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CHEMCAL AND.ISOTOPIC DATA FOR WATER FROM THERMAL SPRINGS 

AND WELLS OF OREGON 

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

ABSTRACT 

The thennal springs of Oregon range in composition from dilute 
NaHCOs waters to moderately saline C02-charged NaCl-NaHCOs waters. 
Most of the thermal springs are located in southeastern or south-
central Oregon, with a few in northeastern Oregon and near the 
contact of the VJestern 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 CO2 as well as chloride. Most thermal, 
springs in northeastern Oregon issue dilute NaHCOs v̂ aters of high 
pH (>8.5). These waters are similar to the thermal waters which 
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 liell, Hunters (Lakeview) 
Hot Springs, and perhaps some of the springs in the Cascades are 
associated with the highest temperature systms (>150''C). 
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INTRODUCPION 

Data presented in tliis paper are stoned in the, U.S. Geo.logical 
SurveyiSebthinn fi'le'. Gebtherrnfis^ra computerized, fi^TeG^ea'tfdajid 
main:taine& as part of, the Gep"1,pgical Survey''s Geat"heriTfa*l/If̂ ^ 
i-pfô ramfifiê hiira and'others,^T9790. ̂ ^Geotherm conta-ips JnfGrrna!tpd.n : 
"̂O.n ithe phys^ical character5.is:ti-cs,tgeolpgy, geochemistry, jand hydrol
ogy of na'tionaT end some international geothermal -fesour-cJes. the 
-da-ta include published information., data from other computer fal'es, 
personal eonmunications, and compi.lations of various goVieroment and 
tprivate organizations. Retrievals are available to the publ-ic in a 
variety of formats: tape, punched cards, listings, or tables. Re-
•quests should be sent to: Geotherm Project, flail Stop 84, U.S. 
•Geological Survey, 345 Middlefield Road,, Menjlo Park, CA 94025. 

Geotherm is currently composed of three subfiles: geothennal 
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 tihe chemical character of the thermal fluids. The Basin ..? 
and Range pirovince is characterized by a thick sequence of nonmarine 
volcanic and sedimentary rocks of Cenozoic age, broken by faults C 
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 c 
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TOWNSMIP-HANGE 
0<iS 039C OS 

CtOTHEHH SAMPLE FILE 
NAME Of S^MPLE SOURCE.*. HOT LAKE 
WAKING NUMBER... It 

LOCATION ,.| 
C O U N T H V . . . UNITED STATES 
S T A T F OREGON 
COUNTS UNION 
MAP xr.fENENCE CNAI6 MTN. Il2<»000t 

SAMPLE DESCRIPTION ANO CUNDITIONS 
OATt/COLLECTOR,...... t«72/00/00 BARNES 
TEMPERATURE (C) UO.O 
OlSCHARbE .•*.. ISOO. L/HIN 

WATER TREATMENT PRESSURE-FILTEREO 
DEPOSITS OR ALTERATION.... TRAVERTINE 
PCRTlNENr LITHOLOGY BASALT ANO 

WATER ANALYSIS 
DATE/ANALYST..; 1972/00/00 BARNES GROUP 
PH 9.21 

NH OF SE 
COORDINATES 

LAT/LONG... 

GEOTHERM FILE IOl 0000711 

4 5 - U . 6 3 N 117-57,51 M 

GRANGEVILLE HZSOOOO 

GROUP 
• « 

THROUGH A ,*5 MICROMETRE HEMBRANEt PORTION ACIDIFIEO. OILUTtO, 

MYLONITE 

CONDUCTANCE! 
IN MG/L 
L 0.02 

0.01 
0.1 
2.9 
0.1 
0.1 
0.4 
*.9 

SPECIFIC CONDUCTANCE 688. 
ANALYSIS 

AG>.. 
AL... 
AS... 
AU... 
R*... 
BA. . . 
RE... 
BR. . • 
CA. . , 
CA*HG 
CO... 
CL... 
CO... 

GAS ANALYSIS 
ANALYSIS IN VOLUME % 

CH*,. 9. 
C2H6. 
C02.. L 1. 

OTHER ANALYTICAL DATA... 02»AR«2 
REFERENCE ANO IDENTIFICATION 

COMPILED UY..J SAMFORUt LINDA 
COMPILER AFFILIATION... U.S. GEOLOGICAL 
COMPILER CROSS INDEX... 02 
REFEi'ENCE MARINER AND OTHERS. 

C.Ol 
U O . 
0.05 

C03 
CR 
CS 
CU 
F 
FEO..., 
FE(TOT». 

HC03,,., 
HG 
H2S,.... 
I 
K....... 

L 

L 

12. 

0.1 
0.01 
1.7 

0.02 

75. 
0.0032 

o.oa 
2.7 

L I . . . 
MG. .. 
MN. . , 
MO... 
NA... 
NA«K, 
NB ... 

PB... 
PO'... 
M0 • • • 

L 
L 

L 

L 

0.03 
0.1 -
0.02 

130. 

0.06 
0.09 
0.02 

Sb.,, 
S C . 
SE... 
SI02. 

S04.. 
SR... 

L 0.2 

MB. 

56. 
L 0.05 

ISOTOPES (0/00) 
OEL 0 OF WATER....... -127.7 
DEL OrjB) OF WATER,., -16.56 
DEL OdftI or S04.,,,, *.63 

ISOTOPES (00/6) 

N 2 , 

SURVEY 

90. 

197'»l MARINER ANO OTHERS. 19751 NEHRING AND O T H C H S . 1979 

Figure 1. Example of a complete Geotherm record 



Figure 2 . Physiographic Dlvls lona, Known Geothermal Resource Areas, and other featurea of udsaible 8ac>ch1eniiai 
UnporCance. ' •'•' ^ 
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which ranges f rom peridotite to granite, and a Lower Cretaceous suite 
which ranges from gabbro to granodiorite i(Thayer and Wagner, 1959). 
Several of t'he 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 Miocene in age. A few small diorite intrusions . 
also occur "Jira the altered ẑones of the Western Cascades. The southern 
end of the Cascades is underlain by a complex of graywacke, siltstone, 
and interbedded volcanics -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 Mountains in northeastern Oregon. The northern 
part of the Cascades is underlain by marine and estuarine deposits of 
Eocene age which are exposed in the Ooast 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 Newberry 
Caldera in the High Lava Plains; and the Warner Range in the southern 
part of the Basin and Range province. 

Brook and others (197^) list eight areas which they believe have 
mean reservoir temperatures of more than ISO'C: Npwhprrv Caldpra Z 3 0 * 
(230°C), Crump's Hot Spring (167°C), Mickey Hot Springs (207°C). 
Alvord Hot Springs (181°C). Hot (Borax) Lake (181°CJ. Trout "Creek 
Area (154''C), Npal Hot Springs (188°C), and Vale Hot Springs (157'C). 
These areas are estimated to have an aggregate thermal energy of 
90 X 10^^ joules, most of which is in the Vale, Alvord, and Newberry 
areas. About 55 x 10^^ joules are estimated to be present in 20 
systems of lower temperature (90° to ISO'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 



respective sys«tems'̂ and do .not ref-lect the maxiimym'and mmrmum'temper
atures of the"reserv6;1rs.. fSincelvblumes. of the-: individual systems 

.anticipated. 

G.hemical data exist 1;or many of Oregon's thermal watejr.s,, but 
they are often scattered;in the.'literature or in unpublished..-fi1.es. 
A compilation of the raw chemical data for Oregpn, as it wasi entered 
into Geothertn,..has .^recent-ly been published by the Oregon Deparytment 
of Geo!ogy'and Mineral Industries as Open-File Report 0-79-3. ".iThe 5 
data stored in Geotherm cannot be considered to be of un if ortn 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 approximately 170 thermal springs and wells identified 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, <I 
with progressively fewer springs in the High Lava Plains, Owyhee 
Uplands, Blue Mountains, and Cascade Range. The Coastal Plain, Coast 
Range. K.laroa.tb_Moun.ta.iji5.>. and Willamette Valley of western Oregon are 
devoid^fl_thenna.l_sp.tii,ng,s... Curiously, most hot springs do not occur -n,, 
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 Newberry may be 
drowned fumaroles; they issue in or at the edges of the lakes and 
appear to be dominantly gas vents. [lLainand_Cj:aJtgi:§_j.n_the_eas±ei::fl. 
High Lava Plains and J.Q.Ed-an...Ci:a.te,»:s.J.n^JiejQwyhee UpXa.p.ds-.ar:e..a.l.so-.o.t 
Hol-0-C,en.e„aqe.. 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 Western Cascades. 

•S,v 
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DATA 

Chemical data for the springs and wells (table 1) are arranged 
by county aind numbered to correspond to the thermal springs and wells 
on a map prepared by Bowen and others (1978). This compilation 
represents ail 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 Incomplete or otherwise inaccurate. Joaquin Miller Hot 
Springs in Grant County has 25.3 millequivalents -cations to 5.5 
-milliequivaleints anions. A sample recently collected by us indicates 
that the reported alkalinity is low by more than a factor of 10. 
The sodiura 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 VJestern 
Ca5fadps from Austin to Kitson and McCredie Hot Springs aj::e_higJi_in 
j^nridp,. 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/Cl, Br/Cl, and 
HCOs/Cl are similar to those reported for connate waters (White, 1960). 
Connate marine voters have been noted in springs and wells in the Coast 
Range, the V/estern Cascades, and at depths of as little as 30 meters 
in the Willamette Valley (Piper, 1942). Farther south in the Cascades, 
the water of Umpqua Hot,Sfirinjas-is-'Similarly high in rhlprjijp, but is 
also high in GO2. Many COa-charged mineral springs issue in Douglas 
County (Wagner, 1959). COa-charged thermal waters also issue from 
Weberg Hot Springs in southwestern Grant County; this area also has 
many cold C02-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 granitic 
rocks of the Idaho batholith. Bagbv Hot Sjicinqs in̂  the Cascadej 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 
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r*l)le 1: CHEMICAL COMPOSITIOM OF THERNAL SPRING AND WELL WAItdi 
IMap code refers to aowen# Peterson* and Riccio 1978; 

Concentrations in «g/i; (ND) not detected] 

lap 
Code 

Naae Local ion bate Sp Tenp 
Tr/Mo Cond (C) 

(unho) 

Major Element s . 1 

pM S i l i c a Sod iua P o t » » - C » l - n ^ g - A W a - f S u l f 
<S i02) (Na) s i uB c i i ^a n?1i«u* l;i|^<'i!y 

(K) ( C a J («g ) (ifcOS^ 

;u l« a i e t h l o r ^ f l u o / 
($o'«) ^tde'- ide 

(CD- ( h 

BAKER COUNTV 

01 RA0IU<1 HOT SPRINGS 

01 RADIUM HOT SPRINGS 

02 SAH-0 SPRING 

05 KROPP NOT SPRING 

06 FISHER HOT SPRING 

CLACKAMAS COUNTY 
01 ACIO-SULfATt SPRING 

ON MT. HOOD 
02 SUIN WARN SPRINGS 

01 AUSTIN HOT SPRINGS 
(CAREY) 

04 BAGBY HOT SPRINGS 

0< BAGBY HOT SPRINGS 

05 GEOTHERMAL GRADIENT 
TEST NEAR AUSTIN HOI 

DESCHUTES COUNTY 
01 EAST LAKE HOT 

SPRINGS 
01 EAST LAKE HOT 

SPRINGS 
02 PAULINA HOT SPRINGS 

02 WARM JELL AT LITTLE 
CRATER CAMPGROUND 

DOUGLAS COUNTY 
01 UMPQUA HOTI SPRINGS 

01 UMPOUA HOT SPRINGS 

GRANT COUNTY 
01 RITTER HOT SPRINGS 

D<. BLUE lOUNTAI^Nj HOT 
SPRINGS 

DS JOAQUIN MILLER 
RESORT 

4-55.82 117-56.3«. 55/05 
07S/059E -2B NE 
4-55.82 1W-56.36 72/00 
07S/0S9E *28 NE 
4-46.76 117-48.65 77/02 
09S/040E -16 SE 
5-00.8 117-55.1 
06S/059E -25 NU 
4-58.48 118-02.61 72/06 
07S/0S8E -10 NU 

290 57.2 9.7 80. 

290 58. 9.56 76. 

891 27.0 8.1 67.6 

445 43.0 7.3 58. 

197 37.0 9.8 38.9 

5-22.3 121-41,8 76/06 227 3.8 19. 
02S/009E -29 
5-17.7 121-44.3 76/12 1300 26.0 7.3 72,3 
03S/8.5E -24 SW 
5-01.30 122-00,50 72/00 1720 86.0 7.63 81, 
06S/007E -30 NU 
4-56.15 122-10.35 70/03 290 57,2 9,7 81,5 
07S/005E -26 NU 

4-56.15 122-10,35 77/09 58, 9,37 74, 
07S/D0SE -26 NU 
5-01.65 121-57,80 76/08 282 35,6 7.6 36, 
06S/007E -21 SW 

3-43.1 121-12.2 73/00 
21S/013E -29 SU 
3-43.1 121-12.2 75/08 
21S/013E -29 SU 

3-43,7 121-45.0 77/07 
21S/012E -26 NE 

3-42.9 121-14.5 75/08 
21S/012E -36 NW 

396 62.0 6.49 36. 

767 49. 6.42 199. 

6.82 205. 

900 35.5 6.46 161. 

3-17,70 121-21.90 77/09 11300 46.5 6.37 90, 
26S/004E -20 NE 

3-17,70 121-21,90 78/06 10920 46. 6.2 96. 
26S/004E -20 NE 

4-53,60 119-08.50 71/00 319 41.0 9.68 70. 
08S/030E -08 NU 
4-21,30 118-34.40 72/00_ 610 58.0 7,96 47, 
14S/D34E -13 S/2 

4-16,81 118-57.36 78/07 2194 40. 6.8 
1 5 S / 0 S 1 E - 1 1 SE 

6 3 . 

5 8 . 

1 7 1 . 

9 3 . 

4 0 . 

5 . 

1 3 6 , 

3 0 0 , 

5 4 . 

5 1 , 

4 8 , 

2 , 0 

1 ,1 

1 2 . 2 

1 .5 

0 , 2 

1 1 . 7 

7 , 1 

0 , 8 

0 , 7 4 

2 , 8 

^ ' . 6 

1 . 5 

1 6 . 2 

1 . 1 

1 .4 

1 1 . 

6 0', 

3 5 . 

J i i7 

3 , 3 

12 ' , 

0 . 1 

6 . 

O.i 

< 0 . 1 

2 . 8 

^ 6 . 

0 . 1 

0 . 1 

<o. o's 

2 . 6 

101 

141 

5 l ' 9 

$2 

8 1 

i\'6 

58 

68 

69 

' 162 

3 i , -

t r / 
f.'t 

1 1 . 6 

1 2 . 

7 7'i 

1 4 0 , ' 

3 i , 7 

'4 2;--

3,- 6 

1 7 , 

1 7 . 

1 5 . 9 

s'o.s 

1 .8 

1 . 

1 6 1 . 

4 3 0 . 

1 4 . 6 

1 4 . 

2 , 

f . O 

1 . 1 

1,2 

i .-19 

0 . 4 

0.2:5 

1 . 4 

0 ; ' * a 

0 . 6 6 

0 , 7 1 

1 2 , 1 ,8 

5 1 . 

1 4 0 . 1 7 . 

8 1 , 1 0 . 

1 8 i 

7 0 . 

5 6 . 

5 4 . 

1 6 , 

1 4 . 

6 0-; 

4 8 . 

184 

5 47 

856 

679 

5 8 . ' ' 

rr.-
< 1 .•• • 

< 1 . 

0 . 4 

1 .7 

6 , 0 

5 . 1 

0 , 2 

0 , 1 6 

0 . 5 7 

0 , 6 

24 0 0 . 6*1'. IVO'. 4''1 . i i i ' O 193> i id.Cl. 1.5 

2150 . 6 2 . 428 . 42,V4 1 f20 i j / . " ? l i i S . 1,2 

72 . 0 .8? '1.4 t O f O i 1'4-$ 

140 . l . J 12.1 0.2 129 

500 , 11.2 4-1. i 1-2.1 101 

9.* 

I f : 

1 . 6 

2 9 . 

i ' 5 . 
i 1 , 

1 2 1 . 

4..a 

1 0 . 6 

7.-1 

"R r̂  



Hap 
Code 

Naae 

Table 1: C H E M I C A L COMPOSITION OF THERMAL SPRING AND UELL WATERS 
CMap code refers to dowen* Peterson* and Riccio* 1978; 

Concentrations in atg/i; (ND) not detected; (a) monoaeric aluninual 

Minor and Trace Eleaents 

Boron Lithium Rubidiua Cesiua Strontiua Broaidc Iodide Nitrate Atuainua 
(B) (Li) (Rb) (Cs) (Sr) (Br) (1) (NOI) (Al) 

Iron Manganese Mercury 
(Fe) (Mn) (Hg) 

BAKER COUNTT 

01 RADIUM HOT SPRINGS 

01 RADIUM HOT SPRINGS 

02 SAM-0 SPRING 

05 KROPP HOT SPRING 

06 FISHER HOT SPRING 

0,42 0,01 

1,6 0.06 

1.1 <0 ,1 

2.8 1,0 

<0 ,02 <0 .1 <0,05 0 . 0 1 0 .307 

0 .2 f)D 

0 . 4 1 

0,04 

0 ,07 

fJD HO -

< 6 s 6 i <0 .02 

<0 .1 0 .05 

<0,0J < 0 . 0 1 

<0 .01 <0 .01 

0,0005 

C L A C K A M A S COUNTT 
01 ACID-SULFATE SPRING 

ON MT. HOOO 
02 SWIM WARM SPRINGS 

01 AUSTIN HOT SPRINGS 
(CAREY) 

04 BAGBY HOT SPRINGS 

04 BAGbT HOT SPRINGS 

05 GEOTHERMAL GRADIENT 
TEST NEAR AUSTIN HOT 

DESCHUTES COUNTY 
01 EAST LAKE HOT 

SPRINGS 
or EAST LAKE HOT 

SPRINGS 
02 PAULINA HOT SPRINGS 

02 UARM WELL AT LITTLE 
CRATER ICAMPGROUNO 

DOUGLAS COUNTT 
01 UMPQUA HOT SPRINGS 

01 UMPQUA HOT SPRINGS 

<0.01 

0,12 0.11 

2.6 0.4 

0.6 

0.07 0,02 

0,42 0.01 

41, 

41.2 

2,4 

2.4 

0.01 

0,16 

<0,1 

0 .91 

1 ,1 

0.87 

2 , 5 

0.01 

0.04 

0.22 

0.12 

<0 ,02 

0 . 0 1 

0 .04 

0 . 0 2 

<0 ,1 

<0 .1 

<0 .1 

<0 .1 

0,2 

0.11 

0,14 

<0.02 <0.02 <0.05 <0.05 

O.Dl <0.02 <0.02 

0.2 

0.38 <0.05 IB. 

<0.02 0,10 

6.00e»i 0,64 0,90 

0.602a 4. 6.25 

<6.n02a 0.44 

2.2 6.2 

0,0302 

0.0005 

<o.ooor' 

<0.0901 

GRANT COUNTY 
01 HITTER HOT SPRINGS 

04 BLUE MOUNTAIN HOT 
SPRINGS 

US JOAUUJN MILLER 
RESORT 

2.6 0.01 

1.6 0,07 

12.7 0,25 

<0.02 

<0.02 

<0.1 <0.05 

<0.1 <0,35 0,04 d.oi 

3,02 0.08 

<0.02 <0.02 

<0.02 <0.02 

O.I 1,8 

0.0005 

0.0004 



Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING ANO WELL UAIERS 
CMap code refers to Bowen* Peterson* and Riccio 1978; 

Concentrations in ag/i; (MU) not detected] 

Major Eleaents 

Map 
Code 

Naae Local ion Date Sp Teap 
Yr/Mo Cond (C) 

(uaho) 

pH S i l i c a S o d i u a 
( S i 0 2 ) ( N a ) 

P o l ' a i - C a l - M a g - ^ ' l . k a - S U l ' f i j t ' e C h l q r - F l u o r -
s i u a c i 'ua nes i ' u i l i 1 ' inT. ty ( S 0 4 ) i d e i d e 
( K ) ( C a ) (Mg') ( H C o ' l ) ( C l ) ( f ) 

GRANT COUNTY 
07 WEBERG HOT SPRING 44-00.1 119-18,8 

t8S/026E -18 
72/00 2570 46,0 6,51 82, 610. 16. 18. 7V8 1712 11. SO, 5.9 

HARNEY COUNTY 
01 UNNAHED SPRING 4 

02 0. J . THOMAS < 

04 MILLPOND SPRING ( 

05 HARNEY VALLEY DEV ( 
C(>. OIL TEST UELL 

08 ISLAND RANCH WELL ( 

09 CRANE HOT SPRINGS ( 

09 CRANE HOT SPRINGS ( 

09 CRANE HOT SPRINGS ( 

10 UARM SPRING NEAR < 
VENATOR 

15 UNNAMED HOT SPRING < 
NEAR HARNEY LAKE 

15 UNNAMED HOT SPRING ( 
NEAR HARNEY LAKE 

22 MICKEY SPRINGS 1 

22 MICKEY SPRINGS < 

22 MICKEY SPRINGS t 

22 MICKEY SPRINGS < 

22 MICKEY SPRINGS < 

23 ALVORD HOT ^SPRINGS 

23 ALVORO HOT SPRINGS 1 

23 ALVORD HOT SPRINGS 

23 ALVORO HOT SPRINGS 

24 HOT BORAX LAKE 
• • . • : y . i - . 

24 HOT BORAX LAKE 

3-39.76 118-44,30 
22S/32.5E-U SU 

3-37.65 118-51.75 
22S/032E -34 NE 

3-32.41 119-04.86 
23S/O50E -55 NE 

3-30.25 118-54,30 
24S/032E -oa SE 

3-25,40 118-55,95 
25S/032E -07 NU 

3-26.45 118-58.30 
24$/033E -34 SU 

3-26.45 118-38,30 
24S/03SE -34 SU 

3-26.45 118-38,10 
24S/033E -34 SU 
3-21.7 118-18.4 
25S/016E -16 SU 

.3-10.6 119-03,6 
27S/29.SE-16 SE 
1-10.6 119-03,6 
27S/29.SE-16 

.2-40.6 118-20.7 
13S/035E -13 

.2-40,6 118-20,7 
33S/015E -13 

2-40.6 118-20,7 
33S/035E -13 

.2-40,6 118-20,7 
33S/035E -13 

.2-40,54 118-20,67 
33S/035E -13 

12-32,6 118-32,1 
34S/034E -33 SE 

.2r32,6 118-32,1 
34S/034E -33 NU 

12-32,6 118-32,1 
34S/034E -33 

12-32,6 118-32,1 
14S/014E -11 

12-19.60 118-16,17 
37S/033E -15 SW 

42-19,60 118-36,17 
17S/0ilE -15 SU 

11/09 

68/09 

11/08 

68/09 

69/08 

11/08 

68/09 

72/00 

77/06 

11/08 

72/00 

70/07 

72/00 

76/09 

76/09 

76/09 

55/11 

72/00 

76/09 

76/09 

51/09 
' ' ; • ' 

61/06 

716 

602 

1450 

814 

810 

650 

2970 

2200 

2490 

2 200 

2220 

2290 

4490 

4590 

4100 

4070 

2 2 2 ? 

2410 

22, 

72.0 

26. 

46.0 

41.0 

49. 

80.0 

78,0 

41,0 

59, 

68,0 

85. 

71,0 

86. 

86. 

82.2 

76,0 

78,5 

78,5 

29,4 

11,1 

9.5 

9.6 

9.3 

8.3 

8.1 

9.1 

7,26 

8.5 

8.05 

8,31 

8.11 

7,1 

6.71 

6,90 

6,89 

7,7 

7,8 

89. 

. 7 2 . 

54. 

80. 

81. 

173, 

92, 

92. 

167.. 

200, 

214, 

214, 

200, 

115, 

120. 

129. 

128. 

184, 

191, 

157. 

115. 

186. 

170. 

170. 

100, 

622, 

610, 

478. 

550, 

550. 

550, 

560. 

1040. 

960, 

990. 

1000. 

468. 

516: 

1.8 

1,6 

4,4 

1.6 

1.9 

f .O 

16, 

U O 

14. 

0.8 

0.5 

2 . 

1.8 

1.7 

h ? 

1 J. 

1 2. 

1. 

0.9 

1.0 

1.0 

O.b 

1 5. 

i i ' . 

12, 

11. 

i ' l - : 

\ i . 

0.? 

0.2 

'0i2 

, 
0.2 

6.1 

Oi i 

1.0 

1 .8 

1.2 

•0.1 

<"l i 

oVi 
i'O'.-i 

iCo 

?-.'2 

•is . - 2 

i 

6-.5 

/ 
8 6-̂  

IJ* 

109 

265 

9 6'"7 

218 

' 2 1 1 

2 06' 

M4 

601 

568 

79*6 

5 0'4 

614 

6 16 

1 2 50 

1 19 8 

•) 2 2 5 

M ih 

4*24 

4 5 0 

4.-

•ih-

Tf/-
'2 r r 

a. 

81." 

8i.''-

il. 

14 0V 

1 4 3 . 

i tv. 

1 i'o\ 

213. 

2 2 y . 

2 2 3 . 

yfll 

2 23!, 
• i 

IJTO. 

11'3. 

Ui-, 
* • 

U f . 

,! 
1.9 

38, 

8. 

11. 

9. 

82, 

78. 

79. 

70. 

562. 

590, 

•iS6\ 

240. 

240. 

2 40. 

24 5, 

760. 

7 80. 

7;7'0. 

7 70. 

i B'6. 

10 5. 

2.8 

12. 

19, 

9,1 

9,0 

1.1 

1.1 

19.6 

16. 

16. 

17, 

17. 

7,2 

10,-2 

9;* 

il. 

8. 

9-r7 

/̂  rs 



® 

Map 
Code 

Naae 

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND i^ELL WATERS 
CMap code refers to Bowen* Peterson* and Riccio* 1978; 

Concentrations in ag/i; (ND) not detected, (a) aonoaeric aluainual 

Minor and Trace Eleaents 

Boron Ltthiua Rubidiua Cesiua Strontiua Broaide Iodide Nitrate Atuainui iron Manganese Mercury 
(B> (Li) (Rb) (Cs) (Sr) (Br) (1) ( N O D (Al) (Fe) (Mn) (Hg) 

GRANT COUNTY 
07 UEBERG HOT SPRING 15, 0,7 0,09 <0,1 2,1 0.1 0.1 6i24 6 , 6 6 0.0003 

HARNEY COUNTY 

01 UNNAMED SPRING 

02 0. J. THOMAS 

04 MILLPOND SPRING 

05 HARNEY VALLEY DEV 
CO. OIL TEST UELL 

08 ISLAND RANCH WELL 

09 CRANE HOT SPRINGS 

09 CRANE HOT SPRINGS 

09 CRANE HOT SPRINGS 

0 UARM SPRING NEAR 
VENATOR 

5 UNNAMED HOT SPRING 
NEAR HARNEY LAKE 

5 UNNAHED HOT SPRING 
NEAR HARNEY LAKE 

2 MICKEY SPRINGS 
2 MICKEY SPRINGS 

2 MICKEY SPRINGS 

2 MICKEY SPRINGS 
. I 

2 MICKEY SPRINGS 

3 ALVORD HOT SPRINGS 

1 ALVORO HOT SPRINGS 

1 ALVORO HOT SPRINGS 

1 ALVORO HOT SPRINGS 

4 HOT OORAX LAKE 

4 HOT UORAX LAKE 

1 , 9 9 

4 . 1 1 

6 , 2 

7 , 9 

2 , 2 

1 1 , 1 

9 . 2 

1 0 , 5 

1 1 , 

1 1 . 

1 1 . 

2 8 . 

3 0 . 

3 5 . 

3 6 . 

1 7 . 9 

1 8 . 

0 , 0 9 

0 . 4 5 

< 0 , 2 

1 .1 

0 . 9 0 

0 . 9 0 

0 . 8 5 

2 . 1 

1.9 

1.9 

< 1 . 5 

0 , 0 1 

0 , 0 8 

0 . 2 0 

0 . 18 

U. 1 4 

0 , 1 5 

0 . 5 5 

0 . 2 4 

< 0 , 1 

< 0 , 1 

0 , 1 

0 , 1 

< 0 . 1 

< 0 , 1 

0 , 2 

0 . 1 

0 . 1 

0 . 0 6 

0 , 1 1 

0 , 1 5 

0 . 9 2 

0 . 1 

2 9 , 

2 . 

3 . 3 2 

0 . 2 

0 . 3 9 

0 . 3 9 . 

1.(1 

111) 

1 . 1 

0 . 2 

0 . 1 

1 .4 

ND 

0 . 5 

0 . 0 2 

1 . 1 

0 , 0 2 2 « 

6 .0 ,05 a 

< 0 . 0 1 

0 . 0 5 8 « 

0 . 0 6 B « 

ri.ooi* 

0 . 0 1 

0 , 2 0 

0 , 0 2 

< 0 . 0 2 < 0 . 0 2 

0 . 0 5 N 

0 . 0 5 

0 . 0 5 0 . 0 4 

0 . 0 6 0 . 0 2 

< 0 . 0 ? < 0 . 0 2 

< 0 . 0 2 

0 , 0 ? N 

0 . 1 2 a . 0 2 

0 . 0 0 0 5 

0 , 0 0 0 1 

0 . 0 3 0 1 

0 . 0 3 3 1 

2 , 5 



Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL WATERS 
CMap code refers to Bouen* Peterson* and Riccio 1976; 

Concentrations in ag/i; (ND)not detected] 

ro 

Map 
Code 

Naae 

HARNEY COUNTY 
24 HOT BORAX LAKE 

27 UN 

27 UN 

39 GO 

43 UN 

43 UN 

43 UN 

43 UN 

43 UN 

43 UN 

43 UN 

43 UN 

4 3 UN 

4 3 UN 

44 HO 

NAMED 
NEAR 
NAMED 
NEAR 
ODMAN 
(HOTC 
NAMED 
NEAR 
NAMED 
NEAR 
NAMED 
NEAR 
NAMED 
NEAR 
NAMED 
NEAR 
NAKED 
NEAR 
NAMED 
NEAR 
NAMED 
NEAR 
NAMED 
NEAR 
NAMED 
NEAR 
TCHKI 

HOT SPRI 
TROUT CRE 
HOT SPRI 

TROUT CRE 
SPRING 

HKISS) 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
HOT SPRI 

HOT BORAX 
SS UELL 

NG 
EK 
NG 
EK 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

NG 
LAKE 

44 HOTCHKISS UELL 

45 HINES LUMBER CO. 
UELL 

46 CITY OF HINES UELL 

JACKSON COUNTY ' 
01 JACKSON HOT SPRING 

KLAMATH COUNTY 

ALFREO JACObSEN 

BILL HILL 

CLAUOE SHUCK' *̂ '* 

Loca t ion Date Sp T eap 
Yr/Mo Cond (C) 

(uaho) 

Major El eaent s 

pH 

2-19. 
37S/ 

2-11. 
39S/ 

2-11. 
39S/ 

3-31. 
23S/ 

2-20. 
37S/ 

2-19. 
37S/ 

2-20. 
37S/ 

2-20. 
37S/ 

2-20. 
37S/ 

2-20, 
37S/ 

2-19, 
37S/ 

2-19. 
37S/ 

2-20. 
37S/ 

2-19. 
37S/ 

3-31. 
24S/ 

3-31. 
24S/ 

3-12. 
21S/ 

1-11, 
21S/ 

60 11 
OllE 
1 11 
017E 
1 11 
037E 
71 11 
030E 
17 11 
033E 
82 11 
033E 
08 11 
03SE 
17 11 
033E 
17 11 
033E 
08 11 
OllE 
82 11 
OllE 
82 11 
OllE 
17 11 
OllE 
82 11 
OllE 
42 11 
OlOE 
42 11 
OlOE 
14 11 
OlOE 
57 11 
OlOE 

8-16,17 
-15 SU 
8-21,0 
-16 
8-23,0 
-16 
9-04,83 
-35 SE 
8-36.08 
-11 SU 
8-36.16 
-14 NU 
8-36.11 
-11 
8-36,08 
-11 SU 
8-36,08 
-11 SU 
8-36.11 
-11 
8-36,16 
-14 NU 
8-36,16 
-14 NU 
8-36,08 
-11 SU 
8-36,16 
-14 NU 
9-03,83 
-01 NE 
9-03.83 
-01 NE 
9-04,80 
-35 NE 
9-05,11 
-21 SW 

72/00 

70/08 

72/00 

68/09 

51/09 

51/09 

57/05 

73/06 

76/09 

76/09 

76/09 

76/09 

76/09 

76/09 

31/08 

68/09 

68/07 

68/07 

2410 

1060 

1 168 

210 

2050 

2160 

2190 

2020 

1990 

1840 

1910 

2 04 0 

1 8 4 0 

1 8 9 0 

194 

222 

289 

1 6 . 0 

52 .0 

2 2 . 0 

7 3 , 9 

7 9 . 4 

8 7 . 0 

9 6 , 0 

9 1 , 

9 7 , 

9 0 , 5 

6 6 , 

9 7 , 

8 4 , 

2 7 . 

2 7 , 

25 ,0 

1 7 . 0 

7 , 2 8 

8 . 3 

6 . 7 7 

7.5 

7 . 6 

8 . 1 

7.5 

7.30 

7 , 9 4 

7 , 1 6 

7 , 0 4 

8 , 6 7 

7 , 2 6 

7 , 4 8 

8 . 1 

7 , 8 

7 , 6 

2-11,10 122-44.65 52/04 
18S/001E -46 SW 

4 6 0 1 5 , 0 9 , 1 

S i l i c a S o d i u a P o t a i - C a l - M a g - * H i , a - S u l , t « , t e C ' h l o r - F l u o r -
( S i 0 2 ) ( N a ) s i u a c i u a n e s i f u a H ' n j t . y (S()4') i d e i d e 

( K ) (C a ) {Mg") ("liC^O 1) ( C I ) ' ( F) 

190. 

79. 

105. 

46. 

119. 

175. 

160. 

1,60, 

189. 

169, 

154, 

157, 

161. 

164, 

51, 

46, 

55, 

60, 

65, 95, 1:2 2;-fl f, 4 -'st 26, 80. 2.3 

5 0 0 . 

2 1 0 . 

2 7 0 . 

3 5 . 

4 3 0 . 

4 5 6 , 

4 2 6 . 

4 5 0 . 

4 6 0 . 

4 1 5 . 

4 1 5 . 

4 5 0 , 

4 2 5 . 

4 4 0 , 

1 0 , 

1 1 . 

1 1 , 

1 5 . 

1 6 . 8 

1.2 

2 , 4 

2 . 9 

6 . 9 

16 ' . 

1 8 . 4 

18-. 

8 . 2 

1 5 . 

1 4 . 

9.'% 

1 4 . 

1 5 . 

l i . 

I S . 

1 4 . 

1 2 . 

12... 

9 . 6 

6 , 8 

1 1 , . 

I'S". 

0 . 1 

0 . ' ^ 

0 . 8 

1 .4 

e.'s 

0 . 1 

0 . 1 

0.-'2 

0 . 5 

0 , 5 

0 . 2 

0 . 2 

1.7 

1 .4 

2.'^ 

i . r 

422 

i% \ ' 

91 

182 

4 U 

4'2 5 

i'i 7 
434 

5 8 9 

420 

4-2/1 

572 

5-86 

95 

9 5' 

1 0 5 

rre" 

1 5 3 . 

1 / / . 

204 .• 

15^' 

1 1 9 . 

ah 
• i i i : 

. 4 i 4 , 

l -2f ' . 

1 0 3 . 

1 0 3 , 

I O D , 

1 0 3 . * 

313 , -

l l i 

12.-

U , 

1 5 . 

1 0 0 . 

2 2 6-. 

2 4 . 

7 . 

2 5 5 . 

2 7 0 . 

2 6 5 . 

2 5 0 , 

2 7 0 . 

2 5 0-. 

2 5 0 , 

'2 5 5'. 

2 5 0 . 

2 5 5 . 

5 . 2 

5 . 

7 , 

1 5 . 

9 , 0 

1 2 , 3 

1 2 . 8 

0 . 6 

7 . 0 

7 , 3 

6 . 5 

7 . 2 

7 . 5 

7 , 4 

7 . 0 

7 , 7 

7 , 4 

7 . 5 

0 , 5 

0 . 5 

0 . 5 

2-07,65 121-44.40 74/05 
39S/009E -54 NE 

2-01.55 121-16.60 74/06 
40S/010E -26 NU .: 
2-11.35 121-59,80 l l ' l d ^ ' ' 220 24 
i9S/010E -08 SE 

290 

245 

220 

1 0 . 0 

2 0 . 0 

2 4 . 

7 , 6 

7 , 7 

8 . 2 

6 5 . 

2 5 . 

5 7 , 

4 9 . 

1 9 , 

2 5'. 

1 2 . 

6 . 4 

6 . 2 

5 . 7 

9V-1 

9 . 1 

2*, 4 

1 j . 

4 . ) 

)6Cf 

i V f f 

1>12 

1 5 . 

i . 4 

IV. -

7 . 9 

4 , 2 

? \ 8 

0 . 1 

0 . 2 



«.{ 

Map 
Code 

Naae 

Table 1: CHEIICAL COMPOSITION OF THERMAL SPRING ANO WELL WATERS 
CMap code refers to Bowen* Peterson* and Riccio* 1978; 

Concentrations in ag/i; (NU) not detected; (a) aonoaeric aluainua] 

ninor and Trace Eleaents 

Boron Lithiua Rubidiua Cesiua Strontiua Broaide Iodide Nitrate Aluainu* Iron Manganese Mercury 
(B) (Li) (Rb) (Cs) (Sr) (Br) (I) ( N O D (A l) (Fe) (Mn) (Hg) 

HARNEY COUNTY 
24 HOT BORAX LAKE 

27 UNNAMED 
NEAR 

27 UNNAMED 
NEAR 

19 GOODMAN 
(HOTC 

41 UNNAMED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAMED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAHED 
NEAR 

41 UNNAHED 
NEAR 

4 4 HOTCHKI 

HOT SPRING 
TROUT CREEK 
HOT SPRING 

TROUT CREEK 
SPRING 

HKISS) 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
HOT SPRING 

HOT BORAX LAKE 
SS WELL 

44 HOTCHKISS WELL 

45 HINES LUMBER CO. 
UELL . , 

46 CITT OF HINES UELL 

1 6 , 6 

1 ,6 

0 . 8 9 

0 . 2 1 

1 2 . 

1 4 , 

1 5 . 

1 5 , 

1 5 , 

1 4 . 

1 5 . 

1 4 . 

1 4 , 

1 5 , 

0 . 0 6 

0 . 1 8 

0 . 5 3 

0 . 6 5 

< 0 . 5 

0 , 6 8 

< 1 , 5 

< 1 , S 

ND 

0 , 5 1 

0 , 5 0 

0 . 5 0 

0 . 5 

0 . 5 5 

0 . 4 5 

0 . 4 5 

0 , 2 1 

0 , 1 0 

0 , 1 8 

0 , 2 1 

0 . 1 7 

0 , 1 8 

0 . 18 

0 , 1 7 

0 . 1 8 

0 . 1 

0 , 1 

0 . 4 2 

0 . 1 0 

2 . 6.2 

0 , 1 

0 .2 

0 .1 

6.2 

0 .1 

0 , 1 

0 . 1 

MO 

0 , 6 0 

1 , 8 0 . 2 

0 . 0 5 

2 . 1 

1 . 2 

1 . 1 

ND 

1 . 2 

1 . 1 

1 , 5 

1.8 

< 0 . 0 1 

0 . 0 0 2 . 

<0 .O» 0 . 0 1 

0 . 0 5 

0 . 0 9 < 0 . 0 2 

0 . 0 2 

MD MD o . , o 

0 . 0 2 0 » < 0 . 0 2 0 . 0 4 -

0 . 6 2 8 . < 0 . 0 2 0 . 0 5 

< 0 . 0 2 -

Ci.Ol 

0 . 0 5 

0 . 0 3 0 4 

0 . 0 0 0 5 

0 . 0 0 0 8 

J A C K S O N COUNTY 
0 1 J A C K S O ! ^ HOT S P R I N G 2 . 9 0 . ? O . n r 

KLAMATH COUNTY 

ALFREO JACObSEN 

b ILL HILL 

CLAUOE SHUCK 

U.OS 

0,02 

0.02 

0.12 0.050 

0,04 0,050 

0.0'i 0.6 in 



Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING ANO WELL WATERS 
CMap code refers to Bowen* P e t e r s o n * and Riccio 197a; 

Concentrations in ag/i;(NO) not d e t e c t e d ) 

Map 
Code 

Name Loca tion 

Ma jor Element s 

Date Sp Teap 
rr/Mo Cond (C> 

(uaho) 

pH Silica Sodiua P o t a s - C a l - M â g - ̂  * U a - Sul fja t e* Ch I'dr- Fluor-
(Si02) (Na) siua ciua nejjt'uV lirSJit.y (S o'4) ide" ide.-" 

(K) (Ca) (Mgj (HCOl) ( C D (F) 

KLAMATH COUNTT 

01 

02 

02 

02 

02 

02 

CLYDE DEHIL INGER ( 

FALCOM HEIGHTS < 
SCHOOL 

GEORGE CARTER < 

GEORGE STACY CO, < 

JACK O'CONNER * 

LEN DSaRV ( 

LESTER BROOKSHIRE t 

MELVIN MCCOLLUM I 

MONTE DEHIL INGER < 

O'CONNER LIVESTOCK 1 
CO. 

OREGON UATER ' 
C O R P . ( 4 ) 

POPE'S MEAT CO. ' 

RAY B IXLER 1 

ROBERT LANGLEY ( 

TOUN OF MERRILL * 

U . S . A IR F O R C E ( I ) i 

U . S . A IR F0RCE(2> t 

UEYERHAUSER WELL < 
NO. 4 

EAGLE P O I N J SPRING * 

J . E . FRIESEN t 

L O I S <1ERRUYS 

HEDO-BELL DAIRY 

H I L L S SCHOOL 

HOYINA WATER CO, 

2 - 0 6 , 7 5 121 
4 0 S / 0 1 0 E • 

. 2 - 0 7 , 8 0 121 
1 9 S / 0 0 9 E • 

. 2 - 0 0 , 5 5 121 
4 1 S / 0 1 0 E • 

. 2 - 0 8 . 4 0 121 
1 9 $ / 0 1 0 £ • 

. 2 - 0 2 . 0 0 12 
4 1 S / 0 0 9 E -

. 2 - 0 8 . 9 0 121 
3 9 S / 0 1 0 E • 

. 2 - 0 8 . 7 0 121 
1 9 S / 0 1 0 E -

. 2 - 1 1 . 5 0 121 
3 9 S / 0 1 0 E • 

. 2 - 0 7 , 6 0 12 
3 9 S / 0 1 0 E • 

1 2 - 0 1 , 0 0 12 
4 1 S / 0 1 0 E • 

. 2 - 1 2 . 1 0 12 
1 9 S / 0 1 0 E • 

1 2 - 0 1 , 9 5 12 
4 1 S / 0 1 0 E • 

. 2 - 1 1 . 5 5 12 
1 9 S / 0 1 0 E • 

2 - 1 0 . 7 5 121 
5 9 S / 0 1 0 E • 

. 2 - 0 1 . 5 0 12 
4 1 S / 0 1 0 E -

. 2 - 0 8 . 0 5 12 
3 9 S / 0 0 9 E • 

. 2 - 0 8 . 1 0 121 
3 9 S / 0 0 9 E • 

. 2 - 1 0 . 7 0 12 
3 9 S / 0 0 9 E • 

. 2 - 2 5 , 8 5 121 
3 6 S / 0 0 7 E • 

. 2 - 1 3 , 7 5 12 
3 8 S / 0 0 9 E • 

. 2 - 1 3 , 6 5 12 
3 8 S / 0 0 9 E 

1 2 - 1 3 , 8 12 
3 8 S / 0 0 9 E 

1 2 - 1 5 , 4 5 12 
3 6 S / 0 0 9 E 

1 2 - 1 2 , 6 0 12 
3 9 S / 0 0 9 E 

- 1 9 . 6 5 3 
•05 SE 
- 4 5 . 1 0 ] 

•14 SU 
- 1 6 . 9 0 ] 

•14 NU 
- 3 9 . 8 0 

•32 NE 
- 4 2 . 9 5 • 

•01 NE 
- 3 8 . 6 5 5 

•28 SE 
- 3 9 , 7 0 • 

•29 
- 4 1 , 0 5 

•07 NE 
- 4 0 . 4 0 

-32 SU 
- 4 1 . 0 0 

•07 SE 
1 - 4 1 . 4 0 
- 06 SU 
1 - 3 7 . 5 0 
-03 NE 
- 3 7 , 9 5 

-10 NU 
- 3 7 , 9 0 

-15 SE 
- 3 6 . 0 0 

-02 SE 
- 4 5 , 2 5 

•14 NU 
- 4 5 . 1 5 

-14 NW 
- 4 8 , 1 0 

•18 SW 
- 5 7 , 7 5 

• 2 1 SE 
- 4 6 , 1 5 ' 

•28 SW 
- 0 1 , 4 5 

• 1 1 NW 
1 - 4 6 , 4 
- 2 8 SW 
1-4 5 , 9 0 
- 1 1 NE 
1 - 4 2 . 4 5 
- 0 1 NW 

4 / 0 6 

' 4 / 0 5 

' 4 / 0 6 

' 4 / 0 6 

' 4 / 0 5 

' 4 / 0 5 

' 4 7 0 5 

r 4 / 0 5 

r 4 / 0 6 

U / 0 6 

r o / 0 8 

U / 0 6 

r 4 / 0 5 

r 4 / o s 

S S / 6 2 

^ 2 / 1 0 

r 2 / i o 

^ 2 / 0 8 

r 2 / 0 8 

S 5 / 0 2 

5 4 / 1 2 

5 5 / 0 1 

" ' L " 

5 6 / 0 8 

2 4 0 

ISO 

6 6 0 

170 

6 4 0 

195 

175 

100 

260 

1 1 0 0 

190 

190 

200 

116 

240 

255 

200 

10 5 

1 2 1 0 

1 100 

1 1 6 0 

1 2 0 0 

22 2 

2 4 , 0 

1 7 , 0 

2 2 . 

2 5 . 0 

1 8 , 0 

2 1 , 0 

2 5 , 0 

2 5 , 0 

2 6 , 0 

1 0 , 0 

2 6 . 

2 2 . 0 

2 2 . 0 

2 1 , 

2 1 , 0 

1 1 , 0 

1 0 , 

2 2 , 

3 5 , 

7 1 , 0 

7 1 , 0 

8 1 , 0 

8 9 , 0 

SO, 

7 , 9 

7 , 8 

8 . 2 

8 , 3 

8 , 3 

7 , 6 

8 , 1 

7 , 5 

7 , 6 

7 . 8 

8 . 6 

8 , 5 

7 , 8 

7 , 4 

8 , 3 

7 , 0 

8 . 3 

8 , 3 

8 . 7 

8 . 5 

8 . 8 

8 . 3 

7 , 4 

7 2 . 

8 0 . 

7 6 . 

6 4 . 

4 0 , 

5 7 . 

9 9 . 

2 0 . 

1 3 0 . 

3 2 . 

2 1 . 

2 0 . 

2 2 . 

2 1 0 , 

3 6 , 

3 0 . 

1 6 . 

. 2 2 . 

4 4 , 

4 7 . 

4 8 , 

3 2 . 

6 2 . 

2 2 1 . 

2 0 7 . 

2 1 1 . 

1 7 0 . 

3 8 . 

6 . 5 

7 . 1 

7 . 9 

4 . 0 

5 . 0 

4 . 5 

3 , 4 

4 , 0 

6 , 7 

7 , 0 

1 .2 

1 . 1 

5 , 5 

3 , 8 

9 , 0 

8 .S 

i : i 

5.7 

4 . 4 

3 . 6 

i . t 

i i - t y 

5 . 0 

8 , 1 

7 . 7 

2 9 . 

i r . 

7.J 

5 , 7 

1 1 . 

2 4 . 

1 7 , 

5'8', 

8 -.'5 

8 . 6 

1 2 . 

rb; 

1 1 . 

" l l 8 

5 . 6 

1 0 . 

•'bi'6 

1 5 . 
- • • * • - , „ 

M l 

t r . 

7 . 9 

1 . 1 

4 . 5 

I . l 

2Vff 

0 . 6 

'1 . i 

2 . 6 

1 1 ' . 

i r . 

6-.-4 

5 .'8 

1 .4 

8..'4 

6 . 1 

4 . 5 

1 .2 

2 . 5 
i. 

1 .9 

<0. . ' l 

«'Q . ' i 

r'.\ 

I'SO 

1 7 0 

1 0 0 

94 

114 

100 

97 

120 

160 

2"5-0 

10'4 

iVb 

112 

1 14 

128 

143 

r24 

I ' l 6 

48 

9 f 

66 

4 6' 

2 . 1 

t l , . 

9 5 , 

n ^ 

Ui : 
14.-

(D*. 

^ 3 . . 

7 , 1 

2 1-3-. 

i . s 

4':'o 

7 . 9 

i'^; 
2'k 

8'. 

9 . 

4 . 

C2-. 

I fK 

in-.-
401=. 

t t ' i . 

J . i6 

4 . 9 

8 . 9 

4 ' i i 

2 . 0 

5 0 . 

i . \ 

2 . 8 

1 .1 

1 .6 

1 6 0 , 

1,*Q 

4 , 4 

1 ,9 

2 . 6 

2 7 . 

6 . 0 

6 . 1 

4 . 

V 6 , 

5-6. 

5 0 , 

54-. 

5 4 . 

1 .8 

6^v^;i^ 

0,-1 

0 . 2 

0 , '12 

0 . 2 

0 . 1 

0 3 

0 , 2 

o i l V 

6 : 7 5 

l'i-6 

1.-4 

l ¥ 2 

17'2 

0:^:2 2 

© ^ <̂  



n K' 

Map 
Code 

Naae 

Table 1: CHEHICAL COMPOSITION OF THERMAL SPRING AND WELL WATERS 
CMap code refers to Bowen* Peterson* and Riccio* 1 9 7 8 ; 

Concentrations in n g / l ; (NU) not detected; (a) aonoaeric aluainua] 

Minor and Trace Eleaents ,' 

Boron Lithiua Rubidiua Cesiua Strontiua Broaide Iodide Nitrate Aluatnu* Iron Manganese Mercjry 
(B) (Li) (Rb) (Cs) (Sr) (Br) (I) ( N O D (At) ( f t ) ( n n ) (Hg) 

XLAMAIH COUNTY 
CLYDE DEHILINGER 

FALCON HEIGHTS 
SCHOOL 

GEORGE CARTER 

GEORGE STACY CO, 

JACK O'CONNER 

LEN DOBRY 

LESTER BROOKSHIRE 

MELVIN MCCOLLUM 

MONTE DEHILINGER 

O'CONNER LIVESTOCK 
CO, 

OREGON WATER 
CORP,(4) 

POPE'S MEAT CO, 

RAY BIXLER 

ROBERT LANGLEY 

TOWN OF MERRILL 

U . S , AIR FORCE(I) 

U . S . AIR F0RCE(2) 

WEYERHAUSER WELL 
NO. 4 

0 1 E A G L E P O I N T S P R I N G 

0 2 J , E - F R I E S E N 

0 2 L O I S <1ERRUYS 

02 MEOO-BELL OAI«r 

U2 MILLS SCHOOL 

U2 MOriNA WATER CO, 

0 , 0 4 

0 , 1 

0 . 1 5 

0 . 0 1 

0 . 0 0 6 

0 . 0 2 

0 , 0 2 

0 , 6 9 

0 , 0 2 

0 , 0 2 

0 . 0 1 

0 , 0 9 

0 , 140 

0 . 9 1 

0 , 74 

0 . 9 6 

0 . 9 6 

I J!) 

/ ; i ; 

0 , 2 

MO 

0 . 0 2 ill) 

0 . 1 9 0 . 0 1 0 

0 . 0 2 0 , 0 2 0 

0 . 0 4 0 . 0 1 0 

0 . 0 2 0 . 0 2 

1 . 4 0 , 0 7 

0 , 0 2 NO 

D.Ol. 0 . 1 5 

0 . 1 5 < 0 . 0 0 5 

0 . 0 2 MO .-: 

0 . 1 5 1.4 £ i 

0 . 1 2 

0 . 0 4 < 0 . 0 1 

6 . 0 5 < 0 . 0 1 

Nl) 

MO 

0 . 0 4 

n . o s 6 . 0 5 

0 . 4 2 < 0 . 0 5 



lable 1: CHEMICAL COMPOSITION OF THERMAL SPRING ANO WELL WATERS 
CHap code refers to Bouen* P e t e r s o n * and Riccio 1 9 7 8 ; 

Concentrations in a g / i ; (NU) not d e t e c t e d ] 

Map 
Code 

Naae Local ton Dale Sp Teap 
Yr/Mo Cond (C) 

(uaho) 

Major Eleaent s 

pH 
i 

Silica Sodiua P o t a s - C a l - Nag- *lka- Sulfate C h H o r - Fluor• 
(Si02) (Na) siua ciua neriua U n i t y (S04) 1 de ide 

(<) ( C a > (Mgi ("MC Ol')' (C f) ( F) 

KLAMATH COUNTV 
02 

02 

02 

02 

02 

02 

03 

04 

06 

06 

06 

06 

06 

06 

06 

07 

07 

07 

U8 

16 

22 

23 

24 

24 

0,I,T, NO. 5 

0,I.T. NO^ 6 

O.I.T, NO. 6 

OREGON UATER 
CORP.(1) 

OREGON UATER 
CORP.(2) 

OREGON UATER 
CORP.(1) 

HOUARD HOLLIDAY 

MAZAMA SCHOOL 

ABE BOEHM 

ABE BOEHM 

DAN O'CONNER 

JACK LISKEY 

JACK LISKEY 

JACK LISKEY 

0. H. OSBORN 

OLENE GAP HOT 
SPRINGS 

OLENE GAP HOT 
SPRINGS 

OLENE GAP HOT 
SPRINGS 

ROENICKE HO^ SPRING 

MELVIN FEIGI 

RAY SMIIH WELL 

KLAMATH ICE CO. 

J, K, O'NEIL 

J. K, O'NE IL 

42-11.85 M 
1BS/009E 

42-14,90 M 
18S/009E 

42-14.90 12 
18S/009E 

42-13.30 M 
38S/009E 

42-13,30 li 
38$/009E 

42-13,30 M 
38S/009E 

42-10,55 M 
39S/008E 

42-11,85 ll 
39S/009E 

42-04,05 1. 
40S/009E 

42-04.05 li 
40S/009E 

42-04.85 1< 
40S/009E 

42-02,95 1, 
40S/009E 

42-02,25 1, 
41S/009E 

42-02,25 1, 
4TS/009E 

42-03,30 li 
40S/009E 

42-10.45 1, 
39S/010E 

42-10,45 li 
39S/010E 

42-10.45 li 
39S/010E 

42-10.40 1< 
19S/010E 

42-08,20 ll 
40S/U11E 

42-27,25 1, 
16S/011E 

42-15,40 1 
i8S/009E 

42-08,10 1 
19S/010E 

42-08.50 1 
59S/010E 

1-46,40 
-28 SU 
1-46,85 
-20 NE 
1-46,85 
-20 NE 
'1-47.45 
-12 NU 
'1-47,45 
-12 NU 
'1-47.45 
-52 NU 
'1-49.70 
-11 SU 
>1-41,90 
-11 NU 
>1-4S,40 
-28 NE 
!1-4S,40 
-28 NE 
>1-41,8S 
-23 NU 
?1-44,40 
-34 NE 
>1-43,60 
-02 NW 
'1-43.60 
-02 NW 
'1-44,70 
-27 SW 
!l-36,90 
-14 SW 
!1-36,90 
-14 SW 
>1-36,90 
-14 SW 
'1-57.05 
-14 Sw 
'1-30.10 
-03 NE 
'1-25.40 
-16 NW 
?1-01.40 
-55 NW 
J1-58.10 
-54 NW 
21-38.10 
-54 NW 

67/00 

72/06 

75/03 

30/03 

71/09 

71/09 

74/05 

74/05 

75/08 

74/05 

74/05 

74/05 

75/08 

74/05 

67/00 

72/00 

75/07 

72/10 

70/10 

70/10 

36/04 

72/03 

7 4/ 05 

1000 

200 

205 

220 

895 

2700 

260 

1030 

2400 

920 

1000 

1140 

1100 

271 

148 

222 

190 

89,0 

88.0 

79. 

21, 

21,0 

20,0 

25,0 

61,0 

25.0 

25. 

24.0 

91.0 

22.0 

25. 

90.0 

71.9 

74,0 

87, 

65.0 

11,0 

25, 

51.7 

23.0 

8,6 

8,2 

8,1 

8.4 

7.9 

8,1 

7,1 

7.6 

8.9 

7.6 

9,5 

7,1 

7.68 

8,2 

8.6 

6.4 

9,0 

7,6 

7,4 

71, 

11, 

90, 

46. 

24; 

25. 

27, 

92. 

100, 

42-

90, 

100, 

90, 

79, 

98, 

48, 

110. 

50, 

70. 

45.2 

SO. 

Ill, 

195. 

29. 

26, 

26, 

27. 

246. 

480, 

12. 

200i 

580, 

190. 

294, 

190, 

217. 

66, 

10. 

2 2 . 

26, 

1,5 

1.9 

2.9 

6,0 

18. 

8.1 

4.0 

12. 

4. 1 

4,5 

7.2 

5.0 

1.0 

1.9 

5.4 

s.i 

2 5.1 

24.2 

10. 

11.2 

11-.2 

12'. 

5.4 

160. 

12. 

15. 

55. 

15. 

14 .9 

40. 

15. 

i-;'2 

1.8 

6.4 

6'.''l 

r.o 4 

<0, 1 

4. 

6.6 

5.6 

1.1 

1,6 

47, 

6.6 

<0.l 

15. 

)V. 09 

0.2 

6 . 1 

0.'' 

5 j l 

5.5 

55 

44 

) 17 

122 

120-

1462 

110 

-5 2 

1 5 5 0 

55 

"4 0 

5 5 

5 3 

153 

86 

IOi 

ill 

*584, 

4 66'.' 

1.? 

0.4 

J.4 

•2 56, 

300. 

iot." 

14. 

163. 

15.' 

5, 

273. 

146. 

4'Bo. 

fas.' 

4'lb'.' 

5.8* 

i:7-
if 

183. 

9.5'' 
1, 

IJ, 

48. 

58. 

8. 

5.3 

5.5 

5.1 

5 5. 

170. 

205. 

^.1 

59. 

140. 

15 2;' 

56; 

58. 

i9.: 

59. 

65. 
,, 
'li 

2.5 

5 3.-

2.-5 

2.8 

1 . 1 2 

1.45 

0.01 

0;0'2 

0.1 

1.0 

0.2 

i iS 

1.5 

l.'V2 

1.2 

1 .5 

b'i-4 

0;'2 

0.2 

r n f\ 

4 , 



Map 
Code 

Naae 

lable 1: CHEHICAL COMPOSITION OF THERMAL SPRING ANO WELL WATERS 
CMap code refers to Bowen* Peterson* and Riccio* 1978; 

Concentrations in a g / i ; (NU) not detected; (a) aonoaeric aluainua] 

Minor and Trace Eleaents 

boron Lithiua Rubidiua Cesiua Strontiua Broaidt Iodide Nitrate Aluainua Iron Manganese Mercury 
(B) (Li) (Rb) (Cs) (Sr) (Br) (t) (N03> (Al) (Fe) (Mn) (Hg) 

KLAMATH COUNTY 

02 O.I.T. NO, 5 . 

02 0,I.T, NO, 6 

02 O.I.T. NOi 6 
02 ORECOY WATER 

CORP. (1 ) 
02 OREGON WATER 

CORP.(2) 
02 OREGON WATER 

CORP.(3) 
03 HOWARD HOLLIDAY 

04 MAZAMA SCHOOL 

06 ABE BOEHM 

06 ABE aOEHM 

06 DAN O'CONNER 

06 JACK LISKEY 

06 JACK LISKEY 

06 JACK LISKEY 

06 0. H, OSBORN • 

07 OLENE GAP HOT 
SPRINGS 

07 OLENE GAP HOT 
SPRINGS 

07 OLENE GAP HOT 
SPRINGS 

08 ROENICKE HOT SPRING 

16 MELVIN FEIGI 

22 RAY SMITH WELL 

23 KL AMAIH ICE CO, 

24 J, K. O'NEIL 

24 J. K. O'NEIL 

<0 .01 O.OJ 

1.0 

1.9 

ND 

0.12 

0.04 0.02 

1.4 0.16 

0.65 0.U8 

0.77 

0 .91 0 .03 

1.0 0.15 0 .02 < 0 . 1 0 ,58 0 .08 6 .01 

2 .9 

0 . 1 

0 . 0 5 < 5 . 0 2 

<0,05 

0,05 <0.01 

0.05 <0,01 

0.05 MD 

0 . 0 9 

0 , 1 2 . 4 

0 , 0 9 > 

0 . 2 4 UD 

O . O J 0 .06 

<0.02 <0.02 

0 . 0 2 

0 . 0 5 

0 . 0 5 < 0 . 0 l 0 . 0 2 6 . 0 2 



Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING ANO WELL WATERS 
CMap code refers to Bowen* Peterson* and Riccio 1978; 

Concentrations in a g / I ; (NU) not detected] 

Major Eleaents 

00 

Map 
Code 

Naae Loca t ion Date Sp Teap 
Yr/Mo Cond (C) 

(uaho) 

pH Silica Sodiua Potas- Cal- Ma;g-. 
(Si02) (Na) siua ciua nesiui 

( K ) ( C a") ( Mg> 

Alka- Si/t(ate Chior-
n.lfi*i.t y (S04') ide, 
(NCOS') ( t n 

LAKE COUNTY 
OS ANA RIVER SPRING 

4 SUHHER 
SPRIN 

4 SUHHER 
SPRIN 

3 HUNTERS 
(LAK 

3 HUNTERS 
(LAK 

3 H U N T E R S 
(LAK 

4 L E I T H E A 
SPRIN 

5 BARRY R 
SPRIN 

5 BARRY R 
SPRIN 

8 ANTELOP 
SPRIN 

2 FISHER 

LAKE 
G (UO 
LAKE 
G (UO 
HOT 

EVIEW 
HOT 

EVIEW 
HOT 

EVIEW 
D HOT 
GS (J 
ANCH 
GS ( 
ANCH 
GS ( 
E HOT 
GS 
HOT S 

HOT 
ODUARD) 
HOT 
ODUARD) 
SPRINGS 
) 
SPRINGS 
) 
SPRINGS 
) 

OVLAND PLU 
HOT 
GUS ALLEM) 
HOT 
GUS ALLEM) 

PRINGS 

3 CRUHP SPRING 

3 CRUHP SPRING 

3 CRUHP WELL (1) 

3 CRUMP UELL (2) 

LANE COUNTY 

01 BELKNAP HOT SPRINGS 

01 B E L K N A P HOT S P R I N G S 

02 FOLEY S P R I N G S 
. I 

03 COUGAR RESERVOIR 
HOT SPRINGS (RIDER) 

03 COUGAR RESERVOIR 
HOT SPRINGS (RIDER) 

04 WALL CREEK W A R M 
S P R I N G S 

05 MCCREDIE SPRINGS 
05 MCCREDIE SPRINGS 

2-S9. 
30S/ 

2-43. 
33S/ 

2-43. 
33S/ 
2-13. 
39S/ 

2-13, 
39S/ 

2-13, 
39S/ 

2-09. 
39S/ 

2-09. 
39S/ 

2-09. 
39S/ 

2-29, 
35S/ 

2-17. 
IBS/ 

2-11. 
18S/ 

2-13. 
18S/ 

2-13, 
38S/ 

2-13. 
38S/ 

8 120 
017t -
53 120 
017E -
53 120 
O W E -
32 120 
020E 
32 120 
020E 
32 120 
020E 
71 120 
020E -
35 120 
020E -
35 120 
020E -
97 119 
026E -
84 119 
025E -
60 119 
024E -
60 119 
024E -
59 119 
024E -
59 119 
024E -

45,3 
06 
-36,75 
12 NE 
-38,75 
12 NE 
22.09 

04 NW 
2 2 , 0 9 

04 NW 
- 2 2 , 0 9 
04 NW 
- 2 0 , 6 0 
27 NE 
- 2 0 . 6 7 
27 SE 
- 2 0 , 6 7 
27 SE 
- 4 1 , 4 6 
32 NW 
- 4 6 , 5 5 
10 NU 
- 5 2 , 7 6 
34 SU 
- 5 2 , 7 8 
34 SW 
- 5 2 , 8 7 
34 SW 
- 5 2 , 8 7 
14 SW 

48/12 

48/10 

72/00 

56/10 

57/10 

72/00 

48/06 

48/05 

72/00 

48/08 

72/00 

48/09 

72/00 

59/07 

60/09 

1 760 

1790 

1110 

1 140 

1 120 

811 

1 120 

1 370 

876 

513 

935 

1490 

1580 

1460 

18,9 

46.7 

43.0 

96,0 

86,0 

96,0 

69,4 

65,0 

68,0 

40.0 

68.0 

40,0 

78.0 

99,0 

88,0 

86,7 

8.4 37, 

8.5 96. 

8.43 94. 

6.3 146. 

8.4 140. 

7.77 140. 

7,7 66. 

7.3 140. 

7,76 130. 

8,3 163. 

7.93 77. 

8.7 125. 

7.26 180. 

8.7 169. 

8.1 

80.9 4-11.65 122-02.90 03/00 
16S/006E -11 NE 

4-11,65 122-02,90 72/00 4 300 71.0 7.62 96, 
16S/006E -11 NE 

4-09,20 122-05,85 76/03 4600 80,6 8. 60,4 
16S/006E -28 NU 

4-04,95 122-14.00 73/00 2890 
17S/005E -20 

4-04.95 122-14,00 76/03 2660 
17S/005E -20 NU 

1-48,45 122-18,55 76/05 2140 
2OS/004E -26 NU 
1-42.15 122-17,20 74/00 6710 
21S/004E -16 NU , , "•: 
1-42.15 122-17.20 76/03 6770 
21S/004i -56 NW 

44,0 7,76 SO, 

42.0 8.2 47. 

4 1,0 7.2 62,7 

71, 7,29 79, 

71.0 7.4 65.4 

39. 1,2 

199. 6.8 

390. 4.6 

209. 9.5 

208, 10, 

210. 8.5 

152. 2.2 

268, 8.8 

280, 9;0 

191, 11, 

9 2, 7.9 

175, 8,7 

280, 11, 

298, 12. 

281, l6. 

5.2 

1.4 

2.1 

1 2 . 

e.b 

11. 

1 5 . 

i.% 

8.8 

10. 

6.4 

18. 

16. 

10. 

0.4 

0.1 

2i4 

<6.1 

0.4 

1.4 

0.1 

2.5 

1.6 

2. 

0.2 

6.5 

108 6.7 

17 4 111. 

4 26 120. 

74 16*5, 

74 ^ 5 8 . 

81' 260. 

84 Hi, 

208' '"221. 

2 36 240^ 

17> s> r 

107 59, 

IlO 115.' 

1 55' '2 00 . 

143 20V, 

1 1 . 

285. 

280. 

1 16, 

120. 

120. 

99. 

146. 

170. 

64, 

56, 

1 S O , 

2 4 0. 

265. 

248. 

F I u o'r • 
i d e 
(F) 

0.2 

2/2 

2.2 

4.5 

4.4 

5.1 

6.9 

5,4 

5.60 

3.5 

1 .9 

4.9 

5.2 

1 6 4 , 

6 9 0 . 

4 7 5 . 

1 9 2 . 

1 2 0 . 

1 1 5 . 

1 0 0 0 . 

9 1 0 . 

6 9 . 

1 5 , 

1 1 . 2 

6 . 1 

6 . 8 

1 0 . 8 

2 > . 

2 ^ . " 

4 5 5 . 

2 1 0 . 

49 4 ' . 

22 i ' i 

1 9 6 . 

l i o . 

4 6 U . 

5 0 0 . 

t l . 

0 . 2 

6.8 

6^1 

6.1 

l l 

i r , 9 

O'.O 

19 

16 

j f 

ia 

21 

2 0 

1 6 8 . 

1 7 3 i 

:5 5 3 ; ' 

i ib5. 

1 8 * . 

1 0 » . 

f i h . 

•134 5 , 

1 5 0 0 . 

1 1 0 4 . 

' 1 8 ^ 8 . 

6 9*1 . 

<i'0 2 ; 

ij'Oo.' 

2 2 1 2 . 

1 .2 

0 . 8 1 

0 . 8 

0 ; 8 7 

4 . 1 

2 . 7 

' 2 : 6 6 

r̂  P c .^ 



Hap 
Code 

Naae 

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING ANO WELL WATERS 
CMap code refers to Bowen* Peterson* and Riccio* 1978; 

Concentrations in ag/i; (NU)not detected; (a) aonoaeric aluainua] 

Minor and Trace Elevents 

Boron Lithiua Rubidiun Cesiua Strontiua Broaide Iodide Nitrate Aluainua Iron Manganese Mercury 
(B) (Li) (Rb) (Cs) (Sr) (Br) (I) (NOl) (Al) (Fe) (Mn) (Hg) 

>o 

LAKE COUNTY 
OS ANA RIVER SPRING 

U SUMMER LAKE HOT 
SPRING (UOODUARD) 

14 SUHHER LAKE HOT 
SPRING (UOODUARD) 

23 HUNTERS HOT SPRINGS 
(LAKEVIEU) 

23 HUNTERS HOT SPRINGS 
(LAKEVIEU) 

23 HUNTERS HOT SPRINGS 
(LAKEVIEU) 

24 LEITHEAD HOT 
SPRINGS (JOYLAND PLU 

25 BARRY RANCH HOT 
SPRINGS (GUS ALLEN) 

25 BARRY RANCH HOT 
SPRINGS (GUS ALLEN) 

28 ANTELOPE HOT 
SPRINGS 

12 FISHER HOT SPRINGS 

11 CRUHP SPRING 

11 CRUHP SPRING 

11 CRUMP WELL (1) 

11 CRUHP WELL (2) 

0,5 

1.0 

6.9 

7.2 

7.1 

6 .9 

7,0 

9,9 

11,2 

1.5 

2,2 

7 ,1 

11,6 

18. 

13, 

0 ,15 

0.2 

0.15 

0 .15 

0,04 

0,4 

0 .39 

0.33 

<0 .02 

0 ,04 

0 .04 

0 ,02 

0 ,07 

< 0 , 1 

< 0 . 1 

< 0 , 1 

<0 ,1 

0 ,1 

0 ,07 

0 ,5 

0 ,32 

0 ,17 

0 ,05 

0 .12 

0 ,51 

0.1 

0.1 

1 . 

0 . 4 

1 . 

0 ,4 

0 ,4 " 

0 . 9 

6 .08 

6 ,1 

0 , 0 1 

0 , 1 

0 ,1 

7,2 

0 . 1 

0 ,2 

0 .5 

6 .2 

1 .5 

1,0 

ND 

0,014a 

0,0 U a 

0,011a 

0.017a 

0,65 

0.14 

0.01 

<0.02 < a . D 2 

0.01 NO 

<0.02 <0.02 

0,04 

0,02 

<0.02 <0,02 

0.02 

<0,02 <0.02 

6.04 

<0,02 0,01 

0,15 N 

0.0004 

0.6317 

<0.0001 

0.0004 

LANE COUNTV 
01 BELKNAP HOT SPRINGS 

I 

01 BELKNAP HOT SPRINGS 

02 FOLEY SPRINGS 

01 COUGAR RESERVOIR 

HOT SPRINGS (RIDER) 
01 COUGAR RESERVOIR 

HOT SPRINGS (RIDER) 
04 WALL CREEK WARN 

SPRINGS 
05 nCCREOIE SPRINGS 

05 MCCREDIE SPRINGS 

6.4 

10.2 

5 .1 

6.2 

6.6 

18. 

17.8 

0 .95 

0 .96 

0.52 

0,64 

0,57 

1,4 

1.98 

0,05 

0,01 

0.1 1 

<0. 1 

<0.1 

0,1 

1.4 

2.0 

33. 0.2 

<0.01 

<a.os 

<6.64 

0.01 n a 

0.02 0.62 

<6.05 

<6.02 <0.02 

6.1 <6.05 

<0.05 

0.02 0.10 

0.1 0.05 

<0.0001 

0.0005 



Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING ANO 4ECL WArCRS 
CMap code refers to Bowen* Peterson* and Riccio 1978; 

Concentrations in ag/i; (NU) not detected] 

O 

Map 
Code 

Naae 

LANE COUNTY 

06 KITSON SPRINGS 

06 KITSON SPRINGS 

08 BIGELOW HOT SPRINGS 

MALHEUR COUNTT 

03 NEAL HOT SPRINGS 

04 BEULAH HOT SPRINGS 

05 VALE HOT SPRINGS 

05 VALE HOT SPRINGS 

06 UNNAMED HOT SPRINGS 
NEAR LITTLE VALLEY 

06 MITCHELL BUTTE HOT 
SPRINGS 

18 UNNAMED HOT SPRING 
AT THREE FORKS 

18 UNNAMED HOT SPRING 
AT THREE FORKS 

19 UNNAMED HOT SPRING 
NEAR MCDERMITT 

19 UNNAHED HOT SPRING 
NEAR MCDERMITT 

23 LUCE HOT SPRINGS 

24 JONESBORO WARM 
SPRING 

25 JUNTURA UARM SPRING 
»1 

26 JUNTURA UARM SPRING 
#2 

27 ARTESIAN WBLL 

28 ALKALI FLAT 
GRADIENT WELL 

29 NORTH HARPER ULH 
WELL 

30 UNNAMED WARM SPRING 
NEAR BULLY CREEK 

MARION COUNTY 
01 BREITENBUSH HOT 

SPRINGS 

Local ion Date Sp Teap 
Yr/Mo Cond (C) 

(uaho) 

Major Element s 

pH Silica Sodiua Potas- Cal- Mag- A'Ua- Sulfate Ch-lor- Fluo'r-
(Si02) (Na) siua ciua neiiua linity (S04) Ide^^ ide 

(<) (Ca') (Mg) (Hcbl) (C I )' (F) 

4 7 . 3 -41 .15 1 2 2 - 2 2 . 5 0 5 8 / 0 1 10500 44 ,4 7,4 
22S/004E -06 

1-41,15 1 2 2 - 2 2 . 5 0 78/05 10100 4 1 . 7 ,11 4 5 . 
22S/004E -06 NE 

4 -14 .15 1 2 2 - 0 1 . 5 0 76 /03 3800 6 1 . 0 7 .8 6 8 . 9 
1SS/006E -26 NU 

1010 8 7 . 0 7,32 1 8 0 , 

1090 6 0 , 0 7 .56 1 7 0 . 

1530 7 3 , 0 7 ,47 1 3 0 , 

9 0 , 

740 70 ,0 8 ,71 115 , 

559 6 2 , 0 8 ,69 9 4 , 

3 5 , 0 4 4 , 

338 3 4 , 0 8 ,11 4 0 , 

604 53 ,5 9 ,2 9 0 , 

596 5 2 , 0 8 ,79 7 2 , 

1330 6 3 , 0 7.43 1 1 0 . 

44 ,5 9 . 6 7 0 . 

2 5 . 0 9 ,4 5 5 , 

35 .0 9 .7 

670 4 6 . 0 9 ,5 

2400 2 4 , 0 6 ,3 

714 3 6 , 0 8 . 0 

115 3 7 , 0 7 ,8 

4-01.45 117-27,60 
18S/043E -09 NU 

3-56.65 118-08.15 
19S/037E -02 SE 

3-58.96 117-13.98 
18S/045E -20 $£ 

3-58.96 117-14,98 
18S/045E -20 SE 

3-53.48 117-30.00 
19S/043E -30 NU 

3-45,78 117-09.14 
21S/04SE -12 NE 

2-12.0 117-10.9 
1SS/04SE -01 

2-12.0 117-10.9 
1SS/04SE -01 

2-04,7 117-45.6 
40S/042E -25 
2-04.7 117-45.6 
40S/042E -25 
1-28.15 118-12,08 
24S/017E -20 

3-47.5 117-57.5 
20$/0I9E -29 SE 
3-4S.S 118-04,0 
21S/018E -09 SU 
3-45.5 118-05.5 
21S/038E -17 NU 
3-41.8 117-05,7 
21S/046E -13 SE 

4-06.60 117-13,60 
17S/04SE -08 NE 

3-55,76 117-12,72 
19S/04SE -09 SE 

4-01,95 117-26,95 
18S/043E -04 SE 

72/00 

72/00 

74/00 

74/06 

73/00 

72/00 

35/07 

73/00 

57/05 

72/00 

72/00 

77/03 

75/05 

76/06 

77/06 

7 9 . 

43 .7 

32 .0 

3 9 ,7 

9 9 . 

14 5 0 . 2 8 . "72^1 5 .7 

1500. -26 . 710 . 1 ^ * 

540 . 1 6 . i 188 . V. 

190. 16 . 8 .8 0 .2 

200 . 6 .0 2 4 . 0 .2 

310 , 16 . 1 9 . D.8 

4 4 - 4 6 , 8 6 121 -58 ,54 72 /00 4030 9 2 , 0 7,31 83, 
09S/007E -20 NE 

160, 3.2 

110, 1,6 

6 2 , 

6 1 , 1,2 

135, 1,8 

130, 1,0 

240 . 9,7 

72 , 0 .7 

2 4 , 8,2 

7 8 . 0 ,8 

124 , 0 ,8 

482 . 6 .7 

114'. 2 . f 

1 . 0 .4 

•'I „ -

720. 1 1 . 

i . 2 CO,05 

4 ,6 <0-.1 

12 . 1;6 

10.5 0 .7 

1.2 

6 .6 <o .1 

1 4 , 6 ,5 

1 ; 0 < 0 . 1 

4 8 . 2 1 . 

1.0 < 6 . i 

1,8 - 6 . 1 

i 6 .'4 0 . 5 

1"̂  0 0 » 5 

J ' 6 .6 1 4 . 7 

27 l 9 7 i ' 1420 . ' 2 ,8 

24 213.- i'4 50 . 2,4 

"102 . 1148 , 1,17 

100. 1.5 

200' 120*. 

161 2 93 . 

141 103'. 

r i i . 

129 i " io , 

78 110, 

1 1 9'' I I , 

n o 54. 

2 61 46, 

2 65 52, 

162 2 93 , 

146 5S. 

204 l i , 

1 5'5 4 5 , 

9 4 164. 

U'O M 5 \ 2 

192 12W 

4 5 y.'O 

144 U 3 , 

120.- 9.4 

55 . 4.7 

560 . 6.1 

3 5 0 , 

74 . 6.S 

28 . 10.4 

19, i . 9 

18. 

14.. 

140 , 

1 1 . 

120 . 

140 , 

4.2 

7.0 

6.6 

4 .8 

0.6 

i.o 

1.5 

12 .2 2.7 

5 98 . 2.2 

4 ,5 1 ;51 

0 , 5 0 . 7 

15 00", 5.4 

f> <?» rr> ^ • • . 



r 1 ^ 

Map 
Code 

Naae 

Table 1: CHEMICAL COMPOSITION Of THER1AL SPRING ANO WELL WATERS 
CMap code refers to bowen* Peterson* and Riccio* 1978; 

Concentrations in ag/i; (NU) not detected; (a) aonoaeric aluainua] 

Minor and Trace Eleaents 

Boron Lithiua Rubidium Cesiua Strontiua Broaidc Iodide Nitrate Aluainui Iron Manganese Mercury 
(B) (Li) (Rb) (Cs) (Sr) (Br) (1) (NOl) (Al) ( f t ) (Mn) (Hg) 

LANE COUNTY 

06 KITSON SPRINGS 

06 KITSON SPRINGS 

08 BIGELOW HOT SPRINGS 

25 , 

2 2 . 

6.5 

1.8 

2 .0 

1.1 

0.10 0.1 

6.6 0.9 2.7 0.27 

0 .662a 

6 .05 

6.01 HO 

<6.04 0 .14 

0 , 1 <d.005 

< 0.0,001 

MALHEUR COUNTV 

03 NEAL HOT SPRINGS 

04 BEULAH HOT SPRINGS 

05 VALE HOT SPRINGS 

05 VALE HOT SPRINGS 
06 UNNAMED HOT SPRINGS 

NEAR LITTLE VALLEY 
08 MITCHELL BUTTE HOT 

SPRINGS 
18 UNNAMED HOT SPRING 

AT THREE FORKS 
18 UNNAHED HOT SPRING 

AT THREE FORKS 
19 UNNAMED HOT SPRING 

NEAR MCDERMITT 
19 UNNAMED HOT SPRING 

NEAR MCDERMITT 
23 LUCE HOT SPRINGS 

24 JONESBORO WARM 
SPRING 

25 JUNTURA WARM SPRING 
*1 ' 

26 JUNTURA WARM SPRING 
»2 

27 ARTESIAN WELL 

28 ALKALI FLAT 
GRAOIENT UELL 

29 NORTH HARPER BLM 
WELL 

10 UNNAMED WARM SPRING 
NEAR BULLY CREEK 

MARION COUNTY 
01 BREITENBUSH HOT 

SPRINGS 

4 ,1 

4 ,7 

9,4 

0 , 1 , 

0,24 

0 ,28 

0 ,09 

<0 ,02 

0 ,09 

0 , 1 

<0 , 1 

. <0>1 

0 ,16 

0 , 1 7 

0 ,5 

O. t 

0 ,36 

0 ,33 

4,7 0,11 0,02 <o.i <o,as 

0.49 0,01 <0,02 <0.1 <0,0S 

4. 1 1.8 0.18 0.1 6.73 

0.2 

5, 

o,6i 

0.11 

0 .70 

1,1 

6 ,6 

<0,1 

<1.0 

<1.0 

0,11 

14, 

0 ,26 

0.15 

0.04 

ND 

0.06 

0 .27 

<0 .1 

<0 .1 

<0 .1 

0.04 

0.4 

0 ,21 

0,04 

< 0 , 0 2 -

< 0 ,0 2 

0,0.4 

< 0 , 1 

< 0 , 1 

< 0 , 1 

0 ,06 

<0,0S 

0 ,42 

0 .4 

0 ,5 

6,308 

6 . 3 1 

2.9 

Ml) 

0, 1 

O.OOBa <0,02 0,06 

0.0Q6I, <0,D2 O.oi 

0,.017a <0,02 6,04,, 

0 . 0 1 5 i 

0.015« 

0 .02 

0 .03 

0 .14 

6 . 0 6 

0 . 1 

0 .01 

<0.05 

6 ,28 

<0,02 <0 .02 

<0.02 <0 ,02 

0.02 

<0,02 <0,02>: 

<0.02 <0 .02 

<0.02 0 ,04 

<0 .1 <0,05 

0 . 1 0 ,05 

<0,0V < 0 . 0 5 

0 . 4 0 . 0 5 

6.02 6.22 

0 ,0301 

6 ,0001 

0.0007 

6 ,63 01 

0,0001 

0,0001 

0.0302 



Map 
Code 

Naae 

MARION COUNTY 
01 BREITENBUSH HOT 

SPRINGS - UELL 

NULTNONAH COUNTY 
01 CORBETT UARM SPRING 

02 YHCA CAMP COLLINS 

UMATILLA COUNTV 
01 BINGHAM SPRINGS 

03 LEHMAN SPRINGS 

rv> UNION COUNTV 
r>o 01 COVE WARM SPRING 

01 UELL 

01 WELL 

01 WELL 

02 HOT LAKE 

OS WAGNER WELL 

07 MEDICAL HOT SPRINGS 

07 MEDICAL HOT SPRINGS 

UALLOUA COUNTY 
01 COOK CREEK WARM 

SPRING 

UASCO COUNTY 
01 KAHNEETAH HOT 

SPRINGS 
02 MILTON MARTIN UELL 

- -.".• '••IS' ~ 

03 J. SANOOZ UELL 

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND JELL WATERS 
[Nap code refers to Bowen* Peterson* and Riccio 1978; 

Concentrations in ag/i; (ND) not detected] 

Major Eleaents 

Loca t ion Date Sp Teap 
Yr/Ho Cond (C) 

(uaho) 

pH S i l i c a Sod iua P o f a i - C a l - M a g - . * U a - Su l f t a te C h l o r - F luor . ; 
( S i 0 2 ) ( N t ) s i u a c^iVa ne s i i ia 1 i'rt ( t y (S#4') i d * , ide 

(K) ('t*a) (M^)' ( H C ' 0 5 ) ( (^ i ) (F) 

44-46.86 121-58.54 78/02 
09S/007E -20 NE 

5-32.5 122-17.5 
01N/004E -27 SE 
5-30.2 122-18,3 
01S/034E -10 NU 

56/09 

5-44.47 118-13,96 54/04 
03N/037E -18 NE 
5-09.06 118-39.55 72/00 
0SS/033E -12 NE 

110,0 8.5 182. 

570 18.0 8.2 44.2. 

517 23.3 8.6 60, 

765 34.4 8.6 68. 

252 61.0 9,18 44, 

150 

146 

6.88 

148 

2 9 , 

2 7 , 

2 5 , 

2 7 , 

8 0 . 

2 9 , 

6 0 , 

4 

0 

0 

9 . 8 

7 . 9 

7 . 9 

9 . 2 1 

8 . 0 

2 9 . 

8 4 , 

7 2 , 

7 1 , 

4 8 , 

9 7 . 

5-17,67 117-48,38 57/06 
03S/040E -22 NU 
5-19,89 118-05,43 55/01 
03S/038E -05 SU 
5-19,89 118.-05,43 55/01 
03S/038E -05 SU 
5-20,07 118-05,83 5,7/05 
03S/038E -06 NE 
5-14,63 117-57,51 72/00 
04S/039E -OS SE 
5-27.43 117-59,84 50/08 
01S/038E -24 SE 
5-01.08 117-37.48 

0'6S/041E -25 NE 
S-01,08 117 -37 ,48 7 3 / 0 0 1173 6 0 . 0 8 ,23 80 , 
06S/041E -25 NE 

5 -53 .49 1 1 6 - 5 2 . 4 1 7 4 / 1 1 610 3 6 . 0 7.95 4 6 . 1 
0SN/048E -10 NU 

4 -51 .72 121-12 ,05 71 /00 1170 5 2 . 0 6 ,12 1 0 4 . 
08S/011E -20 NE 

5 -11 .70 121-12 ,95 58/0,7 279 22 ,2 6 ,5 8 4 , 
01N/015E -12 NE - . i - . . 

5 -11 ,8 121 -16 ,6 58 /07 578 2 7 , 8 7 ,9 9 5 , 
01N/012E -58 

6 9 0 . 1 4 . 

131. 7ii 

i i . 0.-7 

3 0 . 0 . 5 

2 7 , 5 , 

3 0 , SV 

19 , 5. 

130 . 2.7 

2 8 , 4 .0 

1 9 1 . 3.4 

190. 7.0 

6 1 . 2-/5 

3 2 5 . 1,4" 

4 1 . 7.2 

6 2 ; n . 

t,,5 

8 5 . S.9 2-1.7 0 . 8 ' 

10 . 9 .6 i . l O i l 

1'4i 1.5 

h'i9 . 0 .1 ' 

1.6 

• 5 . O i l 

• 4 . 8 1 J y 

ro . 0;'2 

4 . 9 < 0 ; t 

1.6 0 .8 

6 2 . 1.2 

7 2 . 0 .2 

1'6. 1.1 

65 «'6'^jv 

82 

17 7 

70 

6-1 

84 

99 

;'2 

3V2 

2i7k. 

ft. > 

5^.3 

4 ; 8 

4 .5 

8 . 1 

2 2 - 4 5'2 , 

2 8 4'00'-

4̂4 i 6 l l 6 

1.2 <o;o5 i r i i4*i 

15. 2;v a ? 2.4 

16. ' i U 1.1 

1170. 4i-0 

12^7 

124 

5-.^* 

1 . 2 

7 7 . 4 

9 2 . 

2 . -4 

l i ~ 2 

192. 4 10 

5.4 2 ,1 

5 . 0 0 ; 1 

5 , 2 0;r5 

2 .1 0',*5 

1 . 0,. 5 

140. 1.7 

5 .1 2 .3 

7 7', 

77 . \ . 2 -

201- 0 .0 9 

155, 2 1 . 

6 .0 0 ,9 

"7,5 1,6 

r. 
«?i 



p <n 

Map 
Code 

Naae 

Table 1: CHEMICAL COMPOSITION OF THERMAL SPRING AND WELL UATERS 
CMap code refers to Bowen* Peterson* and Riccio* 1978; 

Concentrations in ag/i; (NU) not detected; (a) aonoaeric aluainua] 

Minor and Trace Eleaents 

. Boron Lithiua Rubidiua Cesiua Strontiua Broaidc Iodide Nitrate Aluainua iron Manganese Mercury 
(B) (Li) (Rb) (Cs) (Sr) (Br) (I) (NOl) (Al) (Fe) (Mn) (Hg) 

HARION COUNTY 
01 BREITENBUSH HOT 

SPRINGS - UELL 

MULTNOMAH COUNTY 
01 CORBETT UARM SPRING 

02 YMCA CAMP COLLINS 

5,41 1.9 . 

1,2 0,01 

0,18 

0,01 

0.5 

0.16 0.23 0.10 

0.04 

UMATILLA COUNTY 
01 BINGHAM SPRINGS 

03 LEHMAN SPRINGS 

10, 0 .2 

0,12 0,03 <0 ,02 < 0 , 1 <0 ,05 0 ,006 0 ,001 

0 .23 

<0.02 <0 ,02 0.0005 

PO UNION COUNTY 

01 COVE WARM SPRING 

01 UELL 

01 WELL 

01 UELL 

02 HOT LAKE 

OS UAGNER UELL 

07 MEDICAL HOT SPRINGS 

07 MEDICAL HOT SPRINGS 

0,08 NO 

2,9 0.03 <0,02 <0.1 <O.0S 0,4 0.08 

0,1 0,2 

2,2 0.05 0.02 <0.1 0.80 0.2 

<0.02 <0.02 0.0032 

<0,0J <0,02 0,0004 

WALLOWA COUNTY ' 
01 COOK CREEK WARM 

SPRING 

WASCO COUNTY 
01 KAHNEETAH HOT 

SPRINGS 
02 MILTON HART IN WELL 

01 J. SANOOZ UELL 

<0.01 

2.6 0,52 0 . 0 2 < 0 , 1 <0,05 

0 .13 6 .16 6.15 <0.65 

i0 .O2 CO.02 0.0305 

III) 1,0 0.65 liti 

M|i 0 , 0 4 HU 



Table 2: REFERENCES FOR ANALYSES 
CMap code refers to Bowen* Peterson* and Riccio* 19?8; 

Map reference refers to U, S, Geoogical Survey topograohic aap«] 

Map 
Code 

Naae 

BAKER COUNTY 
01 RADIUM HOT SPRINGS 

01 RADIUM HOT SPRINGS 

02 SAM-O SPRING 

05 KROPP HOT SPRING 

06 FISHER HOT SPRING 

CLACKAMAS COUNTV 
01 ACID-SULFATE SPRING ON 

HT. HOOD 

Saaple 
Date 

55/05 
72/00 

77/02 

72/06 

76/06 

ro 

01 
01 
01 
01 
01 
ai 
01 
01 
01 
OZ 

03 

04 

04 

OS 

H T . HOOD FUMAROLES 
H T . HOOD FUMAROLES 
M T . HOOO FUMAROLES 
H T . HOOD FUMAROLES 
H T . HOOD FUMAROLES 
HT. HOOD FUMAROLES 
M T . HOOD FUMAROLES 
M T . HOOD FUMAROLES 
M T . HOOD FUMAROLES 
SWIM WARM SPRINGS 

AUSTIN HOT SPRINGS 
(CAREY) 

BAGBY HOT SPRINGS 

BAGBY HOT SPRINGS 

GEOTHERHAL GRADIENT 

35/00 
35/00 
15/00 
51/00 
51/00 
51/00 
51/00 
51/00 
51/00 
76/12 

72/00 

70/01 

77/09 

76/08 
TEST NEAR AUSTIN HOT 

DESCHUTES COUNTV 
01 EAST LAKE HOT SPRINGS 71/00 
01 EAST LAKE HOT SPRINGS ' 75/08 

01 EAST LAKE HOT SPRINGS 77/07 

02 PAULINA 'HOT S P R I N G S 

02 PAULINA HOT SPRINGS 77/07 

02 WARN WELL AT LITTLE 75/08 
CRATER CAMPGROUND 

DOUGLAS COUNTY 
01 UMPQUA HOT.SPRINGS 77/09 
01 UMPQUA HOT 'SPRINGS 78/06 

Map Reference 

HAINES 1 :24000 

HAINES 1:24000* BAKER 1:250000 

BAKER 1:24000* BAKER 1:250000 

NORTH POWDER 1:24000* GRANGEVILLE 1:250000 

ROCK CREEK 1:24000* CANYON CITY 1:250000 

HT. HOOD SOUTH 1:24000 

MT. HOOD SOUTH 1:24000 
MT. HOOD SOUTH 1:24000 
MT. HOOD SOUTH 1:24000 
MT. HOOD SOUTH 1:24000 
HT. HOOD SOUTH 1:24000 
MT. HOOD SOUTH 1:24000 
MT. HOOD SOUTH 1:24000 
MT. HOOO SOUTH 1:24000 
MT, HOOD SOUTH 1:24000 
MT, HOOD SOUTH 1:24000* THE DALLES 1:250000 

FISH CREEK MTN, 1:62500, VANCOUVER 1:250000 

BATTLE AX 1:62500* SALEM 1:250000 

BATTLE AX 1:62500 

NIGH ROCK 1:62500* THE DALLES 1:250000 

NEWBERRY CRATER 1:125000* CRESCENT 1;250000 
NEWBERRY CRATER 1:125000* CRESCENT 1:250000 

NEWBERRY CRATER 1:125030* CRESCENT 1:250000 

NEUBERRY CRATER 1:125000, CRESCE.MT 1:250000 

NEUBERRY CRATER 1:125000* CRESCENT 1:250003 

NEUBERRY CRATER 1:125000 

lOKErElj FALLS 1 :62500 
TOKETEE' FALLS 1:62500 

Analysis Reference 

SCOTT AND. e A R K i H > , l 9 6 2 ,, 
f A'Sil NE R .. A.'N 02 OIH E'R Ŝ * 19'7 4 1 
" C A R B I N E H " ' A V 6 O T H E R S * I 9 75i;-. ,^, 

J R E ' G O N : 0 . £ T A R " T M E N T Of Gt 'OLOGtV-AND' , 

HiNERAL . j N D U S T R l i S * * UNPUBLISHED DATA 
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A TERS 
ORECON 

OU 
MARINE 
"tAR INE 
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Map 
Code 

Naae 

Table 2: REFERENCES FOR ANALYSES 
CHap code refers, to Bowen* Peterson* and Riccio, 1978; 

Nap reference refers to U. S, Geoogical Survey topograohic aaps] 

S a a p l e 
D a t e 

Map R e f e r e n c e A n a l y s i s R e f e r enc e 

ro 
cn 

GRANT COUNTY 
01 RITTER HOT SPRINGS 71/00 

04 BLUE MOUNTAIN HOI 7 2 / 0 0 
S P R I N G S 

05 JOAQUIN MILLER RESORT 78/07 

07 WEBERG HOT SPRING 72/00 

HARNEY COUNTY 
01 UNNAHED SPRING 11/09 
02 0. J, THOHAS 68/09 
04 MILLPOND SPRING 11/08 
05 HARNEY VALLEY DEV C3, 68/09 

OIL TEST UELL 
08 ISLAND RANCH UELL 69/08 
09 CRANE HOT SPRINGS 11/08 
09 CRANE HOT SPRINGS 68/09 
09 CRANE HOT SPRINGS 72/00 

0 UARM SPRING NEAR 77/06 
VENATOR . 

5 UNNAHED HOT SPRING NEAR 11/08 
HARNEY LAKE 

5 UNNAHED HOT SPRING NEAR 72/00 
HARNEY LAKE 

2 HICKEY SPRINGS 70/07 

2 HICKEY SPRINGS 72/00 

2 MICKEY SPRINGS 76/09 

2 MICKEY SPRINGS 76/09 

2 MICKEY ST'PINGS 76/09 

1 ALVORD HOT SPRINGS. 55/11 

1 ALVORO HOT SPRINGS 72/03 

3 ALVORO HOI SPRINGS 76/09 

3 A L V O R D HOT S P R I N G S 7 6 / 0 9 

4 HOT bORAX LAKE 55/09 

24 HOT UORAX LAKE 61/06 

RITTER 1:62500* CANYON CITY 1:250000 

PRAIRIE CI1Y 1:62500* CANYON CITY 1:250000 

CANYON MTN, 1:24000* JOHN DAY 1:62500 

CANYON CITY 1:250000 

BUCHANAN 1:24000 
HARNEY 1:62500 
BURNS 1:24000 
HARNEY 1:62500 . 

LAWEN 1:62S00 
CRANE 1:62500* BURNS 1:250000 
CRANE 1:62500 
CRANE 1:62500* BURNS 1:250000 

BURNS 1:250000 

BURNS 1:250000 

CRANE 1:62500* BURNS 1:250000 

ADEL 1:250000 

ADEL 1:250000 

ADEL 1:250000 

AOEL 1:250000 

AOEL 1:250000 

AOEL 1:250000 

AOEL 1:250000 

AOEL 1:250000 

AOEL 1:250000 

UORAX LAKE 1:24000 

bOKAX LAKE 1:24000 

MARINER AND OTHERS* 1974 
MARINER AND OTHERS* 1975 
MARINER AND OTHERS/ 19 74 
MARINER AND OTHERS* 1975 
OREGON DEPARTMENT OF G£0L6(iY AND 

MINERAL INDUSTRIES/ U N » U 6 i l i » i t ) DATA 
MARINER ANO OTHERS* 1974 
<iAR INE R AND OTHERS* 1975 

PIPER ANO OTHERS* 1919 
LEONARD* .1973 
PIPER ANO OTHERS* 19 39 
LEONARD* 1970 

LEONARD* 1970 
PIPER ANO OTHERS, 1959 
LEONARD* 1970 
MARINER AND OTHERS* 1974 

MARINER ANO OTHERS* 1975 
G0N1HIER ANO OTHERS* 1977 

PIPER AND OTHERS, 1939 

MAR 
MAR 
ORE 

HAR 
MAR 
NEH 
U.S 

O.S 

J.S 

ORE 

MAR 
MAR 

mu 
U . S 

U.S 

U.S 

U.S 

INER A N O 
INER ANO 
GON D E P A R 

M I N E R A L 
INER ANO 
INER A N D 
R I N G A N D 
. G E O L O G I 

D A T A 
. G E O L O G I 
D A T A 

. G E O L O G I 
D A T A 

GON O E P A R 
M I N E R A L 

INE R AND 
INCH ANO 
^ I N G A M D 
. G E O L O G I 
D A T A 

. G E O L O G I 
D A T A 

, G E O L O G I 
O A T A 

. G E O L O G I 
DAI A 

0 T H E R S * 1 9 7 4 C 

O T H E R S * 1 9 7 5 
T M E N T OF G E O L O S r A N O 
I N D U S T R I E S * U N P U 8 L I S H E ; 0 O A T A 
O T H E R S * 1 9 7 4 
O T H E R S * 1 9 7 5 
O T H E R S * 1 9 7 9 
CAL S U R V E Y * U N » U B L I S H E D 

CAL S U R V E Y * U N O U B L I S H E D 

CAL S U R V E Y * U N P U B L I S H E D 

1 M E N T Of G E O L O J T ANO 
I N O U S t R l E S * U N P U B L I S H E D O A T A 

O T H E R S / 1 9 7 4 
O t M t R S / 1 9 7 5 
OniEflS/ 1 9 7 9 
CAL S U R V E Y * U N ' J b L I S H E O 

CAL S U R V E Y , U N O U D L I I M E D 

CAL S U R V E Y , U N P U B L I S H E D 

CAL S U R V E Y . I ; N ^ U S L I S H E O 



Table 2: REFERENCES FOR ANALYSES 
CMap code refers to Bowen* Peterson* and Riccio* 1978; 

Map reference refers to U, S, Geoogical Survey topographic aaps] 

Map Naae Saaple Map Reference Analysts Reference 
Code Date 

HARNEY COUNTY 
24 HOT BORAX LAKE 72/00 HORAX LAKE 1:24000 MARINER A A D OTMEfRS* l'9'74 

MARINER AND OTHERS* 19 7'5 
NE^HRING AND OIHE.RS* 1979 ... 

27 UNNAHED HOT SPRING NEAR 70/08 ADEL 1:250000 ORE GON* OEP AR THE N*T OF GEOL 6.3/1» NO .., 
TROUT CREEK MINERAL I NOu'sTS I £ S * UW(>*liB*L I SHE'O DATA 

27 UNNAHED HOT SPRING NEAR 72/00 ADEL 1:250000 MARINER AW^:oiH(«S/ 19 ̂ 4 
TROUT CREEK MAR !'«£%, AND OfHtRJ, 1975 

N £.M R 1 NO*̂  A NO ,0 1 M I R $ * 19 79 
39 GOODHAN SPRING 68/09 BURNS 1:24000 LEONARD* 1970 

(HOTCHKISS) 
43 UNNAHED HOT SPRING NEAR 51/09 BORAX LAKE 1:24000 U V S . 6{''0L0GICAL i U k i l t t t UNPUBLISHED 

HOT BORAX LAKE CAfA 
41 UNNAHED HOT SPRING NEAR 51/09 BORAX LAKE 1:24000 J.S. GEOLOGICAL SURtfEYv UNPUOLtSHED 

HOT BORAX LAKE DATA 
41 UNNAMED HOT SPRING NEAR 57/05 BORAX LAKE 1:24000 i l . i " . GEOLOGICAL iUAVCr. i/i<l'> UOLISHED 

HOT BORAX LAKE DAIA 
41 UNNAHED HOT SPRING NEAR 71/06 BORAX LAKE 1:24000* ADEL 1:250003 M A R I N E ' R ANO diHERS* 197^4 

HOT BORAX LAKE MARINE^R ANO OTHERS*' 1.975. 
s i H K l N C AND OTH E R S , 1979 :̂'' 

43 UNNAHED HOT SPRING NEAR 76/09 BORAX LAKE 1:24000 U . S , GEOLOGICAL SURVtV; UN<>UOLISHE0 
HOT BORAX LAKE OAI'A . ^ 

43 UNNAMED HOT SPRING NEAR 76709 BORAX LAKE 1:24000 U . S , GEOLOGICAL stjKV(r; UN»JsLI SHE 0 
rvj HOT BORAX LAKE B A T A ,̂,,̂  

43 UNNAMED HOT SPRING NEAR 76/09 BORAX LAKE 1:24000 U , S , GE OL OC IC AL SURV E n UN^»U"6L I SHE 0 
HOT BORAX LAKE M T A._̂  ,, ^ 

. 43 U N N A M E D HOT S P R I N G NEAR 76/09 BORAX LAKE 1:24000 U , S , G EOl OGllc AL' "sURVC Y, U N < > U B ' L I S H E O 
HOT BORAX LAKE DATA . ,,̂  

43 UNNAHED HOT SPRING NEAR 76/0? BORAX LAKE 1:24000 J.'S, GEOLOGICAL SURVYVv UNPUBLISHED 
HOT BORAX LAKE DA'TA 

43 UNNAHED HOT SPRING NEAR 76/09 BORAX LAKE 1:24000 U. S . CEOLOcilCAL SURVEY* UN<>U0LISHE0 
HOT BORAX LAKE DATA 

44 HOTCHKISS WELL ' 31/08 BURNS 1:24000 PIPER AND OTHERS* 1919 
44 HOTCHKISS UELL 68/09 BURNS 1:24000 LEONARO* 19.70 
45 HINES LUMBER CO. UELL 68/07 BURNS 1:24000* BURNS 1:62500 LEONARD'; 1970 
46 CITY OF HINES UELL 68/07 BURNS 1:24000* BURNS 1:62500 LEONARD* r970 

JACKSON COUNTT 
01 JACKSON HOT SPRING 52/04 ASHLAND 1:62500 

KLAMATH COUNTY 
ALFRED JAboUSEN 74/05 MERRILL 1:62500 
ANNIE SPRING CRATER LAKE NATIONAL PARK AND VICINITY 1l62'530 
BILL HILL 74/06 MERRILL 1:62500 
CLAUOE SHUCK 74/05 MERRILL 1:62500 
CLYDE DEHILINGER 74/06 MERRILL 1:62500 
FALCON HEIGHTS SCHOOL 74/05 KLAMATH FALLS 1:62500 
GEORGE CARTER 74/06 MERRILL 1:62500 
GEORGE STACY.^,,CO, 74/06. MERRILL 1:6^500 
JACK O'CONNER 74/05 MERR I LL' 1:6^500 
LEN OOBRY 74/05 MERRILL 1:62500 

cn 

R O B I S O N , 

SAMMEL* , 

S^AMME^L""* 
5 ' A M M E L ' V > 

S . A M M t l i / 
S ^ ^ M N E l , 

S A M M E L J 

s ' *AMM£L/ 
fAMSCC* 
SAMf^cr* 
S AM'H't L / 

. 197 

> 

m«^ 1 9 7:6 
i?7it i ' 

J « ; ^ 
1 V76 
( ^ 7 6 
19 76 

i m 
19 76 
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Hap 

T a b l e 2 : REFERENCES FOR ANALYSES 
CMap c o d e r e f e r s t o B o w e n , P e t e r s o n , a n d R i c c i o * 1 9 7 8 ; 

r e f e r e n c e r e f e r s l o U, S , G e o o g i c a l S u r v e y t o p o g r a o h i c a a p s ] 

Map 
Code 

Naae S a a p l e 
- D a t e 

Map Rc f e r e n c e Aria l y s i s R e f e r e n c e 

ro 

KLAMATH COUNTV 
LESTER BR 
MELVIN HC 
MONTE DEH 
O'CONNER 
OREGON WA 
POPE'S ME 
RAY alXLE 
ROBERT LA 
S. AND C, 
TOUN OF M 
U.S. AIR 
U.S. AIR 
WEYERHAUS 

01 EAGLE POI 
02 J, E, FRI 
02 LOIS MERR 
02 HEDO-BELL 
02 HEDO-BELL 

OOKSHIRE 
COLLUM 
ILINGER 
LIVESTOCK CO, 
TER CORP.(4) 
AT CO. 
R 
NGLEY 
KILGORE 

ERRILL 
FORCE(I) 
F0RCE(2) 
ER WELL NO, 4 
NT SPRING 
ESEN 
UYS 
DAIRY 
DAIRY 

02 HILLS SCHOOL 

02 MOYINA UATER CO, 
02 O.I.T. NO. 5 
02 O.I.T. NO. 6 
02 O.I.T. NO. 6 

02 OREGON WATER CORP.(l) 
02 ORECON UATER CORP.(2) 
02 OREGON UATER CORP.(3) 
03 HOUARD HOLLIDAY 
04 MAZAMA SCHOOL 
06 ABE BOEHM 
06 ABE BOEHM 
06 DAN O'CONNER 
06 JACK LISKEY 

06 JACK LISKEY 
06 JACK LlSKEY 
06 0. H. OSBORN 

07 OLENE GAP HOT SPRINGS 
07 OLENE GAP HOT SPRINGS 

07 OLENE GAP HOT SPRINGS 

08 ROENICKE HOT SPRING 
16 MELVIN FEIGI 
22 HAY SMITH WELL 
21 KLAMAIH ICE CO, 
24 J . K . O'NEIL 

4/05 
4/05 
4/06 
4/06 
0/08 
4/06 
4/05 
4/05 

5/02 
2/10 
2/10 
2/08 
2/08 
5/02 
4/12 
5/01 
5/07 

66/08 
67/00 
72/06 
75/03 

30/03 
71/09 
71/09 
74/05 

74/05 
75/08 
74/05 
74/05 

74/05 
75/06 
74/05 

67/00 
72/00 

75/07 

72/10 
70/10 
70/10 
Jft/04 
72/03 

MERRILL 
MERRILL 
MERRILL 
MERRILL 
MERRILL 
MERRILL 
MERRILL 
HERRILL 
GERBER R 
MERRILL 
KLAMATH 
KLAMATH 
KLAMATH 
MODOC PO 
KLAMATH 
KLAMATH 
KLAMATH 
KLAHATH 

1:62500 
1:62500 
1:62500 
1:62500 
1:62500 
1:62500 
1:62500 
1:62500 
ESERVOIR 1:62530 
1:62500 
FALLS 1 :62S00 
FALLS 1 :62S00 
FALLS 1:62500 
INT 1:62500 
FALLS 1 :62S00 
FALLS 1 :62500 
FALLS 1.-62500 
FALLS 1 :62500 

KLAHATH FALLS 1 :62S00 

MERRILL 1:62500 
KLAMATH FALLS 1 :62S00 
KLAHATH FALLS 1:62500 
KLAHATH FALLS 1:62500 

KLAHATH 
KLAHATH 
KLAHATH 
KLAHATH 
HERRILL 
K L A M A T H 
KLAMATH 
HERRILL 
MERRILL 

FALLS 1:62500 
FALLS 1:62500 
FALLS 1:62500 
FALLS 1:62500 
1:62500 
FALLS 1:62500 
FALLS 1:62500 
1:62500 
1:62500 

MERRILL 1:62500 
MERRILL 1:62500 
MERRILL 1:62500 

MERRILL 1:62500 
MERRILL 1:62500, KLAMATH FALLS 1:250000 

MERRILL 1:62500 

MERRILL 1:62500 
MERRILL 1:62500 
bEATTY 1:62500 
KLAMATH FALLS 1:62500 
MERRILL 1:62500 

1958 

1958 
1958 
1958 

SAMMEL, 1976 
SAMMEL/ 1976 
SAMMEL/ 1976 
SAMMEL, 1976 
SAMMIL/ 1976 
SAMMEL* 1976 
SAMMEL, 1976 
SAMMEL* 1976 
SAMMEL* 1976 
NEWCOMB ANO HART* 
SAMMEL* 1976 
SAMMEL/ 1976 
SAMMEL* 1976 
SA>(M£L* 1976 
NEWCOMB AND HART* 
NEWCOMB ANO HART* 
NEWCOMB ANO HART* 
SAMMEL. 1976 
NEHRING ANO OTHERS* 
SAMMEL* 1976 
NEHRING AND OTHERS* 
SA1MEL. 1976 
PETERSON ANO GROH* 
SAMMEL* 1976 
SAMMEL* 1976 
NEHRING ANO OTHERS* 
SAMMEL* 1976 
SAMMEL* 1976 
SAMMEL* 1976 
SAMMEL* 1976 
SAMMEL* 1976 
SAMMEL* 1976 
NEHRING ANO OTHERS* 
SAMMEL* 1976 
SAMMEL* 1976 
VENRING AND OTHERS* 
SAMMEL* 1976 
NEHRING AND OTHERS* 
SAMMEL* 1976 
NEHRINO ANO OfHCRS* 1979 
PETERSON ANO GROH, 1967 
MAR INCR AND OTHERS, 1974 
MARINER ANO dfHERS* 
SAMMEL* 19 76 
NIHRING AND OTHERS/ 
SAMMEL. 1976 
LEONARD ANO HARRIS, 
LEONARO ANO HARRIS* 
NEWCOMB AND MART, 
ORE GON DEPAHIMf NI 

r l n 

1979 

1979 

1967 

1979 

1979 

1979 

1979 

19?5 

1 9 l 9 

1974 
* 1974 
1958 
OT CE0LO3Y ANO 

ERAL I N D U S T R I E S , U N O U f l l l S H f O DATA 



Table 2: REFERENCES FOR ANALYSES * . 
CMap cocie refers to Bowen* Peterson* and Riccio* 1978; 

Map reference refers to U, S, Geoogical Survey topograshic'aaps] 

ro 
CO 

KL 

LA 

ap 
ode 

Naae 

HATH COUNTY 
4 J, K, O'NEIL 

E COUNTV ' 
5 ANA RIVER SPRING 
4 SUHHER LAKE HOT SPRING 

(UOODUARD) 
4 SUHHER LAKE HOT SPRING 

(UOODUARD) 

3 HUNTERS HOT SPRINGS 
(LAKEVIEU) 

3 HUNTERS HOT SPRINGS 
(LAKEVIEU) 

3 HUNTERS HOT SPRINGS 
(LAKEVIEU) 

I 

4 LEITHEAD HOT SPRINGS 
(JOYLAND PLUNGE* LEO 

5 BARRY RANCH HOT SPRINGS 
(GUS ALLEN) 

5 BARRY RANCH HOT SPRINGS 
(GJS ALLEN) 

8 ANTELOPE HOT SPRINGS 
2 FISHER HOT SPRINGS 

3 CRUHP SPRING 
3 CRUHP SPRING 

3 CRUHP WELL (1) 

1 CRUHP WELL (2) 

LANE COUNTV 
01 BELKNAP HOT SPRINGS 

01 BELKNAP HOT SPRINGS 

02 FOLEY S P ' R I N G S 

Ul COUGAR RESERVOIR HOT 
SPRINGS (RIDER) 

01 COUGAR RESERVOIR HOT 
SPRINGS (RIDER) 

04 WALL CREEK WARN SPRINGS 

05 MCCREOI E SPR.'I(N6S 
US MCCREDIE SPRINGS 

Sample 
Date 

74/05 

46/12 
48/10 

72/00 

56/10 

57/10 

72/00 

48/06 

48/05 

72/00 

46/06 
72/00 

48/09 
72/00 

59/07 

60/09 

01/00 

72/00 

76/01 

71/00 

76/01 

76/05 

74/00 
76/01 

Map Reference 

MERRILL 1:62500 

KLAHATH FALLS 1:2SOO0O 
SLIDE HTN, 1:24000 

SLIDE MTN. 1:24000* KLAMATH FALLS 1:250000 

LAKEVIEW NE 1:24000, KLAMATH FALLS 1:250000 

LAKEVIEW NE 1:24000, KLAMATH FALLS 1:250000 

LAKEVIEW NE 1:24000, KLAMATH FALLS 1:250000 

- - " , 7 

LAKEVIEW NE 1 

LAKEVIEW NE 1 

LAKEVIEW NE 1 

WARNER PEAK 1 

24000 

24000 

24000 

24000 
CRUMP LAKE 1:24000, ADEL 1:253000 

ADEL 1:24000 
ADEL 1:24000 

ADEL 1:24000 

ADEL 1:24000 

MCKENZIE BRIDGE 1:62500 

MCKENZIE BRIDGE 1:62500, SALEM 1:250000 

MCKENZIE BRIDGE 1:62500, SALEM 1:250000 

MCKENZIE BRIDGE 1:62500, SALEM 1:250000 

MCKENZIE BRIDGE 1:62503* SALEM 1:250000 

SARDINE bUTTE 1:62500* ROSEBERG 1:250000 

OAKRIDGEi T:'6'2500* R0SE3ERG 1:250300 
OAKRIDGE 1:62500, ROSEBERG 1:250000 

Analy'iis Reference 

SAMMfL, 1976 

r S A U C E R , 1 9 5 0 
TRAUGER, 1 9 5 0 

M A R I N I R AND Of .H fR ' s , * 1 9 7 r 
MARINER ANO b ' v A t H i t 1975 
•iEH'RINC AND OTiVCSS, 1 9 ^ , 
U ; S . G IOLOCiCAk S U R V f r * u^^^lilBL I SHE 0 

OA'fA 
J . S . GEOLOGICAL S U R V E t ; O ' N O U B L 1 SHE D 

DATA 
MARI.NER ANO OTHERS* 197'4 
M A R ; ( N £ R ANO O'TMfifS* "1 9̂ 7 5 

ME MR 1 NO A^NO-i'DTHllsV " l 9^; 9 
I RAUGER, 19 50 

"f R A U'C £ R * 1 9 5 0 • 

MARINER AND 0 I"H E R S* Jl 9 74 
MAR INE'R A'N'OVO'IH'ER SVJil 9 75 
TRAU'CE'R^ lj9 5 6 
MARINER ANO OTHERS, .19 7.4 
"MAR INE'R AND OTHERS, 1975 
TRAUGER* "19 50 
M A R I N E R A N D O T H E R S , 1 9 7 4 

S A R I N E R A N D O T H E R S'* .1-̂97 5 

N E H R I ' N G A N D O T H E R S ' " ; . :,f9 79 ._,, 

J . S . c ' E O L O d i A L SURtfEY*; UNP'UBL T S H E 0 
DATA ^ . ' , . . . 

J . S . GEOLOGICAL SURVET-; 6*N p'u'Sl l'S H"E 0 
OATA 

J . S . t i 0 
b \1 A 

M A R I N / R 

M,A R I N E'6 
N E H R l/N'd^ 
OREG'ON 0 

M.iN't 
MAR I N ' I H 
M.AR I'NCli 

OSIGON 0 
. fi'i'Nt 

O'NC CON D 
H-|}< E 

MARJNE R 

OREGON D 
M'-l̂ Nf 

LOGICAL S O R V C T - * UNfUBLl 'SHEO 

ANO 
'ittb 
AN*D' 
fPAti 
N'A'L 
AI^^O 
AH'i) 
f P A R 
H A L ', 
CP.AH 
R A L 
A'^D 
t V \ R 
R A L 

OIjHERS:. 1^97'4. 
01 HERS/' ' I'V/l'S 

IM 'EJ I . I . 0S4'G£0lOJ'Y.,,AN"0, 

I^No'^UlTR'liES,, UN'^'uOLrS'HE'o OATA 
O l H . t H S * 1̂ 9 74' 

01 i f c l s . i^?5',. ; 
;Mt*Nf ^d'H-i(^-t6[,(i':}'.::>:NDr ^ 
I. ̂ Ifi U S I H'r £?S ; , . U k"-ll H L I S H E D 0 A F A 
Tl/. ' iNI Of GCOL^ j ' t . AND 
'1 NI)'uS,liR| E S , , U N ' O U S L I 5HE,D. 0 A T.A 
ouif .n ' i , "^ i'9'?5 . . , . 
I M t N l oV CeOlOy' f , AND 
1 N D U'S T R I E S , U N "̂u IU I S H £ 0 DAT* 

r-. ?> d n 0'., 
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Table 2: REFERENCES FOR ANALYSES 
CMap code refers to Bowen* Peterson* and Riccio* 1778; 

Hap reference refers to U. S, Geoogical Survey topograahic aapsl 

Hap 
Code 

Naae 

ro 
UD 

LANE COUNTY 
06 KITSON SPRINGS 
06 KITSON SPRINGS 

08 BIGELOW HOT SPRINGS 

MALHEUR COUNTV 
01 NEAL HOT SPRINGS 

04 BEULAH HOT SPRINGS 

05 VALE HOT SPRINGS 

05 VALE HOT SPRINGS 
06 UNNAHED HOT SPRINGS 

NEAR LITTLE VALLEY 

08 HITCHELL BUTTE HOT 
SPRINGS 

I S U N N A H E D H O T S P R I N G AT 
T H R E E F O R K S 

1 8 U N N A H E D H O T S P R I N G AT 
T H R E E F O R K S 

1 9 U N N A H E D H O T S P R I N G NEAR 
M C O E R M I TT 

19 U N N A M E D H O T S P R I N G NEAR 
M C O E R M I T T 

2 1 L U C E H O T S P R I N G S 

2 4 J O N E S B O R O W A R M S P R I N G 

2 5 J U N T U R A W A R M S P R I N G «1 

2 6 J U N T U R A W A R N S P R I N G « 2 

27 A R T E S I A N ' W E L L 

2 8 A L K A L I F L A T G R A D I E N T 

UELL 
29 NORTH HARPER DLM WELL 

10 UNNAMED UARM SPRING 
NEAR bULLY CREEK 

MARION COUNTY 
01 BREITENBUSH HOT SPRINGS 

01 bREITENbUSH HOT SPRINGS 
- WELL 

S a a p l e 
Date 

58/01 
78/05 

6/01 

2/00 

2/00 

4/00 

4/08 
1/00 

2/00 

5/07 

1/00 

7/05 

2/00 

2/00 

77/01 

75/05 

76/06 

77/06 

72/00 

78/02 

Map Reference 

OAKRIDGE 1:62500 
OAKRIDGE 1:62500 

MCKENZIE BRIDGE 1:62503* SALEM 1:250000 

JAMIESON 1:62500* BAKER 1:250000 

BEULAH 1:62500* BURNS 1:250000 

VALE EAST 1:24000/ BOISE 1:250000 

VALE EAST 1:24000 
HARPER 1:62500* BOISE 1:250000 

HITCHELL BUTTE 1:24000* BOISE 1:250000 

JORDAN VALLEY 1:250000 

'jORDAN VALLEY 1:250000 

JORDAN VALLEY 1:250000 

JORDAN VALLEY 1:250000 

HCEWEN BUTTE 1:24000 

WESTFALL BUTTE 1:62500, BOISE 1:250000 

BEULAH 1:62500, BURNS 1:250000 

BEULAH 1:62500* BURNS 1:250000 

ADRIAN 1:24000* BOISE 1:250000 

MOORES HOLLOW 1:62500* BOISE 1:250000 

JAMIESON 1:62500* BAKER 1:250030 

JAMIESON 1:62500* BOISE 1:250000 

BREITENbUSH HOT SPRINGS 1:62500 

bREITENbUSH HOT SPRINGS 1:62500 

Analysis Reference 

MADISON* 1966 
J.S. GEOLOGICAL SURVEY, UNeUBllSHED 

OATA 
OREGON DEPARTMENT OF GE()L()(iY ANO 

MINERAL INOUSIRIES, UN<* UBL I SHE 0 OATA 

MARINE 
MARINE 
VEHRIN 
MARINE 
MAR INE 
MARINE 
MEHRIN 
NEHRIN 
MARINE 
MARINE 
MEHRIN 
MARINE 
MARINE 
J.S, G 

DA 
MARINE 
MARINE 
U,S, G 

DA 
MARINE 
MARINE 
MARINE 
MARINE 
ORE CON 

Ml 
ORE GON 

MI 
OREGON 

Ml 
ORE GON 

MI 
ORE GON 

Ml 
3RE CON 

MI 
ORE GON 

Ml 

ANO 
ANO 
ANO 
ANO 
ANO 
AND 
ANO 
ANO 
ANO 
ANO 
ANO 
ANO 
ANO 

EOLOG 
TA 
R ANO 
R ANO 
EOLOG 
TA 
R ANO 
R ANO 
R ANO 
R ANO 
DEPA 

NERAL 
OEPA 

NERAL 
OEPA 

NERAL 
OEPA 

NERAL 
OEPA 

NERAL 
OEPA 

NERAL 
OEPA 

NERAL 

OTHERS, 
OTHERS* 
OTHERS, 
OTHERS, 
OTHERS* 
OTHERS* 
OTHERS* 
OTHERS* 
OTHERS, 
OTHERS, 
OTHERS, 
OTHERS* 
OTHERS, 
ICAL SURV 

OTHERS, 
OTHERS* 
ICAL SURV 

OTHERS* 
OTHERS* 
OTHERS* 
OTHERS* 

RTMENT Of 
INDUS TRj 

RTMENT OF 
INOUSTRI 

RTMENT Of 
INDUS TRI 

RIMENT OF 
INDUS TRI 

RTMENT OF 
INDUS IRI 

RiMENf OF 
INDUS TRI 

RTMENT Of 
INDUS TRI 

1974 
1975 
1979 
1974 
1975 
1975 
1979 
1979 
1974 
19 75 
19 79 'i 
19 74 ;̂  
19 7 5 
EY* UNPUBLISHED 

1974 
1975 
EY* UNPUBLISHED 

1974 
1975 
1974 
1975 
CEO 

ES* 
GEO 

ES* 
GEO 

ES* 
GEO 

ES* 
GEO 

ES* 
GEO 

£S 
GEO 

ES, 

LO:T AND 
U N » U B L I S H E O O A T A 
LOST ANO 
UNPUBLISHED OATA 
LOGY AND 
UNPUBLISHED DATA 
LOGY ANO 
UNPUBLISHED DATA 
LOGY ANO 
UNPUBLISHED DATA 
LOGY ANO 
UNPUBLISHED DATA 
LOGY AND 
U N P U B L I S H E O D A T A 

MAR I N E R ANO O T H E R S . 1 9 7 4 

M A R I N E R A N D O T H E R S , 1 9 7 5 

N E H R I N G ANO O T H E R S , 1 9 7 9 

O R E G O N D E P A R I M F N T OF G E O L O G Y A N D 

M I N E R A L I N D U S T R I E S , U N P U B L I S H E D O A T A 

•Jr II !i 1 f i r . Af;f) n ' ' i i" w s / l '̂  7 ' ' 



Map 
Code 

Naae 

Map 

Saaple 
Date 

lable 2: REFERENCE!- FOR ANALYSES •* r^ 
CMap code refers to Bowen* Peterson* and Ric c io/"' 19 78'; , 

reference refers to U, S. Geoogical Survey topograo'K'i'£''*'aaps'] 

Map Reference Analysis 'Reference 

nULTNONAH COUNTY 
01 CORBETT UARM SPRING 

02 YMCA CAHP COLLINS 

UMATILLA COUNTV 
01 BINGHAN SPRINGS 
01 LEHNAN SPRINGS 

56/09 

54/04 
72/00 

WASHOUGAL 1:24000, VANCOUVER 1:250000 

WASHOUGAL 1:24000, VANCOUVER 1:250000 

BINGHAH SPRINGS 1:24000, PENDLETON 1:250000 
LEHMAN SPRINGS 1:24000, PENDLETON 1:250000 

OREGON DEPARlMtNl Of 'GE3Ltf&Y AND 
MINERAL I,N0US TRIE'S, UNP'ua t'IsHE 0 OATA 

NEWCOMB* '1972 

HOGENSON* 1964^, 
MARINER AND O T M E R S * 1.974 
MARINER AND OfHERS* 19 75 

UNION COUNTV 
01 COVE WARM SPRING 
01 WELL 
01 WELL 
01 UELL 
02 HOT LAKE 

OS UAGNER UELL 
07 MEDICAL HOT SPRINGS 
07 MEDICAL HOT SPRINGS 

57/06 
55/01 
55/01 
57/05 
72/00 

50/06 

71/00 

COVE 1:24000* GRANGEVILLE 1:250030 
LA GRANDE SE 1:24000 
LA GRANDE SE 1:24000 
LA GRANDE SE 1:24000 
CRAIG MTN, 1:24000* GRANGEVILLE 1:250000 

IMBLER 1:24000 
FLAGSTAFF BUTTE 
FLAGSTAFF BUTTE 

1:24000* 
1:24000, 

GRANGEVILLE 
GRANGEVILLE 

1:250000 
1:250000 

M'AHPTON 
HAMPT 'ew 
H A M P T O N 
H A M P T O N 
M A R I N E R 
MAR LN £ R 
M E H R J N ^ G 
H A M F i V o N 

AND 
AND 
AND 
ANO 
AND 
A.ND 
A^ND 
A'J^O 

D R O W N , 1 9 6 4 
S H O W N , 19-64 

' B R ' O W N , 1,96 4 

B R O W N , r9 '6. .4, 
O T H E R S , 1'9 74 
O ' t H E R S * 1'9 75 
0fVt!R$*'4l>,9.7i9 

L I N D G R E N * 1 9 3 1 . , , 
' M A R I t f E R AND O f H E R S * 1 9 7 4 ^ 

M A R 1 N'E R A N D 0 T H £ R S'i i : i 9 7 5' 

WALLOWA COUNTV 
01 COOK CREEK WARM SPRING 74/11 WAPSHILLA CREEK 1:24000* GRANGEVILLE 1:250000 OREGON OEPARlMENt Of, 6E0L01Y AND 

MINERAL INDUSTRIES* UNPUBLISHED DATA 

WASCO COUNTY 
01 KAHNEETAH HOT SPRINGS 71/00 

02 MILTON MARTIN UELL 58/07 
01 J, SANOOZ UELL 58/07 

EAGLE BUTTE 1:24000* BENO 1:250030 

THE DALLES 1:62500* THE DALLES 1:250000 
WHITE SALMON 1:62S00*THE DALLES 1:250000 

MARINER AND OTHERS* 1974 
MARINER AND OTHERS* 197 5" •, 
N E W C O M ' B * 1972' ^ -j 

OREGON DEPARTMENT- 0f_^ G E OL Oi'jV AND ^ •-. . 
MINERAL iNOu'SIHUS* UN=''u i) L IS HE""O 'O'A T A 

i ; •:•• 'V ^ 

r r-- r\ ^ 



geoth'ermometry. The only other waters which "stand out" as chemvcally 
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 small 
number of springs for which data exist. The data from fit. Hood and 
East -Lake are misleading. The Mt. Hood analyses are from fumaroles 
which discharged principally water vapor. Air contamination appears 
to be a pTtJblem in all of these samples. However, it is probable that 
carbon dioxide 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 CO2 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 ,,(5C13 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 CO2-
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 appreciable oxygen shifts 
relative to meteoric water. 

The 0^^ compositions 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. 
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Map 
Code 

Ndae 

Tabic ) : GAS AND ISOIOPIC C O M P O M T I O N 
tMjp code refers to Buuen* Peterson* 

Isotopic conposilions in th 
Gas concentrations in volume percent^ 

Date Temp Argon Methane Carbon Nitrogen O t Y q t i \ 
(C) (X Ar) (X CH4) Dioxide (X N 2 ) (X 02) 

(X C02) 

OF THERMAL SPRING A N D w E L t 
tu uu_cii* rc.erssn* and Riccio* 1978; 
\ i t standard notation and t r t relative 

O'i SCHARt'^t i 

to SHOW; 

Del D r oI 
H 2 0' 

(o/6ci) 

•'U i C 3'( 1 5 ) 

(o/oi) 

«* i : 
Del 0(18 ), 

SOi. 
(oVoo) 

of 

BAKER COUNTY 
01 RADIUM HOT SPRINGS 

OJ 
no 

CLACKAMAS COUNTT 
01 MT, HOOD FUMAROLES 

HT. HOOD FUHAROLES 
HT, HOOD FUHAROLES 

HOOD FUHAROLES 

01 
01 
01 
01 
01 
01 

HT. 
HT. HOOD FUHAROLES 
HT , HOOD FUHAROLES 
HT. HOOD FUHAROLES 

HOOD FUHAROLES 01 HT 
01 H T . H O O D F U H A R O L E S 
02 SUIH WARH SPRINGS 
01 AUSTIN HOT SPRINGS (CARET) 

DESCHUTES COUNTT 
01 EAST LAKE HOT SPRINGS 
01 EAST LAKE HOT SPRINGS 
01 E A S T L A K E H O T S P R I N G S 
02 PAULINA HOT SPRINGS 
02 PAULINA HOT SPRINGS 

D O U G L A S COUNTT 
01 UMPQUA HOT SPRINGS 

7 2 / 0 0 

1 5 / 0 0 
1 5 / 0 0 
1 5 / 0 0 
5 1 / 0 0 
5 1 / 0 0 
5 1 / 0 0 
5 1 / 0 0 
5 1 / 0 0 
5 1 / 0 0 
7 6 / 1 2 
7 2 / 0 0 

7 5 / 0 0 
7 5 / 0 8 
7 7 / 0 7 

5 8 . 

8 9 . 
7 1 . 
8 9 , 

8 9 . 

9 1 . 
8 6 . 
8 9 , 
2 6 . 
8 6 . 

6 2 . 
4 9 . 

,4 
.1 
,4 

,4 

,1 
,1 
.4 
.0 
,0 

,0 

7 7 / 0 7 0 , 0 9 

0 . 0 0 1 1 

0 . 0 0 0 5 
0 , 0 0 1 0 
0 , 0 0 1 4 
0 , 0 0 1 1 

0 , 0 0 0 6 

1 . 1 1 
0 . 6 8 
1 . 2 7 
1 . 4 9 
2 . 2 1 
2 , 1 2 
1 , 8 1 

1 7 , 4 
1 , 4 1 

0 , 1 1 6 
7 8 , 5 

0 , 0 5 7 
0 . 0 1 5 
0 , 0 4 1 
0 , 0 4 4 

9 , 8 
0 , 0 1 2 

0 . 0 1 1 
1 9 , 5 

o .no i 
0 . 0 0 4 
0 . 0 0 4 

o . o o l 
0 . 0 0 6 
2 . 4 8 
O . O D l 

9 . 
2 , 9 
1 , 9 5 
5 , 4 1 
0 , 5 5 

5 6 , 
9 1 , 
9 5 , 5 5 
7 1 , 1 7 
9 1 , 4 5 

1 0 . 
5 . 1 

4 , 7 4 

6« 
0 , 9 
2 , 7 2 « 

0 . 0 1 

' l l S i l 

•-9 4 i 5 

- 76 . 2 

- 1 7 . 8 5' 

• 1 ,4 ,01 
• '12 .2 7 

• 9 ..<. 2' 

1.5 2 
- 2 . 4 1 

7 7 / 0 9 4 6 . 5 < 0 . 0 2 < 0 . 0 0 5 99,58 0,4 9 0.04 

GRANT COUNTT 
01 RITTER HOT SPRINGS 
04 BLUE MOUNTAIN HOT SPRINGS 
07 WEBERG HOT SPRING 

HARNET COUNTT 
09 CRANE HOT SPRINGS 
15 UNNAMED HOT SPRING NEAR HARNET LAKE 
22 HICKEY SPRINGS 
21 ALVORD HOT SPRINGS 
24 HOT UORAX LAKE 
27 UNNAHED HOT SPRING NEAR TROUT CREEK 

71/00 41.0 
72/00 58.0 
72/00 46.0 

72/00 78.0 
72/00 68,0 
72/00 71,0 
72/00 76,0 
72/00 16,0 
72/00 52.0 

41 UNNAHED HOT SPRING NEAR HOT BORAX LAKE 71/06 96,0 

KLAHATH COUNTT 
ANNIE SPRING 
FALCON HEIGHTS SCHOOL 
HELVIN HCCOLLUH 
S, AND C, KILGORE 
WEYERHAUSER WELL NO, 4 

01 E A G L E P O I N T S P R I N G 
02 HEDO-BELL DAIRY 
02 MILLS SCHOOL 
0 2 O . I . I , N O , 6 

2 5 , 0 
7 4 / 0 5 1 7 , 0 
7 4 / 0 5 2 5 , 0 

2 0 , 0 
7 2 / 0 8 2 2 , 
7 2 / 0 8 1 5 , 
7 5 / 0 7 8*1,**-

8 9 , 0 
7 5 / 0 1 7 9 , 

2 , 

1 , 
1 , 

9 5 , 

9 , 
2 1 . 

1 , 

9 1 , 
6 0 , 

1 « 

1 • 
1 8 • 

- 1 1 9 , 
- . 1 2 6 . 6 
-1-2 2 , 1 

-<1.51.5 
- 1 2 8 . 5 
- 1 2 4 : 1 . 
^ i > i : 6 

- 1'.1 "5 ; 8 

- 1 2 5 . 4 

= 1 2 0 . 5 
= 1 1 1 i 2 

1 1 0 9 . 1 ' 
t f ' 0 9 * 7 
- n 9 i 4 v 

- l i f t ; ? 

- 1 4 i 8 J 
-'1 6 . 1 5 . 
- 1 5 . 1 4 

- 1 6 .1 '? ' 

- 1 1 . 4 2K 

- 1 1 . 2 I j . 

• r 4 . J 6 

- U . 4 ( j . . 
-••1.5 i 6 9, 
' M , . ? \ , , . 
» 1 6 ! 3 3 
»"1 4 : fc 0 
- 1 5 . 2 ? 
- i t . - 9 5 

-"urn 
-"14; i>9 

91 
05 
95 
22 

• 8 ; 5 « 

- 5 . . 4 5' 
• 4 . 9 4 
- 5 - . 4 5 

^ O © 



Table t: GAS ANO ISOIOPIC COMPOSITION OF THERMAL SPRING ANO WELL DISCHARGES 
[Map code refers to Bowen* Peterson* and Riccio* 1978; 

Isotopic coapositions in the standard notation and a r e r e l a t i v e t o S M O W ; 
Gas concentrations in voluae percent; (•) Ar * 621 

Map 
Code 

Naae Date leap 
(C) 

A rgon 
(X Ar) 

Me thane 
(X CH4) 

oo 
OJ 

KLAMATH COUNTY 
06 ABE BOEHM 
06 ABE BOEHM 
06 JACK LISKEY 
06 JACK LISKEY 
06 JACK LISKEY 
06 0, H, OSBORN 
07 OLENE GAP HOT SPRINGS 
07 OLENE CAP HOT SPRINGS 
16 MELVIX FEIGI 

LAKE COUNTT 
14 SUHHER LAKE HOT SPRING (WOODWARD) 
21 HUNTERS HOT SPRINGS (LAKEVIEW) 
25 BARRY RANCH HOT SPRINGS (GUS ALLEN) 

12 FISHER HOT SPRINGS 
11 CRUMP SPRING 

LANE COUNTY 
01 BELKNAP HOT SPRINGS 
01 COUGAR RESERVOIR HOI SPRINGS (RIDER) 
OS MCCREDIE SPRINGS 

MALHEUR COUNTY 
01 
04 
05 
05 
06 
08 

NEAL HOT SPRINGS 
BEULAH HOT SPRINGS 
VALE HOT SPRINGS 
VALE HOT SPRINGS 
UNNAMED HOT SPRINGS NEAR LITTLE VALLEY 
MITCHELL BUTTE HOT SPRINGS 

18 UNNAMED HOT SPRING AT THREE FORKS 
19 UNNAMED HOT SPRING NEAR MCDERMITT 
21 LUCE HOT SPRINGS 

MARION COUNTT 
01 BHEITENBUSM HOT SPRINGS 
01 BREITENBUSH HOT SPRINGS - WELL 

UMATILLA COUNTY 
01 LEHMAN SPRINGS 

UNION COUNTY 
02 HOT LAKE 
07 MEDICAL HOT SPRINGS 

WASCO COUNTY 
01 KAHNEEIAH HOI SPRINGS 

7 4 / 0 5 
7 5 / 0 8 
7 4 / 0 5 
7 4 / 0 5 
7 5 / 0 8 
7 4 / 0 5 
7 2 / 0 0 
7 5 / 0 7 
7 0 / 1 0 

7 2 / 0 0 
7 2 / 0 0 

1 7 2 / 0 0 
7 2 / 0 0 
7 2 / 0 0 

7 2 / 0 0 
f 7 1 / 0 0 

7 4 / 0 0 

7 2 / 0 0 
7 2 / 0 0 
7 4 / 0 0 
7 4 / 0 8 

LEY 7 1 / 0 0 
7 2 / 0 0 
7 1 / 0 0 
7 2 / 0 0 
7 2 / 0 0 

7 2 / 0 0 
7 8 / 0 2 

7 2 / 0 0 

7 2 / 0 0 
7 1 / 0 0 

7 1 / 0 0 

2 5 , 0 
2 5 , 
9 1 , 0 
2 2 , 0 
2 5 , 
9 0 , 0 
7 4 . 0 
8 7 , 
i l . O 

4 5 , 0 
9 6 , 0 
8 8 , 0 
6 8 . 0 
7 8 , 0 

7 1 , 0 
4 4 , 0 
7 1 , 

8 7 , 0 
6 0 , 0 
7 1 , 0 
9 0 . 
7 0 . 0 
6 2 , 0 
3 4 , 0 
5 2 , 0 
6 1 , 0 

9 2 . 0 
1 1 0 . 0 

6 1 . 0 

8 0 . 0 
6 0 . 0 

5 2 . 0 

C a r b o n 
D i on i d e 
(X C02> 

N i t r o g e n 
(X N 2 ) 

0« y g e n 
(X 0 2 ) 

D e l 0 o f 
H 2 0 

( o / o o ) 

- 7 1 . 2 

D e l 

• 1 1 6 , 
- 8 ? . 

• 1 1 7 , 
•1 1 5 , 
•1 1 5 , 

4 2 , 

6 . 

< 1 . 

2 . 

1 4 , 

< 1 . 

5 4 , 

7 5 , 

9 8 . 

6 2 . 

2« 

5« 

1 • 

• 1 1 5 . 0 
• 1 1 9 . 0 
• 1 1 9 . 4 
• 1 1 7 , 0 
• 1 1 5 . 5 

- 9 5 . 8 
- 9 2 . 5 
- 9 4 . 0 

-1-2-' •1-5.8.. 
• I l l , 
•1 5 5 , 

•1 5 9 , 
• 1 3 7 -
• 1 2 7 , 
• 1 5 4 . 6 
• t 54 . 0 

< 0 . 1 

9 . 

< 0 . 1 9 4 , 

<1 9 0 , 2 " 

• 9 7 , 5 

• 1 2 1 . 1 

• 1 2 7 . 7 
1 5 0 . 2 

- 1 1 8 . 9 

0 ( 1 4 ) 
H2C 1 

( o / o o ) 

- 7 . 
' 6 -

' 1 4 , 
" 8 , 
' 6 . 

" 1 4 , 
- 1 3, 
- 1 1 , 
- 1 6 . 

- 1 1 . 
- 1 4 . 
- 1 1 , 

5 8 
.78 
,?5 
,51 
A t 
,95 
,30 
, M 
,50 

,52 
,52 
,72 

o f D e l 

• I 1 .28 

• 1 1 . 7 4 
• 1 1 . 9 7 

• 1 1 , 
•1 5, 
• I 5 , 
• 1 6 . 
• 1 6 , 
• 1 6 , 
• 1 6 . 
•1 5, 

i2 
2 2 
18 
33 
52 
SB 
09 
75 
1 5 

• 1 1 , 6 6 
• 1 2 . 1 9 , 

• 1 6 , 5 2 

- 1 6 . 5 6 
- 1 6 . 9 9 

• 1 4 . ? 5 

0 ( 1 8 ) 
S04 

( o / o o ) 

1 5 . 4 2 
- M J 

8 . 6 9 
- . 1 . 8 5 

- 4 . 8 2 

- 4 . 0 0 
- 5 . 6 9 

• 4 . 7 1 

0 . 5 5 

- 8 . 57 

- 6 . 5 6 
- 5 . 9 1 
- 8 . 6 5 

o f 

- 2 . 6 7 
- 5 . 2 8 

4 . 6 3 



'GEOJKeRMQi'̂ E'TRY 

Jhe 'Gjh&rfficaT; cpmppsi t,Ton̂ 3T̂ .the''thetimal ,watetrs ea.n«̂ b,e used,-, 
under certa'ijii conditions, to provide es'ti'mates Of-.the •'Ta-st temj^.ran, 
tur.e of ŝ jufil'iSriurn of ' the water â nd ihe .country rock. The .v'ariVbles 
Which^'are^{rc;st"3fterr-used 'include *S'i'l-ica concentrat-ion, a-nd-ĵ '̂ela-ti-ve 
• pr?'op'or«t.̂'bn.s afflong sodium, potassi-um,'•G'a'ltrfi.om, and ,7iag•nesiû t,'••̂ ''5l̂ f-
f i^ci'ent'iso&spicdata on ̂ su'T-fate'.an.d v/ater are availabl;e ;op some of 
the samples''to calcuTate temperatures ̂ of ,equi-l-ibr.ium from'the 
.sulfa-terwatar isotope geothermometer. The silica, Na-K-Ca,]and 
sulfate-w'atsr geothermometers, which a're^used'to estimate-most-of 
the temperatures, are Va;lici only for h(Dt'-weter systems and oirslyjwhen 
certain assusptionsare met. These assumptions, discussed 1n deta'il 
by Fournier and others (1974), are listed below: 

1. Temperature-dependent reactions at depth control the con
centration of the constituents used iri the geothermometer. 

2. The reservoir contains an adequate supply of the reactants. 

3. Water-rock equilibrium 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 Hi+SiOu, which is 
the silica species in equilibrium with the respective silica mineral: 

silicic acid silica mineral water 

H^SiO^ = Si02 + 2H2O (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 
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l im i t i ng mineral in gran i t i c aquifers down to temperatures at 
least as Tow as 90°C (R. 0. Fournier, oral communication). 

•i 

2. Chalcedony limits silica concentrations in Tower-temperature 
reservoirs and may be the limitingimineral in.basaltic rock 
•uip to 180°C (Arnorsson. 1975). ; 

The silica geothermometers give apparently good results irs 
thermal systems which are associated with springs of neutral to 
slightly a d d pH. However, several thermal' systems listed in the 
tables discharge dilute alkaline waters with anamolously large silica 
concentrations. These dilute thermal water's contain littie or no 
dissolved carbon dioxide and typically occur in granitic terrains. 
Since the silica geothermometers are based fon equilibrium with 
Ht̂ SiOit, 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 andjpH, the total dissolved 
silica concentration is distributed among I]1i+Si0it, HsSiOi^, and H2S10u^: 

H^SiO^ = H3SiO"i + H^ (2) 

and 

H^SiO'j = H^SiOj^ + H"̂  (3) 

Equation (3) is important only at very alkaline pH's (>10) and is not 
important for the thermal waters encountered in Oregon. Equation (2), 
however, is important in waters with pH's,above 8. For example, at a 
temperature of SO'C and pH of 9, approximately 44 percent of the dis
solved silica is in the dissociated form (HsSiOO; while, at a pH of 
7, less than 1 percent of the dissolved silica is in the dissociated 
form. For example, if total dissolved siilica is 100 mg/L, and 
chalcedony is the limiting silica mineral} then temperature estimates 
should be reduced from lll^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 approximately the same as that in 
the thermal reservoir. This assumption rjequires that the equilibrium 
constants for the weak acids remain approximately constant despite 
temperature changes. The concentration c)f silicic acid (HitSiOi+) is 
calculated at the spring temperature and jpH. This concentration, 
recast as SIO2, is used in the appropriate geothermometer. This cor
rection works best In systems which have,aquifer-temperatures near 
the measured spring temperature. Corrected values for the waters 
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/wlth-i'high, ?H's:;are? shown 4ni;P*renihje.ses in ^able 4. Chaiigeŝ 'i'n ii|he 
•dissqciistSlcxfii constants ^of-the'.weak acids as functions of'-̂ teissê rature • 
*vnJll ̂re'i&l't .an: tempera:ture^9!sti^ates*whi(§'h are'sli^ht'ly i x h I'gW'for 
systems In,which -theltrue aqy^ifer tjemperatutje is appreGiab'Is'.ŝ iiGve 
the spring tempera'ture. 

K1*ing^.Qf therisal '(̂ l̂ 'gh's'iTica) and .nc)nthermal (T(»-j feil-ita) 
••wa'ters c:isn sharp.Ty''re'duGe''the .'tempera'tu'res estimated from'.tl?e ̂s iii ca 
geothermom«ters. However,, it "is possible to calculate the •fafrjpe.»;atii:rs 
of the thennal aquifer if sufficient chemiGal and isotopic?'sfMa a r t 
available 'for both the ̂ ^hermal and cold, wat-iers, if chemical eguiflib-
rium has not taken place^at or below the mi-xing tempera tune, apd ,af 
sthere has been m c^nduciive ;heat loss (Fournier and Truesdell,'^974). 
•T,he problssrs with any unexplored system is in proving that the water c 
issuing at the surface 1s mixed. The simplest proof wnnld bis a linear -.tv. 
trend between measured spring temperatures and chlori_d^_cap^^"^'^at7£^ 
Normal groundwater usually has low chloride concentrations, while 
t.t̂p;rF"3l waters from hlah-temoerature svstems contain at least several 
hundred-jnilligrams per liter chloride. A linear trend hptyjppn thp 
isotopic compositions of the water (deuteruim^and oxygen(18)) and dis- ^ 
snlvpd qhlorideTs also definitive proof of nnxTng. 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 v/ater 
becomes progressively enriched in the heavier oxygen atoms. Very few 
areas have a sufficient number of springs of differing chemical and 
isotopic composition to prove mixing by the rigorous criteria discussed*-̂ -
above. Mixing models were not used in preparing table 4, since mixing i' 
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 ( 
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N u m b e r s m p a r e n t h e s e s a r e 
rf 11 e r s 

T a b l e t : G E O T H E R M O M E T E R C A L C U L A T I O N S ( C ) 
C H a p c o d e r e f e r s to B o w e n / P e t e r s o n / a n d f X c c I o / 1978.* 

c a l c u l a t e d f r o m s i l i c i c a c i d ( H 4 S i 0 4 ) c o n c e n t r a t i o n c a l c u l a t e d at tfie 
w i t h n a g n c t i u a - c o r r e c t i o n r a t i o s > SO a r e i n d i c a t e d b f t h e l e r * " c o l d * 

jpr ing 

1 
tetoeratorei 

Hap Naae 
Code 

BAKER COUNIT 
01 RADIUM HOT SPRINGS 
01 RAD1U<1 H O T S P R I N G S 
02 SAM-0 SPRING 
05 KROPP HOT SPRING 
06 fISHER HOT SPRING 

Measured 

$7.2 
58.0 
27,0 
41,0 
17,0 

Na-K 

106 
81 

152 
74 

Na-K-C 
1/1 

110 
108 
165 
110 

a N a-K-C« 
4/1 

97 
77 

120 
100 

Na-K-Ca 
Mg-cor rected 

52 

$i02 Si02 Sf02 
conductive adiabatic chalcedony 

« 7 ( l i i 
§ 6 ( 1 7 ) 
i6 
79 
6 ( ) ( 1 1) 

125(65) 
124(69) 
114 
109 
90(44) 

122 
I2i 
115 
109 
9j 

5 i 0 2 
o p t I 

6 
5 

= 8 

S u l f a t e -
w a t e r 

'24 

C L A C K A M A S C O U N T Y 
01 ACID-SJLFATE SPRING ON 

HT. HOOD 
02 SWIM WARM SPRINGS 
01 AUSTIN HOT SPRINGS 

(CAREY) 
04 BAGBY HOT SPRINGS 
04 BACBY HOT SPRINGS 
05 GEOTHERHAL GRAOIENT 

TEST NEAR AUSTIN HOT 

114 90 •16 62 67 29 •48 

26,0 
86.0 

57.2 
58,0 
15,6 

165 
91 

70 
68 

140 

159 
118 

91 
91 

117 

81 
87 

49 
49 

~ 61 

cold 
90 

123 
126 

126(65) 
121(78) 
87 

1 18 
121 

125 
119 
90 

91 
98 

98(11) 
91(47) 
56 

2 
7 

7 
1 

-27 

109 
181 

.*'. 

DESCHUTES COUNTY 
01 EAST LAKE HOT SPRINGS 
01 E A S T L A K E H O T S P R I N G S 
02 PAULINA HOT SPRINGS 
02 WARM UELL AT LITTLE 

CRATER CAMPGROUND 

62,0 
49,0 

15,5 

188 

190 
189 

155 

178 
169 

44 

98 
75 

cold 
cold 

87 
180 
182 
165 

90 
168 
170 
156 

56 
158 
161 
142 

-27 
55 
58 
41 

DOUGLAS COUNTY 
01 UMPOUA HOT SPRINGS 
Ul UMPauA HOT SPRINGS 

GRANT COUNTY 
01 R I T T E R H O T S P R I N G S 
04 BLUE <IOUNrAlN NOT 

S P R I N G S 
05 JOAQUIN MILLER RESORT 
07 WEBERG HOT SPRING 

HARNEY COUNTY * 
02 0, J, THOMAS 
OS HARNEY VALLEY DEV CO, 

OIL TEST WELL 
08 ISLAND RANCH WELL 
09 CRANE HOT SPRINGS 
09 CRANE HOT SPRINGS 
10 W A R H S P R I N G N E A R 

V E N A T O R 
15 U N N A M E D H O T S P R I N G N L A R 

H A R N E Y L A K E 
15 U N N A M E D H O T S P R I N G N t A R 

H A W N E Y L A K E 
I ? M I C K t T S f R l N C S 

46,5 
46,0 

41,0 
58,0 

40,0 
46,0 

72,0 
46,0 

41,0 
80.0 
78.0 
41.0 

59.0 

68.0 

8 5.0 

96 
101 

60 
91 

89 
140 

60 
61 

60 
86 
90 
55 

82 

85 

12(1 

115 
116 

92 
126 

121 
169 

104 
105 

12U 
120 
124 
88 

126 

150 

1 79 

141 
112 

71 
118 

104 
162 

116 
115 

196 
109 
111 
67 

144 

150 

cT2 

100 
108 

; 

61 
92 

102 
96 

115 

82 

105 

11 1 
• > n / . 

51 
15 

18(68) 
99 

128 
111 

117 
100 

104 
108 

90(11) 
69 

12 
15 

-16 

126 

1 1 1 ( 7 1 ) 
f l O 

105(76) 
125 
127 
2 2 5(192) 

115 

1 55 

1 63 
1 HO 

124 

127 
1 18 

106 
122 
124 
205 

129 

1 29 

1 ">S 
1 f> ,K 

99 

101(19) 
91 

76(45) 
97 
99 

2 15(171) 

105 

105 

\ w, 
1 S'i 

11 
1 

-11 
6 
8 

101 

11 

15 

2 75 



N u m b e r s i n p a r e n t h e s e s a r e 
W a t e r s 

T a b l e 4 : GEOTHERMOMETER C ALCUL A I I ONS ( C ) ,* * 
CMip code r e f e r s t o B o u e n / P e t e r s o n / a n d R i c c i O / 1 9 7 6 ! 

c a l c u l a t e d f r o m s i l i c i c a c i d ( H 4 S i 0 4 ) c o n c e n t r a t i o n c a l c u l a t e d a t (>i« 
w i t h m a g n e s i u n - c o r r e c t i o n r a t i o s > SO a r e i n d i c a t e d tof t h e t r r « " c o l d ' 

»pr « n g 
J 

t e» i>« r at ' iJr e ; 

oo 
00 

Hap 
Code 

N a m e M e a s u r e d 

HARNiV COUNTY 
22 HICKEY SPRINGS 
22 HICKEY SPRINGS 
22 HICKEY SPRINGS 
21 ALVORO HOT SPR 
21 ALVORD HOT SPR 
21 ALVORD HOT SPR 
21 ALVORD HOT SPR 
24 HOT BORAX LAKE 
24 HOT BORAX LAKE 
24 HOT BORAX LAKE 
27 UNNAHED HOT SPI 

TROUT CREEK 
27 UNNAMED HOT SP 

TROUT CREEK 
39 GOODMAN SPRING 

(HOTCHKISS) 
41 UNNAHED HOT SP 

HOT BORAX LA 
1,1 UNNAHED HOT SP 

HOT BORAX LA 
41 UNNAMED HOT SP 

HOT BORAX LA 
41 UNNAMED HOT SP 

HOT BORAX LA 
41 UNNAHED HOT SP 

HOT BORAX LA 
41 UNNAMED HOT SP 

HOI BORAX LA 
41 UNNAMED HOT SP 

HOT BORAX LA 
41 UNNAMED HOT SP 

HOT BORAX LA 
41 UNNAMED HOT SP 

HOT BORAX LA 
41 UNNAMED HOT SP 

HOT BORAX LA 
44 HOTCHKISS WELL 
44 HOTCHKISS WELL 
45 HINES LUMBER C 
46 CITY OF HINES 

JACKSON COUNTY 
01 JACKSON HOT SPRING 

KLAHATH COUNTY 
ALFRED JACObSEN 
UILL HILL 
CLAUOE SHUCK 
CLYDE OEHILINGER 
FALCON HEIGHTS SCHOOL 

INGS 
INGS 
INGS 
INGS 

RING 

RING 

RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 
RING 
KE 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

NEAR 

0, UELL 
WELL 

86,0 

86,0 

82,2 
76,0 
78,5 
78,5 
29,4 
11,1 
16,0 

52,0 

22,0 

71,9 

79,4 

87.0 

96,0 

91,0 

97,0 

90,5 

86.0 

97,0 

84,0 

' 27,0 
27.0 
25,0 
17,0 

15,0 

10,0 
20,0 
24,0 
24,0 
17.0' 

Na-K 

118 
116 
118 
145 
151 
146 
144 
127 
111 
141 
181 

118 

169 

144 

147 

149 

144 

145 

116 

141 

119 

lie 

118 

160 
1 71 
190 
210 

64 

250 
28 4 
252 
21 1 
192 

Na-K-Ca 
1/1 

198 
196 
205 
191 
198 
194 
192 
161 
168 
176 
191 

141 

156 

175 

179 

181 

176 

176 

169 

172 

172 

171 

172 

146 
155 
167 
192 

95 

221 
217 
201 
18.9 
181 

Na-K-Ca Na-K-Ca Si02 S102 S'i02 5 i 0'2 Sulfate-
4/1 Mg-corrected conductive adiabatic chalcedony opal water 

112 
109 
149 
252 
254 
251 
252 
161 
174 
181 
152 

118 

69 

171 

182 

191 

178 

178 

172 

171 

174 

174 

177 

56 
64 
70 
81 

72 

1 51 
81 
84 
95 

104 

195 

182 
164 
160 
157 

167 

174 

141 

46 

42 

78 
cold 
46 
51' 
11 

185 . 
185 
180 
1 55 
148 
15? 
15f 
174 

176 
1 n 
124 

140 

98 

147 

1 73 

165 

165 

176 

169 

165 

164 

166 

167 

105 
98 

105 
1 11 

1 14 ("8 9)' 

1 14 

10» 
i2.rt' 
125 

172 
1/2 
16S 
147 
141 

'*> 
14 5 
164 
16'6 
165 
122 

il's 

99 

141 

160 

15 6 

155 

165 

159 

154 

155 

157 

157 

fO'j 

9<J 
1U6 
t io 

111 

111 
t.H 

1 18 

• ) 2 2 

164 
l'6'4 
159 
150 

m 
12?7 
126 
157 
156 
155 
96 

114 

6 8 

122 

1 48 

142 

142 

I 54 

1'4 6 

1 59 

141 

( i . 5 

11.1, 

Ti 
68 
77 
!S-1 

ib 'Ci l I 

8 6 
t-2 
19 
9 1 
I j - / 

61 .m 
1 6 
11 
26 
l(j 
10 
51 
54 
55 
6 

19 

•'17 

2 6 

47 

42 

42 

51 

46 

40 

41 

^ 4 

4*4 

tv 

211 

556 

255 

211 

.=•.9 

1 
6 

(» n 
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Table 4: GEOTHERMOMETER CALCULATIOMS(C) 
d a p code refers to Bowen/ Peterson/ and Riccio/ 1976.' 

Numbers in parentheses are calculated from silicic acid (H4Si04) concentration calculated at the 
Waters with magnesium-correction ratios > SO arc indicated by the term "cold' 

tpring tetoeralure; 

CO 

Map 
Code 

Name 

KLAHATH COUNTV 

GEORGE CARTER 
GEORGE STACY CO. 
JACK O'CONNER 
LEN OOBRY 
LESTER BROOKSHIRE 
HELVIN HCCOLLUH 
MONTE DEHILINGER 
O'CONNER LIVESTOCK CO. 
OREGON UATER CORP.(4) 
POPE'S HEAT C O. 
RAY BIXLER 
ROBERT LANGLEY 
TOWN or MERRILL 
U.S . AIR FORCE(I) 
U.S. AIR F0RCE(2) 
WEYERHAUSER WELL NO. 4 

ai EAGLE POINT SPRING 
02 J. E. FRIESEN 
02 LOIS HERRUYS 
02 HEDO-BELL DAIRY 
02 HEDO-BELL DAIRY 
02 MILLS SCHOOL 
02 MOYINA UATER CO, 
02 0,I.T. NO, 5 
02 O.I.T. NO. 6 
02 O.I.T. NO. 6 
02 OREGON UATER C0RP,(1) 
02 OREGON UATER CORP,(2) 
02 OREGON UATER C0RP,(1) 
01 HOWARD HOLLIDAY 
04 MA2AHA SCHOOL 
06 ABE BOEHM 
06 ABE BOEHM 
06 DAN O'CONNER 
06 JACK LISKEY 
06 JACK LISKE'Y 
06 JACK LISKEY 
06 0, H. OSBORN 
07 OLENE GAP HOT SPRINGS 
07 OLENE GAP HOT SPRINGS 
07 OLENE GAP HOT SPRINGS 
06 ROENICKE HOT SPRING 
16 MELVIN FEIGI 
22 RAY SMITH WELL 
2 i KLAHATH ICE CO. 
24 J, K, O'NEIL 
24 J, K. O'NEIL 

Measured 

22.0 
25.0 
18.0 
21.0 
25,0 
25.0 
26,0 
10.0 
26.0 
22.0 
22.0 
25,0 
21.0 
11 
10 
22 
55, 
71, 
71, 
81. 
81, 

89.0 
50,0 
89,0 
88,0 
79,0 
21,0 
21,0 
20,0 
25,0 
61.0 
25,0 
25,0 
24.0 
91,0 
22,0 
25,0 
90,0 
71,9 
74,0 
87,0 
65,0 
11,0 
25,0 
51,7 

25.0 

Na-K 

160 
211 
90 

201 
211 
251 
271 
108 

180 
214 
252 
165 
227 
220 
178 
169 
81 
80 
81 

47 

196 
57 
81 

181 
91 

114 

254 
81 
85 

87 
72 

115 

90 
71 

145 

249 

210 

N a - K - C a 
1/1 

156 
181 
116 
180 
171 
178 
207 
121 

161 
182 
200 
155 
209 
201 
159 
190 
109 
106 
109 

81 
177 
91 
108 

N a - K - C a 
4/3 

63 
61 
83 
88 
57 
50 
73 
72 

67 
55 
78 
71 ' 

129 
117 
6 5 

170 
75 
71 
7 5-

67 
8 6 
72 
71 

Na-K-Ca 
H g - c o r r e c t e d 

126 

95 

22 
102 

25 
41 
10b 
65 

64 

Si02 Si02 $i02 Si02 
conductive adiabatic chalcedony opal 

157 
129 
112 

207 
111 
121 

111 
101 
110 

112 

101 

141 

201 
194 

56 
126 
87 

91 
82 
115 

81 
72 
80 

72 
80 
68 

87 
88 

96 
57 

14 

18 

122 

85 

20 
cold 

9} 

85 
114 
114 
86 

104 
105 
125 
111 

7 2 ( 6 9 ) 
101 
102 

89 
105 
1 0 1 

55 
89 

1 1 0 ( 1 1 1 ) 
1 2 7 ( 1 1 5 ) 
1 2 5 ( 1 0 2 ) 

1 24 
1 14 
1 2 0 ( 104 ) 

81 
1 i } 

99 
70 
72 
75 

1 51 
137 

94 
1 I t ( 1 0 6 ) 
137 

1 31 ( 6 5 ) 
124 
1 15 

100 
1 4 3 ( 1 52) 
102 
1 1 8 ( 9 9 ) 

97 
102 

95 
68 

113 
1 1 1 
69 
104 
106 
122 
112 
77 

102 
103 
92 
105 
101 
62 
92 
126 
124 
121 

121 
111 
118 
84 
128 
99 
75 
77 
79 

129 
111 

96 
128 
131 

128 
122 
1 52 

101 
137 
101 
117 
99 

105 

62 
54 

£6 
86 
55 

74 
76 
97 
84 
40(18) 
71 
72 
59 
75 
71 
21 
59 

102(82) 
99(86) 
98(72) 

96 
85 
92(74) 
49 

104 
68 
19 
40 
44 

105 
110 

51 
104(76) 
1 10 

104(15) 

94 
109 

70 
115(105) 
72 

90(59) 

67 

72 

•22 
•29 

-1 
-1 
•28 
•12 
•11 

6 
-4 
•19 
•15 
• 14 
•25 
•12 
•11 
•51 
•25 
10 
8 
7 

5 

-4 
2 

•32 
12 

-17 
-40 
-19 
-16 
15 
17 

•21 
12 
17 

12 
6 
16 

•16 
22 

-14 

-18 
-14 

Sulfate-
wa t er 

185 

185 

58 

158 

f i 
115 

196 
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M a p 
C o d e 

T a b l e 4 : G E O T H E R M O M E T E R C AL CUL AT 1 O N S ( C) . ; -^ i ^ - fj a. -^^t- ,.̂  
i M a p c o d e r e f e r s to B o w e n / P e t e r s o n / a n d R i c c i o / 1 9 7 8 > " •' ''/ C f f'"**"* 

N u m o e r s in p a r e n t h e s e s a r e c a l c u l a t e d f r o m s i l i c i c a c i d ( H 4 S i 0 4 ) c o n c e n t r a t i o n c a H c u f a t e d ' at t i<|c ip'ring t e J o e r a t u r e ; 
w a t e r s w i t h m a g n e s i u m - c o r r e c t i o n r a t i o s > S 3 a r e i n d i c a t e d by t h'e\ t ê r*!! " c o l T j " ) • 

N a m e 

L A K E C O U N T Y 
0 5 A N A R I V E R S P R I N G 
14 S U H H E R L A K E H O T S P R I N G 

( U O O D W A R D ) 
14 S U H H E R L A K E H O T S P R I N G 

( W O O D W A R D ) 
2 1 H U N T E R S H O T S P R I N G S 

( L A K E V I E W ) 
2 1 H U N T E R S H O T S P R I N G S 

( L A K E V I E U ) 
2 1 H U N T E R S H O T S P R I N G S 

( L A K E V I E W ) 
24 LEITHEAD HOT SPRINGS 

(JOYLAND PLUNGE/ LEO 
25 BARRY RANCH HOT SPRINGS 

(GUS ALLEN) 
25 BARRY RANCH HOT SPRINGS 

(GUS ALLEN) 
28 ANTELOPE HOT SPRINGS 
12 FISHER HOT SPRINGS 
11 CRUHP SPRING 
11 CRUMP SPRING 
11 CRUMP WELL (1 > 
11 CRUMP WELL (2) 

LANE COUNTY 
01 BELKNAP HOT SPRINGS 
01 B E L K N A P H O T S P R I N G S 
02 FOLEY SPRINGS 
01 COUGAR RESERVOIR HOT 

SPRINGS (RIDER) 
01 COUGAR RESERVOIR HOT 

SPRINGS (RIDER) 
04 WALL CREEK WARM SPRINGS 
05 MCCREDIE SPRINGS 
05 MCCREDIE SPRINGS 
06 KITSON SPRINGS 
06 KITSON SPRINGS 
08 bIGELOU HOT SPRINGS 

MALHEUR COUNTYi 
01 NEAL HOI SPRINGS 
04 bEULAH HOT SPRINGS 
05 VALE HOT SPRINGS 
05 VALE HOT SPRINGS 
06 UNNAMED HOT SPRINGS 

NEAR LITTLE VALLEY 
OB MITCHELL BUTTE HOI 

SPRINGS 
18 UNNAMED HOT'SPRING AT 

THREE FORKS 

asured 

18,9 
46,7 

41,0 

98,0 

86,0 

96,0 

69,4 

85,0 

86,0 

40,0 

68,0 
40,0 
78.0 
99.0 

88.0 

86.7 

71.0 
80.6 
44.0 

N a - K 

162 
76 

61 

125 

128 

119 

69 

107 

106 

149 
165 
110 
11 7 

118 
112 

226 
87 
91 
74 

N a - K - C a 

1/1 

157 
110 

112 

148 

154 

141 

96 

140 

119 

168 
169 
147 
144 
150 

202 
111 
106 
95 

N a - K - C a 
4/1 

80 
182 

149 

120 

. 1 1 4 

114 

61 

110 

111 

118 
112 
104 
122 
141 

110 
82 
52 
48 

N a - K - C a 
M g - c o r r e c t e d 

27 
111 

74 

102 

87 
121 
112 

144 

181 
14 

S 1,62 
c 0 n d'ij c t 

8J 

i we 4 

1 1 5 ( 1 2 3 ) 

1 1 4 ( 1 2 7 ) 

If? 

157 

15? 

1 15 

157 

152 

168 
12.5 

150 
175 
159 

126 
i 15 
1 1 1 
102 

si:b2 % 
1 d f'a b a t i ̂  

91 
111 

lib 

i U 

149 

14'9 

11 4 

149 

1 4 5 

159 
1^1 
145 
162 
159 

125 
' 5 ' . 
1 rd 
10 5 

- V i ° r - • V A 
C h s X H e d 0 n y" 

7K-.-., 
t o i l V 5 )--• 

107(99) 

115 

\ i i 

M J 

'8 6 

15 3 

12 7 

146 
95 

12 5 
151 
146 

98 
10'8 
8 2 
?2 

S 102 
o p a l 

-26 
15 

1'4 

17 

Vs 
35 

-2 

55 

31 

45 
.''4-

2'9 
50 
45 

7 
15 
-6 

-14 

Su,l fate 
w a t e r 

189 

"l5B' 

202 

148 

42.0 86 103 51 99 100 

41,0 
73,0 
71,0 
44,4 
43.0 
61.0 

87.0 

60.0 
73.0 
90.0 
70.0 

62.0 

1 10 

88 
104 
82 
77 

104 

163 
103 
132 

83 

70 

125 
1 14 
125 
110 
107 
125 

181 
124 
157 

118 

99 

73 
81 
B'6 
63 
81 
85 

151 
85 

135 

^0*) 

72 

74 
84 

71 
120 

150 

59 1-5 

35.0 

1 15 
1 24 
1 15 
99 
9/ 

1 V7 

17-5 

',6 9 

Ift 

14 5 ( 1 2 6 ) 

1 1 4 ( 1 1 8 ) 

* 9 6 

1 12 

122 
114 
100 
98 

t 16 

t'6? 
fi.V 
r4 5 

139 

Tin . 

97 

84 
95 
86 
69 
6> 
/19 

15*1 
14-6 
1 2 - ; 

1 1 9 ( 9 8 ) 

I'O; ( 9 0 ) 

66 

-5 
6 

-•5 

-1,6 
-1,8 

-i 

50 
4:6 
11 

24 

14 

- 19 

210 

2 0l" 

1*1 
215 

# o (̂  © • 



Map 
Code 

HALHEUR ecu 
18 

19 

19 

21 
24 
25 
26 
27 
28 

29 
50 

UNNAHE 

THRE 
UNNAHE 

HCDE 
UNNAHE 

HCDE 
LUCE H 
JONESB 
JUNTUR 
JUNTUR 
ARTESI 
ALKALI 

WELL 
NORTH 

UNNAHE 
NEAR 

Table /.: GEOTHERMOMETER C ALCUL A T I ONS < C ) 
[Nap code refers to Bowen/ Peterson/ and RiccIo/ 1978; 

lumbers in parentheses are calculated from silicic acid (H4Si04) concentration calculated al (he spring tdoerature.' 
Waters with magnesium-correction ratios > SO are indicated by the term "cold"! 

Name Measured Na-K Na-K-Ca Na-K-Ca Na-K-Ca S102 Si02 Si02 St02 Sutfate-
1/1 4/1 Mg-corrccted conductive adiabatic chalcedony opal water 

NTY 
D HOT SPRING AT 14,0 61 
E FORKS 
D HOT SPRING NEAR 51,5 66 
RHITT 
0 HOT SPRING NEAR 52.0 45 
RHITT 
OT SPRINGS 61,0 119 
ORO UARH SPRING 44.5 SI 
A UARH SPRING «1 25,0 285 
A WARH SPRING «2 IS.O 56 
AN UELL 46.0 19 
FLAT GRADIENT 24.0 68 

HARPER BLH WELL 16,0 75 
D WARH SPRING 37,0 266 
BULLY CREEK 

Na-K-Ca 
1/1 

98 

107 

90 

117 
89 

205 
92 
78 

108 

109 
148 

Na -K-Ca 
4/1 

42 

109 

104 

96 
71 
59 
78 
71 

109 

94 -

-24 

Na-K-Ca 
Hg-corrected 

95 

92 

111(101) 

120(106) 

141 
1U(70> 
1()6(64) 
124(76) 
96(57) 
B2 

91 
117 

94 

128 

118 

117 
117 
106 
122 
9 7 
85 

95 
132 

61 

104(71) 

91(76) 

1 15 
90(39) 
77(53) 
95(44) 
55(24) 
51 

61 
110 

•23 

12 

1 

22 

•10 

6 
•19 
•31 

-23 
15 

HARION COUNTY 
01 BREITENBUSH HOT SPRINGS 92,0 122 
01 BREITENBUSH HOT SPRINGS 110,0 130 

-WELL 

149 
155 

128 
134 

127 
174(157) 

124 
165 

99 
152(133) 

8 
50 

1 79 
1 76 

HULTNONAH COUNTY 
01 CORBETT UARH SPRING 
02 YMCA CAMP COLLINS 

UMATILLA COUNTY 
01 BINGHAM SPRINGS 
03 LEHMAN SPRINGS 

UNION COUNTY 
01 COVE WARM SPRING 
01 WELL 
01 WELL 
01 WELL 
02 HOT LAKE I 
OS UAGNER UELL 
07 MEDICAL HOT SPRINGS 
07 MEDICAL HOT SPRINGS 

18,0 
23,3 

34,4 
61,0 

29,4 
27,0 
25,0 
27,0 
60.0 
29.0 
60.0 
60,0 

178 
430 

138 
66 

7 5 
224 
215 
258 
85 

203 
78 

114 

170 
283 

151 
97 

95 
194 
190 
200 
114 
183 
97 

125 

92 
103 

102 
72 

46 
92 
94 
73 
89 
93 
48 
66 

158 
250 

70 

168 
81 

195 

94 

95 
1 I I(104) 

117(1 10) 
96 

78(40) 
128 
123 
1 19 
100(62) 

1 15 
125 

98 
110 

115 
97 

82 
125 
118 
117 
101 

111 
122 

56 
81(75) 

88(81) 
65 

4 7(7) 
100 
91 
90 
70(10) 

109 
9? 

-19 
-7 

-1 
-19 

-14 
8 
1 
1 

-16 

15 
6 

61 

UALLOUA COUNTY 
01 COOK CREEK UARM SPRING 36,0 119 118 40 99 ?9 4S •17 

WASCO COUNTY 
01 KAHNEETAH HOT SPRINGS 
02 HILTON MARTIN UELL 
01 J, SAMD02 WELL 

52,0 
22,2 
27,8 

56 
220 
221 

102 
188 
196 

120 
84 

101 
89 
69 

159 
126(124) 
114 

155 
125 
130 

I 13 
100(96) 
137 

19 

14 



e i 

:̂ tOi.caTc1iU|n Tat l^s ihave' l^na been^.cons,\dered^^qual^_^at%3 jndiGa^tor 
of ')6w'''feserv¥'i,r •temperi''fn^'^;('tl-l''i?Ss:, "f97-0.-, -lfh"iite, 4'9:70) .• The r'ecentiv 
•deveitjjj'ed if^a-'K^a-ilg ,g|o|therri©meter (Founnier^ndlPotter,, ' 19]l9) 
.quantif^ies th is obseryatj.p.n^ft^.^resujts in genera^ljy,better agreement 
between 'k,h& s i l i ca end-ca'tion .gebthermbmeters,*par?t'ic-ularly -i-n .the ' 

:,lower f<150''C) tempera ture, r^ange. -Tshe magnesium-cornected-Na-K-^Cs 
geothermoTOieter 'was not calculated for samples with" Na-K-Ca tenspera-
:tures of less than 70°.C. 

To apply :,tJse magnesi|.um correct ion, the ra t io (R), define'dibj 
Fournier' and Potter (1978) to be: 

n ^ __^ mi llequivaTents Mg x 100 (4) 
mi 11 equivalents Mg + mi l l iequivalents Ca + mi l l iequivalents K 

was determined for a l l samples with magnesium, calcium, and potassium 
concentrations larger than the detection l i m i t s . I f R was greater 
than 50, the sample was designated "co ld" and no quant i tat ive temper
ature was calculated, A magnesium-corrected temperature was calculated 
for a l l remaining samples, but was printed only i f the corrected 
temperature was less than the uncorrected Na-K-l/3Ca temperature. 
The 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 f ract ionat ion of the 
isotopes of oxygen (O^^/O^^) between water and dissolved su l fa te . 
McKenzie and Truesdell (1977) describe three end-member models for 
calculat ing 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 to ta l - f low samples from 
we l l s , 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 col lected. 
Continuous steam loss may occur in springs issuing in areas having 
fumaroles and steaming ground. I f d i l u t i on occurs but is not detected, 
tanperatures less than the actual reservoir temperature w i l l be e s t i 
mated. Generally, the continuous-steam-loss model is best for bo i l ing 
springs and the conductive-heat-loss model for a l l other samples. 
Erroneous temperature estimates w i l l be produced i f nonthermal equi
l i b ra ted sul fate Is added by processes such as solut ion of gypsum, 
oxidat ion of su l f ide to su l fa te , or mixing with sul fate bearing brines. 

{ ' • 
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Besides these quantitative indicators of subsurface toisperaturs, 
the presence cf 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 Malheur County, have 
large sinter (deposits. 

The following procedure is recommended to determine which 
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 lOCC, then 
select the Na-K-l/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 depen(is 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 limit silica concentrations 
at temperatures as low as 75''C. In waters of neutral 
pH, quartz solubility limits silica concentrations at 
temperatures of more than ISO'C in basalts, and 90°C 
in granite, 

3. Consider the temperatures estimated from the sulfate-
water geothermometer to be speculative. 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 lapilli 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 jphenf^cal ;C;Pmpositi'Qn .of the therma-lcwavtirs i-s>su1'ngs'aiohg; the 
-shb-rres oC'-East Lake andiPauvl.vna -Lake-are .a'Tso di , f l icuTt^to a^Jtierpret. 
Thfi'ŝ e spy'iihgs have negl ig ib le flow naltes, fhigh' s;iT'1c:a G(>'incentra;ttoris 
(•up?|;o ZOO mg/L)^, and issue :.from l a p i l l i t u f f s . SoIsution of glass 
from ithe Tiap-jl i l i ' tuffs could-account for the large si l i 'oa ani re la -
•fti:Vei!.y lan;getmâ g'nesî .um fconc'ehtra'tipns. .Since the temperj.a.tu'res of'Tne 
springs 'TJincreases as gas-discharge increases, the "springs", are 
probably drowned gas-ven'ts. The .concentrations of siTic'a,^'sodium, 
po.tassiusn';,,and (:alciium in thes^e thermal waters may be fun<|ti;Ons of 
the lengtitii 'of .time .that the heated lake water has been f f t l&ntac' t 
.with the-.tuff and^ay have no relat ionship to the temperature at 
depth, Ihe re la t i ve ly large magnesium soncentration also'-'favors a 
slow-tempera ture isystem. 

The sulfate-vyater isotope geothermometer produces considerably ' 
higher estimated temperatures of water-rock equi l ibr ium than .the 
chemical geothermometers in most systemsL The high temperatures 
estimated from the sulfate-water isotope geothermometer may indicate 
that the systems have a deep reservoir in which isotopic equil ibrium 
is being establ ished, and a shallower, cooler reservoir in which 
chemical equi l ibr ium is being established. This 1s possible because 
the rate of sulfate-water isotopic equi l ibr ium is re la t i ve l y slow. 
Times to achieve equil ibrium depend on both temperature and pH 
(Lloyd, 1968). To achieve 99-percent equi l ib ra t ion at neutral pH's, 
330 years would be required at lOCC, 52 years at 150°C, and 12 years 
at 200''C. However, i t is possible that the sul fate is added to the 
system slowly as the f lu ids c i r cu la te , thus requir ing longer times 
to achieve 99-percent equ i l i b ra t ion . An alternate explanation for 
the high temperatures estimated in the Cascades is that the sul fate 
represents foss i l sul fate associated with the mineral izat ion which ,, 
is conmion in the Western Cascades. However, un t i l addit ional data 
are avai lable, i t w i l l not be possible to determine i f the high 
apparent temperatures of sulfate-water i.sotopic equi l ibr ium are 
real or the resul t of solut ion of " f o s s i l " su l fa te , mixing of 
thermal and nonthermal waters, reduction of su l fa te , membrane 
f i l t r a t i o n , d i f fe ren t rates of Isotopic exchange between su l fa te , 
water, and rock, or other nonthermal e f fec ts . 

Cj 
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SUMt^ARY 

Most (Df_t^gthgrmal springs in the central and northern parts 
of the frg'':rag!iffi'̂  i n flrpgnn r-nntain_a4>fit;a£3Afaj:£~~connate marine water 
similar to a s M connate marine waters discharged from mineral 
springs and deep well's in the Willamette Valley and the Coast Range. 
Thermal sprwigs in the southern part of the Cascades discharge 
similar 'waters 'to which a/significant amount of CQ-> has been .aMad. 
Numerous ctsM COa-charged springs also issue in this area. Dilute, 
alkaline Idnerwal waters issue from springs associated with granitic 
rocks, priisciipally in northeastern Oregon. These waters are 
sufficiently alkaline to require that the silica geothermometer be 
corrected for tSie dissociation of silicic acid. Near-surface water-
rock reactiems lave rendered the chemical composition of thermal 
ŷ atgr at Newfegrry Caldera useless for geothermal calculations. 
Based on the 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 Klamath Falls 
and part of the Cascades. 
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determ'jiiî g chemical properties of geothermal*water: 'U.S. 
'Geol'ogioal Survey Water-Resources Investigations 22-74, 11 p. 

Robinson, •S. H., 1972, Availability and guality of ground water in the 
Ashland Qsiadrangle, Jackson County, Oregon: U.S. Geological 
Survey M^rologic Investigations Atlas HA-421. 

Sammel, E. A-, 1976, Hydrologic reconnaissance of the geothermal area 
near IKlasaath Falls, Oregon, with a section on preliminary in
terpretation of geophysical data by D. L. Peterson: U.S. 
Geological Survey Water-Resources Investigation Open-File Report 
75-127. 129 p. 

Scott, R. C., and Baker, F. B., 1962, Data on uranium and radium in 
the ground water of the United States, 1954 to, 1957: U.S. 
Geological Survey Professional Paper 426, 115 p. 

Teshin, V. N., Swanson, J. R., and Orris, G. J., 1979, GEOTHERM -
Geothermal resources file, TJT̂  Expanding the Geothermal Frontier, 
Transaction of the Geothermal Resources Council Annual Meeting, 
24-27 September 1979, Reno, Nevada, v. 3, p. 721-724. 

Thayer, T. P., and Wagner, N. S., 1969, Geology of the Blue Mountain 
Region, jn^Mineral and Water Resources of Oregon: Washington, 
U.S. Government Printing Office, p. 68-74. 

Trauger, F. D., 1950, Factual ground-water data in Lake County, Oregon: -.̂, 
Portland, Oregon, U.S. Geological Survey Open-File Report, 287 p. ^ 

Wagner, N. S., 1959, Natural sources of carbon dioxide in Oregon: The 
Ore Bin, V. 21, no. 11, p. 103-113. 

Walker, G. W., 1969, Geology of the High Lava Plains Province, in 
Mineral and Water Resources of Oregon: Washington, U.S. Govern
ment Printing Office, p. 77-79. 

Walker, G. W., and Peterson, N. V., 1969, Geology of the Basin and 
Range Province, JH Mineral and Water Resources of Oregon: 
Washington, U.S. Government Printing Office, P. 83-88. 

Waring, G. A., 1965, Thermal springs of the United States and other 
countries of the world—a summary: U.S. Geological Survey 
Professional Paper 492, 833 p. 

' t 

49 



White, D.-E.,4960, Summary of chemical characteri-stics of tscraerwaters 
of-;/deep-,©rigin, .in Synop4is.;^of Geolog-ic/-Resu,Tts: U.S.vGeo'JoGi'cal 

. Survley Prof ess iona l'*P at),4r "4b'0-A, p. -,B452--B"454. 

White, D. £..,1970, Geochemistry applied to the discovery, evaluatiomi., 
and exploitation a'f geothermal energy resources, iri_ United .*<a:t1ons 
symposium-on'^development and utilization of geothermal .resources, 
Pisa, 1970, V. 1, pt. 2, Geothermics, Special Issue 2, p. :5;B-SC. 

# 

50 





-s - ' \ 

\ . 

\ \ 

i } i t I ' - ^ t , , t |n . 

'. ' . . , , / ' ^ y * 
r ^ ' - t , ' i ^ j ^ " a 

d X 
> 

,' I 

\ 
t 

1 

1 

« 

I 

I 

> 

1 I T l , 

< 
I 

' J 

I 

I i 

• I 1 

t ^ ' s • ' - 1 . J ' 

• 

I 
I 

i 

I 

I 

T, t .,' i. l i t , 

I 

I 

I 

J 

[AAJ,W>M - \ t l , / ' ; i ' ^ t - - ' 1 - J 



L ^ i ^̂ 7!̂  

o 

\ •.-, ( 

Jw-^.,^ ,— 



•ff!^ltir;!?.jK5;eftvV?'53; 

\...ii 

n i I •• 

1. ' M U 

^ \ r J * »- > c .! 

' U i 
' 1 

J 1 1 ' 

' t 
' i l ' ' V̂ 

3H^f^ 
IV 

I I 

. V 

• I t . . 
; . : ! 

\ " . 

} ! ' 

ll r ^ 



1 (-

?,-••?: 

L.1 

f 

1 ^ 

t r -
I t 

r » 

I k' l ( > r i"! ' . ' ' 
•=; ' I' i < " u ^ r y^ ' ^ ' " f . . , 1 1 

• i * i f i -

.1 ^ 

, V 

.» ! 
I' 1 
!l I 

I I 

U l 
\ 

u 

: I 
>f[f:( 

Si 

r " ,• ' (* ' \ >i: ""^. .p . ' 
•I / 

1 n i 
< i , 

] - t - r I 
« ( 1 ' r > • I 

t ^ rv * ^ 

' i > 

t 

; 7 . f I \ K } : i ., A^ r , j ^ j L . i ' . n 

,,1 "'• f-^^'C. 14 i l l c.. t S .;,u.' ^ ' 

^ ' i 

I-I. 

t ' 

• I 1 

I 

I . 

! 1 ;L'. 



- I 

l i / I 

,i< 

4 

1 

i 

> .11. , s * U J I . . . j ^ * I j ' i , 

/ ., I I / » i i ^"V^"! ' I,,''K."- I. *' ' 
y •' ' / f I ^^ 1 1 , 7 M o / 1 

1 ' - . < r Ul " f . 1 \ H l i ' w "^ •» ' 

' . > 1 ^ 1 J 

s 

1 i . > 

i t 

« I- ' .. "' ' - •• • f A " 
* < » / J t , 1 . , . » 1.1 

X ' J - v l ' , " - " i f f ^ , ' ,», 
• A, J. J } _ 1. ' » « J 

' I . i . iM< '-.^n<^ C. )^ \ i'l ^ ft , >^ 
I > > ' 

i . 1 I I * . J l " ' ' < _ J « •" J ^ r M i »;1 

y .S •>< f j T r e t , ' J ^ ( I n , J, V 1 

V 0-r- C J 
Ji '7 

<' -f^f.- C ^ A / " J ' ' 
i rp i 

•c 

';; 

^r , ) -̂  r 1 t ( 

I 

,/ 
1 

! 
» *, 

F -V 1 1 

T J » 

\ V-t ^ . 

* - •> \ , 

t J 

« I f - »>l 

I O.'' U } f 

I I 

^ I 
f 
V 
1 

' A^ -̂̂  w J Til'. y ^ U ^ .xji 
- ' 1 " ' J t * ' } -^ r l . > 1 *• -.71''^ 

J ! 

. t . 
14 • _ 

I I 

, i ^S \7 
i t I 

1 i 
'* J . -, M ' ^ r M a , 1 ..•' 

V^v- " ! > • > . , i ' I i . *•! t\ 

5-̂  , '' ' 7x11 C , < ^ ) i i \ ^ \ 

i i ' ^̂  

1 
- J J - ' 
• S ' h , 'VJ 

I I 
I -1 t 



' ^ w ^ ^ ^ ^ W ^ w : ..-̂ .•i-.-. 

I 

I 
i f 

1 f 

1 • 1 

I 

I t 

r i t 1 
I 1 

< 

i ; 

I • * . I 

i ' . . i . : i ' -

i: 

S ). 

t I. / v.t 

y 1 

1 

1 • f 1 i 

1 
1 

' u 
" - > .' ' ' . 

'̂  t ' , • 

I 

I 
I 

! 
! 

I 

n ' < 5 

-< t 

,' 1-



J 

I I 

1 
1 I,- I » . , , ^ - J U ^ ^ ' ' / ^ 

, 1 1 
I I 

I 
( 

• , -̂  I 

l i 

i . ^ If 
• ( 

' r l . * ' 

I 'A 4 •«. , 

I 
i . ' % 

> ' c ) 

I t. 

rrn 

' ^ 1 » - fy l l "> 

"*' '^ " " I t , 

' I i / i 1 1 ) ^> 

J V f j 

i : Jf) „ 

K ... / 

'f - f 
I t 

via " u -. J ' * 

l i 

I \ 

' k , " - . - l •» 1 

i :r_-> .t-^"•^^^ 

i » 1-

Tf 

• t . , . [ . 
1, :> 

• I " 

' I > i* C'/ 1 ! ' ' 4 

K " » V • 

' ^ ' } ' S J J L S . >J I ( *l < ^ l ^ 

-* ' ! 

I I 

• 1 

^ 

• ' I i i ^ ' V -* r v 

- r ^ } ' | ' » X ' v ' ' - . i I'll' - ^ i 

I 1 ^ 
I < . 

, « ' XL 'A I U t I 0 
I »" . * J i l l 

' ' j f j ' U V-iV r/ ' i l la '^i . U l ' / ' J f ' ' f i '*-•" 

1 "' » 

1 . . . 

. Si.- i i . -'.r.^i^^.liy 



UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

Mineral resource potential map 

of the Three Sisters Wilderness, 

Deschutes, Lane, and Linn Counties, Oregon 

By 

Norman S. MacLeodl, Edward M. TayIor2, David R. Sher rod l , 

George W. Walkerl , J . Douglas Causey3, and Spencee L. W i l l e t t ^ 

Open-File Report 83-659 

U.S. Geological Survey 

2 Oregon S ta te Univers i ty and U.S. Geological Survey 

3 
U.S. Bureau of Mines 

1983 



STUDIES RELATED TO WILDERNESS 

Under the provisions of the Wilderness Act (Public Law 88-577, 

September 3, 1964) and related 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 "wilderness," 

"wild," or "canoe" when the act was passed were incorporated into the 

National Wilderness Preservation System, and some of them are presently 

being studied. The act provided that areas 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 

t o the President and the Congress. 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, 1979. 

SUMMARY STATEMENT 

The Three Sisters Wilderness contains pumice deposits and may have 

geothermal resources; it has no known metallic-mineral or hydrocarbon 

deposits. Investigations 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 is 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 geothennal 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 Willamette and Deschutes National Forests. 

Established as a primitive area of 196,708 acres in 1937, it was 

classified as wilderness in 1957 and included 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 Sisters Wilderness. The only previous detailed studies of the 

mineral resources dealt solely with the pumice deposits at the Hermana 

Group claims (fig. 2) and are described in U.S. Forest Service internal 

reports by Suchy (1963) and Ball (1972) and contracted reports by 

Richards (1972), Stoeser and Swanson (1972), Grant (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 



c o n d u c t e d g e o p h y s i c a l s u r v e y s i n 1980 and 1981 . There a r e no p r i o r 

d e t a i l e d g e o l o g i c maps of t h e e n t i r e w i l d e r n e s s , a l t h o u g h a l l of i t h a s 

been s t u d i e d i n r e c o n n a i s s a n c e and some of i t i n d e t a i l . P r i o r s t u d i e s 

of t h e w i l d e r n e s s and a d j a c e n t a r e a s i n c l u d e : Wi l l i ams ( 1 9 4 4 , 1 9 5 7 ) ; Peck 

and o t h e r s ( 1 9 6 4 ) ; T a y l o r ( 1 9 6 5 , 1967 , 1968, 1978 , 1 9 8 1 ) ; An t tonen 

( 1 9 7 2 ) ; P e t e r s o n and o t h e r s ( 1 9 7 6 ) ; Brown and o t h e r s ( 1 9 8 0 ) ; and F l a h e r t y 

( 1 9 8 1 ) . G r a v i t y and a e r o m a g n e t i c maps by P i t t s and Couch (1978) and 

Couch and o t h e r s (1978) i n c l u d e t h e w i l d e r n e s s a r e a . 

LOCATION AND GEOGRAPHY 

The Three S i s t e r s W i l d e r n e s s i s t h e s o u t h e r n m o s t of t h r e e n e a r l y 

c o n t i g u o u s w i l d e r n e s s a r e a s t h a t occupy most of a 6 5 - m i l e - l o n g 

n o r t h - s o u t h s t r e t c h of t h e High Cascade p h y s i o g r a p h i c p r o v i n c e i n c e n t r a l 

Oregon ( f i g . 1 ) . A na r row c o r r i d o r o c c u p i e d by Oregon S t a t e Highway 242 

s e p a r a t e s t he Three S i s t e r s W i l d e r n e s s from t h e Mount Washington 

W i l d e r n e s s ; t he Mount J e f f e r s o n W i l d e r n e s s i s o n l y a s h o r t d i s t a n c e 

f a r t h e r n o r t h . 

The Th ree S i s t e r s W i l d e r n e s s i s a p p r o x i m a t e l y 45 mi e a s t of Eugene 

and 30 mi w e s t of Bend, Oregon ( f i g . 1 ) . Access from Eugene i s by Oregon 

S t a t e Highway, 126 and F o r e s t S e r v i c e r o a d s b r a n c h i n g from i t ; a c c e s s from 

Bend i s by U.S . 20 and Oregon S t a t e Highways A6, 126, and 242 and by 

F o r e s t S e r v i c e r o a d s b r a n c h i n g from t h e s e h i g h w a y s . A 5 0 - m i l e - l o n g 

segment of t h e P a c i f i c C r e s t N a t i o n a l S cen i c T r a i l e x t e n d s n o r t h - s o u t h 

th rough t h e w i l d e r n e s s . 

The w i l d e r n e s s i s m o s t l y i n t h e High Cascade p h y s i o g r a p h i c p r o v i n c e 

of t h e Cascade Range ( f i g . 2 ) . T h i s s e c t i o n of t h e High Cascades 



c o n s i s t s o f a v o l c a n i c h i g h l a n d t h a t s l o p e s g e n t l y e a s t and w e s t from t h e 

Cascade c r e s t , t y p i c a l l y a t an e l e v a t i o n of a b o u t 6 ,000 f t ; t h e w e s t e r n 

s l o p e s a r e d i s s e c t e d by deep c a n y o n s . The Three S i s t e r s (Sou th S i s t e r , 

1 0 , 3 5 8 f t ; Middle S i s t e r , 1 0 , 0 4 7 f t ; Nor th S i s t e r , 10 ,085 f t ) and Broken 

Top ( 9 , 1 7 5 f t ) a r e four l a r g e c o n t i g u o u s s t r a t o v o l c a n o e s on t h i s 

h i g h l a n d . No o t h e r p a r t of t h e High Cascades c o n t a i n s such a c l u s t e r of 

s t r a t o v o l c a n o e s , and t h e r a n g e i s e s p e c i a l l y wide i n t h i s a r e a . The 

w e s t e r n p a r t of t h e w i l d e r n e s s (F rench P e t e A d d i t i o n ) i s i n t h e Wes te rn 

Cascade p h y s i o g r a p h i c p r o v i n c e and i s a mounta inous t e r r a i n c u t by deep 

c a n y o n s . T o t a l r e l i e f i n t h e w i l d e r n e s s i s a b o u t 8 ,300 f t . 

H igher a r e a s of t h e w i l d e r n e s s a round t h e fou r s t r a t o v o l c a n o e s a r e 

above t i m b e r l i n e , b u t t h e w e s t e r n a r e a s a r e b r u s h y and t h i c k l y f o r e s t e d , 

and t h e r e m a i n d e r i s m o s t l y open f o r e s t . Numerous l a k e s o c c u r i n t h e 

w i l d e r n e s s , e s p e c i a l l y i n t h e s o u t h e r n h a l f . 

GEOLOGY 

The Three S i s t e r s W i l d e r n e s s i s u n d e r l a i n e n t i r e l y by v o l c a n i c r o c k s 

o f l a t e Cenozo ic a g e and s e d i m e n t s d e r i v e d from them ( T a y l o r and o t h e r s , 

1 9 8 3 ) . G e n t l y d i p p i n g flows and p y r o c l a s t i c r o c k s t h a t c rop o u t i n t h e 

w e s t e r n p a r t of t h e w i l d e r n e s s in t h e Western Cascade p r o v i n c e a r e t he 

o l d e s t r o c k s . They have y i e l d e d K/Ar a g e s m o s t l y be tween 10 and 16 m.y . 

( F l a h e r t y , 1981 ; P r i e s t and Vog t , 1982, Appendix A; R. A. Duncan, 1982, 

w r i t t e n c o m m u n i c a t i o n ) ; a few a g e s as young a s 8 m .y . a r e p r o b a b l y a 

consequence of rock a l t e r a t i o n . They a r e o v e r l a i n by a d i s c o n t i n u o u s 

s equence of e p i c l a s t i c s e d i m e n t s capped by f l a t - l y i n g b a s a l t and a n d e s i t e 



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). 

The High Cascade part of the Three Sisters Wilderness is 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 dissect the western side of the High 

Cascades (fig. 2). K/Ar ages of these flows range widely. Most of them 

are probably 1 to 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 determined 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 m.y. are 

the dominant rock type in the wilderness. Basaltic andesite (53 to 58 

percent SiO^) is generally more abundant than basalt (less than 53 

percent SiO^) except in the lower parts of the pile. The flows are 

glaciated and commonly covered by a discontinuous veneer of glacial 

outwash and till. Vents, including cinder cones, small to large 

stratovolcanoes, and lava shields are abundant, especially near the axis 

of the range. The vents are variably glaciated. Some retain 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 area surrounding Broken Top (fig. 2). They 

consist of andesite, dacite, and rhyodacite flows, domes, and pyroclastic 

rocks. 

North Sister, Middle Sister, South Sister, and Broken Top 

stratovolcanoes are formed of interlayered thin flows and pyroclastic 

deposits and of dikes and plugs. They formed 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 Holocene. 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 south 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 pyroclastic rocks occur around the 

southern and eastern sides 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 mile northeast. A belt of 

rhyodacite flows, domes, and 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 between these 

air-fall deposits have yielded ^^C 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 erupted 

during Che Holocene and may have no future activity. South Sister has 

been active during 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 rocks of the French Pete Addition are 

locally faulted, but the displacement is not large. A large 

north-south-trending 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 inactive 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 other 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 vents in 



I, 

the High Cascades and is interpreted to result from vulcanic 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 base- or 

precious-metal claims 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, is in a poorly exposed shear zone and 

contains trace gold and 0.4 oz silver/ton. The claim 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 analyses are listed in Table 1; sample locations are 

unevenly distributed because of the paucity of streams in some areas. 

At each location two samples of fine sediment were collected, one of bulk 

sediment, the other a 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 concentrated by settling in bromoform (specific 

gravity, 2.8) and separated into magnetic and non-magnetic fractions. 



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 

the wilderness show concentrations of metallic elements similar to those 

commonly found in volcanic rocks. No anomalous concentrations of any. 

elements were found. Gold was observed in trace amounts in 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 is 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 rained, but has 

been studied in detail. The deposit contains 900,000 tons of commercial 

grade pumice, 50 percent of which is estimated to be recoverable 

(Richards, 1972; Grant, 1976). Pumice samples totaling 0.75 tons from 

the Hermana Group claims were examined during patent investigation. The 

pumice would be used primarily for decorative stone. 

Magill (1976) recommended that mining be done a t 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 Company's Muno 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 u n t i l a f t e r the deposi t at Mono Cra ters i s exhaus ted . The 

s a l e of 12,000 tons of pumice would be worth $1,155,960 at 1981 p r i c e s ; 

o p e r a t i n g c o s t s would be $823,962 per year according to Magill (1976) . 

Other pumice depos i t s loca ted between Devils Lake and Green Lakes 

( f i g . 2) were examined, but the amount of block pumice at rhyodac i te 

domes and flows the re i s smal l . 

Specimens of the ra re mineral o sumi l i t e from the Betsy Gi r l claim at 

Obsidian C l i f f s ( f i g . 3) have been sold to Ward's Natural Science 

Es tab l i shment , I n c . , Rochester , N.Y. The c la im, loca ted by M. M. Groben 

in 1977 and c u r r e n t l y held by assessment work, i s on a th ick rhyodac i te 

flow t h a t con ta ins black euhedral c r y s t a l s of osumi l i t e (K(MgFe,Mn)„ 

( A l , F e ) 2 ( S i , A l ) i 2 0 3 i l in v e s i c l e s . The c r y s t a l s , mostly l e s s than 

0.1 inches in d iameter , are of i n t e r e s t to some mineral c o l l e c t o r s , but 

are not a major economic commodity. 

Large amounts of c inders and stone occur in the wi lde rnes s , but 

numerous o the r dep>osits are c l o s e r to markets . 

Hydrocarbon depos i t s ( o i l , gas and coa l ) do not occur wi th in the 

Three S i s t e r s Wilderness . Cenozoic volcanic rocks many thousands of fee t 

th ick u n d e r l i e the wi lderness and have no hydrocarbon p o t e n t i a l . 

The High Cascades physiographic province i s an area of i n t e r e s t for 

geothermal e x p l o r a t i o n , but the magnitude of the geothermal resource i s 

not known. Poss ib le geothermal resources are suggested by the abundance 

of Quaternary vo lcan ic rocks , r e l a t i v e l y high heat flow, and hot s p r i n g s . 

The Belknap-Foley Known Geothermal Resource Area (KGRA) i s j u s t 

northwest of the Three S i s t e r s Wi lderness . Belknap Hot Springs and Foley 

Hot Springs ( f i g . 2) are about 5 mi from the wi lderness and y i e l d 25 to 

75 ga l lons of water per minute with a temperature of 147" to 180"F 
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(Waring, 1965); other hot springs are 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 Cascades (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 °F/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 the Three Sisters Wilderness suggests that parts of it 

have a higher geothennal 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 mafic magma into the upper crust during the 

development of the young mafic volcanic pile that forms the range. This 

resource may be too deep for development using current technology. Also, 

even if 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 Sisters 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 is 

related to large silicic magma bodies or 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 
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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 abundant silicic vulcanic 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 in 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 geologically 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 amounts of available thermal 

energy and is among the most geologically favorable sites for geothermal 

resources in Oregon according to Priest and Vogt (1982). However, 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 is generated by direct or indirect use of geothermal fluids. 

Second, this area has had numerous Holocene eruptions and future 

eruptions can be expected. Eruption of silicic magma is commonly 

explosive and capable of destroying nearby structures, such as power 

generation plants. 

In summary, geothermal resources may occur in 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 roost geologically favorable targets for geothermal 

resources in Oregon. 

, ASSESSMENT OF MINERAL RESOURCE POTENTIAL 

The principal known mineral resource in the Three Sisters Wilderness 

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 inhibited their development. 

On the basis of the abundance of young silicic volcanic rocks, a 

broad area around South Sister 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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Figure 1. Map showing the location of the Three Sisters Wilderness, 

Deschutes, Lane, and Linn Counties, Oregon. 
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Figure 2. Map showing loca t ions of geographic fea tures in the Three 

S i s t e r s Wilderness , Oregon, and l oca t i ons (X) of analyzed 

stream-sediment samples for which ana lyses a re l i s t e d in Table 1. 
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Figure 3. Mineral resource potential map of the Three Sisters Wilderness, 

Deschutes, Lane, and Linn Counties, Oregon. 
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Table 1. Continued 
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STUDIES RELATED TO WILDERNESS AREAS 

Under the provisions of the Wilderness 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 wilderness and primitive 

areas. Areas officially designated as "wilderness," "wild," or "canoe" 

when the act was passed were incorporated into the National Wilderness 

Preservation System and some of them are presently being studied. The 

act provided that areas 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 

Diamond Peak Wilderness (NF017), Deschutes and Willamette National 

Forests, Lane and Klamath Counties, Oregon. The Diamond Peak Wilderness 

was established by Public Law 88-577, September 3, 1964. 

SUMMARY 

Diamond Peak Wilderness contains no identified metallic mineral 

resource;s or mineral fuels. No historic or active mining activity is 

known within the wilderness. Two cinder cones in or partly in the 

wilderness. Red Top Mountain and Crater Butte, contain substantial cinder 

resources, but future demand for the deposits is not anticipated because 

numerous other sources are nearby. The area has a low potential for 

geothermal resources. 



INTRODUCTION 

Diamond Peak W i l d e r n e s s c o v e r s 36 ,637 a c r e s (57 mi2) i n t h e 

D e s c h u t e s and W i l l a m e t t e N a t i o n a l F o r e s t s , Lane and Klamath C o u n t i e s , 

Oregon ( f i g . I ) . The U . S . G e o l o g i c a l Survey and U .S . Bureau of Mines 

c o n d u c t e d a m i n e r a l s u r v e y of t h e w i l d e r n e s s i n t he summers of 1980 -

1982 . G e o l o g i c a l , g e o c h e m i c a l , and g e o p h y s i c a l s t u d i e s by t h e G e o l o g i c a l 

S u r v e y , and d e t a i l e d e x a m i n a t i o n s of known o r s u s p e c t e d m i n e r a l i z e d a r e a s 

by t h e Bureau of Mines were u s e d t o e v a l u a t e the m i n e r a l r e s o u r c e 

p o t e n t i a l of t h e a r e a . 

Diamond Peak W i l d e r n e s s i s l o c a t e d a l o n g t h e c r e s t of t he Cascade 

Range 56 mi s o u t h w e s t of Bend and 20 mi s o u t h e a s t of O a k r i d g e , Oregon. 

The area i s most e a s i l y reached from Oregon S ta t e Highway 58, and i s 

bounded on the north and ea s t by the. Southern Pac i f ic Railroad 

r igh t -o f -way , on the south by the unpaved Emigrant Pass road, and on the 

west by a network of Fores t Service grave l roads . Logging opera t ions are 

ongoing along the western boundary. 

The dominant geographic fea ture in the wilderness i s Diamond Peak, 

8,748 f t in e l e v a t i o n . Although t o t a l r e l i e f in the wilderness exceeds 

4,000 f t , the t e r r a i n i s c h a r a c t e r i z e d by gen t l e to moderate s l o p e s . 

Streams flowing west from the c r e s t of the Cascade Range are moderately 

i n c i s e d t ^ e r e a s eas t - f lowing s treams form broad drainages between 

vo lcan ic landforms. All of the wi lderness except the higher pa r t s of 

Diamond Peak i s fo res t ed with hemlock and f i r . 

The Diamond Peak area i s included in a r eg iona l reconnaissance map of 

the High Cascades (Wil l iams, 1957), but no d e t a i l e d geologic maps of the 

area e x i s t . Aeromagnetic and g r a v i t y maps of the c e n t r a l Cascade Range 



(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 

elongate belt of upper Cenozoic lava flows and vents. The major Cascade 

peaks are Pleistocene stratovolcanoes built upon this belt. Some of 

these volcanpes are homogeneous accumulations of mafic flows and 

pyroclastic rocks; others include rocks ranging in composition from 

basalt to rhyodacite. 

Diamond Peak is a Pleistocene stratovolcano formed dominantly of 

basaltic andesite flows and pyroclastic rocks (fig. 2). The volcano has 

a youthful form, although glacially modified, and its lavas have normal 

remanent 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 0.33j^0.07 m.y. (J. G. Smith, 

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

A 

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

and sills that radiate from one or more 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. 



The lavas throughout the wi lderness a r e fresh o l i v i n e b a s a l t i c 

a n d e s i t e and b a s a l t . Ind iv idua l flows range from 6 to 30 ft th ick and 

a r e separa ted by flow b r e c c i a s . Most rocks a re s l i g h t l y p o r p h y r i t i c , 

con ta in ing a few percent o l i v i n e and p l a g i o c l a s e , with more or l e s s 

c l inopyroxene . P lag ioc lase i s more abundant higher in the lava sequence 

of Diamond Peak and small prisms of hypers thene occur in the l a t e s t lava 

flows from t h a t volcano. No s i l i c i c rocks occur in the wi lde rness . 

Repeated g l a c i a t i o n s have d i s sec t ed the volcanoes , scoured the upland 

s u r f a c e s , and deposi ted l a t e r a l and ground moraines over naich of the 

middle and lower e l e v a t i o n s . The g l a c i a l d r i f t occurs as unsor ted , 

u n s t r a t i f i e d depos i t s of angular to sub-rounded pebbles and angular 

blocks in a poorly indurated matr ix of sand and rock f lou r . The c l a s t s 

possess n e g l i g i b l e weathering r i n d s , c o n s i s t e n t with a l a t e P le i s tocene 

age (Cabot Creek g l a c i a t i o n of S c o t t , 1977); o lder t i l l s occur beyond the 

l i m i t s of the w i lde rne s s . Holocene g l a c i a l episodes have been 

r e s p o n s i b l e for p r o - t a l u s ramparts in some of the c i rques on Diamond Peak. 

An a i r f a l l pumice depos i t up to 32 i n . thick mantles the 

w i l d e r n e s s . The depos i t c o n s i s t s of ash and l a p i l l i up to one-half inch 

in s i z e , with sm^^ll p ropor t ions of p l a g i o c l a s e , pyroxene, and hornblende 

c r y s t a l s . This pumice i s par t of the ex tens ive Mazama ash depos i t 

e rup ted about 6,845 C years ago from the ca ldera a t Crater Lake 

Nat iona l Park (Wil l iams, 1942; Bacon, 1983) . No vo lcan ic rocks in the 

wi lde rness a r e younger than the Mazama a s h . 

Although the lavas a r e u n a l t e r e d , t r a c e amounts of specular hema t i t e , 

and l e s s consnonly ma lach i t e , occur l o c a l l y in f r ac tu r e s wi th in the 

flows. The m i n e r a l i z a t i o n i s s c a t t e r e d and r a r e , d iscont inuous 



w i t h i n any s i n g l e f r a c t u r e , and i s n o t a s s o c i a t e d w i t h any o t h e r k ind of 

rock a l t e r a t i o n o r v e i n i n g . In a l l c a s e s , t h e m i n e r a l i z a t i o n a l o n g t h e 

f r a c t u r e s o c c u r s w i t h i n one h a l f m i l e of a v e n t and i s caused by v o l c a n i c 

e x h a l a t i v e p r o c e s s e s . The v e n t s a r e u n a l t e r e d e x c e p t fo r t r a ' ce amounts 

o f c l a y s , p r o b a b l y t h e r e s u l t of f u m a r o l i c a c t i v i t y . I n t r u s i v e r o c k s a r e 

u n a l t e r e d . 

MINERAL RESOURCES 

The Diamond Peak W i l d e r n e s s c o n t a i n s no known m i n i n g c l a i m s or a c t i v e 

m i n e s , n o r any i d e n t i f i e d r e s o u r c e s o f m e t a l l i c m i n e r a l s . The o n l y 

i n d i c a t i o n s of b a s e - or p r e c i o u s - m e t a I i n t e r e s t n e a r t h e w i l d e r n e s s a r e 

o l d p l a c e r s , m o s t l y a l o n g C r e s c e n t Creek e a s t of t h e w i l d e r n e s s ; t h e r e i s 

no known p r o d u c t i o n frora t h e s e p l a c e r s . The n e a r e s t s i g n i f i c a n t min ing 

( l e a d , z i n c , c o p p e r , g o l d , s i l v e r ) o c c u r r e d i n t h e Bohemia min ing 

d i s t r i c t , i n t he Wes te rn Cascades 20 t o 25 mi due w e s t of Diamond Peak 

(Brooks and Ramp, 1 9 6 8 ) ; m e t a l l i c m i n e r a l r e s o u r c e s a r e n o t known t o 

o c c u r in t h e High Cascade p h y s i o g r a p h i c p r o v i n c e in Oregon . 

As p a r t of t h i s m i n e r a l i n v e s t i g a t i o n , s t r e a m - s e d i m e n t samples were 

a n a l y z e d f o r 31 e l e m e n t s , i n c l u d i n g b a s e and p r e c i o u s m e t a l s . Sample 

l o c a t i o n s a r e shcyn on F i g u r e 1 and a n a l y t i c a l d a t a a r e l i s t e d i n T a b l e 

1 . Two samp le s o f s a n d - and s i l t - s i z e s e d i m e n t were c o l l e c t e d from 

s t r e a m bo t toms a t most s i t e s , one of b u l k s e d i m e n t , t h e o t h e r a 

p a n - c o n c e n t r a t e o f t h e h e a v y - m i n e r a l f r a c t i o n o f t h e s e d i m e n t . Each 

sample was d r i e d , s i e v e d t o minus -80 mesh, and s p l i t . The heavy m i n e r a l s 

in t h e p a n - c o n c e n t r a t e sample were f u r t h e r c o n c e n t r a t e d by s e t t l i n g i n 

bromoform ( s p e c i f i c g r a v i t y , 2 . 8 ) and s e p a r a t e d i n t o m a g n e t i c and 

nonmagne t i c f r a c t i o n s . S t ream s e d i m e n t and nonmagne t i c h e a v y - m i n e r a l 



concen t ra t e samples were Chen pu lver ized before a n a l y s i s by s tandard 

s emiquan t i t a t i ve emission spec t rography; some concen t ra te samples did not 

y i e ld enough mate r ia l for a n a l y s i s . All of the analyzed samples conta in 

only t r ace abundances of m e t a l l i c e lements , s i m i l a r to those commonly 

found in una l t e red volcanic rocks . 

Small q u a n t i t i e s of angular f lour gold, in amounts ranging from 

0.00001 to 0.0002 OZ per cubic yard , were recovered from 15 of 17 p lacer 

gravel samples co l l ec t ed by the U. S. Bureau of Mines from streams 

d ra in ing the wilderness (Moyle and (^msey, 1982). This gold con ten t , 

frora 3 to 60 pa r t s per b i l l i o n , i s about 1000 times lower than economic 

va lues t h a t ex i s t ed in 1983. Similar t r a c e s of gold were found in many 

streams in o ther pa r t s of the High Cascades province which suggests the 

gold is derived from d i spersed sources in the vo lcan ic rocks r a t h e r than 

being r e l a t e d to s u r f i c i a l or bur ied mineral d e p o s i t s . Assay r e s u l t s of 

a sample of s l i g h t l y a l t e r e d b a s a l t i c a n d e s i t e from the ea s t e rn flank of 

Diamond Peak ind ica t e s a t r a c e gold and 0.005 percent copper . 

Immediately west of the w i l d e r n e s s , a l t e r a t i o n has a f fec ted Miocene 

s i l i c i c lava flows and a shallow i n t r u s i o n . P y r i t e i s present in minor 

amounts, but X-ray d i f f r a c t i o n s t u d i e s of Che c lays in the a l t e r a t i o n 

zone f a i l e d to show any s e r i c i t e or oCher s igns of potassium 

metasomatism. No gold , s i l v e r , or copper was de tec ted in a sample 

analyzed from the a l t e r a t i o n zone. The a l t e r a t i o n l i k e l y developed 

around an old hot sp r ing or s o l f a t a r a . North of the wi lderness a t the 

Wil lamette Pass quarry ( f i g . 1 ) , a small ma lach i t e -bea r ing f r ac tu re zone 

in b a s a l t i c a n d e s i t e flows con ta ins 0.4 oz per ton s i l v e r . 



There has been no rock or c inder production from the Diamond Peak 

Wi lderness . An es t imated 670,000 cubic yards of crushed s tone , p i t - r u n 

m a t e r i a l s , and r i p - r a p have been produced from seven qua r r i e s outs ide the 

western and nor thern boundaries of the wi lderness (Table 2 ) . More than 

87,000 cubic yards of a v a i l a b l e e x i s t i n g reserves remain a t the a c t i v e 

q u a r r i e s (Cindy Pack, U . S . F . S . , w r i t t e n commun., 1980). An a d d i t i o n a l 

510,000 cubic yards i s a v a i l a b l e a t the Willamette Quarry (Table 2, no. 

I) but may not be produced owing to environmental c o n s t r a i n t s . New 

crushed s tone sources a re p re sen t ly being developed west of Diamond Peak 

Wilderness a t t h i s time (Robert White, U . S . F . S . , o r a l commun., 1980). 

Two p y r o c l a s t i c cones along the boundaries of the wi lderness conta in 

c inde r s s u i t a b l e for road cons t ruc t ion and o ther common uses . Redtop 

Mountain, which i s mostly wi thin the w i lde rne s s , has a maximum volume of 

83 mi l l i on cubic ya rds , and Crater Bu t t e , which i s mostly ou ts ide the 

w i l d e r n e s s , conta ins a maximum of 37 m i l l i o n cubic ya rds , assuming base 

l e v e l s of 6,400 ft and 6,500 f t , r e s p e c t i v e l y (Moyle and Rumsey, 1982). 

The volume Chat would be of i n d u s t r i a l i n t e r e s t , however, i s probably 

cons ide rab ly l e s s . Furthermore, c inder and rock m a t e r i a l a r e very 

abundant in Che Cascade Range ou t s ide Che w i l d e r n e s s . 

Hydrocarbon deposics ( o i l , naCural gas , coa l ) a r e noC known Co occur 

in Che reg ion and a r e h i ^ l y u n l i k e l y in Che Diamond Peak Wilderness , 

which i s unde r l a in by a very Chick sequence of vo lcan ic r o c k s . 

The Diamond Peak Wilderness i s locaCed in Che High Cascade 

phys iographic province , a region formed of young vo lcan ic rocks and which 



may locally conCain geochermal energy resources capable of producing 

elecCric 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 

Western Cascades and High Cascades. They are interpreted to represent 

lateral flow of hot water from sources beneath the High Cascades 

(Blackwell and others, 1978). 

No thermal springs occur in the Diamond Peak Wilderness. The nearest 

hot springs occur along Salt Creek (McCredie Springs; 163°F), Salmon 

Creek (Wall Creek Springs; 106°F), and Hills Creek (Kitson Hot Springs; 

lll°F), 10 to 18 mi northwest of the wilderness boundary, and a warm 

spring occurs near Summit Lake, south of the boundary (Waring, 1965; 

Riccio, 1978; Bowen and Peterson, 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 others, 1975, 1980; 

Brown and others, 1980), but cold meteoric water probably has diluted the 

thermal water during lateral subsurface flow. 

Temperature gradients in drill holes at scattered localities near the 

boundary between ^ e WesCern Cascades and High Cascades suggesc ChaC heac 

flow increases significanCly under Che High Cascades (Blackwell and 

ochers, 1978). Shallow 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 

geothennal 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 depth. At these depths the volcanic rocks may have 

very low porosity and permeability and, even if temperatures are high, 

fluids may not be present in sufficient quantity for geothermal energy 

production. Exploitation of low-temperature geothermal resources that 

may occur beneath the wilderness is probably not viable due to the 

distance to the nearest points of use. In summary, available evidence 

fails to substantiate the presence of geothennal 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 no evidence of a potential for their occurrence. 

Cinder cones partly in the wilderness contain an estimated total of 120 

million cubic yards of volcanic cinder suitable for construction 

material, but voluminous alternative sources are present nearby outside 

of the wilderness. 

Anomalous heat flow values associated with the High Cascade 

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

undefined, but low, potential for geothermal energy. 
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Figure I. Location of the Diamond Peak Wilderness (NF017), Cascade 

Range, Lane and Klamath Counties, Oregon. 
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Figure 2.—Geologic map of the Diamond Peak Wilderness, Oregon. Geology 

by David R. Sherrod, 1981, 1982. 

IH 



EXPLANATION 

(Geologic map unit symbols may not necessarily 

conform to U.S. Geological Survey standards) 

CORRELATION OF MAP UNITS 

Qg 

Qba Qmv Qc 

QTb a QTmv QTiba QTc 

TMPb 

TMa 

TMav 

Holocene 

Pleistocene 

QUATERNARY 

\ 
Pliocene 

Miocene 

I TERTIARY 

Qs 

DESCRIPTION OF MAP UNITS 

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 

/r 



( C r a t e r L a k e ) , 45 mi s o u t h of Diamond Peak ( W i l l i a m s , 

1 9 4 2 ) . Age about 6 ,845+50 14c y e a r s (Bacon, 1983) 

Qg GLACIAL DRIFT (PLEISTOCENE)—Unsorted, u n s t r a t i f i e d d e p o s i t s of 

N s u b - a n g u l a r t o s u b - r o u n d c o b b l e s and b o u l d e r s i n a m a t r i x 

of p o o r l y i n d u r a t e d rock f l o u r ; c l a s t s have n e g l i g i b l e 

w e a t h e r i n g r i n d s . Occurs as ground m o r a i n e s and l a t e r a l 

m o r a i n e s . P r o b a b l y formed d u r i n g . t h e Cabot Creek 

g l a c i a t i o n of S c o t t (1977) 

Qba BASALTIC ANDESITE, BASALT, AND ANDESITE (PLEISTOCENE)—Medium 

g r a y t o da rk g r a y , v e s i c u l a r t o m a s s i v e , s l i g h t l y 

p o r p h y r i t i c l a v a s and g r a y i s h r e d f low b r e c c i a s . 

P h e n o c r y s t s of o l i v i n e , 1-2 p e r c e n t ; p l a g i o c l a s e , 1-5 

p e r c e n t ; c l i n o p y r o x e n e , 0 -1 p e r c e n t ; h y p e r s t h e n e , 0-1 

p e r c e n t ; and m a g n e t i t e , 0-1 p e r c e n t . Age younger t h a n 

a p p r o x i m a t e l y 700 ,000 y e a r s , o n , b a s i s of normal m a g n e t i c 

p o l a r i t y and a s s o c i a t i o n wi th v e n t s t h a t a r e o n l y 

m o d e r a t e l y e r o d e d . C o r r e l a t i v e f lows 3 m i l e s west of t h e 

w i l d e r n e s s have y i e l d e d a K/Ar age of 0.17+^0.48 m .y . 

( W o l l e r , 1982) 

Qc CINDER DEPOSITS (PLEISTOCENE)—Red t o b l a c k b a s a l t i c c i n d e r s 

and s c o r i a t ha t form c inder cones . Includes some b a s a l t i c 

a g g l u t i n a t e , p a l a g o n i t i c l a p i l l i tuf f and Cuff b r e c c i a , and 

minor inCrusions and f lows. Age l e s s Chan approximately 

700,000 y e a r s , on b a s i s of youthful morphology and 

a s s o c i a t i o n with flows of normal magnetic p o l a r i t y 

Qmv MAFIC VENT COMPLEX OF DIAMOND PEAK (PLEISTOCENE)--^afic 

p y r o c l a s t i c rocks , d i k e s , s i l l s , small p lugs , and lava 

flows. Composition v a r i e s from o l i v i n e b a s a l t to 

two-pyroxene o l i v i n e b a s a l t i c a n d e s i t e . Age l e s s than 

IL 



a p p r o x i m a t e l y 700,000 y e a r s , on b a s i s of y o u t h f u l 

morphology and a s s o c i a t i o n wi th f lows of normal m a g n e t i c 

p o l a r i t y 

QTba BASALTIC ANDESITE, BASALT, AND ANDESITE (PLEISTOCENE AND 

PLIOCENE)—Pet rog raph ica l ly s i m i l a r t o u n i t Qba b u t 

g e n e r a l l y more e r o d e d ; d e r i v e d from deep ly e roded v e n t s or 

b u r i e d v e n t s . C o n s i s t s of r o c k s wi th normal arid r e v e r s e d 

magne t i c p o l a r i t y . K-Ar ages of 0.98_^0.34 m.y . fo r f low 

west of Mount Yoran and 0.77+;0.21 and 0.92j^0.46 m.y . fo r 

f lows sou thwes t of Diamond Peak a r e r e p o r t e d by Wol le r 

( 1 9 8 2 ) . Upper p a r t may be as young as u n i t Qba; lower p a r t 

may be o l d e r t han 2 m . y . 

QTc 'CINDER DEPOSITS (PLEISTOCENE AND PLIOCENE)—Similar Co u n i t Qc 

but more deep ly e r o d e d . I n c l u d e s v e n t s a s s o c i a t e d wi th 

l a v a s i n c l u d e d i n u n i t QTba 

QTmv MAFIC VENTS (PLEISTOCENE AND PLIOCENE)—Similar t o u n i t Qmv but 

more deep ly e r o d e d . I n c l u d e s v e n t s t h a t e r u p t e d l a v a s w i th 

bo th normal and r e v e r s e m a g n e t i c p o l a r i t y . Age same as 

u n i t QTba 

QTiba ^ ^ I £ s I S ® i | i P N S (PLEISTOCENE AND PLIOCENE)—Dikes and p l u g s of 

v e r y f i n e g r a i n e d b a s a l t o r b a s a l t i c a n d e s i t e . I n t r u d e s 

u n i t QTmv. C o n s i s t s of r o c k s wi th normal and r e v e r s e 

m a g n e t i c p o l a r i t y 

TMPb OLDER BASALT AND BASALTIC ANDESITE (PLIOCENE AND UPPER 

MIOCENE)—Light-gray t o d a r k - g r a y o l i v i n e b a s a l t and minor 

b a s a l t i c a n d e s i t e f lows and b r e c c i a s t h a t form d i s s e c t e d 
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ridges lacking the constructional landforms of the younger 

volcanic rucks. 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 area 

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 

(̂  



Table 2. Quarries and cinder deposits near Diamond Peak Wilderness, 
Oregon. 

Ma p No. Na me 
( f i g . 1) 

P roduc t H i s t o r i c P r o d u c t i o n 
( e s t . ) ( c u b i c y a r d s ) 

Remaining Resource 
( e s t . ) ( c u b i c y a r d s ) 

1 W i l l a m e t t e Crushed s t o n e 
Pass and g l a c i a l 

o v e r b u r d e n 

P r e - 1 9 7 5 - 500 ,000 
1978 - 25 ,250 

P o s t - 1 9 7 8 - 4 0 , 0 0 0 

24,750 (plus 
510,000 encumbered 
resources) 

2 Notch Lake Crushed s t o n e P r e - 1 9 7 4 - 10,000 5 ,000 

3 Hemlock 
B u t t e 

S t o n e : p i t r un P r e - 1 9 7 4 - 10 ,000 3 ,000 

4 Lone Ridge High q u a l i t y 
c r u s h e d s t o n e 
(BC^3, BC-8) 

1975 - 49 ,000 Unknown b u t 
1977 - 8 ,000 s u b s t a n t i a l 

1979 - 6,300 

5 

6 

7 

P i o n e e r 
Gulch #2 

S p a t t e r 
Cone 

Beaver 
Creek 

S t o n e : p i t 
run and 3 f t 
r i p r a p 

mixed l ava and 
c i n d e r p i t run 

S t o n e : p i t r u n 

P r e - 1 9 7 3 -
1973 

P r e - 1 9 7 4 

P r e - 1 9 7 4 

11 ,000 
4 ,000 

1,200 

5 ,000 

15,000 

4,000 

8 Unknown Common borrow: 
( i n a c t i v e ) pumice , g l a c i a l t i l l 

3 , 0 0 0 - 5 , 0 0 0 Unknown 

Red Top C i n d e r s 
Mounta in 

None 8 3 , 0 0 0 , 0 0 0 

C r a t e r 
B u t t e 

C i n d e r s None 3 7 , 0 0 0 , 0 0 0 

1 - 8 a r e n e a r t h e w i l d e r n e s s ; d e p o s i t s a t Red Top Mountain and C r a t e r 
B u t t e a r e p a r t l y i n t h e w i l d e r n e s s . 
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TabIe 1. Analytical data for stream-sediment samples from the Diamond Peak Wilderness, Oregon. Analyses 
are by G. W. Day, U. S. G. S.,?. Denver, Colorado. (Fe, Mg, Ga, 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. 

DPIB 
DP2B 
DP3A* 
DP3B 
DP4A* 
DP4B 
DP5B 
DP6B 
DP7B 

Fe 

5 
10 
.2 

7 
1 
7 
10 
10 
10 

"R Ca 

-pertem. 

7 
10 
5 
3 
1 
10 
10 
10 
10 

5 
10 
.5 

5 
5 

. 5 
10 
20 
10 

Ti 

1 
I 
1 

Mn 

r 

2000 
2000 
200 
2000 
500 
1500 
3000 
3000 
2000 

B̂  

70 
50 
L 

100 
L 
70 
70 
70 
70 

Ba 

500 
500 
500 
700 
1000 
500 
700 
700 
500 

Co 

30 
50 
N 
30 
N 
50 
30 
50 
70 

Cr 

70 
100 
N 

100 
70 
150 
150 
200 
300 

Cu 

100 
100 
10 
100 
20 
100 
100 
100 
100 

La 

- ppm-

N 
N 
N 
30 
N 
N 
N 
N 
N 

Ni 

70 
100 
20 
70 
20 
100 
70 
150 
200 

Pb 

50 
30 
30 
70 
700 
70 
70 
50 
30 

Sc 

20 
20 
N 
20 
N 
20 
30 
30 
30 

Sr 

700 
700 
2000 
700 
5000 
500 
700 
700 
700 

V 

200 
200 
50 
200 
200 
200 
300 
300 
300 

Y 

20 
30 
N 
30 
N 
30 
30 
30 
30 

Z£ 

100 
150 
200 
200 
3000 
150 
200 
150 
100 

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

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

Under the provisions of the Wilderness Act (Public Law 88-577, 

September 3, 1964) and related 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 "wilderness," 

"wild," or "canoe" when the act was passed were incorporated into the 

National Wilderness Preservation System and some of them are presently 

being studied. The act provided that areas 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 Mount Washington Wilderness (NF086), Deschutes 

and Willamette National Forests, Deschutes, Lane, and Linn Counties, 

Oregon. The Mount Washington Wilderness was established by Public Law 

88-577, September 3, 1964. 

SUMMARY 

The Mount Washington Wilderness is devoid of mines, claims, and 

mineral prospects. The results of this survey further indicate that the 

area does not contain any metallic-mineral deposits or mineral fuels. 

Over 200 million yd 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 the Deschutes and Willamette National Forests, 32 mi northwest 

of Bend, Oregon. 

The mineral resource potential survey of the Mount Washington 

Wilderness included geologic mapping, 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 responsible for analysis 

and evaluation 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 

discussed by Youngquist (1980). 

LOCATION AND GEOGRAPHY 

The Mount Washington Wilderness is the smallest of three nearly 

contiguous wilderness areas that occupy most of a 65-mile-long 

north-south segment of the High Cascade Range in central Oregon (fig. 

I). 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 Mount Jefferson Wilderness, to the 

north, by a wide corridor occupied by the Santiam Highway (U.S. 20). 

Access to the Mount Washington Wilderness is provided 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. The Pacific 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, is the site of a small ski resort. 

Dee Wright Observatory, at McKenzie Pass, is a popular tourist stop for 

spectacular views of stark young lava flows. Mount Washington, and the 

Three Sisters stratovolcanoes. 

Mount Washington, rising to an elevation of 7794 ft, is one of the 

smaller of the stratovolcanoes that form the prominent peaks of the 

Cascade Range in Oregon. Other volcanoes in the wilderness are all 

small, ranging from cinder cones a few tens of feet high to broad lava 

cones, such as Belknap 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 the 

McKenzie River and merges eastward with the Deschutes Plateau. 

GEOLOGY 

The Mount Washington Wilderness is in the High Cascade physiographic 

province of the Cascade Range, Oregon. This province is a narrow 

north-south-trending belt of Pliocene and Quaternary lava flows and 

related cinder cones and fissure vents that is studded by large 



s t r a tovo lcanoes sp>aced a t i r r e g u l a r i n t e r v a l s . Most of the volcanic 

rocks in t h i s b e l t were erupted during the l a s t four, mi l l ion y e a r s . 

Fau l t s bound the High Cascades both ea s t and west of the Mount Washington 

Wilderness (Wil l iams, 1957; Brown and o t h e r s , 1980; Taylor , 1981). The 

graben r e s u l t i n g from these f au l t s has been f i l l e d by flows and r e l a t e d 

vent depos i t s t h a t comprise the Mount Washington Wilderness. The o ldes t 

pa r t of the sequence i s composed dominantly of b a s a l t , and younger, 

over ly ing rocks a re b a s a l t and b a s a l t i c - a n d e s i t e ( f i g . 2 ) . Although 

a n d e s i t e and more s i l i c i c volcanic rocks occur both south and no r th , they 

do not crop out in the w i lde rne s s . 

Al l rocks wi th in the wi lderness are Quaternary in age . With the 

except ion of the o ldes t flows a t the westernmost margin of the 

w i l d e r n e s s , a l l flows show normal magnetic p o l a r i t y and thus a re l i k e l y 

l e s s than 0.7 m.y. o ld . The flows and vents are r e ad i l y d i v i s i b l e in to 

P l e i s t o c e n e and Holocene sequences. 

The P l e i s tocene flows a re g l ac i a t ed and commonly covered by seve ra l 

fee t of ground moraine or outwash d e p o s i t s . These older flows were 

der ived from cinder cones, f i s s u r e v e n t s , and small composite volcanoes 

which have been modified by g l a c i a l scour ing ; in the cores of some cones 

the feeder dikes and plugs a re exposed. 

Mount Washington i s a g l a c i a l l y - g u t t e d P le i s tocene s t r a tovo lcano 

composed of b a s a l t i c andes i t e flows and p y r o c l a s t i c rocks ( c i n d e r s , 

s c o r i a , pa lagoni te tuf f , and b r e c c i a ) . A plug forms the summit and the 

upper f lanks a re cut by a no r th - sou th - t r end ing swarm of b a s a l t i c a n d e s i t e 

d i k e s . Mount Washington has no Holocene flows or p y r o c l a s t i c rocks and 

probably i s no longer a c t i v e . The volcano is s imi l a r in e ros iona l form 

to 



Mount Thielsen farther south in the Cascade Range, which has yielded a 

K/Ar age of 0.3 m.y. (j. G. Smith, oral coummunication, 1983). 

Glacial deposits within the wilderness consist mostly of ground 

moraines and glacial outwash. 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 last major glacial advance (Cabot Creek glaciation of Scott, 1977) in 

the late Pleistocene. Older glacial deposits beyond the wilderness 

probably formed during the 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 ^^C ages of about 1,500 to 3,000 '̂̂ C years (Taylor, 

1965, 1981). The rugged surfaces of flows are mostly free of vegetation, 

but even the youngest flows where covered 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 

spatter). 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 in the Mount 

Washington Wilderness. The young volcanic rocks of the High Cascade 
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province in Oregon, of which the wilderness i s a p a r t , have no known 

def>osits of m e t a l l i c m ine ra l s . The wilderness has no recorded mineral 

p rod jc t ion , mining d i s t r i c t s , or c l a ims . The neares t mines (for gold, 

s i l v e r , copper, and lead) occur in o lde r rocks of the Western Cascades 

about 20 miles west of the wi lderness in the Blue River D i s t r i c t (Brooks 

and Ramp, 1968). 

As par t of t h i s mineral i n v e s t i g a t i o n , stream-sediment samples were 

c o l l e c t e d frora small i n t e r m i t t e n t streams near the border of the 

wi lderness and analyzed for t h e i r content of base metals and o the r 

e lements . ^Sample loca t ions are shown on Figure 2 and a n a l y t i c a l data 

given in Table 1. Two samples of sand- and s i l t - s i z e sediment were 

c o l l e c t e d at most s i t e s , one of bulk sediment, the o ther a 

pan-concent ra te of the heavy-mineral f r ac t ion of the sediment. 

Pan-concentra te saraples could not be ob ta ined from some streams owing to 

the pauci ty of fine sediment. In the l abora to ry each sample was d r i ed , 

s ieved to minu,s-80 mes.h, and s p l i t . The heavy minerals in the 

pan-concent ra te sample were fur ther concent ra ted by s e t t l i n g in bromoforra 

( s p e c i f i c g r a v i t y , 2.8) and separa ted in to magnetic and nonmagnetic 

f r a c t i o n s . Stream sediment and nonmagnetic heavy-mineral concen t ra te 

samples were then pulver ized before a n a l y s i s by s tandard semiquan t i t a t ive 

emission spectrography for 31 e lements . The analyzed sediments from 

streams dra in ing the wilderness show concen t r a t ions of m e t a l l i c elements 

s imi l a r to those commonly found in b a s a l t i c volcanic rocks . No anomalous 

concen t r a t i ons of any elements were found. 

The only mineral resource i d e n t i f i e d by t h i s s tudy i s volcanic 

c i n d e r s . Est imates of the minimum volume of c inders at c inder cones 



within the wilderness are: Belknap Crater - 75 million yd-̂ ; Twin 

Craters - 15 million yd^; Scott Mountain - 20 million yd"̂ ; Sand 

3 1 

Mountain Craters - 50 million yd . An additional 50 million yd-̂  may 

be obtained from other small cinder cones. Cinders are presently being 

quarried from deposits that occur near the wilderness. Little Nash 

Crater, about 4 mi north of the area, supplies about 80,000 yd of 

cinders per year for local use in road construction. An estimated 30 

million yd-* remain 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 cinder deposits from within the wilderness is 

unlikely. "Lava rock" for building stone is of low quality even though 

the study area is extensively covered with basalt and basaltic andesite 

flows. Building stone is abundantly available in other nearby areas 

which are closer to markets. 

Hydrocarbon deposits, such as oil, gas and coal, do not occur within 

the wilderness. Upper Eocene to Pliocene volcanic rocks, similar to 

those exposed in the adjacent Western Cascades, underlie the Pleistocene 

and Holocene flows and vents of the Mount 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 

resource is 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 



occur along or nearfaults. 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, 1970). These hot springs are 

interpreted to be the result of lateral flow of hot water frora heat 

sources beneath the High Cascades (Blackwell and others, 1978). No hot 

springs, fumaroles, or recently active thermal areas exist within the 

wilderness. The lava flows and interbedded breccias and other 

pyroclastic 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 drilled mostly along the 

margins of the High Cascades suggest that this part of the Cascade Range 

has higher than normal heat flow (Blackwell and others, 1978; Riccio, 

1979). The nearest geothermal drill hole is about 2 mi northwest of the 

wilderness and yielded a temperature of only 77°F at a depth of 1837 

feet (Youngquist, 1980). Owing to the paucity of deep holes drilled 

within the High Cascades, it is not possible to realistically extrapolate 

possible geothermal potential on the basis of results of deep drilling in 

similar 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 manifestations of 

buried feeder dikes. In areas of intensive glaciation in the Cascade 

Range where 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 likely has been lost by 

conduction and ground water flow since they formed. In contrast to the 

Mount Washington area, some parts of the High Cascade province 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 in 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 million yd3 of cinder resources occur in the 

wilderness. No future demand for these cinders is anticipated because 

other large unmined deposits are more accessible. There is no evidence 

of a potential for metallic mineral resources, building stone, or mineral 

f u e 1 s. 

Geothermal resources may occur in the wilderness, but available 

information is insufficient to confirm their existence or magnitude. The 

High Cascade province is a favorable geologic environment for geothennal 

resources, but few deep holes have been drilled from which meaningful 

extrapolations of potential can be made. The moist 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 

QHba 

QHb 

QHc 

QHg 

(Mazama Ash) 
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I Holocene 

Holocene and 
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. QUATERNARY 

I. Pleistocene 



DESCRIPTION OF MAP UNITS 

(Geo log ic map u n i t symbols may n o t n e c e s s a r i l y 

conform to U . S . G e o l o g i c a l Survey s t a n d a r d s ) 

QHba YOUNGER BASALTIC ANDESITE FLOWS (HOLOCENE)—Fresh, u n g l a c i a t e d 

b a s a l t i c a n d e s i t e f lows d e r i v e d from v e n t s a t Belknap 

C r a t e r , L i t t l e Be lknap , s o u t h of Belknap C r a t e r , Twin 

C r a t e r s , unnamed v e n t s s o u t h w e s t of Mount Wash ing ton , and 

Sand Mountain c i n d e r cone c h a i n . Younger than the Mazama 

a s h , e x c e p t t h o s e from unnamed v e n t s s o u t h w e s t of Mount 

Washing ton . Age of 1,500 t o 3 ,000 C y e a r s on b a s i s on 

d a t e s of c a r b o n i z e d v e g e t a t i o n from b e n e a t h flows ( T a y l o r , 

1968, 1981) 

QHb YOUNGER BASALT FLOWS (HOLOCENE)—Fresh, u n g l a c i a t e d b a s a l t flows 

d e r i v e d from v e n t s a t Belknap C r a t e r , unnamed c i n d e r cones 

n o r t h w e s t of Belknap C r a t e r , and Sand Mounta in c i n d e r cone 

c h a i n . Younger than the Mazama a s h . Flows from Sand 

Mountain c h a i n of v e n t s a r e 3 ,000 - 3 ,800 '̂'*C y e a r s o l d 

( T a y l o r , 1981) 

QHc YOUNGER CINDER DEPOSITS (HOLOCENE)—Rudely bedded bombs, b l o c k s , 

l a p i l l i , and a s h of b a s a l t o r b a s a l t i c a n d e s i t e c o m p o s i t i o n 

which form c i n d e r cones and f i s s u r e v e n t d e p o s i t s 

QHg YOUNGER GLACIAL DEPOSITS (HOLOCENE)—Terrains 1 and l a t e r a l 

mora ines on Mount Wash ing ton . C o n s i s t s of d e p o s i t s from 

bo th n e o g l a c i a l and a c t i v e g l a c i a t i o n 

MAZAMA ASH (HOLOCENE)—Unit n o t shown on map. Pumiceous a i r - f a l l ash 

d e p o s i t d e r i v e d from c l i m a c t i c e r u p t i o n of Mount Mazama 

( C r a t e r Lake) a b o u t 90 mi sou th of map a r e a . Thin 

d i s c o n t i n u o u s d e p o s i t ; forms u s e f u l t ime marker w i t h which 
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to distinguish relative ages of young deposits. C age 

is about 6,845 years (Bacon, 1983) 

Qal UNCONSOLIDATED ALLUVIUM (HOLOCENE AND PLEISTOCENE)—Glacia1 

outwash, fluvial sand and gravel, and talus deposits 

Qg OLDER GLACIAL DEPOSITS (PLEISTOCENE)—Terraina 1, lateral, 

recessional, and ground moraines composed of angular to 

subrounded cobbles and boulders in a poorly sorted sand- to 

clay-size matrix. Probably fonned during the Cabot Creek 

glaciation of Scott (1977) 

Qba OLDER BASALTIC ANDESITE FLOWS (PLEISTOCENE)—Near ly aphyric to 

moderately porphyritic basaltic andesite. Glaciated. 

Includes flows on the flanks of Mount Washington 

Qb OLDER BASALT FLOWS (PLEISTOCENE)—Nearly aphyric to moderately 

porphyritic basalt; commonly diktytaxitic. Glaciated. 

Qc OLDER CINDER DEPOSITS (PLEISTOCENE)—Bombs, blocks, lapilli, and 

ash of basalt or basaltic andesite composition in well 

preserved to deeply eroded cinder cones. Locally invaded 

by dikes (unit Qi) of similar composition. Deposits near 

summit of Mount Washington include palagonite tuff 

Qi INTRUSIVE ROCKS (PLEISTOCENE)--BasaIt 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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CONTACT— Approximately located 

VENT DEPOSITS 

FLOW DIRECTION OF HOLOCENE LAVA FLOWS 

X 4 STREAM SEDIMENT SAMPLE SITE (Analyses listed in Table l) 
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Table 1. Analyses of stream-sediment samples from the Mount Washington Wilderness, Oregon. Analyses were 
performed by G. W. Day, U.S. Geological Survey, Denver, Colorado. Sample locations are shown on Figure 2. 
(Fe, Mg, Ca, and Ti in percent; all other elements in parts per raillion; N, not detected; L, detected, but 
below limit of determination; * identifies analyses of non-magnetic heavy-mineral sample) 

Field 

MWIA* 
MWIB 
MW2A* 
MW2B 
MW3A* 
MW3B 
MW4B 
MW5B 
MW6B 
MW7A'* 
MW7B 
MW8A* 
MW8B 

Lower 

No. 

limit 
detection: 

Map No. 
(fig. 2) 

1 
1 
2 
2 
3 
3 
4 
5 
6 
7 
7 
8 
8 

; of 

Fe 

7 
10 
5 
10 
5 

. 10 
10 
10 
15 
5 
10 
1 
10 

.05 

M& 

5 
10 
5 
10 
2 
5 
2 
10 
10 
5 
10 
0.5 
10 

.02 

Ca 

5 
20 
10 
20 
3 
15 
10 
10 
10 
5 
10 
5 
10 

.05 

Ti 

1 
1 
0. 
1 
• 
1 
1 
1 
1 

1 

1 

2 

7 

3 

2 

.002 

Mn 

1500 
5000 
1500 
3000 
1000 
3000 
2000 
3000 
2000 
1500 
2000 
300 
3000 

10 

B̂  

L 
70 
20 
70 
L 
50 
70 
50 
70 
L 
30 
L 
50 

io 

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 
N 
70 

5 

£r 

500 
500 
200 
200 
200 
200 
200 
200 
300 
200 
300 
N 

300 

10 

Cu 

L 
150 
15 
100 
L 

100 
100 
100 
150 
100 
150 
10 
150 

5 

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 

5 

Pb 

200 
30 
20 
30 
N 
50 
20 
20 
50 
70 
15 
L 
30 

10 

Sc 

L 
30 
10 
30 

• 20 
15 
15 
20 
20 
L 
15 
L 
15 

5 

Sr 

1000 
2000 
1500 
2000 
1000 
1000 
700 
700 
700 
1500 
500 
1500 
700 

100 

V 

200 
200 
70 
200 
150 
200 
500 
200 
300 
70 
200 
20 
200 

10 

Y 

L 
50 
L 
30 
L 
30 
30 
30 
30 
N 
30 
N 
30 

10 

Zr 

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

10 

Analyzed for but below limit of detection (ppm indicated in parentheses): antimony (100), arsenic (200), 
beryllium (2), bismuth (20), cadraium (50), gold (10), molybdenum (10), niobium (50), silver (I), thorium (200), 
tin (10), tungsten (lOO), and zinc (200) 


