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Acld and slkaline aress, genetic conditionse, 473
Acid and alkaline characteristics at Geyser Creek, L5l
Acid area of Shoshone Basin, 318
Acid areas - see also Hot Spring areas, acid traots
Acld arees, deposition, 137
deposits, 1.2
gsecondery deposits, 138
Acid characteristios on the border of the Upper Basin, 251
Acid radicals, HCOp, Cl, S0}, dlatribution in different types
of thermal waters, 127, 251
Acid, sulphuric - see Sulphuric acid
Aoid therrml weters, 71
Acid traots, limited in size, &y
location, 16l
Aoid waters, depth to which they extend, LE3
scldity, 73
degree of in sulphate waters, 101
Adans, Le He, 30
explains geyser irregularities, 229
Aige of deposits at Mermoth Springs, 363
Age of deposits at Terrace ift,, 36L
Age of geyser activity, 153, 2%
Age of hydrothermel sctivity in Yellowstone Park, 6, 165
Albright, Horace i., Director of Hational Park Service, 191
Algee - see also Mloro-organisms
Algas in hot waters, 158
Algre, temperature range in Yellowstons springe, 15C, 160
Algous Terrace, 152
Alkaline aress, 233
alteration of feldspars and voloenic glasses in, 110
charaoterised by ferruginous sinter, 357
chersoterized by siliceous sinter deposits, 3.2
deposits, 12 et seq.
deposits in, at Norris Besin, Lf2
ccourrence, 509
other depoeits, 156
ration to sulphete arees, 167
rock alteration by salts In the thermal waters of, 111
rock alteration in, by carbon dioxide, 110
rook decomposition, 110
Alkaline springs of Norriz Besin, L&
come subsequent to eoid eprings, LB9, LoO
Alkeline thermal water, 57
extend to grester depth tharn sulphate, 168
goneral charaoter, 71
not typical of Snake River Springs, 335



Alkaline thermul waters (conte)
peculiar et Norris Bagin, LS9
peroentage of hot waters, 131
presipitate silica, 1L5
rock lemching by, 130
Alkaline to acid type of activity, 502
Alum Creek, 5L, L27, L57
heads &t kary Mountain, L3G
heat carried sway by hot water, 135
Alum Cresk, upper, recorneisgance of, 337
Alum Creek Springs, described, 337
Alunite, ococurrence of in Artist's Paint Pote, 155
oocurrence of in surface deposits of Caleite Spriugs, LSO
Ammoniwa, 73
ammoniun selts in wuters of Washburn Springs, L12-113
Anphitheatre Springs, 16, 57, 126
carried minerel nmatter, 129
desoription, 393, 3L, 395
water analysis, 305
Analyses, early, of hotespring zuses from Yellowstone Park, 83
anslysing of waters from Sneke River Springs, 33,
Analysis of waters, 73
for acidity, 73
for the alkslis, 73, &8
for smmoniwm, 73
for arsenic, 75, &8
for boric meid, 7k, &6
for calolum and magnesium, 73
for carbonates, 73
for ohloride, 74
for fluorine, 75
for hydrogen sulphice, 75
for iron end alumins, 73
for silies, 73
for sulphide, 75
for thiosulphate, 74
of Kemmoth Springs, 373
of precipitate fram Firehole Pool, 3.5
of spring sediments (Heart Leke}, 323
Analytioal methods, remarks on, 8L
Anderson, G. 4e, 137
Andsrason, Gs He ~ gee Nolan, T. B.
Andrage, A., 213
Angel Terrace, 80, 157, 3&5, 366, 372, 378
Apollineris 8pring, 103
Aqueocus magmetlo solutions, 117



Aragonite in deposits of ¥ammoth Springs, 379
in deposits of Deep Creek Springs (eastern group), 357
Argon, determinetion, 87, B8
Areas, both calcareous and silioecus sinter deposits, 342
both sulphate and alkaline, LG
characterized by springs of mixed waters, LS50
Arkensaz Hot Springs, 29, 166
Arnold, Ranger M. L., observations by, 148, 156
Arsenate of iron at Yorris Basin - see Scoredite
Arsenic;
an ersenic acld or arsenate ir Yellowstone thermal waters,
77, 122
oondition in the waters, 76, 77
unorystallized sulphide of, at Norris Basin, L85
unoryttnlliﬁsd sulphide of, deposited by thermel waters,
136-1
Arsenic Geyser, LE8, L77, L78, L85
Arsenic sulphides, red and yellow, where found, 138
anslysis fyrom Forris Basin, 179
Artemisia Ceyser, 83, 86, 123, 12l., 152, 178, 187, 22L, 252
depth, 13k .
desoription of cone and eruption, 264
aruptions of, 262
height of eruption, 187
superhested water in, 224
temperature-depth ourve, 192
Artist's paint Pots, 17, 57, 126
carried mineral matter, 129
color dus to, L56
composition of waters of, L53
deporits and brillient sediments of, L55
desoription and loeation, U53
general characteristics, 153
heat oszrried awany by hot water, 135
sediments and deposits, /55
sulphuric acid leachings, 130
temperature at, L53
Aspects, general, of hot-spring areas, 11
Aste Spring, 83, 12
Atomic ratios, constancy in particular springe, 12L

Bacteris:
ingignificant amounts in very hot weters, 150
posaible role of, in formation of sulphuric acid, 100
Bailey, E. G., discharge measurements in Upper Basin, 237
Baker, Ranger Z. N. work by, 145, 18, 18L, 226, 2l 3-2LL
Barlow, Capt, 187
Berth, Tom., 19



Basaltio gravel (or brecoia) exposed at Weshburn Springs, LO3
Basio breccia at Calcite Springs, 195

Bath lake, 372

Bath Spring, 86, 284

Bath-tub (hot spring) st Yorris Basin, L88-489

water ana zn:ia,
Beach Spring,
Bead Geyser, Pink Cone Group, Lower Basin, 277, 187, 278

Besr Cresk, thermal aotivity at,
Beaumont, Elie de, 1, 2L, 25, 26, 30, 9L

Becker, G. F., 173, 17L

Beehive ﬁ-yur, 19. 123, 124, 127, 188, 190, 194, 200, 2,3

depth, 1;?2

desoription of oone and eruption, 255, 256
length of active period, 177
not as powerful as formerly, 188
temperature-depth curve, 19[;
Bellefontaine Spring, 260
Benoh Spring, 123, 1
Beowswe Geyser, Beowawe, Nev., 171, 173
analysis of waters from, 17
Beowawe Springs, 132
Beryl §pring, 16, 33, 57, 126
dssoription, 332
water annlysis, 332
Berzelius, 119
Bicarbonate in Yellowstone thermal weters:
distridution of, 126
presence sand formation of, 120
springs of sulphate type, 125
Bicarbonate and oarbonate in alkaline spring waters, 120
Big Cub Geyser, 20
Big Sulphur Pool, water analysis, 1,27
Bijah 8pring, 57
looation, 503
water analysis, 503, 504
Bijou Geyser, ZHL
Biscult Basin, 78, 233
Black Orowler (steam vent) at Norris Besin, 33, 35, 87, 115, L8l
Blsck Pearl Geyser, 239
Black Sand Basin, 236, 212
Black 8and Pool, 19, 20, 2iG, 252
Black Warrior, 103, 32, 35
Blue color of water in many Yellowstone thermal springs, 78, 82
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Blue Gress Spring, 83

Bolling point range, 15

Boltwood, B. B., 31

Bore~hole in Upper Bessin, 236, 239, 2l8

Boria acid, 7L

Borings in hot spring localitlies, 508

Boron and arsenic in alkaline weters, 122

Boron in Yellowstone thermal waters, 122

Boulder Spring, Lower Basin, 202

Boulder Spring Group, 229, 276, 290, 303
desoription, 292

Bowen, M. L., 9

Boyer, M. C., 1&8. IBLI-. 236, 257
water messurements in Upper Basin, 236

Brackett, F. S., 79

Breceia, basio;
at Caloite Springs, 9L, 96, 165
st Weshburn Springs, LO3

Brilliant Pool, 152

Brosd Creak:
oarried mineral matter, 129
desoription and loeation, 500
Josepht's Coat Springe, 502
Cocurrense of gas barrens on, 109
situation and distinetive topography, 500
thermal spring waters of, 501
Whistler Geyssr sat, 501

Broad Creek Springs, 17, 57, 109, 110, 126, 113
watsr analysis, 501

Bronse Geyser, 21, 310, 311

Brothers, H. P., 153, 261

Browning, 139

Brun, 4., 99

Brunck, 0., 75

Bryan, Kirk, 29, 166

Bunsen, Robert, 1, 2L, 91, 110, 147, 168, 160, 170, 171, 191,
197, 209, 214, 216, 223, 229, 307, 513

Bunsen and Descloizesux, observations on Iceland Geysers, 209,
210, 223

Bunaents theory of geysers, 209, 210
Lang's cbjeotions to, 211

Butte Spring, 5L, 57, 126, 17, L5
desoription and losatlon, L56
water analysis, L57

Butterfly Spring, 2Lk



Cache Creek, travertine deposits, 292
Calourecus sinter, gsoe Travertine
Caleite, comrsely crystalline, origin of at Hillside Springs, 352
Celeite and gypsum at Caloite Springs, 495
Caleite in deposits of Mswmmoth Springs, 377
Calelte Springs, 15, 17 . 83, 86, 126, LoB
basioc brecels of, 595
carried minersl matter, 129
desoription and location, L95, L96, Lo7-L99
influence of adjacent rooks on waters and sediments,
L8, 500
mixed waters of, L9
salt incrustetions, 140
situetion and derivation of name, LG5
topography and hydrothermsl development, L96, L98
water analysis, E99
Caloium bicarbonate waters, 57, 71, 72, 126
Calide Spring, 152
Calistoge, California, true geysers do not osour at, 173
Calthos Spring, 20, 192
depth, 1
temperature~depth curve, 192
Canary Shpring, 372
Canyon of the Yellowstone, 96, 158
Capitol mill, 360, 377
Carbon dioxide:
absorption beneath alkeline sremss, 88
analysis for, 83, 84, 87, 88
excess in volcanic guses, 85
importent in etonomy of springs, 25
in alteration of rhyclite at Hillside Springs, 353
in decomposition of feldspars and volesnic glasses, 110
relation to travertine deposition, 157
steen flow &s related to, 167
Carbon dioxide leachings, 136
Carbon monoxide, never been found, 8L
Carbonates, 73
relation of to bicarbonate in Yellowstune hot springs, 121
Castle Geyser, 152, 163, 177, 178, 187, 199, 230, 238, 252
desoription of econe and eruption, 255, 257, 258
height of eruption, 187
length of motive veriod, 177
Cavern Spring, 53 _
Cavltlies, subterrenean:
in altered rock underlying geyser basins, 132
possible causes of, 132~13%6
Colestine Pool, 52, 183, 28C
presminent for deep blue eolor, 280
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Chain Lake Springs, 83
Chall Springs, 16, 55, 57, 392
changes during last fifty years, 389~392
description, location, 388, 385, 390, 391
travertine deposits at, 156
relation to limestone, 38€
Chamberlin, R, T. 38
Chenges in geysers, 220
Chapin, W H., 7h
Cheniosl metbion:
an allsged source of heat in hot-springs, 20
a propored source of heat in hot-aprings, 29
Chemionl composition of waters in Upper Basin, 2L9
Chemical processes in the development of hot~spring areas, 100
Chinaman Geyser, oripgin of nemo, 200
Chinamen Spring, 20, 194,243, 205
soaping of, 200
temperature-depth ourve, 15L
Vhloride, ansliyels, 7L
distrubiton, 126
separation, 77
Chlorides in thermal weters, 118, 11k, 115, 116, 117
agsumed origin of, 110
distribution of, 118
do not originete ir adjecent rock, 11l
do not originate in salt beds, 11L-115
nagmetic in origin, 115
sublimed as alkali halides (?), 11&
transported as hydrochloric acid (1), 115
transported in agueous solution (1), 117
transported in aquecus solution (1), 117
Chlorine, derivation directly from the magma, 115
origin of, 11l, 117, 118
pessidble derivation from salt beds, 11l
Chooolate Fots, 16, 57, 126
oarried mineral matter, 126
deposits of oompared with those of Snake River Springs, 359
description, 339
heat carried away by hot water, 135
hot water of, 358
similar to Snake River Springs, 359
sinter high in oxides of iren, 157
Christensen, 0. T., 3k
Cinder Pool, Norris Basin, L77, L383=-L8L
Clerke, F. W., 113, 119, 120, 1.5, L8S
c}-“kﬁ. F. ‘I?l. and He S ?&Iashington. 119
Clay:
an alteration produot of rhyolite at Hillside Springs, 353
en alteration product of rhyolite in a spring of Rabbit
Creek area, 272
an alteration product of rhyolite pegbles at Clearwater

Springs, 341
-7 -



Clay {cont,)
& prineipal alteration product of rhyclits in sulphate
springs, 137
Clearwater Springs, 16, 54, 57, 106, 111, 112, 126, 339
alteration of rhyclite pebbles tc¢ clay at, 3il
oarried mineral matter, 129
desoription, 339
discharge of, 341
lack of sinter depoait, 15
origin of dissolved mineral matter, 131
slight amount of old travertine at, 3la
water analysis,
Clematis Creek, 38l,, 385
Cleopatra Spring, 83, 372
Clepsydras Geyser, 187, 188
height of eruption, 187
Cliff Coyser, 178
Cold drainage in certain small ravines, absence of, &l
Collins, W. D., 1
Color display:
Celestine Geyser, 280
due to algas, 239
Mammoth Springs, 368
Norris Basin, L62
Prismatic Lake, Excelsior 3esin, 271
Red Terrace, Sentinel Creek, BOL
Color of deep thermal springs in Yellowstone Park, 76
Columbis Spring, Heart Lake Basin, 21, 320~321
Comet Goyssr, 21
Comoh Spring, 53, 183, 229
Cone Geyaser,
Congress Pool, L73, L76
desoription, L8l
Constant Geyser, Norris Basin, 12l, 161, 184, Lés, L77, L78, L85
Cook, C. ¥., 2
Coral Spring, 72, 83, L77, L78
Crater Hills, 16, SL, 86, 99, 103, 126, 176, L51, LSS
area of pronounced sulphur depesitioen, L31
oomposition of the waters, L35
desoeription and location, L27-L31
extensive rock alteration at, 431
frying pans, L31
mmber of geysers, 176
soanty discherge of, 431
water analysis, L35
Crater Hilla Geyaer, L32, L34
Crested Fool, 197
depth, 13L
tenperature~depth curve, 153
Cristobalite in deposits of Roaring Mt., LOO
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Crystal development in secondary minerals strikingly poor, 163
Crystel development poor in hotw-spring deposits, 163

Crystal Spring, LB6
Crystelliration in rocks and their gas oontent, 38

Deisy Geyser, 86, 177, 178, 191, 2L2, 27, 219, 252, 259
alleged influence of strong winde on interval between
eruptions, 226
eame into being sines Park discovery, 191
description of eruption, 261
length of aotive pericd, 177
possible weather effects, 226
Dale, Ranger, 294
Demour, M. 4., 132
m, E. S., and Grinnel, G. Bc, 167
Dﬂu‘bm, G. J\t. 25
Dy, A. L., and Shepherd, E. 8., 38
Deep Cresk, 5L, 57, L3
carried minersl matter, 129
Desp Creel Springs, 339
dssoription, 356
uwnique depcsit of aragonite with siliocm, 357
Deposition of eilice and travertine by ageney of orpaniams, 158
Deposits, 137
Artist's Paint Pots, L55
In alkaline aress, 1L2
in alkaline areas, rate of formation, 151
in sulphate areas, 137
in sulphate sreas, thickness of, 1.2
in travertine areas, rate of formetion, 156~157
minor, in alkaline areas, 156
Upper Basin, 238
Depth of deepest springs accessible to the plummet, 134
Depth of ground water important in hot-spring development, 512
Desoloizesux, 191, 197, 209, 513
Devil's Ink Fot, Washburn Springe, 112, L06, 410, 411
Devilts Kitohem, 103
Devil's Thumb, 367, 370
Deville, Sainte-Claire, 1, 25, 26, 39, 91, 168, 170, 490, 513
Dismond Spring, 274
Diatoms found in Yellowstone waters, 161
Discharge:
aocursasy of measurements, S0
aggregate in Yellowstone FPark, 50«51
completeness of survey, L8
distribution of, 56
estimates made, LS
hot aprings, L3
hot springs in other parts of the world, 55
hot water in the Park, 56



Discharge (oont,)}:
its significsnce, 13-l
Memmoth Springs, 59, £0
Norris Bassin, 59, 61
seasonal chenges, 63
showing relative comstanoy, 51w£2
special diffioulties in the measurement of, !;7
springs in other parts of the world, 5%
springs of each typo in Yellowstons Park, 5%
veriation in, 58
Discovery of superheated waters, 19
Diasovery of Upper Basin in the Yellowstone cowntry by the
Washburn expedition, 3, 168
Discovery of Yellowstcne thermel springs by Folsom and Coolc,
2-3
Dissolved mineral metter, carried away daily hy hot watar, 512
range, 15
Distribution of differant types of hot ground and its causes, 14l
Distribution of diacharge in the rar:, 56
Doane, Gustavus C., 3
Doslter, C. 4., 110
Dragon Spring, 2l
Dragonts Mouth, desoriptiorn, L19, L20
Drainsge, absence of cold in certain vallevs, &L
Drill-core anelysis by Femner, 111, 248, 2i9, 173, 500
Drilling, deep, and rhyolite alteration (€, ¥, Femner), 111,
28, L3
Drilling weet of Hamilton's old atore, 153, 236, 2%
Drought in Yellowstone Purk, 12
Dumas, 4., 100

Ear Spring, 20, 243, 25, 2l9
Earliest informatiocn of Yellowstoue, 2
Larthquakes may effect gayser metivity, 230
Eaton, F. Ho, 132
Ebony Geyser, Norris Besin, 177
Ebony Spring, 83
Echinus Geyser, €3, 123, 12, L77, L78, L8%
dapth, liﬁ
unique sinter, LE5
FPecnomic Geyser, 178, 213, 230
Elements, other in Yellowstone hot-spring waters, 77
Elevation range of thermal activity, 15
Elk Perk, 17, 126
description and location, Ll©
water analyels,
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BEnerald Pool, Upper Basia, £3, 211, 242

oolor, B2

depth, 134

tenpsrature~depth ocurve, 192
Enerald Spring, NorrisBasin, L77, LEO,L81
Evening Primrose Spring at Sylvan Springs, Lol
Exoelsior Ceyser, 52, 103, 183, 230, 2l

smount of water dischurged, 268, 271

description, 207, 269, 270

eruptive history, 289

heat carried awey by hot water, 135

posaible extinetion, 185

report on by Wypan, 266

why it became extinet, 185

Faecllities for geologleal study in the Fark and their development, 8
Fairy Creek, 53, 27l, 285, 290
heat osrried away by hot water, 135
Falry Creek Springs, 230, 291
Fall Creek, 307
Fan Geyser, 178
temperature-depth curve, 192, 196
Faulta:
absenoe of in hot-spring areas of Yellowstone Tark, 99, 166
a3 related to thermal springs, 23
of which no surface expresslon exlsts, their rclation to
hot spr . 25
Pearlesa Gayser, L77
Feldspars, susceptibllity of to attask by solutions of carbon
dicxide, 110
Fenner, C. X., Sk, gznélzl, 113, 114, 120, 131, 115, 166, 185

230, 238, 365, Lus, L7, L2, L73, L75, Loo, 195,
Firehole Lake, 1, 52, 336, 31, &1, &8, 126 63, 500
deposits, 346

heat carried sway by hot water, 135
Firehole like Area:

absence of limestons in, 37

blaok sediment in springs of, 318

chain of hot lekes in, 342

camposition of hot waters in, 3.5

deposits in old menganiferous travertine terraces, 36

deposits in, travertine and silioa, 347

desoription, 32

Firehole Pocl in, 542 flame effect of, 32

high discharge of,

Bteady Geyser in, 3

water analysis, 345

Young Hopeful Geyser in, 35

wlle-



Firehole River, hot water discharging into, 51
Fishing Cone, West Thumb ares, 32
desoription, 326, 327
Five Slaters, 103
Flat Cone, Sentinel Creek, 52, 306
Flood Ceyser, 52
Fluorine;
digtribution of in Yellowstone Park, 120
in therwel waters, derivation of, 119
in thermal waters, presence of, 119-120
source of, 119
why previously undiscoversd, 119
Folding and aubsidence, their relstion to thermal surings, 26
Folsom, D. E., and Cook, C. ¥,, real discoverers of Yaellowstone
gprings, 2«3
Forbes, 151
Forest Springs, Sk, 58
demeription end location, 128
Fortress Ceyser, 257
Fountain Geyser, 83, 185
depth, 13L
desoription, 280, 281
Fourttain Group, heat cerried away by hot water, 135
Fountaln Rotel, 52
Pountein and Yaleidescope groups, 279
Fountain Paint Pots, 105, 106, 107, 121
Freaxing of thermal waters with separation of ailios, 117
"Prying~Pen® Spring, Memmoth-Forris Rosd, 504, 57, 158
Pumarcle phass of woloaniasm, 93
Fumarcles ag related to hot-springs, 507, 31, 32, 39
Fumarclic sublimstes, 53

Gardiner River, 34, 379
Gng;
snalyels from hot-springs and geysers, 83, 09
magmatic, approximate composltion of, 88, 9%
Gas barrens;
olose relation of to suljhate aress, 110
asgt of Yellowstone Miver, 109
neturs of, 108
Gre content in rocks varisble, 92
Gas ratios similar throughout the Park, 168
Gas gomples, air contiminetion, 87



Oages:
absorption of the ocarbon dioxlide on its way to the
surface, 88
air oontemination of, 87
suounts esoaping from slkaline aprings, 90
analytical results, 85, et seq.
approximate composition of magmatic portion, 88
change in oamposition of magmatic portion, éﬂ
ochange in ocomposition by absence of osrbon dioxide, 89
collected at Washburn Springs, L13
diffioulty 1n collscting, 199
extremely mosroe in permansnt geysers, 212
found in hot aprings, 28
genersl charscter of, 85
in hot springs, disappesranoe of hydrogen sulphide in
alkaline springs, 67
in hot springs, early work, 83
in hot springs, generalities and variations, 85
in hot aprings, origin of as seen by Arnold Hugue, 28
in rocks 27. 380 95
liberated by Yoring in hot ground, 93
partial bibliography, 99
piocneer work of gte. Claire Deville, 25
possidble ohmanges in tlme according to Ste. Claire De-
ville, S1
recent work on, 8l
relation of steam to other gases, 87
relsticn to hot springs, 83
reiation to later phaszes of voloanism, 93
relation te mineral matter in hot springs, 91
relation to thermal springs, Bunsen’s view, 2.,
relation to thermnl springs, Suess' view, 27
variable oontent in rooks, 93, 92
variations irn different types of springs, 88
very with the same geyser &t different times, 200
voloanlo and dissolved matter in hot eprings, 91
voloanic in their relation to geysers, 198
G‘ut’..r. Ae 27
Gem Fool, 2[;!4
Gentian Pool, 52, 78, 229, 280
color, 78
depth, 134
Geologioal investigation in the Park, facilities for, 8
Geological relations of springs to xeighboring rooks, 360
Geologioal Survey, work, ﬁ
Geyser:
sotion, suddenness of, 223
diagram of, 217
irregularities, 225

~13 =



Geyser (ocont,)
models, knowledge derived from experiments with, 212
theory, 208, 214, 215
reconsideration of in light of recent evidence, 21
water may be wuperheated, 223
Geyser Basins of alkaline typs, 233
Geyser Creek, 17, 126, ue,yﬁéx
carried mineral matter, 129
Geyaer Cresk area;
gensral sharaoter, L51
hot waters of, 153
mmber of geysers, 176
Geyser "egus",
Geyser Hill, 252
Geysers and geyserite not invarimbly oonnected, 178
Geysers:
sotion, 513
amount of water discharged by, 183
at Beowawe, Hevedn, 173
at Culistoga, California, not & natural occurrence, 173
at Gibbon Hill, unusual in situation, LG
at Steamboat Springs, Nevada, 173
charaoteriatics of, 177
connected below ground (7) 182
decline in aotivity of, 188
decline in heat supply of, 230
decline in water supply of, 230
definition of, 171
dischsarge of, 183
distinotive festure of Yellowstone Park, 171
dormant, effect of soap on, 200
dormant, effect of stirrinmg on, 201
eruptions, sir-codling usually unimportant in, 213
eruptions, effeat of gases on, 199
eruptions, initiated by reduction of water pressurs, 261
eruptions, possible role of superheated weter in, 222
eruptions, suddenness of, 223
eruptions, terminated by s layer of sand, 261-262
eruptions with distilled water snd soap solutions, 20l
sxperiments of HBunsen and Descloiseaux on, 209-220
sxperiments of Hellock om, 211
explanation of eruptions in light of present knowledge, 217
explanation of intermittent characteristics, 216
fluotuations and extinetions, 51l
gains and losses of heat, 227
growth of geyser oone and its posaidle effeot, 229
heated directly by currents of hot water, 214215
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Geysers {cont.)

Height of eruptions, 184

inconstancy in behavior of, 184

intermittency snd its ocause, 215

intermittent discharge of, 219

intermittent rise and fall of water level in, 177-182, 217

irregularities in quist interval of, 225-229

Jets, their height measured and estivated, 185-187

kKind of orifice determines type, 175

leakage in steum chamber of, 230

length and steadiness of aotive period, 177

length of intervsls, 171

localities compared, 171

localitles not well imown, 17L

long dormant ones may beoome active again, 165

measured height of uets, 187

models and their differences from natural geysers, 212-213

models, inferences from their behavior when scaped, 206

models of different inventors, 212-213%

nscessity of underground chambers for storing water and
generating ateam of, 215

not invariably e product of alkeline water, L78

numbear of in Yellowatone Park, 176

coourrence of, 171

of fountain type, their besring on Bunsen's theory, 21l

partial record of psst behavior in Yellowstons Park, 178

permanent changes in, and their causes, 229-231

playing over a hundred feet in Upper Bgsin, 252

possible influences by weather, 226, 227

rere phenomena of nature, 171

record of their behavior in the Upper Basin, 178

relation of heat supply to influx of oold water, 215

reservoirs of, and their origin, 132, 13k, 136

rocks mssociated with, 17L

role of saturated steem in, 198

searcity of gases in, and i1ts bearirg on Thorkelsaon's
theory, 212

scuroe of heat in, 21},

structure of, 175, 222

sumnary of theory, 225

temparature~depth curves, 191-198

tenperature-depth curves, indications of horizontal our-
rents, 194

temperature~depth ourves, indication of form approximately
the same at different times, 194

temperature-depth curves plotted, 195-197

-15—



Geysers (cont.)
Theories of:
further objections to Bunsent's 2l
Lang's, 211
Lang's objections to Bungen's, 21]
Mackensie's, Krug von Hiddl's, Bunsen's, 2C8
summary, 2 2L»225
Thorkelssonts, 212
Thorkelsscn'a oriticisme of Bunsen's, 211
type of water in, 175
where located in the United States, 171
where located in the world at large, 17L
Geyser waters of Steamboat Springs and Beowawe Geysars, 17L
Gaint Geyser, 19, 20, 178, 153, 155, 238, 21, 213, 2l5, 257
depth, 134
deseription, 215
hottest surface weter in Yellowstone Park found here, 2l
length of sctive period, 177
small opacity of well compared with water erupted, 216
temperature-depth ocurve, 193
Glantess Geyser, 19, 20, 125, 124, 152, 178, 188, 193, 194,
159, aﬁ 23,
depth, 13L
description of come snd eruption, 262, 263, 26l
Hallook's sxperimental work with, 211
length of active period, 177
sinter added to the cone by freezing, 148
superhoated at depth, 223
temperature~dspth curve, 193, 194
type of geyser, 21L
Gibbon Hill, 17, 126
Gibbon Hill Ceyser, L50
Gibbon River, 11, 17, 157, 33, 51
hot water discharging inte, 51
Glacial debris and age of hydrothermal aativity in the Park, 364
Gooch, F. A., L4, 9, 72, 98, 119, 123, 1 2, 139, 317, 382-373, L2
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Gourd Geysar, 315
Gourd Spring, 21 ‘
Graham, J. C., experiments by, 202, 205
Grand Geyser, 178, 181, 162, 183, 187, 191, 216, 252
depth, 1
description, 179, 180
desdription of cone and eruption, 28,-265
desoription of structure and activity, 216
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Graphic grenites, alteration in, as possibly related to rhyo-
lite alteration by potassium salt solutions, 116
Gravels, absenoce of in bore-hole at Norris Basin, LS0
Gravels and clay, a faotor in termination of eruptions of
Imperial CGeysers, 299
Gravels and thelr relation to hot water ciroulation, 99
Gray lakes, L1l
Great Fountain Geyser, 21, 52, 61, 103, 187, 188, 199, 216,
27k, 275
depth, 134
desoription, 275, 276, 277
height of eruption, 187
length of active period, 177
temperature-depth ocurve, 192
Great Fountain and Grend have side chambers, 219
Great Fountein group of springs, 274
Great Geyser of Iceland, 209, 211, 191, 213, 216, 225, 307
Grinnel, G, B., - mee Dans, E. %,
Grotto Geyser, 152, 178, 183, 188, 252
Ground Water:
cooling and heating by currents, 228
shallow in sulphate sreas, 125
volume in swunmer and winter, 227
zone of, %08
growler Spring, 33, 35, 39, Lo, l1
perpetual spouter, 220
Gypsum, veing of at Calcite Springs, LO6

Hegue, Arnold, 27, 96, 968, 111, 11L, 125, 1Lo, 1Ls, 168, 168, 177,
18ls, 200, 353, 357, 365, 3716, 378, 379, 382, 36&, Loo, L6
Hague's desoriptions;
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of New Crater, 181
of Terrace Mountain, 379
Rague's theory of action of soep on geysers, 203
Hallook, Wm. H., 4, 5, 182, 211, 123, 234, 269, 271, 382, 383
Hellook's analysis of Hot River's discharge, 383
Hallock's physics of geysers, 213, 225
Handkerchief Pool, 212
Hanke, Ranger Allyn, 19, L8, 176, 185, 226, 2i5, 2l6, 282, 298, 309,
31, 312, 320, 32h, 338, 347, 357, 385, 392, L36
Herding Geyser, L76, L79
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Hayden, Dr. Perdinand V., 3, 304, 382, 123
Hayden Survey, recornmeisseance of Yellowstone region, 3, 166,
185, 269, 271

their mesasurements of geysers, 186
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Haynes, F. Jay, 200, LIS
Haynes, J. E., 50, 177, L8
Heart Lake, 16, 55, 388
earried mineral matter, 129
desoription, 320
heat oarried away by hot water, 135
musber of geysers, 176
Heart Lake Geyser Basin, 21, 83, 86, 176, 177, 2lB, 329
discharge of, 326
geysers and superheated waters, 326
less important groups, 323
Rustie Group, 320
situation and desoription, 320
Heat;
carried away by hot-spring waters, 512, 135, 136
dissipated by hot-spring waters, 512
transfer to spring waters, L2
Heat losses in hydrothermal areas;
8z related to the volume of ground water, Ll
hypotheses to acocount for variaticns, 167
Reat removed by thermal waters of Yellowstone Park, 135-136
Heat supply:
changes in, 230
in given area difficult to predict, 166
Heizmearm, Dr. C, L., 83
Hermatite, abundance of in Artist's Paint Pots, L55
Herbert, A. 8., 15, 23, 132, 262
Hibben, Dr. Janes H. 78
Highland Terrsce, 277, 365, 367, 371, 372, 368
Hillaide Springs, Upper Basin;
absence of limestone, 352
deposits, 352
description, 348, 350, 351
origin of diasolved mineral matter, 131
presence of ocalcite and travertine, 352
similer in deposits to Terrace Springa, 39
temperatures, 3L9
water analysis, 39
Historical, 1
Hoohstetter, V. wonr, 15, 2, 71, 174
Honds, K., and Terranda, T.. 174
Hoodoos, 380
Horn Geyser, 287
Hot areas:
along the Mammoth-Madison road, 503
general appearance, 1l
their distridution in the Park, 512



Hot grounds
types of in world at large, 71
types in Yellowstone Park, €5
Hot River, 16, 57, 128
obrried mineral matter, 129
composition of, 382
depositions, 363
desoription, 380
discharge, 383
heat carried away by hot water, 136
looation and desoription, 380, 381
origin and relation to Memmoth Springs, 386
tempsrature veriations, 382
water analysis, 382
Hot apring aress:
aoid traots, chareoteristics of, &5
alkaline type, characteristics of (geyser basins),b67-68
different types of in world at large, 71
different types of in Yellowstone Park, 65
extent of in Yellowstone Park compared with similar
areas elsewhere, 11-15
goneral aspeots of in Yellowstone Park, 11
travertine type, characteristics of, 68
Hot Spring Basin, east of Yellowstone Canyon, 17, 58, 126, Lil
ocarried mineral mmtter, 129
desoription and location, LlL
hot waters of, 116
mmergus sulphur fumaroles in, 416
remarkable sinters at, L17
stratified gravels at, Lil;
water analysis, L16
Hot spring basins built up by deposition of siliea (7), 135
Hot Springs:
and the looal earth-temperature gradient, 25, 26, 29, 30
are latest phase of volomnism, 507
sreas, 232
&8s a distinotive phase of voloanism, 92
as explained by the writers, 32
8s related to fumaroles, 28, 31, 32
deposits of in alkeline areas,
deposite of in sulphate areas, 137
deposite of in travertine aress, 156
deposits of in Yellowstome Park, 137
derived from magmetic aqueous solutions (7) 30
development, local character, 123
distridution of different types in Yellowstone Park, 16l
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Hot Springs (oont,)
astimated mmber of, 11
svolution of, 513
heat carried away by, 135=136
heated by hot rock {?) 29
looal character of the development of, 123
map, 232
mineral matter carried mwsy by, 128
of mixed charsoter, 125
of southeastern itlentic States not olearly related to
igneous masses or mineral veins, 30
of Utah, Nevada and southesstern Idaho not of artesian
origin, 30
problems for the future, 505
relation to superheated ateam, 39
relation to topugraphy, 31
theoretioal views on, 23-32
theoretical views on, summary, 32
transfer of heat from megmatic steam to, [2
varisation in salinity, temperature and flow of, 20
untgr level in, as affected by variations in ground water,
3
Hot=spring vents formed by exploaion (?) 134
Hot=-spring waters:
allmline type, 71
analyticnl methods for, 73
oalelum bicarbonate type, 72
color as affected by sediments, 83
color as cawsed by scattering of light by minute parti-
cles, 81
color as medified by alpae, 82-83
color of many and its causes, 78
dapth of cireulation, 2.8
distribution of acid radicals Hco3, a, » 80, 126=-127
flustuations in composition, 7
light ebsorption by, 79
prosence and condition of arsenic ink, 76
prosence or sbsence of rarer elements in, 77
sulphate type, 71
total mineral matter in, ?8
types of, 71
Hot Springs or Arkanses, 26, 31
Hotel Terrace, 376
erd. C. Sn. 1?
Burriocsne Pool, 479



Hydrogen, determination in hot water, 83, 85, 87, 88
Bydrogen sulphide in volcanic gases, 85
analysis, 75, 83
logs of in various ways, 90
soarce in alkaline arees, 89, 90
some oxidized to free sulphur, 102
Hydrophane Springs, Norris Bmsin, chemiocal changes in waters
and deposits, 186-188
Hydrotherapy, 1
BEydrothermal sotivity in the Perk:
age of, 6
us rolated to rhyolite extrusions, &
changes in typs of, 169
changes in type of, how caused, 169-180
limited by water supply, 169
Norria Basin, L&9
gigns of former, 140
Hymen Terrace, 86, 103, 156, 157, 367, 372, 377, 384, 367

measurement of travertine deposit, 377

Ieeland, 15, 19, 23, 24, 28, 31, 71, 83, 132, 166, 17k, 191,
208, 509
extent of hot spring metivity in, 11, 15
Iddings, J. 7,, 98, 99
Imperial Geyser, 37, 86, 99, 106, 183, 216, 218, 23%0
smount of water discharged, 183
bshavior of, 290L-206
oause of decline in, 299
crater of, 299-302
depth, 13
desceription, 299, 301, 302
discharge continuous, 297, 298
end of eruptions and cause, 299
firat notics of, 204
fluctusting water level of, 208
general behavior, 29, 2956
heat carried away by hot water, 135
height of eruption, 187, 297
relative age of thermal activity, 302
where looated, Gl
Imperial group, 290, 204, 30%
Indige Pool, 19, 52
Indigo Spring, 271
Infant Geyser, 20, 2L
Ink Well, 20, 26



Intermittent charscter of geysers, 171, 177
Intermittent discharge of geysers, 177, 219
Tntermittent rise and faull of water level in jevsers, 177
Intermittent springs not necesaurily geyvsers, 1%
Iris Spring, 103, L68, LEO, k77
Iron Creek, 233, 236, 238
water discherge, 237, 349
Iron Oxide (ferric) in sodimeni of .rtist's ruint 2ots, LS55
Ircn sinter, 157
at Chocolete Pots, 357, 290
Iron Spring, 86, 2
Iron, state of in the sedinent of mud pote, 200
Irregularities in geyssr action, 225
oaused by inerasing height of cone, 2IU

Jaekson, W, H., officia) photographer in iuri expvelitious, kL, 8
Hegzar, T. A., 92, 184, 213, 227
Jarcsite, deposit ocoasional in therual springs, il
Jewel Ceyser, 178, 177, 2lS
height of eruption, 107
length of motive pericd, 177
Jones Expedition of 1873, &3
Josephs Coat Springe, 109, 502
Juniper Creek, 52, 283, 205
Jupiter Terrace, Mem:oth Springs, 86, 146, 157, 367, 372, 376,
=18, 38k, 367
less scenlc, 387
Juvenile, term introduced by Suess, 27

Kaleldoscope group, 52, B6

Karlsbed Springs, 27

Eutmal fumaroles, 32

King Survey, L

Krug von Nidde, C., 71, 21%, 223
theory of geysers, 206

Lecroix, A., 116

Lake of the Woods, ghs berrena &i, U6, 103, ilu
Lake Shore Geyser, West Thumb, 5%

Laxmar River, 9L



lang, H. Qs, objections to Bunsen's theory of goysers, 211
theory of geysers, 211
Langford, N. P., 3, 188, 263, li9
Lalous, Ranger, F. D., work by, 2Lk, 2Li6
Launay, Louis de, 26
lavender Spring, 21
Leaching of rock:
by omrbon dioxide, 136
by sulphuric acid, 130
different types compared, 129
Leakage in stom chambers, 230
Ledge Geyser, Z’I
Lelmann, E., 17
Lenher, V., and Merrill, H. B., 146
Lewis Lake, 16, 21, 57, 332, 333
carried mineral matter, 129
heat oarried away by hot water, 135
reconnalissance of springs, 332
Lewis River spring cluster, 332
liverty Cap, 367
Limestons, relation to certain thermel springs, 9L
Lindgren, W., 30, 38, 117
Linton, E., 2
Lion Geyssr, 20, 178, 188, 192, 242, 215, 2.3, 252, 255
depth, 134
desoription of cone and eruption, 255
temperature~depth curve, 192
Lioneas Geyser, 20, 152, 201, 245
depth, 1
effect of moap on, 201
List of geysers in the Yellowstone Park, 176
Little Bulger Geyser, 311
Little Giant Geyser, 311
Loeb, Jacques, 10
Lone Star Geyser, 172, 176, 178, 230
mumber of geysers, 176
Lower Bsain, 11, 16, 52, 53, 61, 57, 8L, 103, 126, 176
analysis of waters, 277, 307
composition of waters, 277, 307
desoription, 274
Fairy Creek group, 290
Fountain group, 279
Hotel group, 280
Imperisl group, 29L
Kaleidosoope group, 279
Mammoth or Fountaln Paint Pots, 280
Nex Perce Creek group, 282, 283
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Lowsr Basiz (ocont,)
origin of dh:olud minersl matter, 131
mmber of geysers, 176
Poroupine Hill group, 283
Qagmire or Camp Group, 282
River group, 285
rook leamching by alkaline waters, 130
thermal wsters of, 277, 307
Lusenc, Gay, 25
Lystrup, Renger Naturalist H. T., 226

mlm, Je Ho, 27
Maokensie, Sir George, theory of geysers, 208
Hagmatio steanm;
its fupotion in hot =prings, 32, »
its ratio to other volcanic gases, 87, 167, 168
Mapnatio theory of thermal asprings,
Magmatic water,
its amount in hot springs, ho-hl
its pressnce in hot aprings,
¥ain Terrace, 86, 364, 367, 372, 5?8 38]4
My, R., 100
Meumoth Springs, &, 16, L3, L, 59, 62, &L, 70, 8L, 103, 359
age of, 363-36L
amount of water rising end disappearing within the area, 36
Angel Terreces and their former besuty, 365
asacciation with limestone, 360
calofum bicarbonate waters, 126
ctuse in the deolins of flow, 38l
oiroulation of underground water, 373
oharsoter of the waters, 372
oolor display at, 308
composition of hot spring waters, 372, 375
decline in flow and its possible cause, 3B, 386, 388, 389
deposits, 377, 378
dizoharge of, 59, 60
fluo ions in discharge of, 38L-385
rormtio:;G of depcsits like Liberty Cap, White Elephant,
eto, 7
goneral characterkstios, 360
genoral geologioal relations, 360
haat ourried away by hot water, 135
Thot-water lce" at, 378
loonl fissures and their significance, 36i, 365
maximen temperatures, 372
mild thermal activity due to unknown cause, 371
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most typioal travertine area, 360

sumber, form and sise of springs, 365

origin of dissolved mineral matter, 131

renge of oalcium concentration, 37L

relation to Hot River, 386

relation to local topopraphy, 365

relation to rhyolite, 363

rock leeching by alkealins waters, 130

slight differentistion of water in different parts of
the area, 373, 37,

solution and precipitation of caloium oarbonate, 375, 376

sulphur-water ratio, 375
tabulated temperatures, 372
variations in water supply, 228
Mermoth or Fountain Paint Pots, 280
Mammoth Terraces:
aggregate amount of water disappesring, 386
solor, 368
Mann, Albert, 151, 161
Mery Mountain, 17, 57, 67, 126, 176, 283, L57
camposition of thermal waters, L37, L39
desoription and loocation, L35
high aeidity of certsin spring waters, L37, L39
lergest acid area in the Park, LL3
mmber of geysers, 175
mmerous frying-psans at, L37
peculisr sediments, 437, L1
selt incrustetians, 1L0
significant topography, L36
similar to Crater Hills, I,37
unugual extent of a sulphate area, LL3
water analysis, L30
MoAlister, ¥, D, ==~ See Braokett, F. 8,
MoBain, J. W., and Taylor, ¥., 207
Magtiff Geyser, 20, "
Meagurement of hot springs, apourscy, 50
Measurement of the discharge of hot aprings, L
diffioulties, L7, LB
¥echanieal movement in earth's aerust, an slleged source of
heat in hot springs, 29
Meduse Spring, LE3
lhinl.r, Ce El. @
Merrill, H, B, === See lLenher, V,
Merwin, H, W., 75, 76
Metooric water:
as related to hot springs, 26
1ts penetration into hot ground snd consequent release
of heat, 166, 167-168
its penetration into hot ground es influenced by its
volume, 125, 165
supply of and hot spring development, 145
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Methane, quantity in hot-springs, 83, 84, 85, 87, 68
Yiere~organisms:
Funoations of various species in hot areas, 100, 161,
376, 505
Inprobability that they play a role in deposition of
silica from very hot waters, 158
in the hot arsas, 158
influence on deposition, 10
remarkable color displays of, 153, 2L1, 271, 305, 352, 368
secondary minerals as pigments in natural piotures, 158
their part in deposition of silioca, 158
their part in deposition of travertine, 368
Midway or Excolsior Geyser Basin, 16, 53, 57, 6L, 8L, 85, 126
analysis of springs,
desoription, 267
diepsolved mineral matter carried away, 120
general charaoteristics, 267
hot waters of, 268
number of geysers, 176
origin of dissolved mineral matter, 131
rock leaching by alkaline waters, 130
¥ineral matter:
oarried away by the hot waters, 128
carried away daily by the hot water, 512
constantly carried away by hot spring waters, 120
dissclved, effect on bolling temperature of thermal
waters, 17
distribution according to origin, 131
in sorings, origin of as seen by different geclogists,
2L, 27, 28, 30, 31
total, 78
Mineral veine, origin, 2, 30
Hinsrals found at Mary Mountain, Ll
¥inerve Terrace, ¥ 367
Minute OQeyaer, Norris Baain, 18l, 477, L76
Minute Man Geyser, Shoshone Besin, %12, 315
M¥ixed areas, Khs
ocgourrance, 510
Mixed hot~spring waters:
Along Memnmoth~Madieon read, 513
at Norris Besin,
definition, 127
Monarch Ceyser, Norris Basin, 188, 230, 476, L82, L78
Momument Basin, 17, 57, 103, 126
description, L91, 192, 493
supsrheated steam vent at, L93-19k



Momuaent Basin {cont,)
therral waters of, Lol
umisgual situation of, lH1
water Gualysis,
Monument Cevser, 103
Hoore, R. H., —=«~ flse Sohlundt, H,.
Horm, Te s a7
Morey, Ga Wy 39
Morning Glory roel, 103, 2L2, 2lk, Lol
Morning Miat Springs, 283
Nortar Geyser, 192, 196, 2L
texpersture-depth ourve, 192
Mound Geyser, River Group, Lower Baain, 53, 18%, 229, 287
temperature~depth ourve, 287
Mound Spring, Sentinel Creek, 306
Mound Terrsce, Mammoth Springa, 376, 38l
Mad Geyser, Mud Yolesno group, 418, 477, L78
srupted in the seventies, 419, L21
Mud Oeyaser, or Ledge Geyser, Norris Baain, L77
Hud~-pot of great size near Mud Voloano group,
Mud-pots, 102, 10k, 5L
analyelas of waters from, 107
cauge of, 106
characteristics of, 102
composition of water, 107
largs at Pocket Basin, L5
near sast shore of Yellowstone Lake, LLS
oocurrences in Yellowstone Park, 103
of Fooket Basln, Lower Geyser Basin, 290
of Turbld Creek, relatively large area,
relation to sulphate springs, 107
trangformation inte mud~cones, 103-106
Mud Vdoane, 16, B4, 58, B6, 103, 126, 118, Lz22
situation and desoription, L19
sulphuric asid leachings, 130
water analysia, 1119
Nud Voloano group, 418
physical and ohemical oharaoteristios, 421
Muller, J., and the first geyser model, 212
Mushback, J. E., 3
Mastand Goyser, 152



Nercissus Geyser, Pine Cone Group, Lower Basin, 277
Height of eruption, 137
Narrow Guage Terrace, Mammoth Springs, 3&lL, 267, 371, 372
Kational Park Service, cooperation cf, ©
New Creter, L77, L78, L8O, L62
New Zewland, 15, 23, 24, 27, 71, 132, 16(, 17L, 208, 509
extent of hydrothermal setivity in, 11-15
temperatures in thermal springs, 23
Fer Perce Creek group, 52, 6, 27L, 279, 282
Yot Ferce Creek headwaters, 263
Nidde, Krug von, see Krug von Xidda
Fiel, C. B. van, 100, 151, 160
Niel, C. Be. wvanr, and Thayer, lewis 2., 10
Kitrogen, amount in hot aprings snd geysers, £3, 05, 87, 88
Kolan, T. B., and anderson, G. H,, 173
Norris, Ps ¥., Supt. of Yellowstone Park, 2(G, 305, LBo, lg1
Forris Basin, 6, 17, 33, 35, 39, 5%, 42, 57, 72, &L, 87, 99
103, 120, » 375
absence of gravels in bore-hole at, L3S0
®lkeline springs, of, L&Y
attenpt to messure sinter deposition, 151
bore~hole, 508
carrisd mineral matter, 129
changea from alkaline to aulphate, 170
chamiosl oomposition of sediments, LGl
course of hydrothermal development at, li%
depth to which acid waters extend, LG3
desoription, LSO
digeharge of, LET
experiments in determining silica deposition, 153
general situstion und deseriptiocn, LAO
geysers at, L76
geysers play diractly from fissures in rhyvolite, 175
great variety of deposits, 482
heat oarried sway hot water, 135
heterogenecus appearsnce of, L&O
mixed character of many hot wnters of, L{S
mixed character of many hot waters of and possible
cause, LGS
mmber of gevsers, 176
oscurrence of arsenic sulphides, 139
ons-hundred-spring plain of, 150
origin of dissolved mineral matter, 131
other deposits than silica under water of hct spring, L82
peculiar alkaline thermal waters at, L&O
Poroelain Basin of, L62
precipitetion of silica under water of hot spring, L82



Norris Besin (oont.)
Ragged Hills in, 55, L8é
rate of deposition of silicesous sinter, 152

ratio of sodium to potmsim_f_%fj)_in alkaline waters, L70

' B 4 K0 ¢ Cal
ratio "20 k2 oa in rock altered by thermal

A.120
waters, }470-1?72
relatively younger than other goyser basins, 186
resulta of deep drilling at, L73
rock alteration by thermal waters in, L70-l72
rock leasching by alkaline waters, 130
rocks of,
salt inerustations, 1l
siliceocus deposits at, LB2
siliosous sinter, sbsence of in Norris bore-hole, L75
sulphur in anomalous smounts for e geyser basin, LO7
sulphur in varicus forma at, LA7
superheated steam vents at, 475, L7¢, Lis
superheated steam zane probably nesrer the surface than
in other geyser basins, L76
thermal aotivity influenoced by gravel and clay, L81
thermel characteristics, [[76
thermal chrecteristics, atriking varietions in, L79
water analysis, LéH
water caompared with Upper Basin, L70
waters of, L&7
Ruphar Leko, L70, L73
Rutting, F. G., 147
Nymph Spring, Sk, 58

Obleng Geyser, 20, 178, 187, 186, 192, 22, 243, 2ls, 2L7
depth, 13l
desoription, 179
height of eruption, 147
intermittent discharge of, 179
length of active periocd, 177
temperature~depth curve, 192
Chsidian ClLIfL, 92, G5, 96
0jo Caliente, River Group, Lower Basin, 287, 20, 53, 86, 193, 199
depth, 13L
not effected by soap, 230
temperature~depth curve, 194
01d Faithful Geyser, L7, 177, 178, 203, 225, 233, 2Ll 246
action the sume in winter and summer, 226
&8 measured by the Hayden Survey, 186
depth, 134
deseription of cone and eruption, 26L, 265
disoharge of water, 183-18l,
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0ld Faithful (oont.}
eurliest mention of, 158
height of eruptlom, 187
inconstanoy of, 18%
length of eotive period, 177
not oonstant in behavior, 184

One-hundred-spring Plain, 63, 103, L60, L83, LHS

Opal Pool, LS8

Opal Sprh;ﬁ, experiment tc determine rate of silica deposit,

1

Opaline silloa:
in mealy surface deposits at Celcite Springs, L9G
in mealy surface deposits at Crater Hills, L32
in mealy surface deposits at #mshburn Springe, L13
in sediments of sulphete springs, 137
ainter in alkaline areas, 1.3
Orange Spring, 365, 367, 3¢9, 372
Ore deposits:
essooisted with hot springs, 27, 50
genetically related to hot springs, Sk, 506
Organie growths resembling hides:
st Terrace Springs, 354
at West Thumb, 326
Orstrand, C, E. Van, 26, 1
Orthoolase, secondary, in rhyolite eltered by thermal waters,
113
Orhter goses in geysers anz springs, 199
Oxygen, quantity in hot water, 83, &8

Paint Pot Hill, L51

Paint Pote et vset Thumb, 320

Pesle, i. C., 5, L, 11, 25, 106, 151, 158, 173, 177, 1861,
182, 18l, 185, 187, 230, 2%9, 255, 261, 267, 307,
3131, 320, 321, 35L, 382, Lie, Lis, Lgb

Pearl Geyser, Norris Besin, L6, 477, LB2

Pearl Spring, 123, 12, 1852

Pebble Geyser, 188, 230, L76

Pelioan Creek, SL, 413, LL3

Perpetual Spouters, 220

P.rrct, ¥, ﬁn. 92

Petrification of wood by thermal waters, 161, 163

experiments in determining neture, 163



Phillips, Prof. F. C., earliest analyses of Yellowstone
Egt-up;ins geses, 03, 22, 2)’:2. 27, k76, Lo,
1, 1
Fhillips, Ranger Charles, work by, 18, 155, 176, 177, 18l,
226, 2L2, g1
Pink Cone Geyser, Lower Basin, 277, 279
Pinyon Terrace, 367, 370
Plonesrs in the Yellowstone region, 2, 3
Pioneer work on the later stages of vcicaniam, 1
Fips—line Creek, 17, 57, 86, 126, 23%0
aold springs, 252
change from alkaline to sulphate type, 145
chenge in type of thermal activity at, 502
desoription, 502
water analyeis, 502
Pitohnr,bggjar John, Superintendent of Yeliowsione Perk,

Pocket Baasin mud-pots, Lower Geyser Basin, 16, 103, 290,

3
Poleost Creek, 16, 57
carried mineral matter, 120
heat carried smwuy by hot water, 135
Poleocat Springs:
deacription, 336
divergence from alkaline type, 33&, 337
similarity to Snake River Springs, 337
weter enalyeiz, 502
Poute, G., 117
Ponuntpa Springs, 17, 33¢, 339
where looated, 338
Poroelain Besin, Norris Basin, 33, 37, 63, L&7, LB6, Loo
deseription, L62
silios deposition high, 155, 156
water analysis, L6G
Porcupine Hill, Lower Basin, 274, 282, 283
Posnjak, Eugens, 12, 3LB, 357, Loo, 876
Poteseiunu galts in rhyolite alteration, 131
sourve of, 11l
Powell Survey, 4
Frecipitates, secondary, in thermal springs, 136
Freclpitation in thermal aprings, an alleged factor in dilu-
tion of thermal waters, 29
Prossure of water as related to geyser soticn, 261
Prismatic Lake, Excelsior Bmein, 158, 271
desoription, 271
Pulsstion in hot eprings, 27, 220
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Punch Bowl, 20, 86, 152, 192, 195
temperature~depth ourve, 152
Pyrite, finely divided, sz a sedinment in thermal springs, 138

Quagrire or Camp Group, Lower Basin, 21, 52, 282

Quarts, seoondary, in altered rhyolite, 113
Queen's Laundry or Red Terrsce, Lower Basin, 158, 304

Rabbit Creek, Lower Basin, 16, 21, 52, &4, 111
heat oarried away by hot water, 135
its discharge almost exclusively hot, 272
renarkable sinter deposits at, 272
rhyolite altoration In a spring at, 272
ainter sluice, 150
therma) waters of, 272
Rabblit Creek Valley waters, 272
Radioactivity,
relation to age of deposits, 38l 383
relation to heat of thermal '% an, 2
Ragged Hills, Norrie Bssin, L0, L45,
hydrothermal alteration in, 86
Rainfall s
sonservation of in Yellowstone Park, L3
relation to the discharge of thermal springs, 27, L3, 511
Rangers of Yellowstone Purk, assistence from, 8,
Raymond, R. W., 200
Realger Creek, 60, 61, 63
Red Terrsoe, 52
solor display, 3oL
Renshawe, John H., 5
Restless Geyser, Upper Basin, 20, 183, 216
desoription, 179
height of eruption, 187
intermittent ohange in water level, 179
Rhyclite,
aoted on by sulphuric aeid, 100
age of axtrusions and relation to hydrothermal activity, &
alta;f‘latim of by alkaline waters st Clearwater Springs,

alteration of by alkaline waters in Rabdbit Creek Valley,
272

Altg;tim of by alkaline weters in Pountain Paint Pots,

alteration of by aguscus salt solutions, 111, 113
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Rhyolite (cont.):
alteration of by oarbou dioxide solutions, 110, 113%, 272,
3a, 353, 472
alteration in bore~hole at (0ld Faithful, 236
chemioal and mineralogical composition, 98
conservation of molar ratio Hlao 4 K20 4 Cal in altera~

tion of, 112
oracks snd aeams in, as exits for thermsl water, 28, 166
decomposition in mlkaline waters, 353
greatly altered at Crater Hills, L31
of Terrace Mountain, 363
physical properties of, 98, 99
ratiC of metals, 102
relation to thermal springs, 94
replacement of sods by potash in, 113
stores less water than limestone, 388
tabulated analyses of, 98
time relation of successive flows, 98
values for molar ratio, 113
Rhyolites and graphic granites as relatsd to rock leaching, 118
River Group, Lower Basin, 285, 289
Riverside Ueyser, Upper Basin, 191, 199, 252, 260, 261
depth, 13,
desoription of eruption, 261
discharge measure of inflowing water, 219
longth of sotive period, 177
Roaring Mountain, 16, 57, 126, 339, las, LB2, L9o1
carried mineral matter, 129
deposits of, 39
desoription and situation of, 396
sulphuric acid leachings, 130
thermal water of, 399
veriatione in thermsl asctivity, LOO
water analysis, 399
Robertson, Ranger X. C., 184
Rook alteration by potassium salts in world at large, 131
process, 116
Rock decamposition in slkeline aress, 110
Rock leaching, 118
asz related to underground cavities, 132
by alkaline watersa, 130
by carbon dlioxide, 510
in alkaline areas, 500
processes, relative importence of, 12
Rocks at Norris Basin, L65S
Rocks in thermal areas of Yellowstone Park, 9L, 360, 363, 388,
L2, 165, l9s
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Rooks in which the springs iasue, 9L
Rooks of the upper basin, 236, 238
Rosette Geyser, 306
Ruff, 0., and Braun, Hs J., 119
Rustio Goyser, Heart Lake Basin, 320
sinter deposits at, pointing to buman influence, 321
Rustic Group, 21

Suinte~Claire Deville, E, H., 25, 33, 122, 168, l®0
S8aint John, Ruth, 161
Salinity of hot springs, extent of ites weriation, 505
Salt incrustations in thermal areas, 1L0-1l41
products of fumarocle action, 141
Sandberger, A., 132
Sapper, Karli T., 166, 174
Sepphire Pool, Upper Basin, 20, 78, 79, 119, 152, 188, 214
220, 222, 24
solor, 60, 61, 78, 2la
ne ochange in temperature~depth curve, 193
observationa on its action, 220
temperature~depth ocurve, 193
Sawmill Geyser, &9, 178, 187
depth, 13L
height of eruption, 187
8oaochi, E., 117
Soattering of light by minute particles, & causs of blue color
in meny Yellowstone waters, 81, B2
Schaller, W, T., 11&
Sohlundt, Hermun, 103, 383
Sohlundt, Hermand end Moore, R. B,, 31
Schneifer, K., 28
Seorodite;
deposited by thermal waters, 1L0O
discovered by Hague, LB5
Bessonal variation in water-level of certain springs, 63
Sediments;
black at Washburn Springs, LO6
in springs of the Upper Basin, 252
in sulphate springs, 157
of Norris Basin analyzed, L8L
rare, in alkmline springs, 252
Semicentennial Geyser, 5l, 57, 183, 230
Sentinel Cone, Lower Basin, 52, 305
description, 305, 306
Sentinel Creek aree, 16, 52, 274, 305, 306
characterized by few cutlets for hot water, 306
heat oarried away by hot water, 135
thermal sotivity, 303
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Sentinel Geyser, 20
Setchell, W. 4., 159
Shallow Creek Springs, Ll3, L17, Li18
Sh‘Ph.rd: E. 8., 390 &lh 93- 99
Shield Geyser, 315 _
Shoshone Basin, 16, 21, 55, 8L, 86, 99, 126, 176, 201, 2.8, 307
analysis of waters, 317
oarried mineral matier, 129
oomposition of therunl waters, 312, 317
deseription, 307, 308, 309
exosllent for study of typea, 318
heat oarried away by hot wmter, 135
light an differentistion into acid snd alkaline ground, 318
number of geysers, 176
origin of dissolved mineral matter, 131
roak leaching by alkaline waters, 130
salt inorustations, 1l0
type of springs, 312
Shoshone Creek, 309
Shoshons Geyser Basin, 300
Shoshone Lake, 57, 307
Sieve Lake, L85
Silioa;
Added during rock alteration by thermal waters in Upper
Basin, 122
derivation in the hot-spring waters, 122
little or none added in rock wlteration at Norris Basin, 472
precipitated as looss sediments in acid areus, il
precipitation from solution by evaporation, lfé
soparation by freesing, 1,7, L8
Silion deposition, enclosure of old springs and hollows, 135
Siliceocus sinter -—- aee Sinter, Siliceous
Sinter:
analysis from Upper Geyser Basin, 15
deposits, character of, 12
ferruginous, 357
from Chosolate Pote unigue, 357
largely a product of evaporation, 17
alliceous,
absence of quarts in, 1.5
sanalyses of, 15
collected on wooden bloocks on Poroelain Terrace, 154,
155
oomposition sud properties, 115
deposits at Thumb, 327
deposits of Worris Basin, 482



Sinter, Silicecus (aont.):
disintegrated into sanda and gravels, 112
feotore controlling its formetion irom thermal
waters, 505
formed by evaporation, 1lL6
forming with travertine, 3.2
forms of and alleged causes, 1L2
inorusting wood, 161
other genetic conditions, 145
peouliar forms of,
physioal properties of, 1.5
precipitated from cold, highly diluted spring waters,
151
precipitated frau hot water, without evaporation, 1L8
rate of deposition under natural conditions, 151
separated from spring waters by freesing, 1117
separated fran spring waters by freezing, distinotive
properties of, 148
sheots of, partiaslly covering hot springs, 1.2
stalactites of, formed by repeated drenching of
wooden frewes, 153
thicknesa of deposits in Uppsr Basin, 153
usually deposited by alkmline waters, 1L5
water content of, IKS
wlide range of ooncentrations from which it forma, 151
thiockuess in Uppoer Basin, 2739
Smith, George QOtis, 5
Snake River, 11, 1&, 55, 57, 9L
carried mineral matier, 129
heat oarried awsy by hot water, 135
hot wuter discharging into, 55
Snake River Springs:
analysis of waters, 33,
absence of sinter in group 1, 336
comparable to Hilleide Springs, 3%6
ocunparable to Norris in rock disintegration, 335
comparable with others similer in waters but differing
in depoaits, 33L, 335
origin of dissclved mineral matter, 131
peouliar deposits, siliom with ferric hydroxide, 336
situstion and description, 333
Soap:
action on the Splendid Geyser, 253
sffect on eruption of certain geysers, 185, 200
effect on geyser modols, 202, 205



Soap (ocont.}):
offect on retentian of gases in water, 207
effect on surfuce tension, 201, 206, 207
laboratory experiments with, 203

Soap Kettle, 21

Soaping of geysers, 200
by Allen and Day, 201, 20k
by the U. 5. Geological Swrvey, 200
comparison with Grahaats results, 205
HeBain's oonelusions, 207

Soda Butte, old travertins deposit, 9L, 392

Solfleatars Platesu, 17

Solitary Geyser, Upper Besin, 20, 153, 261
height of eruption, 187
total quantity of silies, 153

Solitary Spring, changed to a geymer, 261, 262

Solution and deposition of caloium carbonate by thermal

waters, 375-376

Sour Creek Springs, L13

Spa Geyser,

Spasna Geyser, 280

Spssmodic Geyser, 176, 199, 20, 2L5

Spiteful Geyser,

Splendid Geyser, Upper Basin, 20, 72, 178, 185, 243, 2I5
sotive after periocd of dormancy, 185

Sponge Geyser, 20, 178, 185, 24,3, 2l5, 2lp
dspth, 134
temperature-depth curve, 154

Spouter Geyser, 69

Spray Geyser, Lower Basin, 183, 18L, 303
desoription, 303,
digoharge, 183

8prijg eediments, 137

Springs of Gibben Hill, LIS

Spruce Creek, 283

Squirrel Spring group, 86, 365, 372

Stalaotites from geyser water, 153, 154

Steady Geyser, 229

Steam:
differs in its ratio to other voleanic gases, 168
leakage common in hydrothermal areas, 33, 39
leakege on shore of Yellowstone Lake,
magmatio, its relation to other gases, 38, 87, 167, 168

origin, 38
periocd in certain geysers, 199



Steam (oont.):
pressure in Lindgren's hot-spring theory, 30-31
relation to other gases, 38, 87
role of in geysers, 198
supsrheated,
and hot springs, 39
in voloanic geses, and its funotion in warious
stages of voloaniam, 92
natural vent at Monument Basin, L9L
naturel vent st Sulphur Hills, LiL
natural vent at Washburn Springs, L06
natural vent et Norris Basin, L75, L76, L85
natural vents at Steamboat Point, LIS
origin of, 38, 39
zone probably nearer the surfaoce at Norris Basin,
L73, L7é
supsrheated jets,
distribution of in Yellowstone Park, 37
looalities, 33
temperatures of, 5
temperatures of, variations in, 37
Steam explosions, 13k
Steam-vents in Yellowstone Park and their bearing on hot
spring theory, 33
dlstribution, 37
Steamboat Point, Yellowstone Lake, 17, 33, 35, 37, 58, 5L, 126
desoription and looation,
small sulphur and water supplies at, LL7
supsrheated steam vents at, LlS
Steamboat, Springs, Newvada, 71, 132, 171
analysis of waters fram, 174
Steiger, George, 75
Strokiur Geyser, 209, 225
Sublimates of alkali chlorides, 116
Subsidende, & factor in Gautier's hot spring theory =--- See
Gautier, A,
a factor in L. de Launay's hot-spring theory, 26
Suess, Bduard, 26, 27, 30
Sulphate;
analysis, 7k
distribution, 126
origin 1n &lkaline waters, 121
Sulphate arsas, &5, 393
anotivity, 101
degree of saidity in, 101, 103
cocurrence, 508
ratio to alkeline, 167
variations in chemical activity, 101



Sulphate in alkaline areas, 121, 122
3ulphate waters, 57, 58, 71
freedom from chrlorine, 100
Sulphur:
sbundant at Creater Hills, L31
anqiglous amounts for an alkaline basin at Norris,
7
no important role in slkealine aress, 121
of low concentration in spring waters, 91
Sulphur Hills, 15, 17, 33, 3%, 57, %8
description and location,
natural smphithester et, Li3
soanty water supply at, LL3
superheated steam vent at, LLi;
Sulphur Mty === See Crater Hills
Sulphur Spring, 83
Sulphur-water ratio at Steamboat Point, L7
Sulphur-water ratio of Ysmwmoth Springe, 375
Sulphurio acid:
aotion of en rhyolite, 101
formation of by oxidation of hydrogen sulphide, 100
in sulphate areas, 100
possidle role of bacteria in formation of, 100
relative amount of rock leaching by, 129
Summerlad, ranger, 20k, 296
Swmary, 506-515
Summit Lake, 15, 57, LO3
Summit Lake Springs, looation, LO3
Supsrhest, oause, %
Superheated gpring waters:
effeot of excessive surface water, 19
effect of stirring, 18
Hallock's proof of, 19
In Iceland, 19
In Yellowstone Park, 17, 20
Peale's observations on, 19
simple test for, 17
varietions in temperature of, 19, 20
role in geyser msotion, 222
Superheated vents, relation to hot springs, 39
Surface water, penstration into hot ground, 165
Surpriss Pool, 280
Swarts, E. Hs L, 27
Sylvan Creek, 57
Sylven Springs, 16, 57, 126, Loo-Lo2
desdription and location, 40O
water analysis,



Tengled Creek, 61, 279, 3.7
Tantalus Creek, 59, LE3
Teurus Geyser, 21, 83, 31&
Teakettle, 19, 81, 23
depth, 13,
temperature-depth curve, 192
Temperature:
gradlent at Memuoth Fot Springs, 371
in bore-hole et 0ld Peithiful, 239
meximum in the springs, 248
mean snnuel for the Park, 136
of pools end geysers not effeoted by winter, 2.7
ranges in hot springs «nd steem vents, 156, 17
Temperature-depth ourves, 191, 16k
types, 195, 197, 198
Tern Lake, esst of Ysllowstone River, 17, 109, 110
fumarole activity of, 109
Terrace liountsin, Mamnoth Basin, 6, 36, 62, 363
depoeit, 379
travertine, age of, &, 363
travertine, of, 379, 30
Terrace Spring, Great Fountsin group, Lowser Basin, 27L
Terrace Springs near Madison Junetion: 16, 62, 57, 86, 126,
359

carried mineral matter, 129
ohangg of deposits with change in physical ocnditions,
35
comparable to Snake River Springs, 330
composition of waters, 35,
ourious organic pgrowthe resembling hides, 354
desoription, 353
old travertine terraces at, 355
origin of dissolved mineral matter, 131
similar to Rilldide and Firehole Lake, 35l
water apalysis, 354
Terrada, Ts --- See Honda, K., and Terrada, T.
Test for superhoated waters, 17
Thayer, Dr. Lewis i,, 10
Theories of hot springs --- See Hot Springs
Theory of Geysers - see Ceysers
Thermal ictivity, 23
as influenced by gravel and clay, L8
at Mary Mountain, L36-Li2
changes in the type of, 169
extent in the Fark, 11
looal variations, 16L
origin, 2l, 25
PE values, 103



Thermal activity, (ecent.):
wvariable in Norris ares, 479
variations deoeptive, 165
Thermal intensity in Yellowstone Park, 15
Thermos E;ﬁfle, perpetusl spoutsr, Monument Basin, 1$1,

Thiosulphate, analysis, 7L
Thomas, Lloyd, 103
Thorkelsson, T., 19, 31, %, 166, 211, 212
Thorkelsson's oritique and theory of geysers, 211, 21L, 223
Thoroddsen, Th., 15, 23, 31, 117, 170, 184, 185, 230, 376
Thoroddsen, effects of esrthquekes on geysers, 230
Thres Sisters, 2@
Thud Geyser, 52, 183
Thumb, the, 16, 53, 86, 99, 103, 126, 176, 1t3, 2L3
desoription, 326
disgolved mineral matter carried eway, 129
number of geysers, 176
origin of dissolved mineral metter, 131
water analysis, 328
Thumb Paint Pots, 107
Toll, Re %., Supt. of Yellowwtone Park, 201, 236
Topaz Spring, 19, 86, 2LL, 247
Topographys
a faotor in hot-spring development, 12k
distinetive oxamples releted to Yellowstone Springs,
365, 96
Tortoise Shell Spring, 20, 152, 197, 2l&
temperature=-depth curve, 192
Travertine ereas, 98, 360, 388, 392
always sssociated with limestone, &8
coeurrence, 511
Travertine deposits:
at Hillside Springs different from Memaoth, 552
found in Pirshcle Lake asres, 3.2, 3L6, 3.7
insignificeant amount of at Cache Creek, 392
kinds, 378, 379
coourring with silice at Clesrwgter Springs, 3l
coourring with silios at Firehole Leke, 347
oosurring with silica at Hillside Springs, 352
ooourring with allioa at Terrsce Springe, 355
oocurring with silioa in Yellowstone Park, &8
old deposit at Soda Butte, 392
other deposits, 32
precipitation in other parts of the Park. 157
rate at which it precipitates, 156
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Travertine deposits {cont,)s
rate of deposition at Msmmoth Hot Springs, 157
rete of formation, 15£, 157
sizo of deposits at Hemmolh, 379
Travertine end opal, rate of deposit, 9
Tridymite in deposits at Roaring Mt., LOO
Tumbull, V., 3
Turban Geyser, 178, 181, 182, 183, 22}
descrivtien, 179, 180
Turbid Creek, 17, 58, 103
mud-pots of, L5
Turbid Lake, 17, 58, 86, 54, 100, 103, 126, Lhk
active gae leakeage at, 15
desoription and looation, LLL
water anslysis, LS
Turquoise Pool, 271
Twin Buttes, 27L, 280, 282
Typea of hydrothermel aress: 508
distribution of in Yellowstone Park, 164
looal ohanges in end the causes, 1&9

Underground ocavities, existence and origin, 132
Underground reservolres:
necessary to explain certaln internitient charwucteris-
tios of geysers, 21O
necessary to store water of geysers, 215
Underground water, distribution, L3
Uninvestigated thermel areas, LB, 50
Union Basin, 16, 200, 22G
Union Geyser, Shoshons Basin, 312, 19, 21, 199, 311
desoription, 312
sokped by Ruynes, 312
United States Geologlcal Survey, work of in Yellowstone
Park, L
United states deather Bureau, braach of in Yellowstone Park,
data furnished, 8
Upper Alum Creek, 16
Upper Basin, 11, 57, 72, 32, &, 89, 99, 111, 120, 176, 201,
233 ‘

alteration of rock by thermal weters, 2,9-251
analysis of ginter from, 1L5

attempts to gather gnses, 199

attempts to mensure sinter deposition, 151
borders of and relation to sulphete springs, 251



Upper Busin (cont.):
composition of thermal waters of, 2LG
deep drilling in by C. Is Fenner, 239
deposite of, 23¢
depth of hote-water ciroulation, 1IH
depth of sinter deposit, 155
descrlption of , 233
discharge mecsurements of, 235, 236
disoharge of hot water same as summer, 220
discovery of, 3
geyser eruntions, 255, 261-267
gevaers, 2C2-255
heat carried awey by hot wator, 135
hot=spring sediments, 252
hydrothermel activity of, 2%
pumber of geysers, 176, 252
origin of dissolved minersl matter, i3l
partial regord of geyaer hehevier, 17
rate of depositlicr of siliceous sinter, 102
rock lesching by alkaline weters, 1350
rocks of, 236
apring sedimenta ocf, 252
siruoture of geyser cones, 255
winter tempersturee in hot eprings, 2L2-206

Vadose, term introduced into thermel bhiydrolory Lo fuess,
27

Yan Oretrend, Charles k., 20, L}

Velvet Spring, 21

Verme Spring, 277, 356, L83

Veteroun Geyser, L77

Violet Creek, 126
oarried mineral matter, 129
heat carried away by hot wuter,
aprings at the mouth of, *3C

Violet Springs, Sk, 57, L57
description end loeitiern, 338, LE7, Loi, Lia
water anslysis, L57

Vixen Geyser, Worris Besin, L77, L7&

Volcanic emanstions, 2l

Volosnio gases in hot aprings, 91

Volounic gases In their relation tc reyrers, 108

Veleanic glasses altered by egueous s&lt solutioms, 111
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Voloaniem,
faotors common to all stages of, 50é
f'\marcle phase, 97
history of' in Yellowstone Park, 6
hot springs a phuge of, 92
progress in the FPark, &
relation to hot-springs, 92

Wagstafl, Ranger R. 5., observations by, 165
Wahb Spring, 58
waimsngu Geyser, 27, 171
Waring, G. 4., 29, 230
Washburn 2xpeﬂ§tion to Yollowstone region (1870), 3, 187
263, 419
Washburn Springs, 1%, 16, 35, 58, 66, 85, 103, 126, Lo6
black spring sediment of, hﬂz
breocim basic at, L03
deposits of, L13
desoription and situetion of, L03
mud-pots of, L06, Lo8, L09
remarkable mud-pots of, LS
rock exposed at, LO3
sulphuric scid leachings, 130
superheated steam vent at, L06
water mcalysis, L12
fashington, H. S., 93
Clarke, F., ®., and, 119
washtub Spring, 21
Weter analysis:
Clesrwnter Springs, 3L
geyser at Gibbon Eill, L5l
Norris compared with Uppsr Besin, L70
Upper Besin, 2,9
Water discharge ir Upper Bazin, 237, 27
Water, ground;
its gepth of uenetration oonditicned by its voluwe,
167
relation to topography, 12
variations in relation to certain hot springs, 114, 117
118
Viater, hot ourrents of in the heating of geysers, 198, 199
Wriar-level in hot springs, 63
Vieter, nagnatic --- See legmutic water



Water, meteoric --- Soe Meteoric weter
viater supply:
es releted to topogravhy, 12k
changes Ln, 230
faoter in hot-spring development, 125
Waters, mixed, 125
Waters of Yorris Basin, LE7
Vatson, T. L., 30
Weed, Walter Hervey, L, 23, 138, 1Lk2, 145, 158, 165, 174
176, 376, 577, 302, 389
Wells, R. C., 1L5
‘est Thumb, Yellowstous Luke {sse miso, Thumb):
conposition of hot waters, 328
euricus colonies of low orgenisms in certain hot nools
of, 326
dischapge of, 328
Faint Pots at, 329
Situation and desoription, 326
Wheeler Survey, L
Whirligig Geyser, L77, L78
Hhigtlor Geyser, Broad Cresk, 501
white Creek, &1, &l, 27.
heat carried sway by hot water, 135
hot-spring aren drained, 274
White Dame Ceyser, 188, 230, 275
description, 275
heizht of eruptiorn, 187
White Rlephant, 86, 36, 367, 36¢, 372, 378
wWhite Rock Springs, 16, 57, 126, 303
descriptlion and loecation, 393
water apalysis, 96
White Terracj, 22
Whitfield, J. E., 9, 72, 76, 98, 119, 123, 124, 1245, 383
whitfield, Js E., === See Jooch, F. h., and Fhitfield, J. Ee
Wiedemann, CG., 213
N’inter. Ha, 3
Winter cobservaticns in the Upper Badn, 246
Winter temperstures in hot springs, 5
#itoh Croag Group, Heurt lake Jusin, 15, 21, 33, 324, 325,

Witohes Cauldron, 20
Wolff, ¥. wvon, 24, 17L

Yallow Boiler, 21
Yellowstone Canyon, 15
thermal sotivity on east side, L13
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Yellowatones Park:
establighment of, 3
exploration (Washburn fxpeditioa), 3
first systematic observations on hot springs of (is Ca
Peale,) L
geo%ogy of (Ues S. Uesological Survey under irncld Hague),
&
history of volcanism in, 6
recomnisssnce of (F., V. Huyden}, 3
rogion, discovery of (Folsom and Cooke), 2
types of hot ground in, &5
types of hot waters in, 71
Yellowstono River, 11, 53%, 99, 109
hot water diachargiag into, 53
Young Hopsful Geyser, 343X

Zi-.., E. Gl. 71‘. 76’ 93. 9}‘" 99

Zones of ground water and superheated steam, 50U i A
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