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Fluoride Content of Hot Spring Waters in Yellowstone National Park

Kimio NoGUcHI, Seiichi UENO, Ko NOGUCHI and Satoshi TOKUTAKE
Department of Chemistry, Faculty of Science, Tokyo Metropolitan University

ABSTRACT

Eighty six water samples collected from Yellowstone National Park in June and July,
1965, were analyzed for fluoride by using the zirconium eriochrom-cyanine R method. The
results were as follows: 1) One of the water samples from Crater Hills showed 40.8 mg/1
F-. This is the highest value in Yellowstone. This sample showed 978 mg/1 Cl-. This
is the highest chloride content in the water in Yellowstone. 2) The acid waters were gen-
erally poor in fluoride. As for the waters which showd pH-value higher than 7.0, the
fluoride content increased distinctly with the increase of the pH-value. 3) The highest
values of fluoride content in the waters at each place were measured in mg// as follows:
Lone Star 17.2, Upper Geyser Basin 28.2, Midway Geyser Basin 25.3, Lower Geyser Basin
30.6, Norris Geyser Basin 13.3, Mammoth Hot Springs 2.14, Calcite Springs 6.73, Wash-
burn Springs 0, Crater Hills 40.8, West Thumb Geyser Basin 27.4. 4) The hot spring in
Yellowstone are classified into two groups by the F—/Cl— ratio. That is: One is the group
in which the fluoride content increases generally with the increasing chloride. The other
is the group in which the fluoride content is small and slightly increases with the increas-
ing chloride content.
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AESHT L BBk 0T Lone Star Geyser Area 2 i, Upper Geyser Basin 27 fd,
Midway Geyser Basin 4 ff, Lower Geyser Basin 14 f, Norris Geyser Basin 14 7,
Mammoth Hot Springs 37k, Calcite Springs 27, Washburn Hot Springs 4 &,
Crater Hills ®jE 5 3 7, West Thumb Geyser Basin 37 2 Dfi8FETHB. TNH5D
BERONERNKLIIKCRTED TH 5.
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FE— ke kDEE L. (4) 7 v E0ERESHICE Zirconium Eriochrom Cyanine R
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JkEElE (ZrOCly-8H,0 0.265g 2B DKL,  hiciEiER 700 ml A, EEAKTLL
L7 L7 b o) 1ml & Eriochrome Cyanine R ¥ (Eriochrome Cyanine R 1.900 g %2
A1l Licd o) 1ml &xnz, WEDS.5mp ik s RGEELEERLL. CO
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Date Tem(%ecr)ature pH ‘ ( rr?gl,’l) ‘ (rr?‘g/l)
Lone Star Geyser Area
(151) Lone Star Spring July 5, 1965 92.2 8.8 443 16.6
(153) Lone Star Geyser " boiling .3 478 17.2
Upper Geyser Basin
(1) Three Sisters Springs June 11, 1965 89 8.9 410 24.9
( 6 ) Giantess Geyser June 12, 1965 92 8.8 441 25.7
(7 ) Teakettle Spring " 92 8.3 402 25.7
( 8 ) Beach Spring ” 92.5 9.1 427 26.2
(9 ) Spring near Goggles Geyser " 92 9.0 433 24.9
(10) Sp}f:iar;gsgriiinmg northeast of b 89 91 433 253
(11) Crested Pool " 91 9.2 390 26.3
(12) Tortoise Shell Spring " 95 9.0 350 28.2
(13) Turban Geyser " 92 9.2 378 25.7
(14) Economic Geyser ” 74 8.1 354 23.7
(15) Inkwell Spring i 92.5 8.6 266 | 20.0
{16) Giant Geyser " 93 8.6 201 24.9
(17 ) Morning Glory Pool June 13, 1965 68 8.3 298 28.2
(18) Spring (opposite side of the ” 81 8.2 288 26.5
river)
(20) Punch Bowl Spring ” 93.0 8.2 302 28.2
(21) Spouter Geyser ” 92. 8.9 313 28.2
(26) Spring June 15, 1965 90 7.4 404 24.2
(28) Avoca Spring " 93.5 8.8 309 277
{29) Sapphire Pool " 93.0 8.7 296 26.5
(30) Mirror Pool ” 77.5 8.4 279 24.5
(154) Solitary Geyser ” 93.0 9.3 394 25.3
(155) Old Faithful Geyser July 7, 1965 — 9.1 446 26.1
(156) Chinaman Geyser July 6, 1955 9.4 7.4 380 23.3
(85) Hillside Spring 3 June 22, 1965 72 6.9 63 10.7
(86) Hillside Spring 4 ” 82 72 i} 11.4
(87) Hillside Spring 5 ” 83.6 6.7 75 11.6
(88) Hillside Spring 6 ” 84 6.9 74 10.8
Midway Geyser Basin
(33) Spring in Midway Basin June 16, 1965 94 8.8 261 25.3
(34) Spring ” " 94 8.7 270 24.9
(35) Spring ” " 93 8.3 274 19.2
(36) Excelsier Geyser Crater ” 74 8.3 277 24.1
Lower Geyser Basin
(38) Great Fountain Geyser ” 94 8.7 338 20.4
(39) Spring (east of Surprise ” 88.5 9.0 201 19.6
Pool
(40) Shell Spring ” 9.5 8.6 358 18.4
(41) Spray Geyser June 17, 1965 94.0 8.9 187 18.0
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(2
Date Tempeorature pH t (ngl/l) ‘ (szc‘; 0
(43) Imperial Gesyer ” 94 8.8 196 18.4
(45) Spring (radioactive black " 92 7,9 210 23.7
sediments were found)
(47) Geyser " 93 8.5 184 30.6
(48) Spring in Lower Basin ” 82 8.5 280 25.3
(49) Spring ” n 94.5 8.4 299 25.7
(50) Fountain Geyser June 18, 1965 93 8.9 319 18.8
(51) Spring ” 75.0 9.2 330 30.6
(137) Sentinel Cone July 3, 1965 93.5 8.3 265 24.9
(138) Queen’s Laundry " 89.5 8.3 228 22.4
(146) Ojo Caliente Spring " 94.6 8.0 330 27.-3
(55) Terrace Spring " 60.0 6.6 61 755
(56) Beryl Spring u 92.5 6.9 537 18.8
(57) Paint Pot Spring " 94.0 9.0 496 15.1
Norris Geyser Basin
(62) Spring in Norris Basin June 19, 1865 93.5 4.1 725 4.7
(67) Flotsum Geyser ” 92.5 4.4 308 4.9
(69) Bathtub Spring 2 June 19, 1965 90.6 5.2 702 4.5
(70) Bathtub Spring June 21, 1965 93 4.0 683 5. 72
(74) Emerald Spring " 88 3.9 494 4.99
(75) Vixen Geyser " 90.0 3.0 134 2.2
(76) Pearl Geyser " — 6.5 759 6.95
(77) Green Dragon Spring " 91.5 3.0 267 4.8
(78) Black Hermit Caldron " 93 35 76 5.1
(79) Spring u 92 4.5 146 2.3
(80) Echinus Geyser " 84 3.5 106 5.5
(82) Steamboat Geyser " 94 7.3 184 3.4
(109) Spring in Realgar Creek June 28, 1965 33 3.2 546 13.3
(147) Realgar Creek I July 3, 1965 69. 9 — 537 4.49
(99) Bijah Spring June 26, 1965 81 76 97 7.55
(102) Semi-Centennial Geyser ” 95.5 7.2 344 3.67
Mammoth Hot Springs
(104) Cavern Spring " 66.4 6.5 172 2.14
(105) Minerva Spring " 71.5 6.6 170 1.84
(106) Spring " 74 6.6 168 2.14
(114) Opal Spring ” 70.0 6.5 166 2.14
(112) Hot River Spring June 28, 1965 46 6.5 119 2.4
Calcite Springs
(135) Calcite Spring 2 July 1, 1965 92.5 7.9 252 5.41
(136) Calcite Spring 3 " 88.0 3~4 211 6.73
Washburn Hot Springs
(116) Washburn Spring 1 June 29, 1965 81.5 6.7 221 0
(117) Washburn Spring 2 ” 85 6.4 < 0
(118) Washburn Spring 3 " 91.0 6.9 <1 0
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Date ORI | o | (g | (g
(119) Washburn Spring 4 ” 80.7 2.2 <1 0
(128) Sour Lake July 1, 1965 34.1 129 6 1.16
(129) Mud Geyser " — 2.0 12 2.65
Hot Springs in Crater Hills
(130) Geyser in Crater Hills " 92 3~4 288 37.5
(131) Spring 1 in Crater Hills ” 70.6 3~4 946 36.5
(132) Spring 2 in Crater Hills ” 87.5 3~4 978 40.8
West Thumb Geyser Basin
(121) Abyss Pool June 30, 1965 90.0 8.5 296 27 .4
(122) Black Pool ” 78.5 8.3 290 27 .4
(124) Ephedra Spring ” 89 7.9 298 27.4
(125) Potts Hot Spring " 95 8.7 264 26.5

2 HiEFHEO pH i CLF RO LK

pH Cl (mg/) F (mg/l) | FEHEDEE
Lone Star Geyser Area 8.8~9.3 443~478 16.6~17.2 2
Upper Geyser Basin 6.7~9.3 68~446 10.7~28.2 27
Midway Geyser Basin 8.3~8.8 261~277 19.2~25.3 4
Lower Geyser Basin 7.9~9.2 187~358 18.0~30.6 14
Norris Geyser Basin 3.0~7.3 76~759 2.2~13.3 14
Mammoth Hot Springs 6.5~6.6 168~172 1.84~2.14 3
Calcite Springs 3.5~7.9 211~252 5.41~6.73 2
Washburn Hot Springs 2.2~6.9 <1 0 4
Hot Springs in Crater Hills %5 3.5 888~978 36.5~40.8 3
West Thumb Geyser Basin 7.9~8.5 290~298 27.4 3
Potts Hot Spring 8.7 264 26.5 1
Sour Lake 1.9 6 1.16 1
Mud Geyser 2.0 12 2.65 1
Terrace Spring 6.6 61 7.55 1
Beryl Spring 6.9 537 18.8 1
Paint Pot Spring 9.0 496 15.1 1
Bijah Spring 7.6 97 7.55 1
Semi-Centennial Geyser T2 344 3.67 1
S oo R
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3% 3 Allen % Day OfE&FEHEDHEOD KK

Temp Cl F
!PH' mg/l).(m/gl)\ Name of the analyst
Sapphire Pool —194.5| 307 | 21.5| Allen and Day (1935)
” 8.7193.0 | 296 | 26.5 | K. Noguchi, Ueno, Ko Noguchi and Tokutake
(1965)
Solitary Geyser —192.5| 377 | 21.5 | Allen and Day (1935)
” 9.3/ 93.0 | 394|253 {{ N())guchi, Ueno, Ko Noguchi and Tokutake
1965
Gaintes Geyser —| 94.1 | 429| 20 Allen and Day (1935)
” 8.8 92. 441 | 25.7 | K. Noguchi, Ueno, Ko Noguchi and Tokutake
Punch Bowl Spring —| 92.8 | 297 |20 Allen and Day (1935)
” 8.2/ 93.0 | 302 |28.2 | K. Nc))guchi, Ueno, Ko Noguchi and Tokutake
(1965
0Ol1d Faithful Geyser — — 435 | 22 Allen and Day (1935)
” 9.1 — 446 | 26.1 %{gNoguchi, Ueno, Ko Noguchi and Tokutake
1965)
Great Fountain Geyser — — 343 | 16 Allen and Day (1935)
" 8.7 94 338 | 20.4 | K. Noguchi, Ueno, Ko Noguchi and Tokutake
(1965)
Ojo Caliente Springs — - 324 | 24 Allen and Day (1935)
" 8.0 94.6 | 330 | 27.3 | K. Noguchi, Ueno, Ko Noguchi and Tokutake
(1965)
Imperial Geyser — — 206 | 15 Allen and Day (1935)
” 8.8 94 196 | 18.4 %{ N())guchi, Ueno, Ko Noguchi and Tokutake
1965

Sour Lake % pH 1.9 592, Cl&4& 6mg/l, F1.16 mg/l ZRTICEE 8. Wash-
burn Springs S TIEH BMELL CLF iz L. Mammoth Hot Springs iCi33
A BEOGKRENE LN B, CORRDOF 48131.84~2.14mg/l TH 7.
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1) Crater Hills 0ER/KD F 408 mg/l BEFEHETH -7, CORERKD Cl &8I
978 mg/l TH 5.

2) —BICHBHEROT7 VESERI/NSpH 7.0 XD R&EREICH0 F FENREIC
BRI 3.

3) gHEoOBE A7 VESE (mg/l) 3KkOWMTHS.

Lone Star 17.2; Upper Geyser Basin 28.2; Midway Geyser Basin 25.3; Lower
Geyser Basin 30.6; Norris Geyser Basin 13.3; Mammoth Hot Springs 2.14; Calcite
Spring 6.73; Washburn Springs 0; Crater Hills 40.8; West thumb Geyser Basin
27.4

4) FICl Hick » TAZ 2 >DRFEEICHEHENS, I 0B Tid Cl O#NcHe » TF 8%
Lk d 20, I oBTR—BICEENDL, Cl BMERLTS FRHZOHEMLIL. #
#13 Norris Geyser Basin KU ZDMWFIicE { Roh 5.
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