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Vanadium and Molybdenum Contents in Hot Spring
Waters in Yellowstone National Park

Tadashi ARAKI and Kimio NOGUCHI
Department of Chemistry, Faculty of Science, Tokyo Metropolitan University

Seventy samples of water collected from the hot springs in Yellowstone National
Park in 1962 and 1965 were analyzed for vanadium and molybdenum by the coloriometric
method. The contents of these elements were found to be <0.0005mg/l to 0.0486 mg/1
for vanadium and 0.005 to 0.133mg/l for molybdenum. Vanadium content was distinctly
high in the waters of pH-value lower than 2.0 and higher than 10.0.

Molybdenum content did not increase with increasing sulfuric acid, but increased
with increasing chloride content.

It is supposed that vanadium in water was derived from rocks by the reaction of
strong acid water containing sulfuric acid or of strong alkaline thermal water, with the
surrounding rocks, while molybdenum was derived from the original thermal water in
Yellowstone Park.
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8w | oa s || |0 3000 ol |l
Upper Geyser Basin | Three Sisters Springs| 89 8.9 | 410 27 | 280 | 0.0025 0.0685
Sulfide Spring 77 6.3 | 17 42 66 | 0.0042 0.0445
Spring 82.5 7.3 5 50 | 244 | 0.0025 0.0475
Giantess Geyser 92 8.8 | 441 26 | 318 | 0.0020] 0.0775
Teakettle Spring 92 8.3 | 402 73| 356 | 0.0030, 0.0740
Beach Spring 92.5 9.1 | 427 29 | 348 | 0.0035 0.0755
Spring 92 9.0 | 433 21| 384 | 0.0020 0.0720
Crested Pool 91 9.2 | 390 22| 356 | 0.0030, 0.0550
Tortoise Shell Spring | 95 9.0 | 390 20 | 377 | 0.0030 0.0630
Turban Geyser 92 9.2 1378 22| 348 | 0.0035 0.0545
Economic Geyser 74 8.1 354 30| 300 | 0.0025 0.0465
Ink Well Spring 92.5| 8.6 | 266 17 | 260 |<0.0005 0.0315
Giant Geyser 93 8.6 | 291 16 | 262 | 0.0020, 0.0420
Morning Glory Pool 68 8.3 | 298 22| 250 | 0.0015 0.0450
Spring 81 8.2 | 288 24 | 214 | 0.0020 0.0300
Punch Bowl Spring 93 8.2 | 302 22 | 274 | 0.0020, 0.0420
Spouter Geyser 92.5 8.9 | 313 19| 304 | 0.0015 0.0535
Bast Sorpents cpring| 8 | 32| 9.2 17| 84| 0.0020 0.0080
Avoca Spring 93.5| 8.8 | 309 21| 310 |<0.0005/ 0.0505
Sapphire Pool 93.0! 8.7 | 296 20 | 330 | 0.0020, 0.0530
Mirror Pool 77.5 8.4 | 279 17 | 236 | 0.0010] 0.0440
0Old Faithful Geyser — | 10.0 | 451 19| 384 | 00260, 0.0774
Plume Geyser — | 10.1 | 442 27 | 383 | 0.0370] 0.0883
Solitary Geyser 93.00 9.3 394 26| 328 | 0.0020 0.0778
Lower Geyser Basin | Spring 94 8.8 | 261 18 | 236 |<0.0005/ 0.0323
Spring ez 8.7 | 270 15| 190 | 0.0015 0.0365
Excelsior Geyser 74 8.3 | 277 20 | 262 | 0.0005 0.0405
Great Fountain Geyser | 94 8.7 | 338 20 | 250 [<0.0005 0.0340
Firehole Pool 90.5 8.4 | 326 21| 240 | 0.0020 0.0330
Spray Geyser 94 8.9 | 187 21| 162 | 0.0020] 0.0276
Imperial Geyser 94 8.8 | 196 21| 212 | 0.0015 0.0265
Spring ez 3.2 | <0.4 168 | 218 | 0.0010 0.0035
Spring 75.00 9.2 | 330 22| 170 | 0.0010, 0.133
Terrace Spring 60 6.6 | 61 12 | 118 |<0.0005 0.0320
Paint Pot Spring 94 9.0 | 496 114 | 168 |<0.0005 0.0790
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5 P weoOR & S| PH | gt | mett | meh | il |
Lower Geyser Basin | Pink Cone Geyser — 9.1 | 340 25| 372 i 0.0024 0.0256
Sentinel Cone 93.5 8.3 | 265 48 | 308 ‘ 0.0023] 0.0330

Queen’s Laundry 89.5 8.3 | 228 24 | 288 0.0005 0.0400

Mound Spring 94 9.0 | 272 4| 266 0.0005 0.0350

| Geyser 94.8 8.7 326 25| 194 <0.0005 0.0310
Ojo Caliente Spring 94.6‘ 8.0 | 330 26 | 212 |<0.0005 0.0535

Norris Geyser Basin | Spring 56 2.1 [ A1 790 | 204 | 0.0298 0.0365
Spring 93.5 4.1 |725 83| 324 :<0.0005‘ 0.0775

1 Spring 9295|1373/ 24 287 | 196 ; 0.0015/ 0.0250

Whirligig Geyser 91.0, 3.1 555 112 | 382 0.0093 0.0095

Flotsum Geyser 92.5| 4.4 | 308 175 | 330 | 0.0020| 0.0835

Emerald Spring 88 3.9 | 494 106 | 452 |<0.0005/ 0.107

Vixen Geyser 90.0 3.0 | 134 174 | 334 |<0.0005/ 0.0050

| Pearl Geyser — 6.5 | 759 35 | 392 | 0.0020 0.0755

Green Dragon Spring | 91.5 3.0 | 267 132 | 280 | 0.0015 0.110

Black Hermit Caldron| 93 | 3.5 76 “ 313 | 268 |<0.0005 0.0052

team Boat Geyser 94 7.3 1266 | 89 258! 0.0015 0.0710

Spring — 2.6 | 24 536 | 260 | 0.0025 0.0113

North Norris ( Frying Pan Spring 90.3 2.6 1.7 425| 188 | 0.0015 0.0045
Geyser Basin | piin Spring 81 | 7.6 97 | 137 | 258 |<0.0005 0.0165
Spring (Roating iy 95 | 24| 10| 616 286 0.0043 0.0050

Semi Cente““iiéeyseri 95.5 7.2 344 | 101| 236 0.0015 0.0100

Apollinaris Spring . 9.3 5.3 5 5 96 | 0.0010, 0.0060
Mammoth Hot Springs| Minerva Spring ‘ 71.5| 6.6 | 170 582 32 /<0.0005 0.0035
Opal Spring | 70.0, 6.5 | 166 616 22 1<0.0005 0.0080

Washburn Hot Springs| Spring 2 j 85 6.4 | <1 | 1504 | 178 | 0.0048 0.0076
Spring 4 ‘ 80.7 2.2 | <1 |4166| 180 0.039211 0.0090

West Thumb | Abyss Pool | 90.0/ 8.5 29 48 | 262 [<0.0005/ 0.128
Geyser Basin | g1, 1 pool | 78.5 8.3/200 46 238 <0.0005 0.106
Ephedra Spring -89 7.9 | 298 38 | 224 0.00151 0.121

Potts Hot Spring ; 95 8.7 | 264 : 42 | 244 0.00201 0.0665

Mud Geyser Sour Lake | 34.1 1.9 6 | 1650 | 226 0.0486] 0.0074
Mud Geyser —— 2.0| 12 | 1807 | 160  0.0200 0.0065

Crater Hills Geyser 92 3.5 | 888 500 ‘ 634 | 0.0048] 0.0140
Lone Star Spring ‘ 92.2} 8.8 | 443 27 J 196 0.004-8‘ 0.0150

. ATV YAGEIEEL TN, Mud Geyser f:70 Sour Lake (pH 1.9) o 0.0486
mg/l, Washburn Hot Spring (pH2.1) © 0.0392mg/l, Plume Geyser (pH 10.1) o 0.0370
mg/l 7o ERHBPAREIETH D, SH Uiz 70 EEROR 2O 90% 1 0.005mg/l LT Th -
To. BFOBPFKFDAF VT AL DOCTIEBEIREY Licdd, FRCIDBEAFU v A48
W PHEKEL TH D, HEBECRRACEZ &EN, pH AT S L8O TS, 7
Y LARHETRTH S0, PHREFLSREL DL, BUEBENEAT S LRAFHER
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PH 2 fER XY 10 fEE RT3+ 2w A4 BOREBHIERIRELR

72. PpH2 & 10 o, HI® 3~9 T+ v a4 BIIERIC/NI W, AR 5 BERT
3, ~Fvyaw 1mgll P EEL S ORBEEET LN, 1 =r—A b vEIZAEDOBEERX

e 0.0486 mg/l w3 ¥\,
LM, A4 =r—A bV AROEBERGT CIEO S )NEH
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.0.05
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e ] CTw | | Cl | SO« | Fe \ Mo

5 i R % | °C | pH mg/l | mg/l \‘ mg/l | mg/l | mg/l
Norris Geyser Basin | Spring 56 2.1 11 790} 5.1 | 0.0298 0.0365
Spring — | 26| 24 536/ 0.36 0.0025 0.0113
Frying Pan Spring 90.3] 2.6 1.7‘ 425 1.8 | 0.0015/ 0.0045

Spring, Roaring ’ ‘ ‘
Mbuntain 93 24 10 616i 5.5 0.0048! 0.0050
Washburn Hot Springs | Spring | 80.7 '2.2| <1 4166i 66.5 0.0392 0.0090
|

Mud Geyszr Sour Lake 34.1 1.9 6 1650, 30.5 0.0486} 0.0074
Spring — 2.0, 12 1807 36.0, 0.0200 0.0065

|
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DERTH L, o TIZ DX 5 RBRAE, HFED D CITH T EIT TR S Nl ZRES S D
ERBEN, XDRDIRAFTYAEENDIRNDOTHA S, AHOMEEERO M E/]
RROWSIERE, MBELPEECEATHEL00D70 i\, BEBERY FELTE2LCRL
7o, BEOBBREKTE, ~Fr2 v Al I WEEYRLTOAD, for—2R
P EABRORREKTET - XD LcHEIED bR » T,

2. BRKBOEYTT

EVIFvDrsZ5— 78T 1.3X1I0 CEXDJEMIEIIT B METSH, f=rn—A+VE
VAEDERKDE) 77 v 4EHE 1 BT, =V 7 F v EEE Lower Geyser Basin ©
Fountain Geyser ¢ 0.133mg/l, West Thumb Geyser Basin ® Abyss Pool ® 0.128mg/1.
Ephedra Spring @ 0.121mg/l /e XA XWMETH D, N3 kwe V) 7F v aBOHEES A%
R, SR L TOEOBERT =Y 75 0.08mg/l ITFR90% $5% 55 = L AVKEEL 7=

AFADERDE ) 77 VAR, BFRRBCONTOEED DL TIIHEE 0.0408mg/l, F
#0.0063mg/l TH 3. EHERTREEY X DEEERTROE 0.008mg/l, FHHREDIER
0.00072mg/l MEE SN TWD, ZhbOBERTHET 2L, R2EFRT 1 =r—A vE
VAROBHERRADE ) 77 v EEITEL B,

) 77vaR L pH LOBREYR4RT, K42 RICKKCE T pH oigln & Hic
) 7FVERIEINT 2MEACH B, Z DEEFHEN BEENLT 5 Nos. 1, 2, 3, 4 1% Norris Geyser
Basin t Rt Sh B BBUERTH - T, ChLRERSENELFOLY N LA-®D
FREARE D BOKICHIZR & 2ol T TR E B LS N TE U FEAEAL, FORE
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3. BRAKFONFCILSICEY 7T ORE

fzm—A L+ VEVABEOBMRAD Oy AOMEEICOWTIE, MTESE»L EAT
HKRIEE FN OB KRERNR K &7 - TR L T R LR ML TERIE X » CHbE
NCHBYET S, ZORBEIMETRKCEFHEOSEAC/EALT, ~FYy a5 ahbIE
HliedDrELBRA, (o THERRKRDOAAFY Y AL, WRKPEGFEEDBROR
7 E LB RH B THA . Eie PH 10 2R FERNT A% VHEORKIC L 5 Th A5y
MEELEHBERINETH A, f=r—A Vv AETEOLRI L BRA DS EE
BE IR LI, COEEDAFUY AGEE0.00048% Th oic. HADAF T APEY
FFVEBLCOWTIRD - EEBOERCOWCHITTH L RBETHS, f=r—RA LY
BV ARCRG HBERGITR LU L 5 BT CZRINCEER SN I2b DT, AL D
TR O B R I s o Te & E VR E NS,

BERKkTOEY FFVEOWCE, =) IFVREG L EDOHEBAYRT IR E R TR
i, MRS D LR T D WAEBOKORS EEZ DFBREYTHA S,

%3 frzo—x | rEVAREREIVEONF YT LARYEY I UER (%)

SiO2 FeO Fe203 Al203 \' Mo
76.6 0.80 0.50 12.9 0.00048 0.00054
& i

1. 12w~ VENARDOERKD - FOY AGRBIIALORFEKRCHEL TN, B
& 0.0486mg/l Thotc. PHA2LTE IO 10 D ETIRERKD 5y A JEBE IR
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BV ITTFVERBCOWTIE f =r —A bV AROIRKDEEMIL0.133 mg/l T &

DERRDOE) 77V EREWBET DNV RE ., L C-GRoMMEKice) 77 v &
BREMT 5 LR brET o,

3.

PH 2.0 DI'F DR IRAK R DS F 2 A ORCHFIC- DWW TUE, BAORBIC X 5 B fhc

LoTHAPDBERLELIDEEZLND, 72 pHI0 D7k VEERFEAKRD NF 2w 403
TNh VEEREOKOEREHT DB X » TEALDLER LI THA S, =Y 7TFvieo
WU, RERS DRSS B BSR4 B 91 HOK O T BRI D EE LIRS Th 5 EHEEIh 5.
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