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Baker County faulted Jurassic 
(Nel-son) Durkee br Triassic 
Sarn- O Mineral Spr. 2 l2S 43E 15 ' 2 6. 6 Strata 2 springs, local use 

j Baker County 
NEl/4 Haines 

Jointed diorite also 2 · wells, 
!Radium Hot Springs 10 mi. NW Baker 

28 7S 39E 7-l/2 57. 2 ;mall --t 
Baker County SEl/4 Baker Alluvium over- irrigation use, 
Sarn-O Sr2ring 16 9S 40E 7-l/2 26.6 400 lying Tertiary near Baker volcan1cs 
Baker County 
Huntington City Huntington water bearing zone 500 ft. 
Well 18 l4S 45E 15 24 
Baker County 
William Wendt Baker 
Well 16 9S 40E 7-l/2 24.4 - Baker County 
Baker Packing Co. 
Well 16 9S 40E do 26.1 
Baker County 
Sunny Slope Co. Tertiary Volcanic? 
Well 15 9S 40E do warm near fault zone ·-· Baker County 

do 15 9S 40E d5 d5 d5 -
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;J) SPRING NAME Sec. Twp. I Range Quadrangle !_Temp_ Cl.._.. Associated Rocks Remarks 
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Grant County NWl/4 Ritter i Tertiary Faulted Resort 
Ritter Hot Spgs: 8 8S 30E 15' 43.3 35 Columbia R. 

Basalt ., 

Grant County Susanville I Resort,. on camp creek 
Hot Sulfur Spgs. 35 lOS 32S 15' 48.8 do. 6 mi. S of Susanville. 

Grant County 
(Miller Resort) SEl/4 John Day Upper tertiary near Canyon Cre.ek 
Bear Gulch Spring 11 15S 31E 15' 39 2 lava 
Grant County Prairie Cit' Carboniferous Several springs near 
Blue Mtn. Hot Spg. 13 l4S 34E 15' 160 Strata ~outh of Reynolds 

I Creek 
Grant County ~orth 
Lime Kiln Spgs. Centra::. 

10 14S 33E do. I 21 
Grant County Springs on 3 mi. long 
Brisbois Ranch 13,24, Izee zone 
Spring 25 l7S 27E 15' 22 
Grant County 
Weberg Springs 18 18S 26E 50 
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Union County Elgin ! Tertiary Columbic: Several springs, 
Unnamed 6 lS 39E 7-l/2 I warm River Basalt local use 

I 

SEl/4 Craig Mt. 
I 

10 mi . . SE Union County ! Tertiary Columbic Bathing, 
Hot Lake SE_gs 5 4S 39E 7-l/2 j82.3 175 River Basalt of LaGraride 

! 

Union County NEl/4 Medical Spg$ Carboniferous 2 :pprings, local use 
Medical Springs - 2 5 6S 41E 7-l/2 160 50 Greenstone 

I 

Union County ·cove 
12 9 

Water supply for 
Cove Springs 22 3S 40E 7-l/2 226 sw.immirig pool -- -

I . . 

1 Union County ' West I 
Warm Mineral Centra] Fly Valley I 25- Sulfurous odor 
SP:c.in>! s 12 6S 35E 17 .1 L 2 ! ? R sn I 
Un,ion . County Imbler 

129 Wagner Well 24 lS 38E 7-i/2 Well depth 1150' ! 
Union County T 
Clayton Io~ Well 20 lS 39E do. 127 Well depth 1468 ' 
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Umatilla County NEl/4 !Wehman Sprirlg Tertiary Columbia 10 springs, resort 
Lehman Spring 12 5S 33E 7-l/2 !69 75 R. Basalt 

i 
Umatilla County SEl/4 ! ~everal. springs, 7 mi. 
Hideaway Springs 17 5S 33E do 138 150 do SW of Lehman Spring 

I 
Umatilla County NEl/4 Bingham I Fracture zone in 
Bingham Springs 18 3N 37E Springs Lava 

7-l/2 134 80 
Umatilla County ! ~ater heaving zone 
Hermiston City ::Iermiston ! F!bout 500' 
Well 10 4N 28E 7-l/2 !24 
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Figure I. Map of the State of Oregon showing the location of sampled thermal springs and \'Jells. The numbered 
dots corresp·ond to sampled springs listed by county in tables 1, 2, 3, and 4 of the text. 
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Table 1.--Location and topographic map coverage of selecte~ hot springs 

Spring 

Radium Hot Springs(well) 

Austin Hot Springs 

Weberg Ho t Spring 

Blue Mountain Hot Springs 

3 Ritter Hot Springs 

Unname d hot spring (Trout Creek) 

Hot Lake 

Unnamed hot spring (near Hot Lake) 

4 Alvord Spring (Indian Spring) 

Mickey Springs 

6 Unnamed hot spring (near Harney Lake) 

Crane Hot Springs 

Olene Gap Hot Springs 

Fisher Hot Springs 

2 Crump (Charles Crump's Spring) 

Barry Ranch Hot Springs 

4 Hunters Hot Springs 

Summer Lake Hot Spring 

Location 

Baker C~ 

NE 1/4 sec. 28 , T. 7S. , R. 39E. 

Clackamas County 

NW 1/4 sec. 30, T. 6S . , R. 7E . 

Grant County 

sec. 18, T. 18S. , R. 26E. 

S 1/2 sec. 13, T. 14S., R. 34 E. 

NW 1/4 sec. 8, T. BS., R. JOE. 

Harney County 

s ec. 16, T . 39S. , R. 37E. 

sec. 15 , T. 37S., R. 33E. 

sec . 15, T . 375. , R. JJE. 

sec. 33 , T. 34S . , R. 34E . 

sec. 13, T. 335 . 1 R. 35E. 

sec. 36 , T. 27S . , R. 29-l/2E. 

s 1/2 sec. 34, T. 245., R. 33E. 

Klamath County 

SW 1/4 sec. 14, T. 39S. , R. lOE. 

Lake County 

NW 1/4 sec . 10, T . 38S., R. 25E. 

sec. 27, T. 38S., R. 24E. 

SE 1/4 sec. 27 , T. 39S . , R. 20E. 

NW 1/4 sec. 4 , T. 39S., R. 20E. 

NE 1/4 sec. 12, T. 33S., R. 17E. 

.. ....... : 

~ 
I ·­, ·- ~ -:· ·· 

... "' ··" --- ... --~ - ..! --~ ..... .. ..;... _._ .... ·-""'·· . - i . ,-.. .: :. ·~~ ..... 

Topogra phic map coverage 

Haines, Ore . (7-1/2'); Baker , Oregon-Idaho (2° ) 

Fish Creek Mtn. Ore ., (15'); Vancouver, Ore . -\."ash. (2° ) 

; E~ r n s , Oregon (2° ) 

Prairie City, Ore . (15'); Canyc~ C1:y , Oregon (2°) 

Ritter, Ore. (15'); Canyon Ci ty . Oregon (2~ ) 

Apel, Oregon (2' ) 

Ade1 , Oregon (2 ' ) 

Ade1, Oregon (2° ) 

Ade1, Oregon (2' ) 

Ade1, Oregon (2° ) 

Burns , Oregon (20) 

Crane, Ore. (15'); Burns, Oregon (2° ) 

Merrill, Ore.<alif. (15'); Klamath Falls. Ore . -<:alif. (2° ) 

Crump Lake , Ore. (7-1/2'); Adel, Oregon (2°) 

Adel, Oregon (20) 

Lakeview NE, Ore. (7-1/2'); Klamath Falla , Ore . -<:alif. (2°) 

Lakeview NE, Ore. (7-l/2'fi" Klamath Falla·, Qre.-cal!f. (2" ) 

Slide Mtn . Ore. (7-1/2'); Klamath Falla ; Ore.-<:al!f. (2° ) 
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Table 1.--Location and topographic map coverage of se lect ed hot springs--Con~nued 

--------------.------------------·-- - -......... ---------------------
Spring 

1 Belknap !lot Springs 

2 Co•Jgar Reservoir Hot Spring 

Unnamed hot spri ngs (ncar !1cDermitt) 

2 Unnamed hot spr i ng s (at Three Forks) 

3 Unnamed hot sprir.g (near Riverside) 

4 Beulah !lot Springs 

Nea l !lot Springs 

6 Unnamed hot springs (near Little Valley) 

Mitchell Butte !lot Spring 

Breitenbush Hot Springs 

Lehman Springs 

Medical llo t_Springs 

2 Hot Lake 

Kahneet a !lot Springs (Kah-Ne-Tah) 

Location 

Lane County 

NE 1/4 sec. 11 , T. 16S., R. 6E. 

sec. 7, T. 17S., R. SE. 

Malheur County 

s ec. 25, T. 40S. , R. 42E. 

sec. 3, T. 35S. ,· R. 45E . 

sec. 20, T. 24S., R. 37E. 

SE 1/4 sec. 2, T. 19S., R, 37E. 

NW 1/4 sec. 9, T. l8S . , R. 43E. 

t;w l/4 sec. 30, T. l9S., .R. 43E. 

Jo.'E 1/4 sec. 12 , T. 2lS., R. 45E. 

Marion County 

NE 1/4 sec. 20, T. 9S., R. 7E. 

U~!J.~~Y. 

NE 1/4 s ec. 12 , T . 5S., R. 33E. 

U!\!pll..C~~1; 

NE l/4 sec. 25 , T. 6S., R. 4lE. 

SE 1/4 sec. 5, T. 4S., R. 39E. 

Wasco County 

E 1/2 sec. 20, T . as. , R. 13E. 

Topogr aphic map cove rage 

NcKenzie Bridge, Ore . (15 ') ; Sal om, Or ego~ (2° ) 

McKenzie Bridge, Ore . (1 5 ') ; Salem, Oreg on (2° ) 

Jo rdan 'Ia ll ey, Or e . -I da ho (2°) 

J ordan Val l<y , Or e .-Idaho (2 ' ) 

Burns, Oregon (2° ) 

Beulah , Oregon (15' ) ; Burns, Oregon (2 ' ) 

Jamieson, Oregon (15') ; Baker , Idaho-Oregon (2° ) 

Harper , Oregon (15') ; Boise, Idaho-oregon (2° ) 

Mitchell Butte, Ore. (7-1/2 '); Boise , I,daho-Qregon (2° ) 

Breit enbush !lot Spring, Ore. (15 ' ) ; Canyon City, Ore. (2° ) 

Lehman Springs , Ore. (7-1/2'); Pendleton , Ore.-Wash. (2° ) 

Flagstaff Butte, Ore. (7-1/2 ' ); Grangeville , Idaho-0re.-Wash . (2° ) 

Craig Mtn. , Ore. (7-l/2'); Grangeville, Idaho-Gre."Wash. (2°) 

Eagle Butte, Ore. (7-l/2'); Bend, Oregon (2° ) 
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Table 2.--chemical analyses of selected hot springs 

Sprinc; 

1 Austin Hot Springs 

Webe;:g Hot Spring 

2 Blue Mountain Rot Springs 

Ritter R~t Springs 

Unnamed hot sp r ing (Trout Creek) 

Hot Lake 

3 Unnamed hot spring (near Rot Lake) 

4 Alvord "Spring (Indian Spring) 

Mickey Springs 

6 Unnamed hot a pring (near Harney Lake) 

Crane Hot Springe 

1 Olene Gap Hot Spring• 

Fisher Hot Sp rings 

2 Crump (Charl es Crump's Spring) 

3 Barry Ranch Rot Springs 

4 Hunters Hot Springs 

Su~er Lake Hot Spring 
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9.56 290 

7 .6 3 1, 720 
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7.96 610 

9.68 319 

6.77 1,168 

7.28 2 , 410 

7 .30 2,020 

6 . 73 4,590 

8.05 2 , 490 

7.26 2,970 

8.10 810 

7.68 1,140 

7.93 

7.26 

7.76 

7.77 

8.43 
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1,490 

1,370 

1,120 

1, 790 
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C lackarrns County 

81 35 

Grant County 

82 . 

47 

70 

38 

2.2 

1.4 

Harney County 

105 

190 

160 

120 

200 

92 

83 

18 

16 

14 

13 

. • 9 

12 

3. 7 

Klamath County 

98 40 

Lake County 

77 

180 
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140 
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8.4 

16 

-8.8 

13 

2.1 

, ... 

~ 

"" e 
s 
:> ... 
" " c 

"" " ;.: 

0.1 

. 1 

7 . 8 

.2 

<.05 

.8 

.3 

.3 

2 . 2 

.1 

1.8 

.1 

.2 

1.0 

.2 

.1 

<.1 

.1 

I 
I 

~ 

~ -z 
~ 

E 
:> ... ., 
0 
til 

58 

300 

610 

140 

72 

270 

500 

450 

960 

550 

630 

170 

190 

92 

280 

280 

210 

390 

i 
I 
I 

'I 

I 
I 

I 
Q 
~ 

s 
:> 
-;; 
" ~ 
u 
0 

0.. 

1.1 

7.1 

36 

3 . 3 

.82 

10 . 8 

31 

28 

69 

35 

13 

3 . 9 

7.2 

7.9 

11 

9.0 . 

8.5 

4.6 

I 

I 
I 

·:.t_ ... .. ~ :~ ~ .. .:..,..._.: ~~ .. :~.~- - f ~;_ -L _ :. :·~ :· • t • •. ./ _ .... "' ..... ·.·- - .a .... . • . • 1. 

I 
~ 

i n 

I 

0 
u 
~ 

~ ... " ..... -;; ~ 

I c 
E 0 
:> .ll 

! ... 
" ~ ! u 
;; ..... : 

0.01 8G 

. 4 56 

. 7 1, 710 

. 07 323 

.01 86 

. 68 439 

.65 . 420 

. 51 374 

2.1 1,196 

1.1 774 

.45 566 

. 09 202 

.15 

.04 

.4 

.15 

.15 

.15 

53 

105 

153 

232 

79 

406 

I 
i 
I 
I 
I 

I 
I 
i 
I 
l 

,.., 
0 
u 
~ 

" 
" c 
0 
.ll ... 
" u 

27 

~ 1 

28 

~ 1 

4 

1 

11 

3 

<1 

-:1 

2 

~1 

10 

! 
I 
I 
I 
I 
I 
i 

. · :...~ ~.... .. ~. ] 

~~ 
0 

"' ~ 
" u 

" ~ -:> 
til 

34 

140 

13 

11 

204 

350 

434 

220 

230 

140 

86 

400 

59 

200 

240 

260 

120 

::/;).. •-·:L ':..:·: __ ., . ·~ 

I 

.... 
u 
~ 

" ., .. . 
0 -u 

17 

430 

50 

15 

29 

24 

300 

250 

780 

240 

590 

79 

39 

56 

240 

170 

120 

280 

! 

I 
i 

I 
I 

t:' 
~ 

" ., 
-;: 
0 -"" 
1.3 

1.4 

3 . 9 

10.6 

4.0 

12.P 

9.0 

7 . 2 

10.2 

16 

3.3 

9.0 

1.2 

3 . 5 

4 . 9 

5.4 

4.4 

2.2 

i 

' 
' : 

l 

··~ \ 
' ·· 

~ 

"' ~ 
" 0 .. 
" "' 

'\ .... 

0.42 

2 .5 

15 

"1.6 

2.6 

-~9 

16.6 

15 

30 

10.5 

11.3 

7.9 

1.0 

2.2 
13.6 

11.2 

~.9 

6 . 9 

--

.. _,;.... ~ ;. - ~ .... 

.. 

.,.-" 

I 

I 
I 

1 



; 

Table 2.--Chemical analyses of selected hot springs--continued 
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Lane County 

Belknap Hot Springs 71 7.62 4,300 96 210 .2 690 15 . 95 17 <1 171J 1,300 

2 Cougar Reservoir Hot Spring 44 7.76 2,890 50 225 .1 392 6.3 .52 19 <1 250 7~2 

Malheur County 

Unnamed ho t sprin!;l" (near McDermitt) 52 8.79 598 72 .6 <.1 130 1.0 .06 237 13 52 ·1~ 

2 Unnamed hot springs(at Three Forks) 34 8.11 338 40 10.5 . 7 61 1.2 .04 108 1 34 18 

Unnamed hot spring (near Riverside) 63 7.43 1,330 110 34 .5 240 9.7 .27 160 <1 290 1~0 

4 Beulah Hot Springs 60 7.56 1,090 170 24 .2 200 6.0 .24 161 1 290 55 

... 5 Neal Hot Springs 87 7.32 1,010 180 8.8 .2 1190 16 .3 198 <1 120 120 ... 
6 Unnamed hot springs(near Little Valley) 70 8.71 740 115 3.2 <.05 160 3.2 .11 127 1 110 74 

Mitchell Butte Rot Spring 62 8.69 559 94 4~6 <. 1 110 1.6 .03 72 3 130 28 

Marion County 

1 Breitenbush Hot Springs 92 7.31 4,030 83 100 1.3 720 31 1.8 142 <·l 140 1.300 

U"J,~~,il!~. C~ty 

Lehman Spring• 61 9 .18 252 44 .9 .1 53 .7 .03 101 13 23 5.4 

Union County 
-1- -.; ...._ 

Me di cal Hqt S prings 60 8.23 1,173 80 72 .2 190 7.0 . 05 26 <1 400 77 

2 Hot Lake 80 9.21 688 48 4.9 <".1 130 2.7 .03 75 12 56 140 

\Iasco County 

1 Kahneeta Hot Springs (Kah-Ne· Tah) 52 8.32 1,370 104 3.2 <.05 325 3.4 . 52 493 9 34 1~5 
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Table 3.--Geo l ogic setting and estimated thermal aquifer temperatures of &€lected hot springs 

Spring 
-----· - ----

1 Radium Hot Springs (well)** 

. Austin Hot Springs*** 

1 'Weberg Hot Spring 

2 *Blue Mountain Hot Springs 

3 Ritter Hot Springs** 

1 *Unnamed hot· spring (Trout Creek) 

2 Hot Lake 

3 Unnamed hot spring (near Hot Lake) 

4 *Alvord (Indian) Hot Spring 

5 *Mickey Springs 

6 *Unnamed hot spring (near Harney Lake) 

7 Crane Hot Springs 

Olene Gap Hot Springs** 

Fisher Hot Springs 

2 Crump (Charles Crump's Spring) 

J *Barry Ranch Hot Springs 

4 Hunters Hot Sprinos 

5 * Sumou•r Lake Hot Spring*** 
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58 

86 

46 

58 

41 

52 . 

36 

96 

76 

73 
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88 

96 

43 
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1,100 

950 

40 

250 

130 

200 

3,500 

15 

500 

. 100 

550 
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200 

70 

0-50 

200 

2,300 

75 

J~ 
X 

T 

X 
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X 
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X 

T 

T 

T 

T 

T 

X 

T 

T 

!Spring deposits 

" M u 

~-~ 
.... ... .... 

Rock type of the spring "' ------- ----

Baker County 

Alluvium, quartzdiorite, and basalt 

Clackamas Count'y 

T 

Grant County 

T 

T 

Harney County 

X 

T X 

T X 

T X 

T 

Klamath County 

Lake County 

T 

T 

T 

T 

T 

X 

T 

T 

Olivine basalt , basaltic andesite and pyrox_ene 

andesite 

Arkosic sandstone 

Andesite 

:Basalt 

Andesite, basalt, and rhyolite 

Alluvium, andesite, and basalt 

Alluvium, andesite, and basalt 

Rhyodacite, andesite, and basalt 

Andesitic tuf f-breccia 

Basaltic tuff, end olivine basalt 

Augite andesite 

Andesite, basalt, and andesitic tuff-breccia 

Alluvium and olivine baoalt 

Al~uvium and olivine basalt 

Andesite, andesitic tuff-breccia, and rhyolite 

Alluvium, andesite, and andeaitic tuff-br~ccia 

Alluvium, andesite, andesitic- tuff-breccia 

-~--
~. 

\ 

F..stimated thennal aquifer temperature: · 

" > ... 
.. u 
u ~ 
... '0 
... c 
- 0 til u 

123 

124 

ill 
22. 

118 

~ 
176 

.!§2 

~ 

.!22 
lE 
Ql 

136 

ill 
173 

153 

157 

~ 

I 

u 
... .... 

u.&> - .. ... --., 
til .. 

122 

123 

124 

101 

117 

135 

ill 
156 

142 

168 

129 

125 

132 

121 

162 

146 

ill 
130 

"' ' .. 
z 

48 

61 

130 

61 

20 

97 

134 

134 

14~ 

136 

52 

59 

93 

1~7 

96 

81 

98 

22 

.. 
~ ..... 
' "' ' ~ 
z 

109 

118 

170 

g2_ 

92 

144 

176 

.!.?.§. 

199 

207 

.QQ 

.!!..! 

130 

17 0 

144 

140 

~ 
.!._g 

~ 

lo\ ..... 
~ 

,:.: 
' .. 
z 

77 

88 

162 

118 

l! 

118 

181 

178 

254 

330 

151 

114 

~ 

. 112 

123 

131 

114 

149 

. ·~ ·::«t "Y't'. ~~ . ·~ .. • • . .. ~ . ·;·'· ·;:- . :.=. ·r:, :·: ':1~f~.~ . l - . . _ 

~ .-.. -· ... ·'t'~ ... ~ tt~ · .~ . ... ~. ;,~ . 

~ - ·~~J;: :;~ . ':.' =-: ~- -~ . :. .::. / .if{t 
\ . 
\. ... .. ~. ·. " . · ~· 

..... ..... ~~· . i. ;·~ · 

·i 

,, 

I 

I 
I 
I· 
I 



... 
"' 

i 

f . 

' 
Table ) .... ~eologic setting and ' estimated thermal aquifer temperatures of select.ed hot springs--Continued 

"'\ 
:,.. 

\, ., 
-.\ 

I I --u 
~ Spring deposits Est irnated thE:rr..al- aquifer t~:np e: ra tu r .. ... ,..... .. 

I 
c " ~ F. > u i;!, u ... "' - - "' ~ .... ... ... ...... ...... .., ... ~ " "' u "' " ~ 

c .. "' u u ~ u.<> I " "' .:: -"' ~ 0 - _., - " .., e "' ' '-' .... - c: I ' ' ;. 
"'" .... "' " - - 0 

_., 
" . 

S;:>ring 
tl)u ~ <!> u "' Rock type at the spring "' u "' .. z z :z: 

---- -------------- -'-- -----

Lane County 

Belknap Rot Springs** 71 300 -- -- -- Olivine basalt 135 131 ~-.; 114 

2 Cougar Reservoir Hot Spring** 44 200 -- -- -- Andesite, basalt, and basic tuff-breccia 29 92 38 95 

Malhear County 

1 •' Unnarr.ed hot springs (near McDermitt) 52 750 T -- -- Basalt ~ 118 3 91 

2 Unnamed hot springs (at Three Forks)** 34 4, 000 -- -- -- Basalt 95 97 52 100 

3 *Unnamed hot springs (near Riverside) 63 200 T T -- Andesite 1~2 137 98 13E 

4 Beulah Hot Springs 60 50 T T · X Vitric tuff 169 159 76 12 5 

5 Neal Rot Springs 87 90 T T X Basalt .!.21 162 164 .ill 
6 *Unnan:ed hot springs (near Little Valley)*** 70 550 T T T Basalt and andesite ~ 139 51 ~ 

Mitchell Butte Rot Spring** 62 60 -- T -- Volcanic arkose 133 130 33 100 

Marion County 

Breitenbush Rot Springs 92 3,400 -- X -- Andesite ill 124 103 1.:1 

Umatilla County 

Lehman Springe*** 61 275 X T -- Andesite 98 98 28 97 

Union County 

Med.ical Rot Springs** 60 200 X T -- Basalt 125 123 91 125 

2 Hot l.ake so 1,500 T T -- Basalt and mylonite 102 103 53 115 

Wasco County 

1 *l<;:lhneeta Rot Springs (Kah-Ne-Tah) 52 200 T T -- Rhyolite, andesite, basalt , and tuffs 122 135 17 .!Ql 

* Mixed waters 

**Temperature estimates based on the solubility of cristobalite improve the agreem••nt between the silica and cation geothermometers at Radium Hot Springs (720C), 
Ritter Rot Springs (700C), Olene Gap Hot Springs (84°C), Belknap Rot Springs (84°C), Cougar Reservoir Hot Springs (Sl°C), the unnamed hot springs n~ar Three 
Forks (3S0C), Mitchell Butte Rot Springs (83°C), and Medical Hot Springs (740C). Solubility data from Fournier and Rowe (1962), 

*"--<'J:emperature estimates based on the solubility of chalcedony improve the agreement between the silica and cation geothermometers at Austin Hot Springs (95°C), 

~ 
49 

.!Q2. 

~ 
97 

86 

151 

109 

72 

128 

73 

67 

2£ 

121 

the unnamed h ot springs near Little \'alley (ll2~C), Summer Lake Rot Springa (107<•c), and perhaps, Lehman !lot Springs (680C). Solubility ~ata from Fournier (1973). 
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Table 4.--Agc of bedrock and geologic coverage of each spring \ 
Spring 

Radium Hot Springs (well) 

Au•tin Hot Springs 

Weberg Hot Spring 

2 Blue Mountain Hot Springs 

Ritter Hot Springe 

Unn~med hot sp~ing (Trout Greek) 

2 Hot Lake 

Unnamed hot spring {near Hot Lake) 

4 Alvord {Indian) Sprtng 

5 Mickey Springs 

6 Unnamed hot spring (near Harney Lake) 

7 Crane Hot Springs 

l Olene Gap Hot Springs 

Fisher He~ Springs 

2 Crump (Charles Crump's Spring) 

3 Barry RAnch Hot Spring• 

O .;J. .. 

,.. . 

Age of bedrock 

Baker County 

Quaternary alluvium, Late Cretaceous diorite, and 

Permian greenstone 

Clackamas County 

Pliocene to Holocene mafic flows and perhaps 

pyroclastic rocks 

Grant County 

Lower and ~Iiddle Jurassic sandstone and volcanic rocks 

Miocene and Pliocene andesite flows 

Miocene and Pliocene basalt flm•s 

Harney County 

Quaternary alluvium, Miocene to Pliocene basalt, 

andesite, and rhyolite flows 

Quaternary alluvium and playa deposits 

Quaternary alluvium and playa deposits 

Miocene rhyodacite, basalt, and andesite 

Miocene andcsitic tuff-breccia, basalts, and 

andesites 

Geologic r~ference 

Gilluly (1937) 

Peck, Griggs, Schlic,er, •ells, and Dole (1964) 

Brown and Thayer (1956) 

Brown and Thayer (1966) 

Brown and Thayer (1956) 

Walker and Rcpenning (1965) 

Walker and Repenning (1955) 

Walker and Repenning (1965) 

Walker and Repenning (1965) 

Walker and Repenning (1965) 

Pliocene basalts, tuffs, and welded tuffs 

Quaternary alluvium, Pliocene and Pleistocene 

Walker and Swanson (1967); Greene, o;alker and Ccrcoran0.972) 

pyroclastic rocks, and Pliocene basalt and mdesite Leonard (1970); Greene, l.'alkrr, and Corcoran (1972) 

Klamath County 

.Pliocene and Pleistocene basalts and associated 

pyroclastic rocks 

Lake County 

QuDternary alluvium and Miocene to Pliocene 

olivine basalt 

Quaternary alluv!um and HiC'cene to Pliocene 

olivine bas~lt 

Oligocene(?) and Miocen~ banalt or andesite flows, 

tuff-breccia, tuff, anJ tuffaceous rockl 

Peterson anY Groh (1967) 

Walker and Repenning (1965) 

Walker and Repenning (1965); Peterson (1Q59) 

Walker (1963) 

.~ ;~.~~:: :-;;•~ ' .. ~!~;.'~;~· : ·:. ·~· .. :~··' \.~· ~·~-~~, ;;::~··::.· ;~~~:~ .. '' :i~~~=~~ ,_.\ 
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Table 4.--Age of bedrock and geologic coverage of each spring--cont'd 

Spring 

4 Hunter Hot Springs 

5 S\JIIIJier Lake Hot Spring 

1 Belknap Hot Springs 

2 Cougar Reservoir Hot Spring 

1 Unnamed bot springs (near McDermitt) 

2 Unnamed bot springs (at Three Forks) 

3 Unnamed hot springs (near Riversdie) 

4 Beulah Hot Springs 

5 Neal Hot Springs 

6 Unnamed bot springs (near Little Valley) 

7 Mitchell Butte Hot Spring 

1 Breitenbush Hot Springs 

_,. 
i ~· 

.. ;_ ~l:i~ .! .... ' 

Age of bedrock 

Quaternary alluvium, Quaternary to late Tertiary 

basalts and andesites, middle Tertiary tuffs 

Tertiary and Quaternary sedimentary rocks overlying 

Tertiary andesite flows 

Lllne County 

Pliocene to Holocene basic volcanic flows and 

pyroclastic rocks 

Miocene mafic to intermediate flows, tuffs, 

and tuff-breccias 

Malheur County 

Quaternary alluvium, Tertiary and Quaternary 

pediment gravels, nnd Miocene volcanic rocks 

Miocene and Pliocene volcanic flows and tuffs 

Miocene basalt 

Miocene and Pliocene vitric tuff 

Miocene(?) volcanic flows 

Geologic reference 

Walker (1963) 

Walker (1963) 

Peck, Griggs, Schlicker, Wells, and Dole (1964) 

Peck, Griggs, Schlicker, Wells, and Dole (1964) 

Walker and Repenning (1966) 

Walker and Repenning (1956) 

Walker and Rcpenning (1965) 

Greene, Walker, and Corcoran (1972); Bowen (1955) 

Walker (1973) 

Pliocene basalt and sedimentary volcanic rocks 

Pliocene conglomerate, sandstone, and siltstone• 

Corcoran, Doak, Porter, Pritchett, and Privrasky (1962) 

Corcoran, Doak, Porter, Pritchett, and Privraoky (1962) 

Marion County 

Miocene basalt flows, tuff-breccias, and tuffs, 

near an area of propylitically altered rock Peck, Griggs, Schlicker, Wells, and Dole (1964) 

• lr - ~·· fli.. -1-• ... 

w.1.:.:·.-~::..·~~ .tf.· 

~~·--· 
I 

'I ,.t,;·:· ··:.::.. 

. , .. ,. ... ., 
. :.. \, :.·. ~ .. ·· -~·\ 

.~:· ... ~.;:; .... ~ _.,"!f' '"''l',.;;r1~·-··.\. y,.,.-·· ~ .... , . 
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Spring 

Lehman Sprin~s 

l Medical Hot Springs 

2 Hot Lake -
Kahneeta Hot Springs (Kah-N e -Tah) 

Table 4.--Age of bedrock and geologic coverage of each spring--cont'd 

.. 
~- ' · 

J •• 

Age of be<lrock 

Umatilla County 

Miocene basalt 

Union County 

Miocene basalts and andesites, Permian and 

Triassic metavolcanic and metasediment~rY 

rocks 

Miocene basalt 

Wasco County 

Oligocene and Miocene" rhyolites and tuffs 

Geologic reference 

Wagner (1954) 

Walker (1973) 

Hampton and Brown (1964) 

Waters (1968); Hodge (1941) 

f••l '• • ... ·.41 . _.,....,. . :,'!-> · ·~ · •• • , . · ~C r : .. -':'··.J~. -- . - ~ ~· ;. : . ..-~~~ -· ,.r· 
· '·· .. . f _ _, ··:···- ,_. .~.:.~--~ -- -s~:::i .. _l ·£. ~ ~ ::.::· 

:· .... "•·:. 
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Chemical Character of the Ground ·i•ater _____.,..... -
General Character 

·rhe ground water in t.he B~~!"X~b~Y ~ea. in general does not contain 

excessive arnounts of dissolved material. On the average it is slightly 

to moderately hard, some of it being very hard, and most of it low in 

chlorlde and f:r.ee of odor and color. 

The chemical studies and observations were based on 108 relatively 

complete chemical analyses furnished by the Bureau of Reclamation (see 

table h). In addition, samples of ground water from approximat,ely 307 

wells and springs were analyzed by· field methods for hardness and chloride 

content (see tables 1 and 2). 

'fe!llperature 

The average ground-water temperature in the upper 100 feet of the 
~~·""'~'' ·~-~·n;>·.·,,~ 

earth in Baker Vall·~y is approximately 50° F. Water encountered at greater 

100 feet of 

bU~~~~"!~-~~E~.~:-:·~-~!Jlf!.Gratur7. &_l''a.clients _are found in w~~-~?. ~~~9,,;::1:,~q~*"~~-~,M:.~' 

whicr~~~':~~--t~~l2:?~.::~u:res of p(6° and .~9° F ~.t re~pe;ctivf3.~;Y,'.~ These wells 

located at the eastern outskirts of Baker, and t,he temperatures are com-
- .... ---=--~-"'"-""""""·~,;-,,--<c.•":'"'-•~'="' ,__,j,il~.».,.Af"'.'L""•7,•;.1.''0''·='--"''-~ -~ •-""\2",,,5.~• • '•"' - •';--.i1·•7 '·'"• " •' ',~ ,, • .,.. ~~~~·;-"i ;;:, -~cr{·;, '"'":'Y'.' ~x.r::~":-.;;,.~.,'>:!'J-r{"")',')'~• 

parable to that of the water in nearby wells 9/40-lSGl and -15G2, which are 
~#',...,.'"-'<''-'"i"-">cofi--.•.•"·"P''-"' -~~,. ·'£:·"·-., r_~•J•""<"'i'"•'<="• ~' -.,. -~-c---:.-"o ""'-""'~"'"- •·:c,·o'"" -·~ ·~··-•o •'"[,_-, '"""'-'-';.«··>o;--' -··JF?"",-l,•'<"J'C p·.,.,;., •. · •t '" !V"·:!C•' Hi"'<"' •-""cc"'-P"':.-"."'c'V~~ 

reportedly drilled in the volcanic rocks of Tertiary age. The high 

temperature of the ground water may be due to the location of the wells 

near a fault zone. 

·a .fault zone in the .granodiorite of the Coyote Hills. 
~~'i>'"-~''"'~""~-~,__ .. _ >-.;::.·,..,.--/, ,_,_.~ 

·-

Unpublished records 
subject to revj.sion · 
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i\lthongh nno.lyses Tft'!re noL made for consecutive surmner and fa)~ months 

for an~r of t.he 'delJ.s, :J.t. seel1'J; reasonable to suxmise that near the sttrface 

·0he nodium concent r ation cont.inues to increase throur.h the late summer and 

fall until the advent of thf; seasonal recharge when the annual cycle. is 

completed. 

Boron is one of the i nportant c!lem:i..cal constituents cornr.10nly found 

in low r.;oncentrations in natural waters. It is an essential element for 

normal plant growth but in excess of the desirable concentra.tions is likely 

to be injm~ious to plant life. Crops sensitive to boron cannot toler<>:lie 

concentrations much greater than one part per million. 

The boron content i:3 low in most ground and surface water in the 

valle~r area and the watETs that do have high concentrations are those 

which also have high sod.Lt~ percentages. The m.?.xirmli'll boron coneen'vration 

of any analyzed samples l' f ground water in Baker Valley is 1. 83 parts per 

million. That concentrai,ion ·was :'1hcwn by an artesian well that obtains its 

uater from volcanic: roc:cs of Tertiary age at the southeast edge of the 

valley. Baldock Slou:!-i1, at the brl.d.ge crossing in the southeast corner 

of sec. 15, T. 9 S., fL ho E., sho~·md a concentration between 2. 2.4 and 3. 28 

parts par :nillion tLrough April, Uay-, and Jupe (see table 4) but this is 

s·~agna.Tlt wat,er and· represents exceptional conditions. Water from Sam-0 

Sl)ring has a concer.~:.rA.tion of l. 8u pa;.~ts per million. It is probable that 
.--= PW '1~-.-

the flO"i'l' of So.1:.1-0 ::· pring and possibly other UIL~norm gr-ound-=1•rater increments 

boron in the slou(l at that place. Those hir,h boron waters ·would be of 
~-~------------~------

doubtful quality Lr the irrige.tion of such crops as potatoes, ''Iheat, barley, 

and l:L:k'l beans, si1 ce these crops arc only semi tolerant to boron and v:ill 
not stand conce;1trc Lions of rrHlCh more than ·two parts per million. These 
waters l'fmild proba bl y be su.italJle for sugar beets, corn;non garden vegetables, 
and alf<=tlfa, as thot e plants ~.re more t ·olerant of boron. 

Unpublished records 
subject to rcvisio11 
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Si :;2- J2<J. GUll D. ~tio~ llc::.o 

.... , ....... ~ ....... Z .. L. Ea:::-....:l:l ~!C!lO ";J f _"J.,.-~ 

9/3->"'...llEl c. \l. ~.-d:!:ter None 

9/31-ll..TJ. Frank Tor:.ey No~ 

9/40-~ -:;LJ.. FtJ,)'k-oh Noua 

9/4..C·-l6n Ci.ty or ~a- s.:::_o s~ 

9 I 40-20.t:J. R. D. Pt;.U= .i!one 

9)4D-32ZJ. UnlmC'll'!l None 
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(6) 
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l. E.U. J o bn Ever:son 

' 1 6.>"1. 7. • A • Bobisud 

·lcm ·ailllam Wendt 
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(7) (31 (9) C.·)) (ll) (12) (13) (14) (15) (16) (1?) (16) 

s 

700 

60 700 

4 

2 Coarse grav <:!. 

J.i'i.llc sand 

40 .B~~!t 

40 do. 

7 .5 Cosrse gl'~·: cl· 
and smtti 

Gravel 

Sa.nd 

~ 

Un!.'onfined L~. 76 A)?i-. ll;, 19-"? P 11,, s 9D 32 

do. 9.69 do. s .35 9 .. 
do. 17.57 c1o p N 135 106 l'u:lps SO"'-e fiLa ~N.L>i. 

do. 31.26 1~· U, 1949 ? ·r• 

~. l l -12 }.lRr. 25. 1949 c D, S 405 

Confined 18 ~'!n.r. 24. 1949 T, I~ 
2200 

·do. 10.?9 do. T, S, 57 
1500 

Um:onfinGd 7.46 Apr. l4, 1949 c L.-r ll5 

do. 10.77 do. N 235 

Confined 6 . .54 do. 1' Irr · 50 

do. 6 .oo l:f."),y l~. 1949 T :1!-r ?5 

do. l'law:Lng Apr. 13, 1949 5 40 

48 
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ll FJ.01< aeti•"J::.t.:d a·~ 2 "allons per 
ci.."!Ut"; ~ter .b.::s sl::.~ht odor o~ 
hy:lro:;C!l sulfi.C.2 p s; te::;>crs. t-~ 
of 79° F. See t.::Jh 4 !c:- cha :t-
;.cal an-;1 lvsir; ~ 
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'!able 4.- A11B.J3sos of water from walla , springs, and streams- Contir.ued S'f. 

2l -g~ 
..,. 

~I" ';;;"' T~ ':.t 
0 

! 11 
• 0 C> 0 

~ ~~ 
...... ...... ...... .., e 

_;: ~ g:j ~ .... ~ g $ ~~ .,~ 
g~ 8'6 .88 

., 

I llU:Ilbe:- ~c Source --~ .... a ., :<: 
8~ Date "'" 0 gJ :a "' r=- ~ "' Qi P,C: ;5 ..... E 0 

I "' "' 0 "' ...... 0 ,tJ ~ s" 0 0 i I "' a , I I ! I I I 0 
u I iQ tr.l "-0.. 

-------- - - ---------- ---- - ------ --

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ll) (l2) (13) (14) (15) (15) (17) ---
9/~7G2. n:-6 Drilled '17all about 2 :ciles ncrtln7cst of Baker, July 1947 220 30.20 9.27 13.11 4.(;$ 0.00 143.35 16.32 3.55 Tr. 7.0 19 

a<.ned by C~ Ward,for irrieation. 1.51 0,76 0.57 0.12 2.3:5 0.34 0.10 .-
9/40-8Dl V-5 Dug wll about 2! rallca north of Ba!:e:-, owned June 1947 3(30 38.40 ll.7l 40.71 1.17 0 .00 l70 .so 44.16 17.75 0 .04 7.2 38 

by' John Kirkla:ld, f~ clone:;t:!.c encl. stcek usa. l.9:l 0.96 l.'n 0.03 2.80 0.9:~ 0.50 .OC4 

9/L.0-001. L (1) Duf; -.;-ell about 2 m1es north of BC!kor oonoo ( ' .:':· ·':: .. ··· 231 220 3 '5.40 11.59 23 .92 0.00 o.oo V· •. 'JSI 15 .36 12:18 6.8 28 
by El!:lur Satterberg-, ior irrleation. 194o;:':" 1.71 0.95 1.04 2.'69 0.32 0.:36 

(2) 
229 

26 _1:() do. t·~r u==-.., 340 Jt,.;w 12.81 o.oo 143.3~ 15..98 7.'.< 29 
J.947 . 1.71 1.05' 1.12 2.35 O,!>S 0.45 

~:r-/ 
. 232 

~-~- (! .... ..,.. ... , 101.") 2S'0 ;r'ffi <1;_1:2 65 3'- ;; ln~ 0 ,00 ~ ,,, ,1:: ;;>1_ J .?. 1.? /·"' 0 .1;;> 7 .2 5 5 - ~ .... --- -~ ,, 

}._ . ~3 0.69 2.84 0.13 2.33 0.44 0.35 ·.ou 

(4) ~o. <.by 1947 210 23.20 8.66 15.41 2.35 0.00 8,1 2 t-. 
1.16 0.71 0.67 0.06 

(5P do. June 1947 2:,0 30.SO 10.61 19.~ 0.39 0,00 158 .60 l.J .l;/, o.oc '!':;-, 7.2 2.: 
1,54 0.&'7 O.S4 O,Cl 2.w o.~s 

9/l.;r>-'m. T-5 !lug well in Bcl(ef' at 1ntersE:c-t1on of do. 470 45 ,6:) 15.25 52.67 1.96 o.co 195.20 62.88 :;1..95 O.l2 7.4 .39 
H s~t am u. s. iii"tr.7ay 30. 01'1tled by 01= 2,28 1.25 2.29 0.05 3.2 l,Jl 0.9 .011 
B~ers.fOl' lr~isation purposes, 

9/l,O..l5Gl ~5 Drill€d -woll about 2 4'iles northeast o.f' do, 600 12.00 7.56 174.57 9.73 o.oo 475.80 l2.00 14.20 1.88 8,1 St. 
Ba.'<:c;r, o..-r.ed by. ·:.;wcy_ Slop_o Gc .•. .tor 0.60 0.62 7.59 0.25 ?.B 0.25 0.40 .177 
irrisa·i;io!)., 

9(40-l6ID. 5-5 Drill~ uoll about 1 r.ri.la snst of Baker, do. 650 11,,20 7.:32 172.27 9.78 o.oo 542.90 0.96 17.75 1.64 7.9 a ~ 
cr.med by the Eaker Packing Co ·~ f. or o:n. o.6o 7.49 0.25 8.90 0,02 0.50 .153 
stock use. 

9/40-10Jl. ~5 S=-0 ::;;r1ncr ~bout 1 mils e:1st of E:>ker , do, 650 13.00 l4 .83 134.92 10.17 o.oo 573.40 1.44 17.75 1.81;. 8,0 79 
o;;;noo~ the oity of Baker but i:lOt 0.65 1.22 8.04 0.26 9.4 0.03 0.50 .170 
in uso, 

_.:/ · • · ·. ) ~.o . Cr· · . C.! l ;·:L:.:,;,:. . . ; · :·. :. :_ · .. Unpubl.ished r~ords 9u;,jec'~ t-o re-via1or. 
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DE . RONDE RIVER BASIN 

:l nr01md the Grande Ronde 
l1eastward as the northwest 
~r basin. This broad moun­
irande Ronde River basin is 
~s long, north to south; from 
s northward for another 20 
15 miles. It ranges in alti­
le upland surface is dissected . 
md only small parts of the 
~ ridges. The greater part 
:-.a.rly maturity of the erosion 
lrd slope of · the mountainous 
:Blue :Mountains, . broad cross 
itude and structural pattern 
:s of the Blue Mountain up­
~ Elkhorn Range of the Blue 
nw£>"f of the area; the east­
l .· 11lowed by the Grande 
(onue Valley, and the diverse 
E Mount Emily and vicinity 

ll the drainage from the Blue 
:tonde River in the prominent 
nde Ronde syncline and enters 
n stem of the Grn.nclc Ronde · 
north slope of the Elkh9rn 

ives the discharge of Chicken, 
• and lesser creeks from the 
~nilroad Canyon, Fivepoint, 
Farther north, ·willow Creek 
· Grande Ronde Hiver in · the 
uillips Creek drains the Blue 
~iver in Indian Va1ley. 
intermittent, flowing strongly 
; and during the spring thaw 
!Ilonths. During late summer 
rate pools and local stretches 
md more deeply incisecl .creeks 
;charge, e\·en during- the sum­
~ is largely rctluccd to out­
~•dry" creeks at-e underlain by 
surfr~e underflow pas.._~s. 
.e : at Ln. Orande ranges 
.t 1--• second), which o~currcd 
f 8,880 cfs, which occurred on 

INTRODUCTION ··13 

March 18, 1932. The average discharge for the 49-year period of 
record is 384 cis. The period of large discharge is short and in most 
years is limited to the months February through l\Iay. The months 
July through October of most years are months of low streamflow. 
During that low-flow period, most of the creeks draining the older 
metamorphic and intrusive igneous rocks of the Elkhorn Range are 
dry. The creeks draining areas where the Tertiary volcanic rocks 
overlie the older metamorphic and igneous rocks maintain a rather 
constant, though small, flow even in the driest part of the summer. 
Other spring outflow that enters the river does so in the lower reaches 
of the creeks and in the part of the main stBm that is underlain by 
the basaltic lava rocks. 

The creeks in the Grande Ronde River drainage area above La 
Grande have two distinct drainage patterns. The creeks that drain 
the older. metamorphic and igneous rocks have a dendritic (treB­
like) drainage pattern, whereas the creeks and streams draining the 
layered Tertiary volcanic rocks have a trellis (roughly rectangular) . 
<lrainage pattern. • · · · f · ·. ·. · 

The upland areas west and east oj La Grande are underlain by 
lava rocks that discharge ground water from interftow zones. . This 
outflowing ground water appears as numerous seeps and small 
springs on slopes and in declivities. Thus, moderate supplies of 
water are availabie for livestock and wildlife in these upland areas. 
Similar seeps and springs feed water to the lower reaches of the 
creeks and form the dry-season "base flow" which discharges from 
the uplands. , 

Many springs issue ffom the foot of the escarpments around the 
edge of the valley floor. Only the hot spring at Hot Lak~ the Cove , 
Spring, and a few others discharge significant amounts of water 
rrom single orifices. The lower parts of the alluvial fans contain 
many spring and seep areas, where the ground-water recharge far­
ther up the fan emerges and urains to creeks and drainage ditches. 

In general, the chief characteristics of the runoff of the upper 
Grande Ronde basin are the wide seasonal variation in discharge · 
and the moderately high total water yield in comparison to most 
other streams in eastern Oregon. 

GEOLOGY OF THE AREA 

GENERAL DESCRIPTION AND RELATIONSHIP OF THE ROCK UNITS 

The oldest rocks exposed in the upper Grande Ronde basin are . 
pre-Teritary in age and consist of metamorphosed sedimentary and 
volcanic rocks that ,,;ere intruded by igneous masses. These igne­
ous intrusive rocks are a part of the Bald Mountain batholith 
described by Lindgren (1901, p. 574-594) and Taubeneck (1D57), and 
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40 GEOLOGY, GROUND WATER, GRANDE RONDE RIVER RJ 

CHEMICAL QUALITY OF GROUND WATER l· 
Except in a few places the quality of ground wate·~ in thJ 

Grande Ronde River basin is excellent.. All waters sampU 
potable and within the desirable ranges of hardness and salin: 
public supply and most industrial uses. Samples of "·ater fi 
wells and 3 springs within the area were analyzed by the Geo 
Survey. Chemical analyses of water samples from t\YO well 
obtained from other sources. These 24 analyses a1·e shown ol 
4, along with 2 analyses of water from the Grande Ronde Rivi 

. HARDNESS . I 
Certain constituents, especially calcium and magnesium, in 

cause hardness, which affects the use of detergents and dyi 
causes the deposition of scale when the water is heated, an_ 
sumes soap in laundry operations. "'\Vater has been classified by the 
Geological Survey ( 1953) according to the following scale of 
hardness: 

Hardne88 as Oa003 

(parta per million'). 

0-60----------~----------------------------------------61-120 ________________________________________________ _ 

121-200---------------------~-------------------------­
More than 200------------------------------------------

Olau 

Soft 
Moderately hard 
Hard 
Very hard 

The hardness of the water sampled in the upper Grande Ronde 
River basin ranged from a high of 156 ppm in well 3/39-7N1 to a 
low of 4 ppm in spring 3/40-22Dl. The average hardness of the 
waters from 5 wells . in the basalt is 18, whereas that of the water 
from 16 wells in thB alluvium is about 93. Of the 3 springs sampled, 
the water from the 2 hot springs has an average hardness of 7 ppm, 
whereas the water from the cold spring has a hardness of 3G ppm. 

CHLORIDE, SULFATE, A~~ NITRATE 

The chloride content of the water sampled ranged from 0.2 to 129 
ppm. That of water from the basalt averaged 2.0 ppm, and that of 
water from 1G wells in the alluvial fill, 4.2 .ppm. The water of well 
3j39-7N1, which was drilled into lacustrine deposits of the valley 
fill, contains 28 ppm of chloride. . ;Hot Lake Sprin o- ( 4/39-5K1) hns 
the highest chloride concentration, 12\l ppm, of all waters sampled in 
the Grande Ronde basin. · 

The sulfate and nitrate concentrations in the water analyzed are 
generally low. The highest sulfate concentration (56 ppm) occurs in 
the waters of Hot Lake Spring, and the lowest (0.3 ppm) occurs in 
well1N/38-21Cl. ':!'he -average sulfate content of 17 g-round waters 
sampled (excluding that of spring 4/39-51\:1) is 5.4 ppm. 

The highest riitrute concentrations in the 24 water ·samples so ana­
lyzed are 50 ppm for a sample from well 1/3V-4Nl and 49 ppm in 
well l/39-17Ll. Both wells are north of Imbler and ura drilled in · 
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•,' TABLPJ 4.-Chemical analy8u of water from well8 and 8pring8 of th~ upper Grande RIYflde River bll8in-~ontinued 

". 

Well, spring, or river 
Date or collection 

2/39-30H113/38-5M113/38-5M213/38-6H213/38-8K1 
M17/58 1/21/55 a 1/21/55 a 5/10/57 7/31/57 

3f3~7N113/39-30B113/40-22D1 4/39-SKi IM39-11H114/40-7H1 
7/31/57 7/31/57 -6msr ·51ror5-r 8/22/57 7/31!57 

0:-snde I 
Ronde 
River 
1 mi. 
below 
Five 
Point 

Grande 
Ron<!e 

River at 
Rh!ne-

Well 

~/10/58 

hn~t 
4/10/58 

Well Well 

Cove. -1\ _ 
----------1---1---1---1---1--. -1--· 1---~ L. _~Y(..-1, ·---·--- ·--­

well 1· ·Spr~g tgprlng j Well (Well, spring, or river) Well Well Well Well River River 
-..:.--------l--1--1--l--l--l--1 1--·--·--·---·--
Temperature ("F).................... 5() 77 80 • • 
SU!ca (SiOa).......................... 53 72 84 
Iron (Fe): 

'l'otnL............................ . 02 Tr. Tr. 
In solution .................................................... . 

Manganese (Mn)..................... . 02 0 0 

Calcium (Ca) •••••••••••••••••••••••• 
1\lagllesiurn (Mg) •••••••••..••••••••• 
Sodium (N fi) ••••••••••••••••••••••••• 
Potassiuul (K) ••••••••••••••••••••••• 

30 
13 
13 
1.9 

4.8 
1.3 

30 
5 

5 
.3 

27 
5 

81 
71 

. 03 

. 02 

.01 

10 
. 2 

19 
5.0 

·····a-··· 

30 . 
13 
15 
(.0 

54 
42 

36 
1G 
87 
5.8 

52 
44 

14 
6.6 

15 
4.6 

85 
29 

.03 

. 00 

1. 6 
.0 

30 
.5 

Blcnrbonate (HCOa)................. 185 ~ (?) 84 135 134 118 5 
Carbonate (C01).... ................. 0 •••••••••• 0 0 0 · 0 0 32 
llydroxide .•.•••.•.•••••••••••••••••••.•••••••••••••••••••••••••••••••••••.••.•••••••••.•••••••••• ••••••.•.• -········· 
Sulbtc (SO,)......................... 1.2 4. 8 3.3 4. 5 •••••... .• •••••..••• ••••••••• . 8. 8 
Chloride({;!)......................... 1.5 2. 1 3. 2 1.0 10 28 .8 5.0 
l"luorluo (F).......................... . 1 . 5 . 6 . 5 ..•....... ..••.•. ... .•........ . 3 
l'•:!trate (NOa)... ..................... 2.0 •••••••••. .••••••••• .0 19 .~ .4 .0 
Boron (D)............................ . 03 ...................................... ,. •••••••••• ••••••••.• • OS 

Dissolved solids: 
Calcula t~d ••.•••••••••.••••••••.• 
Residue a t !80°C ••••••••••••••••• 

Il&rd n,·ss as C'aCOa .••••••••••••••••• 
N onr.a rhonntc hardness •••••.••••••••• 
Sod tum-a dsorptiQn ratio (SAR) •••••• 
Spcrlflc conductance (mlcromhos at 

25° C) . •••••••••••.•.••••.•.•.••••••• 
pi! ... ---- .••. ·······-- ·----········· . 
Color ...•••••••.•••• · ••••••••••••••• ••. 

a Dy Oregor1 State Donrd of IIcnlth . 

207 
201 
130 

0 
. 60 

166 I 1~ 

.•.. i5""""1""""i8"""" 
····-a:i--r···-:ri--

28g· 2 ~--···p--1·-···p--

146 
26 
0 
1.6 

146 

···23s···· """i4ii"""" 100 
~21 112 

128 156 62 • 17 46 0 0 
. 57 3.0 .82 5.3 

327 658 188 150 
7. 1 8 7.4 9.8 

frvY\ 

180 
81 

.00 

.00 

. 3.6 
.3 

128 
2. 7 

0 
31 

58 
34 

.00 

.00 

. 03 

11 
4.3 

25 
~. 2 

104 
0 

····a6···· 

------------------------------
25 
12 
16 
5.5 

181 
0 

~0 ~5 
31 31 

.38 .49 
---------- ----------.02 .02 

5.0 5. 5 
1. 6 ' 1.8 
3. 1 3.~ 
1.5 1.7 

31 34 
0 0 

4 ·····-···· ·······-·· ········ ·- ···-······ 
56 7. f ........... -. ..9. 1. 2 

129 8.8 .8 .2 .5 
1. 6 . 3 •••••• .• • • . 0 . 0 
.0 .4 .3 .3 .6 

•••••••••• ·····--·-- ·••••••••• • 01 . 02 

"""4iii---- 146 """iiiil""" 152 
w ~ 
n w 

10 45 112 " n 
0 0 0 0 ·o 

12.4 1. 6 .66 1.7 1.8 

676 207 280 M M 
9.5 8.0 7.5 ~2 ~2 

u ro 

nnn nn 2' p tp I) • 

8~~~9" r;!?-6 
nn e. e. a. a. 

bl b:! til 1:1:1 1:1:1 1:1:1 ' b:! 1:1:1 b:! :,j 
E:<lcc c-~ !! e:e.e. 
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38 GEOLOGY AND GROUND WATER, UMATILLA RIVER BASI(\"" 

for ground water in addition to that obtained from springs and shal­
low wells tapping the wa ter perched in the soil on top of the basa lt. 

Locally, irregularities in the dip of the basalt flo\Ys and in other 
structural features cause the grouncl-\\·ater conditions to be favorable 
for the drilling of wells. The upland community of ~Ieacham is lo­
eated on a slightly eastward-dipping downwarp and has sen~ral 
drilled wells that arc reliable sources of "·ater. One 279-foot drilled 
well in the basalt (1/35-JOCl) flo\\·ed 25 gpm (gallons per minute) 
when first drilled and was test pumped at 314 gpm with a 24-foot 
drawdown of the water level. S everal other ch·illed wells in the vicinity 
yield reliable domestic supplies. Only about 5 miles to the south, 
however, the community of Kamela lies ncar the crest of the Blue 
Mountain anticline. Here a 9DG-foot drilled "·ell in the basalt (1/ 35-
36N1) was abandoned because of low yield and deep "-ater level. 

Numerous springs discharge in scattered loc::dities in the upland 
districts. Most of them are at or just below the rims of the upland 
plateaus and yield less than 2 gpm. Many of them discharge \nter 
from the soil overlying the basalt. A few emerge from fractures or 
scoria in the second or third lava tlow below the rim. \Vater from one 
of these minor springs, 2/28--:23E1, was analyzed by the Geological 
Survey (table 3) . That spring, O\Tned by \V. \V. \VE:'aver, discharges 
from broken basalt in the canyon of anumutmed t1·ibutary of the South 
Fork of Butter Creek (pl.1). 

Onl one "hot" sr.ring is known to ..=lxist in the area. This is 
Bin o-hm -S.J.lli~O' 3EL?7_::~Ifl2~:::~-£!~,i~e}!~!. _li~~:n:~~~perafure of 
9 ° F and issues from a fractured zone in the lava in the SOlitl~ 
of £he can;r.on o~u;;-:'ltT11a· :RiVe~:'. · ·-1 'h'is.s pringc1lscharges about 

B[gJ~EiJiW"l""":£2r.£!Vllg~ ~-fuat. i~:~:c!·9.:~:fr>ea~2,11" §:tJ:1f.[ITf~ a ?2£5v 
feet above river level, and another, the smallest, that is about 50 feet 
ia~):Jq~}Jlitx.eil~;:n1~'C1 ~b~nt~ioJ~j>:_(q~~~-i ·.~F;~J~J;[~ .rt11e sr3 
li~_jill't . .Jl..e~s of l!~. -axis_of llMLB..!J.~tain anticline. 

BLUE l\lOUN'l'AIN SLOPE 

As the basalt layers in the Blue l\Iountain uplancl lie generally 
horizontal and watl'lr has little opportunity to percolate into them, 
the annual precipitation is removed largely by evapotranspiration 
and surface runo·tT. As the streams flow northward and "·estwarcl 
from the highland area and cross the beveled edges of the northwest­
ward-dipping basal! of the Blue :\fountain slope, \Yate~· has an oppor­
tunity to l'ntcr the scoriaceous interflow 'zones. From there it perco­
lates generally northwestward under the Pendleton plains and the 
Umatilla lowland. 

Ground water o~curs in wells in the Blue Mountain slope under a 
variety of conditions. In some places water is present in large quan-

v'• \.) ,. \.J 'V ', l ' I\ 
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or temperature with increasing depth 

. and other derived information for 

~ed below: 

Tt•mpero· "'"nn 
t il I . tun.l of 

1n lfer tlw water 
et) (•F) 

2'21 56 
126 65 
466 66 
348 M 
301 65 

160 65 
750 68 
356 M 

65 
--,27" 61 

69 62 
421 61 
680 66 
194 68 
450 66 

450 65 
MO 68 
167 62 
438 76 
699 71 

311 61 
770 71 
272 63 
24q 61 

68 
68 

---
:r-.JNlU Tc m pcro- Trm P"ra· 

Ol\lllH\1 2 

t.Cl11 \"X'tl\ · 
ture 
(•F) 

dl 
Lura turo 

llt•rt•ncc lnM"raso 
(" F) (° F p!: t 100 

ito! depth) 

------
48 
48 
62 
5~ 
62 

s 3.6 
7 5.6 

14 3.0 
!2 3. 4 
13 4. 3 

52 
62 
48 
·18 .. I 48 
40 
40 
40 
61 

3 1. 9 
10 2. 1 
16 4. 6 
17 -------··a~o 
13 

14 24 
2 .1 
7 1."2 
g 4.6 

16 3.3 

48 
50 
60 
60 
60 

17 3. 8 
8 1.6 

12 7.6 
26 6.9 
21 3. 0 

60 
60 
50 
60 
50 
60 

11 3. 6 
21 2. 7 
13 4. 8 
11 4. 6 

8 12 
8 3.2 

. . the top nnd bottom o! the 
uth o!" point hnl!woy k~"' t'""~t r ' l'ortcd it is taken as tho 
n tho wntrr·brarlng roc ' ' ns n .. ,~ •1\ ' 

.-ntor level 11nd the 11>ottm_~\ ~ [1 ~h·~n~t\h.c prv,iinlty of the ~ltc 
;m the elevation o! t 1c "" , ,~ 1 , on Pilot Hock , U kmh, 
n n.lston, ~ .. \eN my, 1\lencl ~n.m, 1 t:n<. lgU r~ont weather records 
rntures {or these stutlons '' l'f(', cmnpu c 

ded for the water in wells, the highest 
Lin the Umatilla lowland, the lo"est was 
"1 the Pendleton plains, and the ·average 

was 62.2° F. t 
f · . ·11 tempera ure 

ffi averarre rate o mcrease l 

:o 2o F bper hundred feet. The tempera-
of depth is expected to average abm~t 
;.al temperature for that locality. Tli:s 
1tly is not entirely valid for the Columbra 

. b · ,·ntcr· from wells 2N I .a Rwer asrn, as ' ·• 
·how temperatures greater than the mea~ 
ean depth is less than 100 feet.. For thr~ 

<tS in the foregoing table were compute 

r:rface. 

' l 
l 
f 

t r ,, 

f 
\ 
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QUALI'l'Y OF THE GROUND WA'l'ER 55 

Of the 26 wells for whic:h data are complete, only 4 had temperature 
gmdients of less than 2° F per hundred feet. Of these, 2 are in the 
Pendleton plains area, 1 is in the Umatilla lo,,-lands, and the other 
ono is at the foot of the Blue Mountain slope. 

Of tho wells that show unusually high thermal gradients, more 
than 5° F per 100 feet of depth, nearly all are located in areas that 
contain lines of significant tectonic deformation. \Veil 1/27-18nfl 
is on the Blue Mountain slope; 4N/28-10F1 and 10P1 are near the 
axis of the Service anticline; and 5N / 32-31F1 is high on the Horse 
Heaven anticline. Well 2N/29-30H1 is in a trough between the 
Service and Rieth anticlines. 

Possibly well 2N /29-30H1 may be bridged or obstructed in such a 
manner that only part o:f the depth to its water-bearing zone could 
be measured; thus, an erroneous depth measurement may account 
for the apparently very high temperature of the water, which may 
come :from much greater depth. 

Near Pilot Rock, where the mean annual temperature for the years 
1945-54 was 51.8° F, the water temperatures listed are for wells draw­
ing water from difi'erent depths. One well (1/32-19Q1) yields water 
at 55° F from an aquifer whose mean depth is 160 feet, and another 
(17G1) yields water at a temperature of 65° F from an aquifer whose 
mean depth is 301 feet. A third well (9L1) yields "·ater at a tempera­
ture of 66° F, mainly from an aquifer whose mean depth is 465 feet, 
and a fourth (23J1) yields water at 68° F from an aquifer whose 
mean deptll is 750 :feet. These four wells would indicate a temperature 
gradient of 1° F per 50 feet of depth to 160 feet, 1° F per 14 feet o:f 
depth from 160 to 301 feet, 1 o F per 164 feet of depth !rom 301 feet 
to 465 feet, 1° F per 142 feet of depth from 465 feet to 750 :feet; the 
overall gradient would be 1 o F per 47 feet of depth from the atmos­
pheric temperature to the temperature of the water at 750 feet. I:f 
these data were plotted temperature against dept.h, the result would 
not be a smooth curve. The roughness o:f the curve seems to indicate 
that the ground water :from the main prod.ucing zone o:f some wells 
may be mixed with "'\1.ter from higher or lower water-bearing zones, or 
that the rock has dift'erent temperature zones within it. 

. Tl~M~:a~:m~-~Lg!:9~l!.l.4. ,~Y.~~F~lo~9~Y.!.!- ~.in ,_!~ :r!n;Jt~.!IL~Y.iy~; .. b~sin 
tssues.JI:?.!n·.~~u.m-.Spring { ~N/37-18H1) in the canyon o the 
Umatilla River near the crest of the Blue Mounta in antlciTne. ROt _ .......... ~~~·---· i.L..-- ...... _. .. _. "~~---·~-&..<"- T.U~<L- .... ~ 

~Ptill~..:.'U'e ~pmmo~n_ly cm~si~erccl to represent .. w~ter t 1at 1as rrsen 
along fau~ts 2~· 9ther conduits from deepe!· strata. psing -~ ~;:.~X:.I?..~ -
1 ure gra ient of 1 o F for each 50 feet of depth and stn.rting rom -a 
nffian anrnial"~ en1pcrature of 50° F, the fiio F- teinperatlii'e.ofme 
spri1!£~i>.\114. ·r~q!tfrc. ~haf its·:. w_ater ~~sc -with?~1t te!nper::!;.~;:~ loss 
frQIU. J!.,..i9Pt.!h.!?Lsq~~ ·2,000 feet.. flow~ver, the nearest recognizaoie 

.._ .... ·---- ~---·-· ~--"· •. or....e: --- -~-- ~ · ..... . ~-~~---1.# .. .....-.._..~-
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56 GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN 

:fault js .;11Jou t l~:.Ii a ".illil~Lg2~Y~r~.~tr~~}2!J~:£llt_ t}},~~!'iE.&~!!!!Jl1~LE?~~i;, 
.!~,2,L!!l~§P.~~~}g H£n~: ... ~11,~ .~~e~L5~f.1l~~ ~11,ti.?E11~- E:t_~k~-~)!~i!!i~ t 
~M>l~litLn2:.!L§Q!l!'~e.2Ls.uf!ici~Jlt.hyc1raulic ·hef1d t().£H1!§e. !!!~~".~r 
t.Q,J:j~~ •. iJL§lHrh Y.QJ.mmdl~OJil§JJQlL::Lcl€\PJh~ . .T1l.e.water p()ssibly could 
ha~r~!l9~~5J-~.5l~Rtll o£g1QOO feet in its perco!~tio~ t~ fl~e-~p~{rlgs'!Tit 
came from the south and passecr1mclei·'the 11igh mouJitaiii i1.i.asssmm 
ort1i~e~sr11l'~."" ~F1:Uetures'aion tlie.c!:est 0:t'fl1e anti.cline~ nia-~e ~~ •••• b.t:;>, •.• ,.,.~.··········"'···· •• .••.••• •• ,g .....•..................... , . ··" .· .. . ... ... . . .... L 
OJl~l,..th.!le ... <t!'.~.ating ... 11:.. g!'~lJ. ter. YerUc.!!-L P.~n!!ea \)ility .tl~fll\.i§~.¥2ID.!UQl1. 
IL'YJttm:.~·~!:~.Jt:t! Yelhtg jl}.. ll:. .. stt;[ligl}t Jil}e f_r()}:ll Jl~~ . j~l~lstio.l} .. <:Lt££ 
.~.out~ :!2~-~. ~~J!~H!}~j}!ll:.!lJX~!:'.~~~~L1'h~m~~~g1~~~!~ .J.r;Jti!.ll~.~,~.!z~t 
.~1Us~UJ.£.!1i.w,dl~I~1.§nr!ngy(al~itml~~·~~<:>~t 21299 f~e~) "th~.;~~~r 
'!21!L~~llll.Y~~J.2 ~l~.§<;~IJ~l yerti~t\llY ;1,30Q ,feet in ~lle.l;:>[J.§a1.t!.ln~l"IT~cl 
U~§~LJJm~eJ,:~~-.tllP~lntai,p mnss .. whiqh rga_cl1es a~ ~ltitude about 4,500 feet ·1 

ab~y~s~t,t)~vel1 .or ~,300 feet abov13 J3ingha~1 Sp~i~i . .. ··~~~·- ~ 
Another possible source of the heat is res1du:a1 heat in an igneous ;j 

i~trusive mass near the surface. However, this hypothesis is doubt~! j 
oecaiise only one hot spring is known ai1cl because the only other pos- 1 
s16re· indication of'tlie presence of such an igneous mass is the 111g1l g 
~qn~~lltJ..~tfQil :o:fborm1 h1-the wate1; :from thi~ spring. The J?o'ssio11TI'.~; ~ 
·eX,isEt'that ':Eu1t ·zones may contain ahnorn~an3; wanl.].'[ocl~ ~ie=ro J 
!fi~i¥~J}iS~I .c!i~}'!tpti()1l •. ()f. t;l1~ r:gcl\:Au.ring I!11ll ( !ll9)~~mSa1tL~ri&i ·1~~ ~~ 

-- ... p.as]) sucld1etJ, t .on tP tlle qir.Q11J!lt~1lg_gr_()_t!ll~L'!.t}.~. 
USE OF GROUND WATER 

HISTORY OF GROUND-WATER DEVELOPMENT 

There have been three major periods o:f ground-water development 
in the Umatilla basin. These correspond to periods of general in­
crease in population, agriculture, and industry. 

The ear.liest period of settlement in the area was characterized by 
little or no ground-water development. Prior to the termination of 
the Indian ·wars in 1857, the population was transient and consisted 
mostly of trappers, traders, small settlements of white stockmen an•l 
missionaries, and Indians. Most of the settlements were temporary 
and several were destroyed or the people were frightened away during 
the Indian wars. In 1863, gold mining was started in the. Pmnkr 
River valley to the southeast, and several ranches were started in the 
Umatilla area to raise cattle, sheep, and foodstuffs for the miners. 
During that time the ranches and settlements were widely scatteretl 
and relied mostly on surface or spring water for domestic and stock 
use and upon surface water for any irrigation. 

The change in emphasis :from stockraising to grain farming as the 
dominant industty took place between 1875 and 1!)00. By the end o{ 
that period, most of the Pendleton plains and much of the Umatilh 
lowlands were un.cler cultivation. :Many of the settlements and ranch 
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T ABLF. 3.-Chemical analyses of water f1·om wells and springs of the Umatilla River basin, Oregon 

[Chemical constituents in parts per miJiion. Analysis by U.S. Geological Survey unless otherwise indkated] 

Iron (Fe) I " I Dissolved Hardness c ~6" 
1------: 0 solids .~ ,:: ~ 

~ = ~ 8 ~ e ~::! 
- - ~ - ,.:.... 0 c:) 0 -~ Date of I <:.1 e 0 ..: .- ~ - C) .- ::::- .- ..... M d Vl 2 c ~ 

\Vrllorspring [ collection :; ~ ~ C1) 0 S Z ';:: !! '";:; 0 ~ ~ ~ _ ..., ~ -g< g.:,: 
E oo ·9 ~ :: .~ - a ~ ~ ~ (l) ~ - ~ ~u 0 _g :-~ § 
~ ';;' - ] ~ § ~ § ·~ .e § I ~ ~ :g ~ ; .§o ~ 5 5 ~ ~ ~ 
§ ~ I ~ : ~ ~ 3 ~ ~ l·g ~ ~ ~ .2 ~ ~ s "§~ ~ § ~ E ~3,ll 
t-< _"'_-_ __ '"' ____ .::; __ ~ ~- _"' _ _ "_'__~ _ _ >O_ (.)_ _"' __ o ___ >=<_-___ z __ IIl ___ "' __ >:: __ < __ z __ "' ___ r;; __ ""_ 

IN/28-2SD1. •••.... Apr. 28.1 9.).3 64 70 0.2 •••••• ...... 15 5. 7 40 o. 2 163 0 0. 6 15 0.1 0.4 0.23 233 225 61 0 2.2 285 8.1 
I :-< /3!-:lO!lL........ Apr. 27,1953 .... 66 .I ••••.•....•• 36 12 U 1. 4 15~ 0 26 20 . 4 9. 9 . 00 2ia 2ii 139 13 . 8 378 7. 8 
l=-</32-1DL ......• . ..•. do ........ 53 6I .0 ------ •••..• 18 6.8 20 3.2 130 0 5. 6 4. 5 . 6 . 9 . 00 185 181 i3 0 1.2 22{ 7.9 

24RI .......... ... do ........ 51 13 2.7 -- -- -------- 13 5.8 17 2.8 93 0 8.6 8.0 .3 .6 .01 II.) 118 56 0 .9 188 7. 3 
1N/3a--;rL. ............. do ..... . .. 56 68 .1 ------------ 25 12 20 4.8 167 o 9.5 6 .5 1.5 . 02 230 225 ll2 o . 8 206 7. 7 
2:\/27- IIUL ....... Apr.- 28,1%3 61 6G .1 -----------· 14 7.5 32 !1.0 161 0 .8 9.5 .6 .2 .08 219 211 66 0 1.7 213 8.1 
2:--1 /:~2-21{1 1 

........ Jan. 7. 1Q•W .... 40 .01 ------------ 27 7.6 31 130 0 21 26 .3 ............. 217 ..... 98 ............... 7. 7 
IOFI• ....... June 13.1\152 .... 49 .03 0.01 ...... 32 12 30 5.2 220 .... 11 7.9 .2 2.9 .08 2U9 ••••• 129 0 1.2 385 7.8 
351IJ. ....... i\lar. 3.1!1'.3 .... 43 .06 .06 0.00 9.2 2.8 70 9.9 145 9 35 21 . 7 .1 .01 272 ..... 34 0 5.2 383 8.5 

3:--1 /27-:lG .\L ........ Apr. 2~.1u:.a 52 47 .0 ------------147 16 58 5. 4 333 o 14 9.5 .s 11 .03 372 316 184 o 1.P 571 7.4 
>':!. 3:--i / :l ~ -22CL. ....... l\l ar. 3.1(;53 ---- 49 ....... . 11 .00 28 13 43 7.6 18Cl .... 31 23 . 7 3.2 . 05 290 ..... 123 0 l.i 433 8.0 
l...lll'\ ~hl\"'-3 :-1./3;--lal.LJ..b-...~ 1-J..:pr .. -,J~ !.I!M 91. ~ _ -~(}. .oo ...... 1-t_ 3. 5 133 7. 6 64 9 .2~ 192 4.0 . 2 10 464 ..... 50 o 8 iGS 8. 6 

sr~5 !~~~~=:?~:~ :~~::::: 1 ~~i-: ~~: )~~ -~f ::::: ====~~: :::::: :::::: :~~:::j:~~::: ::::: :::::: -~;:. =~i: :~~::: H -~} :::::: :::::::::::: -~~f 1~i :::::::::: ::::: i:! 
4:"/31-9PL ......... A\)r. 27.i953 61 52 . 1 ------------ 18 9.1 41 8.7 173 0 18 7.8 .6 6.3 .02 24~ 248 -82 0 2.0 346 8.0 
4:-I /33-2~ KL ......... ... do ........ 54 52 . 0 ............ 6.) 30 25 2.6 236 0 32 45 .4 57 .01 125 436 286 92 .r, 656 1'. 9 
1~; /34-GL! '-- ------ ................... 20 1.4 ------------------ ...... ----- ........... --- - ...... 20 ....................... _____ 132 ................... . 

22KL .. ..... Apr. 28.H;:J ----' 49 .0 .... . ....... - 64 18 56 1.0 370 0 8. 4 13 .S 20 .01 412 415 234 0 1.6 642 7.9 
5:--1 /32-:l!FL. .. ..... Apr. 2i,1953 G6 .12 .0 ............ 2.8 2. 2 lOG 11 224 0 42 23 . 6 .3 .04 350 350 1G 0 11 510 8.3 
1 /Z.2-~LL. ............... do ........ 1 Gil 71 . 0 ------------ 28 10 22 5 . . ) 167 0 13 8.5 .5 1.8 .01 243 240 Ill 0 .9 310 7. 8 

m~~~::::::::: Dec.~~~~19041 ~~ ·~~ ·:~ :::::: :::::= '22 ... -~6~3- --21· --5~6- m --~- --7~ii- ---5~ii- --_-5-r--~a- ---_-02· ':iis· ::::: "gj' --0- --i~:i- ":ii)3" ·~:~ 
2/28-2:lEI' .... ..... Apr. 1.1904 58 55 .08 .02 •...•• 26 5.8 22 3.9 144 .... 7.0 6.0 1.0 I 4.4 .05 202 ..... 89 0 1.0 274 8.1 
3/30-29R2.. .. ...... l\lnr. 29, 1954 .... 20 47 . 0 ...... 48 8. 6 22 3. 1 224 .... 

1 
15 S. S . 8 . 3 . 06 234 ..... 1.15 0 . 8 3V5 7. 9 

1 Analysis hy Charlton Lal)oratories, Inc., Portland, Oreg. 
' Lithium 0.0 ppm. 
J Spring. 
• Analysis by Oregon State Board or Health. 

'Analysis by L . L. Meyers, Laboratory, Oakland, Ohio. 
' Items marked with a:J. asi.crisk were determined by Northwest Filt!lr Co., SeattlA, 

Wash. Other items in this analysis were determined by Perolin Co. ol New York. 
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GEOLOGIC MAPPING IN THE 
LA GRANDE-BAKER AREA 

Area under study 

Geology and Mineral Resources 
of the Baker Quadrangle, 
Oregon, U.S.G.S. Bulletin 
879, 1937 
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Geology, Ground-Water Resources, 
Upper Grande Ronde River Basin, 
Oregon, U.S.G.S. WSP 1597, 1964 

Geologic Map of the Pendleton 
Quadrangle, U.S.G.S. Map I-727 
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COUNTY LOC~~TION Mineralizat · 1' Ccimnabar, unless voo 
o ru 

DISTRICT Twnshr Rang · otherwise no ... ed ::Sri 
"01'4 

PROPERTY NMlli Sec. ~MX:KM WR~X MODE OF OCCURRENCE 0 OWNER H 
Baker Coun!Y_ South East ...... 

Clark Creek LE_I Pros ;Q ect 12S 41E 

I I occur 
Connor Creek I 34 llS 43E In opalized syenite renee Frank Butchart 

Crater Chimney 2 5 ' International Gold 
.(Gold Crater) 26 llS 39E do Corp. -
Diadem and Brindle 16, 
Horse 17 lOS 35E do Etta DiMantle 

Hiller Chrome- Ed Hiller. and 
Cinnabar Mine 9 14S 36E do Jim Demastus 

j b ' 
Mulkey Cinnabar 36 L. Rand and 
Claims (White wonde r) 9S 351/2E do c. Mulkey 

-
Quicksilver and Eas if L. P. Kane and 
Money claims 11 13S 45E do John Flynn 

Sumpter Placer 20 9S 37E do 

\,, 
' 

~ -"-' c. f" r-.. 
~ 

From "Mercury Paten tial lof the u. s . " 
Bureau of Mines Inf o Ci:r cular I- 8252 
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COUNTY LOCATION 0 It) 

DISTRICT Twnshp RangE ~r-1 
'"dlil 

PROPERTY NMIE Sec. ~ ~~ MODE OF OCCURRENCE 0 OWNER j...j 

Grant County South East 1-'-1 

Chandler and Haight occur - P. r·. Chandler 
ProsDect 33 14S 31E renee c. P. Haight 

Cinnabar Mountain H. J. Johnson 
Claim 18 14S 30E On wall of 3-4 foot vein do J. c. Machency 

Dead Horse Creek 
Prospect 30 14S 30E .. do 

Gray Prospect 29 13S 28E do 

IXL 
(Hidden Treasure) 10 lOS 35E do Gertie O'Rourk 

· Paramount QuicksilvE r 
Mine 16 lOS 35E In brecciated zones in serpentinite 25 Inkerman Helmer 

. 
Red Boy pccur-
Mine I 10 9S 35E renee 

Roba Quicksilver 
Mine (Deer Creek) 6 l6S 29E In fault gouge, cutting argillite 8 L. H. Rob a 

Susanville pccur-
Placer 7 lOS 33E renee 

Wild Cut 
Basin lSS 33E do 

York and Reynolds 
Prospect (Broadway) 7 16S 29E do 

• .. I 



' 0~ ' ) .Ptn 
COUNTY LOCATION u ('(j 

DISTRIC'l Twns~f RangE~ 
::1r-l 
'tl~ 

PROPERTY NAME Sec. ~ ~ MODE OF OCCURRENCE 0 OWNER l-l 
Malheur County South East 1-1.1 

Clay Cinnabar occur-
Prosnect 2_6 15_8 43E r>.on,-.,o 

16,2 ' . 
Hope Butte Prospect 22,2 ' (Jordan and Riddle) 28 l7S 43E In tuffs and onalite do John Stringer 

Lackey Cinnabar grp. 2 2' 
Stan and Berry 27 lSS 45E do 

Morton Mercury 18' 
Prospect 19 l3S 42E Crack filling, disseminated do Carl Morton 
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