anl"fﬂ AND 0!NE“S:-197‘

1ARI~PR ANO OINERSo §978
48/08 WARNER PEAK 1:24000 TRAUGER, 1950
72/00 CRUMP LAKE 1:24000, ABEL 1:253000 MARINER AND OTHERS, 1976
“MARINE'R AND OTHERS., 1975
48/09 ADEL 1:24000 : TRAUGER, 11950
72/00 ADEL 1:24000 MARINER AND OTHERS, 1974
"MARIFER AND OTHERSS TQ7S
NEHRING AND ovuca? 1979

WiNERAL INDUSTRIES, UNSUHL ISHED DAIA

$9/07 ADEL 1:24000 J.S. GEOLOGIEAL SURVEYS UNPUBLISHED
c - DATA E )
60709 ADEL 1:24000 J.5. GEOLOGICAL SurveY; UneUBLI'sHED
. OATA
103700 MCKENZIE BRIDGE 1:62500 . REOLOGIEAL SURVEYy UN®U lsweo
: DAVA
72700 MCKENZIE BRIDGE 1:62500, SALEW 1:250000 nauxuzn AND o!n£n5’ 197%
' SARINER ARB OTHERSS 1978
NENRING, ARD OTHERS, 1975,
76703 MCKENZLIE BRIDGE 1:62500, SALEM 1:250000 ORE GON Dtﬁlﬁfﬂ!ﬂl Gk.L6 £ 0L
nlNlNAL 1Npustul£s.
73700 MCKENZIE BRIDGE 1362500, SALEM 1:250000 !AﬁlN{ﬁ Awo ovu 0o svru
WARINER ANb 01u ns.'1?7§ -
76703 MCKENZIE BRIDGE 1:62500, SALEM 13250000 OREGOR 0 CPAﬂthN’ L0 0L 6 ‘ND -
) HIN&“AL.INDUSIR ES,“UNﬂ HLISHED DATA
76103 SARDINE BUTTE 1:62500, ROSEBERG 1:250000 OHEGOR, DCPARIHrNI 0F GEOLGHY, AND - :
MINfRAL leU"RlES; UN“UHLISHE&§DATJ
74700 OAKRIDGE 1:62500, ROSE3ERG 1:250200 !ARINEN AND DIMERE y 97 =
76/03 OAKRIDGE 1:62500, ROSEBERG 1:250000 OREGON 0&PARIMLNI or GEOLko AND



Table 2 REFERENCES FOR ANALYSES
(Map code refers to Bowens, Peterson, and Riccio,
Map reference refers to U, S.

1978;
Geoogical Survey topogradhic maps]

6¢

Map Name Sample Map Reference Anglysis Reference
Code Date
LANE COUNTY
© 06 KITSON SPRINGS 58/03 OAKRIDGE 1:62500 MADESON, 1966
06 KITSON SPRINGS 78708 OAKRIDGE 1:62500 JoSe GEOLOGICAL SURVEY, UNPUBLISHED
DATA
08 BIGELOd HOT SPRINGS 76103 MCKEN2ZIE BRIDGE 1:62500, SALEM 13250000 OREGON DEPARTHENT OF GEOLOGY AND
MINERAL INDUSTIRIES, UNSUBLISHED DATA
MALMEUR COUNTY
03 NEAL HOT SPRINGS 72700 JAMIESON 1:62500, BAKER 1:250000 SARINER AND OTHERS, 1974
‘ MARINER AND OTHERS, 1975
NEHRING AND OTHERS, 1979
06 BEULAH HOT SPRINGS 72/00 BEULAH 1:62500, BURNS 1:250000 SARINER AND OTHERS, 1974
. MARINER AND OTHERS, 19725
05 VALE HOT SPRINGS 74700 VALE EAST 1:24000, BOISE 1:250000 MARINER AND OTHERS, 1975
. NENRING AND OTHERS, 1979
05 VALE HOT SPRINGS 74/08 VALE EAST 1:24000 NEHRING AND OTHERS, 1979
06 UNNAMED HOT SPRINGS 73,00 HARPER 1:462500, BOI1SE 1:250000 MARINER AND OTMERS, 1974
NEAR LITILE VALLEY - MARINER AND OTHERS, 1975
B NEHRING AND OTHERS, 1979
08 MITCHELL BUTTE HOT 72700 MITCHELL BUTTE 1:24000, BOISE 1:250000 MARINER AND OTHERS, 1974 o
SPRINGS WARINER AND OTHERS, 1975 ”
18 UNNAMED HOT SPRING AT 35707 JORDAN VALLEY 13250000 U.S, GEOLOGICAL SURVEY, UNPUBLISHED
THREE FORKS . DATA
18 UNNAMED HOT SPRING AT 73/00 JORDAN VALLEY 1:250000 WARINER AND OTHERS, 1974
THREE FORXS ’ - WARINER AND.OTHERS, 1975 )
19 UNNAMED HOT SPRING NEAR 57/05 JORDAN VALLEY 1:250000 U.S. GEOLOGICAL SURVEY, UNPUBLISHED
_ MCOERMITY : DATA : T
19 UNNAMED HOT SPRING NEAR 72/00 JORDAN VALLEY 1:250000 MARINER AND OTHERS, 1974 i
MCOERMITT WARINER AND OTHERS, 1979 S
23 LUCE HOT SPRINGS 72/00 MCEWEN BUTTE 1:24000 MARINER AND QTHERS, 1974
MARINER AND OTMERS, 1975
24 JONESBORO WARM SPRING WESTFALL BUTTE 1:62500, BOISE 1:250000 OREGON OEPARIMENT OFf GEOLOSY AND
-MINERAL INDUSTRIES, UN2UBLISHED DATA
25 JUNTURA WARM SPRING &) BEULAH 1:62500, BURNS 1:250000 OREGON DEPARTMENT OF GEOLOSY AND
. ' MINERAL INODUSTRIES, UNPUBLISHED DATA
26 JUNTURA WARM SPRING §2 BEULAN 1:;62500, BURNS 1:250000 OREGON DEPARTMENT OFf GEOLOGY AND
) . MINERAL INDUSTRIES, UNCUBLISHED DATA
27 ARTESIAN WELL 77/03 ADRIAN 1:;24000, 601SE 1:250000 JREGON OEPARTMENT OF GEOLOGY AND
MINERAL INDUSTRIES, UNGUBLISHED DATA
28 ALKALIL FLAT GRADIENT 75705 MOORES HOLLOW 1:62500, BOISE 1:250000 OREGON ODEPARTMENT OF GEOLOGY AND
WELL ’ MINERAL INDUSTRIES, UNCUBLISHED DATA
29 NORTH HARPER DLM WELL 76706 JAMIESON 1:62500, BAXKER 1:250010 JREGON DEPARIMENT Of GEOLOGY AND
MINERAL INDUSTRIES, UNSUBLISHED DATA
30 UNNAMED WARM SPRING 7771006 JAMIESON 1:62500, BOISE 1:250000 ORE GON OEPARTMENT OF GEOLOGY AND
NEAR BULLY CREEX MINERAL INDUSTRIES, UNPUBLISHED DATA
MARION COUNTY
01 BREJTENBUSH HOT SPRINGS 72700 BREITENBUSH HOT SPRINGS 1:62500 MARINER AND OTHERS, 1974
MARINER AND OTHERS, 1975
~ NEHRING AND OTHERS, 1979
01 BREITENBUSH HOT SPRINGS 78/02 BREJTENBUSH HOT SPRINGS 1:62500 OREGON DEPARTMENT OF GEOLOSY AND
- wELL MINFRAL INDUSTRIES, UNPUBLISHED DATA

NFUMRING O AND DINFRS, 1979




0t

Map Name

Code

MULTNOMAH COUNTY

01 CORBETT WARM SPRING

02 YMCA CAMP COLLINS

URATILLA COUNTY

01 BINGHAM SPRINGS
03 LEWMAN SPRINGS

UNION COUNTY
D1 COVE WARM SPRING
01 WELL
01 wELL
01 wWELL
02 HOT LAKE

05 WMAGNER WELL
07 MEOICAL HOT SPRINGS
07 MEDICAL HOT SPRINGS

WALLOWA COUNTY

0t COOK CREEK WARM SPRING

WASCO COUNTY

01 KAHNEETAH HOT SPRINGS

02 MILTON MARTIN WELL
03 J, SANDOZ WELL

L

lable 2:
(Map code

REFERENCES
refers to Bowen,
Map reference refers to U.

S.-

Ty

FOR ANALYSES
Peterson, and Riccid/
Geoogical Survey topogras

978
e

.\-

~
‘) o
h sps)

Sample Map Reference ~Aﬁd(ys(§’ki??}ince
Date ,
WASHOUGAL 1:24000, VANCOUVER 1:250000 OREGON OEPARlHtN! or‘ocztosv AND . .
ﬂIN(ﬂAL INGUS TRIES, UNPUBUISMED DATA
56/09 WASHOUGAL 1:24000, VANCOUVER 1:250000 CNEWCOND, 1972
54704 BINGHAM SPRINGS 1:24000, PENDLETON 1:250000 ‘HOGENSON, 190«
72/00 LEHMAN SPRINGS 1324000, PENDLETON 1:250000 MARSHER AND ovu:as. 1974
WARINEK. AND OTHERS, 197$
57/06 COVE 1:24000, GRANGEVILLE 13250020 HAHP'QN AMb unowu, 194¢
$5/01 LA GRANDE SE 1:24000 MAHPfOM AND snoun, 1964
$5/701 LA GRANDE SE 1:24000 NA!P!QN AND BROWN, 1964
$7/05 tA GRANDE SE 1:26000 HARPTON AND BROWN, 193&
72/00 CRAIG MIN, 1:24000, GRANGEVILLE 1:250000 YARINER AND OTHERS, 1974
: MARLNER AND OTHEHS/, 19753
NEMRING AND OTHE 492
50708 IMBLER 1:24000 : : nAnPtcu Auo-anouu, 1964
FLAGSTAFF BUTTE 1:24000, GRANGEVILLE 1:250000 ‘LINDGRIN: 1991 -
73700 FLAGSTAFF BUTTE 1:24000, GRANGEVILLE 13250000 ‘YARINER AND oruens. 19.7¢
) qaaxnen AND OTHERSS J97S
764711 WAPSHILLA CREEK 1:24000, GRANGEVILLE 13250000 oa£50u OEPARIH£N! of, GEOLo.v AND .
: CWINERAL INDUSTRIES, UNPUBLITSHED DATA
73/00 EAGLE BUTTE 1:24000, BEND 1:250020 CARINER AND OTHERS, 1974
, - o WARINER AND DTHERS, 197F
58/07 THE OALLES 1:62500, THE DALLES 1:250000 NEWCOME, 1977 “F .
58/07 OREGON DEPARTMENT OF . czOLonv AND e

WHITE SALMON 1:62500,THE DALLES 1:250000

5
3

MINERAL

lnousiﬂlts;

UN’UBLISHED DATA
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geothermometry. The only other waters which "stand out" as -chemically

different are from the base of Mt. Hood and Newberry Caldera. These
waters have unusually large concentrations of :magnesium for thermal
fluids, probably due to water-rock reaction at low tempertures. The
rest of the samples are from southeastern and southcentral Oregon
where volcanic flows are interbedded with tuffaceous sediments. The
waters from these springs contain more nearly .equal proportions of
sulfate, chloride, and bicarbonate. ,

Table 3 contains gas and isotopic data for the relatively smaill
number of springs for which data exist. The data from #t. Hood and

East Lake are misleading. The Mt. Hood analyses are from fumaroies
which discharged principally water vapor. Air .contamination appears
t0 be a problem in all of these samples. However, it is probable ‘that
-carbon dicxide is the principal gas rising from depth. The water

vapor is probably from the vaporization of liquid water in fractures
and pore spaces. The East Lake-Paulina Lake gas samples are also
contaminated by air and altered by gas-water reaction. The thermal
"springs" at East and Paulina lakes issue in or at the shoreline of
the respective lakes. The proportions of the various gases in these
samples appear to be controlled by the discharge rates. Vents with
the largest gas discharges have the highest proportions of carbon
dioxide. The slower the discharge rate, the cooler the water in con-
tact with the gas, and the more CO, will dissolve. The methane and
carbon dioxide do not appear to have a common origin since the carbon
dioxide appears to be of deep origin (6C13 = -6 permil) while the '
methane appears to be of biologic origin  (6C13 about -50 permil).

It is probable that the methane originates from the anaerobic decay
of plant material trapped in the lava and ash flows. Finally, some
air contamination may be unavoidable in these -samples since nitrogen -
and oxygen may be exsolving from the cold lake water as the hot CO--
charged gas from depth contacts it.

In terms of the deuterium and oxygen(18) isotopic compositions
(table 3) of the thermal waters, four samples appear to have under-
gone considerable evaporation: East Lake, Hot Borax Lake, and
samples from the Abe Boehm and Jack Liskey wells near Klamath Falls.
These samples are all greatly enriched (>10 permil) relative to
nearby fresh and thermal waters, and have apprec1ab1e oxygen shifts
relative to meteoric water.

The 018 cdmpositions of dissolved sulfate range from +15 to
-10 permil. Marine sulfates are typically about +15 permil, while
high-temperature hydrothermal systems are usually about -10 permil.

N
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Table 3: GAS AND 1SOTOPIC COMPO: ITION OF THEIMAL SPRING AND :w€LL ‘01 sCHARCES
(Map code refers to Buwen, Petersan, and Riccio, 1978; . Cg
Isotopic compositions in the standard notation and are relative to SHOW;
Gas concentrations in volume percent: (#) Ar ¢ 02)

. . - W A e
Mmap Name Date Temp Argon Methane Carbon Nitrogen Osyger: pel beot “bel 2%18) ot pel 0(1B)wot
Code o) (X Ar) (X CH4) Diomide (X N2) (X 02) H2'0 H20 S04
: (x C02) (0/66) (07551 (070d)
BAKER COUNTY . ,
01 RADIUM HOT SPRINGS . 72/00 58, o : -138:y “17.8%
CLACKARAS COUNTY . : ' ' _
01 MT. HOOD FUMAROLES . 35/00 89.4 0.0011 1.13 0.116 0.011%
01 M1, MOOD FUMAROLES 35/00 7. 0.68 78.5 9.5
01 MT. HOOD FUMAROLES 35/00 89.4 1.27 0.05?7 0,001
01 MT. HOOD FUMAROLES $1/00 0.0005 1.49 0.035 0.00¢
01 MT, HOOD FUMAROLES $1/00 89.¢ 0.0010 2,23, 0.041 0.004
01 MT, HOOD FUMAROLES ‘ 51700 0.001¢ 2,12 0.046 0,008
01 MT, HOOD FUMAROLES 51700 91.1 0.0011 1.8% ’ D.006
01 MT. HOOD FUMAROLES © 51/00 B86.1 17.4 9.8 2.48
01 MT, HOOD FUMAROLES S1/00 89.4 0.0006 1.43 0.032 0.093 .
02 SwlM WARM SPRINGS 76/12 26.0 | g “1,4,01, 1.52
03 AUSTIN HOT SPRINGS (CAREY) 72/00 86.0 “9435 “12.22 2.4
DESCHUTES COUNTY : e
01 EAST LAKE HOT SPRINGS 73/00 62.0 9. - 56, 30. 6o -716.2 £9.0
01 EAST LAKE HOT SPRINGS . 75/08 49, 2.9 91, 5.1 0.9
01 EAST LAKE HOT SPRINGS 77/07 1.95 95.55 2.72¢
D2 PAULINA HOT SPRINGS N Skl 71,37 )
02 PAULINA HOT SPRINGS 77707 0.09 0.55 93,45 .74 0.0}
DOUGLAS COUNTY ‘ .
01 UMPQUA HOT SPRINGS 77/09 46.5 <0.02 <0.005 99,38 0.49 0.04
GRANT COUNTY R,
01 RITTER HOY SPRINGS 73/00 41,0 , -119, <1483
04 BLUE MOUNTAIN HOT SPRINGS .72/00 58.0 . -¥26. 86 16,13
07 WEBERG MOT SPRING 72/00 46.0 2. 95. 1. te C=122.8 “15,14
HARNEY COUNTY . ’
09 CRANE HOT SPRINGS 72/00 78.0 ~1o. 17
15 UNNAMED HOT SPRING NEAR MARNEY LAKE 72/00 68,0 t. 9. 91. 1K X .
22 MICKEY SPRINGS . 72700 73.0 1. 23, 60, 18% <13.02 7.9
23 ALVORD HOT SPRINGS 72/00 76.0 . -13.28, -6.05
24 HOT UORAX LAKE , , 72/00 36,0 NI -7.9%
27 UNNAMED HOT SPRING NEAR TROUT CREEK 72/00 S2.0 16,17, -9.22
43 UNNAMED HOT SPRING NEAR HOT BORAX LAKE 73/06 96.0 “Ye,36 -8i58
| ’
KLAKATH COUNTY . . : . P
ANNLE SPRING 25.0 ’ : E 164400
FALCON HEIGHTS SCHOOL . .74/05 37,0 ' =120, 215569,
MELVIN MCCOLLUM . 74705 25.0 SR N =14 71,
S. AND C. KILGORE - 20.0 216132 .
WEYERHAUSER WELL NO. & 72/08 22. 109,19 14560
01 EAGLE POINT SPRING 72/08 35._. <057 <15,22 5
02 MEDO-BELL OAIRY 75707 81,2 162 es 14795 =54
02 MItLS SCHOOL 89.0 =121,8 4,98 -4.9¢
02 0.1.7T. NO. © : 75703 79. V18,7 16099 =5.45

a
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Table 1: GAS AND ISOTUOPIC COMPOSITION OF THERMAL SPRING AND WELL OISCHARGES
’ {Map coae reters to Bowen, Peterson, and Riccio, 1978;
Isotopic compositions in the standard notation and are relative to SMOW/
Gas concentrations in volume percent: («) Ar ¢ 02)

Map Name ’ Date Temp Argon Methane (arbon Nitrogen Oxygen Det 0 of oDel 0(18)

Code ) (X Ar) (X CH&4) Dioxide (X N2) (X 02) H20 H20
’ (X €02) . $ol/oo0) (o/co0)
KLAMATH COUMTY
D6 ABE BOEHM 74705 25.0 ~7%,2 -7:%8
06 ABE BOENWM 75/08 25. 26,78
06 JACK LISKEY 74/05 93.0 ) “116.6 214,36
06 JACK LISKEY 74/05 22.0 «87,2 28,8%
06 JACK LISKEY 75708 25. =8,57
06 0. H, OSBORN 764/05 90.0 -ii?.,6 C=14,95
07 OLENE GAP HOT SPRINGS 72/00 74.0 . 113,38 f-13.90
07 OLENE GAP HOT SPRINGS 75/07 87, -115.% -13,73
16 MELVIN FEIGL 70710 31.0 -16.30
LAKE COUNTY
14 SUMMER LAKE HOT SPRING (WOODWARD) 72/00 3.0 -115.0 13,32
23 HUNTERS HOT SPRINGS (LAKEVIEW) 72/00 96.0 : -119,0 -14,32
25 BARRY RANCH HOT SPRINGS (GUS ALLEN) 72/00 88.0 42, 2. 54, 2+ “119.4 -13.72
32 FISHER HOT SPRINGS " 72/00 68.0 : -117,0
33 CRUMP SPRING 72/00 78.0 b 6. LI 75. S -115,% -13.,28
<) LANE COUNTY
01 BELKNAP HOT SPRINGS : 72/00 71,0 . -95.8 =117
03 COUGAR RESERVOIR HOT SPRINGS (RIDER) 73/00 44,0 , ‘ : -92.5% -11.97
0S5 MCCREDIE SPRINGS 764700 73. ' <1. o<, 98. 1 -94.0
MALHEUR COUNTY — — =~ s
03 NEAL HOT SPRINGS 72/00 87.0 e T T e ——— 1 21387 -18.52
U4 BEULAH HOT SPRINGS 72/00 60.0 -131.,7 ~13,22°
0S VALE HOT SPRINGS 74/00 73,0 . -135.0 . ~15,18
05 VALE HOT SPRINGS 24/08 %0. : -15.30
06 UNNAMED HOT SPRINGS NEAR LITTLE VALLEY 73/00 70.0 -139,7 -16.52
08 MITCHELL BUTTE HOT SPRINGS 72/00 62,0 -137.3 16,58
18 UNNAMED HOT SPRING AT THREE FORKS 73/00 34.0 -127.4 -16.09
19 UNNAMED HOT SPRING NEAR MODERWITT 72/00 52,0 -134,6 -18.7%
23 LUCE HOT SPRINGS 72/00 63.0 13,0 15,15
MARION COUNTY :
0 BREITENBUSH HOT SPRINGS 72/00 92.0 -97.5% “11,66
01 BREITENBUSH HOT SPRINGS - WELL 78702 110.0 ' “12.59
UMATILLA COUNTY
03 LEHMAN SPRINGS 72/00 61.0 <0.1 <D, 94, I ~121,3% 16,52
UNION COUNTY
02 HOT LAKE 72/00 80.0 9. <1, 90, 2 -127.7 =16.56
07 MEDICAL HOT SPRINGS 73/00 60.0 180,22 -16.99

WASCO COUNTY
01 KAHNEETAH MOT SPRINGS . 73700 52.0 -118.9 -14,75

of Del

-

0(18)
SO¢
o/00)

15.42
22,13

8.69
-1.85

-4.82

-4.00
~3.69

-8.37

-6.56
-3.91
-8.63

-2.67
-3.28

of



GEOTHERMOMETRY

The chemical composition sof« the thermal waters canibe used,
under »ert=nﬂ cenditions, to provide estxmaues ‘of - the 4as; tampura—
turg of eq;uuthrum of ‘the water and the Country rock. Thé. var1“oles
which»are: ST -gften -used include si%3ca concentration, and

‘prapo ti0ns 2mong sodium, potassium, “calcdum, and magnesuuu.‘ 5S4
Ticient isoatopic data on-sulfate :and water are availeble jon sqna &¥
the samples tp czlculate temperatures.of equ111br1Uﬂ from the
sulfaterwatar isatope geo;hernometer The >111c , ha-K- -Ca,:and
sulfaté- watar geothermométers, which areé-used’ o estimate - -most o7
the temperatures, are valid on]y for hot- water systems and on«j-when
certain assumptigns are met. These assump;1ons, discussed in'detail
by Fournier anmd -others (1874), are listed below:

1. Temperature-dependent reactions at depth control the con-
centration of the constituents used in the géothermometer.

2. The reservoir contains an adequate supply of the reactants.
3.v Water-rock equilibrijum is established in the reservoir.

4. The constituents used in the geothermometer do not re-
equilibrate with the confining rock as the water flows to
the surface.

5. Mixing of thermal and nonthermal groundwater does not occur.

The concentration of silica in a thermal water depends prinipally .-

on the temperature-dependent solubility of quartz, chalcedony, alpha-
cristobalite, or amorphous silica (Fournier, 1973; Fournier and Rowe,
1966). The dissolved silica is generally present as H,Si0., which is
the silica species in equilibrijum with the respective silica mineral:

silicic acid silica mineral water
H4Sio4 = 5102 + . ZHéO | (1)

~ This is the reaction on which all of the silica geothermometers are
based. We may make the following practical generalizations:

1. The solubility of quartz limits silica concentrations in all
high-temperature reservoirs (>180°C) and quartz may be the

34
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1imiting mineral in granitic aqu1f°rs down to temperatures at
least as low as 90°C (R. O. Fourn1°r oral communication).
|
2. Chalcedony limits silica concentraﬁions in lower-temperature
reservoirs and may be the 1imitingimineral in basaltic rock
up to 180°C (Arnorsson, 1975). !

The silica geothermometers give apparently good results in

" thermal systems which are associated with sbrings of neutral to

slightly acid pH. However, several thermal| systems listed in the

‘tables discharge dilute alkaline waters with anamolously large silica

concentrations. These dilute thermal waters contain little or no
dissolved carban dioxide and typically occur in granitic terrains.

Since the silica geothermometers are based}on equilibrium with

H,Si0,, the concentration of this dissolved species must be calcu-
lated to obtain an accurate estimate of the temperature in the
thermal reservoir. At any temperature and pH, the total dissolved
silica concentration is distributed among H,Si0,, 3S1OQ, and H,Si0,2:

|

. | .
. _ =l +
H4S104 = H3S104f + H (2)

and f

. +

H3S104?”“= H25104 H ' (3)

J

Equation (3) is important only at very a]da]ine pH's (>10) and is not
important for the thermal waters encounteﬁed in Oregon. Equation (2),
however, is important in waters with pH's above 8. For example, at a
temperature of 80°C and pH of 9, approx1mate1y 44 percent of the dis-
solved silica is in the dwssoc1ated form (H; 5104)' while, at a pH of
7, less than 1 percent of the dissolved s1]1ca js in the dissociated
form. For examp]e, if total dissolved s111ca is 100 mg/L, and
chalcedony is the limiting silica m1nera1 then temperature estimates
should be reduced from 111°C (pH 7) to 78°C (pH 9). To correct for
the dissociation of silica, we have used a correction which requires
that the pH of the thermal spring is approx1mate1y the same as that in
the thermal reservoir. This assumption nequ1res that the equilibrium
constants for the weak acids remain approximately constant desp1te
temperature changes. The concentration of silicic acid (H,Si0,) is
calculated at the spring temperature andng This concentration,
recast as Si0,, is used in the appropr1ate geothermometer. This cor-
rection works best in systems which have, aquxfer -temperatures near
the measured spring temperature. Corrected va]ues for the waters

J
'
|
|
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:~With-high pH's :are. shown .in:parentheses in table 4. Chapges#in ihe
ndisso tionm constants of the weak acids as functions of- tE

Wil ir T An temperaturedesiimatestwhich are’ sl1gnt1y fao Fow for
systems 1n which -thestrue aquifer temperatuge is appreciably 42bove

the spring temperature.

avaliable rmr hoth the therra] and cold wamers, if chemlcal aqulaih-
rium has not tzken piacea=t or below the mixing temperaturz, and JIT
sthére has been mo conductive :heat loss (Fournier and .ruesde?! 4874} .
‘The prob?em with any unexp]ored system is in proving that-the water
issuing at the -surface is mixed. The e be a linear &
trend between measured spring temperatures and chloride concentration.
Normal groundwater usually has low chloride concentrations, while
thermal waters from high-temperature systems contain at least several
hundred milligrams per liter chloride. i

isotopic compositions of the water (deuterjum and oxxggn(18)) and dis-
solved chloride s also definitive proof of mixing. Thermal and

shallow groundwaters do not usually originate from the same precipita-
tion area and so they have different deuterium concentrations. Since
deuterium concentrations do not usually change as a result of water-
rock reactions, source waters are isotopically "tagged" and change
composition only by mixing or evaporation (boiling). The oxygen
isotopic compositions of thermal and fresh waters usually differ by
several parts per mil. As water-rock reaction proceeds, the water
becomes progressively enriched in the heavier oxygen atoms. Very few
areas have a sufficient number of springs of d1ffer1ng chemical and i}
isotopic composition to prove mixing by the r1gorous criteria d1scussedw
above. Mixing models were not used in preparing table 4, since mixing =
has not been demonstrated at most sites. :

The Na-K-Ca geothermometer (Fournier and Truesdell, 1973) is
based on an empirical relationship between the proportions of sodium
to potassium, square root of calcium to sodium, and measured reser-
voir temperatures, Temperatures estimated from the Na-K-Ca
geothermometer can be sharply increased by loss of calcium after the
thermal fluid leaves the reservoir. Sensitivity of the geothermom-
eter to loss of calcium can be tested in a specific water by doubling
the measured calcium concentration and recalculating the estimated
reservoir temperature. A change of only a few degrees indicates that
the loss of calcium does not appreciably alter the estimated reser-
voir temperature. High magnesium concentrations or large magnesium

36
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Table 4 GEOTHERMOMETER CALCULATIONS(C)
. {Map code refers to Bowen, Peterson, and Riccio, 1978/
Numbers in parentheses are calculated from silicic acid (HAS104) concentration calculated st the spring tesperature’
Waters with magnesium-correction ratios > 50 are indicated by the teras “cold”]

Map . Name Measured Na-K Na-X-(Ca Na-x-Ca. Na-K-Ca - $i02 $i02 sio2 $i02 Sulfate-
‘Code 173 «/3 Mg-corrected conductive adiabatic chalcedony opasl vater

BAKER COQUNTY : ) . ;
01 RADIUM HOT SPRINGS $r.2 106 130 97 125(6%) 122 gr(33)

é
Ot RADIUM HOT SPRINGS 58.0 81 108 17 126(69) 124 §6(37) 5
02 SAM-0 SPRING 27.0 152 165 120 52 114 i1$ $8 =9
05 KROPP HOT SPRING 3.0 74 110 100 109 109 79 =4
06 FISHER HOY SPRING 37.0 G0¢h L) §1 §6(1 1) =34
CLACKANAS COUNTY
01 ACID=-SJULFATE SPRING ON 114 90 16 62 67 29 48
MT. HOOD oo ) )
D2 SWIM WJARM SPRINGS - 26.0 165 15¢ 83 cold 123 118 9% 2 109
03 AUSTIN HOT SPRINGS 86.0 91 118 87 90 - 126 123 98 ? 181
(CAREY) ' = . S
04 BAGBY HOT SPRINGS 57.2 70 93 49 - 126€65) 12y 98(33) 7
04 BAGBY HOT SPRINGS 58.0 68 91 49 121028 119 93(L?) i :
05 GEOTHERMAL GRADIENT 35.6 140 137 AR Y | 87 90 56 =27 s,
TEST NEAR AUSTIN HOT . - _ ‘ o
DESCHUTES COUNTY
01 EAST LAKE HOT SPRINGS 62.0 188 155 4 87 90 56 =27
01 EAST LAKE HOT SPRINGS 49.0 180 168 158 56
02 PAULJINA HOT SPRINGS 190 178 98 cold 182 170 161 58
02 WARM WELL AT LITTLE 35.5 189 169 s cold 166 156 142 43 .
CRATER CAMPGROUND L i
POUGLAS COUNTY - .
01 UMPQUA HOT SPRINGS 66,5 96 135 141 100 131 128 104 12
U1 UMPAUA HOT SPRINGS 46,0 101 136 132 108 13% 13 108 15
GRANT COUNTY ] : .
01 RITTER HOT SPRINGS 41,0 60 92 71 ;- o 118(68) 117 90(31)
04 BLUE MOUNTAIN HOT 58.0 91 126 118 } ) 99 100 69 -16
SPRINGS oy : :
05 JOAQUIN MILLER RESORT 40.0 89 121 104 61.
07 WEBERG HOT SPRING 6.0 140 169 162 92 126 124 99 ?
HARNEY COUNTY: |
02 0. J. THOMAS 72.0 60 104 116 102 131¢7 1) 127 103¢39) 11
0S HARNEY VALLEY DEV (0. 46.0 61 10% 115 96 122 118 91
OlL TEST WELL X
D8 ISLAND RANCH WELL 1.0 60 120 196 115 105¢76) 106 76(45) -1
D9 C(RANE HOT SPRINGS 8u.0 86 120 109 125 122 41 6
09 CRANE HOT SPRINGS 78.0 90 124 13 127 124 99 8
10 WARM SPRING NEAR 41,0 55 88 67 2250192 20% 2135017 0
VENATOR ) :
15 UNNAMED HOT SPRING NEAR 59.0 B2 126 144 82 133 : 129 105 13
HARNEY LAKE :
15 UNNAMED HOT SPRING NEAR 68.0 85 130 150 105 133 129 105 13
HARNEY LAKE

27 MICKLEY SPRINGS 85.0 1210) 179 éle 111 169 158 145 (3]
c e . ren 200 tan TaR 159 56 273
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Table 4:

GEOTHERMOMETER CALCULATIONS(C) R
(Map code refers to Bowen, Peterson, and Ricclo, 19787

Numbers in parentheses are calculated from siticic acid (H4Si04) concentration celcutated st ghe 1nr?hg !cl;cr;;ﬁ?e:
" daters with magnesium-correction ratios > 50 are indicated by the ters “¢ola™)

e

Name

HARNEY COUNTY

P
22
22
223
23
23
23
24
24
24
2?
27
39
43
43
43
43
43
43
63
43

43

niCcKEY
MICKEY
MICKEY
ALVORD
ALVORD
ALVORD
ALVORD

SPRINGS
SPRINGS
SPRINGS
HOT SPRINGS
HOT SPRINGS
HOT SPRINGS
HOT SPRINGS

HOT BORAX LAXE
HOT BORAX LAKE
MOT BORAX LAKE
UNNAMED MHOT SPRING
TROUT C(REEK
UNNAMED HOT SPRING
TROUT CREEK
GOODMAN SPRING
(HOTCHK1ISS)
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HOT SPRING
HOT BORAX. LAKE
UNNAMED HOT SPRING
HOT BORAX LAKE
UNNAMED HQT SPRING
HOT BORAX LAKE
HOTCHKISS WELL
HOTCHKISS WELL

HINES LUMBER (O,

CITY OF HINES wELL

JACKSON COUNTY
01 JACKSON HOT SPRING

KLAMATH COUNTY

ALFRED

JACOQUSEN

sltl HILL

CLAUDE

SHUCK

CLYDE DEHILINGER
FALCON HEIGHTS SCHOOL

NEAR

NEAR

NEAR
NEAR
NEAR
NEAR
NEAR
NEAR
NEAR
NEAR
NEAR

éEAR

WELL

Measured

86.0
86.0

82,2
76.0
78.5
78.5
29.¢
31.1
.36.0

87.0
96.0
91.0
97.0
90.5
86.0
97.0
84.0
27.0
27.0

25.0
17.0

35.0

30.0
20,0
24.0
24,0
37.0

Na-K

138
136
138
145
153
146
144
127
133
143
181

138

160
171
190
230

64

250
284
252
213
192

Na-K-(Ca
173

198
196
205
193
198
194
192
161
168
176
19

146
155
167
192

95

e
217
203
189
18

Na-K=-Ca
413

312
309
349
252
254
253
252
163
174
181
152

118

69
173
182

193

Na-K-Ca
Mg-corrected

195

182
164
160
157

157

141

6
62

78
cold
LY.
53"
33

$102

conductive adiabatic

185 -
185
180
15§
148
157
189
17¢
176
176
124

140

98

163
164
166
167

103

98
108
1

114897

11¢
74
1048
120
125

$102

172
172
168
147
141
168
145
164
166
168
122
135

99

11%

104
118
y22

$i02 .
chalcedony

164
16'
159
130
12:2
129
126
142
196
15%

96

V14

é8

;B

5702 Sultate-

opal

61

61

i 33
b6
30
30
51
54
53
3
19
-7
26
o7
42
42

53

water

>3

235
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Table A: GEOTHERMOMETER CALCULATLIONS(C) .
{%ap code refers to Bowens, Peterson, and Riccio, 1978}
Numbers in parentheses are calculated from silicic acid (H4Si104) concentration calculated at the spring tesoerature’
Wwaters with magnesium-correction ratios > 50 are indicated by the ters "cold”)

Map Namse Messured Na-K Na~-k-Ca Na-x=Ca Na-K=Ca si02 si102 $402 $402 Sulfate-
‘Code . ) /3 4/3 Mg-corrected c¢onductive denbnttc chalcedony opal water
KLAMATH COUNTY
GEORGE CARTER . 22.0 140 156 83 126 93 95 62 -22
GEORGE STACY (O, 25,0 23 183 61 ) 85 88 54 -29
JACK D' CONNER ' 38.0 90 116 83 114 113 LY -3
LEN DOBRY 21,0 201 180 88 95 114 113 8¢ -3
LESTER BROOKSHIRE 25.0 213 173 5?7 86 89 5% ~28
MELVIN MCCOLLUM 25.0 2N 178 50 104 104 T4 =12
MONTE DEMILINGER 26.0 273 207 73 22 105 106 - 76 -1
O*CONNER LIVESTOCK CO. 30,0 108 123 72 o102 125 122 97 6
OREGON WATER CORP.(&) 26.0 i 1) 112 ¢ 84 -4
POPE'S MEAT (CO. 22,0 180 161 67 72(69) 1t «0(38) -39
RAY BIXLER 22,0 234 182 55 101 102 n -15
ROBERF LANGLEY 23.0 252 200 78.. 25 102 103 72 .14
TONN OF MERRILL 21.0 165 155 71 41 89 92 59 -2
U.S. AIR FORCE(1) 31,0 227 209 129 100 10% 109 75 -12
UsSe ALR FORCE(2) 30.0 220 201 o1y 65 103 103 73 ~13
WEYERHAUSER WELL NO. & 22.0 178 159 R 65 55 - 62 23 -53
J1 EAGLE POINT SPRING 35.0 169 190 170 89 92 59 =25
02 4. E. FRIESEN 3.0 a3 109 75 . 130C1 1Y) 126 1.02(82) 10
02 LOIS MERRUYS 71.0 80 106 73 127¢(119) 124 99 (84) 8
02 MEDO-BELL OA[RY 81.0 83 109 75 125¢102) 123 98¢(722) 7
02 MEDO-BELL OAIRY 81.0 ) 185
02 mILLS ScHooOL 89.0 47 83 - 67 12¢ 121 96 S
02 MOYINA WATER CO. 50.0 196 1727 . 86 64 114 113 8S -4
02 0.1.7T., NO. § : 89.0 57 91 72 120¢104) 118 92(74) 2
02 0.1.7. NO. 6 B8.D B3 108 71 81 84 49 -32
02 0.1.7, NO. & ) 79.0 . i 131 128 104 12 185
02 OREGON WATER CORP.(1) 21.0 98 99 68 -17
02 OREGON WATER CORP.(2) 21.0 . 70 75 39 -40
02 OREGON WATER CORP.(3) . _ 20.0 72 1? 40 -39
03 HOWARD HOLLIDAY . 25.0 181 © 187 56 i 75 79 68 -%6
04 MAZAMA SCHOOL 61,0 93 129 126 96 133 129 10§ 13
06 ABE BOEHM 25.0 114 132 - 87 S? 137 133 110 17
06 ABE BOEHM 25.0 ' : , 58
D6 DAN O'CONNER 24.0 254 207 91 34 9% 96 63 : =21
D6 JACK LISKEY 93.D 83 IR R 82 1318106} 128 104¢76) 12 138
06 JACK LISKEY 22.0 85 121 115 38 137 133 110 17
06 JACK LISKEY 25.0 . , ' ' 93
06 0., H., OSBORN 90.0 87 113 83 131(69%) 128 J0(3 D) 12 135
07 OLENE GAP HOT SPRINGS 3.9 72 101 72 124 122 96 6
07?7 OLENE GAP HOT SPRINGS 764.0 115 130 80 122 136 132 109 16
07 OLENE GAP HOT SPRINGS. 87.0 ' . 196
086 ROENICKE HOT SPRING 65.0 90 112 72 85 100 101 70 16
16 MELVIN FELGE 31.0 71 103 80 RN ISR Y2 137 116 (1651 22
22 RAY SMITH WELL 25.0 145 143 68 102 103 ' X2 -14
23 KLAMATH ICE (€O. 51,7 118(99) 117 90¢69)
264 J. K. D'NEIL 249 203 87 20 97 99 67 -18

26 3. K. O'NEIL 23.0 230 194 88 cold ' 102 103 72 -4
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Table 4 GEOTHERMOMETER CALCULATIONSCC) N

(Map code refers to Bowen, Peterson, and Riccio, 197&’

Numpers in parentheses are calculated from silicic acid (H4Si04) concentration colculucu at
Waters with magnesium-correction ratios > SJ are |nd|cned by lhe\ (e P

AL
i

5
g

¥, o i N
ihg tedpéradture;

Map Nawe Measured Na-K  Na-k-Ca Na-K-Ca  Na-K-Ca Sv02 % . si02 . 5§02 sulfate-
Code 1/3 4/3 Mg-corrected condiuct ive. ulubatvé chahcedony 'op"a'l‘ water

_LAKE COUNTY . : o
05 ANA RIVER SPRING 18,9 162 157 80 27 83 91 57 -26

14 SUMMER LAKE HOT SPRING te.? 76 130 182 13 135¢123%) 139 108495y 15
(WOODWARD) ' : ' ‘ s :

14 SUMMER LAKE HOT SPRING 43,0 - 61 112 149 13641279 130 §97¢99) 1% 189

. (WOODWARD) ) :

23 HUNTERS HOT SPRINGS - 98.0 125 148 120 159 151 i35 37
(LAKEVIEW) ..

23 HUNTERS HOT SPRINGS 86.0 128 154 S 134 74 157 149 184 35 158
(LAKEVIEW)

23 HUNTERS HOT SPRINGS 96.0 119 143 114 ' 157 149 133 3
(LAKEVIEW) B, .

26 LEITHEAD HOT SPRINGS 69,4 69 96 61 11% e 86 -2
(JOYLAND PLUNGE, LED

25 BARRY RANCH HOT SPRINGS 85.0 107 140 130 102 157 149 133 38
(GUS ALLEN) .

25 BARRY RANCH HOT SPRINGS 88.0 106 139 1N 152 145 ver 31
(GUS ALLEN) :

28 ANTELOPE HOT SPRINGS 40,0 149 168 138 87 168 159 168 5

32 FISHER HOT SPRINGS 68.0 165 169 12 123 123 121 95 A

33 CRUMP SPRING 40.0 130 147 104 112 150 143 12% 79

33 CRUMP SPRING 78.0 17 144 122 173 162 151 50 202

33 CRUmMP WELL (1) 99.0 118 150 141 144 1869 159 146 X

33 CRUMP WELL (2) 88.0 112 : :

‘LANE COUNTY

01 BELKNAP HOT SPRINGS 86.7 226 202 10 183 126 123 98 7

01 BELKNAP HOT SPRINGS 71.0 87 113 82 34 139 131 108 1S 148

02 FOLEY SPRINGS 80.6 91 106 52 iRR| 10 82 <8

03 COUGAR RESERVOIR HOT 44,0 74 95 48 102 103 72 -14

" SPRINGS (RIDER) A ' .

03 COUGAR RESERVOIR HOT 42,0 86 103 51 99 100 69 =16
SPRINGS (RIDER) :

D& WALL CREEK WARM SPRINGS 41,0 110 125 73 113 112 84 -5

0S5 MCCREDIE SPRINGS 73.0 88 114 81 74 124 122 96 6

0S5 MCCREDIE SPRINGS 71.0 104 125 86 84 : 115 114 86 -3

06 XITSON SPRINGS YR 82 110 83 99 100 69 -18

06 KITSON SPRINGS 43,0 77 107 81 71 9/ 98 67 ~18

08 GIGELOW HOT SPRINGS 61.0 104 125 8s 120 117 114 Y -9

MALHEUR COUNTY, - . N :

03 NEAL HOT SPRINGS 87.0 163 181 151 173 162 K3 50 210

04 BEULAH HOT SPRINGS 60.0 103 124 85 1,69 e 14b &6 .

05 VALE HOT SPRINGS 73.0 132 157 135 150 1572 ) 129 3 201

05 VALE HOT SPRINGS 90.0 161

06 UNNAMED HOT SPRINGS 70,0 83 118 10% 1650120} 159 119(98) 24 215
NEAR LITTLE VALLEY . . .

08 MITCHELL BUTTE HOT 62.0 70 99 72 13601189 30 . 107090 14
SPRINGS R L

1B UNNAMED HOT SPRING AT 35.0 S w . T 97 606 -19

THREE FORKS
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Numbers

Map Naame

Code

MALHEUR COUNTY
18 UNNAMED HOT SPRING AT
THREE FORKS
19 UNNAMED HOT SPRING NEAR
MCOERMITT
19 UNNAMED HOT SPRING NEAR
MCODERMITY
23 LUCE HOT SPRINGS
264 JONESBORO WARM SPRING
25 JUNTURA MWARM SPRING M
26 JUNTURA WARM SPRING #2
-27 ARTESIAN WELL
28 ALKALI FLAT GRADIENT
WELL
29 NORTH HARPER BLM WELL
30 UNNAMED WARM SPRING
NEAR BULLY CREEK

MARION COUNTY
01 BREITENBUSH HOT SPRINGS
01 BREITENBUSH HOT SPRINGS
-WELL

MULTNOMAH COUNTY
01 CORBETT WARM SPRING
02 YMCA CAMP COLLINS

UMATILLA COUNTY.
01 BINGHAM SPRINGS
U3 LEHMAN SPRINGS

UNION COUNTY
01 COVE WARM SPRING
01 WwELL
01 WELL
01 wWELL
02 HOT LAKE: !
05 WAGNER WELL
07 MEDICAL MOT SPRINGS
07 MEDICAL HOT SPRINGS

 WALLOWA COUNTY

01 (00K CREEK WARM SPRING

WASCO COUNTY '
01 KAHNEETAH HOT SPRINGS .
02 MILTON MARTIN WELL
03 J. SANDOZ WELL

Measured

34.0

53.5

52.0

63.0

1 29.4
27.0
25.0
27.0
‘80,0
29,0
60,0
60.0

36.0

52.0
22.2
27.8

Table 4:
(Map code refers to Bowen,

Na-K-Ca

Na~-K Na-X-Ca
173 “/3
83 98 42
66 107 109
45 90 104
19 137 96
53 89 73
285 . 205 59
56 92 78
39 78 71
68 108 109

75 109 94 -
266 148 ~24
122 149 128
130 155 134
178 170 . 92
430 283 - 103
138 151 102
66 97 72
75 95 46
224 194 92
215 190 94
258 200 73
. BS IREL) 89
203 183 : 93
78 97 48
114 125 66
t19 118 40
56 102 120
220 188 84
221 196 103

Na-K~-Ca
Mg-corrected

95

158
260

70

168
81
195

94

89
69

GEJTHERMOMETER CALCULATIONSCC)
Peterson,
in parentheses are calculated from silicic acid (H&Si04) concentratian coaltculated at

and Riccto, 1978,

sio2

92
131101
120¢106)

143

118¢70)

106(84)

124¢76)
96(57)
82

91
137

127.
176€157)

9%
111 0Q)

1124110)
96

78¢40)
128
127
119
100¢62)

- 135
125
94

139
128¢1246)
134

si02

94

124
163

98
t1o

115
°r

82
125
118
117
101

(R
122

g%

- 135

125
130

the spring tesoerature;
Waters with magnesium-correction ratios > 50 are indicated by the tera “cold”]

st02

conductive adisbatic chatcedony

61
106(7 1)
F1(76)

116
90¢39)
T7(53)
96(44)
65(24)
51

61
110

99

152¢(133)

66
81(75)

88(81)
66

77
100

99

90

70¢30)

109
9?

68

13
100096
137

$102
opal
-23
12
*'
82
10

-19
-3

=23
16

-19
-7

-1
~19

=34

Sul fate-
water

179
176

63



to-calcium watias shave ong been considered-a-qyalitative 1nd1c:tar
of Yow" Fresér¥oir venpora“ﬁ?e”(t111s, 1970, nite, 4070) The recently
‘developsed :Ha-KLa-tg geotherwoneuer (Founn1er andiPotter, 1972)
quantiFies thus observat1orwand results “in generaﬂ]y better agreement
‘between tha silica and:cation geothermometers, part1cu]ar]y‘7n the
lower {<130°C) temperature.range. 'The magnesium=corrected-Na:X-Ca
geothermometar was net calculated for samples with Mz-K-Ca tempara-
‘tures of less than 70°C.

Te apply the magnesium correction, the ratip (R), defined ¢y
Fournier and Potter (1978) to be:

m111equ1va]ents Mg x 100 {3)
m111equ1va1ents Mg + milliequivalents Ca + m1111equ1va1ents K

R =

was determined for all samples with magnesium, calcium, and potaééium
concentrations larger than the detection limits. If R was greater
than 50, the sample was designated “cold" and no quantitative temper-

ature was calculated. A magnesium-corrected temperature was calculated"

for .all remaining samples, but was printed only if the corrected

temperature was less than the uncorrected Na-K-1/3Ca temperature.

{he Na-K temperatures are based on_the revised equation of Fournier
1979).

The sulfate-water isotope geothermometer (McKenzie and Truesdell,
1977) is based on the temperature-dependent fractionation of the
isotopes of oxygen (06/0!8) between water and dissolved sulfate.
McKenzie and Truesdell (1977) describe three end-member models for
calculating reservoir temperatures with the sulfate-water isotope
geothermometer: (1) conductive heat loss, (2) one-step steam loss,
and (3) continuous steam loss. Samples from isolated springs with
low flows and/or no steam loss, and condensed total-flow samples from
wells, are assumed to have cooled conductively without any change in
isotopic composition. One-step steam loss occurs in geysers and steam
wells having two-phase flow from which only the water is collected.
Continuous steam loss may occur in springs issuing in areas having

fumaroles and steaming ground. If dilution occurs but is not detected,

temperatures less than the actual reservoir temperature will be esti-
mated. Generally, the continuous-steam-loss model is best for boiling
springs and the conductive-heat-l1oss model for all other samples.
Erroneous temperature estimates will be produced if nonthermal equi-
librated sulfate is added by processes such as solution of gypsum,

oxidation of sulfide to sulfate, or mixing with sulfate bearing brines.
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Besides these quantitative indicators -of subsurface temperaturs,
the presence of travertine or siliceous sinter is generally a good
qualitative indicator of temperature. Travertine indicates low tem-
peratures, while siliceous sinter indicates temperatures of 180°C or
more (White, 1970). Only Hot Lake and Mickey Springs in southern
Harney County, and Neal Hot Springs in northern Matheur County, hava
large sinter deposits. '

The fo]]ow1ng procedure is recommended to determine whwch
estimated subsurface temperature {table 4) is best: :

1. Examine the Mg-corrected Na-K-Ca and the Na-K-4/3Ca
temperatures and select the lower temperature as the
‘better estimate. If neither is less than 100°C, then
select the Na-K-1/3Ca temperature as the best cation-
based estimate of the last temperature of water-rock
equilibrium.

2. If the spring is boiling, select the quartz adiabatic
temperature as the best silica-based temperature indi-
cator. Otherwise, selection of the best silica-based
temperature depends on having some knowledge of the
principal rock type in the area of the individual hot
spring. In alkaline waters discharging from granite,
quartz solubility seems to l1imit silica concentrations
at temperatures as low"as 75°C. In waters of neutral
pH, quartz solubility limits silica concentrations at
temperatures of more than 180°C in basalts, and 90 C
in granite. .

3. Consider the temperatures estimated from the sulfate-
water geothermometer to be specuiative. Although
tantalizing, these temperatures must be substantiated
by additional information.

. After careful application of the geothermometers, some samples
may remain which give inconsistent or otherwise doubtful results.

For example, dissolution of glass from vitric or Tapilli tuffs
releases large quantities of silica which renders the silica geother-
mometer useless. The high silica concentration at Beulah Hot Springs
in Malheur County and at the warm springs near Venator in Harney
County may be meaningless since both springs issue from vitric tuffs.
The low temperatures estimated from the Na-K-Ca geothermometers in-
dicate that the springs are not an important geothermal resource.
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The chem*cal composition 6f the thermalswatrs i¥ssuing, aﬂong tha
~shoves of *East Lake andzPatlina Lake.are also difficuli=to ntarpret.
These Springs: have negl1g1b1e flow raltes, thigh silic¢a concéntrations
(up rto 299 ma/L), and issue-from lapilli tuffs. Solution of glass
From <the Ta p?]]] tuifs could -account for the large s111ca and rela-
ftively largernagn951um ‘concentrdtions. .Since the temoeraturas of "the
-springs imcreases as gas.discharge increases, the spr1ngs -ars
probably drowned gas -vents. ‘The concentrations of silitasedium,
potassium,.and calcium in thesg thermal waters may be fungiions of
the length of .time .that the heated lake water has been TA‘soatact
SWith the tuff andsmay have no relatignship to the temperature at
"dépth. The relatively large magnesium zoncentration also«favors z
ﬂow-temaeratureesysggm.

The sulfate-water isotope geothermometer produces considerably
higher estimated temperatures of water-rock equilibrium than the
chemical geothermometers in most systems. The high temperatures
estimated from the sulfate-water isotope geothermometer may indicate
that the systems have a deep reservoir in which isotopic equilibrium -
is being established, and a shallower, cooler reservoir in which
chemical equilibrium is being established. This is possible because
the rate of sulfate-water isotopic equilibrium is relatively slow.
Times to achieve equilibrium depend on both temperature and pH
(Lloyd, 1968). To achieve 99-percent equilibration at neutral pH's,
330 years would be required at 100°C, 52 years at 150°C, and 12 years
at 200°C. However, it is possible that the sulfate is added to the
system slowly as the fluids circulate, thus requiring longer times
to achieve 99-percent equilibration. An alternate explanation for
the high temperatures estimated in the Cascades is that the sulfate
represents fossil sulfate associated with the mineralization which-
is common in the Western Cascades. However, until additional data
are available, it will not be possible to determine if the high
apparent temperatures of sulfate-water isotopic equilibrium are
real or the result of solution of "fossil" sulfate, mixing of
thermal and nonthermal waters, reduction of sulfate, membrane
filtration, different rates of isotopic exchange between sulfate,
water, and rock, or other nonthermal effects.
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SUMMARY

in the centra] and northern parts
ZAX 3 i . b connate marine water
s1m11ar to ceﬂd connate marine waters discharged from mineral
springs and deep wells in the Willamette Valley and the Coast Range.
Thermal sprimgs in the southern part of the Cascades discharge
similar waters to which a/ significant amount of CQ, has besn added.
Numerous cold c0~-charged springs also issue in this area. Dilute,
alkaline thermal waters issue from springs associated with granitic
rocks, principally in northeastern Oregon. These waters are
»sufficiently alkaline to require that the silica geothermometer be

corrected for the dissociation of silicic acid. HNear-surface water-

rock reactions have rendered the chemical composition of thermal
water at Newberry Caldera useless for geqthermal calculations.
Based on thez geothermometers, the following areas have the greatest
geothermal potential: Alvord Area (including Mickey Springs,
Alvord Hot Springs, and Hot Borax Lake), Vale Hot Springs, Neal Hot
Springs, Crump Spring, Lakeview, and Breitenbush Hot Springs. Areas
for which the geothermometers do not agree include K]amath Falls

and part of the Cascades.
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STUDIES RELATED TO WILDERNESS

Under lthe provisions of the Wilderness Act (Public Law 88-577,
September 3, 1964) and rélaCed acts, the U.S. Geological Survey and the
U.S. Bureau of Mines have been .conducting mineral surveys of wilderness
and primitive areas., -Areas officially designated as Fwilderness,"
"wild," or "canoe" when the act was passed were incorporated into the
National Wilderness Preservation System, and some of them are presently
being stuaied. The act p;ovided that areas under consideration for
wilderness designation should be studied for suitability for
incorporation into the Wilderness System. The mineral surveys constitute
one asﬁect of the suitability studies. The act directs that the results
of such surveys are to be made available to the public and be submitted
to the President and the C&ngress. This report discusses the results of
a mineral survey of the Three Sisters Wilderness (NF083), Deschutes and
Willamette National Forests, Deschutes, Lane, and Linn Counties, Oregon.
The Three Sisters Wilderness was established by Public Law 88-577,
September 3, 1964, and the Endangered American Wilderness Act (PL95-237),

March 1,A1979.

SUMMARY STATEMENT

‘The.Three Sisters Wilderness contain; pumice deposits and may haQe
geothermal resources; it haé no known metallic-mineral or hydrocarbon
"deposits. 1Investigations indicate 900,000 tons of block pumice suitable
for decorative stone and other commercial uses occur at Rock Mesa in the
wilderness. A broad area centered around South.Sister volcano 1is among
the most geologically favorable localities for geothermal resources in
the Oregon Cascade Range, based on the large volume of silicic volcanic
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rocks that occur in this area and the very young age of some of these
rocks. However, no drill hole information is available with which to
evaluate the existence or magnitude of the geothermal resource. The rare
mineral osumilite, which occurs at a mining claim in the wilderness, is

of interest to some mineral collectors.

INTRODUCTION

The Three Sisters Wilderness straddles the crest of the Cascade Range
in Deschutes, Lane, and Linn Counties of central Oregon (fig. 1). It
includes 245,302 acres in the willemecte and Deschutes National Forests.
Established as a primitive area of 196,708 acres in 1937, it was
classified as wilderness in 1957 and inclﬁded in the National Wilderness
Preservation System in 1964 (Public Law 88-577). Subsequently, the
Endangered American Wilderness Act (Public Law 95-237) added another
48,594 acres, most of which was part of the French Pete Proposed Addition.

The U.S. Bureau of Mines spent 80 days in 1980 examining prospects
and obtaining pan-concentrates of sediments from streams draining the
Three Siéters Wilderness. The only previous detailed studies of the
mineral resources éealt solely with the pumice deposits at the Hermana
Cfoup claims (fig. 2Z) and are described in U.S. Forest Service internal
‘Teports by .Suchy (1963) and B8all (1972) and contracted reports by
Richards (1972), Stoeser aﬂd'Swanson (l972),‘Crant (1976), Magill (1976),
and-Kolberg (1976).

The U.S. Geological Survey mapped the geology of the wilderness in

the summer and fall of 1978 and 1979 (Taylor and others, 1983) and



conducted geophysical surveys in 1986 and- 1981. There are no "prior
detailed geologic maps of the entire wildernéss, although all of it has
been studied._in reconnaissance and some of it in detail. Prior studies
of the wilderness and adjacent areas include: Williams (1944, 1957); Peck
and others (1964); Taylor (1965, 1967, 1968, 1978, 1981); Anttonen
(1972); Peterson and others (1976); Brown and others (1980); and Flaherty
(1981). Gravity and aeromagnetic maps by Pitts and Couch (1978) and

.Couch and others (1978) include the wilderness area.

LOCATION AND GEOGRAPHY

The Three Sisters Wilderness is the southernmost of three nearly
contiguous wilderness areas that occupy most of a 65-mile-long
‘north-south stretch of the High Cascade physiographic province in central
Oregon (fig. 1). A narrow corridor occupied by Oregon State Highway 242
separates the - Three Sisters Wilderness from the Mount ‘Washington
Wilderness; the Mount Jefferson Wilderness 1is only 'a short distance
fa?ther north.

The Three Sisters Wilderness is approximately 45 mi east of Eugene
and 30 mi west of Bend, Oregon (fig. 1). Access from Eugene is by Oregon
‘State Highway 126 and Forest Service roads branching from it; access from
Bend is by U.S. 20 and Oregon State Highways 46, 126, and 242 and by
Forest Service - roads branching from these ‘highways.'l A 50-mile-long
segment of the Pacific Crest National Scenic Trail extends north-south
through the wilderness.

The wilderness is mostly in the High Cascade physiographic province

of the Cascade Range (fig. 2). This section of the High Cascades



consists of a volcanic highland that slopes gently east and west from the
Cascade crest, typically at an elevation of about 6,000 ft; the western
Slopes ;re dissected by deep canyons. The Three Sisters (South Sister,
10,358 ft; Middle Sister, 10,047 ft; North Sister, 10,085 ft) and Broken
Top (9,175 ft) are four large contiguous stratovolcanoes on this
highland. No other part of the High Cascades contains such a cluster of
stratovolcanoes, and the range is especially wide in this area. The
western part of the wjlderness (French Pete Addition) is in the Western
Cascade physiographic province and is a mountainous terrain cut by deep
canyons. Total relief in the wilderness is about 8,300 ft.

Higher areas of‘the wilderness around the four stratovolcanoes are
above timberline, but the western areas are brushy and thickly forested,

-and the remainder is mostly open forest. Numerous lakes occur in the

wilderness, especially in the southern half.

GEOLOGY

The‘Three Sisters Wilderness is underlain entirely by volcanic rocks
of late Cenozoic age and sediments derived from them (Taylor and others,
1983). Gently dipping flows and pyroclastic rocks that crop out in the
.western part of the wilderness in the Western Cascade province are the
oléest rocks. They have yielded K/Ar ages mostly between 10 and 16 m.y.
(Flaherty, 1981; Priest and Vogt, 1982, Appendix A; R. A. Duncan, 1982,
written communication); a few ages as young as 8 m.y. are probably a
consequence of rock alteration. They are overlain by a discontinuous

sequence of epiclastic sediments capped by flat-lying basalt and andesite



flows. These flows, which form the tops of most ridges in the French
Pete Addition, have yielded K/Ar ages of 6 to 10 m.y. (Flaherty, 1981;
Priest and Vogt, 1982). B

The High Cascade part of the Three Sisters Hilderness-i; formed of
upper Pliocene, Pleistocene, and Holocene volcanic rocks, glacial
deposits, and alluvium. The oldest rocks in this part of the wilderness
are basalt and basaltic andesite flows exposed in deep canyons, such as
along Separation Creek, that diséect the western side of the High
Cascades (fig. 2). K/Ar ages of these flows range widely. Most of them
are probably 1 t°,3 m.y. old, but ages of as>much as 8 m.y. have been
obtained on some of them (Priest and Vogt, 1982, Appendix A). If the
- older defermined ages are not due to contamination or initial inclusion
of radiogenic argon, then some of these flows may correlate with the
ridge-capping flows in the Western Cascade part of the wilderness.
Pleistocene basalt and basaltic andesite flows younger than 2 ﬁ.y.'are
the dominant rock type in the wilderness. Basaltic andesite (53 to 58
percent SiOz) is generally more abundant than basalt (less than 53
percent Si0,) except in the lower parts of the pile. The flows are
glaciated and commonly -covered bj a discontinuous veneer of glacial
' outwash and till. Vents, including cinder cones, small to large
‘stratovoicahoés,.aﬂd lava shields are abundant, eSpecially near the axis
of the:fange. The ven£s are variably glaciated. Some rétain most of
their original form, others are so deeply glaciated that little remains
to indicate their location except for remnants of the core plugs and
dikes that once laced them.

Intermediate and silicic volcanic rocks of Pleistocene age are

interlayered with and overlie the more widespread flows of basaltic



andesite and basalt in a broad region extending from Obsidian Cliffs
(west of North Sister). southward to Kokostick Butte (south of South
Sister) and eastward to the ;rea surrounding Broken Top (fig. 2). They
consist of andesite, dacite, and rhyodacite flows, domes, and pyroclastic
rocks. |

North Siste;, Middle Sister, South Sister, and Broken Top
stratovolcanoes are formed of interlayered thin flows and pyroclastic
deposits and of dikes and plugs. They forméd during the Pleistocene,
probably during the last several hundred thousand years. Andesite flows
and pyroclastic rocks, however, were erupted from the summit of South
Sister during the Holocepe. Active glaciers and large areas of permanent
snowfield are present on the stratovolcanoes.

Holocene mafic and intermediate flows and related cinder cones and
fissure vents are widespread in a broad area generally west of North
Sister and souih of South Sister and Broken Top. Some of these flows
were erupted less than 2,600 years ago (Taylor, 1981).

Holocene silicic flows, domes, and pyréclastic rocks occur around the
southern and eastern si&es of South Sister. Rock Mesa is a thick stubby
rhyodacite flow south of South Sister. (fig. 2), and small domes and
pyroclastic vent deposits occur less than one m:ile northeast. A belt of
rhyodacite flows, domes, aﬁd pyroclastic deposits extends northward from
State Highway 46 near Devils Hill up and across the east flank of South
Sister. Pumiceous pyroclastic deposits related to the rhyodacite flows
and domes ‘are thick near the vents, but also occur as air-fall deposits
that discontinuously veneer most of the southern and eastern parts of the
wilderness. Carbon derived from peat deposits interlayered betweén these
air-fall deposits have yielded 14c ages of 2,000 to 2,900 years
(Taylor, 1978; D. R. Mullineaux, 1979, written communication).
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Considering the youthfulness of volcanic activity, the highlands
around the four major stratovolcanoes likely will continue to have
eruptions in the future. Three of the stratovolcanoes have not efupted
during the Holocene and may have no future activity. South Sister has
been éctivevduring the Holocene and is capable of future eruptions. The
area around the Three Sisters and Broken Top is geologically similar to
that of Mount Mazama before the climactic eruptions that produced Crater
Lake (see Bacon, 1983). ‘

Most rocks in the Three Sisters Wilderness are not tectonically
deformed. | The older volcanic .tocks of fhe French Pete Addition are
locally. faulted, but the displacement is not large. A large
north-sduth-trénding east-dipping normal fault has been mapped adjacent
to the wilderness in the vicinity of Horse Creek (fig. 2) near the
boundary between the Western Cascade and High Cascade provinces

‘(Flaherty, 1981). The Pliocene and Pleistocene basalt and basaltic

andesite flows of the High Cascades province in the wilderness may bank
against a fault line scarp, with the actual fault trace buried by flows
younger than the fault. Faults were not observed in the High Cascades
part of the wilderness. Alignments of vents may define the location of
buried inactivé faults, but are more likely a response to the regional
stress field (Nakamura, 1977).

. Younger rocks in the wilderness are mostly fresh; older rocks show
variable alteration (clay minerals and zeolites) similar to that found in
‘many othe; areas of the Western Cascade province. Hematite and limonite,
and very rare pyrite, chalcopyrite, and malachite were noted along
fractures in the volcanic rocks in vent deposits at scattered localities

in the High Cascades. Similar alteration occurs at many other veants in



the High Cascades and is interpreted to result from volcanic exhalative

processes.

MINERAL RESOURCES

No resources of base or precious metals were identified in the Three
Sisters Wilderness. The area contains no base- or precious-metal mines;
the nearest mines, in the Blue River and Fall Creek districts 10 miles
west of the wilderness, contain vein deposits of gold with some silver,
copper, and lead (Brooks and Ramp, 1968). Thirteen Dbase- or
precious-metal ciaims have been staked within the wilderness; 12 of these
are placer claims. The Pat Creek claim (fig. 3), located in 1969 by
Marcus Jones and Joe Reynolds, 1is in a poorly exposed shear zone and
contains trace gold and 0.4 oz silver/ton. The c¢laim is apparently
abandoned. The placer claims are located along streams in the wilderness.

“As part of this mineral investigation, stream-sediment samples were
collected from streams near the border of the wilderness and analyzed for
their content of trace elements. Locations of the samples are shown on
Figure 2-and»the.ana1yses are listed in Table 1; sample locations are
unevenly distribu:ed.because of the paucity of streams in some areas.

- At each location two samples of fine sediment were collected, one of bulk
sediment, the otheria pan concentrate of the heavy-mineral fraction of
the  sediment. In the laboratory each sample was dried, sieved to
minus-80 mesh, and split. The heavy minerals in the pan-concentrate
samples were further concentréted by settling in bromoform (specific

gravity, 2.8) and separated into magnetic and nom-magnetic fractioens.



Samples of stream sediments and non-magnetic heavy mineral concentrates
were then pulverized before analysis by standard semiquantitative
emission spectrography and by fluorimeter (U), Hg detector (Hg), and
atomic absorption (Zn, Au). The analyzed sediments from steams draining
tﬁe wilderness show concentrations of metallic elements sim;lar to those
commonly found in volcanic rocks. No anomalous concentrations of any
elements were . found. Gold was observed 1in trace amounts 1in pan
concentrates from many streams, but it constitutes only a few parts per
billion of the alluvium. Similar traces of gold were found in many
streams in other parts of the High Cascades province which suggests the
gold 1s derived from dispersed sources in the volcanic rocks rather than
being related to Surficial or buried mineral deposits.

Pumice deposits at the Hermana Group claims on Rock Mesa (fig. 3) are
the only industrial mineral resource identified in the wilderness. The
pumice occurs as an irregular blocky capping of the“glassy rhyodacite
flow that forms Rock Mesa. This deposit has never been mined, but has
been studied in detail. The deposit contains 900,000 tons of commercial
grade pumice, 50 percent of which 1is estimated to be -recoverable
(Richards, 1972; Grant, 1976). Pumice samples totaling 0.75 tons from
the Herm;na Group claims were examined during patent investigation. The
pumice would be used primarily for decorative‘stone.

-Magill (1976) recommended that mining be done at the Hermana -Group
claims with crane and bucket. He assumed a yearly production rate of
12,000 tons,'«equal to that at U.S. Pumice Coﬁpanx's Mono Craters,
California deposit. Because of snowfall on Rock Mesa, mining would be

done only during the summer. According to the company, the deposit would
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not be worked until after the deposit at Mono Craters is exhausted. The
sale of 12,000 tons of pumice would be worth $1,155,960 at 1981 prices;
operating costs would be $823,962Aper year according to Magill (1976).

Other pumice deposits located between Devils Lake and Green Lakes
(fig. 2) were examined, but the amount of block pumice at rhyodacite
domes and flows there is small.

Specimens of the rare mineral osumilite from the Betsy Girl claim at
Obsidian Cliffs (fig. 3) have been  sold to Ward's Natural Science
Establishment, Inc., Rochester, N.Y. The claim,>1ocated by M. M. Groben
in 1977 and currently held by assessment work, is on a thick rhyodacite
.flow that .contains black euhedral crystals of osumilite [K(MgFe,Mri)2
(Al’Fé)3(Si,A1)12031] in vesicles. The crystals, mostly less than
0.1 inches .in diameter, are of interest to some mineral collectors, but
are not a major economic commodity.

-Large amounts of cinders and stone occur in the wilderness, but
.numerous other deposits are closer to markets.

“Hydrocarbon deposits (oil, gas and coal) do not occur within the
Three Sisters Wilderness. Cenozoic volcanic rocks many thousands of feet
thick un&erlie the wilderness and have no hydrocarbon potential.

 -The ‘High Cascades physiographic province is an area of interest for
gedthermai.exploration, but the magnitude of the geotherﬁal resource is
not known.. Possibie geoghermal resources are suggested by the abundance
of Quéternary volcanic rocks, rélatively high heat flow, and hot springs.

The Belknap-Foley Known Geothermal Resource _Area.'(KGRA) is just
northwest of the Three Sisters Wilderness. Belknap Hot Springs and Foley
Hot Springs (fig. 2) are about 5 mi from the wilderness and yield 25 to
75 gallons of water per minute with a temperature of 1479 to 180°F
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(Waring, 1965); othe? hot springs éte a few miles farther west. Hot
springs near the western edge of the High Cascade province are
interpreted to be the result of lateral flow of warm or hot water from
heat sources beneath the High Casc&des (Blackwell and others, -1978; Black
and others, 1982).

Several heat-flow holes have been drilled near the western border of
the Three Sisters Wilderness. These have yielded temperature gradients
of 147 to 332 ©OF/mi (Brown and- others, 1980; Priest and Vogt, 1982,
appendix D). No heat-flow holes have been drilled in the wilderness
itself.

The geology of thé Three Sisters Wilderness suggests that parts of it
have a higher geothermal resource potential than most other areas in the
Cascade Range. Geothermal resources in the range are likely to be of two
general types. The first is a possible regionally extensive deep
resource related to influx of,ﬁafic magma into the upper crust during the
deyelopﬁent of the young‘mafic volcanic pile that forms the range. This
resource may be too deep for development using current technology. Also,
even 1f hot rocks are present at ‘exploitable depths, permeability and
porosity may -be too low to yield adequate hydrothermal fluids ‘for
conventional methods of electric power generation. This type of deep
resource may.occur along.the axial part of the High Cascades province in
the Three Siétgrs Wilderness, but may also be present in many other areas
of the range outside the wilderness.

The second, and probably more important, geothermal resource type 1is
related to large silicic magma bodies ér still hot, but solidified,
silicic intrusions. Silicic intrusive bodies commonly are larger in the
shallow crust than are mafic bodies, and commonly are associated with

12



developed geothermal resources in other areas in the world. Smith and
Shaw (1975) consider areas of young silicic volcanic rocks to be the most
favorable for geothermal resources. The Three Sisters Wilderness
contains relatively abundaf\t silicic wvolcanic rocks. Dacite and
rhyodacite domes and flows are more common in a broad area centered
around South Sister volcano than 'in any other part of the Oregon Cascade
Range, with the possible exception of the Crater Lake area. Furthermore,
the Holocene rhyodacite flows and domes on the south to east sides of'
South Sister volcano are the youngest rhyodacites known in the Oregon
Cascades.

On the basis of the distribution of silicic volcanic rocks, a broad
area around South Sister (fig. 3) is one of the most favorable targets
for geothermal resources 1in the Cascade Range of Oregon. Without
drill-hole data, the area of geothermal interest can only be rudely
defined,' and it is here delineated on the basis of distribution of
silicic. vents around North Sister, Middle Sister, South Sister, and
Broken Top stratovolcanoes. The most geplogically favorable site for
geothermal resources .in this area is on the south and east sides of South
Sister where Holocene rhyodacite vents are located.

. The Three Sisters area is one of three in Oregon estimated by Smith
and Shaw (1979, Table 3) to have large amoux;xts of available thermal
energy and 1s among the most geologically favorable sites for geothermal
resources .»in Oregon according to Priest and Vogt (1982). waever, no
holes have been drilled to determine temperature gradients in. this area,
nor is there other surface evidence, such as hot springs or extensive
areas of hydrothermal alteration, that might indicate a potential

resource.
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If high temperatures are present in this area at exploitable depths,
development could be hampered by two factors. First, the porosity and
permeability of the rocks at depth may be so low that fluids may be
insufficient for direct hydrothermal power production. If so, techniques
for transport of heat at depth to surface generating facilities would
have to be different than in existing geothermal fields where electric
power 1is éenerated by direct or indirect use of geothermal fluids.
Second, thi; area has had numerous Holocene -eruptions and future
eruptions can be expected. Eruption of silicic magma 1is commonly
explosive and capable of destroying nearby structures, such as power
generation plants. |

In summary, geothermal resources‘ may occur 1in the Three Sisters
Wilderness, but available information confirms neither their existence
nor magnitude. Nevertheless, a broad area centered around South Sister

volcano is among the most geologically favorable targets for geothermal

resources in Oregon.

ASSESSMENT OF MINERAL RESOURCE POTENTIAL

The principal known mineral resource in the Three Sisters Wildgrness
is pumice. The pumice deposits occur at Rock Mesa on the south side of
South Sister. Availability of other sources of _similar- pumice . and
environmental concerns have iﬁhibited their development.

On tﬁe basis of the abundance of young silicic volcanic rocks, a
broad area around South Siste? volcano is among the’most,geologically
favorable areas for geothermal resources in Oregon. However, no drill

data exists with which to evaluate this resource, if present.
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The rare mineral osumilite, which occurs at Obsidian Cliffs, is of
interest only to mineral collectors, is not a major commodity, and has
low mining potential. There are no known precious— or base-metal

deposits or hydrocarbon deposits in the Three Sisters Wilderness.
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Table 1. Analytical data for streéam-sediment samples from Three Sisters Wilderness, Oregon. Sample locations
are shown on Figure 2. Analyses are by C. Forn, B. Arbogast, and J. Viets, U.S. Geological Survey, Denver,
Colorado. (Fe, Mg, Ca, and Ti in percent; all other elements in parts per million; N, not detected; L,
detected, but below limit of determination; * identifies non-magnetic heavy-mineral concentrate)

Field Map

No. No. Fe Mg Ca Ti Mo B Ba Co Cr Cu La Ni Pb Sc¢ Sr Vv Y 2r 2n U Hg
MTS8- 1 1 5 1.5 2 0.3 1000 15 300 20 500 100 20 30 L 20 500 300 20 50 45 - -
MTS8- 2% 1 7 10 2 .3 2000 L 150 200 700 15 L 1000 20 20 N 100 L 20 65 0.24 0.04
MTS8-. 3 2 7 2 3 .3 1000 10 700 30 500 100 20 100 10 20 500 300 20 50 35 - -
MTS8- 4% 2 7 10 1.5 .2 2000 L 100 150 700 15 L 700 L 15 N 50 L L 60 .23 .02
MTS8- 5 3 5 2 5 .3 1000 10 700 20 500 100 20 70 L 20 500 200 15 50 20 - -
MTS8- 6% 3 7 10 0.2 .05 1500 L 100 100 500 10 L 700 L L N 20 L L 80 .28 N
MTS8~ 7 4 7 2 7 .5 1000 10 1000 30 150 150 20 30 L 30 700 300 30 70 15 - =
MTS8- 8 4 7 10 3 .2 3000 L 200 100 500 -70 L 300 20 30 N 100 L 100 75 - -
MTS8- 9 5 7 2 2 .5 1000 10 1000 20 100 30 20 20 L 20 300 300 20 50 15 - -
MTS8-10% 5 10 7 5 1 3000 L 150 50 500 30 L 70 20 50 N 200 L 20 15 .42 N
MTS8-11 6 10 2 2 .7 1500 L 700 70 150 100 L 30 L 30 300 1000 20 30 30 - -
MTS8-12* 6 7 7 5 .7 3000 L 150 50 200 20 L 100 L 50 N 200 L L 10, .27 N
MTS8-13 7 5 2 5 .5 1000 20 1000 20 500 70 20 70 L 20 500 200 20 50 20 - -
MTS8-14% 7 5 7 3 .2 3000 L 300 70 1000 15 L 300 L 30 N 100 L L 30 .33 .04
MTS8-22 8 7 3 3 .5 1000 10 1000 50 500 100 L 150 10 20 500 300 20 50 30 - -
MTS8-23%* 8 10 10 1.5 .2 3000 L 150 150 1000 15 L 700 20 20 N 50 L 20 55 .33 .02
MTS8~24 9 5 2 5 .5 1000 15 700 20 200 100 20 70 L 20 500 200 30 50 30 - -
MTS8-25% 9 7 10 2 .2 5000 L 700 70 700 50 L 300 20 20 N 100 L L 40 .24 .26
MTS8-26 10 5 1.5 1 .3 1000 10 1000 15 150 10 20 20 L 10 300 200 15 50 20 - -
MTS8-27* 10 7 7 3 .5 5000 L 200 50 500 15 L 150 50 50 N 150 L 50 15 .34 .02
MTS8-28 11 7 2 3 .5 1500 20 1000 20 200 50 20 50 15 20 500 300 20 70 30 - -
MTS8-29* 11 7 10 5 <5 3000 L 150 50 700 20 L 500 20 30 N 150 L 20 30 .35 L
MTS8-30 12 5 2 5 .3 1500 L 700 30 700 100 20 100 10 15 500 200 20 30 25 - -
MTS8-32 13 5 2 7 .5 1000 15 1000 30 300 100 20 70 10 20 700 200 20 50 20 - -
MTS8-33* 13 7 7 2 .3 L

3000 L 300 50 1000 50 200 20 30 N 150 L L 30 .25 »35
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Table 1.

Field
No.

35-013A
3S-013B*
35=014A
35-014B*
35-015A
35-015B*
35-016A
- 35-016B*
3S-017A
35-017B*
35-018A
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35-019A
35-019B*
35-020A
35-020B*
35-021A
3S-021B*
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Table 1.

Field
No.

MTS8-34
MTS8-35%*
MTS8-40x*
MTS8-41
35-001A
35-001B%*
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STUDIES RELATED TO WILDERNESS AREAS

ﬁnder the provisions of the Wildermess Act (Public Law 88-577, Sept.
3, 1964) and related acts, the.U.S. Geological Survey and the U.S. Bureau
of Mines have been conducting mineral surveys of wi;derness and primitive
areas. Areas officially designated as "wilderness,'" '"wild," or 'canoe'
when the act was passed were incorporated-into the:Nacional Wilderness
Preservation System and some of them are presently being studied. The
act provided that areas under.consideration for.wildérness designation
should be studied for suitability for 1incorporation into the Wilderness
System. The mineral sufveys constitute one aspect of the suitability
studies. The Act directs that the results of such surveys are to be made
available to the public and be submitted to the President and the
Congresé. This report discusses the re5u1ts‘of a mineral survey of the
Diamond Peak Wilderness (NFOl7), Deschutes and Willamette National
Forests, Lane and Klamath Counties, Oregon. The Dismorid Peak Wilderness
was established by Public Law 88-577, September 3, 1964.

SUMMARY

Diamond Peak Wilderness contains no identified metallic mineral
resources or mineral fuels. No historic or active mining activity 1is
known within thel wilderness.: Two cinder cones in or partly in the
wilderness, Red Top Mountain and Crater Butte, contain substantial cinder
resources, but future demand fér the deposits is not anticipated because
numerous other sources are nearby. The area has a low potential for

geothermal resources.
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INTRODUCTION

Diamond Peak Wilderness covers 36,637 acres (57 mi2) in the
Deschutes and Willamette National Forests, Lane and Klamath Counties,
Oregon (fig. 1). . The U.S. Geological Survey and U.S. Bureau of Mines
conducted a mineral survey of the wilderness in the summers of 1980 -
1982. Geological, gedchemical, aﬁd geophysical studies by the Geological
Survey, and detailed examinatiQns of known or suspected mineralized areas
by the Bureau of Mines were uséd to evaluate the  mineral resource
potential of the area.

Diamond Peak Wilderness is located along the crest of the Cascade
Range 56 mi southwest of Bend and 20 mi southeast of Oakridge, Oregon.
The area is most easily reacﬁed from Oregon State Highway 58, and is
‘bounded on the north and east by the Southern Pacific Railrcad
right-of-way, on the south bf the unpaved Emigrant Pass road, and on the
west by a network of Forest Service gravel roads. Logging opefations are
ongoing along the western boundary.

The dominant geographic feature in the wildernegs is Diamond Peak,

8,748 ft in elevation. Although total relief in the wilderness exceeds

4,000 ft, the terrain 1is characterized by gentle to moderate slopes.

™
Streams flowing west from the crest of the Cascade Range are moderately

incised whereas east-flowing s8treams forﬁ broad drainages between
volcanic landformé. All of the wilderness except the higher parts of
Diamond Peak is forested with hemlock and fir..

The Diamond Peak area is included in a regionél reconnaissance map of
thé High Cascades (Williams, 1957), but no detailed geologic maps of the

area exist. Aeromagnetic and gravity maps of the central Cascade Range
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(Couch and others, 1978; Pitts and Couch,(1978) include the Diamond Peak

area.
GEOLOGY

Diamond Peak Wilderness and the crest of the Cascade Range are part
of the High Cascade physiographic province of Oregon. The province is an
éiongate beit:of upper Cenozoic lava flows and vents. The major Cascade
peaks are Pleistocene stratoVolcanges built upon this belt. Some of
these volcanées ~are homogeneous accumulations of mafic flows and
pyroclastic rocks; others include rocks ranging 1in composition .from
basalt to rhyodacite.

Diamoﬁd Peak is a Pleistocene stratovolcano formed dominantly of
basaltic andesite flows and pyroclastic }opks (fig. 2). The volcano has
a youthful form, although glacially modified, and its lavas have normal
remanenﬁ magnetization. As there is no indication of post-glacial (less
than 10,000 years) activity, the volcano is probably extinct. Adjacent
stratovolcanoes at Mount Yoran and Lakeview Mountain are similar in
composition to Diamond Peak but are older and more deeply dissected.
Flows from Mount Yoran have a K/Ar age of 0.33+0.07 m.y. (J. G. Smith,

oral commun., 1982). These stratovolcanoes are built of poorly bedded

h .
pyroclastic rocks with minor interbedded ‘flows, and are laced by dikes

and sills that radiate from one or wmore high level plugs or volcanic
necks. The flanks are composed of numerous lava flows.

Redtop Mountain and Crater' Butte are cinder cones formed of
accumulations of red to black lapilli, scoria, and bombs. The early
ejecta are variably altered to palagonite -- yellowish orange clays

derived from basaltic glass.
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The lavas throughout thé wilderness are fresh olivine basaltic
andesite and basalt. Individual flows range from 6 to 30 ft thick and
are separated by flow breccias. Most rocks are slightly porphyritic,
containing a few percent olivine and plagioclase, with more or less
clinopyroiene. Piagioclase is more abundant higher in the lava sequence
of Diamond Peak and small prisms of hypersthene occur in the latest lava
flows from that volcano; No silicic rocks occur in the wilderness.

RepeatedAglaciationé have dissected the ;olcaﬁoes, scoured the upland
surfaces, and deposited lateral and ground moraines .over wmuch of the
middle and lower elevations. The glacial drift occurs as unsorted,
unstratified deposits of angular to sub-rounded pebbles and angular
blocks in a poorly indurated matrix of sgnd and rock flour. The clasts
possess negligible weathering rinds, consistent with a late Pleistocene
age (Cabot Creek glaciation of Scott, 1977); older tills occur beyond the
limits of the wilderness. Holocene glacial episodes have been
responsible for pro-talus ramparts in .some of the cirques on Diamond Peak.

An air fall pumice deposit up to 32 in. thick mantles the
wilderness. The deposit consists of ash and lapilli up to one-half inch
in size, with small proportions of plagioclase, pyroxene, and hornblende
crystals. This pumice is part of the extensive Mazama ash deposit
erupted about 6,845 1"C years ago from the caldera at Crater Lake
National Park (Williams, 1942; Bacon, 1983). No volcanic rocks 1in the
wilderness are younger than the Mazama ash.

Although the lavas are unaltered, trace amounts of specular hematite,
and less commonly malachite, occur locally in fractures within the

flows. The mineralization ~ is scattered and rare, discontinuous



within any single fracture, and is not associated with any other kind of
fock alteration or veining. In all cases, the mineraliz;tion along the
fractures occurs within one half mile of a vent and is caused by volcanic
exhalative processes. The vents are unaltered except for trace amounts
of clays, probably the result of fumarolic activity. Intrusive rocks are
'uﬁaltered.

MINERAL RESOURCES

The Diamond Peak Wilderness contains no known mining claims or active
mines, nor any identified resources of metallic minerals. The only
indications of base- or precious-metal interest near the wilderness are
old Placers, mostly along Crescent Creek east of the wilderness; there is
no known production from these placers. The nearest significant mining
(lead, zinc, copper, gold, silver) éccurred in the Bohemla wmining
district, in the Western Cascades 20 to 25 mi due west of Diamond Peak
(Brooks and Ramp, 1968); metallic mineral resources are not known to
occur in the High Cascade physiographic province in Oregon.

As part of this mineral iﬁvestigation, stream-sediment samples were
analyzed for 31 elements, including base and precious metals. Sample
locations are shquyn on figure 1 and analytical data are listed in Table
1. Two samples of s;nd— and silt-size sediment were collected from
‘stream bottoms at most sites, one of bulk sediment, the other a
pan—concentrate of the heavy-mineral fraction of the sediment. Each
sample was dried, sieved to minus-80 mesh, and split. The heavy minerals
in the pan-concentrate sample were further concentrated by settling in

bromoform (specific gravity, 2.8) and separated into magnetic and

]
nonmagnetic fractions. Stream sediment and nonmagnetic heavy-mineral



concentrate samples were then pulverized before a#alysis by standard
semiquantitative emission spectrography; some concentrate samples did not
yield enough material for analysis. All of the analyzed samples contain
only. trace abundances of metallic elements, similar to those commonly
found in unaltered volcanic rocks.

’Small quantities of angular flour gold, in amounts ranging from
0.00001 to 0.0002 oz per cubic yard, were recovered from 15 of 17 ﬁlaéer
éravel samples collected by the ﬁ. S. Bureau of Mines from streams
draining the wilderness (Moyle and Rumsey, 1982). This gold content,
from 3 to 60 parts per billion, is about 1000 times lower than economic
values that existed in 1983. Similar traces of gold were found in many
streams in other parts of the High Cascades province which suggests the
gold is derived from dispersed sources in the volcanic rocks rather than
being related to surficial or buried mineral deposits. Assay results of
a sample of slightly altered basaltic andesite from the eastern flank of
Diamond Peak indicates a trace gold and 0.005 percent copper.

Immediately west of the wilderness, alteration has affected Miocene
silicic lava flows and a shallow intrusion. Pyrite is present in minor
~ amounts, but X-ray diffraction studies of the clays in the alteration
zone failed to show any sericite or other signs of potassium
metasomatism. No gold, silver, or copper was detected .in a sample
analyzed from the alteration zone. The alteration likely developed
around an old hot spring or solfatara. North of the wilderness at the
Willamette Pass quarry (fig. 1), a small malachite-bearing fracture zone

in basaltic andesite flows contains 0.4 oz per ton silver.
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There has been no rock or cinder production from the Diamond Peak
Wilderness. An estimated 670,000 cubic yards of crushed stone, pit-run
materiélé, and rip-rap have been produced from seven quarries outside the
western and northern boundaries of the wilderness (Table 2). AMore than
87,000 cubic yardé of available existing reserves remain at the active
qu;rries (Cindy Pack, U.S.F.S., writken commun., 1980). An additional
510,000 cubic yards is available at the Willamette Quarry (Table 2, no.
1) but may. not be produced owing to environmental constraints. New
crushed stone sources are presently being developed west of Diamond Peak
Wilderness at this time (Robert White, U.S.F.S., oral commun., 1980).

Two pyroclastic cones along the boundaries of the wilderness contain
cinders suitable for road construction and other common uses. Redtop
Mountain, which is mostly Qithin the wilderness, has a maximum volume of -
83 million cubic yards, and Crater Butté, which is mostly outside the
wilderness, contains a maximum of 37 million cubic yards, assuming base
levels of 6,400 ft and 6,500 ft, respectively (Moyle and Rumsey, 1982).
The volume that would be of industrial interest, however, 1is probably
considerably less. Furthermore, cinder and rock material are very
abundant in the Cascade Range outside the wilderness.

Hydrocarbon deposits (oil, natural gas, coal) are ﬁot known to occur
in the region and are highly unlikely in the Diamond Peak Wilderness,
which is underlain by a very thick sequence of volcanic rocks.

The Diamond Peak Wilderness 1is located in the High Cascade

physiographic province, a region formed of young volcanic rocks and which



may locally contain geothermal energy resources capable of producing
electric power or lower temperature resources for uses such as in
agriculture and direct heating. Hot springs occur marginal to the
province, mostly along valley bottoms near the contact between the
Westérn Cascades and High Cascades.l They are interpreted to represent
lateral flow of hot water from sources beneath the High Cascades
(Black§e11 and others, 1978). |

No thermal spfings occur in the Diamond Peak Wilderness. The nearest
hot spriings occur along Salt Creek (McCredie Springs; 163°F), Salmon
Creek (Wall Creek Springs; 106°F), and Hills Creek (Kitson Hot Springs;
111°F), 10 to 18 mi northwest of the wilderness boundary, and a warm
spring occurs near Summit Lake, south of the bounda%y {Waring, 1965;
Riccio, 1978; Bowen and Petersou, 1970; Bowen and others, .'1978; Brown and
others, 1980). The geochemistry of the waters from these springs does
not indicate high temperature sources (Mariner and otgers, 1975, 1980;
Brown and others, 1980), but cold meteoric water probably has diluted the
thermal water during lateral subsurface flow.

Temperature gfadients in drill.holes at scattered localities near the
boundary between the Western Cascades and High Cascades suggest that heat
flow increases significantly under the High Cascades (Blackwell and
others, 1978). Shallpw heat flow holes drilled in older rocks of the
Western Cascades a few miles west and northwest of the Diamond Peak
Wilderness had bottom hole temperatures of 50° to 70°F at depths of
less than 500 ft and temperature gradients of 104° to 226°F/mi (Brown
and others, 1980; Woller, 1982). No deep holes have been drilled in the

Diamond Peak Wilderness.



On the basis of the local geology, there is no reason to suspect that
geothermal resources are more likely in the wilderness than in other
nearby parts of the High Cascades. If they are present, they probably
occur at substantial depthf At these depths the volcanic rocks may have
very low poroéity and permeability and, even .if temperatures are high,
fluids may not Be.present ij sufficient quantity for geothermal energy
production. Exploitation of . low-temperature ‘geothermal resources that
may occur beneath the wildefness is probably' not viable due to the
distance to the nearest points of use. In summary, available evidence
fails to substantiate the presence of geothermal resources, and if they
do occur they are probably at considerable depth.

MINERAL RESOURCE POTENTIAL

The Diamond Peak Wilderness contains no identified metallic mineral
resources and there is ﬁo evidence of a potential for their occurrence.
Cinder cones partly in the wilderness contain an estimated total of 120
million cubic yards of wvolcanic <c¢inder suitable for construction
material, but voluminous alternative sources are present nearby outside
of the wilderness.

Anomalous heat flow values associated with the High Cascade

o
physiographic province, and warm springs near the wilderness, indicate an

undefined, but low, potential for geothermal energy.
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EXPLANATION

(Geologic map unit symbols may not necessarily

conform to U.S. Geological Survey standards)

CORRELATION OF MAP UNITS

Qs Wﬂolocene ]
.ZQ;] 1 b QUATERNARY
Qba Qmv | {Qc
Pleistocene
QTba) |qQTav] |Qribal {QTe | .{
Pliocene
TMPb /
TMa L TERTIARY
Miocene
DESCRIPTION OF MAP UNITS
Qs SURFICIAL DEPOSITS (HOLOCENE)--Coarse to'fine, poorly sorted,

angular, unconsolidated rubble that forms talus cones, rock
=

glaciers, and neoglacial moraines around Diamond Peak.

Mostly younger than the Mazama ash

MAZAMA ASH (HOLOCENE) Not shown on map—-Pumiceous ash and

lapilli up to 1/2 in. in diameter, of slightly porphyritic

pale gray dacite.

Deposit occurs as a blanket 30 in. thick

in south part of area and 12 in. in north; thickens

abruptly eastward from Cascade crest. Completely buries

older units in trough between Lakeview Mountain and Diamond

Peak. Derived from climactic eruption of Mount Mazama

s

LEAN . .

R



(Crater Lake), 45 mi south of Diamond Peak (Williams,
1942). Age about 6,845+50 l4C years (Bacon, 1983)
Qg GLACIAL DRIFT (PLEISTOCENE)-—Unsorted, unstratified deposits of
N sub-angular to sub-round cobbles and boulders in a matrix
of poorly indurated rock flour; clasts have negligible
weathering rinds. Oééurs as gréuhd horaiﬁes and lateral
moraines. Probably formed during the Cabot Creek |
glaciation of Scott (1977)

Qba BASALTIC ANDESITE, BASALT, AND ANDESITE (PLEISTOCENE)--Medium
gray to dark gray, vesicular to massive, sliéhtly
porphyritic lavas and grayish red flow breccias.
Phenocrysts of olivine, 1-2 percent; plagioclase, 1-5
percent; clinopyroxene, 0-1 percent; hypersthene, 0-1
percent; and magnetite, 0—1‘percent. Age younger than
approximately 700,000 years, on basis of normal magnetic
polarity and association with vents that are only
moderately eroded. Correlative flows 3 miles west of the
wilderness have yielded a K/Ar age of 0.17+0.48 m.y.
(Woller, 1982)

Qc CINDER ;EPOS;TS (PLEISTOCENE)--Red to black basaltic cinders

‘and scoria that form cinder cones. Includes some basaltic
agglutinate, palagonitic lapilli tuff and tuff breccia, and
minor intrusions and flows. Age less than approximately
700,000 years, on basis of youthful morphology and
;ssociation with flows of normal magnetic polarity

Qmv MAFIC VENT COMPLEX OF DIAMOND PEAK (PLEISTOCENE)--Mafic
pyroclastic rocks, dikes, sills, small plugs, and lava
flows. Composition varies from olivine basalt to

two-pyroxene olivine basaltic andesite. Age less than

1L



QTba

QTc

QTmv

~QTiba

TMPb

approximately 7Q0,000 years, on basis of youthful
morphology and association with flows of normal magnetic
polarity

BASALTIC ANDESITE, BASALT, AND ANDESITE (PLEISTOCENE AND
PLIOCENE)--Petrographically similar to unit Qba but
generall;:more eroded; derived from deeply eroded vents or
burie@ vents. Consists of rocks with normal and reversed
magnetic éolarity. K-Ar ages of 0.98+0.34 m.y. for flow
west of Mount Yoran and 0.77+0.21 and 0.92+0.46 m.y. for
flows southwest of Diamond Peak are reported by Woller
(1982). Upper part may be as young as unit Qba; lower part
may be older than 2 m.y.

'CINDER DEPOSITS (PLEISTOCENE AND PLIOCENE)--Similar to unit Qc
but ﬁore deeply eroded. Includes vents associated with
lavas included in unit QTba

:ﬁAFIC-Vgggg_(PLEISTOCENE AND PLIOCENE)-~-Similar Fo unit Qmv but
more deeply eroded. Includes vents that erupted lavas with

both normal and reverse magnetic polarity. Age same as

TRUSIONS (PLEISTOCENE AND PLIOCENE)--Dikes and plugs of
very fine grained basalt or basaltic andesite. Intrudes
unit QTImv. Consists of rocks with normal and reverse
magnetic polarity

OLDER BASALT AND BASALTIC ANDESITE (PLIOCENE AND UPPER
MIOCENE)--Light-gray to dark-gray olivine basalt and minor

basaltic andesite flows and breccias that form dissected



ridges lacking the constructional landforms of the younger
volcanic rocks. Similar in field appearance to units Qba
and QTba but commonly slightly more weathered in
appearance, contains more abundant olivine phenocrysts, and
is dusted with abundant magnetite microphenocrysts. Woller
(1982) reports K/Ar ages for correlative flows west of the
area of-5.53 + 0.34 m.y. and 4.32 + 0.40 m.y.

:TMa OLDER ANDESITE (MIOCENE)--Andesite flows and breccias;
underlies unit TMPb in western part of ;rea

TMav OLDER ANDESITE OR BASALTIC ANDESITE VENT DEPOSITS
(MIOCENE)~--Poorly~bedded to well-bedded tuff, lapilli tuff,

and tuff breccia. Underlies unit TMa

CONTACT - Approximately located

VENT DEPOSITS

v

[T 4%



Quarries and cinder deposits near Diamond Peak Wilderness,

Product

Historic Production
(est.)(cubic yards)

Remaining Resource
(est.)(cubic yards)

Table 2.

Oregon.

Map No. Name

(fig. 1)

1 Willamette
Pass

2 Notch Lake

3 Hemlock

- Butte

4 Lone Ridge

5 Pioneer
Gulch #2

6 Spatter
Cone

7 Beaver
Creek

8 Unknown

(inactive)

Red Top
Mountain

Crater
Butte

Crushed stone

and glacial

overburden -

Crushed stone

Stone: pit run

High quality
‘crushed stone
(BC=3, BC-8)

Stone: pit

run and 3 ft

rip rap

mixed lava and
cinder pit run

Stomne: pit run

o

Common borrow:

1979

Pre-1975 - 500,000
1978 - 25,250
Post-1978 - 40,000
Pre-1974 - 10,000
Pre-~1974 - 10,000
1975 - 49,000
1977 - 8,000
Pre-1973 -~ .11,000
1973 4,000
Pre-1974 1,200
Pre-1974 5,000

3,000-5,000

pumice, glacial till

Cinders

Cinders

None

None

24,750 (plus
510,000 encumbered
resources)

5,000

3,000

Unknown but
substantial
- 6,300

15,000

4,000

10,000

Unknown

83,000,000

37,000,000

]

1 - 8 are near the wilderness; deposits at Red Top Mountain and Crater
Butte are partly in the wilderness.
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Table 1. Analytical data for stream—-sediment samples from the Diamond Peak Wilderness, Oregon. Analyses

- are by G, W. Day, U. 8. G. S.,: Denver, Colorado. (Fe, Mg, Ca,:and Ti in percent; all other-elements

in parts per million; N, not detected; L, detected, but below limit of determination; * identifies
non-magnetic heavy-mineral fraction of pan-concentrate sample)

Field No. =~ Fe Mg Ca Ti Mn B Ba Co Cr Cu La N Pb S¢ St V Y Ir

------ percent—~====- -::--------—--——-—-----——-~~-——ppm—-—-——--——~——-——-~——----—-—-------—
DP1B 5 7 5 .5 2000 70 500 30 70 100 N 70 50 20 700 200 20 100
DP2B 10 10 10 .7 2000 50 500 50 100 100 N 100 30 20 700 200 30 150
DP3A* .2 5 5 .5 200 L 500 N N 10 N 20 30 N 2000 50 N 200
DP3B 7 3 5 .7 2000 100 700 30 100 100 30 70 70 20 700 200 30 200
DP4A* 1 1 5 ] 500 L 1000 N 70 20 N 20 700 N 5000 200 N 3000
DP4B 7 10 . 5 .5 1500 70 500 50 150 100 N 100 700 20 500 200 30 150
DP5B 10 10 10 1 3000 70 700 30 150 100 N 70 70 30 700 300 30 200
DP6B 10 ‘10 20 1 3000 70 700 50 200 100 N 150 50 30 700 300 30 150
DP7B 10 10 10 1 2000 70 500 70 300 100 N 200 30 30 700 300 30 100

Lower limit
of detection: .05 .02 .05 .002 10 10 20 5 10 5 20 5 10 5 100 10 10 10

Analyzed for but below limit of detection (indicated by ppm in parentheses): antimony (100), arsenic (200),
beryllium (1), bismuth (10), cadmium (20), gold (.1), molybdenum (5), silver (.5), tin (10), thorium (100),
and tungsten (1).
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STUDIES RELATED TO WILDERNESS

AUnder "the provisions of the wildefness Act (Public Law 88-5717,
September 3, 1964) and related acté, the U.S. Ceological-Sqrvey ana the
U.S. pureau of ﬂines have Eeen conducting mineral surveys of wilderness
and primitive areas. Areas 'officially designated as "wildefness,"
"wild," or '"canoe" when the act was passed were incorporated into the
National Wilderness PreservationkSystem and some of them are presently
being studied. The act provided that a?eas under consideration for
wilderness designation should be studied for suitability for
incorporation into the Wilderness System. The mineral surveys constitute
one aspect of the suitability studies. The act directs that the results
of such surveys are to . be made available to the public and be submitted
to the President and the Congress. This report discusses the results of
a mineral survey of the Mouﬁt Washington Wilderness (NF086), Descﬁutes
and Willamette National Forests, Deschutes, Lane, and Linn C&unties,
Oregon. The Mount Washington.wilderness was established by Public Law
88-577, September 3, 1964.

SUMMARY '

The Mount Washington Wilderness 1is devoid of mines, claims, and
mineral prospects. The results of this éurvey further indicate that the
area does not contain any metallic-mineral deéosits or mineral fuels.
Over 200 million yd3 of cinder resources occur in the wilderness, but
no future demand for the deposits is anticipated owing to numerous other
nearby sources. The area may have geothermal resources, but available

data are insufficient to define either their existence or magnitude.




INTRODUCTION

The Mount Washington Wilderness (fig. 1) encompasses 46,655 acres (73
mi2) along the crest of the Cascade Range, between McKenzie and Santiam
>Passes, in fhe Deschutes andAWillamette National Forests, 32 mi no?thwest
of Bend, Oregon. |

The mineral resource potential survey of the Mount Washington
wildérness included geologic maéping, a . geochemical survey of
‘'stream-sediment samples, and gravity and aeromagnetic surveys by the U.S.
Geological Survey. The U.S. Bureau of Mines was respdnsible for analysis
and evéluation of identified mineral resources in the wilderness.

Large scale geologic maps of the Mount Washington Wilderness have not
been published previously, although the geology of parts of the
wilderness is presented by Taylor (1968, 1981) and most of the area in
theses by Brown (1941) and Taylor (1967). Reconnaissance geologic maps
of the central part of the Cascade Range by Williams (1957) and of
Deschutes County by Peterson and others (1976) include the area.
Regional gravity anomaly and aeromagnetic maps, which cover the Mount
Washington Wilderness, have been published by Pitts and Couch (1978),
Couch and others (1981),'and U.S. Geological Survey_(1982). Results of
geothermal gradient drilling immediately west of the wilderness are
discusséa by Youngquist (1980). |

LOCATION AND GEOGRAPHY

The Mount Washingtbn Wilderness 1is the smallesf of three nearly
conciguou§ wilderness areas that -occupy most of a 65-mile-long
" north-south segment of the High Cascade Range in-central Oregon (fig.

1). The wilderness is separated from the Three Sisters Wilderness, to



}

the south, by the narrow corridor along the McKenzie ‘Highway (Oregon
“State Highway 242), and from the _Méunc Jefferéon Wilderneés, to the
north, by a wide corridor occupied by the Santiam Highway (U.S. Zb).'
Access to the Mount Washington Wildermess is ptoQided by these highways
_and by gravel roads that lead from them. The crest of the Cascade Range
has-a'thick snowpack in winter and the McKenzie Highway is not passable
from late fall to late spring; the Santiam Highway is an all-weather
road. Tﬁe Pacifig Crest National Scenic Trail extends north-south
through the wilderness.

The nearest town is Sisters, 12 mi east of the wilderness. Hoodoo
Butte, 3 mi north of the wilderness, 1s the site of a small ski resort.
Dee Wright Observatory, at McKenzie Pass, is a popular tourist stop for
spectacular yiews of stark young .lava flows, Mount Washington, and the
Three Sisters stratovolcanoes.

Mount Washiﬁgton, rising to an elevation of 7794 ft, is one of the
smaller of w;he stratovolcanoes that form the prominent peaks of the
Casca&e Range 1in Oregon. Otherv.volcanoes in the wilderness are all
small, fanging from cinder ﬁones a. few tens of feet‘higﬁ to b?oad lava
cones, such as Belkﬁap Crater, which rises about 1600 ft above the
surrounding terrain. The lava platform on which the volcanoes rest,
mostly at an elevation of 4000 to 5000 ft, slopes gently westward to tﬁe
McKenzie River and merges eastward wicﬁ the Deschutes Plate;u.

| GEOLOGY
The Mountlwashington Wilderness is in the High baséade physiographic
province of the Cascade R;nge, Oregon. This province 1s a narrow
north-south-trending belt of Pliocene and Quaternary lava flows and

related cinder cones and fissure vents that is studded by large



stratovolcanoes spaced at irregular intervals. . Most of. Lhé volcanic
rocks in this belt were erupted dgring' the .last four. million years.
Faults b&und the High Cascades Soth east and'west'of the Mount Washington
Wilderness (Williams, 1957; Brown and others, 1980; Taylor, 1981).  The -
graben resulting from these faults has been filled by flows and related
vent deposits that comprise the Mount Washington Wilderness. The oldest
part of the sequence is composed dominantly pf basalt, and. younger,
overlying rocks are basalg and basaltic-andesite (fig. 2). Although
andesite and more silicic volcanic rocks occur both south and north, they
do not crop out in the wilderness.

All rocks within the wilderneﬁs .are Quaternary in age. With the
exception of the oldest flows at the westernmost margin of the
wilderness, all flows show normal magnetic polarity and thus are likely
less th;n 0.7 m.y. old; The flows and vents are readily divisible into
Pleistocene and’Holocene sequences.

The Pleistocene flows are glaciated and commonly covered by several
feet of ground moraine ;r outwash deposits. These older flows were
derived from cinder cones, fissﬁre vents, and small coméosite Qolcanoes
which have been modified by glacial scouring;uin the cores of some cones
the feeder dikes and pl;gs are exposed.

Mount Washington 1is a glacially-gutted Pleistocene stratovolcano
composed of basaltic andesite flows and pyroclastic rocks (cinders,
scoria, palagonite CUff,.and breccia). A plug forms the summi£ and the
upper flanks are cut by a ﬁorch-soutﬁ-trending swarm of basaltic andesite
dikes.. Mount Washington has no Holocene flows or pyroclastic rocks and
probably is no longer active. The volcano is similar in erosiona1.f0tm

to



Mount Thielsen fafther soufh in the Cascade Range, which has yielded a
K/Ar age of 0.3 m.y. (J. G. Smith, oral éoummunication, 1983).

Glacial depgsits within the wilderness consist mostly of ground
moraines and glacial butwash. Terminal, recessional, and lateral
moraines are locally present; but are better developed east and west of
the:wilderness. Most glacial deposits in the wilderness formed during
the laét major glacial advance (Cabot Creek glaciation of Scott, 1977) in
the late Pleistocene. Older glacial deposits beyond the wilderness
probably formed during thé earlier Jack Creek glaciation of Scott
(1977). Holocene neoglacial deposits occur locally on‘Mount Washington.

Holocene‘ flows cover approximately half of the Mount Washington
Wilderness and extend beyond it. several miles to the northwest and
south. Few other areas in the Cascade Range have such areally extensive
young flows. Earlier flows from individual vents are commonly basalt,
and later flows basaltic andesite. Charcoal from beneath many of the
flows has yielded l4c ages of about 1,500 to 3,000 156 yearé (Taylor,
1965, 1981). The rugged surfaces of flows are mostly free of vegetation,
bgt even the youngest flows where Eovered by cinders from nearby vents
have trees growing on them. The flows were erupted from a series of
alined cinder cones and composite vents that probably were fed by
enechelon fissures. The cinder cones are typically 150 to 300 ft high
and consists of gray to red cinders, scoria, and agglutinate (welded
spatger). The largest of the volcanic edifices is Belknap Crater, a lava
shield with summit cinder cone.

-MINERAL RESOURCES

No evidence of metallic-mineral deposits‘ was found 1in the Mount

Washingcbn Wilderness. The young volcanic rocks of the High Casc?de
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province in Oregon, of which the wilderness 1s a part, have no known
deposits of métallic minerals. The wilderness has no recorded mineral
production, minipg districts, or claims. 'The nearest mines (fop gold,
silver, copper, and lead) occur in older rocks of the Westérn Cascades
about 20 miles west of the wilderness in the Blue River District (Brooks
and Ramp, 1968).

As part of this mineral investigation, stream-sediment samples were
collected from small intermittent streams near the border of the
wilderness and analyzed for their content of base metals and other
elements.  _Sample locations are shown on Figure 2 and anal?tical data
given 1in Table 1. Two samples of sand- and silt-size sediment were
collected at most sites, oné of bulk sediment, thé other a
pan—concentrate of the heavy-mineral fraction of the sediment.
Pan—-concentrate samples could not bé obtained from some stream; owing to
the paucity of fine sediment. In the laboratory each sample was dried,
sieved to minus-80 mesh, and split. The heavy minerals 1in the
pan-concentrate sample were further copcentrated by settling in bromoform
(specific gravity, 2.8) and separated into magnetic and nonmagnetic
fractions. Stream sediment and qonmagﬁetic heavy-mineral concentrate
samples were then pulverized before analysis by standard semiquantitative
.emission spectrography for 31 elements. The sanalyzed sediments from
streams draining the wilderness show concentrations of metallic elgments
similar to those commonly.found in basaltic volcanic rocks. No anomalous
concentrations of any elements were found. |

The only mineral resource identified by this ;fqay isA‘voléanic

cinders. Estimates of the minimum volume of cinders at cinder cones



within the wilderness are: Belknap Crater - 75 million yd3; Twin
Craters - 15 million yd3; Scott Mountain - 20 ﬁillion yd3; Sand
Mountain Craters - 50 million’ yd3. An additionél 50 million yd3l‘may
be obtained from other small cinder cones. Cinders are presently being
quafried from deposits that occur near the wilderness. Little Nash
Crater, about 4 mi north Vof thg area, suppligs abogt 80,000 yd3 of
cinders per year for local wuse in road construction. An estimated 30
million yd3 reﬁain at this site. Some past production has been
reported from a source near Little Cache Mountain, 1.5 mi northeast of
the wilderness. Because large quantities of cinders are more accessible
elsewhere, utilization of éinder deposits from within the wilderness 1is
unlikely. 'Lava rock" for building stone is of low quality even though
the study area is extensively covered with basalt and basaltic andesite
flowsf Building stone 1is abundantly available in other nearby areas
which are close; to markets.

Hydrocarbon deposits, such as o0il, gas and coal, do not occur within
the wilderness. Upper Eocene to Pliocene voleanic rocks, similar to
those exposed in the adjacent Western Cascades, underlie the Plelstocene
and Holocene flows and vents of the Mouﬂt Washington Wilderness. The
volcanic rocks have a thickness of many thousands of feet and have no
hydrocarbon potential.

The High Cascade province of the Cascade Range in Oregon is of
interest for geothermal exploration, but the magnitude of the geothermal
resburceiis not known. Hot springs are rare in the High Cascades, but
occur locally along or just beyond its margins, particularly on the west

side. The hot springs emerge mostly along valley floors and commonly



occh along or near faults. Belknap Hot Springs, about 4 miles southwest
of the wilderness, yields about 75 gallons of water per minute with a
temperature of 180°F (Bowen and Peterson,Ai970). These hot spfings are
interpreted to be the .result of lateral flow of hot water from heat
sources beneath the High Cascades (B}ackwell and others, 1978). No hot
sp}ings, fumaroles, or recently active thermal areas exist within the
wil@erness. . The lava flows and interbedded breccias and other
éfroclastic'rocks are so permeable and porous that shallow lateral flow
of cold ground water probably masks any deep geothermal anomalies that
may exist.

Scattered relatively shallow>heat flow holes drilledAmostly along‘the
margins of the High Cascades suggest that this part of the Cascade Range
has higher than normél heat flow (Blackwell and others, 1978; Riccio,
1979). The nearest geothermal drill hole is about 2 mi northwest of the
wildernes§ and yielded a temperature of only 77°F at a depth of 1837
feefv (Youngquist, 1980). Owing to the paucity of deep holes drilled
within the High Cascades, it 'is not possible to realistically extrapolate
péssible geothérmal potential on the basis of results of deep drilling in
'similér environments. The areally extensive Holocene basalt and
basaltic andesite flows of the Mount Washington area may lead to falsely
optimistic estimates of geothermal resources. These flows are derived
mostly from alined vents that likely are the surface hanifestations‘of‘
buried feeder dikes; In areas of intensive glaci;tion in the Cascahe
Range yhere surface rocks are deeply eroded, most exposed basaltic feeder

dikes are only 3 to 10 ft wide. The dikes for the Holocene flows in the



Mount Washington Wilderness likely did not'contribute major amounts of
heat to the shallow crust and this heat 1likely has been lost by
conduction and ground water flow since tﬁey formed.‘ In contrast to the
Mount Washington area, some parts of the High Cascade pfovince contain
relatively abundant silicic rocks. . These areas likely have a higher
geothermal potential because silicic intrusive bodies commonly are larger
in the shallow crust than are mafic bodies (Smith and Shaw, 1975). Other
areas 1n the world where geothermal resources are associated with
basaltic volcanism, such as Iceland and Hawaii, have much greater rates
of lava production than in the Mount Washington Wilderness.
ASSESSMENT OF MINERAL RESOURCE POTENTIAL

More than 200 wmillion yd3 of cinder resources occur in the
wilderness. No future demand for these cinders 1is anficipated because
other large unmined deposits are more accessible. There is no evidence
of a potential for metallic mineral resources, building stone, or mineral
fuels. T

Geothermal resources may occur 1in the wilderness,. but available
information is insufficient to confirm their existence or magnitude. The
'High Cascade province is a favorable geologic environment for geothermal
resources; but few deep hoies have been drilled from which meaningful
extrapolations of potential can be made. The most favorable areas within
the High Cascades are likely those in which there are abundant young

silicic rocks, none of which occur in the Mount Washington Wilderness.
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EXPLANATION FOR FIGURE 2

CORRELATION OF MAP UNITS
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(Mazama Ash)
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DESCRIPTION OF MAP UNITS
(Geologic map unit symbols may not necessarily
conform COVU.S. Geological Survéy standards)
QHba " YOUNGER BASALTIC ANDESITE fLOWS-(HOLDCENE)-—Fresh, unglaciafed
” basaltic andesite flows derived from vents at Belknap

Ctater, Little Belknap, south of Belknap Crater, Twin
Cratersl unnamed .vents southwest of Mount Washington, and
Sand Mountain cinder cone chain. Younger than the Mazama
ash, except those from.unnamed vgﬁts southwegt of Mount
Washington. Age of 1,500 to 3,000 14C years on basis on
dates of carbonized vegetation from beneathiflous (Taylor,
1968, 1981)

QHs YOUNGER BASALT FLOWS (HOLOCENE)—-Fresh, unglaciated basalt flows
derived from vents at Belknap Crater, unnamed cinder cones
northwest of Belknap Crater, agd Saﬁd Mountain cinder cone
chain. Younger than the Mazama ash. Flows from Sand

" Mountain chain of vents are 3,000 - 3,800 14C years old
(Taylor, 1981)

QHc YOUNGER CIND.E‘:R DEPOSITS (HOLOCENE)--Rudely bedded bombs, blocks,
lapilli, and ash of basalt or basaltic an§esite compositipn
which form cinder cones aﬁd fissure vent deposits

QHé YOUNGER GLACIAL DEPOSITS (HOLOCENE)-—Terminal and lateral
moraines on Mount Washington. Consists of dep&sits from
both neoglacialland active glaciation |

MAZAMA ASH (HOLOCENE)--Unit not shown on map. Pumicéous air-fall ash
deposit derived from climactic eruption of Mount Mazama
(Crater Lake) about 90 mi south of map area. Thin

discontinuous deposit; forms useful time marker with which’



Qaly

%

Qba

Qb

Qc

Qi

to distinguish relative ages of young deposits. l4c age
is about 6,845 years (Bacon, 1983)

UNéONSOLIDATED ALLUVIUM (HOLOCENE AND PLEISTCCENE)-—Clacial
outwash, fluvial sand and gravel, and talus deposits =

OLDER GLACIAL DEPOSITS (PLEISTOCENE)--Terminal, lateral,
re;essional, and ground moraines composed of angular to
subrounded cobbles and boulders in a poorly sorted sand- to
clay-size matrix. Probably formed during the Cabot Creek
glaciation of Scott (1977)

OLDER BAéALTIC ANDESITE FLOWS (PLEISTOCENE)--Nearly aphyric to
moderately porphyritic basaltic andesite. Glaciated.

Includes flows on the flanks of Mount Washington

OLDER BASALT FLOWS‘(PLEISTOCENE)--Nearly aphyric to moderately

porphyritic basalt; commonly diktytaxitic. Glaciated.
OLDEé CINDER DEPOSITS (PLEISTOCENE)--Bombs, blocks, lapilli, and
ash of basalt or basaltic andesite composition in well
preserved to dgeply eroded cinder cones. Locally invadgd
by dikes (unit Qi) of similar composition. Deposits near
summit of Mount Washington include palagonite tuff
INTRUSIVE ROCKS (PLEISTOCENE)--Basalt and basaltic andesite
dikes, small plugs, and irregular shaped bodies associated
with eroded vents at Mount Washington and southwest corner

of map area.
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VENT DEPOSITS

FLOW DIRECTION OF HOLOCENE LAVA FLOWS

STREAM SEDIMENT SAMPLE SITE (Analyses listed in Table 1)



Table 1. Analyses of stream-sediment samples from the Mount Washington Wilderness, Oregon. Anéiyses were

performed by G. W. Day, U.5. Geological Survey, Denver, Colorado.

Sample Tocations are shown on Figure 2.

(Fe, Mg, Ca, and Ti in percent; all other elements in parts per million;

N, not detected; L, detected, but

below limit of determination; * identifies analyses of non-magnetic heavy-mineral sample)

Field No. Map No.
(fig. 2)
MW1A* 1
MW1B 1
MW2A* 2
MW2B 2
MW3A* 3
MW3B 3
MW4B 4
MW5B 5
MW63B 6
MW7 A* 7
MW7B 7
MW 8A* 8
MW8B 8

Lower limit of
detection:

Analyzed for but below limit of detection (ppm indicated in parentheses): antimony (100), arsenic (200),

Fe

7
10
5
10
5

_ 10

10
10
15

5
10

1
10

.05

Mg

10
10
5
10
0.5
10

.02

5
20
10
20

3
15
10
10
10

5
10

5
10

.05

1500

5000
1500
3000
1000
3000
2000
3000
2000
1500
2000

300
3000

10

B

L
70
20
70

50
70
50
70
30
50

10

Ba

1500

700

300
700
700
500
500
500
500
1500
500

500

700

20

Co

100
50
100
50
10
30
30
50
50
50
50

70

Cr

500
500

200

200
200
200
200
200
300
200
300

300

10

100

100
100
100
150
100
150

10
150

La

N
30
N
30
N
30
30
30
30
N
20
N
20

20.

Ni

700
150
200
100
150
100
100

“100

100
300
150
150
200

Pb

—

200
30
20
30

N
50
20
20
50
70
15

L
30

10

Sc

30
10
30

- 20

15
15
20
20

15

15

Sr

1000
2000
1500

2000

1000
1000
700
700
700
1500
500
1500
700

100

y

200
200

10
200
150
200
500
200
300

70

200

20

200

10

Y

L
50

30

30
30
30
30

30

30

10

Zr

7000
200
1500
200
1000
200
200
200
200
700
200
150
200

10

beryllium (2), bismuth (20), cadmium (50), gold (10), molybdenum (10), niobium (50), silver (1), thorium (200),

tin (10), tungsten (100), and zinc (200)



