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Upper Basin ' Locationl!

Biscuit Basin

Avoca Spring (geyser) B 4-840E, 530S
""Baby Daisy'' Geyser C 6-580E, 8255
"Biscuit Basin'' Geyser C 6-495E, 7255
"Black Opal" Pool B 5-825E, 6158
Black Pear] Geyser B 5-230E, 3958
Cauliflower Geyser C 6~64CE, 190S
East Mustard Spring B 5-145E, 3058
"Island" Geyser (spouter ?) C 5-640E, 508
Jewel Geyser B 5-135E, 6955
Mirror Pool C 6-670E, 3505
""Nor{h"' Geyser B 5-305E, 755
"Rusty' Geyser B 6-330E, 8055
Sapphire Pool B 5-365E, 6508
Shell Geyser B 5- LDE, 715§
Silver Globe Spring B 4-825E, 560S
"Wall' Pool B 5-750E, 570S%
"West' Geyser (see Avoca Spring) B 4-835E, 390§
West Mustard Spring (see East Mustard Spring) B 5- 90E, 300%
Cascade Group .
Artemisia Geyser E 7-145E, 100S
* Atomizer Geyser E 6-985E, 1555
Calthos Spring D 6-865E, 6105
Gem Pool D 7- 15E, 6705
"Hillside" Geyser D 6-420E, 3255
""North Pulcher'' Spring (see Pulcher) D 6-700E, 2455
"Pulcher" Spring D 6-720E, 2755
""Seismic'' Geyser D 6-500E, 4208
Sprite Spring D 7- 30E, 6208
Morning Glory Group
East Sentinel Geyser F 8-245E, 605
Fan Geyser ' F 8-635E, 5255
Morning Glory Pool F 8-450E, 2755
Mortar Geyser (see Fan Geyser) F 8-670F, 570S
Spiteful Geyser F 8-655€, 4755
West Sentinel Geyser F 8- 70E, 1955
Chain Lake Group
Bottomless Pit F 8-695E, 970S
“Culvert”Geyser G 8-795E, 455
“Link"Geyser F 8-630E, 880S
North Chain Lake Geyser F 8-595E, 8605
YSquare“Spring G 8-760E, 755

l/Coordinates of U.5.G.S. detailed maps of thermal areas, scale 1/2,400.
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1o attached deserlptions of hot springs and geysers have been prepared

b o T, Georpee DL Marler for the U.S, Geological Survey, based on many
cears as a natural {st and gevser specialist with the National Park Service.
Al1 comments are based on ilarler's personal observations, except where

notoed,

Naumes in quotes ("Cucumber" Springs) ave of relatively recent origin and
bave not been formally approved.

locatlon coordinates (cxample for "Cucumber": J5-750E,700S8) are precise
locations on detailed U.S.G.S. maps thal have been made of Yellowstone's
principal thermal arecas. Fach map has a grid system of designated blocks,
10037 x 1000ft. "Cucumber' is located in block J5 of the Upper Basin Map,
aud is 750 fect east and 700 feet south of the northwest (J5-labelled)
corncer of the block. .



Upper Basin-—-Continued Location

Grotto Group "
“Grotto Fountain Geyser
Grotto Geyser
Indicator Spring
Riverside Geyser
Rocket Geyser
Spa Geyser

8-955E, 2208
8-910E, 4658
8-935E, 3108
9-140E, B45S
8-910E, 4458
8-875E, 2208

OaHEOQOON

Giant Group
Bijou Geyser
Catfish Geyser
Giant Geyser
Mastiff Geyser
Oblong Geyser
Purple Pools -

9-260E, 820S
9-240E, 8308
9-225E, 885S
9-255E, 8655
9-310E, 3508

=R A R

North G 9-510E, 9558
East G 9-565E, 1000s
South Purple Pool H 9-560E, 658
Unnamed geysers H 9-580E, B80S
H 9-575E, 1958

baisy Group

“Bank”Geyser H 8-500E, 95§
Bonita Pool . H B-335E, 308
Brilliant Pool H 8-215E, 80s
Comet Geyser H 8-210E, 508
Daisy Geyser H 8-280E, 558

"Daisy's“Thief H 8-180E, B80S

_Punch Bowl H 7-115E, 3308

* Pyramid“Geyser G 7-675E, 7658
“Radiator” Geyser i 8-380E, 558
Splendid Geyser H 8-150E, 508

Round Spring Group

*North Round” Spring H 8-825E, 4758

“Pear" Spring H 8-690E, 5405
Round Spring H 8-865E, 5858

*West Round”Spring H 8-600E, 5608
Grand Group
Beauty Pool , H 9-700E, 7108
Belgian Pool ' T10-235E, 5608
Bulger Geyser I10-175E, 5605
Calida Pool I 9-630E, 270S
Castle Geyser J10-290E, 430S
Chimney Cone I10-210E, 945S
Chromatic Pool (see Beauty Pool) H 9-555E, 6408
‘phurq'Spring 110-185E, 7108
Crack Geyser H 9~B65E, 7508



Upper Basin--Continued : Location

Grand Group--~continued

Crested Pool J10-275E, 2858
“East Economic Geyser H 9-945E, 900S
East Triplet Geyser I10-175E, 4208
Economic Geyser H 9-925E, 9258
Grand Geyser I10-150E, 3508
Liberty Pool I10-555E, 9458
Lime Kiln I 9-335E, 4708
“Milk Cauldron’! I 9-555E, 2708
0ld Tardy Geyser I10-270E, 5858
Orange Spring .J 9-320E, 70s
Oval Spring I110-320E, 630s
“Penta’Geyser 110-335E, 6758
Rift Geyser I10-225E, 460S
Sawmill Geyser I10-250E, 760s
Scalloped Spring 110-110E, 8355
“South Scalloped”Spring I10-140E, 900S
Spanker Geyser I 9-630E, 6758
Spasmodic Geyser 110-380E, 6658
“Spatter” Geyser . J10-540E, 60S
Sprinkler Geyser J10-475E, 1158
Tardy Geyser I10-290E, 8058
Teaketile Geyser J10- 80E, 8655
Terra Cotta Geyser - 1 9-950E, 9455
Tortoise Shell Spring J10-255E, 400S
Turban Geyser I10-150E, 3105
Vent Geyser I10-140E, 3058
Wave Spring H 9-920E, 38308
West Triplet Geyser 110-140E, 4408
Witches Cauldron I 9-500E, 4805
Unnamed geysers 110-150E, 400S

J 9-485E, 855
J 9-480E, 060S

Unnamed springs - J 9-720E, 5008
'PA ET J 9-755C, 5308
Geyser Hill Group
Anemone Geyser J12-240F, 7558
Arrowhead Spring J11-765E, 5158
“Aurum”Geyser J12-115E, 100S
Beach Spring . J12- 70E, 808
Beehive Geyser J11-985E, 81585
Beehive's Indicator J11-995E, 8108
“Bench' Geyser J12-120E, 6408
Big Cub Gevser . J11-695E, 3008
“Bronze” Spring J12-390E, 805S
Cascade Geyser J12-240E, 8805
"Depression” Geyser _ : J11-815E, 6758
*Dome" Geyser J12-555E, 4758
Doublet Pool J12- 60E, 190sS



Upper Basin-~Continued Location

Geyser Hill Group--continued

Dragon Spring J12- 50E, 5708
Ear Spring J11-890E, 1258
Giantess Geyser J12-240E, 4858
Goggles Spring J11-775E, 2558
* Heart” Spring J11-825E, 3858
Infant Geyser J12-400E, 4158
Lion Geyser J13-730E, 2908
Lioness Geyser J11-690E, 3508
Little Cub J11-705E, 3308
*Little Squirt"’ J12-325E, 800S
Noxth Goggle J11-790E, 2358
YPlume” Geyser J12-145E, 7758
Pump Geyser J12-110E, 3858
“Rock’Pool . - J12-565E, 6358
“Roof" Geyser J11-960E, 5508
Scissors Springs J11-895E, 7155
*Silver”Spring (see Bronze Spring) J12-340E, 8255
Sponge Geyser J12- 25E, 4208
“Sulphide” Spring J12-480E, 7558
‘Surge’ Geyser J12-170E, 6908
Teakettle Spring J12-195E, 4208
Topaz Spring J12-145E, 3858
Vault Geyser J12-245E, 4208
Myriad Group

“Abuse’ Spring L10-670E, 2508
“Little Brother Geyser K10-200E, 6008
"Myriad’Geyser 1.10-500E, 190S
" "Round” Geyser L10-640E, 2558
Three Sistors Springs K10-190E, 6608
Trail Geyser L10-285E, 858
West Trail Geyser (see Trail Geyser) L10-240E, 608
White Geyser . L10-830E, 2208

Black Sand Basin
Black Sand Pool
Cliff Geyser
“Cucumber”Spring
Emerald Pool
Green Spring
Handkerchief Pool
"Opalescent’Spring
Rainbow Pool
Spouter Geyser

6-290L, 1208
5-720E, 9458
5-750E, 7005
5-400E, 400S
5-690E, 160S
5-535E, 9308

5-900E, 6308
5-520E, 880S
5-890E, 780S
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Sunset Lake 5-540E, 7408
Whistle Geyser 6~ 95E, 9408
Unnamed geyser 5-770E, 0s



Upper Basin--Continued Location

Miscellaneous
Cyclops Spring F 7-810E, 5508
Solitary Geyser H12-165E, 630S
"Pipeline" Group K-15, L-15, K-14

Yiope STAR CETSE-
Midway—Rabbit Creek Basin

Midway
Catfish Geyser F 5-395E,. 6158
*Circle" Pool E 5-120E, 8108
Excelsior Geyser C 3-120E, 8208
Flood Geyser E 5-135E, 9208
Grand Prismatic Spring D 2-700E, 3508
Indigo Spring D 3-430E, 2358
Opal Pool C 2-560E, 7605
Turquoise Spring . C 2-825E, 7655
*West Flood“Geyser E 4-905E, 9508
Rabbit Creek
Egeria Spring H 4-110E, 90S
"Grizzly" Pool H 5-280E, 7908
River Spouter G 4-285E, 1158
‘Three Vent"Spring H 4-650E, 1508
"T111" Geyser H 4-490E, 5908
“tire Pool R G 4-260E, 960S
“Turbid” Spring H 4-790E, 1658
Lower Geyser Basin
Great Fountain Group
Great Fountain Geyser J 7-305E, 9008
Surprise Pool K 7-210E, 2008
White Creek
* a-17 Geyser K 7-370E, 440S
YA-2"Geyser K 7-395E, 4658
“Botryoidal”Spring K 7-395E, 465S
“Broken Egg' Spring K 6~-525E, 425S
Buffalo Pool L 8-230E, 4508
Diamond Spring K 7-740E, 8808
Tirehole Peol K 6-810E, 4005
Tive Sisters Springs L 8- 60E, 3758
*Lemod' Spring K 6~ 75E, 2258
‘"Dctopus" Spring K 7-900E, 8108
“Pine”Spring L 7-985E, 3958
"Ravine" Spring 1 7-915K, 70S
"Spindle" Geyser L 8-275E, 460S
"Verdant" Spring K 7-535E, 7158



Lower Geyser Basin--Continued Location

White Dome Group

YCave' Spring J 6-B15E, 25§
"CracK’ Geyser J 6-790E, 40S
"Gemini” Geyser J 6-780E, 258
“Pebble’ Geyser J 6-785E, 558
White Dome Geyser I 6-575E, 900s

Pink Cone Group

Bead Geyser H 8-535E, 435S
YLabial” Geyser H 8-530E, 2958
Narcissus Geyser H 8- 70E, 755
Pink Cone Geyser H B-280E, 5858
“pink’ Geyser H 8-235E, 3708
"Shelf” Spring H 8-505E, 440S
The Tank H 8-950E, 7408
Black Warrior Group
“Dart” Spring G 9-880E, 6255
Firehole Lake H11-350E, 508
“Firehole” Pool . H11-470E, 458
“Flame’ Spring H11-490E, 758
Hot Lake H10-200E, 1508
Steady Geyser H10-780E, 60S
Zomar Spring H10-360E, 8408

Fountain Group

Celestine Pool T 5-545E, 1408
"Clep's Well" E 4-910E, 5858
Clepsydra Geyser E 4-935E, 600S
"Fissure Springs" “E 4-755E, 5658
Fountain Geyser E 5-110E, 570S
Fountain Paint Pot E 5-640E, 7708
Gore Springs nE 4-850E, 710S
Jelly Geyser E 4-990E, 6655
Jet Geyser E 5~-160E, 6858
Leather Pool E 5-725E, 5608
Morning Geyser E 5-125E, 4705
"New" Bellefontaine Geyser E 5~795E, 505S
“"Old" Bellefontaine Geyser E 4-805E, 8458
Red Spouter” E 5-660E, 6255
Silex Spring E 5~740E, 930S
Spasm Geyser E 5-015E, 6258
"Sub" Geyser E 4-935E, 3408
Unnamed Geyser (see "New" Bellefontaine) E 4-760E, 395S



Lower Geyser Basin--Continued

Kaleidoscope Group

"Blawout" Spring
"Deep Blue" Geyser
"Prain" Geyser
"Honeycomb" Geyser
"Honey's Vent"
Kaleidoscope Geyser
"01d" Surprise Spring

Sprinlder Group

Thud

"Angle" Geyser

"Earthquake' Geyser

"Ferric' Geyser

Gentian Pool

"Sprinkler" Geyser

Unnamed Geyser (see "Angle'')
Unnamed Geyser (see "Earthquake')

Group

CLiff Spring
Fungoid Spring
Gourd Spring
Jug Spring
Kidney Spring
Lone Spring
Oak Leaf Spring
Round Spring
Stirrup Spring
Thud Spring

River Group

YArmored' Spring
"Azure' Spring
"Baby Bathtub" Spring
Bath Spring
Cavern Spring
Cone Spring
Crown Spring
"Diadem” Spring
Fortress Geyser
Grotto Spring
Horn Spring
"Leaf"Pool
Mound Geyser
0jo Caliente
Perch Spring
Skeleton Pool

oogoooogo
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Location

3-
3-
3-

780E,
900E,
810E,

3~1000L,

4=

40E,
820E,
930E,

245E,
535E,
350E,
720E,
400E,
240E,
530E,

510E,
275E,
745E,
620E,
355E,
520E,
395E,
150E,
515L,
415E,

3858
3608
3755
43058
4455
4158

408

4558
2758
3058
3008
4808
4408
2655

1505
4758
3058
2208
9655
9158
1558
3208
380s
4908

(7



Lower Ge%i}i Basin-—Continued Location
iscellaneous '

Boulder Spring, N. end of Fairy Meadows
"Morning Mist''Geyser , Nez Perce Creek
"Porcupine Hill"Geyser , Porcupine Hill
Snort Geyser, Camp Group

IMPETURL. AL SPRML GCLISORe - TMPETIM, CHlenp
Madison Junction

Terrace Springs

S hoshove Geqsc,n_ Ras<in

Heaot Lake Wob Spawgs



Avoca Spring (CZ. ; sen?

B4-89 n., 5 jOS >

& .»‘-"t . {or.:d:». Yoy
bLUIT "BASIN

Avoca Spring apnarantly vas named by a member of the Hzgue
Expedition (G,S. Ninth Ann, - 1887-1888, p, 654), It is
located on the west side of Biscult Basin, In elevation it
rises above all springs on the west side of tha river., The
crater consists largely of a rift about 8 feet in length and
2 to 3 inches in width, On the south end of the rift there
is a small crater abouy 3 feet in diameter and 3 feet deep,

There is no record of which I am aware that Avoca ever
displayed geyser potential until after the 1959 earthquake,
All previous known activity was steady boiling, particularly
from the highest vent in the rift. when first observed on
tha day followinz the big temblor the crater was empty, also
that of the spring on ths south end., OSometime during the
first week following the earthquake Avoca turned into a steam
vent, At about one minute intervals there would bs a
monentary roar of escaping steam. In mid October water began
rising in the south crater., The rise of water apparsntly in
part smothered the stoeam, as mostly water droplets would be
ejected at the {ime of the former steam pasrieds. By Decembsr
the steam was very largely displaced by water,

Eruntions at about one minute intervals continued through the
next few years followineg 1959, wWater would be jetted for a
few seconds to heizhts varying between about 3 and 10 faet,
By 1946 it was evident Avoca had itwo types of eruotions.

The minor ons occurred about every 2 to 3 minutes, when a
major one would ensue, IFollowing major activity there would
be an interval of 13 to 15 minutes before minor activity again
cccurred. The duration of an eruntion was abont 20 s=conds,
Minor activity jetted the water 3 to 6 feet in height; major
activity, 12 to 15 feet. Since 1966 the character of the
oruptions has remained essentially unchangesd, ‘The south
crater is still only partially filled.

During the night of the earthquake a large spring akout 100 2
feet north of Avoca had a voluminous erupiion, as was

svidenced by the a=ount of wash about the erater. Hew

drainaze channels extended away from ths spring., During the
first 10 days following the temblor there were additional



4

eruptions, but I was not fortunate in observinz one. Due to
this spring being the most western one in Biscuit Basin, it
was called "West Geyser." Uince the initial activity no
further eruptions ars believed to have occurred.

Exceot the small spring on the south end of Avoca it has no
apparent underground connections with any other spring,



“Baby Daisy Geyser™
: C6-580k, B258 "~
'BISCUIT BASIN

Durinz the 1952 season a plot of ground of about half an acre
in extent suddenly became hot enoush to result in 8 different
springs taking on geyser proeclivities. This occurred sometime
betwesn July 11 and 13, Previous to this X had never observed
any geyser activity in this particular group of springs, Most
had been quite inauspicious in appsarance, These springs are
located in the southesastern end of Biscuit Basin, on the east
side of the Firehole Hiver., ‘the geyser farthest to the south
was called Baby baisy. The largest, which was nsar the center
of the group, was named Biscuit Basin Geysew. Other springs
in the group which showed eruptive activity played to heights
varying from about 3 to B fest. )

Baby Daisy was so named because its eruptioms, on a smaller
scale, bear a marked resemblance to those of Daisy Geyser,

The water from both geysers plays steadily and at a similar
angle. Baby Daisy's water was ejected in am ecasterly
direction. The duration of an eruption was from about 2 to

2% minutes. The estimated height was about 30 feet. Many
eruption intervals were determined. They ranged between about
90 and 120 minutes. The waters of an erupntion showered a small
grove of Lodge Pole Pines about 30 feet distant. This resulted
in the death of the trees, which indicaled that any earlier
cycle of eruptive activity had not occurred for many score
years.,

Located on the same sinter mound and to the west of Baby Daisy
Geyser, there is a large spring which is about 6 feet in
diameter. During all eruptions of Baby Paisy this spring
erunted in concert., It was a splashinz-type eruption, very
much like those of Vault Geyser. This winamed geyser seemed
to be the only one in the newly activated group on which Baby
Daisy's eruptions had any observed effect. . . ... o 1

Eruptive activity persisted in the new hot ground until the end
of the season, From 1953 until after the 1959 earthquake no’
further activity of Baby Uaisy was observed. ‘he sarthquake
initiated a new eruntion eyecle. Again checked eruptions lasted
from about 2 to 2% minutes; the height the same as during 1952,
However, there was greater frequency of eruptions, the intervals
ranging between about 60 and 96 minutes. activity continued for
the rest of the year, At the baginning of the 1960 season Baby
Dalsy was dormant, and is belisved to have remained so to date

(1970).



"Biscuit Basin Goyser™
C6-U495E, 7255
BISCULT BASIN

In the group of springs which entered an eruption cycle sometime
between July 11 and 13, 1952, Biscuit Basin Geyser is very much
the larsest geyser. It is located asbout 140 feet northwest of
Baby Paisy, or 375 feet southwest of Mirror Pool., It has a crater
vhich is about 5 by 7 feet. 'The crater extends devmward for an
undetermined distance without showing any evident constriction
from the size of the surface opening. 'The water while rising in
the vent following an eruption was in a constant state of
ebullition. when the risinz water reached the rim of the crater
it remained at a near constant level until the initiation of an
eruption. It is a- superheated spring. The temperaturs on all
occasions when taken in 1952 was 2048F. During the dormant
period the temperature has ranzed between 201° and 202°F,

All eruptions observed in 1952 began with a sudden rise of water
level and overflow, After momentary surzing the eruption started
explosively. Luring the first minute of play a great volume of
water was discharged. The diameter of the column appeared to be
botween 10 and 12 feet. There were two sections to the water.
colum. The first rose aboul 40 feet. “hen near its anex a
colunn of much smaller dimensions shot up an additiornal 30 or 40
feet. ‘'The eruption was spectacular and impressive. The duration
was about 1% minutes. \

It was difficult to get an interval on the new gayser. During
some deys it was known to have erupted 2 to 3 times during
daylight hours., Some days no eruntion was observed, This no
doubt was due to the fact that the geyser was not always in view.

The early eruptions of Biscuit Basin Geyser discharzed large
quantities of solid matter. Some of the discharged sinter blocks

. Wwere as.mmuch as 4 by 12 inches, Some were hurled fully 100 feet. *

from the crater., In addition to large blocks the water of an
eruption was highly charged with rocks ransing down to comminuted
particles of sinter, ziving the water eolumn a twrbid appearance.
The water stayed murky for the rest of the 1952 season.

The water of an eruption flows down a mild declivity into the
Firehole River, about 240 feet distant. Due to the great volume
of water discharged durins an eruption the weathered sinter,
where drainage channels were formed, all washed into the river,
forming deltas. The newly formed channels, plus the great amount
of fragnental sinter washed into the Firehole, suggested that the
1952 eruptions micht well have been the first.



Following the 1952 season the new geyser was dormant, The
earthquake failed to stimulate an eruption. It is believed
that no eruption has occurred since 1952, No evidence of
subsurface connections with any other spring was noted,
However, the fact that so many springs showed a sudden
increase in temperature, then decline, is suggestive of
subterranean connections with each other,

i
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; "Black Opal Pool"
B5-825E, 6155 ~
BISCUIT BASIN

The large crater of Black Opal was formed in sinter-cemented
sandstone, It was during the 1931 season when I first
observed this Spring. The evidence then Seemed unmistakable
that it must have had its origin as a result of a stoam
explosion. large blocks of sandstone were strewn about the
cratsr., The sandstone consisted of small rhyolite pebbles
and obsidian sand, It appearsd to have originated as
glacial wash,

Referencs to a Ranger Naturalist Manual gives a possible clue
to when the explosion occurred,

“As the visitor ascends the slope betwesn the run-off
channels of Sapphire Pool he observes on his right

That the exrlonsion which created Black Opal's crater was of

- considerable masnitude was made evident to me in 1931 (then
unaware of the above reference)} by the fact that small chunks
of sandstone were found not less than a 1000 feet north of the
crater. Much the greater part of the sandstone was strewn in
& northsrly direction, Since my first observation weathering
has brouzht about the disintegration of practically all of the
smaller piecas,

During the winter of 1931-32 a ranger, Frank Childs, reported
that blocks of sandstone were torn from BHlack Opal's crater,
The following season I could see no evidence that ths diamster

*~of the 'érater had been enlarged. It is bslieves that Childs

might have seen, or besn aware of ona of the infrequent
eruptions that have beep known to ocecur,

During the 1947 season Black Opal was known to have erupted
two times, ‘The eruptions, as deseribed to me, indiecated they
began as a sudden bulge of the water, giving it a convex
appearance. After the monentary bulge the water exploded to



a height of 20 to 30 fest, ‘here was evidence of heavy wash
about the crater, but I could not discover that any new

solid matter had been disgorged. During the 1948 season there
was evidence en eruption had occurred,

In the late 1950s prior to the sarthquake Black Opal was
charactsrized by dark opalescent coloration. During the
period in 1959 which preceded the earthquake a continuous
thumping sound could be heard, ‘The sounds did not ssem to
originate at any great depth. Risinz convection seemed to
indicate that water was being jetted into the crater,

One of the most important effects the earthquake had on Black
Opal. was to destroy its lovely color. The water was very
murky at first and did not clear for the remainder of the year,
The water level dropned about 10 inches, By 1950 water was
again at the overflow levsl, On the day following the ocarth-
quake it was observed that a larse break had occurred on the
south shoulder. There had been considerabls slumping in ths
direction of the pool, which slumping slowly progressed all

of the 1950 and 1951 seasons. ''he narrow septun of cemented
gravel which separates Wall Pool from Black Opal was fractured
through the middle for its entire lencth. By the middle of the
1960 season the crack had completely filled with sediment,

Since the earthquake there has bsen no evidence of any eruptive
activity., Since the beginning of the 1960 ssason there has bsen
steady overflow. No known underground connections with any
other spring exist.

Al e



Black Pearl Geyser =
B5-230&, 3958
BISCUIT BASIN

Black Pearl is a shallow spring from 4 to 5 feet in diameter,
There is a small vent in the central portion. The basin is
lined with dark beady sinter, hence the name.

Activity in this small geyser is cyclic. During 1959, prior to
the earthquake it was dormant, lue to the earthquake the water
dropped about 12 inches in the crater. For the rest of the
year it was a constant spouter. Until 1968 near stsady jetting
characterized this spring; the jets attaining a height of about
4 feet, It apparently is connected underground with a small
geyser about 12 feet to the east, It and Black Pear) have been
dormant since the 1967 season, both becoming dormant at about
the same time,



Cauliflower Geyser =
C6-640E, 1905 7
Biscuit Basin

Cauliflower was named in allusion to the caunliflower-like
masses of sinter which surround the crater. These masses
also have a biscuit-like aposarance, which in part is
responsible for the name Biscuit Basin.

Iike Mirror Pool, Cauliflowser has shown no notlceable change
in pattern during the period I have observed it. It is a
true geyser., However, the eruptions are very minor in
character. The intervals I have checked have varied between
about 50 and 90 minutes, the average being between 60 and 70
minutes. Previous to an eruption the water stands about 6
inches below the rim of the crater. An eruption is initiated
by & sudden rise in water level and resultant overflow,
which is accompanied by boiling. ‘he boiling constitutes the
eruption. It lasts from about 1% to 3 minutes.

The 1959 earthquake had no noticeable affect on Cauliflower's
function, however, for about 3 days ths water was murky. I
have observed no evidence that it misht have underground
connections with nearby !firror Pool, or any other spring,

ugdnlfnﬁ [ A small geyser about 60 feet west of Cauliflower began erunting
m =1 £ollowing the earthquake., No previous activity had been
observed, The eruptions occur about every 5 minutes. Thoy
last for less than a minute, the height being between 4 and 5
feet. Since 1959 the eruptions have persisted.
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Bast Mustard Spring -

B5-145E, 3055
West Mustard Spring .
B5-90E, 3008 “~

' BISCUIT BASIN

Both East and West Mustard Springs are small, beinz from 4 to

5 feet in diameter. ‘lhey bear a close resemblance to each

other, About 5 feet below the crater rims a small vent

punctures the sinter. ‘he name "Mustard" resulted from the -

faet that both springs were lined with algae, mustard-like in o et ?
COIOI‘. 5

The earthguake brought about similar chanzes in both springs.

Formerly the water had stood at the upper rims of the craters.

East Mustard had a tewperature of 157°%F; West Mustard 163°F,

The earthquake dropved the water level about 30 inches; toth

were in a constant state of ebullition., ‘he temperature had

increased to 200°F in both springs. Later the water emptied
.. from both craters with water Jetting into their bowls,

Since the big jarrings of 1959 both Mustard Springs have remained
in essentially the same state. During the 1951 season the
boiling became somewhat more violent in West Mustard, which
condition has persisted, No doubt both springs are connected

underground.
uﬁ;J.W*f About X0 feet south of Mustard Springs, a fumarole developed
P /following the big tremor. By 1960 it had excavated a small

crater and had evolved into a geyser. By April it was having
eruptions about once an hour, an eruption Easting about half
that time, ‘lhis type of activity continued through all of

© i o 19604 However, by.1961-theveruptions had greatly increased™
in forcefulness. Instead of bsing 3 to 4 feet in height they
were -from 10 to 12, Durine 1931 there was steady enlargement
of the crater. By early 1962 the eructive activity had greatly
subsided, By late summer the new geyser was dormant.

S O S
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“Island Geyser"
C5~640E, 508
BISCUIT BASIH

This geyser was so named because it is located on a small

island in the Firehole River. It 1ls almost directly south

of Sapphire Pool, whose drainage enters the river at this
point.

Previous to the 1959 earthquake there were several small,
murky non-flowing springs on the above island. Following
the earthquake eleven of them were observed jettinz muddy
water from a few inches to near 2 feet in height. A new
function had also developed in the channel on the west
side of the island, Its jettins water, stean, or both,
produced a sound not unlike the engine of a motor boat

et slow speed. After 1960 this thumping sound was heard
no more,

The activity of the springs on the island persisted until
May 1966. Sometime near the middle of this month one of
the springs began erupting a large volume of water 5 to 6
feet high., U5ince ths beginning of -this eruptive activity
Island Geyser has continued without any known pause. It
is a steady geyser.

3 .();(c-t!- 't
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Jevwel Geyser =
B5-135&, 6955
BISCUIT BASIN

The Bisecuit Basin Group of hot springs was called the "Soda
Group" hy the Hayden Survey in reference to what theyapparently
considered its mosl important geyser. ‘the name "“Soda Geyser"
was given to this spring at the time of the Survey's first
expedition into ths Yellowstone country.

"rhe Soda Geyser was two miles below our camn,
on the left bank of the river, and spouted with
great regularity every 10 minutes, throwing the
water up 10 feet, resembling very much a soda
fountain, hence the name” (Peale, p. 186).

As is the case with many hot springs, the first name given was
later chanead hy subsequent visitors, visitors totally unaware
of the then existing names. when and by whom the name Soda was
changed to Jewel is unknown, at least at the time of the present
writing., ‘lhe name Jewel is in reference to the shiny, besady
sinter about the vent.

Durine the decades I had observed Jewsl prior to the 1959
earthquake it adhered to a near set type of function, The
interval extremes ranzed betwsen about 5 and 8 minutes; the
majority of the eruptions being near 6 minutes. During an
active phase thsro were usually 3 separate bursts; sometimes
four., Tho maximum height was near 20 feot.

when Jewel was observed on the day following the 1959 earthquake,
like nearby Sapphire, it was erupting muddy water, Also like
Sapphire the eruption was a stearly ejection of water without
pause. As closely as could bs determined the continuous activity
persisted until about September 1, when it bezan to show
periodicity, The quiet phase would last for about 1 minute, the

< “*‘gétive phasa for ‘about thd same diuration.' - “The length of-the ™™ -

interval gradually increased until by the 18th it was averasing |
about ‘6 minutes, The number of separate bursts durinz an
eruvtion also had increased, being from # to 6, This type of
Tunction continued for the rest of the year.

Durineg 1960 Jewel was the only geyser in the Sapphire Group
whose eruptive activity followed an essentlially pre-earthquake



I

pattern. Despite this, its water never entirely cleared. It
was colored by highly comminuted particles which had the
appearance of cement, This condition persisted until the 1965
season,

In August 1964 Jewsl's eruntions became greatly enfeebled. The
activity occurred about every 5 to 8 minutes, but instead of 12
to 15 foot bursts, the water at the time of an eruption would
occasionally merely well out, At times there would be but
enervated boiling; other times no more than a single jet which
would vary betwsen about 6 and 15 feet in height.

Since the 1965 season Jewsl has been quite stable in its activity.
Yhe intervals have varied between about 6 and 10 minutes. At the
time of an eruption there most often are either 2 or 3 bursts,
Unless it be with Sapphire it does not ssem to have underground
connections with any other spring.

An eruption of Jewsl lasts about 60 to 90 seconds. ‘he start
of activity is indicated by a sudden rise and welling of the
water from the vant., Immediately there is an explosive burst,
or. jet which drops almost as suddenly as it risss, After a
fow seconds pause the process is repeated; occasionally a
third time.

CEie aNE ad M T3 A 1 S aeibie pn et B e Gaa MePe 0 f Gee FanrogTe e et o 0T gt e e



.p"‘f""“-?

2007
L""'c ,_-,[_,u-.\

Mmobeap?

b HE e T B

Mirr_o_r Pool ol
C6-670E, 3508 -
Biscuit Basin

During the years I have been in the ceyser basins Mirror Pool
has been one of the most fixed and unchanginz of the hot
springs, Its temperature has remained about 185°F. Following
the earthquake the water was murky, but it rapidly cleared,
There was no fluctuation in water level or rate of discharge,
which amounts to between 30 and 40 gallons per minute,

Mirror has changed its direction of overflow two times during
the period I have observed it., ‘this resulted from algae
building up in drainage channels. The algal-colored drainage
channels are one of its most distinguishing characteristics,
I have observed no evidence that it might be connected under-
ground with any other spring.

About 100 fest to the west of Mirror nevw hot ground developed,
A spring whose water was about 8 fest below the surface began
erupting. It continues to be active. The height of the
eruptions does not reach the surface,

[
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"North Geyser™

B5-305&, 755 7
BISCUIT BASIN

The stretch of sinter lying to the north of Mustard Springs
has many small springs., I have observed geyser activity in
three of them. ‘The northernmost spring was given the name
North Goyser, not only due to its location, it was also the
largest of the erupting springs.

North Geyser has been eyclie during the periocd I have observed
it. Some seasons it would be dormant, others active, In
length the active and dormant cycles about balanced each other.
It was dormant during 1959. The sarthquake did not induce
eruptive activity., However, a new cycle of activity began in
late 1962, terminatinz in 19563. I have observed no evidence
of eruotions since 1963, During 1964 it overflowed steadily,
but did not erupt.

Prior to the earthquake it eruvted about every half hour; the
height being from 10 to 15 feet. An eruption lasted about 2
minutes,
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“westy \Jt has no known undergrdiind connections with any other =~ 77

"Rusty Geyser"
4

B6~330E, 8055~ ¢ f 195C 7
BISCULT BASIN

This geyser was named Rusty dus to the color of the deposits,
Iron oxides have given the sinter a rusty color. It is a
small geyser. Two vents puncture the sinter in the iron-
colored formation., Prior to the 1959 earthguake its action
was cyclic. Some seasons it would be observed erupting, others
not. Prior to the earthquake rejuvenation it had been dermant
for several seasons,

The eruptions I observed of Rusty prior to the earthquake were
characterized by two jets of water; the one slightly higher
than the other. Maximum heipght was between about 8 and 10 feet.
Eruptions were frequent. However, time of intervals was not
determined. The duration of an eruption was between 2 and 3
minutes,

The rejuvenation of Rusty as a result of the earthquale
persisted throuzh the 1954 season when it again became dormant.
During the 1968 season rejuvenation again occurred. The
eruotions were frequent, occurring every 4 to 5 minutes. The
height was between 10 and 12 feet, In the latter part of the
season the boiling became almost constant. Eruptions about

"3 feet high occurred about every minute. Only one vent erupted.

During 1969 the eruptions were higher than in late 1948,

"accurring about every 1 to 2 minutes. ‘the same Trequency of

eruptions persisted through 1970. Host of the eruptions (one
vent only) were about 3 feet in height. Occasionally one of
greater vigor would occur,

Rusty's marked change in eruptive activity in late 1968 might
in part have resulted from a drill hole about 30 feet to the

spring, S Y-2 | dutbd Sepfombor 1927

Across the road ani to the west of Rusty,three small sprinss
erupted as a result of the earthquake. To the northwest,

and on the southern end of the parkine area, new hot cround
developed due to the earthquake. Two new fumaroles were soon

in evidence. Before the end of 1959 both had bacoma small, ..
steady geysers, jettinz water to a height of from 12 to 18 IS
inches. Due to the location of these sprimgs the 01d Faithful
road craw at the beginning of the 1964 season dumped a truck

load of sand on them with thoe thought of smothering them.

The objective failed in its purpose. Both vents continue to
squirt water,



s % Mrect S dis"Sapphire Posl' i8-8 excellent ‘exanple of the

Japphire Pool e

B5-3651, 6508*

BISCUIT BASIN
Pre-farthquake Period

Barly parties visiting the geyser basins, scientific parties
not. exceoted, were primarily interested in erupting hot springs,
The major part of their attention was devoted to the same.
Despite the fact that Sapphire Pool is a true geyser, and one
of the most beautiful springs in the park, early references to
it are very scanty. So far as the Hayden Survey was concerned
Soda Geyser" was apparently the most interesting spring in
Biscuit Basin,

It was not until 1890 that early guide books made any reference
to Sapphire, '

“The principal attraction of Biscuit Basin is
Sapphire Pool, whose hizhly ornamented margin
sugnested the basin's rather odd name. Hundreds

of small, sywmetrical, biscuit-like knobs of olive-
green formation surround the soring, which is of a
variety known as pulsating or breathing springs,
the constant ebb and flow of its waters now rising
threateninzly and flooding the marzins of hard,
biscuit-shaped masses, from one to another of

which one =ust pick his way in order to get a good
view of the pool itself; now gently and noiselessly
recading, presently, the while, a spectacle as
curious as it is interesting" (Guptil, 1390, p. 78).

An early description by park personnel is as follows:

AT R L T R L

intermediate stagze between a geyser and hot spring, .
sometimes called 'Geyser sprinecs' by way of compromise,
It boils up viclently and overflows every two or three
minutes but there is no Jjet and the only movement of
the water is the surzinz caused by the violence of the
ebullition., Batween periods thers is a short interval
of calm during which the deev but transparent blue of
the water can be observed, The 'hiscuit' structure of
the sinter is very consvicuous here* (Phillips, 1927,

p' 13?)0
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In their discussion of geyser theories Allen and Day refer to
Sapphire as an example of true geyser functiion, affording a
suitable exnlanation as to why hot springs erupt:

%
A" T g v o e

"Perhaps as much of geyser action as may be learned
from direct observation can be seen in the Sapphire
Pool, It has two characteristics psculiarly
favorable tn study; within its limpid depths the
light-colored walls and bottom are clearly visible,
and it erupts every 10 to 20 minutes, permitting
frequent observations, As remarked under the caption
*temperature-depth curves,® the heat in this geyser
appears to enter somewhere f{rom 18 to 24 feet from
the surface on the west side, Under proper lighting
conditions the observer can se2 large steam bubbles
rising near the wall of the basin, attended by an
uprrard current which bringzs suverheated water to
the surface, while the water level eradually rises,
resulting in copious overflows, until suddenly the
seething mass domes up in a fountain several feet in
heirht, stazing a turbulent oruption that floods the
surrounding terrace for some minutes, The water level
drops again and the cycle is repeated at short
intervals. DBoth hot water and steam evidently come
from a reservoir outside the basin through cracks or
fissures in the wall; for the possibility that the
water of this capacious basin is lifted by boiling
that originates within its own depths is obviously
inadmissible., That such a gradual rise is due to

- displacement br steam outside the basin and not to

continuous infiltration of ground water fellows from
the intermittent cheracter of ths discharge. ‘the
Sapphire is unquestionably a geyser, though the faet
that the erupted water takes the form of a dome,
somowhat dwarfed by the size of the pool, instsad of
a slender jet, has prevented its general rscoznition

.--as+rsuch, - So-far as -external obserwvation-shows, this = -4

spring lacks the lonz tube common to the geysers
discusseéd in the literature and imitated in the
laboratory: hot water ssems to be forced from the
subterranean chamber directly into the deep suriace
ponl, or the pool may be regarded as a greatly enlarzed

tube with no basin at the top" (1935, pp. 220-222).

N Ay



The biscuit-like structure of the deposits about Sapphire's
crater, and extending back several feet from the rim, was
unquestionably the principal reason for the area baing named
Blscuit Zasin., WNot only did the sinter biscuits lend a unique
charm, but the pool itself was one of the lovliest in the park.
Of the erystzlline-clear springs, blue in color, Sapphire was
without 2 peer, As a name, Savohire was most fitting, Its
viater durinz the quiet phase scintillated as beautifully as
the Oriental sapphire,

Prior to the 1959 earthquake eruntions of Sanphire occurred
with marked regularity. The averaze interval in 1940 was
near 13 minutes,

"Some data were collected on the activity of
Sapphire Pogl., 'This consisted of noting the
interval and duration of the fplay® for several
hours on each of three afternoons im the latter
part of August 1940, 1In all, thirty observations
Wwers tabulated. Although the data are too few
upon which to base more than tentative conclusions,
they do indicate a remarkable rezularity on the
part of Sapphire Poocl. The average interval was
found to be 12,8 minutes, with 1#.5 minutes as
the longest and 10 minutes as the shortest"
(Bauer, 1941, p. 30).

During the 1950s on a number of occasions X checked intervals

on Sapphire and found the averaze was near 15 minutes; 13 and

17 minutes being the extremes. About 1 mimute previous to an

eruntion water would start rising from a level about 6 inches

below overflow. About the time the water reached overflow the
marked convection and roll of the water when visual conditions
ware propitious, rendered the water beautifully transparsnt,

At this time when obssrving into the depths on the west side of

the pool a long strine of bubbles could be seen rising to the

5 . ., surface, with ascension their size seemed to increase, being ...

SR vt about “the size of toy valoons.  Upon reachine the surface they

, collapsed, During the rise of the.bubbles, which was brief,

" the water would suddenly, due to superneat, start sizzling over
the entire crater. Almost immediately heavy boilinz over the
part of the crater whare bubbles had risea would occur. In a
matter of seconds the boiling would seem to engulf the entire
spring.
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During most eruntions the water would surgo to a height of 3 to
4 fest. Occasionally the heavy surging would reach a height of
about 6 feot, ondangering people who were standing on the walk,
which was not more than 6 feet from the violently splashing
water, During an eruption there was very heavy overflow. iost
of the water drained to the east into wall Pool, The duratien
of an eruption was about 4 minutes, following which the water
ebbed about 6 inches in the crater.

The nearness to which park visitors could get to the pool, and
see it under favorable conditions, made it one ot the most
popular sprinzs in Yellowstone., Hundreds of comments I heard
were to the effact that it was one of their most cherished
memories., Invariably when the party returned to the park
Sapphire was high on the agenda of important things to be seen,

A Major fruption

In the late evening of June 14, 1955 perk concessioner employees
reported that they had observed a major eruption of Sapphire,

The eruption was described as being over 100 feet in height. I
made examination about 10 p.m. on the l4th; also on the following
morninz. Conditions about the pool showed unmistakably that a
powerful eruption had taken place. ‘there is no record that any
similar display had ever occurred previously. This unprecedented
activity immediately suzgested that the eruption had been soap-
induced, 7The suspicion that Sapphire had been soaped resulted
from certain knowledze that soap had been used in many other
springs; also that a few of thewn, as Beehive, had beén soaped
repeatedly. Further, an isolated natural eruption of the
character which tnok place was a most unlikely occurrsnce.

Durinz the 1955 ssason there was more soaping of geysers by park
concessioner employees than during any ssason I have bzen in
Yollowstaone Park, Both small and large geysers were soaped, fny
evidence of the use of soap at Sapphire which might have been

“"Qatected Wwhen the Tirst observation was vade Was completely

obliterated by the following morning, the earliest time a careful
survey could be made, % # R e S e -

1959 Earthquaké

The big temblor of Aurust 17, 1959 affected Sapphire Pool most
dramatically. It and the group of springs to which it belongs
ware affected to a graater deerese than any other arsa in the

Upper Basin, None of the groupo's springs escapsd alteration in
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behavior., New fumaroles and springs developed. ‘there was more
evidence of surface fracturing than in other parts of the Upper
Basin,

On the morning following the earthquake Sapphire was in a state
of violent boilinz, water was surging up about 8 feet, Duo to
contained sediments it was of a browmish coloration, It soon
becams evident that all periodicity had ceased, The boiling
was constant. It had developed into a steady geyser.

Sometime during the night of August 21, there was a major
eruption, comparable in size to the 1955 eruption, By the
morning of the 22nd the crater had again filled and was boiling
steadily and in the same manner as prior to the night eruption
of the 21st, ‘The steady geyser activity continued until
September 5. On this date it was evident that a spectacular
chanze had taken place. At approximately two hour intervals
Sapphire was having eruptions of titanic proportions. The
eruptions would come suddenly and explosively. Following an
eruption the water would ebb from 4 to 6 feet in the crater.
Wwith constant boiling and surging it would steadily rise. Uvon
reaching the base of the biscuits it would suddenly well, over-
flowing the crater. ‘'lhen within 2 or 3 seconds the exnlosion
would 1ift a hume mass of rocketing jets of water to heights
vwhich seemed to vary from 100 to 125 feet. Occasionally there
would be a burst fully 150 feet in height.

During the entire period I have checked seyser activity I have
never observed one to erupt with such suddennsess as did Sapphire,
Whon standing near the crater one could secarcely scamper fast
enough to get out of range of the far-reaching arms of scalding
water,

lThe eruptions were spectacular, not only due to their heicht,
but for their lateral extension and the tremendous volume of
water discharged during the initial burst. Many of the |
"“eruptions would be ‘Wwider than they uere high; the estimated
width being nsar 250 feet, This was dus to massive jets which
"arched away from the central mass of explodinz water, rollowing
the initial burst, which by competent hydrolozists was estimated
to discharge in the neighborhood of 50 tons of water, there

would be anywhere from 1 to 5 later bursts, about 5 minutes apart,
Had it not been for the magnitude of the initial burst some of the
later ones could have been viewed with fuller appreciation because

B, ay 4 tH



of their own'morit, Betwesn the initial explosion and the
second one, a series of deep seated steam explosions resulted
in marked Jarrings of the formations about Sapphire's crater,

The eruptive activity on near 2 hour intervals continued through
Septenber 13. From the 14th through the 28th it lapsed back
into steady gaeyser function. On the morning of the 29th it was
again periodically erupting on a major scale. Major activity
persisted for the rest of the year, Following the September 29
rejuvenation Sapphire erupted for several days in a manner
similar to the earlier pattern. Its eruptions then started
coming with greater frequency, the intervals being between about
30 and 90 minutes, Oceasionally there would ba a near two hour
interval, With shortened intervals the eruptions decreased in
magnitude, Instead of the crater filliny before an eruption,
the eruption would occur when the water was anywhere from a foot
to 3 feet below the crater rim, ‘The higher the water in the
crater, the more forceful and voluminous would be the explosion,
Onece in a while the crater would £ill, resultinz in an eruption
of great magnitudo., This typs of activity persisted for the rest
of the year, .

During the 1959-60 winter period Park Ranqer Riley MeClelland
kept an interested and carsful check on Sapphire. MeClelland
reportsd that major activity continued until Janvary 15, rrom
then until January 30 there was but one known major eruption,
During dormant periods the water was in a state of constant
boiling. Betwean February 1 and April 1 Sapphire had active
and dormant periods; the active periods being in excess of the

-dormant ones. - .

When I visited Sapphire in April 1950 I observed that much
additional erosion about the erater had occurred, 'the erosion
of existing sediments was almost as spoctacular as the eruptions,
Hundreds of tons of sinter had bean washed away from the crater;
much of it into the Firehole River, During the 1959 period the

: oo Tragmental sinter that.washed south into the Firehols conpletsly

blocked all flow of water in the channsl on the west side. In

* the -main channel to.the east two largze doltas wers Tormed which

fanned out to the midile of the river, Spring high water largely
removed the dam and deltas,

By 1960 about 100 feet from the crater a wall of sinter about 3
feet hich had formed, Larze blocks of eroded sinter were strewn
about the crater in every direction and in the drainage channels,



The heaviest destruction to the formations was on the west side.
Here the explosively eruoting water had not only completely
destr~yed all biscuit cover, but was enlarzing the crater by
toaring out larze blocks of sinter, some of which were about §
inchas in thickness and & feet square,

Due to the water still being murky in 19560 only a part of the
crater, about 4 feet above the ebb following an eruption, could
be observed. This section revealed vertical walls, The former
sloping shoulders had been sheared off, There was evidence that
internnl erosion extended to depth. Occasionally sections of
sinter were discharged durinz an eruption that had no surface
counterpart, There also ware a few masses of highly cemented
obsidian sands expelled, indicating that Sapphire had roots in
glacial gravels,

During 1960 Sapohire's eruptions underwent considerable variation,
The length of the intervals varied from as short as 5 minutes to
over 2 hours. In seneral, the longer the imterval the more
poverful the eruption. They varied from 10 fest to approxinately
150 feat, A1l of the eruptions that were im the maximum height
range had intervals of over an hour,

* About Hovember 5, Sapphire began eruptinz on consistently short
intervals. ‘lhey varied betwsen 10 and 20 minutes, This resulted
in an enervated typs of activity, With little or no variation it
maintained this habit of vlay for the remaimder of the year,
Durine this period of enfeebled eruotions - the height varied
batween 15 and 40 feet - tha ejected water, instead of character-
istically suraine out in"all directions from the crater, would
explode over the south side of the bowl onlv, This resulted in
ice creeping in from the north side to within a few inches of
the crater. During this period the water stood betwesn & and 5
feet bolow the rim of the crater,

Outside of 0ld Faithful no geyser entertained mors people during .. ...

- 1951 than Sapphire, - the freguency and spsctacular nature of its
eruptions, as well as interest in “Yellowstone's nevw. big geyser,"
- @1l contributed to making it one ‘of the focal points in the
geyser basins, However, this was the last season that Sapphire
eructed as powerfully and spectacularly as durinz the first
several months following the earthquake,

During 1951 there were no perixis of dormancy, However, there
were days when tho average eruption would be more powerful and



spectacular ‘than on others, On the whole major eruptive power
was manifest several times daily. The great majority of the
eruption intervals varied betwsen about 10 and 30 minutes,

Not always, but usually, a lonzger interval, especially following
feeble play, would result in a more powerful sruption. At times,
two or more power displays would come in succession. 1o be
really sure of seeing one of the spectacular performances, it
often was necessary to wait through thres or more periods of
activity.

By 1962 the drainage from Sapphire, which previous to the big
temblor had been to the east, had shifted to the south., Yhis
resulted from the extensive destruction of the sinter cover on
the west side of the crater, lowering the outlet by fully 6
inches. During 1961 and 1962 gouzinz was in progress in the
north wall of the crater, undermining the sinter. Much ths
greater portion of the biscuit-like structure that was on the
periphery of the bowl was destroyed.

Durinz 1962 Sapphire erusted with greater freguency than at any
time since the earthquake. This no doubt was one of the major
factors in brinzing about enervated eruwvtions. The average
eruption interval was 15 minutes; the extremes being from 9 to

30 minutes. Many of the eruptions were characterized by feeble
ebullition, in even less desree than the pre-earthquake condition.
Occasionally, howsver, there would be a massive burst of water
from 40 to 50 feet in heicht, The stats of the eroded ring of
ginter fragments on the west side of Sapphire was indicative that
no eruptions much 1n excess of 50 feet occurred.

By 1963 alteratlons had occurred in Sapphire of a character that
no loneger made possible major eruptions. During this season as
well as during 1964 there was no observable change in their height
and {requency. bEruptions occurred about every 15 to 20 minutes,
most of them being about 20 feet in heipht. During succeeding
yoars there was a gradual decline in the strength of the eruptlons.
During ‘the 1967 season they occurred-about every 30 minutes and- il
were from 4 to 12 feet in height. During 1968 the frequency and
height were very much the ‘same-as durinz the pre-earthquake perioed.
Since 1958 there has been no true geyser activity., Boiling is
constant, However, there is psricdic increase in vigor of
boiline,

Of all the thermal springs which became murky follewing the
earthquake (this includes fully 95% of them) Sapphire has been
the slowest one in clearing. During the period of major activity



the water showed little evidence of clearinz. During the 1964
season it had cleared sufficiently so that the pool had a
turquoise hue., It was 1958 before marked cloaring became evident,
However, even today (1970) the former crystal clearness has not
been restored,

Prior to the earthgquake Sapphire's crater was nearly round, being
about 15 feet in diameter. Uue to the great destruction of the
sinter nn the west side the crater presently is oblong in shape,
being about 18 by 30 feet.

The overall effects of the earthquake on Sapphire (at least for
the present) were adverse in nature. Not only as a beautiful
pool, but as a geyser it is presently less interesting than prior
to the earthquake. whether the enarzy potential has bean
dissipated to the extent that eruptive actiwvity no longer can
occur, or major changes in the plumbing, due to destruction
within the crater are at fault, is a moot gquestion. It is
believed that both factors have played a role, particularly the
latter one. 'The present sbullition is suggestive that at some
depth a fissure might have formed due to the tremendous
explosions during the first two years of major activity., The
boiling now reaches the surface in linear pattern rather than
seeming to orizinate at one spot. The surface temperature in
October 1970 was 202°F, +his is two degrees lower than it was
prior to the earthquake, but seemingly still hot enough for
periodicity and minor activity. Altered plumbing is believed
to be principally at fault.

.Unless it is with Jewel Gsyser, Sapphire has no known subterransan

connections with any spring,
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Shell Geyser -
B5-40E, 7158%
BISCULIT BASIN

Confusion exists as to which of two small springs should bear
the name of Shell Geyser or Silver Globs Spring. Scanty
raferences are indicative that the sprinz now known as Shell
was in recent park history known as Silver Globe,.

"Nearby (near Jewel Geyser) is Silver Globe for
whose name twe ejually appropriste explanations

have been offered, the large globular bubbles of

gas (CO;) that are constantly ascending from

depths and the globular silver-gray masses of sinter
in the crater" (Phillips, 1927, p. 137).

"Large silver-gray masses of sinter" are presently quite
applicable to 5hell, but not to Silver Globe, Ascending
bubbles of gas have been observed in Silver Globe, but not
in Shell. ‘The sprinz now knoun as Shell, not only has
globular masses of sinter in its crater, but the general
configuration of the sprinz is not unlike that of one
section of a bivalva,

Intervals I have observed on Shell have ranged between about

90 and 120 minutes., An eruption is initiated by a slow rise

of water in the crater, A few minutes following overflow

* boiling bezins, At times the water of an eruption scarcely

more than wells from the crater. On soms occasions I have

seen droplets rocket about 3 feet. 'The eruption is of scarcely

more than a minute's duration, Most of the water of an eruption

flows back into the shallow, empty crater, During 1970 some

change was in evidence, Wwhenever observed it was in a state

of ebullition, Occasionally the boi]lng increased in vigor 2
w:lth some overflow. e 5. ' R v ,-}J X A .-u“ T T A

Followine' the earthquake Shell shared in the keneral incroase
in temperaturs which characterized most of the springzs in
Biscuit Basin. Its temperature rose from 200° to 204°F,

For the first few weeks it was active most of the time, Its
water was murky. By 1960 its pattern of activity was about
the same as before the earthquake. It has no known subsurface
connections with any other springs,



Silver Globe Spring

Chask feeatnns

57
Bq~825El 5603 .’ Loted boidede
BISCUIT BASIN

As to what names were originally given to Silver Globe and Shell
Geyser there is soms uncertainty. It is bslisved that the
followinz descrintion is applicable to Silver Globe, "Silver
Globe derives its name from the constant rising to its surface
of large, silvery globnlss of gas or steam, which of course,
immediately disappear on reaching the air" (Guptil, 1890, p.80).

Silver Globe is a small sprinz, about 3 feet in diameter and 4
feet deep, Prior to the 1959 sarthquake whenever I observed it
the water stood at the top of the erater., ‘here was stoady
overflow, estimated at about 3 gallons per minute, Whenever
taken the temperature was 182°%, Due to the earthquake Silver
Globe erupted. Its crater stayed empty for the remainder ef the
year, It was not until 1961 that a fow inches of vater appeared
in the bottom of the crater. 'The rise of water was very slow,
during all of 1962 it was down about 3 feet. It was not until
the 1970 season that the crater was full. However, there was no
overflow, -

Since the 1967 season a small geyser a few feet east of Silver
Globe, and under the same ledge, has been erupting. Checked
eruptions have varied between 18 and 22 minutes. The eruption
is very brief, lasting about 10 seconds. A small jet is shot |
out at an angle of about 45 degrees to a height of from 10 to
12 feet, There seem to be underground connections between
Silver Globe and the new geyser.

A tract of ground stretching south of Silver Globe and almost
to ths river, showed a marked rise in temperature following
the earthquake, Most of the trees between Hilver Globe and

the river were killed. Over'an area of not less than an acre
. many previously inactive,.empty pot holes showed marked effects .
"from the temblor, Their ecraters filled with boiling water,.

Some had erunted, Over the years the cralers of several of
these old pot holes had partially filled with disintegrated
sinter. Some of the reopeninzs happened explosively, In two
springs nearest to Silver Globe tree roots stretched across
newly formed craters, in which there was steady boilinz. By
1965 about all of the earthquake induced activity over the acre
of ground referred to had subsided,

Lig
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"Wall Pool"® =
B5-7508, 5708 <
BISCULIT BASIN

This spring was given the name Wall in view of the wall-like
escarpment which forms the southwestern side of the crater.
Yhe wall is about & feet in height. Unlike Black Opal, from
which it is separated by a narrow dike of sinter-cemented
sands, #all shows no evidence of having had its origin as a
result of a steam explosion. It is believed that the 1959
temblor might furnish a clue as to how the sinter escarpment
was formed. On the southwestern sides of both BHlack Opal
and Wall a large break resulted from the sarthquake. 'The
break practically encircled wall Pool. It was over 150 feet

long, ‘There was marked slumping in the sinter in the direction

of both springs. It is possible that an sarlier earthquake
or even the great jarring which would have cccurred when the
explosion of 1925 created Black Opal, could have been
responsible for a break in the sinter, and the consequent

4 feet or more of slumping. This could have produced the
present escarpment. That this point of view might have some
morit is indicated by the fact that the northeastern side of
the crater is not raised, but is on the gentle sloping level
of sintor which no doubt was deposited by Sapphire Pool, as
was the sinter forming the wall,

Prior to the big tremblor of 1959 I was not sure that Wall
Pool had a source of water of its own., About every 15
minutes a flood of water from erupting Sapphire poured into
it. The pool was no more than tepid and is known to have
been used for bathing. the day following the earthquake the
water level was down about 10 inches, the same as in Black

- Opal...On the northern end of -Wall sevaral small sSprings verse, ... ... ..

in evidence. ‘Their activity has persisted. there is a
slight overflow which runs into Black Opal.. -

The great erosion resulting from major eruptions of Sapphire
had by 1961 larmely obliterated the evidence of the break
next to Wall Pool., Mtost of the break had been filled by
washed sinter fragments. Durinz recent years conditions
relating to the pool have become quite stable.
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Artomisiﬁ Geyser
- E7-1458, 1005

CASCADs GROUP OF UPPEZR BASIRN

_ Artemisiz has one of the largest craters of any thermal spring

in Yollowstone. It is nearly circular and is about 50 feet in
diameter. The unusual sinter deposits which gird the crzter on
the south and southwest revresent the nicest natural ornamentation .
in the park. In intracacy of pattern it is comparable to the
finest crystal structure. From the margin, to a distance of

30 feet from the crater, there are scores of small collecting
basins, from a few inches to about a foot in depth, wsach is
rimmed with 2 fretwerk of sinter which is of delicate design.
A1l have a metallic luster, ; .

There seems to be no information inlthe Yellowstone Park Library
es to when Artemisia was named, or by whom, All that is lmown
aboul the naming is that it was prior to 1890. It is belleved
by nany that the name is due to the fact that the metallic-like
sinter has a coloration which supposedly resembles that of the

‘Big Sage, Artemisia tridentata.

It is somewhat surprising that the Hayden Survey and other
expeditions of the 18795 mzke no reference to ths then unnamed
Artemisia. Perhaps durinz this peried, as during all subsequert
time, its location placed it in a position where access vas
difficult, It was not known to bs a geyser until 1886, A
reforence to Artemisia in the 1920s states: ;

~ WAbout twenty-Tive feet below the road level is

- a really notable geyser that suffers unjustified
neglect on account of its inconspicuousness and
inacce§51b111ty from the highway" (Phillips, 1927,
P. 13? .

¥y P L

Geysers were the forte of 2ll early expeditions, but Aatnmlsla
appalﬂntly was ‘overYodked, The fact that but’a single eruption -
during daytinme is generally characteristie, plus its saqqutnraﬁ
position, is no doubt in part the reason for no early refarance
to it. It is certainly one of the important geysers in the Uppsr
Basin. Allen and Doy (1935, p.252) regarded it as being one of
12 most important cays=rs in thkis basin. .



The earliest roferencés t+o Artemisia which I have been able
o find wers in 1890,

"Some distance down the road is Artemisia Geyser.
The basin is very large and surrounded by a
beautiful formation of pearly goyserite. The sides
of the crater may be seen to a great depth when the
wind sways the pillar of steam from its surface of
crystal water. Thls geyser was first seen in
eruntion in 1896, The eruptions are infrequent but
very fine, an immense column of water rising some

" 75 to 100 fest" (liley, 1899, p. 110).

"f1though for the most part very quiescent, this
spring has occasional pulsations in the nature of
eruntions, at which times large quantitios of water
are forced out, fairly flooding the formation betweon
it and the river. These eruptions are, however,
extremely irregular, too few of them having been
witnessed, in fact, to render the reqularity of its
periods of activity a matter of record or even of
authentic runor" (Guptil, 1890, p. 78).

Height of Fruptions

- fhe heizht of the eruptions of Artemisia, as given by Riley,
was copied into guido books issued at a later period. In
geyser tables published by Olin wWheeler in 1895 the height
was given as 100 feet., In giving this height it must have
been the massive steam cloud accompanying an eruption frem
which height was estimated and not the maximun heights of
wator bursts. Even in the 1920s, following the sstablichment
of the National Park Service, the given height was apparently
sti1l overestimated.

.#Tts crater is one of the largest of the active
geysers in Yellowstone and the blue of its depths

. togother with the pearly, green sinter, that in

s coler pattern-is quite unlike any other in the Perk
renders it becutifully attractive., Its eruptions
are in the naturse of gigantic upheavals of the centents
of the crater altho the jets occasionally reach fifty
feet or more" (Phillips, 1927, p. 137).

Allen and Day give the height more closely to what has been my
observations during the past thirty and more years.



.- daytime eruptions, only,.

"Provious to 1929 the eruptions of the Artemlsia,

that it happened to be our fortune to see, were
probably never higher than 10 or 12 feet, gonerally
lasting for a few minntes only. what then was our
surprise to see on Septamber 29 a stormy outburst,
lasting 25 minutes, which threw the water to a2 height
of 15 to 35 feet, Thus in altitude of their eruptions
geysers show no mors constaney than they do in other
respects” (1935, p. 187).

It is my firm bslisf, based on a knowledge of Artemisia's
eruptive pattern, that the eruptions alluded to as, "probably
never higher than 10 or 12 feet," were but parts of eruptions
they witnessed and not ths eruptions in their entirety. 'Lhe
duration given makes this allegation guits certain, Artemisia
will somatimes be in an eruption when,for not less than 10
minutes, the bursts will be scarcely more than 10 to 15 feet,

The first eruption of Artemisia I observed from start to
Tinish was in July 1933, The duration was 22 minutes. I
conservatively estimated tha highest jets as being between
20 and 25 feet,

Frequency of Eruptions

Due to a lack of sustained observations the frequency of
Artemisia's eruptions over almost its entire history have

been based on mere estimates. Guptil's statement in 1890

that "too few of them having besen witnessed, in fact, to

_ render the regularity ‘of its pericds of activity a matter

of record or even authentic rumor" was too long the state of

the information relztive to Artemisia, Charles Phillips, an

astute observer of the hot springs, states: "Its interval is
unknown and it is evidently irregular but the writer's observations
would lead him to put it batwsen one and three days" (1927, p. 1323),
 Sines 1930 practically all of the Haynes Guides have given
Artemisia's period as betwsen 20 and 30 hours., Ths data for these
figures weras dsrived from chance observations, which were made of as

I . L) A
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The 1970 season was ths first time in the history of Artemisia

that its true eruption pattern became a matter of record. irom

_ June 1 throuzh Octobor a special effort was mads to check day and
night eruptions. Night eruptions were determined by use of markers;
also the slow recovery from the effects of an eruption greatly
facilitates in estimating when an eruption ozcurred. This is true
for both day and nighttime activity. Not all possible eruption
intervals during the [ivs month perioi covered by tha table are
included, as I was out of ths basin Jaturdays and most of Sundays.



During a five month pariod in 1970 a total of 155 eruption
intervals were determinod for Artemisia Geyser. They are
listed in the following table.

June = 33 Eruption Intervals

Average Maximunm : Minimum
11 hrs, S4% min, 15 hrs, 3 min. 9 hrs, 28 min.

July - 37 Eruption Intervals

Average ' - Maximun Minimun
11 hrs, 18 min, 15 hrs, 6 min. 9 hrs. 5 min.

August = 35 Eruption Intervals

Average Maximum Minimum
11 hrs, 42 min. 13 hrs. 18 min. 9 hrs, 12 min.

September - 23 Eruption Intervals

Average - Maximum Minimum

11 hrS. 36 min. . * 13 hrs. 18 min- .9 hI‘S. -30 min.
i October -~ 27 Eruption Intervals

Average ' Maximum Minimum

11 hrs. 18 min, 13 hrs. 17 min, 9 hrs, 28 min,

' .Season's-: -, .- ..Season's , "-::% .. Ssason's.: :

Avorage Maximun ' Minimum

11 hrs. 30 min, 15 hrs., 6 min. 9 hrs, 5 min,




A s L An Eruption

Due to tha fact that Artemisia erupts with a fair degree of
regularity I was able to sse many oruptions in their initial
stages, which otherwise would have been quite difficult, if not
impossible. For the great majority of the oruptions the variation
from average time was not more than an hour. :

Despite many hours of observing during Artemisia's quiet phase,

I could discover nothing which might be classed as an indicator,
Following the refilling of the crater, subsequent to an eruption,
there is steady overflow, with no discernible change in volume

of discharge. At first I thought perhaps an evolution of small
bubbles might furnish a clue, Howevar, the bubbles start soon
_after the crater begins to refill and continue until the erupilon,
The {irst certain siagn of an eruption is a sudden riss in water
level. (The same situation exists with Morning Geyser), The 1lift
doos not appear to bs more than an inch, but this is sufficient

. to produce a heavy flood in the diresction of the river,

. Anywhere from about 30 to 45 seconds following the abrupt risse
in water level, boiling starts in the crater, The efforvescent
‘state of the boiling is indicative of above bolling tenpsratures.
‘. Prior to an sruption the temperature is about 852C, During the
effervescing the temperature I obtained was 95°C.

Followinz the sudden rise in water level it is from 2 to 4

' minutes before the boiling water begins to surze. For the first

2 or 3 minutes the surging is from 10 to 15 foet in height. It

...1s usually about 6 minutes after the start of heavy ovorflow .

. - :factor in dotermining the-amount -of major surzing.

before major bursts occur, when they do the water rises from
the crater in mass, from which jsts rocket 20 to 25 feect.
Occasional jets might reach a height of near 35 feet. After a
short periol of major bursts,surging 10 to 19 feot high will
recur. ‘The minor activity usually lasts for several minutes,
sometimes about 10, before there is another period of major
activity. Major activity will occur at.least 3 times, sometimes
more, during an eruption. Ths duration of an eruption is a

At et

The duration of an eruption can be quite variable., The great
majority last from about 21 to 24 minutes. The minimum duration
checked during 1970 was 18 minutas; the maximum 36,5 minutes,
This was the only known eruption to go 30 minutes or over, The
eruption terminates quite abruptly. At times there will be



major activity within a minute of cessation of play. When
nction cezses the water ebbs quite rapidly in the crater,
dropping anywhere from 22 to 24 inches below overflow level.
Following the drop in water level it is between 4% and 5 hours
before ovaﬁ:rlon bagins, The rise of the water is at a
remarkably steady rate., Ths degrse of rise in the crater is
a very good indicator of the elapsed time since an eruptlon.

Artemisia's claim for fame as a geyser is not due to the height
to which it ejects its water. It is its overall massiveness and
heavy deluge of discharged water ihat impresses the bsholder,

If the atmosphere is cold or humid there is a iremendous steam
cloud,

"Quite inferior in power to anything like this,
[Giantess] Artemisia, nevertheless, gives splendid
exhibitions, rarszly seen by the Feneral public,
Its reservoir is even larger than that of the
Giantess, 50 fest in diametar and 45 feet deep in
the deapsst place yet reachedi by the plummet,
Details in the structure of its heavy sinter border
are very curious, It is characterized by veluminous
eruptions accompanied by a comparatively high discharge.
No ona who has seen this geyser in action at its best,
S tho sudden uprushes of its dome-like fountains,
o girdled by swirling currents of superheated water,
v. . darting like Lonzues in every direction, will fail
- to concede the Artemisia high rank as a geyser"
(Allen and Day, 1935, p. 264).

Artemisia was one of a very few springs which did not show
murkiness the morninz following the earthquake, ror a pariod
" of: at least three wessks it was known to bs erupting on shorter
intervals, One 6 hour interval was checked. 1In the hustle of
checking all thermal svrings along the Firehole, Artemisia was
not given the measure of attention it deserved., Within about
- 6 weaks following tho earthquake it appareﬂtly was back on its
pre-quaka pattern. :

Artsmisia h3s no knows connectioas wﬁth'hny'other spring.” " '
However, it is believed that some of the empity craters resting
on the hillside above might have been drained when Artemisia
came into be2inz. Nearby Atomizer seems to erupt quite

independently of whether Artemisia's crater is full or enpty.
e L
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As with a number of the hot springs, a certain amount of
confusion exists relative to the proper name for the geyser
which I am treating as Atomizer. For many years this geyser
was called "Restless". The Hayden map of 1878 of the Upper
Geyser Basin shows, unmistakably, that the Hayden party named
the geyser now known as Artemisia, Restless. The Hague party
of the 1890s were apparently tho first to designate Hayden's
Restless as Artemisia. Then, or later, the name Hestless

was given to Atomizer. By whom is unknown. The later name
is quite descriptive of its main eruption.

Allen and Day's studies of the hot springs were primarily not
concerned with their functions, However, a rather detailed
observation was mede by them of Atonizer, which they called
"Restless", ’

“lhis little geyser has built up a2 small cone ne=zr
the Artemisia in the Upper Basin. The straight narrow
orifice is enlarged at the top to a small saucer-like
depression with a break on one side that serves as an
outlot., As observed October 3, 1929, the water mounted
slowly till the basin overflowed; steam bubbles rose, )
the water palpitated and the discharze continued for
about 10 minutes, vwhen the level smddenly dropped 5 or
6 inches, At 10 a.,m. the water was overflowing
strongly for the third time, palpitating as before.
Wavy striations indicated currents in the pool. After
15 minutes there was another drop of 6 or 7 inches,
at 11:18 there was again an overflow followed by a
it . drop, and so the cycles continued till 2 p.m. when an
eruption occurred reaching a height of 15 feet and
. lasting for one minute, followed by a drop in the
water level of perhaps ¢ feet. At each overflow a
palpitation or splashing occurred which seemed to be
merely)an incipient eruption" {Allen and lay, 1935,
p. 179).

For & nutbor of years I was aware that Atomizer had more than
one type of eruption; one lasting for a minute or less,



another lasting for nearer half an hour. During 1958, and in
later seasons, I spent many hours in the vicinity of Atomizer
to try to determine if there were any relation between the
minor and major eruptions; also the frequency with which the
eruvtions nceurred, Due to a complete lack of sustained
observations it was bselieved by naturalists who had been
stetioned at 0ld Faithful for a considerable time that days
and possibly weeks would pass betweon eruptions.

The 1958, and later, observations revealed that Atomizer erupts
one or more timas daily. Followinz a steam-phase eruption it

is several hours bsfore its depleted water systom is sufficiently
replenishod so that water will again flow from its crater. This
flow is brief before an ebb takes place, but from then until the
eruption the flow occurs about every twenty to thirty minutes,
The overflow evidently produces steam condensation at depth,
resulting in the sudden ebb, The ebb is anywhere from about
six inches to two or more fest. After several overflow and

ebb periods one of the overflow periods results in an eruption,
The eruption takes place within a minute or less of the
beginning of the overflow. ‘This eruption seems to be a
precursor to several succeeding ones of similar character whose
intervals are about an hour and a half, The stsam-phase seems
to be the climax of an eruption cycle. The nature of the
‘buildup to the final eruption seems to have no counterpart in
any other geyser.

The eruptions which occur during the buildup of pressurs are

& minute or less in duration; the height of most is between
10 and 12 feet, Occasionally one will double this height,
These eruntions end very abruptly., when the steam-phase
eruotion ensues the water is at once projected to a height of
20 to 25 feat., After less than a minute of steady water
ejection steam begins to manifest itself. The proportion of
steam to water steariily increases as the eruotion progresses:
also the heizht, the maximum being about 35 feet. The average
length of an eruption is 33 minutes., DLue¢ to the orifice being
‘but about four inches in diameter the ejected water and steam )
"‘have tlie appearance of a giant atomizer. The name Atomizer is " -
quite apropos.

The steam~phase eruptions so completely exhaust the poyser's
resources that considerable time is required for pressure to
build up for a new eruption cycle, The intervals between the
steam-phase eruptions have nct as yet been determined,
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About thres feet northeast of Atomizer crater is a cone of
similar size and confizuration. Its orifice has apparently
been nearly choked off by internal deposition of sinter.
The only response this cone shows to minor eruptions of
Atomizer is seepaze et the base of the cone during overflow
periods and minor eruptions of Atomizer. At the time of
steam-phase eruptions the northeast cone discharges steam
under some pressure, At no time have I seen any water
ejected,

Atomizer and the nearby cone are certainly connected
underground., No other connections are known to exist.
During 1970 I tried to determine if any sympathy existed
between Atomizer and Artemisia, I observed eruptions of
Atomizer when the erater of Artemisia was full and over-
flowing, also when the crater was nearly empty following
an eruption. However, I have not observed simultaneous
eruptions., At present there seems to be no evidence of
subsurface connections,
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The very larre mound of Calthos, which rises steeply from the
west, is indicative this sprinz has seen much better days when
the thermal activity far exceeded any that has occurred during
the historic period, It is believed that the decline in
thermal energy was dus to the evolution of Gem Pool, which
apparently is a much younger spring,

It seems likely that durinz some earlier period Calthos might
have displayed occasional, if not frequent geyser activity,
During the night of the earthquake it erupted muddy water which
was indicated by succeedinz eruptions which occurred during the
first few weeks of the posi-sarthquake period, ‘The eruptions
were of short duration, lasting from ons to two minutes, ‘'lhe
height was about 15 feet. During this period of eruptive
activity, the first kmown since the park's discovery, the water
was down several inches in Gem Pool.

By 1950 both Calthos and Gem appeared very enervated. The water
was below overflow in both craters., This condition persisted
durinz the succeading three years, Durinz this period to the
west, and across the Firshole, at least eleven springs which
prior to the earthquake wera inactivs, were displaying periodic
eruptive activity.  In elevaticdn these springs are much below
the levels of Calthos and Gewm, It was surmised that the new
geyser activity might possibly account for the great loss of
energy in Calthos and Gen,

Whatever the cause of loss of thermal energy in Calthos and Gem,
by 1964 it seemed to be restored. During all of the observed
period for this year first Calthos would overflow then Gem.

The shifting back and forth of the thermal energy occurred about

.wevery 24 1o 72-hours. - Im no other-springs connected subterrane- '

ously have I observed such rapid shift of energy, or alternation
of flow, Since 1964 I have observed no further overflow of
Calthos Spring.
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Gem Pool has been a steadily overflowing spring during most of
the years I have observed it, In October 1951 I tried an
expariment of checking its overflow to determine if by chance
it might have underground connections with Calthos Spring,
which bore evidence of having had boetter days. For some time
I had thought connections possible. The dam had to be
constructed nearly a foot high to check the rising water in
Gem, After about a 6 inch rise the level seemed to become
somewhat stabilized, At about this time it was evident that
water was rising in Calthos. It continued to rise until
overflow ensued. with the rise Gem began to ebb. It ebbed
about # to 6 inches belaw the water level when the experiment
was begun, UYomestime during the night Gem's check was washed
out and both springs wers in the same state as prior to the
damaine, To my satisfaction I had proven that the two springs
had sub-surface comnnections,

Gem continued steady overflow until the time of the 1959
earthquake, at which time I had another indication of sub-
surface connections with Calthos., ‘The morming following the
earthquake the water in Gem had ebbed about 6 inches bslow
overflow, The water was murky. Muddy water was erupting
from Calthos, "For the remainder of 1959 the water stayed
below overflow in Gem. It remained in this state during all
of 1960, Only two times durinz 196) was it observed to over-
Tlow and then for short periods, HNo further overflow was
observed until the 1964 season,

Durinz 1954 an unusual sympathetic response existed between

Gem and Calthos. An exchange of function, or shift of the
thermal energy, batween these springs took place with remarkable
frequency. It occurred about every 24 to 72 hours, First one
spring would overflow ‘then the other’ Durinp the non=flow
periods the water would drop about 6 to 8 inches in the
respective craters. This condition lasted during all of 1964,
Since that year the overflow has been steady from Gen.

Apart from Calthos, Gem is not known to be connected underground
with any other spring,
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Hillside Goyser is located about 150 feet northwest of Seismic
Geyser on the edge of a steep sinter embankment of Firehole
River, hence the name. 7The embankment rises about 30 feet
above the river, The geyser consists of two small craters,
which are bstwesn 4 and 5 feet in diameter. The craters are
separated by a narrow constriction of sinter, Only the
northernmnost vent displays geyser activity.

I was not aware of a geyser beinz situated at the site of
Hillslde until the 1948 season, Previously I had visited this
spring many times. On at least 3 occasions when temperatures
were taken they were 202°F, The 1948 eruntions resulted in
close observations. The erurptions occurred about every 2 hours;
lasting about 4 minutes; the estimated height 25 feet,

In seasons following 1948 I did not observe any eruvtions of the
character of the above describesd ones until after the 1959
earthquake, However, during the intervening period I noted that
Hillside had frequent minor eruptions when the water surged up
about 3 feet,

The earthquake greatly altered the nature of the eruntive activity
of Hillside. It shifted from minor to major eruptions, with a
marked increase in discharge, 7The eruptions were of much greater
frequaney than in 1948, occurring about every 15 to 20 minutes;
lasting for about 4 minutes, Some of the eruptions wers not less
than 30 feet in height, When viewed from the west side of the
river the eruptions were impressive, Hillside has created a
beautiful embankment of algal-colored sinter.- .Lhe erupting water
cascading down the embankment afforded a lovely and unique
.-speactacle, et Bl e
During all of 1960 major eruptions persisted, but with diminishing
frejuency, Early in 1951 some major activity was noted but by
mid-season all eruptions were minor in character, Ildinor activity
persisted during 1962 and until early 1964, but before the latter
part of that season only boilinz was observed, which decreased in
vigor. There was also some ebbing. Since 1964 there has been a
steady coolinz off and ebbing, At the end of the 1970 season the
water was down about 4 feet; tha temperature was 188°r,
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The evolution of Ssismic Geyser without doubt is responsible
for Hillside's dormancy and low watsr level. Being connected
sub~-surfacas with Seismic affords little doubt but that it also
is connected with Pulchsr,
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"Pulcher Spring"

-

D6=720K, 2755
CASCAD= GROUP OF UPPsR BASIN

This spring was given the name Pulcher, the Latin for beautiful,

due to the striking beauty it possessed previous to the 1959
earthquake, It is locatcd at the northwestern bass of the large

mound of Calthos. Pulcher is oblong in shape, being about 10 by

20 fest., At the upper edze of the spring, wherc the water must

have stood for many score years, a scalloped, alwmost tooth-like
projection of sinter, has been built about tho rim of the crater.
Pravious to the earthquake the water was of a deep indigo-blue

color. The small, condensing steam bubbles at the surface

indicatod supsrheat. The tempsrature ranze I obtained as the

rasult of numerous readings was beiwveen 201° and 204°F,

(.'1140!-*{\ Pu lELr.l" ") >
On the north edze of Pulcher another large spring,is situated. '
It is about 20 feet in diameter. It is separated from Pulcher

by a wall of sinter from 3 to 4 feet in width, Daspite the

closenass of these springs there vere marked differences in

their temveratures. The temperaturs of the north soring prior

te the earthqueske was in the 150 depree range, resulting in its

crater being lined with algae, Its water level stood from 4 to

5 feet lower than that of Pulcher.

The craters of both Pulcher and the north spring represent craters
within a crater.: These springs are surrounded by a large wall of
sinter vhich rises about 3 feet above the level of present craters.
The sinter wall is covered with Lodze Pole Pines. That this
higher embankment, for a very lonz period, was the upper level of
present springs, then being one, was indicated by the 1959
sarthquake,

.The earthquake affected Pnlcher and the north spring in a

surprising and very marked way. water rose almost to the top

of the old erater wall,. It would perhaps have risen higher were
it not for a heavy discharze over the cmbankment to the north,
Both springs had become one with two vents, 1 had the opportunity,
briefly, of seeinz thsse springs restored to a state which must
have characterized them for many hundreds of years.

The high water level and overflow were maintained until about
October 1, 1959, when ebbinz began, The ebbing was slow. At



tho end of 1960 the water was still 5 or 6 inches above the
pre-earthauake level. By 1962 Pulcher appeared restored to
its pre-earthquake condition. This state proved to be short
lived. Vhen the new fumarole below Pulcher suddenly gave rise
to a new geyser, Seismic, in 1943, the water began to ebb in
the upver-level springs. By the end of 1963 the water had
ebbed nearly 20 inches in Pulcher., Since this ebbing bsgan
it has been slow but continuous. At the ond of 1970 the
water was about 10 feet below the rims of Pulcher and the
north soring. It would seem that a near coup de grace to these
springs might havo been brought about by the newly evolved
Seismic, ’
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- Seismic Goyser
D6-5002, 420S
CASCAD: GROUF OF UPPFER BASTH

Among tho thousands of thermzl springs in Yollowstone Park
Seismic is one of the most recent in orisin., It is not a
quiescent or dormant sprinz rejuvonated, It is one that had
its genosis as a rosult of the esrthquake on August 17, 1959,

In the period immediately following the earihguake I observad
that two long rifts hzd formed in an embanknent of old sinter
which borders on the Firehole Hiver. fThe rifts were parallel
to the river, 'They were about 200 fest wost of ths biy mound
of Calthos Spring, or 150 fest southeast of KHillside Gayser,
The break nesarest the river, half way up tho steep esbankment,
vas the most extensiva, being atout 50 feet long.,” The upger
one, which was on the shoulder of the embankment and about 30
feel from the edys of tho steep declivity to the river, was
about 30 feet in lenzth, Stesm was issuing {rom near the
contral portion of both breaks, [he width of Lhe uppor break
vhere steam was evolving wac about 3/8 of &n inch, ‘the
temperalure of both ths upper and lower fumaroles was 202°K,
The upper bresk traversad an area of densaly growing Lodze
Pole Pincs, which vere about 50 years in ave, Cne of the
first, Af not the first wagon road into the Uppsr Easin
crossed dirsctly over the site of the uppor break,

During the remainder of 1659 both fumarolzs continucd unabated
in the discharze of sleam. 'hen I first visited this site in
carly 1950, not only was a heavy discharze of steam still in
evidence, the pines over an arsa of not less than 1570 square
feet were dead. The needles had twrned brown, It was apparent
that in addition to the haat which was avolvin: frem the
fumaroles, new hot ground had develcped; zround too kot to bs
toleratzd by a vegetative cover. Durinz the 1940 season I
obsarved 25 additional sites in the Firehnale Hoyssr EBasins

vhere trses had been killed by the suldea development of hot

*ecoground. Sope of iLhese daal trze patches vers. much more -

exxlensive than the oae betwesn Ualthos and 1illside,

Durin- &11 of 1950 stoaw avslution frem both Dimeroles seemed
to dincrosse in intensity. The break farthest from the river
showed the mosl pronouncsd development., At the point of steen
egrass the break was now zbout an inech wids, By Jcl ber it had
a temparature of 204°F, Depressed cround about this fumarols
was suizestive of alterations in underground siructure due to



possible leachingz, “There seomed to be an excollent chance
that a new spring would develop, possibly a seyser.

During all of 1961 and 1962 both fumaroles persisted in vizor
of steaw discharze, It was comparable to that which they had
shown durinz 1660, Durinz 1951 and 1952 I made frejuent
inspzetions of these steam venlts, Durinz both years I was
expectiny that an any moment wator would start discharpging
from the uprer fumarole,

When I first visited the site of the fumaroles in the early
spring of 1953 a surprising and remarkablo chanze had taken
place., Sometime dwring the provious winter an explosion had
occurred at thoe site of the upper fumarole. Where steanm
previously had been hissing thrcuzh a rift there now was a
large crater. HNumerous large blocks of sinter were strewm
about in heterogencous array bearing evidence that the erater
had formed explosively. ‘the trees which had formerly been over
the site of the crater wsre now scattered and prostrato, Most
of the disrupted troes were on the south and west sides, The
crater varied in depth from about 5 to 7 feet. It was elongated,
being about 9 x 16 feet., Surprisinzly, ths lonz axis vas at a
rizht angle to the original break as well as to the river,

During all of 1963 wator jets about 3 feet in hoizht played into
the crator every fe¥ saconds, rthe jets shot in at an ancls of
about 452 from the end of the crator nearest to the river. rhe
water drained away lmmediately following the jettinz. llo water
stood in the crater.

Further chanze in the apparent evolution of a new seyser was
noted durinz 1964, 7The action bucane more forceful than in
1953, but less frequent., Soms of the jets ansled out to almost
the length of the crater, the distance being not less than 12
fest. Also, water bezan to stand in tha boiton of the crater,
By the ond of tho season the water stood between 3 and 4 feot
below the rim. The fumarole on the steep embankment telow the
now geyser vaned in forcefulnsss as inereased energy was

m' niTest in the new moysor. Prasently steam ovolution has’
rretieally ceased fron the lower rift, Laet o o EEES. Nmrmeae O
- wintor of 1954-65 Yrouzht about marked chanzes in the new
feyser. Sometime pri-i to April 1955 a new explosion had
occurred near the rive  :nd of the crater. An apparent sudden
rolease of pent up encr ;y had not only greatly enlarzod the
earlier orifice, it ha< torn out obstructions so that tho
water now, in much greater volume, erupted vertically instead
of at an angle, :
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Before the 1965 season had advanced very far it was evident
that Yellowstone had a new geyser of no mean proportions.
Due to the nature of its orizin I named it Seismie., During
the 1955 and 1966 seasons there was 1little change in the
nature of its activity. fiassive bursts of water rocketed
from the crater absut every ona to three minutes. llost of
the .bursts wore from about 6 to 20 feet in height. Iovever,
occasinonally the watoer would shoot up to a height of near
50 feat, Some judged it to be higher.

Durinz the 1967-69 period the pattern of Seismic's eruptive
activily underwent progressive changes. The lenzth of the
quiet phase slowly increased to about 40 to 50 minutes. The
active phase would last between about 15 and 20 minutes,
during which 30 or more separate bursts would occur. The
crater was still slowly bsing snlarzed on its mar3ins,

On several oceasions durinz 1970 two and more hours at a
time werc spent at Seismic with a view of deternining the
nature of its eruptive pattern which seemed to have altered
somewhat from the pattern of the three pravious seasons.

At first I found it a bit diffieult to distinzuish bztuesn
the active and quiel phases. This in largo measure ¥as due
to the fact that durinz an active phase there would be not
less than three separats poriods of activity. The sacond
period of activity was always the longest, on one occasion
lasting for 19 minutes., The duration of an eruption was
variable; the extre-es being 19 and 31 minutes.

An unfailing sizn of the termination of an eruption was a
drop in water level in the crater. Duringz ths quiet periods
of an zctive phase ths water in the crater would stand about
4 inches below the rim. Wwith the termination of an eruption
the watsr would drop about 14 inches. Tho quiet and active
phases were absut egual in duration, each varying from about
20 to 30 minutes, the haights of the 1970 eruntions vere very
much the same as those observed during the 1967-69 period.

T estimated maxinun helsht to bz about 40 feet, which was lass
than the estimated 50 foot bursts during the 1045-65 period.,

. Like Morning jeyser, many of ths highest bursts came nsar the

termination of an éruption.
Underground Connectiens

Seismic is apparently connectod subterraneously with at least
tour other sprinzs, also the nearby fumarcle on the river
embankment. The Jreatly inereased discharge of Seisaic which
bezan sometine durinz the 196:4-65 winter had what must have
been an al-ost imicdiate effect upon the water levels of



Hillside Geyser and two large sprinzs on a high sinter bench or
ambanlkment about 250 feet to the northeast of Seismic. As the
1965 season progressed ths water level in the above springs
continued to ebb., DBy 1970 Hillside's level was down about 4
feet and its temparature had lowered from 202°F in 1963 to
1879F, Durinz this period the water level in the big bench
sprinzs had dropged between 10 and 11 fest, Seisaic's under=~
around connection with Hillside is not at all surprisinz, The .
break in thz sinter which was Seismic's precursor extended in
the directisn of Hillside.

Tha Tact that Seismic seems to have guite certain underzround
connsctions with othar sprinzs, and one of them a geyser, doss
not aucur well for future, unbroken performances. I1If the same
situstion obtzins with Seismic 2nd related springs as does in
other zroups connected subterraneously, the chances are more
than even that at soms futuras date Seismic will bseone dormant
due to the focus of therwaal onerzy having shifted to ona or
more of the springs with which its roots seam to-entwine. Iis
perch oa thz hizh sinter enbankment might bs an adverse factor,
However, Hillside Gsyser is situated even nearer tho edge of
the embankment,

Seismic, An Example of Geyser Desvelopment

Many theories have been advanced to explain tho oriyin of hot
springs. ‘hen I first began a tour of duty in the Upper

Geyser Basin of Yellowstons Park in 1931 the generally accepted
explanation of hot-spring orizin was that all springs had their
genesis as a fumarole, which later developed into a mud pot.
With further disintegration of rock cover there would eventually
be an sxtrusion of ground water., ‘“hether the newly devaloped
spring would possess Jeyser potential was depandeni upon the
nature of the plumbing.

The above view was not of lozal origin,

"It was Bunsen's view, as well as Hazue's, that
larger and deepor sorinzgs must eventually develop
from smaller ones unider the disintagrating
influencos of steam and hot water that psnelrate
and widen orizinal scsus in the rock™ (4llen and
Day, 1935, p. 169).

Walter H. Wsod, pgeolozist for the Hague investigations in
Yellowstone Park, saw in mud springs the precursors of geysers

(1889-1890, p. 302).
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Allen and Day s a result of their investirzations of a number
of important thermal areas state:

"From a study of the Katmai fumaroles and from the
general association of fumaroles with hot springs

of the most active typz, the iden suzzested itself

to one of tha writers thnt the crueial condition

Tor the zenesis of each spring or steazm vent mizht

ba merely the a=sunt of zround water available in

any given spot. When it was discoverad that Lthe
temperature of natural steam vents in hot-spring
areas was in placos much abosve the bolling point

of water, the conviction was reached that hot springs
were circulating ground watsr of surface orizin heated
and augmented by steam originally in a superheated
state, risinz from an underlying mazma throu;h deep
cracks in the sarth's crust" (1935, p. 32).

Earthquakes and Hot Springs

Very few investigators who have advanced theories as to the nature
of hot-sprinz develo“mﬂnt make any allusions to earthquakes as
being agents or causes. It hzs long been recogznized that fumaroles
and hot springs develop on the flanks of active voleanoos, and
often in the surrounding area, but that they might in some cases
owe their ¢onosis to tactonic earthquakes is not of freaguent
discussinn. At least one exceoiion to the above was A, C. Peals,
mineralozist of the layden expedition,

"fhe effect of earthjuakes upon thermal springs is a
proof of their intimate connection wilh voleanie
action. In tha first place, as we have already
intimated, the eiistence of fissures and cracks in
tho e2rth's surface, by whatever moans they hava been
formed, are efficient agenis in causing hol sprinzgs
by allowing moteoric waters to penetrate to :ront
depths, anl afferdiny then afterwards free access Lo
the surface, FEarthouakes, as all know, occupy Lhe
very first place in the produection of fracuuras of
far-reachiny extent" (1993, p. 3563).

Thers is 1litile question but that fraeturinz of the rhyolite
cover in sections of Yallowstene Fark reculied in the initial
developmont of hot springs, That the fractures were earthquake
causod is made highly vrobable by the park's known ssismic
histery. ©vhat a long fracturc traverses the Upper Geyser Basin
is mado evident by ths genersl rectilinear arrangement of the
hot sprinss. Wwhen viewing the bacgin from the dadison DPlateau



whan the atmosphere is cool or huwid, the zeneral alisnment,
from southeast to northuest, strctehing from Lone Star geyser
to Biscuit Basin, is one of the most strikine characteristics.

The biz ice incursion of the Pleistocene completely destroyed
all earlier hydrother:ial manifestatlons. Zarly post-glacial
hot-sprinz develogient apparently resultel from the hot
effluents of smothered and burieil hot sprinzs again finding
their way throuzh glacial deposihs to the surface. In general
tha now development took placs in proximity to what nusl have
beun the original fissure alirnment,

The evideace seems quite compelling that carly post-zlacial
sprinzs were of lower temperaturc than that which has
characterized present springs during the past several hundred
years, This inferenco is mads from the nature of tlie early
accumulations of siliceous sinter, During this period there
were few il any boiling springs. Hone of the sinter of the

early psriod is characterized by cones or mounds - products

of boilinz water. The doposits, which are extonsive and which
consist ¢f rost of the sinter in the Upper, Viidway and Lower
Easins today, are in thick sheets, horizontally placed., HNone

of the early springs is kmown to exist at prasent. Al or near
what were their originnl positions in the ¥irchole Geyser

Pasins arv no doubt now the sites of mosn of the bniling springs
and gaysers which in many instancos have mnde deep incisions into
the old sinter shield., During the peried of horizontal deposition,
which must have bszca lonz, as julsed by tho thickness of the
deposits, there apparently wers few, if any, major seismic
disturbances. Othertise it is doubtful if the accumulation of
horizonlal deposits in their present thickness could have
occurred,

Park's Earthquake History

Since the discovery of Yellowstons Park earthquelkes of suffielent
intensity to be reccojnized have occurred cac or mors times yearly.
Thers ara frequent reports of ratiling dishes, swinging lanps

and crenking buildings. ‘Tho earliest report of an ezrthguake in
the Yellowstone Uouniry was by the first seientific expedition to
tha ares.

" hile we wore encanped on the northeast side of
the lake, near Steamboat Foint, on the nizht of
the 20th of July (1871), we expericnced several
severs shocks of an ecarthquake, and these werc
folt by two othar parties, f{ifteen or twenty-five
—iles distant, on differcnt sidas of the lako. He
rara infarmed by mountnin men Lhal these anrthyuake



shoclks are not uncommon, and at some seasons of the
year very sevore, and this fact is given by the
Indians as the reason vwhy they seldom or never visit
that portion of the country. I have no doubt that
if this part of the ccuntry should ecver be settled
and careful observations made, it will be fournd ihat
earthquake shocks are of very common occurrcneo'
(Kayden, 1872, p. 82).

The sbove tremors vers also referred to by a second scientifie
expedition vhich was encamped on the southeast arm of Yellowstone
Lake.

"Je experienced last nizht the sinzular sensation

of an earthjuake., There vers two shocks, the first
one being quite sevare accompanied by a rumblinz and
rushinz sound" (3Zarlow, 1872, pp. 33-39).

On the following day additional shocks were feli.

Rocent. szismic records indicate that over the park mlnor tremors
sre of almost daily occurrence, The park is apparently situated
in a zone of crustal weakness.

"Of particular iaterast is the bsli of earthguakes
that follows the ocky Hountain zone of overthrust
faults in Hontana and then shifts westward Lo tah
to folleow the “asatch Hountzin frent southward into
Arizona" (Fischer, 1940, p. 25).

Seismic records indicale that on an averaze of about once in
10 years a stronz carthjuzke is registered in the states
adjoininy Yellowsione, particularly Hontana. <The last strong
earthouake alzng the lebzen Laks fault systen, previous to
Auzust 17, 1959, uwas Hovenber 23, 1947, Neithor the 1547
poarthjus%e, nor any crevious historical ons tvas of sufficient
intensity to oroduce zttributable hydrothermal changes. ‘the
effects of Lhs 16359 earthzuake, vhich was.ef an inlensity.of
7.1 in the Richter scals, made it abundantly clear that
“earlier: eartligunkes.of-equal dand.porhaps zreater -rasnitile had
brouzht aboubt changes in the Firehole Geyser Basins

(4arler, 1990, pp. £1-%5).

Prior to the 1959 carihguake it had been observed that many
breaks or rifts were in svidencs in the o0ld sinter shield.
Several zroups of sprinzs had thsir aliznment on what looked
like old bLreaks. However, it was not until) after the ovents
of Auzust 17, 1959 that the causs of these old rifts wero



susceptible to valid interpretation, “ha 1959 earthquake not
only greatly altered the functional bshavier of numerous hot
springs, but it resvlted in many rifts forming in ths old
sinter. This was especially true in the Lower Basin., Criss-
crossing eracks and breaks traversed the whola area around
Firehols and Plack .arrior Lakes. Yeasurements indicated that
were these breaks in a straizht line, it would measure 9,072
fect in length. Adong new rifts in the sintor in both the
Upper and Lowar Basins new fuwarcles ware renerated, This was
particularly trus in the Sapphire, rountain, Pithole,
Kaleidoscopo and Sprinkler iroups. Some of these fumaroles
have evolved into new springs and geysors, Of these, Saismie,
whose development has already been treated, is the most
outstanding example,

Resting on the old sinter sheet in the Upper Basin are ths cones
and mounds of many present-day geysers., “Their character and
rate of pgrowth seem indicative that most, if not all, had their
origins during a relatively short period, They are suzgestive
that water effluents suddenly became much hotter. ‘That this
new surge in thermal energy came about as a2 result of a mz jor
earthquake seems highly probable, esp2eially in view of the
fact that numerous grouped springs are not only in alignment,
but they are connected subtorraneously, This indicates thoy
had their genesis alonz a comnon rift,

A list of some present day boiling sprinzs and Ieysoers possessing
mounds or cones and whose vents puncturs the old sinter shiold

are as follows: Pink Cone, white Domo, Great Kountain, Jewel,
Mortar, Riverside, rocket, Grotto, Bijou, Catfish, Giant, Comet,
Punch Bowl, Castle, Tortoisc Shell, Bulizer, Old faithful, Bachive,
Lion, Little Cub, Lioness, 3iz Cub, Teakettle, Sponge and Lone
Star. In addition to tho above there ars numerous geysers without
mounds whose eruptive activity is incising into the old sinter as
is the case with many of those listed above. Amonz these might bs
mentioned Giantess, Fan, Artemisia, =xcelsier and iorning, 3roups
of sprinzs that are in alignment and apparsntly issuing from an
earthguake rift, include tha Daisy Group; the following springs
being involved: Splendid, drilliant, Comet, Laisy and Bonita,

: .'Beyond Bonita there are.threa unnamed vents.® -3rotts and Giant =+

Groups: * Both these groups ars connected subterranasusly, ilamed
springs in these groups that apparently were iormed aleng a
cormon break include Spa, Rocket, Grotto, Grotto Fountain, South
Grotto Fountain, Catfish Bijou, Mastiff, 3iant, turtle and Purple
Pools., ‘There are additional unnzmed springs along this break,

It is quite apvarent that six sprinzs in the Chain Lake Group

-have evolved along a common break in an older sinter. The sane

is true of several springs in the Yhree sSisters ‘iroup. Jdany
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ad?itional groups could be cited, ‘The majority of the major
springs in both the upper and Lower Basins are known to have
underground connections with cother springs, suggesting {issure
connections (Marler, 1951, pp 329-3u42).

One of the most interestinz examples of a geyser evolving from
an earthjquake rift is Old Faithful, txtending across 0ld
Faithful's mound from east Lo vest is a promounced break in the
sinter. 7Ths part of the fissure throush which Old laithful
issues is bul 4 inches in width, #adio-carbon datinzg of tree
sections entombed in the mound indicates that the carthguake
which split it open, permitting the birth of 0ld Faithful,
occurred from 500 to 700, years ago.’

Craters Formasd by Stean Explosions

‘'here is objective evidence that many present-day geysers evolved
along earthquake-caused fissurass which permitted the ascension of
hydrothermal effluents, ‘'he eratsrs of these geysers in the early
stages of devalopment were no doubt enlarsed due to disintegration
rasultinzy from ascendinz hot water and steaw, Lvidence is equally
compelling that the craters of many geysers and hot springs
resulted from stea~ explosions, of which Seismic Ueyser is a
classic exa—wple.

Seismic Geyser is not the only site where a steam explesion
occurrcd as a result ot the 1959 earthquake. In 1953, about

100 feet west of Kaleidoscoape Tieyser a steam explosion scatiered
scores of sinter blocks about a newly created crater, It is

about 10 feet in dicmeter and froam 4 to 5 feet in depth, Water
nearly fills the new érater, but to-date there has beon no
discharze., On the south side of White Creel:, directly south of
Great Iountain dsyser, steam explosions scattered great quantities
of sinter aboul two existinji dry craters. The one crater uas
noticeably enlarzed. It is beslieved these explosions ocourred at
the timo of ths earthguake or very soon thereafter,

During the 1948 season a stea=w explesion opsned up a small crater.
at the southzrn base of the sinter mound on which the cone of
bSponze Jeyser is located, OSince the initial explosion thore has ..
been occasional activity in the new vent. “The eruptions are from
10 to 15 feet in height.

A steam explosion in historic times is responsible for the large
crater of Black Ogal Sprinz in Biscuit 2asin., In 1931, the y=ar
I besan working for thz Park Servico, I observed that large
blocks of sinter-cenonted sandstone were strewn about Hlack Opal's
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crater, The sandstone consisted of small rhyolite pebbles and
obsidian sand., It appeared to be glacial outwash which might
have smothered some earlier spring.

That the explosion which cranted Black Opal's crater was of
coasiderable magnitude was made evident by the fact that chunks
of sandstone were found not less than a thousand feet north of
the eratsr, Muech the greater part of the sandstone was strewn
in a northerly dirsction. During the winter of 1932-33 iIrank
Childs, a Park Ranger, reported an explasion of Black Tpal which
tore out new sandstone blocks, This explesion was of much less
magnitude than the earlier one.

Since my first observations in 1931 of the great array of
sandstone blocks lying to the north of Black Opal, weathering
has brought about the disintezration of all of the smaller ones.
This has surgested to me that even the early explosion might
have occurred since ‘the creation of Yellowsione as a national
parx,

The knoumn eratlers which have been formed by steam explosions
furnish a most cradiblse explanation as to how the craters of
many of Yallowstone's large, desp sprinzs had their pgenesis,
A1l of the sprinzs listed havo desp craters and in mrny cases
shear w»1ls, Inecluded are 3iantess Geyser, Vauli Geyser,
Crasted Pool, Sunset Lake, Ymwerald Pool, Gresen 3prinz, Oblong
Jeyser, South Purplz Pool, Botiomless TFit, includin- the raost
of the Chain Lake Springs, Link Geyser, .orning Glory Fool,
Yirror Pool, Cauliflower Jeyser, Artemisia Gsyssr, Sapphire
Pool, Great Fountain Seyssr, Firehsle Pnol, Surpriss Fool,
Fountain Geyser, Gentian Fool, Zast and \jast Flood Geysers,
Indizo Spriny, Grand Prismatic Spriag, Turguoise Pool and
Zxcelsior Geyser. liany large unnanmed craters as tiell as 2
nunber of smaller springs mizht well be added to the list.

The absence of rock fragments about these craters is ecsily
explained., The disrupted roclk, with few or no exceptions, was
derived fram the overlyinz beds of silicious sinter., This
rock is a hydrous silicate and disinterrates very rapidly

when oxposad to weathering. Uuring the 1957 and 19559 seasons
unausually powerful ‘eruptions of Link CGsyser tore out a score or
mor3 o1 larra blocks of silicious sinter from its crater. Dus
to rapid weathering these blocks had practically disappeared
10 years later,

That tho crater of kxecelsior, the most powerful geyser and
coplously flowinz spring in Yellowstone Park, was dus to a
stesm exvlosion there would socem to be little question., The
erater walls on three sides away from the river rise almost
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veriically about 12 feet above the water level of the spring.
Those walls, which partinlly encircle Excolsicr, consist of
laminzted sinter which apparently was deposited by Grand
Prismatic over a period of many centuries, ‘hat the sinter
deposits of Frismatic riss unchanged in character to near the
top of lxecolsior's crater is rovealing that wsxcelsior is of
comparatively recent orizin,

Hot omly is the physical evidence hishly sucazestive that a
powerful steam explosion was rasponsible for the creallion of
Execalsior's crater, but its eruptive activity in the 1fi80s is
known to hava furthor enlarzed it. Colonel Philetus . Horris,
then Suparintendent of Yellowstone Park, made the following
comments on the effects of an eruption of Execelsior which
occurred in 1873:

"Crossing the river above the geyser and hitching

my horse, with beswildering astonishment I beheld

.the outlet at least tripled in size, and a furious
torremt of hot water escaping from the pool, which
was shrouded in steanm, zreatly hidinz its spasmnadic
foaninzs, 'Thz pool was considerably enlarszed, its
imnediate borders swept entirely clear of all movable
rack, enouzh of which hzd beon hurled or forced back
to form a ridze from knea to breast hizh at a distance
of from 20 to 50 feet fron ths razzed edje of the
yavning chasm" (1891 Annual Report, p. 60),

fxcelsior was not knowa to erupt again until 1881. Huch eruptive
activity was observed during this season, In reference to the
power of the sruptions and the discharge of- rocks Horris states:

"During much of the summer the eruptions were simply
ineredible, slevating to heights of 100 to 300 feet
sufficisnt water to reader the rapid Firehole River
nearly 10 yards wide, a foaning torroent of steaning
hot water, and burlinz rocks from 1 to 10C pounds
weizht, liks those of an- exploded mine, over S
surrounding acres™ (1831 Anau2l Report, p. 51).

Concerninz the creation or enlargemwent of hot spring craters by
stean explosions Dr. Peals commanted:

"In somo casas the hot springs may bhecone clozged
or stoppsd up, and when the pant up steam bursts
out earihquake shocks may be caussd. The shocks

we expariencod at 3teambost Point, on Yellowstons
Lake, in 1871 werns probably due to inadequacy of
the steam vents" (12th Annual Report, 1873, p. 354).

1l
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Sprite Spring #
D7- 30& 6205 el Lrelil
CASCADS GROUP OF UPPER BASIN

Sprite has been characterized by periodic overflow, The
psriods between overflow and ebb apparently are long and

have never bsen determined. One of the most interesting
observations I have made relative to this spring was the
careening of a small sedan and its landing upside dovm

in the middle of the spring. The top was immersed in about

one foot of water, Four boys gmerged from the sedan apparently
none the worse for the experience. This occurred in 1949,

Prior to the 1959 earthquake there was no overflow from Sprits.
Tts temperature was 163°F. The day following the earthquake
found its previously clear water very muddy and over{lowing,
Tts temperature had rissn to 181°F, The water stayed murky
for the rest of ths year.

From early 1960 until 1963 the water in Sprite was below the
overflow lovel, During most of the succeedinz years the
periods of overflow have exceeded the periods of ebb in
lenzth, I have observed mno evidence of underground connsctlons
between sprite and nearby Gem and Calthos.



ast Sentinel Geyser -
FB-2u5E, 608+
MORNING GLORY GROUP OF UPPER BASIN

The twe Sontinel Geysers were named at an early date by Colonel
Barlows

"Here on elther side of ths river are two lively
goysers, called the Sentinels, ‘The one on the
left (east) is in constant agitation, its waters
revolving horizontally with pgreat violence, and
occasionally spouting upward to a height of 20
feet. kEnorwous masses of steam are ejected,

The crater in this geyser is 3 feet by 10, The
oppnsite Sentinel is not so constantly active
and is smaller" (Barlow, 1871, p. 25).

It early was considered that the two Bentinels, on opposite
sidss of the river, stood as guards to entry into the Upper
Basin,

I did not observe an eruption of kast Sentinel until January
1952, Previously, naturalists who were stationed at Morning
Glory infrequently reported eruptions, Following the January
eruption I am aware of no further major activity until the
time of ths 1952 earthquake., The only additional major
eruption known was on Octobsr 9, 1967, .

Sentinel's crater is on the river edze. An old sinter
embankment at the eastern edge of Sentinel's deposits has
been deeply incised by erupting waters {rom Sentinel. The
major part of this erosion would antedate the historic
period, It is indicative that during an earlier period
Santinel was much more active than in recent decades, One
possible rsason for this lessensd activiiy suggested itself
to me during the 1952 January observations, The Fireholo
River at that time was the lowest I had ever observed it,
Water which previously had been pourinz into a vent on the
east side of the crater had stopoed. It is belleved that the
absance of the continuous intake of cold water resulted in
major eruntive activity which wmorse than once was known to have
occurred in Janus1y of the above year. ‘Lhe cold water came
from a emall and apparently recently formed channel on the
east side of ths river,
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Except during high water when the crater is flooded by water
from the Firshole River, Hast Sentinel is continuously boiling
and splashing, and with greater vigor than its companion across
the river,

At the time of the January erustion I observed in 1952 I did not

sea it in tho beginninz stages. After I arrived on the scene it

continued to erupt from one to two minutes. ‘The height impressad
me as being between 20 and 30 feet. It has no known underground

connections with any other spring.



Fan Geyser

F8-63515, 5255 .

Mortar Geyser °
F8-6708, 570S

MORNING GLORY GROUP OF UPFER BASIN

Fan and Mortar are bsing treated as a single unit in view of
the pronounced synpathy existing between them. All major
eruptions, of either geyser, that 1 have observed have been
in concert, :

Craters of Fan and Mortar

Iike so many of the geysers, the craters of Fan and Mortar
rest in much older deposits, into which both the river and
oruptive activity of thase geysers have produced a heavy
erosion. Thedeep fluting in the old, opalized sinter deposits,
particularly in the vicinity of Fan, is indicative of a history
of marked eruptive activity., Not all of tha old sinter can be
observed due to an asphalt road having been built over the
north saction of it,

While the wolls of both goysers definitely entwine at depth,

"resulting in their pronounced sympathetic action, their surface

structures ara very different in charecter, !ortar has built
a large cone, the southern edze of which rises from ths river,
From the river side the cone is 8 to 9 feet hizh., At the acex
of the cone is a vent about 18 inches in dianeter, while at
the northern base is the mortar proper., It is a large
mortar-shaped bowl from 4 to 5 fest in diameter. Its vont is
about the same size as the upner one. Hayden, thinking he
was deseribing }an, inadvertently deseribed Mortar,

“There are two craters, the streams from which cross
each olher. These two craters have orificss of about
2 feet in diameter each, ... The crater of the geyser
is composed of pink geyserite, which rises from the
river in a series of rounded masses whjch are beaded .
‘with silica" (1873, p. 193).

His i1llustration on page 192 (1878) also reveals the error.

Fan is from 40 to 50 fest north northwest of iMortar., Its
crater is of the nature of a larpge fissure or break which

" ruptures a thick deposit of old, opalized sinter. The break

extends in a south southwest direction. From Spiteful Geyser



to the river the break is about 90 fest in length. 'The part
of the break from which Fan erupts is about 35 feet long.

It is bslieved that the nature and extent of the fissure from
which Fan erupts could have occurred by no other agency short
of some prehistoric earthquake, high on the Rienter scale,

On the whole the brezk is of rather straight alignment.
Surprisinzly little sinter deposition has resulted from Fan's
activity. It is only near the river where much new sinter 1is
in evidence, Howsver, internal deposition mizht have ssaled
soms of the orizinal break, Part of the break is in sharp
relief. It apnears that ths violent activity of Fan has
rosulted in erosion that has been in excess of deposition,
The main vent from which the major part of the water 1is
discharged during an eruption is completely free of any
recent deposit, As a matter of fact the vent is slowly being
enlarged by spalls torn away from the older sinter.

Vandalisnm

Both Fan and Yortar have been ths victims of much vandalism.
The beaded sinter Hayden referred tn on the side of lortar's
cone has conpletely disappeared., The sound of the pick and
the maul during the early period reverbsrated throughout the
basin., ‘There are records of wazon loads of sinter baing
hacked from the formations. On several occasions I have
removed larze slabs of sinter from dortar's lover crater,
which had baen tossed in by some thoughtless individual,
Yhey are not retrievable in the upper. Lhe crater of lower
Mortar at o1e time must have had a pronounced symmetry. the
side toward the hillsidoe has besan complstely bLroken away.

“Upon our arrival in the basin we found several
persons already encamped..,. 7The visitors provwled
around with shovel and ax, chopping and hacking
and prying up great pisces of the most ornamental
work they could find; women and men alike joining
+% in the barbarous pastime” (Ludlow, 1875, p. 26).

The vents in Fan are not of a character to psrmit the easy
introduction of rubble. Howaver, greit quantities of rocks,
including a larse hub cap, were diszorged from the upper
crater at the time of an eruption I obssrved. Ths hub cap
came dovm in the middla of thoe road, over a hundred fest
distant rronm the vent, In 1933 whils examining the fissure
I noted that some pariy or partiss many years previously
had attempted to block the egress of watsr. On the rivor
side, and extending for several fect, ths break had been



covered with sinter blocks, I had to aecquire tools to remove
them as they had becoms cemented., Some fragments still remain,
but not over the fissure. It is possible that over tho years
vandals have made a marked contribution toward the destruction
of these geysers. ‘

Early Referonces

Fan Gayser wWas observed and named in 1870 5y the Washburn
Party. At thoe time of this observation Mortar was evidently
considered a part of Fan.

"Phe Fan has an orifice which discharges two radiating
jets of water to a height of 60 feet, the falling
drops and spray resembling a feather fan. It is very
beautiful. Its eruptions are very frequent, lasting
usually from 10 to 30 minutes. A vent (Mortar]
connscted with it, about 40 feet distant, expels dense
masses of vapor 50 or 40 feet high, accompanied by
loud sharp reports during the tims the geyser is in
gction® (Langford, 1871, p. 123).

Iieutenant Doane also left a description of the 1870 eruption,
which in all essentlal respects, pertains to Mortar rather than
to Fan. The duration of the eruption was very different from
that given by Langford, ' ' ’

nFirst the stean would rush from the upper crater,
roaring violently, then this would suddenly cease,

to be followet by a fan-shaped jet of water rising
from the lower crater to a height of over 40 feet,
often playing for perhaps two minutes, then this would
suddenly stop flowing, and ths steam would rush forth
again for a time, Occasionally the small crater threw
a transverse stream, sometimes alternating with either
of tha others; and thus they played on for hours, after
which)they would subside to a gentls bubbling" (1870,
p. 31} .

In 1872 it was observed by members of an enginesring party
making a reconnzissancs of the Yellowstone River. :

Yyhon in full action the display from them is very
,-Tina, The waters spread out in the shape of a fan,
in consequence of which they hawe been named the

"Fan Geyser'" (Barlow and Heap, 1872, p. 26).

During the first decade of the park's history considerable
confusion existed, not only as to which was Fan and nearby,
then unnamed, Yortar, but as to which was Fan and which



Rivorside. T. B, Comstock of the Jones expadition greatly
addod to the confusion of identity and performance then
existinz. He describes, perhaps part of an eruption he
witnessed of Fan, as follows:

"while watching the pulsations of the Grotto, a
colunm of vapor was evolved from a geyser upon

the right bank of the Fire Hole River, a few rods
bolow Riverside. ''his began at 2:43 p.m., almost
precisely at the moment when the eruption began

in Riverside. Gradually increasing in intensity,

3t was throwing a large column of water at 2:49 p.m.,
which continued, but gradually diminishing, until
2:5% p.m,, at which time it almost ceased, sputtering
occasionally, however, until 2:56 p.m. This record
. shows the remarkable similarity or sympathy between
Fan and Riverside" (1873, p. 252).

'fhat the geyser he mistook for Riverside was Mortar is evidént
from a later description of what he bslieved to be Riverside.

"A 1ittle below Grotto, across the river, a geyser
which is situated near tha edge of the stream began

to spout at 2:43 p.m. This is known as the Rivarside
Geyser. A jet of fine spray was suddenly throwm

more than thirty feot into the air, which continued
quite steadily until 2:47.5 p.m., when it coased
acting for half a minute. At 2:54 p.m., it roared
loudly and then became quiet at 2:56 p.m., after which
no action occurred, The Riverside has a low irregular
mound, with a small chimney scarcely rising near its
centra* (1873, p. 252). .

Further evidence that Comstock saw an eruption of the then
unnamed Mortar and not Riverside is found in the fact that
Fan was erupting in concert; also that the descriptions of
Fan, then later of Riverside are taken from a single observed
eruption.

- . w2l
As late as 1892 it was believed that synpathy existed betueen
Fan and Riverside. "Eruots every 8 hours generally followsd
by Riverside, its ejectsd water spreading out in fan shaped
jets" (1892, Guotil, p. 59). :

‘There-are no data which ars suggestive of a sympathetic
relationship bhetween Fan and Riverside. However, obssrvation
has conclusively shown that a pronounced sympathy exists between
Fan and Mortar., I have never cbserved an eruption of Fan except
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there was simultancous action.of Nortar. The absence of signs

jdentifying ths hot springs during the first decads or two of

.the park's history was one of the major causes of confusion

relative to identifleation.
- Early Popularity

During the aarly period of park visitation Fan and Mortar were
high on the agenda of geysers to be witnessed., lheir spectacular
performance quite ovarshadowed nearby Riversids.

"This Fan) is one of the prettiest spouters in the
region. It has five distinct orifices, and sends up
as many jets of water and steam, sometimes reaching
an altitude of a hundrsd feat, the jets ascending and
descendinz in such a manner as to ressmble the outlines
of a feather fan, It svreads itself three or four-

: . times a day, and is greatly admired by all who witness
'4t, some of the spsctators growing wild at the gorgeous
display" (Stanley, 1877, p. 112).

The Norton party of 1873 was singularly impressed at seeing an
eruption. [Lhe enthusiasm of some seems unboundedi

MOur party wers interestedly insvscling ths Glant
and a small geyser closs by which was continually
in eruption, and made as much fuss over its twenty-
foot stream as if it felt itself the only spouter
in the basin, when just below us, from the opposite
bank of the rivor a vast column of steam burst forth
and ascended several hundred feet. On the qui vive
for new wonders, we hurried over a slight knoll in
wm-w.- . that direction, and arrived just. in tine to witness
L;ﬂi-,.the Fan Geyser getting up steam. for an eruption,
... ... When we arrived we could hear a sound as of throwing
X cordwood into a furnace., ‘This continuod several
. seconds, ceased and was followed bv great quantities
" of steam from the smoke-stack; then the two valves
.- - .., opened, shocit.:l.n" out swift, hissing jets of steam, -
: the next moment thers would be an unaarthlv rcar from
.. the double erater, both would Fill, and from each
aperature a column of water two feet in diametar shoot
upwards over eighty fest - one ascending nearly vertical,
.-~ -and the other at an angle of about forty-five degrees,
.~ .- .thus forming the 'fan'. The eruption would continue

er :-fromtwo to four minutes, then ths flow cease for eight
we= :--Or ton seconds, and then the entire movament would be-
repeated Thass repetitions continued itwenty or

twenty-five minutes and then ceased altogether.....

bey
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Its action was watched with intense interest and
dslight by our party, and when the grand explosion
occurred, Dr. Hillhouse Raymond sesmed perfectly
overcomo by the exciting spectacle, Springing from
the ground, he leaped into the riwer, waded water
almost waist deep to the other side, and rushing
under the sparkling shower, waved his hat and shouted
'Hurrah! ' till out of breath, This incident is cited
only for the purposs of demonstrating how grandly,
delightfully impressive ars these most wonderful
displays. It is said of Professor Hayden - a man of
extremely norvous temperament and with an unbounded
enthusiasm for the scisncas ~ that he cannot compose
himself in the presence of a geyser in eruption; but
losing recollection of the material world for the
time, rubs his hands, shouts and dances around the
object of his admiration in a paroxysm of gleeful
excitement" (1873, pp. 29-30)..

e S, ; ) I Record of Activity .

Eruptions of Fan and Mortar occurred with much greater frejuency
in the 1870s and 1880s than during any later pericd to date.
Zarly referonces indicative of length of interval placs it at
about 8 hours, Stanley (1877) states that it "spreads itself
three or four times a day." while Guotil (1892) states that
it "eruots every 8 hours." Ths 8 hour interval was apparently
the acceotod time, as a zeyser table prepared bv Olin wheeler
of the years 1894 and 1895 lists both Fan and Mortar as playing
every 8 hours (1895, p. 69).

It is bolieved that prior to the table referred to above both
geysers had entered a period of dormancy, or at least one of
infrequent activity. rach year, beginning in 1894 and :
terminating in 1994, VWheeler issued revised guides. In nons
except tha 1895 table, is there a reference to, or a description
of either Fan or Mortar. fThers is no statement indicating theso
geysers are important onss to ba obsarved. On the other hand,
these numerous guides give descrlptlons of other major geysers .
and important springs,

The scanty record of Fan and fortar since the 1390s reveals
long periecds of dormaney. That major activity, at least of
Fan, might have been infraquent in the tesns is indicated by
the following: "Intervals between eruptions of Fan vary from
four to six hours; it plays for two =inutes but only six feet
high, The Mortar plays thirty feet high for 5 minutes every
two hours" (Maynes, 1915, p. 61).



That Fan mizht have minor as well as major activity is confirmed
by observations I made during the 194l season, Ho major
eruptions were observed, however, at irregular intervals five

of the vents would erupt to heights varying between inches and
about 8 feot. MNo eruptions of Kortar were noted in 194l. I
have observed this minor activity of Fan but once since the 1941
season - following the 1959 earthquake,

Followinz the cresatlon of the Mational Park Service greater
attention was paid to the hot springs. BbDuring the 1920s Fan
ond Yorter were rezarded as being largely dormant, "At their
best thess zeysers Fan and Mortar are very interesting, but
unfortunately they hayve been seldom seen in eruption the last
eight seasons" (Y,4.P, Circulars, 1920, p. 20).

"The Fan and Mortar have develeoped no action in so many years
that they may as well be considered 'dead'® and dropped from
the list" (Albright, 1922, p. 20).

“"Batween tha road and the river are two small geysers
both of which have seen better days. Fan was regarded
by the early exolorers as a remarkable geyser and they
gave it much attention at the expense of the neighboring
Riverside, Its Fan shoped eruptions are now infrequent
and of much less magnitude. The nearby Hortar was
described by the Hayden parties as being sympathelic
with Fan but eruptions of the latter are so infrequent
that verifieation is difficult today" (Phillips, 1927,

P 138) [

* ¥ know of.no further references to eruptions of Fan and Mortar
until the 1938 ssason. In Hay of that year I had my first
view of these famous geysers. They were very impressive. This
was the only knowm activity for that season, Five eruptions
were knovm to have occurred during the 1939 season, Night
eruptions were undeterminsd. I was in the immediate vieinity
of three of the 1939 eruptions, being at the site of the
geysers at the start of one of them. The eruption lasted for
more than an hour. The major display occurrsd during the first
12 minutes, The concerted action of both geysers ilmpressed ne
to a hizher degree than eruptions of other geysers I had
witnessed to that date. -

I observed no further activity of Fan and Mortar until 1946-
vwhen thare was but one known eruption. Two eruptions were
knowm to have occurred during the 1949 season, No further
activity was observed until the 1956 season, when one eruption
took place. One eruption was noted in 1957, then not azain
until June 21 and 29 during the 1959 season,



From 1959 to 1949 but thren oruptions were determined, During
1959 and 1970 both geysers wore in what must have been a naw
cycle of activity on a scale aeporoaching the activity of the
1870s, There is no park rscord extant which is revealing of so
great an amount of activity as occurred during the recent periocd,
However, the prediscovery record Fan and Mortar have incised into
older formations is rovealing of a long period of eruptive
activity on 2 scals greater than anything known in historie times.
During the 1969 and 1970 seasons night as well as daytime
eruptions were detormined for all months excopt May 1969. The °
following table shows the number of major eruptions per month,

L.

Table I *-"¢  Fail)
Number of - - ' Number of

1969 Eruptions - - 1970 . Eruptions -
May 3 i 3
June 1 2 s
July v 6 <7,
August 7 ' 7
September 8 8 A
October 3 4 )

28 3l

Fan and Hortar were known to be in the active cycie during the
1969-70 winter, but the total number of sruptions was not
deterﬂinad. . . .

The name Mortar for the geyser which sarly observers called the
"vent', "Fan's partner" - even Riverside - was not used until
1883, ‘"Hortar Geyser was so named by Haynes photographer of the
presidential party, 1833, because erustions resewbled dischargs
of ordnance of that name" (Yellowstone Park Library Hame File),
It would seem that the name "iortar" was alternately given to
both vents of this geyser, :

Some of the early descriptions such as that of Hayden in 1878
would lsad one to believe that major eruntions of the two Mortar
vents might have occurred with a quisscent Fan. It is my opinion,
based on observations of numerous eruptions, that this never
happened. I belicve that the nature and lack of completeness of
& number of early references was due to naimess and lack of
familiarity with the syapathetic relationship existing between
the two geysers, TR

While I know of no major eruption of Ho}tar of the steawm-phase
type occurring independently of ¥an, there are roferences to
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minor eruptions with Fan not showing ma jor activity, 1he 1915
Haynes Guide states that Mortar had eruptions every two hours
to a height of JO feet. +he eruptions lastea 5 minutes (1915,
p. 61). ‘here is no yndication in tha reference that both
vents might have erupted. In Superintendent Albright's report
for 1921, he stated: wiortar observed in action 3 times" (1921,
p. 21). In this period Fhillips statas that “occasionally its
main erater, which resembles a huge pharmacist's mortar, fills
and throws jets violently in all Gipections® (1927, p. 138).
During fAugust 1932 uUortar was reported as vgrupting frequently,
playing fron a height of 20 to 30 fest. *Ths duration of the
play is from 11 to 15 minutes® (1932, llaturalists reports, p. 25).
It was not until 1969 that I observed any action in Mortar's
lower crater without concerted action of other vents in the
complex., Vater splashed up about 20 feet for not more than a
minute. During 1959 T also observed a solo from the upper
vent. ‘The height was from 20 to 30 feet, lasting for less than
o minute. During the recent eruptive cycle of Fan and ifortar
thare no doubt were other occurronces of minor action of Mortar
uvhich were uncbserved.

fruptions

Eruptions of Fan and Yortar, where there 1s conecarted action,
are smectacles to be long rengmbarad, It is as if the infernal
region had broken loose in full fury. It makes one think of

hth of July rockets all baing jgnited at once., I hava szen
nothing.which might oxcell thasa water blasts except a display
of Giant, Mastiff, Catfish and Bijou such as I witnessed on

July 18, 1951, when obsarving Fan and Mortar at their best

it is not difficult to visualize why early visitors rubbed

their hands and danced ghout in a paroxysm of gloeful excitement.

Occasionally premonitory signs of eruntions are at a minimuo,
Usually water starts jetting 6 to 8 feet high in Fan's vents.
on the river sido. *his wrill econtinue from 3 or & minutes
to somatimes about 10 before the eruption starts with marked
abruptness. I have observed ths start of at least three
eruptions when warning signsals wers conpletely absent,
Mortar's vents appeared as dead as the dodo, with water
jetting a few inches to about a foot in some of Fan's vants.
Then suddenly, and wholly unexpectadly, watsr suddenly rose
and bulged in Fan's highest vent. This was imaediately followed
by explosive activity in the whole coaplex.

Of the vents on the uppor section of the fissure, the one where
the water was noted to bulge, plays to a height of from about
60 to 80 feet. the venis nearer to the river erupt to lesser



heights. The vent farthest away from the river, and below thse
main fissure, discharges the greatest volume of water and erupts
to the groatest height. At abcut a 45 degree angle its water
arches over the road; the height being not less than 125 feet,
The entire road is drenched.

With the sudden explosive action of all of fan's vents, both
Mortar vents simultaneously bacome animated. The uprer one
erupts to a height of about 50 fest, with somewhat lessar
height from the lowor. After a moment or two of steady

. discharge from the crater a violent steam rhase ensues. The

steam discharge is not steady but comes spasmnodically.

Yhe spectacular part of the eruption lasts anywhere from 10
to sometimes more than 12 minutes; 12 minutes being aboutl
average, The roar acconpanying the oruption adds to the

- 4nterest of the spectacle. Fron thon until tha end of the
eruption, which lasts not less Lhan 90 minutes, the aection
is intermittent., Ejection of water will suddenly cease, to
be followed almost immediately by renswed discharde, tho
intervals of guiescence increasing. During each rensewal of
pctivity the action becomes less forceful. The discharge of
one of Fan's vents near the river is principally steam,
Hortar's steam vent decreases in forcefulness along wilh
Fan's waning activity. '

In the early stages of an eruption it is difficult to
determine the exact numbsr of vents which contribute to the
so-called "fan", sruptions I observed the past summer
revealed not less than 7 (possibly 9) separate water spouts,
with the crack next to the river making an additional one. '
During eruptions I witnessed in 1939 and 1939 a small steanm
vent -located midway on the hich embankment aeross the river
“jetted steam in 2 horizontal dirsction, which nsarly spanned
the river. Steam ejection would last for fully two hours,
During 1959 and 1970 this vent was inactive, Outside of the
main Fan and Mortar complex these geysers have no known
underground connections with any other spring.

-

Prigiae’®al ] 1959 Larthquaks

No eruption of Fan and Mortar resulted from the earthquake,
For several weeks following the big jarrings major activily
_seshed probable due to the greatly increased jettinzg from
some of Fan's vents.  No oruption was trigsered and tho
Torcefulness of tha sywptoms gradually declined. Luring all
seasons following 1959 at least ona major oruption was known
to have occurred sxcept during the 1953 season, The marked
activity which characterized the 1959 and 1970 seoasons has
already been dealt with.

10
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Morning Glory FPool
¥8-u450E, 2755
MORNING GLORY GROUP OF UPPER BASIN

The non-eruptive springs in the park recsived but little attention
from early expeditions to the geyser basins. There is a similar
doarth of information in guide books of the carly period, Almost
the entiro emphasis of this period was upon the geysers. During
the time fan and Mortar were being given studious attention and
publicity, not a word is said about nearby Morning Glory Posl,

Relative to the naming of Yorning CGlery, the name file in the
Yellowstone Park Library contains the following information:

 "¥pg, vlilliam Prackett on Septewbaer 5, 1950 stated that her

mothar, Mrs. E. N, MeGowan, was the pariy who named this pool

in 1883." ‘This information was given to David deL. Condon, then
Chiof Park Naturalist, I know of no reference, either confirming
or disprovingz this statement,

It is Lelieved that starting sometime in tho 1880s Morning
Glory was bscominz a spring of interest to park visitors. Its
morning glory-shaped crater, in connection with its sparkling
blue water, had a remarkable likeness to the corolla of the
{lower of ‘that name., It was obssrved by all parties coming to
the geyser basins., For a period of 30 to 40 years the road was
loss than 3 feet from the crater, which is 23 by 20.6 feet., No
one could fail to observe it. "“Here teo, are Horning Glory,
Emerald, and Sunset Pool, cach different from the others and all
beauliful beyond the power of words to describs" (Wheeler, 1903,
p. #8), However, a year later a description was made of this
spring. '

“Bafcore leaving this unique and wonder-exciting epot,

’ Aet-us stand for a moment on the verge of llorning
Glory., It is a symmetrical bell mouthed pocl, in
form the very perfection of a colossal.convolvulus,.
It is £illed to the brim with transpareat liquid,
which unravels the moining sunlicht and paints upon
the delicately-chased and snowy walls gorgeous
opalescent tints, fa2irly lurking in mother-of-pearl,
but yet incomparable in lavish opulenco of color and
diversity; so that the radiant effigy blooms with
beauty indescribable" (wheoler, 190%, p. 49).



Morning Glory a Geysar-

During the first few years I spent in the goyser basins I
regarded Yorning Glory as a perfect example of a non-hoiling,
quioscont sprinz. On Septexbor 18, 1944 it came to me as a
surprise that it possessed eruvtion potential., On this date,
in late afternoon, my brother and I were fishing in the
Firehole in Biscuit Basin., The day was stormy. while fishing
the water suddenly became very 1roily.. ihinkinz it was due to
the storm we pulled our gear and headed for 0ld faithful.

Upon reaching Morning Glory I suddenly becawms aware it had
erupted. 'Ths water was dovn about & feet in the crater; also
there was evidence of heavy wash over the surrounding terrain,
Bottles, cans, rocks and other debris, sven a pair of underwear,
were strewm about the crater. It was sugeested that the
disgorged matter had served as an emetic,

The eruption resulted in my later making close observations
of the formations about ths crater, where the water had
washed down the embanlments to the south and north there was
certain evidonce of old erosion channels in the sinter, which
oxperience had taught me could have boen produced in no other
way than by eruptive activity, It was patently discernible
that at some much earlier periocd a considerable amount of
geyser aclion had occurred,

An additional observation I made during the 1940s and 1950s
relative to Morning Glory was that at some point in its
. plumbing, no doubt near the surface, .there -must bs a break
leading to the surface in the direction of the hillside.
~ In late May, during seasons when there was rapid mslting of
snow, Horning Glory would become very murky, After a few
days of cloudy water a pronocunced odor was in evidenca., It
smelled very much as if hums or vegetative matter were boing
cooked. - A1l evidence was to the effect that muddy surface
water was finding its way, by sub-surface means, into the pool,
That the influx of murky water was not from the river sesmed
quite certain in view of the fact it was only during those
seasons when there was a chinook or rapid melting of snow that
the clouded water appeared. rurther,the murkinoss apreared
several days in advance of when it did in the river., Since
the 1959 earthquake no early season murkiness has been in
evidencs, ’



Early Popularity with Resultant Misuse

By 1900 nowspapers and periodicals were loud in their pralse

of Morninz Glory as one of the thermal features all visitors

to the park should see, Publicity during the early part of

the century ssemed to focus on Old Faithful, Handkerchief Pool
and Morning Glory as being the outstandinz representatives of
the hot springs in Yollowstone Park. Intsrest in Morning Glory
has not waned. To the present date (1970) one of ths most
frequently asked quostions relating to the hot springs is,
"where is MHorning Glory Pooll"

Due to the great amount of publicity Morning Glory has

received and this in connection with its ease of accossibility
to all visitors, it has not only inspired more people than

any other thermal spring in the park (excepting 01ld rFaithful),
i1t also has been the recipient of grecater abuse than any other
spring. The very heavy visitation, with almost total lack of
supervision, has proved to be near ruinous to this spring.

Barly photographs made by Park Photographer Krank J. Haynes,
roveal a scalloped border of sinter rimming the pool. This
was probably completely denuded before tho turn of the century,

Before each season is far advanced, on the sides of the bowl is
a sight that, depending upon the point of view of tho observer,
educes either curiosity and morbid intsrest, or a feeling of
revulsion and indignation, It would seem too few are infused
with these latter sentiments,

-Just how much extraneous matter was throwm into Morning Glory
during the first half century of visitation can only be
conjectured. Judging by vhat is known of ths abuse of othor
springs it must have been considerable. ‘There probably wers
tons of rubble and overy other unwanted object the miscreants
could geot their hands on. Irees, or tree sections were
certainly a part of what Morninz Glory had to engulf. Many
of theso tree sections remained on the surface of ths pool
until they became seo infiltrated with the water's hydrous
silica they sank to tho bottom. 4hen the sun 1s near the

. zonith thess logs can now be obsorvad firmly cemented Lo the
crater's floor. Beoing cemented to the bottom is no doubt true
of a shocking amount of additional rubble, refuse and trash,
During the late 1930s and 194Cs I can remember three occasions



when I removed newly intrcduced logs and stumps which were still
flecating on the pool. <That any water still finds egress into
the bowl of iorning Glory is in all probability due to the

fact it enters the crater by a side vent or vents.

Since 1950 the temperature of Yorning Glory has lowered from
175°F, to a current 161°F¢, this might not be without
significanco, ‘The degree to which vandalism might have
contributed to the decrease in tenperature is of course unknown,
The fact remains that with the drop in temperazure there has
occurred a complete change in appearance of ths spring. Instead
of the morning-glory blue which characterized it during much
the greater part of its kmoun history. the color is now of a
browmish, orange tint, dus to a tomperature which tolerates the
growth of algne on the crater's sicdes. In general apoearance
this spring has ceased to be the iHorning Glory of yesteryear.

Somotime during the 1930s it beca~e a popular pastime for park
visitors to toss coins and tax tokens into the thermal springs.

“Many of the Ranecers have developed a definite
dislike to thoss shiny tin tolens used by so

many states, DLuring the season of 1937 some

of the most appealing of the bsautiful hot pools
and springs were repeatedly marred by. shovers of
the world's least important cocin from perhaps
equally important people" (Oberhansley, 1938, p. 1).

Bocause dorning Glory has received many times greater visitation
than any other spring, it naturally has been deluzed with far
more coins. Unfortunately a few irresponsibls park concessioner
employees have contributed to the coin abuse, It is knowm, par-
ticularly during the 1950s, that so~e of the bus drivers before
reaching Yorning Glory informed their passengers that this spring
vas a "wishing well;" that good luck might result from Ltossing
in some sort of token. During this peried the rangers on
numarous sccasions were asked, “say, where is the wishing well?i"

Folloring the passing of taxz tokens, pennies in steadily
increasing nunbors were tossed into llorning Glory. <The
inclinegd shoulders of the pool to the south and east arrosted
the descent of thousands of the coins, while untold nuwbers
plunged into desper racesses, During the pool rehabilitation,
which was carried on in Octobers of 1946 through 1950, by
means of a large wire-scraen basket, which I had made, and



a vire brush attached to a 20 foot pole, I succeeded each

autunn in rermoving tho coppery color from the sides of the
bowl., In value, the seasonal recovery average amounted to
about 50,00, :

Induced Eruvtion

Follewing tho removal of the eonins in October 1950 tho idea
occurreid to me that could !lorning Slory be induced to arupt

= I knev it possossed that potential - a great quantity of
extransous matter might be disgorged. During earlier cleanup
vork I had denonstrated to my satisfaction that by reducing
hylrostatic pressure in a number of hot springs an eruption
could ba brought about, with resultant discharge of foreign
objocts, This was done by using a scoop, and rapidly removing
several shovelfulls of water,

My suggestion of trying to bring about an eruption of Morning
Glory got a favorable respasnse from tho Naturalist pivision.

The supsrinteadent gave his consent, and with the cooperation

of the Jaturalist Division work was begun, AT tirst garden

hose was usod as a means of siphoning the water frou the pool,
dleven lonz hoses wers acquired., One end was placed 3 to 4

Foet into the pool, the other near the river, ‘ha hoses were -
fillod with water from the river. At first tho siphoning
worked bezutifully, After the pool had bsen lowered about a
fool some of the hoses quit operating., Soon all stopped, We
concluded that due to formation of steam in the tubs ths vacuum
vas destroyed, At the tims ths opsration bagan the temperaturs
of tho pool was 176°F.; with the water dowm about 12 inches, it
was 1820, .
Tha next oparation was a somewhat laborious one. Having no
punp that would work in steam laden water, the expedient of
bailing the pool was resorted to, Three buckets wers
attached to ropss and the operation bogan, We were able to

- lower the water at-a faster rate than by means of the -hoses,
At ths tima tho opsration began the Lemperature was 184°F,

¥hen the water was lowered about 18 to 20 inches below the
crater's rim a sudden rise in water levol occurred. With

the rise thore was a marked rollover of ths water in the pool.
the tomperature had risen to 194°F, An eruption was
momontarily expected, After about an hour of agitation, with
no oruption, a larze box of destercent was added to the pool,
but still no eruptive activity in spite of the fact that the



temperature had risen to 200°F, During a long period of waiting
there was a declino in teaperaturs, It had dropped to 192°r,
Other menbers of the party had left. I left at 5:40 p.m. for

a bite and raturned at 6:10, To my surprise and chagrin

Morning Glory was in the closing stages of an eruvtion, It was
evident that a large volume of water, accompanied by much trash,
had been discharged. Dus to oncoming darkness I loft the pool
until the following morninz,

. The water in apparently heavy volume was discharged at an
uncertain anzle to the east, On tho wost side the formation
was comparatively dry with no evidence of discharged material,
Appearances indicated that much of the trash lifted by the

water column foll back into the erater, Judging by experience
gained at other geysers it is believed that for every penny that
fell on the formation, ten additional ones still remained in the
crater,

Relative to what ¥orning Glory had disgorgod at the time of the
eruption, what amazed me most was the quantity of laundry., On
the following day I erscted a line on which, for photographic
purposes, I placod seventy-six handkerchiefs, numerous linen
towels - soemingly acjuired at accomcdation places; bath

towels and socks. HNone of these articles was visible in the
crater previous to the sruption., In an effort to sort the
disgormed material I was able to identify 112 different kinds
of objects, soms of which were not without intrinsic value; some
too indelicate to mention,

Of tho coins strewn about the crater, and recovered, thero
wore $86,27 in penniss, 28,10 in nickels, dimes and quarters
- and tax tokens from 9 different states, 50.3 por cent of
which were from the state of Washington,

Two times during the 1950s attempts woere made by district
rangers to effect an sruption of Jorning Glory. Diaphram

punps wers usad, These efforts were unsuccessful due, it is

. believed, to the fact that the temperature.was 7 to 8 dogrees ...
" “Lower“than was tho case in 1950, I was not in the geyser

basin when the punping was dene. In recent years attompts have
been made during most seasons to rewove pennies and other debris
from the inclined shcoulders, Nothing is done, however, to stop
the seasonal flood of filth irroveront Americans pour into
Morning Glory, which havpens to bs tho outstanding example of
vandalism in Yellowstons Hational Park



<+ empty; " “The -cause of Mornming Glory's losz of thermal energy is’

1959 Earthquake

Horning Glory's pre~sarthquake temperature for both 1958 and
1959 was 163°F. On the morning of August 18, 1959 the water
was murky and had ebbed about an inch, This was sufficient to
stop all overflow; its tewparature was 165°', For the next 10
days the ebbing continued slowly until it was down 6 inches.,
During Septewmbsr and October the obb fluctuated between 2 and
6 inches. During the latter part of the year the ebb stayed
at a level of near 6 inches, :

During all of 1950 the watar stayed from 2 to 4 inches bolow
the rim of the crater, Whenever the temperature was taken it
vas near 1680F, During this season and 1951 there was little
evidence of recovery from the effects of the earthquake. In
fact in the latter part of 1951 the temparature dropped to
150°F, The uppsr part of the bowl became coated with yellow
algae, dulling the brilliant blue hus,

During 1962 there was slight overflow (llttla more than seepage)
from the erator. 'The water never reached the river; nor has it
done any season since tho 1959 drop., For a time I thought
Horning Glory was on the way to recovery, Its temperature was
2 to 3 degrees hotter than in 195L., This provented the growth
of tho algao in the upper part of the bowl, resuliing in a morse
boautiful pool, ;

Sinco 1962 the towoarature has ranged betwesn a low of 157°F
and 163°F. At this temperature there has been a steady grouth
of alpas.and other primitive plants in the crater, This has
resultod in a complete change in coloration., The name

Morning Glory is no longer applicable to this spring,

Yorning Glory has no known underground connections with any
other spring. Following the earthguake, and for the remainder
of 1959, wator stood about three feot deep and boiling in a
proviously empty-crater direcily to the north of '{orn:mrr Glory.
Since 1959 the water has slowly ebbed. Presently the crater is

unlmown,
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Spiteful Geyser -
rd
F8-655k, 4755
MORNINSG GLORY GROUP OF UPPER BASIN

Spiteful, a most inappropriate designatinn, was named by Arnold
Hague, It is perched on a sinter embankment 5 feet north of
Fan Geyser, Its crater is situated on the same break in the
sinter as is that of Fan, Spiteful's crater appears to have
been formed by a steam exvlosion which antedates park history,

During the 1950 cleanup, or hot-spring rehabilitation, Spiteful
was induced to erupt to facilitate removal of rocks and other
debris from the crater, It was only necessary to lower the
water level about 2 foot to bring about an eruplion. The
temperature was 200°F when the operation started. ‘the crater
stayed empty long enough to remove over a pickup load of rocks,
cans, bottles, ete,

Spiteful is apparently cyeclic in its activity. ‘The first
natural eruvtion I observaed was in July 1964, Other eruptions
were known to have occurred during that season, By 1965 it
was erupting with considerable regularity, the eruptiens
occurring about every 15 to 17 minutes. During the 1969-70
seasons the intervals had increased to 20 to 25 minutes. This
eruptive activity persisted until late October 1970, when there
was evidence to sugegest it might be entering a dormant cycla.

Prior to the beginning of frequent eruptive activity in 1965

the water in Spiteful's crater stood at the top of the bowl,
whose lowest side is in the direction of Fan. There was light
but continuous overflow; also minor ebullition due to high
temperature. Uuring the eruptive cycle the crater stayed empty.
The only time water was in evidence was during an eruption.

. With no known exceptions this situation persisted until

October 29, 1970 when the crater refilled with consequent over-
flow., I was unable to stay in the basin long enough to determine
if Spiteful had become dormant.

Eruptions of Spiteful are of the splashing type. At the beginning
of activity water starts jetting into the bottom of the bowl,
which rapidly fills. Splashes are continuous, the height being
from about 10 to 12 foet. lhe duration of an eruption is between
2 and 3 minutes, at ths end of which the crater rapidly empties.
Most of Spiteful's water flows into the ecrater of Fan.

Spiteful is a part of the Kan and Mortar Complex.

=77
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Wost Sentinel Geyser hid

o T
lrcd ywey 3yve B

F8-70E, 1955 CHiu il el
MORNING GIORY GROUP OF UPFER BASIN

During the entire period I have been in the geyser basins West
Sentinel has been in a stealdy state of minor eruptive activity,
The water boils to a2 hsizht varying between one and two fest,
For about 3 wesks followinz the 1959 earthquake thers was
increased vigor in boiling, which was estimated to bs about

3 feot in heizht., This apparently was dus to a slight increase
in tenperature of from 202° to 203°F. I have observed no
evidencs to indicate it is connected underground with any other
sprinz.



" now (19707,

Bottomdess Pit
P
F8-69354, 9705

CHAIN LAKs GROUP OF UPPF:R BASIN

Bottonlass Pit was nreaed by tha Hayden Survey, There is some
question &s to just which soring in tho Ch=in Lake Group they
designated as "bBotlonless Fit.,' It micht have been all springs
in Chain lakas, considered 2z 2 unit, thubt was so designated.
The southernmost of the chain-lake sprinss has long baen
referred Lo as Bottomless Fit, and so will ba treated in the
present discussion,

During much the sreater part of my observalions of Bottomless
Pit the water has hﬂﬂn of ﬂhﬁctratively low temperature,
ranging betwoen 133° and 141, ‘this lov lemperature permits a
lwouriant growth of fark brnﬂn, loeather-like slcae to line the
erater, Occasionally Jarce shests of the algae will spall from
the sides., The durk colored alsue make it difficult to see to
any depth into the crater, vwhich has vortical walls.

Tha only time I hava bwen =wire of an insrense in tewperature

of Bottouless Pit w2s durins the 1958 scasan, Kollowing a
series of major eruptions of Link it beca=o dormant in early
July. ‘this was apcavently dus to a shift of the thexnal enercy
to Bottomless Pit, whose tenvarature ross {rom 141° to 198°F,
This temwperature incrzase parsisted in Boltemless Pit during the
latter part of the 1938 season and throughout all of 1959. Ho

" marked drop occurrel until tho 1662 seszson,

Following the earthguake I chtained a reading of 200°F in
Bottomless Pit. ‘Yha sides of tha crater showed evidence
there had bzen som. boiling and surgine, For several days

the water was very turbid. Ilater it changed to a turquoise
color. Followinz the 1961 season the ilowperature dropped |
again into the 140 dosree vny-e, resultins in the crater again
beconing lined with broww colored alaae, in Whlch state it is.,

L]

Bottonless Pit has subterran =a1 cvonnecticns with all springs in
the Chuin Lake Group, wnless it be with Culvert Gevser. In 1957
followiny a series ot erupt;nﬂs of Link the water drcppoed about
4 feet in the Chnin lake Sprirnes. Tollowinzg a long series of
eruptions of Link in 1958 Hationless Pit ebbed to a measured
depth of 8 feot & inchas,

-ﬁ
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"Culvert Geysar" “
GB-795k, 455
CAATH Lake GROUP OF UPPER BASLIN

At the time the rosd was e-nstructed throvgh the Upper Geyser

Basin a spring next to Culvart Geyser, which lay athwart

enginocor plans as to where the road should be placed, was

summarily buried, A spring, later known as Culvort Geyser

which was situated at the cizs of the road's shoulder, had a

rock rotaining wall constructed on ths road side., Vihen this

was done Culvert could not hava been in the steady boiling D(eﬁh*7 .

= ampit ]
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stage which has characterizzd it for many years. It is ok :
believed that tha thermal energy of the buried spring shifted
to Culvart converting it into a steady gayser,

In 195" energy from the bhuried soring bzgan to manifest itself
in the nature of sn active {umarole on the shoulder of the
road next to Culvert, In July of that season the road in the
west lane suddenly collapsed forming a large pit, large enough
for a car to drop inte. rortunately none did., Tho cave-~in
was at once filled., I hav: se2n no further evidence of
activity of the buried sprineg,

*

Durinz the peried I havs been in the geyssr basins Culvert s b et o
,'J;_., SO &

has functioned as a steady. rmsyser, the water beiling up SN
batween 2 and &4 feet in hei:ht. As 2 rasult of the earthquake N
its temperature rosa from 202°F to 201°¢, In 1970 it was z200°F,

I havegobsarved no avidencs of uaderpround connections with any
surface spring,
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"Link Geysoer"
F8-46801, 8805
CHAIN LAKE GROUP OF UPPER BASIN

Link Geyser liss in a north northwsest direction froa Chain
Lakes, baing about 60 feet distant from the middle of the
chain., Unlike the separate springs which make up Chain
Lakss, znd which are connected both above and below ground,
Link's only connection with the group is subterranasous.

The nama Link was suggested to me by Hanzer Haturalist

Sam DBeal during the 1957 season, I had previously observed
that certain mariked underground connections existed batweon
Link ani Chain Lakes, *“his seomed to make the unnamed goyser
another link in the chain,

As is the case with other members of the Chaia Lake Group,
there is no cone or raised sinter about Link's erater. ‘the
crater is ragzed edged. Jt is about 18 feet long. From the
southwest to tha northeast its width narrows, constricling
from about 8 to 5 feet, During much the greater portion of
the time the water in the expanded end is in a state of
ebullition,

Since 1936 Link his been known to have major as woll as

minor eruotlons., This latter type of activity is the much
more freguent state of this geyser and has characterized it
for an indefinite period. A sign in the Chain Liake Group
during the 1930s stated that there were several geysers in
ths 'group,” one of which erupted to 2 hzight of ‘a*few feat.

It ses=s quite certain this latter reference was to Link,

When in a state of minor activity sruptions occur about

every 3% to 4 hours. For not less than 2 hours preceding an
eruptinn there is steady beiling and overflow. Tha eruption
is initiated by a sudden rise in water level, accompanied by
immediate surging. The surges are from 3 to 4 fest in haizht,
The coruption lasts from about 13 to 15 minutes. The water
leaves ths crater by two channels. During minor activity the
water drops about 2 inchss in Bottomless Pit, the southernmost
spring in Chain Lakes,

Any marked incraase in tewperature, or geyser activity of
any of the springs in Chain Lakes, results in dormancy of
Link. laring June and July 1953 the northernmost spring

tas



in Chain Lakes was known to be active two or three times
each veek, Turing all of this period Link was dormant,
Following a sories of major eruptions of Link in 1958 it
bacavwio dormant for tho rest of the season. This dormancy
was apparently Jue to a shift of the focus of thermal
enorry from it to Bottonless Pit., Prior to the major
acetivity of Lin't which anded in late June 1958 its
temporature was 2029F,, Eottonless Pit's 138°F., By June 29
Link%s temperature was 133°7,, Bottomless Pit's 195°F,
From then until the end of the season Link was not only
doraaat, but no water flowsd from its crater.

The earliest reference to major activity of Link was by
Ranger Haturalist z. B, Douglassi

"At the opening of the 1936 season most of the

area botwesn the Chain Lakes and the road was
badly washed, and all superficial debris had

benn carried away, On the pre-season trip...

Park ilaturalist Bauer mentioned there was increased
activity in the area...

Twice during ths early part of the summer the
unthor witnessed eruptions of the new geyser.

One occurred shortly after the erowd had dispersed
followin: an eruption of Hiverside, ‘The other
happened just as the auto caravan was passing the
point, On Lhis occasion the water flooded over
the two foot bank at the edge of the road in a
sheet several inches desp, ‘the gutter was unable
to carry all the wator, and it rushed out almost
to the middle of the road,.

In the weeks that followed, tourisis frequently
brought to the 01d Faithful Museum reperts of

seeing a geyser across the road from Riverside,

which apparently had no name, These reports

seemed to como about every other day and were
usually brought by someono who had been waiting

for an cruption of itiverside, we began to wonder

if the gayser had a rogular forty eight hour interval
and if its eruption could be influenced at 211 by the
eruption of Hiverside. Il was to answer these two
questions that an attempt was made to keep a systematic
wateh of the geyser and record its frequency of
eruption,....



The eruption of the goyser was intsresting becauss
it came up from the southwestern corner of the pool
at an angle, much after the manner of the Daisy
Geyser,., For the first half minute or more of the
eruption, the force is dissipated in emptying the
erater and tho water was not thrown higher than 5
to 15 feet. During the last of the eruption, the
water was thrown to a height estimated at fifty or
sixty foot. A complete eruption was witnessed only
once, howaver, and that came as such a2 surprise and
was of such short duration, probably not much over
a minute, that no accurate estimate could be made.

The geysesr seemasd to bas closely connected with a
nearby hot pool, one of the Chain of Lakes, for
during an eruption this pool was drained complstely
by an aspirating action, and for several minutes
after an eruption, water from another pool of the
chain drained into this empty pool and out of sight
as if down a sower,

Following the eruption, pisces of white opalite

were picked up on the bare arsa over which the
geyser had played., [hese were very different from
the surface geyserite deposits and their prasence
could only be explained on the basis of their

having been thrown out during an eruption., That
considerable sub-surface erosion was taking place
was evidenced by the vary turbid condition of the
water which filled the crater after the eruption.....

In view of thé size of this'new geyser, should it
continue to erupt with as much power, it deservas

to receive more publicity. The fact that sub-surface
erosion is taking place will make future observation

of this geyser interesting to determine whether it
becomes stabilized or destroys itself” (1937, pp. 17-18)

Major activity of Link persisted throughout at’*least part of
the 1937 season. During this season Ranger Naturalist Fix
spent considerable tinms in the geyser basins, Despite an
offort toward that end, hs did not succeed in seeing a close

up major eruption of Link, He observed it from a distance

and stated that the height of the water column sesmsd to be
above the trees, In commenting on the observations of Douglass,
Fix wrote:



"Altho it appears geyser actlivity in the Chain lakes
area is not a nsw thing, it is believed the first
major activity was that reported by R, H. Dougzlass

for ths summer of 1935, During that peried, it erupted
to a height estimated by him as 50 to 60 feot at
intervals varying from %+ to 6 days. It was also
estimated that the volume of water discharged during

an eruption amounted to not less than 1,600 cubic feet®
(1937, Geolozy IKile p. 18).

During the above pericd of major activity ot Link I was not in
the geyser basin.:

My first observaiion that Link had a potential for major
eruptions was durineg the 1954 season. I did not observe an
eruption but was aware of its effects in the way of washed
sinter about the crafter, During the 1955 season 8 major
sruptions were known to have occurred, tvo of which I observed,
But 6 eruptiens were noted for 1$55. However, in 1957 major
activity took place on an unprecedented scale; not only for
violencs of eruptive activity twt freguency of play. Large
blocks of sinter rimuing the inside of the crater were broken
away and carried many feet from the bowl, Some of the blocks
were estimated to weigh around 300 pounds, "he column of
discharred water was also in excess of major eruptions noted
during previous seasons. It flooded much farther back from
the crater and washed awvay great quantities of disintegrated
sinter, I did not observe any of the *white opalite"
referred to by Douglass,

The major eruptions I was able to check during June and July
seemod to come mosily in series. “that is, one eruption was
followsd by several others at about 3 hour intervals, lhe
longest scries was from July 6 to 8, 7This was the last major
activity, oxcept for one eruption known to have occurred in
October, for the season, During each successive eruption of
the Link the water level. in the Chain Lakes would continue to
Yower. At the conclucion of a series of eruptions the water
level in these springs would be down about 4 feet. ‘here was
also ebb in the springs between Bottomless Pit and the road.
Following the July activity it was 2 days before connecting
springs refilled Lo their usuzl high levels.

Two eruptions of the Link I was able to observe in their
entiroty lasted for three mirnutes; the major part of the
eruption lasting not more than a minute. Within 10 seconds
after overflow, surging started. WMaximum height was reached
in from 20 to 30 seconds; estimated height was 75 fest,
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During each eruption thers were 3 voluminous Surges. There
was & short steam phase at the end of the eruptions. The
angle of the water column was to the west, being 10 to 15
degrecs from the vertical.

There ¥as no major sruntisn of the Link from 1ate October

1957 until April 3, 1958, Howsver, during the winter period
the minor eruptions occurred overy thros to four hours. A
major cruption on April 3 was Tfollowed daring the next few
weeks by several adaitional cnes. These sruptions came

singly and not in sories. rollowing a wajor display the
activity in a few hours would shift back to the usual minor
function. A major eruption at £:30 a.m, June 7 was {followed
by a series of eruptions throughout the day, and continuing
all of the 8th. I observad saveral of thsse big eruptions.
They impressed me as equalling in magnitude and discharge the
ones I observed in 1G57. Th= eruptions ozcurred about every
two to four hours. The last one in ihis series was at 7352 a.m.
July 9. This proved to ba the iast known major eruption until
19 E58 .

During this protracted period of majer activity, following
each eruption of Link, the water in Chain Lakes would sbb
to n new low, Folleming the crupficn on the @th the water
jevel in Chain Lzkes was down eight lest four ineches, As in
1957, ths springs jmmadiately south of Chain Lakes were down
about four inches, indicating subterransan connactions with
Link andi Chain Lakes.

Whether it was rure coineidznce or not, I have not been able
to ascertain, bul the fach remains that the major eruptions

T observed of Link during 1954 threuph 1958, with one
exception, cams during tha early part of the season. By early
July dormancy would ensue.

Tho 1959 earthquake had no ohservablo effect on Link. Minor
eruptions continued on the same paticrn as previously. From
the time of tha July 9, 1953 major eruption of Link it is
believad no more ogourred until Seplember 15, 1948, when two
eruptions took place. Sinca that date there has beeh.no
Turihsr major activity. T appreciate ihat several months
intervened when no observations wers mzde. However, when
Link has a major eruption thers are telltale signs about the
crater for months afterward. Early checks are made in the
spring and throughout the ssason.




North Chain Lake Geyser
v
FB8-595=, B50S
CHAIN LAKm 3iOUP O UPPrH BALIR

The water in Horth Cha'n Lake usuzlly stands from 2 to 3 feet
belew the rim of ths crater, Ths eroded sintsr on the north
side, in ths direction of the river, 1s indicative of oeccasional,
perhaps infrejuent eruntive activity.

It was durinz the 1910s when I first became aware that this North
Chain Lake spring possessed geyser potential, I did not observe
an eruption durinz this period, but I noted that at least two
cccurred. It was not mmtil July 1953 that I saw an eruotion.
Until lato July of that season it eruoted 2 or 3 times each week.
The eruntion was not unlike that of Oblons Geyser. The duration
of an eruption was about 2 minutes, during which a large volume
of wataer was dischargad, The eruplive activity not only tore
out pieces of sinter from tho crater, there was also heavy wash
of sinter about the erater, Luring most of the 1953 season the
tonperature was 1G3°%, as against 168°F for 1952, Since July of
1953 I am not aware cof any further eruptive zctivity until the
night of the earthavake. Sinca this naturally induced eruption
it is believed that North Chain Iake has been dormant, It is
very definitely connucisd underground with other springs in the
Chain Lake Group.
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"Sguare Spring"
687608, B705”
CHAIN LAKE GROUP OF UPPER BASIN

Sguare Spring 1s nearly square in shape, each side being about

18 fret. Tt is located about 25 feet southwest of Culvert
Geysor, Durinz much the greatsr part of the time I have

observed Square it has bsen a gquiescent spring, However, on a
faw oeccasgions in the 1950s it was known to have erupted, The
night of August 17, 1959 there was an earthquake induced
eruption. None of these eruotions was observed, Its temperature
following the eart!iquake was 202°F,

There is evidence that Square Spring is connected underground
with other springs in the Chain Lake Group.
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nGrotto kountain Geyser" e

G8-955E, 2208 ¢
GROI'TO GROUP OF UPPEK BASIN

what is believed to be the earliest reference to an eruption
of Grotto fountain was of one that occurred during the 1928
season,

“"Museum records show that these vents bscame active
geysers on two occasions during the summer of 1928
and at four times during the season of 1931.
Apparently remaining inactive during the winter of
1932, these erratic vents burst forth with powerful
fury on ths evening of May 22, the ons closest to
the Spa geyser playing to a maximum height of 50 feset
and continuing in eruption for soventeen minutes,
The eruption of this vent bezan at 7:08 p.m. and a
larze volume of water was thrown vertically until
7:25 p.m, whon activity ceased suddenly and the
surrounding pool began to drain rapidly into the
crater. ‘the play was characterized by a2 steady rush
of water and steam, closely resembling the play of
01ld Faithful, except for a lesser heizht and smaller
volums of water. The roar of the water could be
heard for a considerable distance. Filling the
surrounding pnol to overflowing after four minutes
of play, the west vent (nearest the Spa) poured a
large stream into the Firehole River for fifteen
minutes. At 7:24 or just one minute before the vent
suddenly ceased to play, the second vent burst forth
and erupted for two minutes to a maximum height of
siz feet, throwing a largze volume of water. At 7:26
this vent also quieted suddenly and water from the
pool rushed down the crater.

During the unusual eruption of the drain wvents, or

at 7:17 p.m. the Grotto bszan eruotion and was
followad at intsrvals by the Rocket which threw
witer in spurts during the next ton minutes, Within
ten minutes after both vents had ceased to play, the
surrounding pool had bsen completely drained and the
eraters were functioning as usual as flood sewers for
the Grotto and' Rocket, which were still in eruption
when the observation ended" (Skinner, 1932, p. 32).

L4
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From 1932 until 1941 Grotto Fountain apparently was dormant.
During this period there is no reference to it. From 1937
until 1941 I spent most of the daylight hours each season

in the Upper Basin, My first obsorvation of an eruption was
in 1941, It came as a great surprisse. I had no previous idea
that a spring of marked geyser potential was situated in
Grotlz's north drain channel., During 1941 fregquent activity
of this geyser occurred. One of the naturalists who was
stationed in the basin in 1941 made the following report:

"In the runoff channel below Grotto and Rocket
Geysors some 75 feet in distance from them is an
inconspicuous 'T' shaped orifice into which flows
a great amount of the water runninz off from these
goysers. ‘There is seldom sesen any escape of vapor
from this vent but to the right or south of this
opening about 25 feet is an older orifice or vent
from which there is a large quantity of wvapor
escaping at all times,

That these two orifices are connected is certain

for on Friday, August 1lst, I was waiting near the
Grotto when tho vent in the runoff channel started

to play as a pgeyser. Its activity was very striking
for in playing frem the opening it threw a single
colunn of water into the air similar in shape to that
of 014 Faithful. It erupted to a height varyins from
25 to 75 feet and played almost constantly for 15
minutes. Considerable witer was throwm out bringing
with it, at the beginning of play, ths accumulated
sand and debris carried into it by the waters draining
from Grotto, Rocket and the immediate roadside. A
larga quantity of steam was emitted from the opening
during the entire play.

During the eruplion of this geyser the vent 25 fest
to the south was in constant violent sruption to a
height of ten feet. At the completion of play the
waters of the runoff channel and surrounding basin
again ran into the vent from which the eruption
occurred while the nearby opening 25 feet to the
south continued to be active for a few minutes,

This geyser was observed in eruption on several
occasions and the interval has proven to be very
irregular so that the time of eruption cannot be
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predicted. ‘here is no indication that it is going
to play with the vossible exception that the opening
25 feet to the south seems to become more active
just before eruption" (Replogle, 1942, p.4).

During the 1941 and 1942 seasons one or two eruptions of Grotto
Fountnin were noted each day, One interesting observation 1
made in 1941 was that an eruption of Grotto Fountain served as
a certain procursor to an eruption of Grotto, The eruption of
Grotto would start anywhere from 1 to 5 minutes after the
Fountain bezan, Should one see Grotto Fountain start erupting
he can rest assured that in a matter of minutes Grotto and
Rocket will begin eruptive activity. while Grotto always
follows Grotte Fountain, most of Grotto's eruptions oceur
independent of Grotto Fountain,

An eruption of Grotto Fountain is not without precedent signs.
Proevious to an eruption the water will boil in the crater,
with periodic overflow. It has never been obsaerved to erupt
except when the water in the bowl of Indicator spring has
reached the hirh water mark. About 20 feet south of Grotto
Fountain is another spring, sometimes called South Grotto
Fountain, which alwavs starts erupting about one minute ahead
of Grotto Fountain., Should the activity last for several
minutes previous to Grotto Fountain then Grotio Fountain will
not erupt. The activity in its bowl slowly subsides. The
south spring will continue to erupt for 10 to 12 minutes bofore
Grotto starts, when Grotto Fountain erupts the south spring
serunts in concert with it,

Grotto Fountain attains maximum height within less than a
minute following the start of the eruption, Haximum height

is maintained during the first 8 to 10 minutes, after which
there is slow subsidence of the water column. In the initial
stzges the water is ejected under considerable pressure.
Durinz the concluding stages of an eruption there will be
pericdie resurges in ths strength of the activity. The height
of an eruption is betwesn about 40 and 50 feet. Some give a
higher figure. ‘he south spring erupts to a height of from 8
to 12 fest. -

Durinz the 1941 and 1942 seascns the great na jority of the
eruntions of Grotto Fountain lasted for about an even 17
minutes., Occasionally one might last for 18, 19 or 20 minutes,
Since the Tirst obsarvations in 1941, and to date {1970), the
great majority of the eruptions have had a duration in the



ran7ae given above. Two seasons have been exceptions. During
1957 many of the eruptions lasted from #0 to as long as 65
minutes, <they would persist long after Grotto started. During
the 1967 season most eruptions lasted from 13 to 15 minutes,

Following the 1941-42 seasons I was not in the geyser basins until
the 1946 season. TFrom then until the eruption cycle of Giant -
1951 to 1955 - Grotto Fountain would erupt with about the same
frequeney as during 1941 and 1942, From 1952 until the 1955
season 1t erupted infrequently. However, during 1955 its
activity was synchronized very closely with that of Grotto.
Following an eruption of Giant, Grotto would always be inactive
for a day and a half to two days, Then until Giant's next
eruption, Grotto and Grotto Fountain would erupt about every 10
hours, lowever, at times when an eruption of Grotto Fountain
vwas imminent Spa would start overflowing., ‘'his delayed Grotto
Fountain for several hours. ‘he overflow from Grotto Fountain
served as a vory good indicator for the time of its play as well
as that of Grotto. At no tims durinz the season was Grotto
observed to erupt independently of Grotto Fountain; its activity
would commence about one minute followinz Grotto Fountain's,
This close relation between the two geysers did not persist in
suceaeding years. In 1953 and in the pre-earthquake periocd of
1959, it was seldom observed erupting. where activity of
precursor springs was involved as a prelude to Grotto, the south
spring would tricger most of Grotto's erustions., ‘This same
situation existed following the earthguake,

During ths 1961-52 seasons it was observed that many eruptions

of Grotto were not trisgered by Grotto Fountain., In 1963 I
noted that when short intervals of Grotio ocecur, an eruption is
not precedsd by an eruption of Grotto Fountain or ths south
spring, Neither doss the crater of Indicator refill, 'This would
seen to indicate that short intervals of Grotto are but separate
phases of the same eruption. By 1969 Grotto Fountsin had slowsd
down considerably., But 3 eruptions are known to have ocecurred.
Six weres reported for a 6 month period in 1970. It is possible
this goyser might be entering a dormant cycle,

Thare is very good evidence for believing that Grotto Fountain
1s eyclic in its eruptive activity. The eroded sinter shset
whicii partially surrounds the vent furnishes certain proof of
either an earlier period of lonz sustained activity (the present
one has scarcely made a new dent in the eroded sinter) or that
thers have been many recurring periods of activity, perhaps
comparable to the present one. 1That the latter postulation
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might be correct is indlcated by trees which have grown near the
crater, That the activity described in this paper represents a
new cycle of activity is shown from the fact that by the end of
1942 several Lodzepole Pines about 50 feet northwest of the geyser
waere killed and whitened by the freguent wind-blovn water they
ware subjected to. ‘lhese tress were from 50 to 75 years in age.
These trees could not have grown where they were with Grotto
Fountain functioning as it has during the past 30 years. Another
tree of interest is a stump about 3 feet in height and 24 inches
in diameter which grew within a2 few feet of the crater which
Grotto Fountain's erupting waters have excavated. No doubt
bacauss it was dead, having besn killed during one of Grotto
Fountain's eruptive cycles, some early park administration had
this tree fellad and removed, The tree was not less than 150
years in age. The fact that it grew within a few feet of Grotto
Fountain indicates not only cyclic activity, but that some of its
dornant periods were long.

Grotto Fountain has been identified by two additional names,

At first it was called Surpriss Jeyser, due to the surprise
occasioned by soeing an eruption, Later it was referred to by
the uneuphonious title of Grotto Drain Ceyser, as the eruption
issued from one of the vents into which some of Grotto's water
drained, The name Grotto Fountain, by which it has been more
genserally known, seems more appropriate in view of the fact that
in the Lower Basin there is a spring named Surprise, which since
the 1959 earthquake has shown occasional geyser activity.



Grotio Zeyser
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This geyser was nameld b the Washhurn Zxpedition: "The Srotto, so
narad fron bhe stwgularly #indin: anaratur«ss genetrating the sinter
5 lications of its

snrrowrltin: it,  2xtarnally it orezeats few in
zayser” (L angford 1370, p. 1?1).
“he univus charactare an? fersm of the sinter which comprisss the cone
of Grohto hisve always cavzhit tha {ansy and intorst of the observer.
shen not in =runtien the cone will attraet as many visitors as when
vwatar 1s spaucing throuzn the archas, Relative to how the cons
imoressen earlv v151¢nrs fhn fo1lowing is of intesrest: "Om tha right
sid2 of the road as you antsr thes basin, stands the Jrotio Jeyser,
with ths 2)dast of all t1~ geyser-craters, and of a form that «will
vuzzle ths rost profoun! te accouarn for, Je all have pet theories
and fancies as Lo how this curious thing was for+ed, ad., in fact,
vie atte-pl to unravel the aysta-iss is

a sreat vart of the enjoyient
of ths wizit Lo itha zayssr basin, 01 2 lov elonzatsd wound a faw
feot in helzhh stands (as you vias it from one sids) a nillar of
cav ; zat, siizhily leaning to oneg side. Abmut
t noline bank or varavet als2 of seyserite
T ] ; 4 botn zwds like a tunqel, arched over and
earved, so Lral both orznings are =24 the same side of the cratar.
dear the nillar is a vartiesl 2oining of s=all size., The entire mass
is white anl si0wy, Un ons sids the outsr wall of the tunnel is

( pereaadicnlar; on the othar, sloning” (Haust, 1883, o. 105). - e

F29nla coaf*nu= to pusele and srecilatz as to just how Srotio came

by its unioue structurs. Its con2, like so many in the gaysar basin,
ra2s5ts on an nlier sintar which is c¢urrantly “eiaz eroded by eruptivs
aotlvity, 22 Lhirouzhout Lhe basin is higaly suzohstive that a
mrmer af T2irsars mizht have had thsir genssis as a result of a ma jor
earthjuaica which fractired an atfaz siater covar, peritiing a2
ratner sudian avalubi- of ther sl snergy, An historic and recent
exanola »f this 15 faund in Lthe now Seisnic Javssr. There, as at
Grotte, a froziure i a sa0 rith treas, rasulted 1n the
suddan evalinbiom of a 4% ge r:ttc s arches and pillar prasent
ceriain avi-icace that =w-forial a-art frem normal zeyser dsrosition,
served as anclei for ths presewt srotesjuz shapa 3f the sinter, It
is my fire comvietion that if a boving ware made in ths central
oillar silizified wood wwould bs ancountered,
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Durinz Gratto’s auist phase the curious have ever bsen wont to
invastirate ths "Grottos", The washhurn Party sat a2 precedent,
"Private [i1lliamson, one ol our escort, crawlsd through an aperature
and 1aoksd inte ths discharging orifies,,, “hen afterwards he saw it
belchine forth a eslum of beoiling water, ha said he felt like
ons 5 h21 narrovly escavsd bzing summarily cooksd" (Langford, 1870,
p. 171). There is scarcely an early referance to Grotto which does
not refer to the intuisitive crawling throuzh the arches. "3ome of
ths virty cravled throngh ths ossnings in the sides of the wall,
when it had eoolad after an eruption" (Stanley, 1878, p. 113),
"In peacs it is larce, irrssular and ecavernous, and tourists may
eravl about it in injuisitive insvection" (Kenney, 1382, p. 42),
Zvan in raceat yaars, and despits "XIIP OFF" signs, scarcely a

{ se2aso1 oasses bul what I have observad descendents of the early
visitors similarly inquisite and curious,

Vandalism

Not onlv 4id the cone of Grotto arouss curiosity, fut dua to specimen
hunters, it did not escape the sound of ths hawmer and chisel, *The
marrines over a considerabla surface are, thorefosre, sxcesdiagly
razular avd remarkably {ins, raseqbling a s-osth white floor inlaid
with 7littering pazrls, Larze slabs of this matarial, thres-fourths
of an ineh in thicknass, ean readily he datached without injury, but
ths =zeyzeriia is rather britile and doss not bear transportation well®
(Jonnz, 1573, oo, 251-252).

Mot all viewed ths dstachmen® of "slabs of material” as being
"without injury”., "Aftar seeinz the injury done to its crater by
visitars, the larze =majority of whom aras rasidents of the Territory, .
we couid not halv wishing that t-a discharze of boiling water were
absoltely continunaus, so that the deoredators =might be kept at a2
respictful distaqca" (Ludlow, 1375, . 122).

p—

Aopsrantly the "slabs inlaid with pearls™ wers larisly re-oved from
arotto bafora I beeave acquaiated with it. During the period of my
obsarvatinns the =ajor oart of the vandalis~ has resultazi from
throwing any objest at hand into the. ératas. Tthe Park 3arvice
inadvertantly pl-ocei 2 wall of limestone on the border of the road
abutting Jrotto., iost of the hundrads of spalls fron this linmestons
ny7 r203s2 in dratho and neizhboring soriazs.
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Zruptions

All of the sarly referances to Jrotto in -uch the greater -measure
atiewt Lo deseridbe its s1dly shaped some, Refsrences to eruplions
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are bat incidantal. It is very doubtful if thare were any sustained

cbservations. YMany of those who left written accounts in all
probability did not witnsss the progrsssivs stazzs of an sniirs
eruvtion., One writer raosorted thait eruntions lasted for tut "ten
minutes”.,i He no doubi witness2d the concluding 19 minutes of an
eruvtion, 1In recesnt y2ars sore Park 3ervice eswnleoyees have been
zuilty of similar erronoous conelusions. Thsy report eruphions of
gaysers asg berinaiaz whon bhey first sawr then.

Ths heights {or eruntiosns zivan in early renorts vary from 20 to

A0 fast, Thoss Wwho rap orted eruption haeizhts as bainz from 20 to

25 feet wera no doubt =akiag a2 re2asonabls estimatz of Grotte, It

is balievad thzt srustisas which vera reportad o be froa 50 to A0

{ feet in heizht wsre of th2 Rocket, That this in a measure accounts
for diserepwyncies resulis from the fact that Rockst in the bezinniag
was considered a part of 3rotto. Ths na+e HRockebl is of nuch later
date,

The earliest descrivtion of 3Jrobtto which reoreseats most closely
what —ust have besen its ovarzll pattern of aztivity since 1270 was
based on observations =made in the 1920s., “Ths interval of Grotto
and Rocket is extresaly srraftic hut they are in eruntion at lenst
twelvs howrs out of tweniy-Sour in periosds of ona to three hours
at a tiwe" (Fhillins, 1927, n.139).
Durinz th=2 19405 it was =7 obsarvatina that Groito was in an astive
phass fullv half of tha tiwz, Howevsr, as to the duratien of an
eruotion, =v data wer2 somgvhat at varianes with thosae of Phllllps.
A ninber of eruntions uhich I checkeld lasted for aboul B hours.
Many of ths guiet ohazss wers 23ually lonz, At tines a two to
thres’ hour intsrval would ba shssrved,
During =an srusting of JGrotio, whether long or shori, thers is
continuous solashinz throuzh the archss &5 heizhis varying batwesn
about ? an¥ 12 fast, Tha hizhest s-lashas ars Srow the southern-ost
vent., If 2ockst hns a ~major erupilon during 3rotte's active phase
thars will e a3 brief pause [ r the duarating of Rocket, whaze
srustion lasts fr-m 2 Lo 4 ninu

when Grotts Fouatain aeis as a oracursor Lo an erustisn of Grotto
the initisl bursh fraq Jratbs is quite ssvectaszular., «ftar abont 2 .
to 3 minutes »f ore-play by 3rotio Fountain, Grotto will almost
exolosively initiate an sruoiion, A volunminous mass of watar is
suddenly ejected, Fron the south want the heizhit is not lass than
30 feat, Aftsr this grand disclay it seitlss dmwm to ths 8 to 12
fool splashing,
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Giaﬁt Affects Grotto

That durinzg the longz psried Grotto was buildinz its cone there
mizht have beon parisds of dermancy was not racoznized until the
1952 season. Durinz 1952 thz behavior patterns of Grotto and
Giant presented certain evidenca thai they are coanected
subterransously, It is sur.wrising that the pronounced synpathy
existing betwzen then was not racoznized in 1951 or at the time

of an ez2rlier active cycle of Giant., &vidently too =mueh atteation
was focusad on Ciant,

There is 1littles qusstion but that prior to the 1959 eartiquake the
Grotto Group of springs was the main cause of Giant's cyclice
behavior., It see1s ejually certain that Giant's earlier active
cyeles must have besn attended by a dscrease in function of the
Grotto Group,

During the 2arly part of the 1952 season I becaws awars that thers
was a noviczable dscline of activity in the Grotio Group, Following
this obssrvatinn Grotto was given special focus as 2 possible cause
of Gilant's increass in activity. It soon bacame anparent that a
pronounced syanathy existed batween the two Frouvs, JAn erustion of
Giant actzd as a precursor to an eruntion of Graotto, whose eruntion
came about 45 minutas fellowing the start of 3iant, Ixe2ot for a
series of 3 or 4 eructions of about 49 =inutes duration, c¢oving as
& serusnce o an erustles of Giant, Srotto was in larzes measure
dor~ant Juring the 1952 seasan, A few times Grotto erupted when
the quist phase of Giant was about 48 hours old. ith but two
observed sexcentions, this was an unfailinz herald of a delaved
eruntion of Giant. The eruntions of Irotto which ocsurred during
the quiet’ phases of Gimat precedsd an eruotion of 3Jiant by about

10 hours., On two ocecasions, ths exzentions alluded to above, instead
of the eruotion of Grotto delaying Giant, ther both srupted near
simultanzously,

Adiitional evidence of the pronouncad simpathy existinz betwesan

Grotto and Giant is found in ths fact that the eruptions of Gratto

waich praceded Gisnt v about 10 hours cawma only ‘at the ti-we of one -
of Giant's hot psricds; the only tine at which Giant will arunt,

Durinz the 1953 and 1954 s2asams thers was so-s variation in the .
relation batween Giant and 3rotto, Occasionallv Grotto would

follow the Giavt in the same manqar as durinz 1952, However,
eruption of 3pa, a part of the Grotts Connlex, following Giant was
the qore com-on pattern. Giant and Spz reduced Grotio tn a state

of n2ar dor-isncy during 1953 and 1954, Interfunstional ralationship
in the Grotts Fr-us sss-s very connlicated,
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About July 1, 1955 Giant's intervals bezan to lenzthen, resalting
in dormancy a few =nnths later, .Aith the incraasing langth of
Giant's intervals thare was a noticeable incr:ase in activity in
the Grotto Groun., At about 10 hour intervals the Grotto bezan to
hava eruntions durinz jiant's guist phas=2, which had now lengthenad
fron 7 to 10 days, Grotte fountain becams raactivated, All
eruotions of Grotto were oreceded by Grotto Fountain by about 2
minutes. ' -

From 1955 to the time of the earthauake Grotio was in an active
phase fully half of ths time. Howsver, the duration of the
eruptions showedl a much wider ranss than previous to Giant's active
cycle., At ona time I observed an erustisn of Grotto which lasted

| for but 45 minutes, On another occasion an eruntion was checkad
which lasted in excess of 15 hours. In 1958 in late szason most of
the intervals increassd from absut 1* to 3 hours to near 8 hours,
The duratisn of tha quiet vhasa closzly corresoonded to the length

. of the active one. Ths behavinr of the sorings in ths Jratto

Groun durine this pesrind furnishes addition2]l evidence »f the
varying, shifting and complicated patterns of activity which
charactaerizas a systen of hot sorings containing =any seyzers
connected subterranesusly, In the intertwining Giant and Grotto
Groups fourtaen of ths snrinzs are known to bs gaysers,

1959 Earthquake

Durinz the ore-sarthjuake nerind in 1959, as in 1953, Grotto was
active about h2lf of the time, Th2 active szai guiet rhases wers
both about 8 hours in lenzth, Iansdiately fmllowinz the big

{ tremors tha active phase showed considenable increass ovar the

: quiet vhase. Dns tn the duration of an eruotion, and the Iimited
opoortunity for chseking, it was difficult to datzrdne how lone
most of the eruotians lasted, t is certain that the gr=at
majority contiauzd for mors than 24 hours. One active nhasa, by
maans of a racordsr, was dstap-ined to have lasted for about 45
hours. The juiet phass see-med to vary hstween 8 and 12 hours.
The marked incr2ase of the active over the guist phase is
revealing of tha exteat of the increasa ia ther-2l enarzy.
Durinz this perisd of jreatly incraased activiity of Grotto the
ervotinons dil nnt sss+m any more foreaful; also tha discharse
seemad to b of absut tha sawe rate as baforz the earthjuake,

- In Septa-har of 1957 twn days wara snent at Sretto in making
welr measursmants of discharre. Considarable difficulty was
exdariavcaed in channelinz the wafar thranzth tha weir., The
figurse. arrvived at was 470 gallons par =inute, At this rate
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Grotto would discharge 675,800 gallons during an eruption lasting
for 24 hours, This would co-pare with about 242,000 gallons for
01d Faithful durinz an equal p3ried, Apparantly Grotto is
connected with a conious water supply.

The zreat inerzas3 in ther-zl energy sham by Grotto during the
first fev months followinz the earthguake was less pronounced
durinz 1950, Nons of the 24 and mers hours of orotracted nlay
ocecurr=d, Ths duration varisd betwesen about 1 and 1Z hours. The
active nhasa was still of graater duration than the quiet one

By 1943 the activs and quist ghasss were again of aboul eaual
lencth, :

Durinz the first fer years folloving the earthquake Grotto's
indicators wers very active, esmeclally Grotto Fountain, It
precsdad Grotte anvvﬁere from 3 to 8 minutes, Occasionally ths
small eevser south of Grotto Fountain would act as a2 precursor,
Durinz racent years activity of the indicators has subsided,

Beginning in 1962 and versisting throuzh 1959, it was obsarved
that whan a series of one to two hour intervals oceur the
indicators never £ill or function oracedinz an eruntion of
Grotto. The only lozical eonclusisn I ean draw from this is
that shori periods of olay are but separate parts of a sinzle
eruvtiszn,

Grottn is %1owa Lo bs comn2eted with the Giant Comnlex,

which cmsists of nat less than elsven units, In its owm
prouainw there ara connections with Rocket, 3ma, Indicator
Sorinz,’ 3rotys Touatain, South Grotio’ Fountiln and an unna-ad
soring,
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Indicator Spring -

G8~93%E, 3105 -

GROTTO GROUP OF UPPER BASIN

The water level in this spring fluctuates with the guiet and
active phases of Grotto., At the time an eruption of Grotto
approaches -Indicator's crater usually will bs nearly full,
The crater empties during Grotio's active periocd.

It was observed in 1954 that by the time the water leve) in the
Indicator was within about an inch of the top of the crater an
eruption of Grotto was imminent. The rise of the water was
gradual, beinz about 4 inches per hour. Following the 1957
season and to date the Indicator has been less useful in
predicting Grotto., The rise of the water level in Indicator
before an eruntion of Grotto has undergone some chanze and
modification. After the water reachss about maximum rise
there will ba 2 to 4 periods of ebbing, amounting to about 4
to 6 inchss, before Grotto finally erupts, Alse, Grotto will
orupt at times bafore the Indicator fills,

During Grotto and Rocket's active phase some of the discharged
water which flows down the north channel pours into Indicator's
crater,

2i
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Riverside Geyser
- 140E, TH55
GROTTO GROU® OF UPFER BASIN

Early Raferences

There is no record thst Riverside was one amonz the o
geysers cbserved by the Washburn Party &t the time of ir nomerable
discovery of theo li-ver Geyser Basin in 1870. The rollewing year tne

U. S. Gzclogical and Georrannical Survey Perty, directed by

Dr. ¥, V. Hazden, observed it evzut1'5 sndé gave it its UP?EC’u rnang.

Durinz 1R71 it was also observed by Cantains Barlow and Keoo, Tovoe
irzare of the U. S, &rpy. They noocd it “#ell pgoveer

asal arror of bvirp
theisr

{U
o
i

4t cldanentdrations o7 the hot swrinesg at the same timz
gical Survey. Thess two rar-ties, bowever, worred
v of each other,

=4
They caonducts
as the Geolo
indercendentl

r

To Barlow and Pear zoes the distinoticn of beire the first to lesve o
deqc*intlun of Riverzide. After having descrived an eradtion of Fan
Ceyser they state:

"One hundr'ed yvsrds farther up the east side of the stream

is fourd a uouble govser, A stresm Ifrom one of Lhe ovilices

plays to a height of 80 or 90 fech, eritting larcs vorumss

of steam. Frcn the formztien of the crater *t waes nonied

1Well! geyser" (1871 p. 27).

Reforences to Riverside. and Lo many geycers by cariy obo eYVErS
scientific o rties not excertod, reveal 2 grast deel of conlusicn as
to identity and overformarce. Prefessor T. D. Comstenh of the Jones
expedition wrote as f011aws.

A Jittle belcow Grotie, seross the river, a zeyser which is situ-
zted near the cdge nf the strean beesan to s-put at 2:L3 w.nm.
This known as the Riverside Gevser. A Jet ol fin2 sorsy was
suddenly Lhrown more 4han thirty feet into the air. which con-
tinued quite sieadily until 2:L7.5 p.m, when it ceaved
acting for half a mi pu... At ?;<1 p.Mm. it roared londiv and

o

and beczme quiet at 2;5¢ vp.m., afler which o cetion onuourred.



The Riverside has a lew irregular mound, with a small
chimney scarcely rising near its centre " (1875, p.252).

Tt is reasonablv certain that the geyser which Comstock saw and des-
cribed was Mortar and not Riverside. The description is not
abplicable to Riverside's mound or its eruptive activity. It does,
however, describe both the struciture and function of Mortar.
Intermittent play durinz the eruption, with periods of loud roaring,
£its Mortar in toto. Riverside is "a little below Grotto, across
the river." Both geysers are about equal distance from Grotto and
Pneer the edge of the stream."

Additional evidence that Professor Comstock saw an eruption of the
then unnamedMortar and not Riverside is found in the fact that Fan
was erupting in concert. In reference to ihis Comstock states:

"This (eruption of the Fan) began at 2:43 p.m.. almost

. precisely at the momen* when the eruotion beran in
Riverside......This record shows a remarkable similarity
or symoathy between Fan and Kiverside" (1875. p. 252).

The error that Fan snd Riverside could be exnected to eruot simul-
taneously was perpetunated by anthors of guide books durineg the 1870's
and 1BB0's. It grew out of Comstock's erroncous identity of
Riverside. 1In ccmmentine on the above observetion of Comstock, Dr.
Hayden wrote: "The simultanesus action with the Fan was nrobably
only a coincidence, as during the eruotion of {he latter, ssen by
myself in 1878, the Riverside was silent" (1878, o. 19k).In making
this observation Dr. Hayden evidenily had in mind the Riverside his
priy had named 3n 1871. He was unaware that Comstock was describing
an eruotion of Mortar, which he assumed was .Riverside.

Therae are no data that are at all suggestive of a sympathetic relation-
ship between Fan and Riverside Geysers. On the other hand, observa-
tion has conclusively demonstrated that a oroncunced symnathy exists
between Fan and Meriar Ceysers. I have never cbserved a major eruvotion
of Fan unnaccompanied by simultaneous of Mortar.

During the first deczde or two of the vark's history there were no
signs identifyirz the locations of named hot sorings. This resulted
in consideratle confusion. Rerarding Riverside, not only did
Comsteck confuse it with Mortar, then unnamed, but H. J. Borton
described Fan thinkine it to be Riverside.

fThe next that will be visited is the Riverside Geyser,
several hundred yards from the Grand, afh @& in the very
water's edse of the river. Like the Sawmill, it is an
almost constant s~outer, but does not throw its jet to
any great height" (173, o. 65).



_The first specific reference that Riverside was vroverly located is

found in a guide book of 1883 "The Riverside is LS50 feet above, or
just south of the Fan, just above the bend of The river"

(Winser 1883, p. 53). :

Description of the YMound

The Geological Survey during its 187° study of *he hot sorings went
into elaborate detail in describing the ircunds or ccnes of many of the
geysers, Its descriotion of Riverside's is, not only brief, but
lacking in usuval definiteness. "It has a low irregular mound with a
chimney in the center. It has two orifices and s-outs at intervals
that are undetermined" (1878, p. 19L). YA low irregular mound with

a chimney in the center" is not at all descriotiwe of Riverside. It
better fits nearby Mortar. Both Riverside and ¥emrtiar have two
orifices, but "a mound with a chimney in the ce=tler" can apoly only
to Mortar. It seems orobable that when field netes were veing
assembled descriotive data became mixed uv. Otr=r observers des-
eribed Mortar thinking it was Riverside. "The crater stands on the
sumnit of a mound that has been built up in six or more terraces, each
smaller in area than the former one, thus mekinz @ curve with the
edges of the terraces rounded off" (Hauot, i883, p. 105). Ouotil's
deseription is quiie naive. "The crater is an ummretentious hole in
the ground with an occasional puff of steam" (1LE90, p. 70).

In 1958 T made some detailed observations and memsurements of
Riverside's mound whnich are as follows: The moumd rises zbrunily from
the water's edge ¢ n an elbow of a meander of the Firehole River. The
masa of sinter which constitutes it is situated abrest of an older,
badly eroded thermal denosit. It is avpzrent thmat Riverside is a
suecessor to an extinct soring of much earlier date.

A partial destruction of the older mound has reswmlted from the erosive
action of the river, whose course is directly sqmarely against it.

The bed of the stream at this —oint rests on cermmnted glacial gravel
and sinter of much earlier origin than Riverside"s. When the situation
here is compared with other thermal snrings bordiering the river in the
Uoper Basin it becomes evident that the Firehole at oresent is incising
itsell into a new bed, a bed, which for the entfre length of the tasin
is in a sinter which antedates all current funcf3onal springs.

The general confisuration of Riverside's meound, when viewed from the
ovposite side of the river, is that of a draved, low-backed chair.
The section from which the eruvtion issues (the: basal or seat ssction
of the chair) aonvears cylindrical in form; the wounded avrezrance
results from the lorg axis being at a right anelle to the river. When
viewed close up, on the upstream side, the mourdd looks more like a
sofa than a chair.



The mound sits in the water's edge and rises vertically 10 feet 6 inches
above the bed of the river. The front over which the pre-eruotion
overflow drops is covered with beaded geyserite which shows evidence

of frequent spallirg resulting from the extreme cold of Yellowstone
winters. The arc of the seat, or tep at the voint of overflow, is 19
feet 2 inches. The seat of the chair, which will be des:gnated the
plat{form, is at an ancroximate 90 derree anple from the front. The
platform, the section where the eruntion issues, is oblong in shape,

the long axis teing 16 feet 8 inctes, the short 11 feet & inches. The
main crater is sitvated necr the river side of the vlatform, being back
33 irches from ihe edge.

The orifice from which the =rupticn issues is scomewhat ovate in shave.
At the surfzce it is L%x55 imches and at a denth of 28 inches constricis
to 20x2) inches. From the constricted nortion the crater extends
verticelly another 52 irches in the form of an antechamber where a vent
about 6 inches in diameter is en-cuntered. This vent is not directly
under the main orifice, recnltine in the eruoting water striking a
vortion of the overlying platforn, therby deflecting the column away
from the vertical.

Two additional vents runcture the rlatform, They are directly in line
ard to the cast of the main crater. The laerser vent is 2L inches fr-~m
the main orifice and is 12x28 drchess; the smaller one is B0 inches dis-
tant and is 2x2% inches. fctivity in the smeller vent serves as an
indicator to zn eruption of Rivercids. Directly back of the small vent,
and on the side of the old craler. tkere 35 5 si2ll erack from which
vater issues during the ea2rly pari o an erucilion.

=g

There are two large orifices on ths mound, an unper and the lower one
from which ihe eruption issues. The uoeer craier, situvated on the
river side at the top of the back of the cheir or sofa, ie in an oblong
mass of sinter which rises 56 inches above the nlatforn. From the upper
orifice the sinter, like a raised chair arm, curves backward 17 feet 6
inches where it abuts the earth ¢ the hillside. The downstream side of

the mound is sheer and shows weatherine.,

The uover crater is more reerly c"cular than the lower; it is also more
cavernous, cxpanding into the shzr: of a barrel irmediately below the
orifice which is 3Lx36 inches. Uuring the quiet phase the water level,
excent at the time of svlashing frem the unrer vent, is the same in both
craters. The observer unfemiliar with Riverside almost invariably
excects the eruwtion to teke »lace from the uover vent. The strocture

of the raiscd seetion of +he mound, and the state of the sinter conmrosing
it, make it reasonably certain that durirg an earlier veriod there was
much more activity than during the current veriod. During rost-discovery
time erosicn has been in ascendency over denosition on this section of
the mound.



The base of the mound, for the first 33 inches, consists of gravel that
has been cemented by hydrated silica and so altered by steam as to take
on the texture of dense opalized sinter,

Lack of Early Observation

Despite the fact that Riverside has approached regularity to 2 high
derree during all of its known history, and that due te its location
and wmanner of play it is a geyser of sigral beauty, it was not given
the same critical focus by early observers as were Splendid, Giant,
Grand, Beechive and othera, Evidence of this is found in the scarcity
and nature of Riverside references, Unless it were in a state of erup-
tion most of the early observers passcd it by, deigning it scarcely a
zlance, The following references are in effect: "When quiet, however,
there is littlie about it to attract the attention of the passer along
the trail" (Jones, 1875, p. 252), "It is somewhat out of the way, and
unless secn in action would not be taken for a peyser of any
importance" (Hayden, 1883, p. 194)., '"There is little about its

crater to atiract attention" (Riley, 1890, p. 110), It is an incon-
spicuous object when not in eruption, and one would scarcely suspect it
as being a geyser" (Chittenden, 1895, p, 228).

That Riverside was still being largely ignored, even by park officials,
as late as 1896 is made evident by a projeect carried on by Acting
Superintendent Captain George 8, Anderson, Captain Anderson was
juterested in trying to determine how regular the geysers were, During
the 1694-96 scasons he had records made of the eruptions of peysers
wvhere any regularity might be suspected, Relative to this project is
rhe followinp statement:

"I have the guards keep a table of geyser cruptions, Of
coursce this is not complete, as they take no account of
eruptions during the hours of darkness, 7T have appended
it to this report as principally useful in showing that
there is very little regularity of pericd among any of
them cxcept Old Faithful' (1896, p. 13),

No tabulations were made of Riverside's eruptions, yet it -- perhaps
more than any big geyser, Old Faithful not excepted, would have
approached regularity,

Overflow as Indicator of Activity

Larly references to Riverside by those who were endeavoring to portray
its manner of activity reveal that no systematic observations were

made, Knowledge of it, as of other gevsers, came piecemeal; a long

time being required to patch together scattered observations, There are

1



no known records which are indicative that the frequency and duration
. of its function were systematically observed before 1912. It was 20
years following discovery of the hot sorings before any writer in
givirg inforration to vark visitors of what to exvect of Riverside
pointed out that overflow from the crater is indicative of vending
activity. "An overflow of water is a certain indication of anvroaching
activity, cccurring about thirty minuies orevious to eruontions and
continuirg until the outburst" .(Guptil, 1890, p. 70).

Other references and known facts about Riverside, however, are highly
suggestive that Guotil did not observe the full lime of overflow of
some particuvlar eruntion he described. It seems orobatle that he came
in sight of the crater thirty mimutes previous to the eruptien and
notedthe overflow during the period he put in waiting; and then

jumped to the conclusion thzt overflew precedes an eruvtion by "about
thirty minutes." This inference is made probable from many experiences
T have had relative to this and similar situvations. RNeophiia rangers
report times of eruotions of geysers &s being when they firstcame in
sight of the activity and not the precise time when the eruption began.
This is especially true of eruntions of relatively long duration, as
those of Castle, Great Fountain, Grand, Riverside, etc.

That the time of cverflow was still indefinite as late as 1909 is irn-
dicated by a puide book reference. "If there is any water running over
the tcp you mey expect action in a very little while" (Camebell, 1909,
p. 110). In 1901 Olin Wheeler scent considerahble time in the Park
seeking information for a guide book he was writing., Relative to ihe
overflow of Riverside he states:

“The Riverside ‘s one of the few geysers that has an indicator
that tells the time of eruotion. I have sai for an hour or
more on the geyser's cone and watched the orogress of events
up to the grend finale" (1901, o. 7k).

Wheeler's statement shows indefiniteness as to the length of over-

flow, as dees Campbell's. However, he does indicete a much lonrer

\\\\\geriod of overflcw than was given by Guotil in 1890, This suovorts
y statcment relative to Guptil's observation.

It can be seen from the above references that Riverside was still with-
out sufficient systematic observation, even at this vrerioed, so that a
clearcut statement could be made of the durastien of pre-eruotion over-
flew. That it was veriable then as now gees without question, but the
range of the duration of overflow wes avparently unknown Ty writers

of the period under consideration; if it were there is no statement to
that, effect. The earliest reference I have been able to fird to
observations directed toward determining the exact time of overflow
are tke 1930 observations (Geology File) made by Park Naturalist



He T. Lystrup. It seems hirhly orokable that opservations similar to
Lystrun's were made in the 1920's, but no records are extant.

During mcst seasons, since at least 1937, the time of the bteginning
of overflow has bteen one of the objects sought by those whn are trying
to predict when Riverside might erupt. The duration of the overflow,
like other factors is not a censtant. However, there are veriocds _o
lasting for several weeks when there will be but 2 few minutes ==y,
variation in duration of coverflow frem eruntion to eruntion. It is
only since 1930, and then not for all sezscns, thai data are available
for determining durztion of overflow. These data are of considerable
interest because they indicate there is a marked correlation between
the time of overflcw and the length of the intervz2l. The table is
further revealing of Riverside's seasonal average during its kmown
history.

Average length Averege lergth
of overflow of interval
Year hours - minutes hours - minutes
1930 1 38 7 23
71931 1 lih 7 28
4232 1 5F 7 &2
1938 ? 10 8 ‘&8
1933 ) - o 20
18L0 3 - 9 17
191 1 L5 7 28
10942 2 30 g 30
19Lh4 ? 18 2 10
19h7 2 1k g a
1948 1 ;R 7 2
1949 1 L8 T £l
1950 1 L6 7 2é
1651 ] L5 7 2t
1952 1 L5 7 25
1953 1 Il 6 c9
195) 1 N 7 1L
1955 1 L6 i 1 26
1956 1 1,0 6 To
1957 ] 43 6 ol _
1958 ] 42 7 2
1959 (ora quais) 1 38 - 7 32
1959 {vost quake) ] 22 6 28
1950 1 23 6 35
1961 1 LS 7 8
1962 1 Lhé 7 12
1943 1 L2 7 o)
1960 1 16 6 20
(cont)
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Average length
of overfilow

Average length
of interval

Year hours - minutes hours - minutes
1965 1 22 6 21
1966- 1 25 6 a7
16567 1 21 3] 16
1568 1. 17 3} 17
1559 1 1d 6 1i

fonented to this 4able are &l) earlier references which are indicgtive
of densanal average time

162 2 to 3 times each day 1921 7 30
1583 2 Lo:3 timaes each day 1522 7 30
1390 about & hours 1925 7 L5
1669 & to 1 nours 1526 7 Lk
1910 About 7 hours 1927 o e
1612 6 to 7 hours 1928 7 30
1620 7 hours

Regularity

Available references to Riverside make it reasonably certain that
durine post-discovery time there has been little variation in its

behavior.
from periodic snifts in the length of the eruption interval.

What variation there has been would seem to have resulted
As to

the duration oF the activity, a2s well as the heicht of the eruntion,
there is essentially no difference today from the cruotion obscrved
by Dr. Peale in 1871, which observation resulted in the name Riverside.

Like 0id Faiihful, Riverside has shown a high degree of resularity

during its known history.
greater fluctuation in averape time,

1649 season.

hours.,

olclozk edch afternoon.

Unlike 01d Faithful, some seasons it shows

A season during which the average
iime might be neesr seven hours mizht e followed by one when the

average shifts an hour over or under this (see table).
shifts to lonzer or shorter intervals cccur somewhat abruntly, then
for months there will be but slight variation from the rew averzge.
The nearest to a set time of verformance I have noted was during the

Usually the

From late Mav until Aupgust 22 the average held at eight

It tecame a habit that season to ro to Riverside near three

Following Aucust 22 the average interval for

the remainder of the season snifted to seven and cna-nalf hours. The

19,8 pattern was very similar to the 19LS one.
season, as during 1952, when some difficulty is encountered in

predicting cruption time. Instead of the eruotilons ocecurring near

There is an occasional



averzee there will be a dally fluctuation from near minimum to near
maximum time.

Just why some seasons all ;ﬂiﬁeruptions occur about every 6 or 7
hours while durinz others the intervals will be nearer 9 hours 1s
uncertain. No doubt more than one factor is involved in bringing
atcut +nis periodic waxing and waning in thermal intensity. The
1612 Faynes Guide makes the following ccomment: "Sometimes
grurtions take plaze as frequently as five and one-half hours for
2 oreriod of several days, probebly on account of the increased
wobler sunoly" (1912, p. 60).

* At present thers are no data for determining any relationship betsween
freguoncy of eruntion and water suooly for any of the geysers in the
Firencle basins. The fact that Riverside's shifts from long to short

averapes, and vice versa, come suddenly, and at any season of the year,
" sugrcat vater suvoly as being an unimportant factor. In winter the
reglen'shment of waser supoly would scem to be less than in soring or
summes, yet there sre observational data (¥arler 195L, o. 52) to the
effro%t that Riverside might erupt more frequently in winter than in
suormer. The ootivity of the Firehole hot sorings over the years
indicates a remariably staXle year-round water su»ply.

The correlation that has been discovered betwezen length of pre-erudtion
Luild ap and lernsth of interval is highly suvzgestive that during those
pericds when the sverage is eight or nine hours the available thermal
ensrey is less tnzn when the average is, say near six hrurs. If the
behavior of mumcrous other hot sorings may be taken as a clue to the
vacillating cendition in Riverside there is a chance that it mieht be
connected subterraneously with some other hot svring. A veriodic
shifting to or away from Riverside of some of the thermal energy would
logicaliy eccount for its shifting to longer or shorier periods
(Maries, 1951, p. 33Lk). To date no evidence has been discovered that
indicztes symoathy exists between it and any other thermal unit. This
ceeasional shift in length of interval furnishes an interesting
challenge for future study.

Pre-er upticn Sympfons

Fellewing an ervntion of Riverside progressive changes transvire,
leading up to the naxt eruntion. Following activity the visitle
vortion of the well is emdty. About two hours later water csn be seen
in the bottem of the antechamber, which is BO inches below the
vlatfomm. The rise of the water in the well is quite steady. To one
farniliar with the rate of rise (it differs some seasons, varyine with
the decrease or increase in time of overflow). relative accuracy in
predicting the time of overflow is possible. When the well is filled

e
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to the level of the platform the overflow starts, droo at a time,

but within a few mimtes near maximum rate of flow is reached. From
then until the crupiion there will be periods of momentary waxing and
waning in the fleW; also occasionzl pauses, lasting a few seconds,
when the overflow will entirely cease. In general the overflow pre-
cedes the 2rustion anywhere from about one to two hours.

During the period which follows maximum rate of overflow, which comes
near the berinning, it is difficult to ascertain how long it has been
in oregroos.  Hawever, the observer is not without additional signs.
Usnzlly ancut 5O to U0 mimetes oreceding the eruntion water will
eoilzch from the uoper crater. This is generally followed, at indef-
inite periods, by succceeding snlashes. There are some eruotions, and
some Seasons, when the surpes from the uover crater do not occur until
within aboui 15 to 20 minutes of the eruption. I have observed a few
eruptions whken the eplashing did not take place until inmediately
preceding the eruotion. For the great majority of eruptions, perieds

of prelimin-ry surging are characteristic.

During the cverflow there ere additional indications of oressure build
vp, From 20 to. 40 mimutes (longer some seasons than during others)
before_an eruotion before an eruntion water will start olaying about
10 inches high frem tha small indicator vent back of the maln crater.
This play is condimicus undil the start of the eruntion. On rare
accasions the vent will not furction until the start of Riverside.

This was the case during the winter ard spring of 1958. Since the
1959 esrtnyuake this indicator has varied from 3 to L minutes to over
n hour., '

Oocasionally, but infrequently, the pre-eruntion symptoms fail to
srigger an crantion. The eruption which seemed iminent does not
materialize. In this respect Riverside shows a characteristic shared
oy 01d Fai:bful, Delay in eruption time, and over-averase length
intervals, are always the result. In the case of Riverside the erup-
{fon is usvpally delayed about half an hour; it requiring a-proximately
that time for recovery of lost eruption potential.

An Eruption

Yollewing the sudden surge of water in the overflow crater, and heavy
svlashing from the uorer, the water column, at an angle of about 20
doarees from the veriical, excleosively ascends to maximum or near
naximum height. If ro wind is blowing against the column cheets of
falling water soan a considerable vortion of the river. With vrover
time of day, and position with reference to *he sun, beautiful soectral
colors in the fzlling droplets add to the loveliness of the scene.

The water plays to near maximum height for about five minutes. From
then until the end of water ejection, which in total time is about 20
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minutes, the water column slowly subsides in height, Foliowing the
water phase of the eruption a weak steam phase is in evidence for an
~additional five te eight minutes,

For the first ten to twelve minutes of the eruption both the large

and small vents back of the main orifice are crupting simultaneously
with Riverside. The indicator vent ejects mostly steam, a considerable
portion of the sound of the eruption being due to this vent, The
indicator vent is the first of the three to cease.activity. The vent
next to the main orifice plays about 3 to 4 feet high and at about the
same "angle, but directly opposite to Riverside.

Due to the fact that the water of an eruption falls directly into the
river no attempt has ever been made to ascertain the volume discharged,
Height measurements are also lacking, In 1871, at the time Riverside
was named, Dr, Peale estimated that 'it plays to a height of 80 or 90
feet," Other observers since that date have made similar estimates;
the guesses range between 60 and 100 feet, The majority of observers
place the height at approximately 75 feec.

Many of the early descriptions of the eruptions of the important
geysers present highly verbose pictures, The vocabulary of the writer
would seem to have been dipped deeply into in search of the
superlative, Strangely, in the case of Riverside, these wordy por-
trayals are wanting, The earliest reference that is expressive of
egthetic appreciation is by Olin Wheeler,

"The Riverside is a captain, The water is thrown out in
crescentic or arched shape, and when at its full power the
water arch spans the stream, the entire volume being thrown
into the river, Great quantitiess of beautiful crystal beads
fly centrifugally from the arch and a beautiful rainbow is
alvays seen, unless the day is cloudy" (1901, p. 74).

4

Another appreciative observer:

“Altho the beauty of its setting is somewhat marred by a

very prosaic sandpit® in the background Riverside is without
doubt the most attractive pictorially of all the geysers in
the Park, Its appeal is wholly romantic and the sense of

awe and wonder that is so prevalent in the thermal regions
here gives place to one of esthetic pleasure" (Phillips, 1927,
p. 138).

% Not only were early writers less moved by Riverside than by other
geysers, but park officials and road engineers have shared a similar
lack of responsiveness, The "prosaic sand-pite" referred to by

11



~hen it comes to setting, Riverside is certainly sne of the most
fortunate among the meysers., Its position on the very edze of the
Firshole {ver, vith the column of water arching over the stream,

clus the conifercus-forest backgroand, make it a photographers delizht.
The activity is »f sufficient duration to permit shifting of positi-n
ta whatever ancle presents optimum observing and photographis
po3sibllities, :

Hone avedi ono who is immime to manifestations of beauty in Nature
csn remain wnoved and unapsreciative when Riverside, under rroper
stwonpherie coniitions, rises into the sunshhine, ot only is it a
"thins of beaaty,' it is Yellowstone's saly rusic~l aeyser, "it plays
nvor the waves,®

Effects of 1959 Earthquake

- As a result of {he 1959 earthiuake Riverside's averaze interval was
shortened about one hour. For the first few days follewing the August
17 incidemt the intorvals were near & hours, following which they bezan
o mradunlly lensthen, 3y late 1959 the averaze had increased to 6
hours =nd 2% minutaes,  Durinz the 1950 seassn the averare interval

was 5 hours an? 35 minutes, During the follnwing threa seasons the
avora = was abaub 7 hours and 10 minutes; shortening close to an hour
durin: 1564, Including tha 1964 seasan, and to th= end of 1944, the
avars te was near & hiours and 20 ainutes. The 1949 averase, 6 hours

an? 1% =inutes, ‘as the shortegst seasonal averazrao on record,

Yach zrasm far a seriod of about § to? days the intervals on
fiver.ide will g17'enly shartan fro- abaut 30 tn 60 minutes. Follow-
ine this cerind of inerease? activity the intervels will as abruntly
shift ‘e t9 Lthe same averase as bef~re the shorteninr ocecurred.

As claselvy as could be dstermined the water in Riverside did not g
bac ooz sarky as o2 rasult of the earthiuake,

Phillips is a large excavation made in the gravel embankment abutting
Riverside, The pit is directly back and edging up to the mound,

While rhis unsightly scar still remains, nature is beginning to efface
some of ics ugliness with grass cover and new Lodgepole Pine.

12
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: Rocket Geyser <

GROLTO GROUP OF UPPii BASIN

It is not known who named Hocket Geyser or when, In tho early
history of the park it was considered to be a part of Grotte
and any roference to Grotto included Rocket. Grotto was naned
in 1870 by the washburn Party. As a functional unit the two
craters always ecrupt simultaneously., There is not only this
closs functional relationship, but a raised bridge of sinter
connects the two cones.

In describing Grotto, Hayden refers to Rocket as "Cone No. 2.%

He states that it "is 19 fest in diameter at the base and 14 fest
at the top. It is 4 feet in height, and has a quadranzular
orifice measuring 3 by 5 feet, in which the water during
quiescence is from 10 to 15 feast bslow the top, Thoe basin is 16
fest in depth, On the east side there is a slight depression in
the rim" (1878, p. 191).

During the years I have observed Rocket and 3rotto Geysers I
have never samen any independent action on the part of either,
except whsn there is a major eruption of Rocket. ‘the instant
watoer starts gushing from Grotto there is simultaneous action
in Rocket. Durinz an eruption of Grotto the activity in Hocket
is characterized by steady Jetting and splashinz, the heights
varying between about 4 and 10 feet. txcept on infrequent
occasions this steady, minor performance seemed to be the
nature of its activity previous to the 1959 earthquaks. However,
once in a while during some eruptions of Grotto, Rocket, for a
short periocd, would perform spactacularly,

"A hundred yards up the road is a pair of geysers
so intimately associated that they are always
mentioned in the same breath, 'Grotto and Rocket'. . ,
Ordinarily neither geyser reaches an elevation of
more than ton or fifteen fost, but several times a
Yyear the Grotto will suddenly cease vlaying and
Rocket sends up a colum that may reach a2 hundred
feat for a few minutes, This is perhaps the
rarast of all the normal phenomena of the Upper
Basin and to see Rocket play is the finishing
Louch of a thoroush acguaintance with the goyseré"
(Pnillips, 1927, p. 139).

Ly



Previous to’the 1959 earthquake it was on rare occasions that
I observed what could be called major activity of Rocket,
Since the earthquake I doubt if there is an eruption of Grotto
Wwhich lasts for an hour or longer, during which there will not
be one or more major displays of Rocket. The lonzer the
duration of Grotto the more eruptions of Rocket are likely to
occur.,

Major activity of Rocket generally occurs after Grotto has been
erupting for about #5 minutes, It is initiated by a sudden
burst of water egualling the size of the diameter of the crater.
Water in great volume is rocketed to heights varying between 30
and 40 feet, one surge followinz another, fThers is a very heavy
discharge, the hillside beinz flooded, The eruption lasts for
about an even 4 minutes,

The instant Rocket begins its rocketing performance the action
in Grotto practically ceases. It remains quiescent until the
end of Rocket's major display, it then immediately resumes its
splashing-typs eruption,

The height of "one hundred feet" as given by Fhillips is a
much greater height than any eruptions I have observed,

Rocket is connected subterransously with all springs in the
Grotto Complex, ;



GROTO G20Tr OF UPrad Ba3IN .

Roeket and Grauiic Jeyser are esszntially a singie functioning unit.
3int2r not anly eoasaets thz 2t the surfiacs, but dirsct flsswre
comnactings at danth result ia a nroanunced symnathy of actinn,
Both erunt simltaner»isly and for the same duratiosn, The Bcekst
navor erusts sxcest in coqjuaction with Grotto,

Thars ars a nushar of earlw raferences which are dsseriptive of
Rocke*'s eratar, but none deseribes an eruntion as bsiny somsthing
acart fran Jrotto, This is due %9 ths fact thal the nawe Roeokst is
£ later an-lication., A.sincle refersnce will suffice to show that
any activity of Roeckal was emsidered to Y2 of Grotto. "Saveral of
the first exnlarers erawled thrauzh the sinunus aperaturss whan all
was nulet, It se22-=s as har+lass as curisus than, but their oovinisan
‘was chanted slighhly whan thev saw it an hour after throwing a
cdlumn of water six fest in dia-ster tn a heicht of sixty faet?
(Richardz-m, 197, p. 157). Rocket alone savds up "a eolun of
water six fest in dianeter to a naizh® of sixty fest", Richardson's
deszripiion is apzlicshlas only to a major sruption of Racket,

f
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fnckat has both =inor and major eruptions., The minor anes start
instantansousiv with Jratte, Liks 3rotia's, the eruntion is
characteriznsd hy <antinious solashing which varies in heizht batwesn
about 5 and 3 feet, I have naver obsarvad a -major eruotisn to oceur
until abaat 45 -dautes after the start of Jrottc. .Jurlng active
variods of Jrottn, lasting for 8 or mors hours, 3 major eruntinsns

of Rozkat ars tha msst I have obsarved, At the timz of 0as of thase
mailar srunptioms Walsy su‘ianlv zrows volumiaous and shoots upward,

At this instant 211 salashing cessag “ron Iraita.  The duration of

2 major eractism is Srew near iwo ta Sour minutas. Ab its termination

both @ssers rasume the splazhing activity,

'J{n
fa

I hzva obseorvad nuverosus eruntisns of Rocket as above deserited.

I judzed the haeizht to Se betwaan 30 2nd 40 feet, During the 1920s
Ranszar Charles Fhillips resorted: "Rocket mav aceasionally reach
ona hmdrad feet in height” (Paillions, 1927, o, 133), Phillins was
a szasnied and astute obsorver., Iv ziving 107 fa2t as the heighti
o7 the sruntion ha mizht well have heam passing on accuwmulated ¢
lorz, This axzlanation s32ms nlansible in view of the fact that many
5233735 hava 'seen knam Lo pass without a majar sruntion being

obsarved, Phillins misht nevar have 3334 ona.
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Rocket shared in the sa<e increase in activity as Srotto following
the eartiinake, Since the eartviuake major eruptions of Rocket
have Wb3sn much ~nraz enmnon than durine pravious seasons when "I
have bzen in ths tasin, Its underzround cennsctions are the same
&s Gratto's,



Spa Geyser
7
GB-875k, 2208
GROTTO GROUP OF UPPZR BASIN

By whom or when Spa Geyser was named is umknown., It is the
northernmost of the springs which shows a definite response
to an eruption of Grotto; also Giant, with which geysers it
is connected underground,

At an early date I became aware of a relationship existing
between Spa and Grotto. Whenever the latter erupted the
crater of Spa would fill and minor eruptions would ensue.
1he eruption and overflow would not begin until near the
termination of Grotto's activity. ‘The boiling and heavy
overflow of Spa would last from about 60 to 90 minutes,
During early observations the above described relation
between Spa and Grotto was unvarying.

During the 1920s observations of park personnel led to the
conclusion that Spa and Grotto were connected underground,

"On the left side of the hichway (going in the
direction of 0ld Faithful) is the Spa, named after

a type of mineral spring in central Europe. This

Spa, needless to add, lacks the curative powers of

its namesake. It is a seml-geyser and surges up

and overflows at irregular intervals. The writer's
observations lead to a conclusion that there is

some relation between it and Grotto altho the activity
of the two is not always simultaneous"™ (Phillips, 1927,

p. 138),

Earlier descriptive references to Spa seem to be completely

~ lacking.

'During the eruption cycle of Giant Geyser in the 1950s, Spa,

like Grotto, underwent considerable modifieation in its
behavior, During the 1951-1952 seasons, Spa, Grotto and
Rocket would always srupt simultaneously about 45 minutes
after Giant's activity ceased, Occasionally jets of water
would rocket from Spa to heights varying bestween about 30
and 40 feet, During 1953 the behavior of Spa was on a very
different pattern than in 1952, or for any previously
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observed season, Instead of playing in concert with Grotto it
erupted independently and for much longer pericds. During 1952
the overflow from Spa would last about 45 simutes, During 1953
it would persist from 3 to 6 hours. The ackivity of Spa seemed
to be the most important factor in accountimg for irregularity
of Giant. In 1954 Spa's activity was very pronounced following
most of Giant's eruptions. During the typical boiling and
heavy overflow, which characterizes most of Spa's eruotive
sctivity, water would frequently be rocketed 20 to 50 feet in
the air. No season before or since have I meen as much major
activity. Host of the minor eruptions were accompanied by
rocketing jets. During 1955 and 1956 Spa would frequently
start overflowing about the time an eruption of Grotto Fountain
and Grotto was imminent. Vhenever this occurred their eruptions
would be delayed several hours, Occasionalt major activity of
Spa was observed until the time of the 19592 earthquake,

The morning following the sarthqueke the water in Spa was murky.
However, due to lonz periods of overflow it soon cleared. dpart
from the murky water the earthquake did not seem to have any
offect on Spa unless it was to diminish the frequency of major
bursts. Since the earthquake the same relztionship has existed
betwesn it and Grotto as previous to Giant®s eruption cycle.
Since 1959 some seasons have passed with no major eruvtions of
Spa having been observed. None has been recorded since the 1967
season. :

Minor eruptions of Spa are characterized by boiling, which is
continuous for the perioed of overflow. During the boiling the
water surges from about one to three fest in height. Vhen

major bursts occur it is only during the boiling period. Thess
bursts come suddenly, rocketing the water, usually, from about
30 to 40 feet in height. Major activity lasts from about one

%o three minutes, during which several rocketing jets will occur.



L2

Bijou Geyser
69-260i, 8265 7
GIANT GROUP Or UPPER BASIN

I Lknow of no reference statinz when or by whom Bijou was
namad, Tor many yoers it was called Younz Faithful Geyser.
Who first used this name is somowhat in doubt. However, as
a nams, it would seem to hold priority over EBijou, as the
followinz indicates:

“phis geyser is on the platform with the Giant.
I do notl know how or where it obtained the nzme
(Young Faithful), but it is so called in Dunraven‘’s
Great Divide; (1975) and as this designation is the
only one it has had, as far as I can learn, I have
retained it. It has a mound of baautifully beaded
gayserite, rising 6 feet above the level of the
platfori, cr terrace, and having a circunforence
of 232 feot at tha base, . . . This gaysor acis
somevwhat eontinucusly, with irrezular spurts from
10 to 20 feat, 1t is prokable, judzing from the
deposits abmut it, that it has perioeds of action
that would place it ameng the important geysers™
(Rayden, 1878, p. 199).

Annther early refercnce is revealing that, at Joast-until the
time of the 1959 earthouske, the nature of Pijou's activity
remained very much the same over ths years.

"Our party was interastedly insprcting the Glant and
a smnll geyser close by, which was continually in
eruption, and made as much fuss over its tuwenty-foot
stream, as if it thought 1t the only spoutsr in the
basin, and the Kational farlk had teen reserved on
purpose for it to 'ebulish® in" (Norton, 1873, p. 29},

Until the post-ezrthquale perlod (with  the exception of the 1957
season), Bijou was in an almost constani state of eruptivs
activity; the water jetting from 5 to 15 fost in height. The
only occasions when neither steam nor water was observed issuing
from the orifice were following an eruption of Giant. Then all
units on the vlatforw appsared as if the last shred of energy
had bsen wrung from then, Following Giant's activity it was J
to % hours bafors Bijou began its steady jetiing.



During Giant's last eruption cycle, which began in September 1950
and continued until late 1955, the pattern of Bijou's activity in
relation to Giant underwent chance. At the time of Giant's

hot perieds, previous to early 1952, there would be enfeebled or
at times no sction of Bijou, However, at ths conclusion of a

hot period it would zo into a2 violent steam phase which would
last for several minutes before jotting was amain resumed. After
1951 its relation to Giant vas somewhat different than previously.
As & preliminary to an eruption of Giant, Bijou would erupt with
some vigor, ithe heizht being about 30 feet. There was a comingling
of water and steam, j

With the exception of the 1960 season there has been a gradual
decline in the frequency and forcefulness of Bijou's eruptions,
During most of the 1970 season it was practically dormant, The
following reference is presently not applicable. “He (Giant)
is surrounded by a number of noisy retainers, of whom one named
Young Faithful is the most vociferous" (Riley, 1890, p. 93).

lhere is no question but that Bijou is connected underground
with the entire Giaznt Complex.



Catfish Geyser
G9-2401, B30S *
GIANY GItOUP OF UPPER BASIN

The mound of Catfish is a part of the mound of Bijou, being
situated on the western side. 'The top of the crater is
about 3 feet lower than Bijou's, The shallow basin of the
crater is about 2% by 6 feet, There are two orifices in the
bottom, separatsd by a septum of sinter, During an eruption
watsr issues from both vents.

The literature is practically silent on Catfish., As a geyser

it seems to have been larzely ignored., During the prs-earthgquake
period I observed that during the quiet phase of Giant, Bijouw ana
Catfish were in a near constant state of activity. The latter
erupting to a heicht varying hetween about 3 and 5 feet., Howaver,
when Giant was in an eruption cycle Catfish would show much
greater animation at the time of Glant's hot periods.

Until July 18, 1951 at the conclusion of one of Giant's hot
periods Catfish would erupt with considerable vigor; the
height beinz about 15 feet; the eruption lasting several
minutes. On July 18, and for the rest of the season, when

the subterranean pressure had shifted to the north sido of
the platform, Giant's eruptions would always be initiated by
Those of Catfish and Mastiff. At times Catfish would erupt
to heiszhts comparable to those of Daisy Geyssr. On July 23,
1951 Catfish alone preceded the eruption of Giant. ‘'lhis
eruption lasted for 10 minutes. Catfish had turned into a
major geyser. water in a steady stream maintained a height
of about 75 fest, The great pressurs of the sruption resulted
in considerable roaring, The wvolume of water discharged must
have equalled, or exceeded that of an eruption of 0ld Faithful,

In early January 1952 ths subterransan pressure beneath the
platform shifted to the south. From then, and for the remainder
of Giant's eruption cycle, vwhich ended in late 1955, there was
no mors major activity of Catfish, However, at the conelusion
of an eruntion of Giant, Catfish would erupt to a hsight of
about 15 feet.

Since the 1959 earthquake Catflsh has been in a near dormant
state. It is onlv on razre ocecasions that water has bLeen
observed to splash above the rim of the crater. ;

»
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GTAND GROUP OF UPPER BASIN
Ginnt's Cone

Phe carliest descrintion of Giant's cone was by a member of the
Washburn Zxpadition, "Ihe Giant is a rugred depnsit presenting
in forn a miniature model of the Colossewn. It has an opening
thres feet in Diameter" (Lznaford, 1870, p. 110), A more

detailed descrintisn is found in an 1872 renort:

wIt is 507 yards northwest from Grand Geyser, on the
opnosite side of ths river, near the water's edzo,
Tt has a rough cona-like crater, 10 feat in heiwuht,
measurinzg 24 hy 25 feet at ths baso. Tho top is
about 3 feet in diameter, bths orifice from which the
water is projected beinz about 5 faelt in diametor,
This cona i3 situated on a platforw of seyserite,
which rises & fect ahove the surrzuniding level and
has o circumfeveace of 342 yards" (Haydes, 1372,

p. 152).

In his report Hayden further elaborates on the conet

UThis crater is brokesa down on ona side, as though
it had be2n torn away during an eruntion of more
than ordinary force. On this side one can 1ok
into Lhe crater if h2 can manaze to avold the Jjets
which are beinz contimally spurted Irom it. The
erator is dark-colored, lined with tawny y=llow,
and rises 10 feat above thue vlatforn® (Hayden, 1872,

p' 195) ]

One of the eavly park visitors in describing Ziant's cona
stated: “Its erater his been compared to 2 broken horn, tat
for my 1ifa I could liken it to nothing that T had ever seen,

save the stump of a hollow sycamore tree of zizantic pronortions,

the ton of which had bean torn off by a storm® (stanley, 1377,
p. 114), '

The larze hrea¥ on ths west side of Giant's conz has always
aroused sceculation as to the causa of its occurrence. Nost
eritical obscrvers opine that it must have rasulted from an
crupti_:on of more than ordinary forco., Ferhavs the crater
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became so nozzled that it ceould not further withstand the
prossure zeqeratsd by erustisns. ror this tn have happened
prasupposes that the cone at one tiwe must have beesn a closed,
unbroken structure.

It is the author's belief that Glant's cone at one time had
somewhat of a rssewblance to that of Bechive in symmetry, only
on a much larzer scale. It would bz dynaniecally immossible for
tha eirecular, nearly vertical walls of sinter to have been
deposited in the nresence of a brﬁak such as hao characterlzed
it duriny its known history, -

While eruotive activity in all brobability, and by degrees, has
torn away thz west sida of thz eono, destroying its earlier
growth and sywetry, it is heliaved that other arencies have
played a role. Giant is ¥n»'m to have had poriods »f several
yoars in duration of inactivity, The present onz has now
extended Tor 15 years. Decovwpasition is then in the ascendency.
The solid sinter mass then is weakened ani spalls,

During verinds of decommasition conﬁitions micght have arisen for
fractures to have occurred in the cone's hydrated silica, These
fracturas could have resulied fron a major nrohistoric earthquake,
On the north and east sides of the cone, 5 feet from the top, a
circular bresk is in evidence. JIxtending at a risht angle to this
break on the north side thz2re are twn vertical onss which reach to
the top, One is straight, the other zisgzags in the upper part,
The upner end of the sfirairht break has broken into the erater for
a distance of about 8 inches, Hear tha ton of the cone thers arc
soviral breaks for=ming blocks, On the sast side, 20 to 24 1nches
balow the first break described; a second-cireular onsz occurs,
with partial extension to ths north side. That there were

similar breaks on the west side se=oms alqost certain,

It is possible that ice might have played a role in wsakening
some of ths breaks in the cone. Durinz dormant periods, and
perhaps in active cyecles as well, whaa the basin in winter is
visited by sub-zero tewperatures, which are freauent, ice will
forn in at least the outer edees of some of the breabs. It
might have bean ics for+ivz in a break which weakened 1it"
sufficiently to mnke a runturs passible,

That iece might form in a cleft in the ceyserits of Gianbt's cone
is not a far-fetched supoosition, When cold =acets h=at in the
goyser basins stranze things haposn. Durinz the winter of
1951-52 when the tonperature was sub-zoro, on thres different
occasions I observed a heavy blanket of snew on the sloping,
south side of the cone; and this, within a short peri~d of

I*
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eruntisms, To my surprise the svow was frozen vhere it rested
on the sinter,

In January 1952 » large block of sinter at the southern

extre«ity of th> bhase was broken auway from the cone by the force
of an eruotion. I surmised that frost action had mado the runture
possible. sxavin-tieon of farver cmiact sides revealed thal most
of the break was old, I judzed the spalled wiece to weizh bstween
A0 and 70 pounds, Ty first inm-ulse was to leave the sheared
fragment at tha hase of the cone to later show what had occurred,
Upon saco? thouzhit T throw it inle the river so as to prevent
sone fosl from Lossing it intn the crater, -

In 1970 when Jiant was ohszrved by the Wwashburn ixpedition the
break in the sido of the cone was not as large as has
charactarized it during +ost of subseiuent time. vialter Trumbull,
a meabar of ths abave exwedition (Lanzford, 1872, p. 122) made

a sketeh of Lh~ cone which shows a much smaller break than at
present, That thz skoteh -'as a Tair portrayal of ths cone in
1870 is indicated b ths fH1lowing:  "In 1851 the break in the
cona was not noirly so larsa, being nat more than halfl its
present nronortisns., This is undoubindly the rasuli of unusually
vinlent eruptisgs” (Guptil, 1890, p. 53). That in recent time

a major saction of the cone has been shaared off Irom the braak
of the 1%70s an? carly 1940s is showa by s large snooth break on
the soulh sida of the erater. This break covers an area of

about. 10 squarae fect,

Since the oririnal break in the c¢oms occurred, with its consequent
stoomare of dzwozilion, the interinr, particulzrly on the east and
north sides, is slowly deconoasinzg. 1t has a honey-combed
anpesrance dus Lo nu-erous pits vhich have farmed in what at one

- tine must have been coapacht.sinter., The north side is in a more

advanced staze of decomnosition than the east. It will bz but a
matter of time until the north and east sides crunable away,
leaving bt a svine of projccting sinter on the south side.

There is an ecarly observaii-n ia referenca to the dscomposed
aonearance of Giant's crater: #The wall of the chiuney is
considerably cru-bled anld decayed, anid on onz side cowplelely
braken throush" (MDunravza, 1°75, p. 272). Tas crater's
"deeaved" aprearadce at that early date would indicate that the
break mizht hrve occurrsd sesveral hundrsd years ago,

Underéround Connections
Restint 21 the sa=e sinter table or platform with the Giant

there ara four additienal nanedi sorinas - all gaysers. These
arz Turtle, astiff, Catfish ani Bijon, The latter three gevsers

-



occuny a position to the noruh of Glant, while to the qouth, on
the edze of a cruthling platfornm, rests Turtls, so numed dus to
its top razsenblin~ the carapacs of that reptils. In addition

to the named sorinzs, thare are not less than 27 swall
par{orations in the platfora, ‘iost, of thew are betwzan Hastiff
sn? Bijou. 3Sove of thase vents, there are 9 in mumber, which
are from # to 28 fest in front »f the broen secltion erunt during
Giant's hot periods, vhich later will bo discussed.

Duz to the vronounced sy-pathy existing batueen the above

gevsers and Jiant thzra is no guestien bui that subterranean
COﬂﬁECulOﬂS axist betwesn thew, The sywpathetic relations
will bz Aiscussed in a latar topic, Giant is also knoim to
have untereround conneciions with the Purpla Fools, which are
situated to the southeast oa the opnssite bank of the river.
At the emclusisn of an eruntion of Giant the water drops
gbout, 3 feet, in tha craters of these pools,

The 1952 season made a simnal contribution toward revealing
some of ths causes of Giant's racord of ~reat irvrezulsrity.
It had been knom for a nuther of vears th=t it was connected
underzround with a nuabzr of satellite units, 311 lyinz within
radius o about 200 feet, That its subterranessus water
teatacles reached far afield, entuining with thnase »of the
Grotte Groun, and possibly 0313" Group, was nevar susnecled
bafore the 1952 season.

There wonld sezm to bz little question but that Lhe Srotto
Group has been the nrincipal caus2 of 3iant's record of
eyclic bshavior, This beinz true, Gianit's earlier erustive
.eycles =ust have bren abteqled with a decrease in function

of the Srotin Sroup,

There ar2 a nuiber of lines of observation which szrve to
prove that 3iant and Srotto have underground connections,

Ii »as duz to a noticeable decline in activitv in ths ratto
Grouv in 1952 that it vas givan svnecial f:cus as a possible
cause of Jiant's greally incrzase? functioa. From July 1
when the id=za of funelinnal relating betveps Giant and arotto
first sumsested itsself t» =e, and for th2 r-st of the

seasom, thare was an uifailing chain-like seories of eruntinns
batwean the twa ~revos,.  An erunltion of 3Jiant, with no
ohsarved exeeption, wrs always f2llowad in ahout 45 minutes
by an ecruntism of Grotto, Roeket and Spa Saysaers. Bxcent

for a series of either 3 or 4 eruntions of 3rotta, of absut
40 minutas duaratisn, cowinz as a sajueace to an eruntiim of
Giant, Grotto was in larze <easure dor-ant, Occasionally
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Grotin would arunt when the gniet phase of Giant was about 48
hour:s old. This was an unfailing herald of a dclayerl eruption
of tiiant, which delay anouated to aboult 10 hours,

Additinaal evidaoace of undersraund, evmections hetizeen Giant
and Grotto resulied fron the faet that thy eruntions of Grotto
uhich eome during Glant's guiet nhase, oceurrsd wmly at the
tiny af one o7 Fhant's hobt parieds, On two oeccasions, instead
of Lhe erunticons of Grotto dalayint Giant, both zrysers eruasted
naar siltanzously, with Srotis starting about 3 minutes ahead
of Tiant,

Darin~e 1953 the chain-like acltivity of 1252 had an altered
pattern, ‘'lany eruntions of Giant took nlace without the

seriecs or coisecuent eruvtions of Grotte. Srntto showed a
highor derree of dormancy., The bshavior of Spa, howsver,

was on a very ‘liffevent vattern than dwring 1952, or for any
previons ohservations, Instend of eruntineg in concert with
Gratin it wleye? indevendently and for mch lonzer pzrinds.

The activity of 3pa seemed to be the most important factor

in aceonting for the irrzzularity of Giant.

Doriny 1981 Gralio was reduaced tos near dormancy, Oaly a few

{ Gisnt's eruntions were {ollouad by subsequenl activity of
Grotto, On the othar hand Soa's activity was very oronounced
folloving meost of Jiant's eruntions, During the tyoical
boiting and hezvy overflow of Spa, which characterizes anst

of its activiiy, tater would {reaquevtly be rocketsd to a heisht
of fromn 20 to 50 fest. ’ ' ’

One of the interasting observatisns =ade 34 1955, ths vear iant
beenwe dormant, was the degres of the shift of the thermal enersy
from Giant to Srotho. I'ron about July 1 on Grotto basgan erunting
with sreater frejusacy and for longer oeriods, This was accowmwanied
by steadily daecreasing eruotioas of Giant,

That Glant and Grotto Groups are comnected subterraneously
seens anply denonstrataed by the data which rere obtainsd during
Giant's last erunlion cycle -~ Septe-ber 1949 throuzh most of 1935.

Early Referencos
During the Yashburn Partv's «anorable day and a half stay in
the Uppner Geyser 3asin it had the zood fartune to see eruptions
of =ost of the major gevsers, Jiant heias ons, This was a most
fortuitous circumstance. The party was simgularly i-pressed writh
the rower of thn eruptina and rave this gevser the na+va "Giant."
The {irst written reference to it was by 3. P. Langford in



Seribner's Monthly, 1871, "The Jiant discharzed a vast body of
water, and the only time we saw it in eruption, ths flow of
water, in a e2lu-m 5 feat in rdiameter and 14D feet in vartieal
haizht, continued uaintoerruntedly, for nearly three hours®
(1871, p. 124).

The yoar f2llowing the Jashhmura dxpedition the U, S, Geolosical
Jurvey wndar the leadershio of Dr, F, V, Hayden directed soqe of
its suwner activilies Lo tha »eyser basias of the ffirahole diver.
Sucesading obsarvations and stulies of ths hot snrinas were made
by the Survev in 1172 and =are extensively in 1872, In all this
time the Hayden Party did not see an erunition of Giant,

One of the earliest descriotions of an eruption was of one
observe? in 1873, Ths author lsaves little to the imaginationm,
ile ran the za=ut of Lha lexicon in painting a 7lowing victure of
its boauty and power, and the awesomeness of its “stupendous”
comvulsions. :

"Then with a terrible rushing and ruvbling below, with
powerful effort and fearful heavinss that caused the
very carth. t2 mroan, and seemed sufficient to toar the
solid walls of the crater into a thousand atons the

Giant ca=me forth in the majesty of his mighty nover.

A volume of hoilinz water, the size of the nozzle of

the crater, was vrojected to a arnat aliitude., Tho
“action beinz repszated sevaral times. Then for a

moment all was quiet, Thinkin=~ it was onlv a feint, ue
attennted to avsroach tha orifice and make investirzatinns,
when w2 were wet by 2n immense .volu=za of stsamins water,
as if from one of Hecate's éaldreons, causino ancther
disorderly retraat., It now commanced in earnest, and we
Witnessed one of the grandest disolays of waiterworks ever
beheld by martal eves. ihe fountains of the zreoat deep
seeted to have literally heen turned loose a-znin unon our
sinful warld...,, At first it an-eared to labor

in raisiaz the iwmense valuve, which seene? loath

to start on its heavealv tour, but it was with nerfect
oe2se that the stupendous enlun uwas held in its »lace,
the water breakinT into jets and returnin: in alitterin~
showers to Lthe basin., 7Thse staiv asconded in dense
volures for thousands of feet, when il was freirhted

uvon the ~iings of the wind avd harne avay in the clouds,
Tha fearful ruvhle and coafusinn atteadin it were as

the sound of distant artillepv, the rushins of many
horsas to battls, or tha roar »f a fearful tornado"
(Stanlev, 1%77, on 114-115),
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Annther esplv uriter is no less effuse than Stanley in the use
of deseriptiva verbiage,

"Lanwuaze is almost too cirennscribad t» describe this
phenoienon; yet something must be said of it .....
Acesnanied b all the noise and uoroar of a cyclonc
or a tornadn, with a trewendous ex»sloasion the crater
is f41led with steam, and 2 hmge cnlum of water
nearly eizht fz2et in dia-ster risas tn ihe towering
hoi~hi of from tws hundred and fifty to three bhundred
fzet, This elevatism is =aintained for soqe time,
wheq the torrent zra?ually sinks to two hundrad fest
an? olays stealily Tor an hour and a half, During the
whole pariod the noiss and the roar arz al-ost
intsleable and deafeningg sn haisterous is the tumlt
of t%2 elemants that conversation is iwpossible, and
‘yon can hardly hear yourSﬂlf think*" (Haupt, 1883,
». 103), :

Yost of the earlv references to Jiant are not quite so enthusiastie
as thosz of 3tanley and Haupt, The Glant, however, was a geyser
all early visitors eazerly sought to s=s, The name connoted

mirht and power, tha "greatest of ths all." Uheeler, in an early
ruide book, susizs Bishop Cranston's deserdintion of Jiant as
published in the Jestern Christian idvocate: :

U'Tha Giant;* as his name indicates, is greatest of thenm

all; but he is not a giant every day in the year. Wwhy?
Bsc*usa thers is an active waste-vent in his ‘formation.’

A fierce colu-n of steam issuinz constantly fron a minor
crater, ... robs hiq of his miqhty eneriies by day and by
nicht, DBuilt for wonderfinl narforaaaces - his érater
strueture =massive, his endownent ample - whea he dses
respond to the impatient expactancy of those whn have
traveled far to witness his pover, there is no disavnointment,
tlis voicz is heard afar, and feot+en, whaelweq, and vehicles
of all kinds hzsten to the scene., The wvoleas of all the
lesser gevsers ars lost in his mighty fervidness, as he
builds a majeslic monuwent that, shoult? his heated utterances
conzaal, would shtand over 200 feat in the air, He holds
straizht on for an hour and a half, no =atter how the
ad«irvers of the '"Daisv' or 'Gpleadid' or'lieoiromic' may pant
throuzh exhaustisn of their pawmered faculties. He doaes not
heat his threat, and %een a roariny {ire under his ribs,

for fro= s2ven to sixtean days, only to olay a second part to
the chnir of sintinz zeysers on the hillside behind himi"
(1904, p. 49),



) Record of Activity

Since the discovery and na+ins of Giant in 170 fhere has been
discomtinmity in its eruntians, It has been evelic in function,
There have baeen years of freaueal to infresuvent activity, followved
by vears of dor-anev, Durin~ the 18705 there are but three
referovces to anyoma havint seen Giant, erunt -~ one eruntion for
each vear 1370, 1971, and 1973, It is probable that durins this
perisl Giant vas in a functiomnl evele. Scantv visitation durine
this pariod wamlsd resalt in seanty recwds, Follorinz the knoun
eruntion of 1873, which is deseribed by k., J. Stanley, Dr. Hayden
could find no further refereace to an eruotion until ona that was
renorted br Superintendent Norris in 1P81, From 1891 until 1895
there is no racord of a swvecific eruntinn, This do2s not mean
that Giant was dor~ant duriny all of this perioed. It -erely
indicates, thet if any sustained observations were wmade, they
ware nol recordsd, That Giant was esrunting Aurint sone of this
perﬁoi (1381 Lo 1895) is indicatel by the followinz: “The Giant

Yaoes off' (im the lan7uaze of tha =zevyser basins) once in four
days irresularly" (.iylie, 1£32, o. 4%1). In referencs to its
dor~mant perinds is a statement: "This seyser becamz inactive in
the ye;r 1885, but it is probably wot extinet (Riley, 1350,
p. 105

By the middle 18925 jianl uvas active azain, In the years 1895-94
Cantain Georze 3, /ndersnn, arwv sumarianteadent, endeavored to
detor~ine if any gevsers in the Un=er Rusin excoent Old Faithful
shovad a desree of regularity. Captain inderson states: "I have
the guerds keen a table of g2vser erustisms. Of course, this is
not comlete, as it takes no account »f eruntions during darkness.
Chave annended it to this raport as orineipally useful in
showing there is very little resularity of war-iod amonz any of
the— excent Cla Faith{al" (1’06 p. 13). The fact that "little
resularitv? in any of *he cevsers excent 014 Faithful is indicated
is suzzastive that the suards in their records were nnt as
- meliculous to details as seens desirable, Eowever, the tables
they kent seem to he the naly available rac-rd of zevser activity
until after the creation of the ijational Park 3Service., Durinz
five =oaths of observation in 1595-95 the guards made a record
of thirty eruntions of Giant,

During the 1920s I can find referencas to but 45 eruntions.
During the first part of this decade Giant apparently was in
an active cycle. In his wmonthly rewnort for August 1920
Su001in‘nndent Albrizht states: "During this year the Giant
is playing on an interval of 7 or 9 days™ (1929, p. 1R8).
This active cycle lasted throuzh at least 1921 and 1922



Much eredit must be riven to Charles Phillips, who served as a
park ranzer from 1925 uatil his uatimely dzath in 1927 for his
intaorest in the hot springs, Ranzer Phillins carcfully checked
Ginnt fro+ the fall of 1925 until darch 1927. During this
period he had sumner and winter assiznments at 0ld Faithful, ~
In thoe 17 to 19 nmonths of observation he recorded 7 eruntions,
prom his daha he Lried Lo deterqine if Giant were erupting with
some consistency on ihrae-month intervals, He states:

"In the case of Gﬁint the period usually siven is six
to fourteen doys, yet in the availahle records the
vwriter can find only a few instances of eruntions
ccewrring 5o frejuentlv and in no cas:z consecutive
eruptions at Lhat interval. Suring the two years

in which he has had the Gisn® unider surveillance the
averace interval has beca 91 days with a maxinun of
107 days and a minimuw of . 52 days.

It is intercsting in this connection to note that none
of the early ecuzpeditinas ohserved as frejuemt activity
as six to Toartesn davs, The Yayden Survevs of 1971,
1572 and 1872 4194 not sce it at all, neither did the
Jones expeditioa of 1973 or Ludlow cxpedition of 1875
altho several of thass ware in its vicinity long eaouch
to see an eruntion if thay had bean zs frequent as the
intarval giveq above. Ur, Peales of the havden Survey
in his final reoort of 1753 states definitely that it is

. "rarely seen in action' and that its "peorinod is
evidently a lonzy one'" (1927, ». 139),

That Giant tras erupting infrajuseatly durine the period Ranger
rhillivs had it under ebszrvation is =ade further evident by
a statemzat in Suserintendent Albrishi's July 1925 renort:
153£ill Lh2 cnriosily of the Lourist as to whan it will eruot”
(19255 D. 19),

From 1939 through 1949 there is a record of 82 eruntions of
Giant., During this peried the gevsers were under fairly close
ohservation, with su~7er wecords beinn made of all the major
geyssrs, 1L is believed that the P2 eruptions aceount for most
of “Fiant's suier activity durinz this decade, Som2 night
crunticns prohahly want uachecked,

At least once durine each season in the 19030s Giant erunted.
It is believed that the one erupntiom reoorted for 1931 was
soaperl, ollowinz an active cyele of 192Q and 1930, when

. aruntinig nceurred about every 4 to 14 days, there was



infrajﬁent activity uatil 1935 when an active evcls connarable
to the 1929-30 period took place. #from 1935 through 1639 the
averzze interval was about 10 days,

During the 19%Ns Jiant was less active than during the orevious
decara, There is a record of hut 25 eruntions. It was only
durin~ the 1945 seaswm that it erupted with any dezree of
freauency and rerularity, The averase interval for this season
was 11 davs, From 1045 until Septerber 1949 it was dor-ant.

At least ne eruntions occurred during the months ohs2rvars uvere
stationed in the Upwo» 2Basin.

“ho 1043 sanson was characterized by near dormanev of all
connecting units on Giant's vlatforn, I had nesvar observed

it oupear so dead, ‘ost of the selatinous silica and alzae
about the cone of 3ijou Aried up an? nesled off. Durinz the
1nrtter part of the 1649 season a marked rajuvenation of iant,
¥astiff, Catfish and 3ijou was avparsat. Zruptions of Giant on
Seple~ber & and 17 seenmed heraldic of a new cycle of activity.

During the period I was in the 0ld Faithful area in 1950 Giant
was active seven times., It erupted on the I»nllowiny dates:
June 31, sucust 25, Sentewber 6, 15, 22, 29 and Uctober 7,
That it was a new cycle of activity was made evident, not only
by the nuwbor of eruntions during Sentenber, but by the degroe
of activity of Bijou, Catfish and 'lastiff, with which it is
connectad subterraneosusly.

Unfortunataly no 1950-51 winter record was nade of Giant. Ho
observer was stationed in the Basin., “hen I entered on duty

¥ay 1, 1951 it was soon ewident that Glant was still erupting
with ahout the sa~e frequency as in 3eptethor 1950.

Jiant's 1951 verfnrmance was very snoectacular, Since the dational
Fark Service bezan functioning in 1915 racords are highly '
revealinz that at no ti-e 4id Giant erunt wth the froouency that
it 4id in 1951. There =izht well hava be-n and no doubl “ere
earlier cvelas of activity of ejnzl character but there are no
data to ckec% agaiast, Durine the seven =onths I was in the

Uorer 2asiv i1 1951 Giant erunted 37 tiaes. The average time

was § davs and 17 hours, +the maximum interval was 6 days and
17.5 hours; the winiqur 2 davs and 4.5 hours,

The 1951 record was but a prelude t» its 1952 function, During
this seass1, which included wister months, 3iant erusted 133

tines, This resrezsents Aay and nicht erustions. I keot marxers
t» ba certain of night erurtions, howsver, to one fanili-r with
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Giant a nit-t cruntisn is, on thz followin<s =orning, readily
abnarant: 2lso tha prohable time of the eruptien,

The maxiaa and minique length intervals for Giant during 1952
wera 6 days and 21 hours amd 1 day and 10 hours. The 34 hour
intarval is the shortist ov racord, . The ti+e of the averaze
interval a3 L4 hours.  The increase in activity of Giant in
1952 eans sudlenly, It oceurrad about Jaauary 17, DZuring 1952
Jiant mained the disbineiion of heing the first geyser for which
a co1slete wamrly reeord is aerbant.

Durinz liay Lo Jeioher, 1953 3iant erupted 50 tiwes, The shortest
intorval was 39 hours aql 43 =winubtzs, thae lonzest 93 hours and 30
minutes, Tha time of th2 avera:n interval uwas %0 hovres, “hils
th2 s2r5999) awvaraza was slightly Longer than for 1952, the
monthly avarase o June and July is tha shortesl on record -
52,4 hours, The 18 eruptiens-which oceurred during July vere

the zreatzst recorded nuaber of ti<es Jiant has played during any
one month, ilowever, this record was ejualled in July 195%,

In 195% I hod the onnortunity of spendine but three and one-half
months in the peyser basins, 3:treen June 1 and Sente aber 24
Jiant orunted B35 tises, Par'e Ranizr Ton Zla recordzd 8 eruntions
as occurrint durin-s Anril, which renresenis 53 kno'm eruplions,

Glant's pattern of achtivity in 195% was very -mch the sans as it

was tha vrevicus seasosn.,  The mather of erustions was the sane for

tha eorresnanding moaths of Juae, Julv an? August of each year,
Howavar, during 1054 Jiant revarssd tha tiie of day when it chose
to disnlay ilself, Duriaz the 195"% szason bLo-thirds of tha
eruptions ozcurred daring the daylighi hours, Surinz 1953
two-thirds took place at nighl,

During June 175% 3ient erupted 13 tiwes, tha average intarval
being S hours, The averazz far the 14 July eruptions was a
=inns 53 hours, with 6% olus hours the averase for Aujzust and
Septa-bor, The seisial averars was 55 olus hours. Tho longest
interval was 95 hovrs avl 17 ninutes, ocenrring in Jduzust; the
shortest 43 hours, tiltinz olsc2 in June,

¥y firsk observatioa of Giant in 1955 was on lay 20, IFron this
date until July 1 eruntianas occurred with ahout thae save
resularily nad {raxamey as during the three srovious soasons,
Betwzen June 25 anl 29 Lhera vis a2n interval of 109 hours, This
uas the first tise the interval had laagthaned sufficieatly to
suzeest that Glant might be ~oving in the direction of a dormant
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cyels, - fram July 1 nd for the reaainder of the season, thae
length of thz intervals steadilv inecrsase?. BSeven crunstions
oceurred during July 25 against 11 for June, The nunber
decransed to & for Auzust, Fron Muzust 29 Lo Octobar 25 there
ware but thres atiitisnal erustinas. The Getober 25 eruption
was thz last rzeordad oae. if any occurred durine Lhe ensuing
winter they are unlasum,  all evideace is to the effect that
since Coloher 25, 1255 Giant has bheen dor-ant,

The przscat state of innetivity would seen to have been well earned.
Durin: the eeatury ths geysers have “een known there is no record
of Gizut cveq elasely comnzrable to its 1950 to Uctobar 1955
perfor-aicae,  During this perind’ 315 erustions are a matter of
record., Cn the basis of itsc Ynowrm perforaance it is believed at
least 157 additional eruntinas sceurred,

Dates and erustion bi~es of Gisnt's last cvele of activity, '
baginnint =with thz 1951 season ors tabulaled so that the reader
will bz able to vronerly evaluate tha nature of its imoressive -
perfoviaico durianz this parind. A table also shous the number
of soncific eruntions referre? to from 1970 to 1950,

Table 1

Specific Zruptions Referred to During the First 80 Year Perioed
I >

funbar of ' Humber of
Year Eruntims Year Eruntions
1870 1 1930 2 )
. 1871 1 1931 - 2 i -
1873 1 1932 1
1881 ! 1933 y
1382 2 1934 3
1895 23 1935 5
1895 7 1935 9
19)0 7 1937 -7
1921 15 1933 15 At
1922 15 1939 10
1925 i 1940 4 p
1927 5 Total T

Giant crusted many =ore tites duaring tha BO year period
than the table indicates. If records vere made of much
of its activity they seem to bs lost,
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22

13
19
25
30

11
18
23
31

13
18
24

31

12
18
23
29

Tine

8:25 a.m,
1:03 pom.
4:00 p.m,
1:49 p.m,
7:00 a,m,
10:00 p.m.

5:30 p.m.
3:30 a.m,
Midnight
5:30 a.m.
1:30 2.1,
10:27 a.m.

1}:25 a.m,
5125 p.T.
€:20 »n.m,

11:32 a..
4:00 a,m,

12:20 p.m,
1:25 a.m.
8120 p,m,
12: 01 p.m.
115% p.m.

1:45 a.m.
3:29 p.m,
4100 a,m.
10:10 p.m.
10:05 a..

Table I1

Fay 1951

Interval

2 days
5 days
.5 days
& days
5 days

June 1951

5 days |

5 days
5 days
5 days
5 days
5 days

July 1951

5 days
6 days
6 days
5 days
7 days

August 1951

6 days
6 days
5 days
5 days
7 days

151

L
3
22%
18
15

D

31

8
13
19
15

2

Sevtevher 1951

A days
6 days
5 days
5 days
5 days

12
14
123
18
12

ﬁacord of Giant's Brustions 1951 Through 1955

Adr Temnerature

hours
hours
hours
hours
hours

hours
hours
hours

=~ hours

hours
hours

hour

haurs
hours
hours
hours

hours
hours
hours
hours
hours

hours
hours
hours
hours
hours

r



Datn -

10
16
22
28

11
16
22
28

14
17
21
25
27
30

10
14
18
21
24

.27

=00 Oy

Time

A130 a.m.
2:00 a,m,
8:30 a,m,
5:20 p.m,
4:30 a,m,

10:07 p.m
2133 pem
1105 p.m

8:34 a,m,

5139 a,m,

2130 a.m,
8:32
12:10 ».m.
1:42 p,m,
9:05 a,n,
9:35 a.m,
3:27 pom,
11128 a.,m,

3:30 a,m,

501 pem.

2:14 p,m,
3:1% p.en.
Uy 3? Pe™M.
7:10 a.m,
2:15 p.m,

*3:00 a.m,

3:15 p.m.

1100 a.n.
2155 p.m,
7130 a.m.
1:45 p,m,

Interval

Novenmber 1951

5 davs
6 days
6 days
6 days

Dece~ber

4 days
6 days
5 days
5 days
5 davs

19% hours

AL hours
2 thours
11 hours

17% hours
ll-%;- hours
22% hours
191 hours
21 hours

January 1952

6 days 21 hours
5 days 6 hours
5 davs 4 hours
3 days 1% hours

3 days 21% hours
4 days 1% hours
2 days 6 hours
2 days 20 hours

February

2 days 20 hours
2 days 133 hours
2 days 21 hours
3 days 1 hour

4 days 1 hour

3 days 4% hours
3 days 7 hours
2 days 13 hours
3 days 0 hours

M.rch

3 days 8 hours
2 days 14 hours
2 days 1A% hours
2 days 6 hours

12300 Midnight 3 days

14

10t hours

Alr Teqrarature

8° F,
I
-21°
20°
30°.

14°
20°
20°
15°
267

E



Date

15
19 -
22
24
27
31

10
14
18
21
24
27
29

D=2 EN

12

16
19

Time

2100
42
6:35
5132
R1130
4:30

6122
5145
Ll
8

2:00°

5:27
G330
4§ 30
6130

6:00
6103
6:15
4310
G: 05
7155
7:33
L 45
5:55
10:11
6132
11: 07
4 55

2:732
8:41
11:30
12:30
Ly 3h
Q5
7114
9:33

a.m,
P. T
pam.
Pem
Dy 'le

P

Ay

.M,

a4,
f,m,
BT
O, M
AL,

a."m,

Qe My
.M,
A M
Potils
Qe
e
p- N
nM,
DT,
A,
P,
.,

a,m,

P
pom.
.,
P M
PeMe
P M,
DL,

Pem.

Interval

March 1952 cont.

3 days
4 davs
3 days
1 day
3 days
3 days

April

3 days
2 davs
3 dnvs
I days
3 days
3 days
3 davs
2 davs
2 days

Hay

day

davs
dvas
aay

davs
day

days
davs
days
davs
devs
davs
days

MR NWN LN D WD

June

davs
doys
days
days
days
2 davs
1 day

3 davs

Wi NN

Yol

2 hours
14-3/4 hours
2 hours
23 hours
3 hours
8 hours
1% hours
11% hours
23 hours
4 hours
17% hours
15% hours
i hours
A hours

2 hours

23 hours
0 hours
0 hours

10 hours

17 hours

23 howrs

11% hours
9 hours

13 hours

15 hours
B hours

15} hours

18 thours

9% hours

6 hours
15 hours
13 hoeours

4 hours

5 hours
22 hours

2 hours

Air Temperature

-15° T,
18°
14°
16°
22°
10°

262
lgo
25°
- 252
38

32°
30°
32°



10
12
14
16
19
21
24
26
29
31

o
WO oW

Tine

7120
6150
5145

300
2122
9105
9:50
8:19
6143
11:14
1:00
12:00
3:00
1:52
6:55
3130
G:53

2:25
11:53
3:55
6:145
10:10
2:19
6: 57
9:25
S 45
7: 01,
11:29
2:00
12:00

3:00
2:42
400
1:2%
5:00

Interval Air Teqnernture
June 1952 cont.
a,m, 2 days 20 hours
D.m, 3 days 11% hours
a.,m, 2 days 11 thours
July
a,m, 2 days 22-3/4 hours
DM, " 2 davs 16% hours
A, 1 day 18-3/4 hours
V.M, 2 davs 12-3/4 hours
namM. 2 days 10} hours
DM 2 days 10% hours
a,m, 2 days 16% honrs
5.7, 2 days 14 hours
Hoon 1 day 11 hours
a,m, 2 days 3 hoars
P, 2 days 11 hours
D, 2 days 5 hours
PR 2 days 8% hours
a,m. 2 days 6% hours
August
Peme 2 days 4 hours
a.m, 2 days 21% hours
. ™, 2 days 3 hours
a,M. 2 days 17 hours
a.m, 2 days. 3% hours
D™, 2 days 4% hours
P, 2 days I hours
a.m. 2 days 1%% hours
Pem. 2 days 8} hours
a.m, 2 days 13-3/4 hours
8., 2 days 5% hours
a.m, 2 davs 141 hours
Midnight 1 day 22 hours
Seotembar
a,m, 2 days 3 hours
D44 2 days 11-3/%4 hours
a.m, 2 days 13 + hours
pem. 2 days 9 % nours
a.m, _ 2 days 15 ¥ hours

15



Date

15
17
20
22
24
26

26

DO

T9me

—————

Pa
",
[l W a.'ﬂ.c
1132!) a,m,
1.0:30 ..
12:00 Hoon

2O
b R, RWe)

i &

b:30 p,m.
5:00 a,m,
2:00 a.m,
10:25 a,m.
3:20 p.m,
Q107 a.m.
Midnicht
12:05 p.m.
10: 09 p,m.
Hidnight
12:00 a,m.
07 a.m,

5:05 pom.
2:00 b2 I IS
3100 a.m,
12:52 p.m,
7:48 a,m,
9140 p.m.

7:”‘5 ﬂ-"h'

2:00 a.m,
12:22 p.m.
2:54 p.m,
;00 a.m,
3159 pem.

3100~ 5 m,
10:00 p.m,
6:00 .,
5:15 p.m,
3153 p.m.

17

Interval Air Ternperature
Septevber 1952 cont.

2 days 11 hours

2 days 2 hours

2 days 11 hours

2 days 5% hours

2 days 11 “thiours

2 days 1% hours

October

2 days 23 hours

2 days 12% hours

1 day 21 hours

2 days 8! hours

2 days 5 hours

2 days 17-3/4% hours

2 days 15 hours

2 days 12 hours

2 days 10 hours

2 days 2 hours

2 days 11 hours

2 days 17 hours

Novembar

3 days 17 hours 32° F,

2 days 9 hoars 10°

2 days 1 hour 12°

2 days 10 hmurs 28°

2 days 19 hours 4o

2 days 14 hours 26°

2 days 10 hours 16°

2 davs 17% hours 21°

2 days 10% hours 210

2 diys 2% hours 18°

2 days 13 hours —328

2 days 12 hours 4

Dacenber

2 days 11. hours -13°

2 days 19 hours 15°

2 days 8 hours 15°

3 days 11-3/4 hours 2°

2 days 22% hours 33°



Date

15

19
21
23
25
27
30

30

Timn

Q‘l 00 BeMe
6300 2.,

) 12:55 PeM,

10:18 a.m.
12135 o.m.
6:00 p.m,
3132 vom,
5:30 a,m,

103 30 2™,

Midnight
7:37 pum,
4:01 p.m.
8:00 a.m.
5:00 a.m,
12:15 p.m.
5:00 a,m,
1130 p.nm,
12:10 p.m.
8:50 a,n,

7:55 &aMy
Midnight
6:30 a,n,
11: 5% p,m.
6126 p,m,
Midnight
811"4‘ Ay,
12155 n,m,
1:30 p.nm,
3:00 a.m,
10:30 p.m,
12105 a,=,
83 00 P,

Interval

2 days 12
2 days 2
2 days 7
1 day 21%
2 days 2%
2 days 5%
1 day 213
2 days 14

April }953

Docsenber 1952 cont.

hours
hours
howrs
hours
hours
hours
hours
hours

Air Temperature

ifay

2 days
2 davs
3 days
2 days
2 days
2 days
2 days
2 days
4 days
1 day

June

1 day
1 day
2 days
2 davys
2 days
2 days
days
days
davs
davs
dav
davs

MmN N

13% hours
19% hours
21 hours
15 hours
21 hours

7+ howrs

16-3/4 hours

8% hours

22-3/% hours

20 hours

23 hours
15 hours
6% hours
5% hours
12% hours
5% hours
4% hours
W% hours
12% hours
1% hours
19% hours
1% hours

1 day 20 hours

18



e,

et
Wan VN0 GV

21
24
26
29

Time

Julvy 1953

6:45 a.n,
11:09 a,m,
3130 a,m,
63143 a,m,
10:02 p.m.,
5105 nun.
H:55 n.n,
Zidnight
1117 pom.
- 2100 a,m,
125 pom.
8:52 p.n,
6:5% a.n,
2122 pot.

Auzust

5:03 n.m,
11:37 &.m,
2:30 a,m,
1719 o, =,
10: 00 p,m,
7:59 a,m1,
10:15 a.n.
2125 pom.
:13 a,n.
3120 n.m.
11:3% a,m,
;27 pom,

120 'p.T"h
109 p.m,
:05 p.'l"h

8122 aym, .

(6553 a.m,
L:2% a,m,
64 p.m,
2100 a,.,
10:20 p,m.
2:22 a,m,

19

R S RRE I OO )

days
davs
days
days
day

days
days
days
days
days
days
days
days
days

NMNNMNMINNNNNDNDENDNN N

2 days
2 days
2 days
2 days
1 dav

2 days
3 days
2 davs
2 days

3 days

2 diys

- 2 days

3 days
days
days
days
days
anys
days
days
days
days

Interval

10-3/% hours
4= hours
15; hours

3% hours
15-3/4 hours
7+ hours
11 hours

7 hours
135 hours
12-3/4 hours
14 hours
10% hoars
10 hours

7% hours

2% hours
121 hours
17 thours
20} hours
23-3/4 hours
10 hours

2 hours

I hours
18 hours
19  hours

8 howrs

5 hours

5 howrs
22  hours
20 hours

164 hours. . ... .

24 hours
19} hours
1% hours
7~ hours
2 hours
4 hours



Date Time
Juno 1954
1 5100 a,n,
4 71h5 a.n,
f 7:00 p, =,
8 F: 1l p.m,
10 Ls2) pom.
13 6105 1w,
15 5125 p.m,
19 fidnighi
21 00 a,m,
23 11135 aon.
25 6140 a,m.
27 : 5:50 p.n,
29 5:05 1.
July
1 5:00 a.n,
3 6:30 a.n.
6 ; 10:43 a,m,
8 12:21 pun.
10 1084 aL g,
12 6:22 p.ri.
15 11:25 a.m.
17 1110 p.n.
19 12:15 p.i
21 3:23 v,
23 - . #5820 pome
26 _ 8:15 a, .
28 4:00 a,n.
30 : 6:23 n,.m.
August
2 Lilyg a,m,
L 61256 p.m.
7 1:45% a, .
9 3131 o.m.
12 L:50 a.n.
L 6105 p.m,
17 2155 a.n.
19 2:“‘3 ])lﬁ'ln
23 4400 a.n,
25 ' 4312 v.m,
27 11:15 v.n.

30 11: 09 a,.m.

20

Interval

PHEOMMPDDNDDNN DWW

pMoMhwNDNNDRRNDN

day

days
days
days
dav

days
dzvys
days
days
Anvs
davs
duvs
day

days

days
days
days
days
days
days
dnys
days
dayvs
days
days
days

1-3/4 hours
114 hours
2% hours

14 hours

2% hours
273% hours

64 hours

4 hours

7% hours
19 hours
115 hours
235 hours

12 hours
1% hours
L% hours

13-3/% hours

10% hours
7% hours

17 hours
1% hours

11 hours
3 hours
2 hmurs

15 hours

15-3/4 hours

14% hours

10% hours
13% hours

7% hours
13-3/4 hours
134 howrs
13 hours

9 hours
11-3/4 hours
14-3/4 hours
12% hours

7 ‘hours
12  hours



10
jL
17
20

14
17
22
27

10
18
29

12

25

Tine

v, " September:1954 _

10:5% a.m,
9109 p.n,
11:290 p.m.

- 12119 pem.

2100 a,nm,
4:00 a.m.
5:55 pom.

May 1955

10:00 a,m,
7120 a,

June
11:45 a,m.
10:00 a,m,

5103 p.m,
11140 pom.

8140 p.m,
10:40 a,m,
12:00 Hoon

9:30 p.m,

1105 p.m.

2100 a,=,

3:19 v, m.

July

5:00 p.m.
12:00 Noon

3140 pum,

3:00 o.m,
11:10 a.m,
12:20 p.m.
; 8310 Ly,
Aurust

12:00 widnizht

12:35 p.m,
1:30 a,m,
4125 por.

Sentenbar

12300 Midnight

Octobar
1:25 p.m.
3:30 p.m,

21

Interval

- ¥

2 days

' 2 days

3 days
3 days
3 days
3 days

-

" 3 days

1 day

-2 days

2 days
2 days
2 days
.2 days
2 days
2 days
3 days
2 days
2 days
b days

2 days
3 days
3 days
5 days
2 days

- 5 days

4 days

13 days
4 days
3 days

11 days

- 14 days

18 days

. 2% Qays

23-3/4 hours
10% hours

23 hours
% hours
14 hours

2 hours
14 hours

21t hours

t

It hours
22% hours
7 Thours
6% hours
21 hours
14 hours
14 hours
9% hours
15% hours
12-3/4 hours
1+ hours

1-3/4 hours
19 Thours
3-3/4 hours
23+ hours
20} hours

1% hours
19-3/4% hours’

3-3/% hours
12% hours
13 hours
15 hours

LU

hours

7

13% hours
2 hours



Promonitory sizns of an Eruption

Durint the ereater part of Giant's knowa history the time of

an eruption was largalv oaicmatie, The following coqment is
revealiae of this uncertainty: '"The areator part of the visilting
public never se> thz Giant in action on zccount of its long
i1yresnlar intervals vhich dely pradiction” (allen and Day, 1935,
. 255}, lswever, in the 1ui0s it had been obseorved that several
small weysers, located on the samo wlalfarm wilh Giant will erupt
precedant to its activity.

"Giant zmevsor eru~ts to a helght of two hundred and
" fifty foct, over a pariod of an hour, and there 1is
no warninz exceot ihe inereascd activity of a number
of small reysers and sorings in the vieinity of the
cone" (Lindsley, 1624, p. 10). B

#1411 tho openinzs about Siaal are very active at
irregular intervals, espscially just preceding an
eruntion and eject sieam and sonll jets of water
with consiierable nover, The iron pipe bearinz
the sizn steams viworously on these oceasions and
water is thrawm out of the drilled hole in the
sinter in vhich it is set" (Phillips, 1927, o. 139-
149},

For sama reason Lhis infor-ation about the small geysers

did not becowe common knwowlrdze awmony later interpretive

personnel,

That durinz all-of Gianl's activa cvcles. there might have
bezn certain sizns of an iaponding eruption is indicated by
the following: .

"The 1st thing I obrerved whea it gave simis of
action was tha asvsor nearest it [ﬂastiff] bezan
to surge at a fearful rate, throwing a sreat
volune of uater Lo a1 altituds of 20 to 30 feet,
It playet for a mon=1t and the next one for ohably
Catfish] weat thronzh a sinilar operationj when,
as if ashaized of thcoir insionificant failure to
rise in th2 worlld, or in honor of the grand chief
of ithe reals who vaz abaut to apuear, they 2ll
ratired from the scana ald becane quiescent”
(Stanloy, 1877, b, 115).

]
Y]



It was not recoznized until lay 1951 that during an eruotive
cvels Giant has freyuentlv recurrinz periods when both the
teqparature aw} the water suddealy rise in its crater, At
the Lit2 of this chanza sevarzl small vents on tha platform
in fromt of tha broken section of the cone eruzt to heirchts
varvine bhatwenn inches and about 8 feet., larked chanses also
occur in the l-urser unitls on the platfor=s, I desimmated the
i~z of this chanze as a hot peried, It is only at the tie
of one of these het periods that Siant erunts.

Car=ful observaiion revealed that Mastiff showed the samne
chan~es in teqwerature and water level, whieh occurred
synchroiously with Giant's., Fron close ohservation I
discovered that hot veriods took plice at about hourly
intervals, their rrage beinz {rom about 50 to 80 minutes,
The hot veriods wauld last fron 4 Lo 10 winutes, 5 =inutes
being about averasze. '

lot only was there from 1 to 3 degreces rise in te~perature of
both Gi»nt and !lastif{ during a hot verioed, there was also a
marked chanie in the behaviar of mosi of the units in ths zroun,
The Tirst indieation that a hol neried was startinsg was an
overflow of wate- froq a side vent on the coae of Turtle Sayser.
Alzost iqsediately wabter would start risins in the craters of
both Giaat and lastiff, - It was with the rise in water that the
incereasn in teqwerature took place. The water in both 3iant and
Fastif{ boiled more vigorously at this tiwe. Si-wmltanemsly
with the suiden change in Giant and ¥astiff, the actlﬂlty of
Catfish and 3ijou ceased, . 5 3

Fithin abomt ons minute follnawinzg the start of a hot period
ton or more sn1ll vents in front and to thz southiast of SGiant
would besin Jetiing water, Should Turtle erunt, it did so only
at the tive of onz of tha hot nerieds, and this infreaueatly,
it ployed to a heizhi of absut 20 feet. The teriination of a
hot peried, unlass Giamt erunted, cane with cessation of nlav
from the 501l vents and a sudden surge in activity in both
C-t{ish and 2ijom. 3ijou would =79 into a vislent steza=n phase,
This surge of 2ctivitv was aceswoanied br a si-ultaneous drop
in uslor level ia Glaant 2nid lastiff aad all tha siall vents,
For a minute or t+o fallowiag thoe drop of water in Jiant its
agitation would sraatly inerease, with the water sloshing hizh
e1ouzh to an over the ten foot wall, deavy sloshin: also
preceded eruvtinas, These hot periods zave me an impression
as if a ziant s»o17e at danth wers sudlnqu boing sque~zed,

23
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Durinﬂ a ot pﬂtlol Lhe rﬂ11f101 hetuwean Giant and othor

aﬁd vqrzhole. )t?T.Lﬂ, 01 July R 19)1 nnd contlnulnz Tor all
observel erustioms excont one, far thz rest of that vear an
eruntion ol Liant woald always e indtiated by eruotions of
%astif? aad Calfish as well as Lho s7all zeysers. Soma of the
eruptions ol S stil” vrzra of a raivr character, the haicht
bein~ in ereass of 197 fect and lastine from 5 Lo 15 winutes.
As a ganeral ruale the activity nr Jantiff would cease as somn
a5 Glant startzd, ovsewver, o1 2 nuther of occasions I

observed lastiff in sajor activity for fully 5 ninuteghfter
Glant reared its =ishiy pluwe. Duaring tha remarkable disolays
of “astiflf, Cutficsh vn-1”2 erunt to a heiztht eouparable to that
of Daisy anl Riverdida, On July 23 Catfish alon=s, of the big
three, preceded Giant.  Durdng this eruotion of Catfigh,

which lasta? for 10 minates, it discharzed a volu-e of water
equal to, if not in lxcess of that of Cld Faithful, The height
was noat Lass Lhan 75 feet, '

During Giant's 1last eruntion cvele on interestine phevnmenon
existed with relsting to a shiftiine baek and forth of the

Tacus of the ther-al eazrev heanaesth the piatform,  ‘hen Catfish
and Mastif! wera vorforainzg s snectacularlv durine 1951 t%we
mejar nart of the prassure was d=fiaitely aq the north side of
the platfora. This 25 made evideat, mot 2nly by their eruntive
potentisal, bt two 57211 wvants in 4ront and to the southiest of
Giant were dormant,  Thev had wrovisusly been erusting abt the
tine of bot variods. In earlv Jamarv 1952 the oressure shifted
to the south, resuliliiz in near cessotion of aﬂvth1n§
avuroachiaT s jar .ct“zltj of C»ifish and zastiff; also lhs vents
23 foat southwest of the broken ssction beeze reactivated,
erunlting at the tise of the hot verinls, uhen 3iant was near
averate ti-e, as lonry as these vents wera active an eruntion

of Giant uss a distlinct wossibility, Its increasinz vieor of
splashing with each hob paried was hisghly surzsstive that an

239"

eruntion s imminant, U

When the nrossure was on the north side of the platfarn, as

in 1951 I chnsidered 3iant to be a1 what I ter-ied the iin stiff
function.,  ith tha wrossure to tha south it was desitnated as
rosular functisa,  Turinzt the rexular funetion, which versisted
for the re-ainder of Jiant's eruntive cyele, therc was no rore
major activity of Catlish., Hawevar, in 1953 Hastiff had 3
knoun ma jer eruotions. It is closer to @ant than Catfish,

20
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beina 19 feot as asninst 22 for Catfish. After 1951 Eijou and
Catfish would have minor eruplions for a briefl period at the
bezinaing of Giant's eruptions.,

The January 1952 shiftint from 5stiff to resular funetisn of
Giant rasulted in a narked iacrease i1 the frequeqcy of its
eruntioms, ihe tive of the averaze interval durin: 1951 was
137.3 hours. During 1952 it was 54.4 hours. Thiis shorlened
avzragze persisted until 1955,

An Zruption of Giant

As oarlier stated, an eruztion of Giant occcurs onlv near the
ter=ination of a Hot neriod, hen on remular fUﬂCulon, which
would seew to have characterized most of its knouin history,
the svlashing an? surrinz in the crater becomo very vronounced,
¥assive Jjets of water arch over both the southiern an3d eastern
rims, morz particularly the southern, shile this violent
surqini is ensuing witer will start sureinz 10 to 20 feet
vertically, In a mattew of a feir secyids the sur=zint unter
sudZenly blasts skyward, For a =inute or twe there arec
rapidly succeeding exnlasinns ai depth, duriazg which each
jmualsz lifts the massive coluwm of cwtar hizher, aximun
heiszht is attained during the first +o1eat or tus of olay,
The eosluan then slauly subsides from about 30 to 50 feet
below maximu+., Follawinz this, about 30 to 40 minutes will
ensue with 1little observabls change in the cnaracter of ths
eruntion, rron then until the ternination the strangth of
the activity slowly waaes. ihere is a short, minor steaq

. bhasn at the end after which all units on L1ﬂ platforn have

the anwvearance of beinz fallv svent, Following an eruption
it is about 20 Lo 24 hours bafnre slashinz in the crater and
renewal of the hot perisds bezin, Ths duratioa o the
eruption varies between about 99 and 115 minutes,

In the initial stames o an eruntion »f diant the water colu~n
is very massive and impressive. The tosarins coluan would
anpzar ta be 20 ar more faset in diaveter. It is truly a giant
gévser! ‘The ‘mge sizz is dus to two frctors - aszeandine and
descenling watar, Fhotaarachs objzetively show ite massive
dinaasions, after the ejection of water becnies lz2ss forceful
the diaﬂetﬂr af the water eolu~n shrinks ta about 5 to 7 foet;
more clisely aperaxinating the size of the erater,

25
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The heicht eiven for an eruption of Giant by different writers
has varied over a rather wide ranee, at the time the washhurn
Party observed 1t Lan=iord estitited it at about 140 fect while
Licuteaant Doane placed the heicht of this eruntion at 300 feet.
Tn 1893, heraan dount in his mridc book lists the heizht as
betuean 250 and 370 feet. tloaver, nost of the parly muide
hooks are more censer atlve, piving a fizure of aboul 200 feotb.
then I bnzan serving in the Ol Faithful arsa in 1931 it uas
axiomatic that Giant ernpted to a heighl of 250 feest, All the
1iterature of that pariod s9 stated, It was 1933 before 1
observed an eruvtion in its ipitial stazes. During 1939 and
1939 it was My good fortune to sen threc eruptions from the
boaginning, Home of these eruntions even closaly aporoximated
250 feet., They impressed me as heing somewhere hetween 150

and 120 feci, :

On July 173, 1951 while 1 was obsarving Giant durinz a hotl
parind, Uagliff began surzing heavily, Almost imwediatel;

it and Crifish exvlnded into porerful eruphinns. "his lasted
for fully 10 ninwtes, A preat. voluae of water was discharged,
The Gisnt arvsared pnervated, [ woadered af ihe powerful
displey of .lastifi avd Catfish would taks the prossure off
Giant, praventing aAn cruution, ihils I was mentally querying
at this wholly aneynzeted chanie, the Giant suddenly bsgan
verticrl surres vhich in a rou saconds resulied in a
spectnaculor display, which the adjective fgjant® alone would
describz., Had trisngulation been made I am sure the top of
the wator columm would have bean found well over 200 feest.

“While on Lh= astifs Tunction the Glant continted to erupt
mors powerfully than previousiv, “hen it returned to
rezular functien in January 1952, the maximuam heieht was,
as previous to the o stalf {uaction, between aboul 150 and
180 feoet,

When comoarad with other govsers tha yolnne of water Fiant
dischar~as durinz an erunii-m is trenendous. No other

reyser in Listorie time, wnless it was Eveslsior, has exceeded
it, MNaring the esrly stages A" an eraption literally a flood
of water nours inio thz Firshole River, Until near the
terainsticm of an srurtisn the dischar-e is continuous and
heavy., 3v us® of chips 2 per'e eaziveer and T atteoled 01
two occasi-ns to arrive at a fimure as to the volune
discharzed, s concludad that tha aaount of water entering



the river from Giant during an eruption was batween 750,000
‘and 1,000,000 gallons.

@nthusiasm at Seeinz an Eruption

farly visitors to Yellorstone Park seam to have heen much
more awed and annreciative of Ysllowstone's Lhermal wondors
than ~ntar-gcmvayed visitors of today, I= the -2in it uas a
different class of people. In order to reach the gzyser
basins thay travelled by buckboard, wagon or saddle, slseoing
anil eatint on the sround, Yelloustone Pari, as an enchanted
land, w2s an end to be attained, In ths Lirst decades,
unlike today, it was not ~erelv another place alony tha course
of transcontinental ramhlinzs vhere the alr=zady satiated
sightsezer mizht be roused from his lethargy long enouch to
laok out the wiadow fallowring the unfeelisz announcenent,
“This is Yellowstone Fark," .

The Tirst description »f wholesale enthusiasm which was
enzeidered by seeiny aa eruption of 3iant was in 1373,

"The wavering to and fro of such a =zijantic fountain
when the eoluwn is at its highest a=wd zlistening in the
brizht sunlisht, which adorags it with the zlowins colors
of many a gorzeous rainbo, affords a swactacle so
wonder{nl anl araqily magnificent, s2 overiwhel-minz to
the =mind, that the ablest atemnt at descripticn zgives
the reader who his never witaessed such a display but
a-fezble idea of its gloary. Cur entire party was
perfzctly wild with enthusinsm, ‘ie could not sunwress
emotinn, but shouted and cheered until we wers out of
breath, an?d soie fired zuvs and revnlvers in the air,

so ~real was their excite-ant in the -idst of such a
disnlay, Bvery oarson in the basin - farty-four in
number - was sam om the vromd, and lawvers, judlses,
orofassors, farr2rs, werchants, =minors and philosovhers,
were all alike filled with eathusiasn by the nzgnificent
snzctacle” (Stznley, 1377, », 116).

Wilo stool lookingz with absorbed interest at the Grand
Geyser when a shout orolensed and Llaud, arnsa fro- the
crowd at tha west end of the basin, ‘*There qoes tha
Giant!® and in an instant there was intense excitesent,
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sawe sera~bliae around far their ponies to hurry to the
scene, others rushine down the road with all possible
spead, yellinj like domms. Others plunzed into the
river and rushiag madly throush the swift-flowing water
to get a =limpnse of this grand fountain® (flaupt, 1823,
pe 172), ;

Yihen the 3iant gave a davtims perfor-manee, as it did so often
durinz its last eruptiom cycle, the road would f{reiueatly
become jam-ed with cars. The reason a zoodly nuiher of thase
cars ha? stopned was because other cars had stopoed; also, there
was the belisf that it was C1ld Faithful that was erupting, So
many timezs that the novelty wore off, wthen 1 was standinz near
Giant oajoying its mighty disolay, I was approached by a
visitnr who excitedly inguired, "Is this Old Faithfal®" The
revelatisn that it was the Giant, instea? of brinzing
jubilation, caused the conntenance of the questioner to fall,
In a noqent or tws would come the questiom, "dell, whers is
0ld Faithfnl?” Soan t'is individual and party wonld be szen
moving throuzh the dwindling croud in the girsction of his car.,

Many in Yelloustone Park whn have bsen bitten by ths 'geyser

bug" spara no eifort in trying to ho on hand when a biz and
infreauent eeyser srunts, That the great majority of

visitors so not sa2em to share the rousins apneal of the meysers
often co~as as a surnrise to thesez enthusiusts. A nunber of
ranzer naturalists have saffered a rude shock when they steoped
‘befare tha thousands who weras awaiting an eruption of 0ld
Faithfnl, and in a voice bursting with excitenent blared out
throuzh the loud sneaker, "The Giant is vlayinzi? WS GIANL

IS PLAYII3!" Instead of the expeered pandsmonium Lo get from.
01d Faithful to Siant the announcerent is =wst with drosving
heads, twitchinz bodies aad shuffling feet. Further annsuncenent,
and a briefing of the rare opportunity that has exploded in their
aidst, amain bounces off inte the ether wilh as 1ittle effoct

as if it had been addressed to the forest. Careful scrutiny will
indicate the easual denarture of a few, but in such manner that
it =might be some prass of circumstances, awart from a water
spouting Giant, that is motivatinz them.

On one occasina twin fisherwen who ware artfully placing their
flies in the rinolinT 'ater of th= Firehole reached the Giant
just as it bezan onz of its zrandost exhibitions. Zeinm on the
bank of the stream with -v kodal I shoutard above the noiss of
tho rushinz water and hissing steam, "Tha Giant is olaving|®

To my knowled=e the [ishorven never Adeimmed to rmive Giant so
wuch as a ¢lance, Perhavs by way of courtesy to =y exclanation
one of the+ inquirsd, "say, wh:it kiad of trout are in this
rivari" :



The ahove portrayal is by no means a blanket indict=ent.
Thousands of apir:ciative visitors yearly emter Irllovslone's
portals, dany neonle have had a life-lonzy ambition Lo come to
Yollowstona FPark: unheundzsd enthusiasn is expressed for the
thermal wondars that are seen, However, in generzl, it can he
szid that when some person is obsarved rushing vell-nell in the

‘directisn of an eruntinz zeyser that parsom, in all prabability,

42 an intaraste:d a-playse, or a towrist vho has a knovledue of
vhat is hapnieninz, To such neanle the nrommmcenent of an
eruntina of the Giant brings an instantaneous an enthusiastic
resnyiso, Like the trumoet eall to batile, “IHI GialT I3 '
PLAYTIG" heralds a lonz avaited sn2etacle that sets in motion
every limb and fiber of the faithful few, 3Stations and posts
ara desarted in thn mad. seravble to seek thea shorizst route to
the coronation. [hat the Firshole ivar =might lie athwart a
straicht line apornach is of little consaz-ience. Cn2 ranzer
naturalist, later professor of 7sology at Tufts College, was
seen 1o bolt like a flesinz animal throuzh this watar barrier,
which, Jike the Red Sea, "parted" as he plowed through. Lika
zn old tiwe sorinkling wazon, water frow his driveing cletles
showerzd the waysid: as he fanned on lest he be late for his
rendevous. :

Period of Pre-Barthquake Dormancy
Durinz the 1955 season ths Giant was obsarved clessly to
deteraine eruption nossihility., As durinz its recent active
cycle water continued to slosh ia its erater very -uch as it
did during the intervals of its eruntive neriods. One of the
most noticeable chanzes was the absence of hot periods and the
dormancy of the swall vents on ths platform, During 1957 there
was alwost comnlete cessation of activity of all.surings
occupvinz the sane sinter nlatform with Giant, Bijou, which
had baen quite active in 195h, was al-ost dornant. Its rich
algal grovth and denosits of silica gel on thes river side
drisd up, as in 1943, Only oceasionally was splashiaz in the
erater of Gisant visible from the road., In 1953 ther=: was
incrensad animation in th2 zroun. Catfish was dormant. 3ijou
was in constaat activity, 3Splashing in Giant and dastiff
shaved increased vigor. as the season prazressed the surging
in both grew mors forceful and voluninous. The increxse in
activity ser-ed sugzestive that Giant mizht be avoroaching a
new cruntion eycle., Durint the pre-earthsanke period in 1959
sloshine in Giant beea-e -asre vizorous than in 1953, water
would occasionally rise 5 or more feet in the crater. I
predicted that a new eruption cyecle was imminent.

e |



BEffcets of the 1959 Zarthquake

Critical inspaction of Giant on Auzust 18, the morning after
the eartlnuske, revealed that no ernption had ocenrred, which
had bean ths cass with so =eny revsars and hot sorings along
the Firchole River. There was no evidence of murky water,

For morn than a we=k following Auszust 17 there uas promise of
an eruntion, For the first tie since 1955 sloshing was heavy
enouth far the vater to zo over the cast and south sides of

the cone, more particularlv the sonth, There was heavy
splashing in Hastiff and strong actina in Bijou, Catfish
remained dormant, During this increased anination the indiecatar
_vents vers quiescent, I

The inereased activity in tha mrous gradually waned during the
rest of the year, I concluded that iha necesswrv omergy to
brinz about an eruntion of Jiant was being dissivated by Grotto,
and possibly to some extent by Oblonz. Both peyvsers were ruch
more active than during the pre-earthiyuake poriad,

From 1959 to tho 1970 time of this “riting Giant has shoun
little or no indications of erustion Gossibilities, During
1940 the sloshine at ti-e0s reached vart way up in the crater;
thero was nesr constant Jettinz of Bijou., Howaver, in
succeeding years with oceazional periods when the water would
splash above the braken ri=m in Giant, there has been a steady-
declins in any manifostaticms of theruaal gneray,

There has hosn a rather marked consisteney in the temnerature
of tho water in Giant's crater, which is ever in a state of

. boiling, even when not sloshiny., It is, and has so heen sinco

- discovery, a sunarheated sprint, Turing Allen and Day's

studies extensive tewparature readings wera taker of "the wost
important individual sorinzs."  In reference to Giant, they
state: "The very hoattast surface water anywhere in the
Yellowst-na Park was ohserved in the crater of' the Giant Geyser®
(1935, o, 241), Several readinzs vare made of Giant from 19ZZ
to 1929, The hizhest reading uas on Dscenber 1, 1927, - 95.5C
Their lowest readiny was 93,2°C., taken in “jareh 1929,

I took numerous temperatura readines of Giant during its eruntion
cvels in the 19505 aqd since. Tts Lemmeraturs durinz intervals
batuem eruptions razced bolwesn about 95.5°C. ani 95,0°C,

During the hot perind the Lamperature would rise to 203°%F, op

95, 57C, Daspite its lonz poriod of oulescencs, its Septewber
1970 reading was 202°F, or 95,0°C, Its period of dornancy
aoparantly is not due to lowered temrerature nt to a lack of .
sufficient sunerheated water being diverted to it, '

-
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The long period of dor-ianey of JFiant has rasulied in considerable
dzcaaposition of the sinter cowposing the clatform, Some of the
sm2ll vents are £illed wvith fraz=eanttl sinter. At the time of
Giant's eruntions thore was marked evidence il was sroding away
the plakfar- on tho south.  The st eruntion cycle shortened

it fron 6 to 8 inches, Howevar, eruntions kept the sinter hard
and Tir+ to the west an?! east, '

Har smach lonmger Giant aioht eantinue ia dorwaney ie quite
impassible to vredict, Prisr ta Llin earthqguake some of the
dor-ant parieds were fram L to 5 years in length, Horever,
thers are no Mata on which bn =make Torecasts of any new eruntive
cyela, The e-srthgquate aizht have rendered Glant dormant for all
time. It is quite certain, howesver, that it has weatherad major
earthguakes prisr to th=2 1959 on=,
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- Mastiff Goyser
G9-2552, 8455
GIAIT GROUF OF UPPZL BASTH

finstiff is 1nn~ted on the e1st side of the Jiant's sintor
nlatlora,  Ualike Siani, Catfish and Bijou, it is comeless.

Tte erater lies in a {4-5%T dirsction aad consists of tio

laria venks, soparatad by a sectum of sinter., In apprarance
the crater re-iads we of the nose of a hinvopotanus., It is
guite clasely ralated to Jiant, 22 feet distant., Of the
gevsers o3 the sinlzr platfors Hastiff would sce+ more clossly
related £ Jiant than thz others, Its teapsrature at all tines
15 essentially the sane as Giant's, and like glant's, its water
is in a constaqt state of ebullition,

Little can bz 5211 about the functinning of !astiff prior to
Giant's last active cvelon. The only raference to an eruption
of Un=tif? mrieor to 17is was an obsarvatian in 1773: "The
{irst thing 1 observed vhen it [Sisnt] cave sizis of action
was the govser nearest it [Tnstiff] baran to surie at a
Tezarful rate, throring a areat vaoluve of water o an altitude
of 20 to 30 feat” (Stanlev, 1877, o, 115). Sueh action on
the vart of “astiff -ust have heanq inTreiueqt in snuceeading
Years as 21l referances I have scen to 3iant say nothing
abrut Mastaffl,

Durin-g the erunlion eyels of Jiant in 1938-39 I was in the
Upver Brsin snt in sizht of 3iaat durdnt ~mech the ~rentor
part of those scasans,  Yone of the erubtions of Giant which
I observed was praceded by “astiff., v first observation and
knovledze thal ¥astiff had eruntion potential was om Yay 13,
1951, On2 of 3inant's eruvtions was oraceded br lastiff, I
estinatel Lthe height to b2 abmt 39 feet., The erqution
lasted 2bout 2 4ivutes,  hen Giant started all astion in
Jastifil ceaseld, .

My noxt observalion of ¥astiffi was on Julv 13, 1951. hila
obwsarving Jlant in a eritical stave of heat, hoth gatfish and
Magtiff basan dlavin: -are vitorously than usual, 3Sud’eqly
bastiif roekets) shyvuard ta a helsht covmarable to that of

Uld Falthiol, A% the same five Catfish, vhich even in its most
violeat stazes had rarsly ever reachad 30 feet, Tully densled
its heinht, with o wvressure Aisnlay very quch like that of
BeeWiva, The Biljou wewt inta a vialeat steam pvhase which
e1:121lad 3lnck Jrovlon abl its hest, Thig a1z e serTariancs
last~? for fullv 10 ~inuies when tha Giant sullonly jaianed in
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the hydrotechnic disnlay, Instead of fas®ifrl boving out of
the picturs when Giant shot skyward, for fully 5 =minutes it
Played on equal teras with its Gianl companion. OCf thn two,
liastiff was the =ore inoressive, due to the fact it lifted

-not oae but two huze columns of watar ints the celestial

sphere. The water from the northrast venk played at an anglo
of absut 15 degrees frov the verticil, and away From the
southeast vent whase water reached for the zenith, This vent
ernpted to a greater heiaht than thz northmwest one,

Until early Janusry 1952 liastiff coatinued to erupl precedant
to Giant., Soma of the eruntiols wers nore powerful than others.
As the 1951 season advanczd there uwas a decline in tha vigor of
Mastiff's activity, thd heisht diminishinz to about 30 to 50
fact,With this less farceful activitv the morthiuest vent ceasad
erunting, shen Giant shifted to razular function on Jannary 17,
1952 Mastiff was nnt again ohservad uatil the followinz sunner
when 3 eruntions, ahout 30 f=et in height, were noted, Since
then it has been dormant.,

Avart [rom my own, the onlv other descrintion of “astifr during
its remarkable display of activity in 1951, was written by a
comMpanion naturalist who witness=d the Julw 1R eruntion,

"When Mastiff Goyser began vaultiny wave unon wavae

to heights cnmoarable to thase of 0Old Faithful, but in

& mannar of Grand's rockei-lilke eruntioas, Seorie bazan

a cyele of activity that led him ba"ind diant Geyser

in order to bestter observs istiff's verfornance and

more aceurately estismate its height. Then before Giant
. began plaving -ha dashed over to the . pickup. parked on
" the highway to get his cawera,

"lieanwhile I held =v position hohind Giant Geyser,

with tha Firehols River in tha raar, a heavy deluze

of Ilastiff's water a foot deen an? several rods wide

to my right, and then when Giant erunted, a hot river
of similar width and ersater dzoth.on v left. In
front rase the mnssiva iant, in power and ma jasty,

to graater heights {han I had ever witnessod, My
position was indead an interestiiz nie, an? nonentarily
frizhtenin-, althourh not actnally dan-erous, bacause
the bresze was on =my side and the pmderons Giant, at
least in this eritieal staza, playved vertically, The
hora-1li%e eofar-ation o sintar, for+int its cone
preventsd uatsr froq vushine sn my directioan, The
Giant, while momentarilvy rivaled by the surzing Yiastiff,
was soon in a pasiting of a1scandaacy.  The Siant's
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excentioial performance, notwithstanding the exnherant
{3 ftenn—9inute dissipation of prossure and water from
the astiff, was a vhenomenon that impressed mo

mizhtily" (3221, Yellowstone Mature llotes, 1951, ». 39).°

At the time o the 1959 earihquake astiff did not resnmmd
with an eruotion, It is believed no eruotior is passible
exccol 1s a pralude to or in conjunction with Giant. Since
the earthanace it, as enrlier stated, boils steadily and its
temnarature, on all oce-sions when checired, has hear
essentially the s2m2 as Giant's, about QS.OOC. During the
past decade it is but rarely that the water surges above the
rinms of ths craters, )



Oblong Geyser
S £9-3103, 3303
GIANT GROJP OF UPPEi BASII

Chlone was early recantnized as oie of the important gaysers in
tha Upper Zasin, 1his was due, not only to its zreat discharze
of water dmring an erustinn, but the crater Iollowinz an eruption
revaals soqz of the mesl elaborale and ecolorfiul sintzr structure
faund in any geyssr., The depnsits surrounding the cerater are but
a veneer over the dewosits of a hot spring antedating Oblong,

"{his handsome basin was thouzht to bs merely a

hot boilinz spring in 1871, but in 1372, when it

receivad its nawe, it was suspected to bs a geyser,

althouzh not seen in action., It hzs never boafore

been described, although it fisured in the revort

for 1872 (p. 153). It is an oblonz 100l 50 fezt in

length by 31 feet wide at the end nesrast the river,

ani 21 feet at ths opwosits ewl. AL the bottom are

two larze cavern-like borls that ars of great depth

and over which the water swvnears of ¢ deap ¢recnish-
blus tin=. “the ridge or nlatform, ssvarating these

- tun bovls is 7 fest belor the surlzoe of the water,
Ihe bowl nearest the river end is the larsest and
deooast, ‘'the ri= of the ceyser is raised from 2 to
6 inches and is elab-rataly cornameniczd with lar-e,
_White, zlebular =masses of zeyserite, sonevhat like
thase in the crater 'of th2 Turban Sayusr, only more
nuier~us and more rezular, Ouiside of these is a
laver or rim abnut 2 inches hicgh, which has an
appearancs 25 thouzh it had bsoen cut ocut by a die,
50 clanrly defined and revular is it. The basin thus
deseribed is on the summit of a bread platform (absut
250 by 150 fect), which is abaut 5 fceot above the
level of tha rivor, ‘the waker boils in the center,
and when examined on the morning of Septe=nber 11, 1878,
had a temperature of 195°. at the surface and 196°F,
below the surfcce, The over{low pzascss off from the
centor of the south side of the basin, flowing into a
serics of shallow basins ornamentesd like Lthe main
spring, on a diminutive scale. Thay are gray and
yellow in color. Similar basins ars seon on the north

-



side also, but here instead of roceiving the
ovarflow they hold the water that falls during
the eruntions, The eruntions are very fine, and
resemble in some respects those of the Giantess,

. althoush the duration is only a fz2w minutes. tThe
wholo mass of water in tho basin appears to ba
tossed into t e air in an immense solashine mass,
with an immwensas escape of steam, throush which
occasional jets are prajected to a heicht of 30
or 40 feet" (Hayden, 1B73, vvo. 193-199).

A few earlv guide books make reference to Oblong. in soms cases
deseriptions are word for word conies of observations made by
an earliar writer, The earliest known is cited.

YThis is a pool of deep green-blue color, on tha
river bank south of the Giant, It is fifty feet

in length, and thirty-one feet wide at the end
nearest the river, At the bottom are two larie
bowls of great depth--the ridge which separates
then beine seven feet below the surface of the
water, ‘The rim of the basin is raised and elaborately
ornamented with large white globular =asses, The
eruptions, occurring about four ti=es daily are not
very hizh, but the whole body of water in the basin
is tossed upward in a splashing mass. This meyser
has sometimes heen called the Comet, but the name
given)it in 1872 is more aporopriate™ (winser, 1883,
p. 51).

Following an éfuptioh of Oblongz the water level droos between

5 and 6 feet, About 20 minutes after the ehb the steam from
bordering collecting basins and within the crater will have
cooled sufficiently that the rising vapors no longer obscure
the vision. It is then that the colorful and ornamented sinter
within the erater can be obszrved to advantaze.

The rise of the wvater in the crater is zracual., It takes

anythere from about an hour ani a half to two and a half hours

for the crater to fill, From the time it fills until an eruption
there ares freauent periods ot ovzrflow and periods of ebb., Until
an eruntion occurs, there is no observable change in their
character., This makes an eruption difficult to predict, Fellowing
a period of overflow, which lasts about 6 to 8 minutes, the water
will obb 5 to 6 inches. After a period of about 8 to 10 minutes



of ebb the water suidenly rises when the overflow part of the
cycle is reneated, 3elative to Oblong's veriods of overflow
and ebbing Allen and Day made the following obsearvations:

"The behavior of a few zeysers is worth recording
in greater detail, The Oblon7 Geyser is situated
on the bank of the Firehole River in ths Upper
Basin; a pool of hot water more than 40 feet across
when full, heavily linad with silica and surroundsd
by a roughly circular sinter sheet, 50 yards in its
greatest diameter, sloping away mors or less gently
in all directinns. Ona September 27, 1929, its

. intermittent behavior was watched continuocusly for
about six hours, during vhich it displayed a remark-
able regularity. For nine minutes the water rose
slowly till the peool was full, when it overflowed
for about seven and a half minutes, only to reneat
the same cycle, ‘The record follows: , . .

Stean bubbles rose in the pool from time to tine,
mora abundantly, as it .seemed, while the overf{low
was zreatast, when finally at 3:16 p,m., on the
point of maxi-mum discharge, a fountain of water
domed up in the pool to a height of nearly 20 feeot
and thers was a turultuous eruption, the water
flooding the surroundinzs in every direction"
(19351 P- 1?9)-

During the psriod I have been in the 0ld Faithful area I have
noted that scasonal naturalists and rangers when locking dowm
into the basin from 014 Faithful will frsiuently mistaks a

high risinz steam cloud as indiecating either Giant or Grand is
eruotinz. This situation rezularly obtains during morning hours
of a chilly atmosphere which results in high rising steam clouds
above Oblonz's heavy water discharsme. rFrom Old faithful the
above thre= geysers are in near aliznment, particularly Oblong
and Grand.

when an eruption occurs it is about 3 to 4 minutes after the start
of overflow, At this time, when standing on the north side cf

the crater, a seriecs of deep detonations can be heard and felt.
The eruotion begins with gentle boiling, which is soon followed
bv sursinr., It takes about one minute for the sureing to develop
into the full thross of an eruption.



During the main part of an eruotion of Oblong the highest surges
attain a height of about 20 feet, Due to the size of the crater
tha sur7ine water is sven breader then it is hich, ‘this results
in voluninous discharre, In the coneliiing stazes the surging
becomes less forceful. The crupticn lasts from 7 to 8 minutes
anl tzreinates quite abruptly, This is Tellewed by ranid ebb,
the flood of wator vhich vours frow Ohlong during an eruntion
soreads ont in 2ll directions. AlL of the water soon drains

into the Firehole River, Due to ths crater's rastinz on the bank
of the river extreme difficuliy would ba encountered in measuring
discharge,

Until the 1959 earthauake Oblonz's sruption intervals, varied
bstween about 3 aad 8 hours, the graat majority b3inz nearer
8 hours, The earliest kaown referuncs to length of interval
was by #inser in 1533, already cited. A later report stated:
“Eruptions of Oblong occur about evory six hours” (Guptil, 1890,
p. 68). In 1893 Superintendent Andzrson had the guards record
eruntion intervals .on’a number of gevssers in the Unper Basin,
Oblon7 being one. Only fizures wers renorded which represent
length of interval in hours: "7 - 7 ~ 8 =6 -3t - 4 -9 .9 .
T 7t =7-5-8-6-8-979-6-5-6-7-6-5%-
5" (Anderson, 1893, pp, 23-24), In the 1920s the frequency of
eruntions was about the same as in later decades orior to the
earthjuake, "Oblonz is irrezular but rlays usually once and
sometinas twice a day" (Phillins, 1927, p. 140). vuring this
perinsd it'was not under as close a survsillance as in later
years.

During the pre-carthquake period that I tas in the Upper Basin
Oblonz crunted with what I considered a fair degrae of regularity;
the average time bLeing .bout 7 hours, The grzal majority of the
intervals varied batween aboat 6 ant 8 hours, Ocecasionally there
would be longer and shorter intsrvels. Shorter than a 7 hour
averate was espzelally true during the 1954% season. During this
seasm™ it eruoted with what seemed t» be a remarkable frequency.
The qreat majority of ths intervals ranged between about 4 and 5
hours., On Auzust 30 of that season an interval of 2 hours and

35 minutas was recorded,

1959 darthquake
Doring the pre-sarthquake pariod of 1959 eruptions of Oblong

occurred about every 6 to B hours, This had been the frequency
of activity sincs the 1954 season.

-



On Auzust 1%th, the morning following the earthquake, I noted
that Oblonz's water was very murky., By the following day it
hed cleared, ih2 rapid clearing might in part have besn due
to the increass in sruptive frasuency. During the first few
days following the biz tenblor, due to a lack of opportunity
to maks obsarvations, very fsw of Oblong's intervals were
checked, Durinz this period the shoriest determined interval
was 2 hours and 1% minutes. During the last week in September
47 sruvtion intervals were mechanically checked. The minimum
interval was 2 hours and 29 minutes; the maximun 5 hours and
24 minutes, rthe averaze was 3 hours and 31 minutes. ror the
remainder of tha year it continued to erunt with essentially
the same frequency. .

The marked increass, more than double, of racurring eruotions
was not balanced by any decrease, either in the duration of
activity or the volume of discharge, The big increase in the
output of thermal energy was actual and real and to the degree
that was manifestsd by the increass in eruplive frejuency.

Oblone's activity during the 1960 season had subsided somewhat
over what it was in the latter part:of 1959, However, during
19450 it erunted more frequently than durinz any season of
record orior to ths earthquake. Successive intervals were
determined for 41 eruptions. The average time was 4 hours and
2 minutes; the extre-ss beins 2 hours and 55 minutes, and 5
hours and 23 minutes, By 1951 eruptions were occurring less
frequently. 'Ihs seasonal average was 5 hours and 50 minutes,
The longest interval checked was B hours and 3 minutes; the
shortest was an even 3 hours, -,

Followinz the 1960 season the decline in eruptions of Oblong for
the more part was progressive. By ths beginning of the 1064
season eruptions were occurring with about the same frequency as
during the 1959 pre-sarthquake periocd, However, from mid-July
1954 and for the rest of the season the intervals varied between
% and 5 hours. 'I'he maximum interval checked durinz that season
was 8 hours and 42 minutes; the minimum 3 hours and 50 minutes.
By 1946 and througzh 1967 Oblong stayed pretty much on the 6 to
8 hour pattern. bLuring 1957 the length of the maximum determined
interval was 8 hours and 33 wninutes; the minimum 5 hours and 30
minutes, -

Oblong's activity during the first part of the 1968 season was
of about the same character as in 1967. ‘The determined intervals
ranced bstween about 4 and 8§ hours, During the latiter part of



tha season dz:ys would pass when no eruption would be observed.
Durin~ the {irst two months of the 1969 season daily eruptions

of Oclon~ weras noted, In July the lensth of the intervals began
to noticeably increase. ‘The only eruption checked in August was
on thas 15th., ¥nllowin~ this there is no record of further
activity until sentember £, ifarrers placed on Oblong indicated
that hetwaeen “hin date and Lhz end of ODctober there were but two
eruntions - on Septecber 23 and 30, Durins the 1970 season,

fror ay 1 to th=2 end of Octnber, but 5 eruptions were determined.

Thore is no raocord of Oblonz ever having shown such great
irrerularity snd infrequency of activity as has characterized it
the past two years, 'the sudden and marked decrease of activity,
which is without precedent, occurred a few weeks following the
heavy discharrs of the man-made spring when a piling was put dowm
in the construztion of the overpass on the new road., ‘These
occurrances mishlt be mere coincidence, However, there is a
possibility this is not the case. +hile Oblong is near a half~
mile {rom the man-made spring it 1s not oul of the realm of
possibility, in view of the fractured nzture of the Upper Basin,
thal = breal =i-ht extend from the overpass area to Oblong., It
is bolieved Lhat radioactive isotope tests might determine
whethar or not this siluation exists, Long observations have
unnmistakably showm that coven a slizht loss in thermal energy -
can bLring about dormancy of a geyser,

It is unlikelv that Oblong is an isolated unit, It is in almost
direct alirnment with the subsurface {racture which connects the
Giant and Grotio Groups. During 3ilant's last eruption cycle on
two oceasions whan an erurtion of Giant seemed imminent Oblong
eruvtel, On both oceasions it was several hours later before
Giant eructed,
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Purple Pools - Horth and East
North - G9-510E, 9555 ~
gast - G9-5652, 10005

GLART GROUP Qi UPPER BALIH

North and Hast FPurpls Pools are beinz considered together in
view of the fact their temperatures and functions have been
essentially the sams durinz ths paricd I have observed them.
Their underzround connsctions would seem to be quite open and
diroct.

Thess springs were apparently named Purple Pools (by whom
unknown) because of the dark sppearancs of the water, it

beine of a dark blue or purplish casi., The temperatures

of both springs have never shown more thzn two degrees of
variation from each oth=r. Their ranie has been between

197 and 203 degress F. Due to a near constant water level,
plus the high temperatur=s, both springs are building shelvaes
gbout the upper margins of their cralers. On rare oceasions,
and for brief periocds, I have obsarvaed slight ovorflow of both
springs.

Purple Pools ars connacted subterransously with Giant, which
is on thé opposita bank of the Firehole Riwer. As an eruption
of Giant projresses ths water levels in these springs ebb.

At the end of an srupticn Lhe ebb amournts to about three feet.
It takes from 24 to 30 hours aprrovimately for them to refill,

The.day following the earthquake hoth pools had ebbed about
18 inches. The water in both was very murky. They continued
to be murky for the rest of the yzar,



South Purple Pool
H9-560K, 655 <
GLANT GROUP OF UPPoR BASIN

The crater of South Purple Pool is much larger than those of
the North and East Pools., It is about 10 by 18 feet. In
tenperature and general appearance there ars marked dis-
similarities from the other pools,

About the only thing the three Purple Pools have in common is
a drop of about 3 feet in water level following an eruption of
Giant. 7This is the only observed evidenca that the south pool
might be connacted underground with the other two.

There is great variation of temperature in South Purple Pool.
The minimum temperature I have obtained was 131°F; the
maximum 183°F, Durinz most of the ssasons I have chacked
temperatures of this pool the range has been betwesn about
140 and 165 degrees F., When the temperature is in the 160
ranze the crater is lined with yellow algae, which givas the
pool an emerald hue.

During many seasons there is steady overflow of the south
pool, amounting to about 75 gallons per minute., OSince the
1959 season the overflow has not been observed to cease.
Durine overflow psriods the temperature is generally near
180°F, In Septembsr 1970 it was 182°F,

During the 1959 season, prior to'the earthquake, there had
been steady overflow of this spring. However, following
the earthquake the water had dropped about 13 inches in the
crater and was very murky. It was 1950 bafore overflow was
resumed,



Unanmed Geyser

H9-580%, 808

GIANT GROUP CF UPPER BASIN

wWhen enteriny the Uppor Basin on May 1, 19770 I observed a small
geyser 30 fest south of South Furple Posl fin an eruptive state.

This was the first activity of this spring I had observed since

the early 1950s, and then for but a short period, As closely ot
34s I could destermine the 1970 activity was constant. This SFﬁwét-
steady activity continued until the last week in May. During

this period melting snow water from the hillside pourasd into

the crater. This brought about cessation of eruptive activity.

When the melt water coased flowing into the crater geyser

activity was again -in evidencs,

From Juna 1, and for the rest of the season, this small geyser
continued to erupt. However, the steady activity of May was

changed to periodic function. The eruntio=s oceurred about ¥rw -~
every 2 to 4 minutes; the duration baing about a minute and a

halfo

The crater of this geyser is round, being sbout thres feet in
diameter, The sinter in the direction of South Purnle Pool, into
which all the water of an eruntion pours, shows evidence of
@éarlier, sustained activity. The eruptions are of a splashing
type. Most of the splashes vary between about 3 and 10 feet.
Occasional bursts will attain o height of mot less than 20 feet,

Ranzing from about 6 to 20 feet south of the unnamed gayssy
three new springs devoloped durinz the season., Apparontly
they are on the same fissure as the unnamed geyser., 'The water
in all three springs was murky. Nearby trees were killed by
this new devalopment.
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Uniaretd
New,Geyser

H9-5758, 1958 =
GIANT GuOUP OF UPP<H BASLEN

wWhen driving north in the Uppsr Basin on Septomber 1, 1970 I
sudlenly bacama aware of a water speui across the river from
Oblonz Geyser. “The eruption was issuin- from a point where
I was unaware of the existnnce of 2 hot sprinz. It was about
2outl acerdi100 foct southwest of Soulh Purple Pool, lMsramination revealed
HersiEt that it was a new geyser.

The orifiece from which ths water issusd was only avout & by 5
inches. A few pieces of frawmental sinsar were lying near the
vent, indiecating an explosive beginning, ‘The eruption continued
for about 2 minutes after I reached the site.

' During Septembar and October I saw saveral additional eruptions,
I cauzht none of tham at the baginninz, I was unsble to
determine the length of an interval or the duration of an orup-~
tion,

The eruption of tha new mevser quite closaly rosembles the
preliminary eruptions of Atosizer. Tha Jjet Eeing eof about
the same diameter. It alsc resembles the action of Pink
Cono in that the eruption would subside and then i1crease
in vigor. Maximum height of the Jets was abeut 15 feet,

+



"Bank Geyser" -

H3-5002,953
DAISY GROUP OF UPFZi 22300
evary 43 s2onnds
ec.nda, during

ged. During the
t 12 inches,

Prier tn tha 1050 esrbhiqua e San's arusted ahaui
to a minuta, An =rupting lasitad for abon s
which ab~ut 5 F”llOﬂS ner minute ware 24
eruotisns, thas 5011 e5 wara Lo a height

Ths enrthiuake did nst sse to affsect the lenzth of Bank's interwvals,
Its eruptions, hovavzr, were nors vissrous, rre= 1242 on the
sruntions seemed to zrow less foreaful. Daring 1959 thore was no
evidensa of eruptivs activity, only sieaty noilinz,

I havz ohsarved nothing in Ban's bahaviar that is suzgsstive of
underground Cﬁnwectxons with the Dhlrj Comnlex

Two small sorings are situwated on the shonlisr abavn Jank., Beth
erupted ths nizht of the aarthiuaYe, Cns 2sontirved o erunt for
about throz weeks, The heizht of ths aobivity was abouf, one ook,
Eruptims were frajueat,

.



Bonita Pool -
H8-335%,30S
DAISY GROUP OF UPPER BASIY

Until the ill-adwvised construction of a road between (and almost
over the ton) of Daisy and Bonita, the overflow from Bonita was

used to predict the tims when Daisy would eruot. +hen the flow

resched a certain distance from Bonita it was time for Daisy to

resnand, Following cessation of Bonita's ovarflow being usad as
an indicator it became a little noticed spring until 1937.

My first oponrtunitv for close inspection of Bonita was during the
1937 season. In Auzust of that year the water level in 3Bonita

would rise evary few days about a half an inch above the normal

high level, This was sufficient to cause a marked overflow {rom

the ponl, As long as the water stnod at this hizh level, with

the resultinz overflow, Daisy would be vary irrezular and unpredictable.
The wntar would rise to the ri=w of Daisy's cratsr whera it would stand
for hours with no overflow, On August 20th, 1937 3onita took on
geyser proclivities and eructed to a heisht of about 12 feet., There
was no activity in Daisy that day. On the morning of August 21 the
water level in Z2onita had receced b2low the rim of the erater and
Daisy had resumsd its usual schsdule, erupting on about a two hour

and ten minute intarval until last obsarved on Septe-bsr 6,

The next obsarvation of Daisy was »n May 10, 1933, In th= despest
part of the bowl surrsunding the vent a marked crowth of orange
colored alzza was very indicative of a long period of dormancy,
Ab~ut one sixth of a szeond foot of water was flowinzg through a well
defined channel fro+ 3onita, ‘That it had been flowinz in this
manner for wossibly months was indicated by a luxuriant zrowth of
algae lining the drainags channel,

The dennsition which normally results about gsyser and hot soring
vants was, so2 far as 3onita was concernsd, being =more than contar-
acted by tourist-induced ernsion, It was vary anparent that tho
strand abot the bowl of 3enita during previcus years nad suffered
graatly from human erosion and -ras probably lower by two or more
inches as a result of beinz constantly trodden upon ani rolled over
by cars. Bonita i1s situated in what was the Paisy parking area,
#ith this thought in mind I tried damning the overflow channel at
the point whera it left the pool of 3anita,  Following the placament
of the chack which reguired but a half-dozen shovelliulls of fraz=ental

-



sinter, tha water in Daisy began to rise, #ithin half an hour it
eruoted., ' Only one othar time dur!nv 1933 was tha ulaclnr of a
check in Zonita's overflow necessary.

Followinz the 1939 season, until the 1959 earthivake, it was only
infrajusntly that Bonita overflowed and stooned Daisy. On all
occasions tha checkinz of the ovarflow brought an im~ediate
response of Daisy. During nost of the indicated period it was
ovsrilew of eithar 2rilliant Pool or Splendid that aceounted for
most of Daisv's eccentricities, Zurins the 1952s Bonita's
temperature dropoed from L40°F, to 104°F, The water never rose
to overflow laval,

Sven thouzh the evidance was compelling on August 18, 1959 that ths
biz trewor had shifted ~uch of the therﬂal snerzy fro- the west side
springs to Laisy snd to ground farther east, surprisinzly, Bonita,
which lies hatween Daisy and ths eastarn area, Aid not show any
immediats increass in activity. 4s a matter of fact, on ths

morning of Augnust 13 the water had ebhed 18 inches balow

overf%ow. Zefore the end of 1959 its tenperature dronced from 1047
to 98°F.

In February 1950 3omits bteeame animated, Latent effects of the
earthjuaie manifasted the-sslves, Thsrs was a pronounced shift
of thar-aal ewergy »way from Daisv to 3onita, Its te~rcaratura
rose from 937 to 200°F., £9llowia: whieh it bezan erunting about
evary 4 minutes to 2 heizht of absxut 3 feet., after a o7 weeks
the eruntions ceaszd but stealdy overflou eontiqusd, Ths only time
overflew ceasad during 1950 was following an erusition of Daisy.
Tha fact that Daisy uould occasionally erunt with Bonita in a
state of everflow was without orecsisnt, It was indieative that
due to thz e-~rthjusks Daisy had a sourcs of ensrcy not oraviously
possessed,

On th2 =morninzg of Auznust 24, 1950 3onita's drainazz channel was
checked by a sinter dike with a view of dstariining Lo what dezrse
the discharss was affzcting Jaisy's fraquency and rezularity., It
was nz2cessary to:build the dike ahout 5 iazhes hizh abnut ihe pool
befors hydrostatic prassure stooonsd comvectinsn and diverted the

. vy

flow of thermal -arergy to Daisw.. o 0 e et W7 10 s FL7e Tigias e

The checkina of the flow from Zoaita resulted in Jaisy erusting with
marked razularity, Tha dan ahout Zonita was left for a wes¥ bafore
its re~oval., ith ramoval steady averflnw {rom Bonita was rasunad
with a very irregular Daisy, I had heped that tha stopoing of flow



fron Bonita might result in an exchangza of function, which had bean
the case with all exosriments befare the earthjuake. Apparantly the
jarrinzs had alterad underzround conditions,

]

Duriny the 1947-5)1 winter the activity of Bonita inerezsed to a point
that rasulied in comnlete dormancy of Daisy. During this season,
exceot for Comet, there was no eruptive act’.:‘!.vl’"r in any of the other
sorings in the Daisy Jrous.

No eassation of overflow of 3onita was observed until the 1957 and
196% sessons. Particularly during 1957 3onita would ebb 4 inchss
to a foot one or more times sach day, During the period of ebb
which would last from ahout 30 =minutss to an hour, prassure would
build up in Daisy to a point whare an erustion sezmad imminent.
Then very suidenly 3onita would refill and rasume overflow. o
eruntion of Daisy ressulted from Bonita's ebbs., o ebbinz was
observsd durinz 1959,

In conparision with Daisy and Splondid Geysers, Bonita Pool is a
_small, shallov and vrosaic snring. To have namad it SBonita was a
gross infrinzement in tha use of desﬂrin,lve terns, As an aijective,
1% is 2 misnomer, It is rath~r remarkable that in the chances in tue
Daisy Jroun resultiag from the earthjua¥e that a snall nitherto
non-floreing snrlﬂ: wo1ld bring about darmancy in two of the park's
larzest and 4nst i-mortant gsyssrs. Yellowstone visiters have
sustained a i ior loss for which ihe Park Service must bear soms
rasnonsibility. 32 that as it may, it 1s possible that major energy
shifts of 2 charactar esvparable %o this one havs cceurrad hsfore in
this gromp. If this is true, Daisy and b"1eﬂ4ln in all DPGbAblthj
will® hAVQ futurs srustiom cyvclas, . . .
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Brilliant Ponl o
HB-215%,803

. DALSY GROUP OF UPPZR BASIN
Until the 1959 saason 3rilliant Pool's pattern of activiiy seemed
very fixed, At the time an sruntion of Daisy started, Brilli-nt's
water would bazin to ebb, At tha conclusion of Daisy's eruniion
tha water in Brilliant would have ebbed 12 to 15 inches. Almost
imaediately following cessation of Daisy the waisr in Srililiant
would bagin to riss. After a lapsa =f zbout 25 to 30 minutes the
eratar would ha £11 with a2 triekls of ovarflow, The rhythm of
rise and {2]1l was as unerring as Daisy's eruptions,

Durine the 1957 seasan, on thrae differsnt ocessions, whan Brilliant's
erater fillad, instead of the triec“le of overflow, water poured over
tte rim on the southern and westera sidas, “haea this {irst cccurred,
durinz the following 3 days thers was no cessatina of overilow,
neither was there an eruntion of Daisy., As I hz2d done at Zonita, I
tried the expsri~ent of placinz a small siniar diks aleaz the line

of overflow. This nol only stopnsd aay firther risse ia Srillisnt

but thars was an al-ost inmediate rise of watsr i Dalsy and 23
minutes follawinT ths nl2cia~ of tha dike, Dalsy sra-ted,

Fram 1257 uatil ths tins of the szrthqua’~s thers wore many timas

when Brilliant Pasl overflowsd, stoowing eithar [aisy or Splendid,
Scmetimes the overflaw would cazse aftar 2 »r 3 hours, If it
c¢ontinved far more than a day I would place a smali sinter dan,

Onca I lat tha.overfleow eontivue f-r a weak kefcore placine a diks, -
A fou times durinz 1652 Szleadid, insiea of Caisy, sruntad

following th2 chacking of Zrilliani's overfilow,
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a of Zrilliant Ponl
followineg Daisy,
-orz erusiions
towiny Solendid's

Following an 2rustion of 3nlendid, the resooms
vias vary Aifferzat {r-m “hat charactarizad
Durinzg z2n active vhasz of 3plendid when twe
ac~urrad, 3rillisnt would Aron about 4 feet
first eruoti-m, droooinz further with 2iach s 2rding one, If
thery war2 4 sruntions in 3plendid's seriss Srilliani's crater
would e=nty, Usurllv ahout 4 Lo 5 minutes follawine 3olandid's
sec i ar third sruntion, 3rilli=-at wonld erunt, Tha eruntions
lastad from one Lo two minutes aad vers charactarized by jeis whizh
wer2 exnallsd at a sharp angls to the szuth, Th2 heizht of the
Jjets was from 15 to 27 feet,
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Whan I first obsarved Brilliant Pool the worning following the
earthgunke the water was down about 4 feet., rom then until the
end of tha ys2ar the watzr wzs in a state of ebb. Instead of the
crater filling as it had formarly done befora 2n eruntion of
Daisy, it would be a foot bslow the ri=m of ths crater, sbbing
another 3 fe=t by the end of Daisy's activity. The degrze the
water would rise in Brilliant was governad by the level of the
water in Daisy at the time of an eruntion, whsn ths watsr was
dovm 3 to & feet in 3rilliant Pasl its temperature was 202° to
203°F. 3afore the earthquake when ths erater was full the
temperature was 194°F,

During the 1940 season, due to flow from Bonits, the wator level
ramained about 15 inchas balow the eratsr rin in 3rilliant Pool.
The ebb following an eruption »f Daisy was not as zreat as during
tha latter mart of 1959: Conditions during 1941 were about the
sa-2 as durinz 1949, As Daisy's level slovly rose so did
Brilliant Pool's, The water is still 2 to 4 inches below the
riam of the crater,

Brilliant Pool is definitely connscted undsrgroumnd with ths rest
of the Daisy Complex,

-



- Comet Geyser = .
HB8-2108, 505
DATSY GROUP OF UPPZIR BASIH

In 1878 Dr, F., V, Hayden gave the name "Spray" to the present Comst
Geyser., There is nothinz about this geyser to suzecest the nanme
Comet. This nava, Comet, was very avorooriately given by Dr. Hayden
to the oreseat Daisy Gavser. Due to early confusion of na=es tho
errors hava been perpstuated,

Comst is ths onlv geyser in the graup which posseszes a cone that
is at »11 imvnosing, sugzesting power as a zeyser, ‘this fact led
early cbservars to believe that major erunticas in the groun, which
they bsheld from a distance, were those of "Spray Geyser" (Hayden,
lp.l'?q, B. 201).

The weter stands at ths same lavel in Comet as “in Daisy and Splendid
during their guist phases, an?l the same as in 3rilliant Pool. The
height of Comet's erater no doubt prevents any periodic overflow
which mizht interfere with the fuaction of related springs,
Following an eruptiosn of Daisy thers would bs but momentary pause

in Cowet's ebullition. dowsver, following an eruntion of 3Splendi
the water level wa:ld drop 3 to 4 feet in Comel, with ces-ation in
boiling for about half an hour,

Excedt following an aruptini of Splendid, Cornet has showm little
change in its behavior pattern since I first observaq it, That

it was fuactioning similarly Aduring ths 13725 is suigzastsd by the
name "Spray". Soray,- or wmater drnplets are alnost coastantly bainy
ejected above tha crater rim, It has perinds of erunstion which

oceur ebout every 4 minutes., The watsr then, in the for~ of dronlsis,
rises 3 to 4 fest above ths cone,

The murning folilowing the esrthinikes ths water was down fully 4 fest
in Comat, Bafore tha s9nd of th2 day water was fesbly splashing in
the cratsr. Duriag suzesadiny s2ismms, 235 the water fable zraduslly
ros2 in the 7roup, the actian of Comst followsd very -uch the same

pattern as had characterized it durins pra-sarthquaks days.

Comst is definifely comected undersround with Daisy and Splendid
and no doubt-with ths rast of the Daisy Comolax,



l}'—'
Daisy Geyser

HB-280%, 555
PAISY GROUP OF UPrad BASIN
Barly Uncertaintyvy as to Identity

The first historical raference to Daisy is found in the Hayden
Report of 1878. In this report it is listed as Comet Geyser,
in ellusion to the fancied ressrblance to a celestial comet,
Dr. Hayden's dsscrintion of ths crats-~ is sufiiciantly cownlete
in detail to make it certain that ths geyser he obssrved in
action and named "Comet" is the geyser now called Daisy:

™o, 7 Comat Geyssr - This name is the one orizinally
given to the 3rand by Colonel Barlow, and I have
transferred it to this, which fren all accounts, is

a goyser of some importance, It has a largs, flat
grayish white basin which connects with Yo, &
(Brilliant Pool) whan it is full, In about the center
of this basin ars two mounds of yellowish-zreen-gray
bteaded goyserite. The larzest is on the wesi side,
and is a»mt 18 inches hich with a diameter of about

2 fast., The eastern one is only about a foot in hsight
and has two orifieces, These tws mounds apcear to be
in constaqt action, Bstwesn them is a posl from which
the spouting takes nlace. 2Setwsan the eruptions the
water in the pool is in ebullition" (Hayden, 1878,

p. 201),

To thosa familiar with ths cratesr of Daisy it will be i-mediately
apoarent that Dr. Hayden's description of his "Comat™ fits Daisy
in toto, Further it will be noted that even then, 1878, it had

a rovutation of baing "a geyser of snna iwportance.”

The first time the na~e Daisy was used, so far as available rscords
are concernsd, was in 1887 by Dr, Arnold Hazue. In an aidress to
the Institute of !lintng Znzinesrs in July of that year he lists the
"Daisy" as on9 of the gevsers in ths Usver 2asin., whether tha name
Daisy can ba accredited to Dr. fHazue, or whethsr he was using a
name already current, will in all probability ras=ain an enicma.

#hen it is aporscisted that during the early perind of cark history
there wars n> place names for desiznating the hot sprinss, it is not
surprising that coasiderabls name confusion resulted, That name signs



were not. in the Daisy Group as late as 1890 is made evident by a
statemant in one of the Guides of the peried., In trying to
locate SFIendid for park visitors the following is stated:

Tt is located fully 1,000 feet west of the Giant and

’ a short distance south from a proainsnt mound of
geyserita, c~lled fraa its eslor the whits Pyramid.
The entira absence of anything like cone structure,
and the numerous criter-like ovenings in its vieinity,
puzzle one at first to locate the geyser vroper;
however, ths extrene wastern opaning, nsarsst the knoll
of ti=ber, is that from which Splendid plays" (Guptil,
1890, p. 71).

The Daisy Grouvp offered a fruitful field for confusing namas,

Tts two important geysers, Splendid and Daisy, plus the crater

of the prssent Comet, which has the external apuesrance of being
a mors powerful geyser than tha other two, are located very close
togethar, To further complicate matters, during ths early veriod,
thers was frejuent exchanze of functiosn between [Caisy and Snlendid,
Durinz Splendid's active cveles Daisy wonld be dormant, and vice
versa; alsn at times they wers observed erunting in concert, At
times either Daisy or Splaadid would from a distiace be cbserved
erunting., Grait uncertainty existed as from which orifice the
water was issuinaz, On one ozcasisn Dr. Hayden observed an
eruntion which in all probability was of Cplandid, but he assumed
it was of "Spray Geyser", vrasently called Comet.

Barly guids books show the same unceriainty of identilication:
nThers wxld s3et t2 he soie confusion as to the name of this
geyser (Svlendidi), ome anthority calliang it Cowst" (Winser, 1333,
p. 52); also "Juite unliks othsr zeysers, the Snlendid throws its
strean at a sharo angle insiead of vertically, which fact, whan
it was first discowvarad, caused it to ba c3illsd thz Cowet”
(Guntil, 1990, p. 71). Suniil was dascribing an erustion of
Daisy, not 3pleniid. Splendid's sructions ars decidedly
vertical,

Confusion as to Origin

Not only did confusion exist as to names in the Daisy Group, and
which zeyser was which, but for over 50 years the story was
standard infor-=ation thai Daisy first Dunctionad as a geyser in
1892, the year 3plendid was acerziited with becoining dormant.
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This storv was glibly ralayed to me when I first entered upon duty
in the 0ld F=ithful arsa.

In 1934 the then Chief Park Naturalist 3. Max Bauer, wrate the
followinz text for a sign which was placed at Splendid: "At one
time this was the locatinn of ona of the most interesting
geysers in this 3asin, but in 1392 activity ceased from this
crifice anl a nearby, praviously unnoticed cpening bascans the
source of the Daisy Geyser which ean rightfully be considerad
as th» successor to the Solendid.”

Information alrsadly presanted undar the hzadinz Zarly Uncertainty
as to Identity, affords convincinz evidence thatl Daisy displayed
itself as a gevsar before 1392, All zuide books prior to 1992
maks raferance to Daisy (Comst). A sinzle refersace will suffice:
"There is a smaller gzoyssr east of it (Splendid), which throws an
obligus sirea-; this and Spleniidi often acht tozather, which
enhznces tha boauty of ths spectacle. I havs frejusntly sesn ihe
two joined by a brilliant rainbow" (iylie, 1382, p. Lo),

Barly distory
By not latar than 1300 th2 name Dalsy would ssen to have come into
geqaral usz for what was naned "Coqzt” in 1873 by Dr, Havden, Of
the larzs ceysars that have functlonad since the time of tne park's
ineeption, early r2cords ol Dalsv are fewer than for any other
major geyser, One= reason for this nd doubt rasulted frsn the
unea~tainty and ecoafusion as to identity and perlormance in ths
Daisy Groun, There is an a2dditional fact that most of the attentian
of early obsarvers was focusad on Splandid dus to its oceinz a
larzer and =oras onsrful z3yser.: ‘Ixcent for. the ernntions obsarved
by Dr. dayden, 3epte-ber 11, 1879, -ost refersness to Daisy are
jnecidental, in which it is ressrted srupting in conzart with
Splendid. ‘

The first descriptive referance I havae been able tn find in which
the name Daisy was us3? is in a 1991 zuide, "Hot far fron thase
w9 zaysars and across the road are 3plendid and Deisy. The Naisy
plays many tines 2-ch day, but throvs its foun*ain~li%e stwea= to
but maierste haizhts" (Whesler, 1901, o. 74}. -

Haymas Official Guids, 1910, b. 47, statss: "Daisy Gsysar, lceated
near ths Mmite Frraqid and vlie Uvosr 2asin C2-n, plays about
evary hour to = height »f 75 feat."
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It was not until after the second decsnniun of the present century
that regular reports on Daisy bacame a matter of record., Starting
with Superintendent Horace 4, Albrizht's reports in 1920, Daisy
may be séid to hove entered its modarn period.

i Erratic Performance

During Daisy's knowm history its performance has ranged from great
ragularity, throuzh great irrezularity, to dormancy., During ths
perisd I observad it, prior to the 1959 earthquaks, it plavad with
& hizgh degree of regularity, For 1onths at a time its eruntions
could be opredicted with greatsr accuracy than 0ld Faithful's, From
the 1930s on it was possible for the informed observer to apprcach
Daisy, and without knowing the ti-ne of the last eruption, and with
an error of not more than 10 minutes, predict the time of ths next
eruntion., From eruption to erustion thers was a progressive change
at the surface, which like an hourzlass, was indicativs of the
probable tiwe of vendinz activitv, That during the 1920s Daisy
eruoted with considserabla rezularity is revealed by Suveriniendent
‘Albright's moathly reosorts, as July 1920: "The Daisy ol ys quits
roqularly from 40 to 35 minute intervals," July 1921: "Diisy
regular at A0 to 70 minute intervals.," May 1922: "Daisy is quite
regular, avsraze 75 ninutes.” June 192A: "This beautiful little
gayser arunisd on 2 70 minute avarass, and is mors recular than it
has ever %aen." WNoveaber 1927: "Phe Daisy has besn activas with a
regularity rivaling 0ld Faithful," April 1923: “Daisy vlaring
regularly and on schednle,” Juns 1929: "Daisy nas had maximum
eruptisms with but I1ittle variatien in its intarvals,®

Bxcant for Taisv's oceasional erratic behavior, which was —ors
pronounced some seasons than others it erupted with a hizh dezrze
of rezularity during most seassons, at least until the rajuvenation
of Splendid Geyser in 1951, 3Zach season there wers many days when
eruntions would occur at a near set time., In raporting on the
1945 activity, I commentad as follows:

. "During the entirs season the Daisy has been mcre
' consistent than durinz any previous seassq I havs

obsarvad it., The averaza interval has basn absut .
two hours. The extrames baing between 100 and 150 -
minutes, In eszneral there has not hoen 7ors than fiftesn
minutes variatisn from the two hour averzze, Only on
three occasions was there interfersnce due to activity
on the part of any of the connecting wvents., Durinz many
days the Daisy would not vary mors than three or four
winutas from its twn hour periods, During two different
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days it played on a.fixed tw» hour period for the
entire day, six eruntions being noted {or the ons
day and seven for ths other," (Marler, 1945, Geology
File No. 700).

Daisy was not alwsys accomodating in eoning throucgh with an eruption.
Occasinn~lly it displayed anothsr sids of its nature, becoming
irreznl-r and unpredictable, The first knowm referencs to irrezulariiy
is found in Supzrintendent Albrizhi's monthly report for Ocitobsr 1924,
"The Daisy which was renaried dormant for several days in early October
by Ranger Martindale, has rasumed activity at its customary interval?
"Its interv=]l is bstwesn onea hour and a quarter and one hour and a

half and its only irregularity is anpecasional vacation for a day or
two" (Phillips, 1927, p. 145), :

The first referencs to thes effect that high winds might cause Daisy
to bscome irrsgular resulted from observations made in 1933, iy
observations lead me to beliave that strong winds play a stronz role
in alfsecting ths interval between eruptions, Ths same would be
applicable to all opan pnol typss of geysers such as Daisy and Grand®

(Lystrup, 1933, p.25),

dith raspect to Daisy, all succezding observers confirmed Lystrup's
observation that hizh winds rasulted in longer intervals, Hewever,
as to Grend and "all open ool tyopas of goyssrs™, later observatimms,
with the excention of “oraing Jeysar, mada Lystrup's concluasions
wholly untenabls. Tha eaus: of dalayed activity of Daisy due to
winds will bs considered later,

The first recorded obssrvations that irregularity miszht result fron
inereased activity of nearby springs are found in reoorts made in, . -
1937 by Parz Ranzer Matnrslisis Fix and Varler. "Usually when

Bonita has overflowed, Daisy has been vervy erratic, but thare have
bean times in Auzust whan 3onita was perfectly quiet, yot Daisy was
very erratic, in fact rafusing to srust for periods of mors than 24
hours at a time. At these tinas Spleadid has usually, but not
alwvays, bean exceotionally active.

"It is apnareat at the present time that the haat and water sup-lizs
of the Daisy have found escape in erratic fashi-n thru tke Splendis
and Bonita, which is rasponsible for tha situation wa have observed -
this summer™ (Fix, Genlozy File, Mo, 707),

I first bezan observing the sorings in the Daisy Grouo in Auzust 1937,
Quite indepsndeat of Fix I rsported conditions compiarabls ta those
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which ho described, Beginning with the 1937 obsa*vaflons, and until
the present, I have determined that any increase in activity of any
of tha springs in the group known to be conrected subtsrrancously
with Deisy will distinetly affect its activity. For a discussion of
this pnqse of ths problem see American Journal of 3cience, Volume 249,
May 1951, po. 334-336, Yarler,

The deterﬂlnatlons of Daisy's extrene sensitivity to energy losses
due to any increase in discharze of sorinzs with which it has
subterranean connactions, made its delay due t» winds wholiy
exnlicable, sinds of sufficient velocity to produce waves, when
blowing over its wide collaeting basin when the crater is full and
overflodlna, accelerate ths rate of discharze sufficlently to
delay the eruption. It is loss of energy dus to increased rate of
discharge, and not "surface coolinz", as earlier surmised that is
responsible for this singular esndition. Daisy's winter rscerd of
1951-52 shovs that "coollnw" (air temparature) has no atfect on the
Jength of ths interwval,

Further and increased erratic function of Daisy resulted frem the
rejuvenation of Splendid Geyser in July 1951 after a half century
of dormancy. Dus to Splendid's activity in 1951-1952 there were

* stratches of from 7 to 14 days when Daisy was dormani, #from 1952
to 1959 Spleniid erunted infrequently - one to three times during
a season., During this perind Daisy showed a degree of “s"ularﬂty
excaot on those dnys when Splendid was active, or Brilliant Paol
was overflowing, Occasionallj Splendid would overflow for saveral
hours without srupting, During these periods of overflew Daisy
was dor=ant, Bﬁelnnlnv with ths 1953 season and until the time of
the 1959 earthquake, aolnndld eructed with a frequency comparabls
to the 1951-195” perind, This resultsd in the same situation for
Daisy as in 1951-1952, ' S SR

Declining Aetivity

The records of Daisy's antivity reveal there was a radual dscline
in th2 frejuency of its eruptions fron the tine of the earlisst
observatiosns until tha tima of the earthquake. One of the
earlisst refars-cas to lengih of interval is in a 1910 guide book.
"Daisy plays about every hour to a heicht of 75 feat® {daymas
Official Guide, 1910, p.57). 3y 1920 Haynss Guide gives the
lenzth of intarval as "40 to 90 =minutes”; 1925, "BO to 90 ~inutes".
For 127 eruntisn intervals chenked by Lystrup duriny tha 1931
seasan he gave the avsraze intarval as 99 minutes., OChservatisns
which I made durinz ths 1@;% season shov an averazs time of 129
minutes, ith s=45ﬂnal fluctuations, by 1955 ths intsrvals had
iner=assd to 133 ainutas, The 1957 averaza was 14 =minutss,
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In giving averaise times only thoss erustions which occurrsd when
Daisy wz2s not delayed dus to inecreased activity of underground
related springs are considerad,

During the 1955 season Daicy was subject to delaying influences that
I had not previously observed, and for which the observatien to date

does not presant a plausible zlue, During all previous seasons in
which I had observed this geysar, its oceasional highly irrezular

activity could satisfactorily bs explained by the observable shift
of sone of ths tharmal 2nersy to one of tha conneciing units or to
winds, During this s=ason there wers a few days when the 2runtion

would be delayed [rom 2 to &4 hours, with all known connecting springs
shoinzg no undue activity or overflow, Daisy would seen to orozress

to within 5 minutes of its eruotion tins and stay in that state for
as long as 4 hours before finally playinaz,

The seaming decline of activity of Daisy was no doubt local in
character. It is belisved it was govarned by conditions rasident
within the eownlicated planbinz system, of which Daisy is but one
external exoressing, Miner chaagss in underzround ennditions, or
dirsction of heat flow, would in all probability arfect eruntion
potential,

An Eruption

Soma unknown party bsck in the lats 18%0s uoon seainz a gayser
eruot, and not veinz aware it was Comst Geysar, no dount exclaimed,
"It's a Daisy!" This raszulied in this nane baing apolied ana
perpetuatad, At al] svanis, the adjective Maisy" is wall put, in
spite of priority rulings,

The eruotion starts when the churning water in ths bowl reaches a
degrss of ebullitinn “herein the largs slobular mAas53s hegin t4
braak avart into inainient Jets, Thess jets raoidly increase in
forcefulness, 7Fron the time of the initial Surst of the eruovion
it takes ahout 43 +4 4n seconds for the st2aiily zrowinz eolumn to
attain maxinu+ heizht, Maximum heizght is maintainai about Ls

seconds and is characterized by a series of racid, rocket-like Jets,

the hishest jats beiny frov 70 to 75 feet, The eoliumn then baeins

to dessand at 2 slizhtly silowsr rats than it rasz, Th2 duration of
the erustion varies batwesn about 2% 2ai 3% minutas. The water is

exnalled at an avgie, which is abent 30-degrees frsm the vertical,

giving it a fancis{ rese-blan-e to a comat.

Daisy *'s quite conszrvative with its waltsr, makiaz any weir
measuranz2iis of velu-s discharge impossinls, During the entire
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period of the sruotion, water flows back into the crater fron

the large, relatively {lat c»ollecting basin., ZZxperimant has
indicated that were it not for ths steadily returning air-chilled
water the eruntinom would last much longsr., Ths action see+ws to be
smothered by this stream of rsturning water., Tha flooding of the
crater effectively bloaeks anv stsa~ phasa, An eruntion of nsarby
Svlendid furnishes amnle ovidenes thal Daisy discharzes but a
fraction of the water froi tha un‘ergrnund sources it shares with
Splendid and several other sorings,

Whenever Daisy srupts the oronounced sy=mpathy betwe2n it and
savaral other springs is =made very evident, Daisy's draft of
water from thoss sorings orogresses stezdily as lonz as the
eruction lasts, Due tn the size of thair eratzsrs, the drop in
water lev2l is most evident in 2rilliant and Bonita Pools and
Splendid Geyszr. In all the water level is lowered from 10 to
12 inches., Thse drop in water level in Bonita d-es not prosress
as rapidly as in 5rilliant and Splendid. These sprinzs refill
simultaneously with Daisy,

During the park's early history thers were zlovwini revorts of
Splendid and Daisy erunting in concert., Since the rojuvenation

of Splendid, when there have he2an two or thres eruptions during

an active phase, with the initiation of eruptions suecesdinz th
first one, Daisy annearad to ha on trizger edce, but no sruotions
occurrad., On ona oecasion I observed Daisy erust about an hour
followiny Solendid. The water was down in all craters and surzing
violentlv, This erun~tion was of zreater masnituds than any of the
thousands I havs s2aan of tha Daisv. The heizhit was in excess of
100 fest and the duration batwsen 4 and 5 =minutes,

, . . " 1959 Zarthquake .
The Daisy group of holt springs undsrweat orofouad changss as a
rasult of ths sarthquake, The main part of the thernal energy,
which Auring the earlisr part of 1959 hal besn shifting back and
forth bstween Daisy and Splendid Geysers and 3rilliant Pool,
shifted to ths east i the diraction of Daisy. This resulted in
the develovmant of a numbar of new s-all sorings and fumaroles on
the east side »f the grous,

On the morning following the blg tramors the water in Daisy and in
all soriags knowm to be connected subterraneously, was in a state
of ebb comparable to that which follows an eruption of Splendid,
The water in ths craters of Splendid, Co-st, 3Frilliant 200l and
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‘Daisy was boilinz vinlantly. 32fors the day had ﬁrogressed far it

was avident that in spite of the ebbed condition of all springs
Daisy was erunting on much shorter intervals. ODuring the first week
the averaze time was 89 minutes, which continued to shorten during
the next two wesks.

During the first week% in Septe=ber, by means of an automatic recording
device, the followinz data on Daisy were cbtained:

Dats Intervals checked Averaze Mininum HMaximum
September 1 7 74,3 min, 69 min, 85 min.
" 3 14 60'9 1] 55 ] 67 1]
L] 4 15 61.6 " u5 " 71 n
L g 30 47,0 *® 28 n 61
n

2 3 47 . 8 1] 3? " 55 n

For the remainder of the year Daisy continued to erupt on much
shorter intervals than prior to August 18. The lensgth of the
interval s=emed dependent upon how far the water would rise in ths
cratar, A fluctuating condition existed. On some days the
eruntisns would consistently start when ths water was down 12
inches. Other days thz ebb would be more or less. Infrsauvently
the crater wauld £ill. At such tiwes the intervals woild be about
GO minutas, The dezrzs of ebb deterwined the lenith of the
interval, The greater the ebh the shorter the interval and vies
versa. From Octaber throush the rest of ths ysar the averaze
interval was naar one hour, It varied betwesn 45 and 90 minutes,

During those p2risds when the eruption would start with the watar
down a fant or more the duration of the play was consistently
about one minute lon=er than when the cratsr was near full, Jith
the shorter inte-vals and more orolonzed activity the force of the
eruption was gzraater.

Following an sruptisn of Daisy the water would draoo in its crater
and the craters sf 3plsndid, Zrilliant and C~at to ahout the same
degres as was for-arly charactaristic followianz the first eruption
of an active ohase of Splendid. This drop was about J to 4 feet, ~

The re-ariabls increasa in thz eruntive activity of Daisy persisted
Until Fabruarv 1250, At this tims thers was 2 sartial shift of some
of Daisy's snargcy to Jonita Pool, For the remainder of the year
Daisy's intervals wars greatly lsnzthensd ani of uncertain tine.




Durinz all of my acquaintance with Daisy there nsver was a period
vhen an eruvtion was as difficult to predict as during 1960, The
freguency of eructions ssemad directly related to Bonita's activity.

From May 5 throuzh October 25, 1950, 228 of Daisy's eruption
intervals were determined. The averaze iime was 143 minutes; the
extremes beinz 77 and 240 minutes, In August Bonitals overflow
was checked for sevaral days. Durinz this period Daisy's averaqs
time was 105 =minutes., Following the remaval of the check, Deisy
shiftsd back to pre-dam conditions.

In addition to chacking the overflow fro~ Bonite an additional
exporiment was performed at Daisy on Octoaber 1B, There is certain
evidence tn thas effect that Daisy and Splendid are directly

\ connscted underireund, Yet, an eruptinn of 3plendid is not only
more powerful than onz of Daisy, but discharzes several times as

. much watar, I had theorized thot the chilled water that flows bhack

into Daisy's erateor Zuring its activity resulted in a mors enervated
eruntim than otherwiss would ba the cas2, I believed that the
returning water acted as a damper to brinz about early cessation of
play.
Jith the assistance of Seasonal MNaturalists Beal and Germerasd, 3
burlap bags partizlly full of sand wers nlaced in two of the
drainaze chaqnals near Daisy's bowl., This served Lo check not mors
than 505 of tha return flow. The bags ware left in plece £ar tuo
erustions,

The results of this exmeriment wers vary interasting and enlizhteninz.
As had baen anticipated, tha duration of Caisy's eruption was
Increased, It lasted for 4} minutes, Prior to,and following ths
remaval of the bazs, the duratiam was 3 ninutas, The eruntions were
not less than 100 fest in heizht, with a greatar evolution of stean,
It is ouvite certain that Daisy's eruntions would be of ~uch grsater
magnitude and volume of discharge ware it not for the heavy return

of erunotad watar. In pover, its eruptions «dight be comparables %o
those of 3nlendid, o -

One rasult of tha sxpari=ment not anticiopated was the effect the
partially chscked flow had on Daisy's per-sruotion symptoms, =
After the prassurz built uo to a neint whars an eruptisn ssemed
immineat, Daisv staysd in that state from 15 4o 20 mninutes tafore
eruoting. 7The rasults of this exceriment which raisad Daisv's
surface level 3 to 4 inches, lend a hizh dezras of cradence to the
soveculation that soma geysars mizht bring about thsir own de<isz or
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pf dormancy by building their mounds to such heizght that hydrostatie
pressure becomes too gzreat for tha water in the geyser to reach the
critical temperaturs of an eruptian,

During the 1950-1951 winter the activity in Bonita incrsassd to a
point that finally resulted in complete dormancy of Daisy. The
increased flow and eruptive activity of Bonita Pool during 1961 was
reflacted in the water levsls of all connectinz springs. The water
ebbed about 15 inchas below overflow in the craters of Daisy,
Brilliant Fonl, 3clendid, Daisy's Thief and two unna-mad sorines,
This lowered water table resulted in increased surface tenperature
and boiling in all connecting springs, but the ensrgy potential in
ths group was dissipated to such a dezres by Bonita that the water
at depth in none of the othar units rsached the critical temneraturs
of an eruption,

The present situation in the Daisy Group is interesting because of
what it reveals in relation to what might exist in othesr groups of
springs. Observations have definitely established the certain
existence of interfunctional relationships in many groups, It is
baing more fir=mly established from yesr to year that fewer and
fewsr sorincs can be considsred as inderendent and self-sustained
units, Thus, as in the Daisy Jroun, it ssems hizhly vrobable that
currently thero =mizht be s7all zeyssrs and minor springs in other
grouos which ara rendering funetionless sorings with major erustion
poiential., Thera are a few exanplsas besides Daisy and 3plendid
where this is knowm to be trus. Ths 0ld adaze about the "tail
wagging ths dog" finds ready applicatinn in the Firzhols Jeyser
Basins,

Daisy is knawn to bs comnacted underground with Bonita and Srilliant

. Pools, 3pleniid, Comet, Daisy's [hief and Radiatnr Jeysers; also two -
unnaned sorinzs,
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"Daisy's Thief"
' : . HB-180%, 805
DAISY GROUP OF UPPSR BASIN

Th's small gaysar first ca=e to =~y attention about 1942, “hile
with =2 crowl waiting for an aruption of Daisy, just as the eruntion
seo-ed imminent, a snall gevssr wost of Srilliant Ponl bezan
erupting. Previously I had nevsr sean nor hzardi of this zsyser,
After a few moments of steady activity it becime evident that
promise of an eruntion of Daisy was subsidinz, The boiling not only
bacamz less vigorous, but overflow ceasad, indiecating ebbingz water,

Hot only was it obvious that Daisy was eb»ing, but a corresponding
ebb was taking place in -3rilliant Pool and 3plendid. After the new
geyser had eruotel bastwesn 20 and 25 minutes activity ceaszd, As
closely as I could detarrnine by shhed conditions of ralated sorings
it had drawn from Daisy's water supply an awount equivalent to an
eruntion of Deisy,

Durinz ths perisd the newr geyser was arupting a steardy stream was
ejocted Lo a heizht varving hetwssn 10 and 15 fest, Following
cessation of activity, 122 minutss later Daisy sruntei, It continued
to srunt rezularly without the a%9vs described interfarsace for the
rast of tha sa2ason,

In succeadinz s2asons durinz tha 1940s tha new sevser wis known to
erunt froan one £5 thrzs ti-es each ssason, Jighttine sruptinons no
douhf oceurred. | Its first ohsarvad sattera o7 hehaviar was tynical
of that of sneceadinz aruptiosas, ITts astivity alwevs began -hen

an erupti-m of Daisy w2s pending, resultinz in Daisy's quiescanca,
Dus to this sseains theft frov Daisy it was labsled "Daisy's Thief."
On Auzust 9, 1953 an arusting of Daisy's Thial was observed to list
for sszveral hours. This was a strange Innevation. All pravious
observal sruntions had lasted for oaly about 23 miqtas., Its
cessation of play eans after dark so rasultant events wers not
determinad,

Daisy's Thief was not »bservaed azain until Auzust 2, 1954, It
erupted az=in on August 25 and 3apte-bar 19, On thess thres dates
the Thief erunted for several hours, On the 24 it was eructing
when first obsarved at 7:45 2,7, and continuzd until 4:21 r.m. On
the 25th it started about 3:30 »,m, ani eontinuad into the nicght,
The Sepls-ber eruosiion lastad for about & hours,



Durinz this greatly leagthened period of activity of ths Thief a
new pattern of activity e-ergsd. Thers was less forcefulness to

the eruotinas, ths height baing from 6 to 10 feet; also, instead

of robhing Daisy of eruotive pewer, ths Thiefl now sesmed to sarve

&8s a precursar. Tha eruptina of the Thief on the 2nd was terninated
by an erustion of Dalsy, The erustina on Septe-whsr 19 was ter-inatad
by an sruntion of Svlendid, This was the anly knowm sruption of
Spleqdid during 1955, During the lonz periods of actiwvity of the
Thief it lowerad the water le 2l in Bonita, Dalsy, 3rilliant, Comst
and Splendid to a degrse couparabls to that of an acztive phase of
Splandid,

Had this change in the nature of Daisy's Thief's pattern of behavior
oceurrad followinz the earthquake it -isht ba readily exnlicable.

I think, howaver, that it is in svie way related to the rsjuvenation
of Solawdld in July 1951, At no time sines ths now activs cycle
began in Splendid has the Thief be=n observed to rob Daisy of an
eru-~tion. Stranzely, the opnosite effect has ensued., Thief's

. activily stimulates Daisy to erunt,

Following the sarthgnake Daisy's Thief was not observed to erust
until October 1990, This eruntion causzd =radual subsidense of

the water level in all related sorings. After 1 hour and 40 minutes
of sctivity eof the Thiaf, Daisy erustesd, The Thisf continued
erunking =nd about 59 =minutes later Daisy azain erupted, With the
eonclusinn of this eruntinn thz Thief also stopped., At the Lime

the actirity concluded the wator was down abouit 18 inchas in Bonita
and frow 3 to & fest in ths other craters. On two later oceasions
duriny 1950 when the Thiefl erupted it continued without ceasing
throuvh the third oruotion of Daisy, All of Daisy's intervals were
anor3r1w=telv AD minutes,  As a result of ths 3 eraotlons of Dalsy,
Brilliant- Posl's crater etied.

Since 1950 thers is a record of a few additional eruntions of Daisy’s
Thief., The last 'mowm on2 was in Septe-ber 1958, At this time

Daisy erunted about 2 hours afizr the Thief started, The two
succeading sruptions of Daisy, until the Thief stopned, warse very
irrezular., One of the intervals was over 3 hours, It was evident
ther> was less aner;y in the yroup thaa durinz ths early 1050s,

The erosion in an older sintar that has bean effacted by thz eruntive
activity of Maisy's Thief indicates a nrobakle 1life span of a few
hundred years.

Dalsy's Thief is definitely connscted unlerground with the rest of
the Daisy Comnlex,



Punch 3ovwl =
H7-1158, 3305
DAISY GROUP OF UPPER BA3IN

During the entire ranze of my acguaintance with Puach Bowl it has
bazn remarably staid in nature of performance. 3ven the 1959
earthruake had no mowm e’fect, Ualiks the vast majority of
thernal sorings its water did not become murky. Heither was there
any chanze in its lsvel, Between Ssptember 1953 and Sente-ber 1959
thera was 2 rise of but one dezree in temperature, At all times
when I have taken the terperature of Punch Bowl there has been a
range of fron on= to three degrees of superheat. The water is in

a constant stats of fesble ebullition,

Sometime prior to 1919 permission (assuved) was given to use the
watar of Punch 2owl for culinary purpeasss., It was piped about a
quarter of a mile Lo the Wiley Camp located north of the Daisy
Grouc. I do not know to what degres the water was lowered in the
erater. I was inforned that no erustive activity occsurred when
the water level was dowm., 3uverintendent Albright had Punch 3owl
restored to its original state,

I have sean no evidence that Punch 3owl is affectad by any other
svring.



"Pyramid Geyser™
G7-5758, 7555
DAISY 3ROUP OF UPPER 3BASIN

This s7all geyser is located at the base of “hits Pyramid Threne,
Prior tn the earthyuake it erupited about evary 3 to 4 hours; the
height being 6 to 8 feet. ‘atsr played from it steadily for a
duration of about 12 =inutes, 3ince ths earthquake no eruntions
have basn observed, It has no known underground connsctions with
any othor soring,



"Radiator Geyssr"

: H8-33°E, 555

J DAISY GROUF OF UPPZR BASIV
Before the 1959 sarthquake Radiator Geyser was a small, boiling,
non-flowing esrinz, The water rase io ths surfae2 throuzh a
fracture in ths sintsr that mizhi have ocecurred at the tine of
a major earthauaks prior to 1959,

Ths bnilinz water in this sorinz sounded very mueh like a boiling
radiator, The sprinz is loecated in Daisy's old parking arza,
When 4rivint to check Daisy I would occasionally park so the
motor was over this sm2ll, crevice sprinz, Invariably befors
leaving somanna would re~ark: "Your radiator is ooiling," or

"t sounds like your radiator is boiling." Henca, Radiator
searned a very apnrovriate na-e,

Ons of the noticeable chanzes in the Daisy Group following the 1%59

earthquake was the devalmomeat of a nunber of swall fumeroles ana

scrings east of 3onita in Maisy's parking area, ExisLing corings

beeame morz active, Radiator bezan erurtinz periodieally. <ater

rosa for thz entirs lenzth of the {ricture. It showad a sympathetie

raspmse to Daisy by erupting to a heizht of 9 to 10 feet i-mediatsly
foilowing an eruvtion of Daisy, 2Radiator continued to erunt during

the rest of 1953, Durinz 1651 and 19352 it would %9il over fcllowing o g
an erustion of 3plendid., Its bshavior before and following the o
earthqua“e left 1ittle doubt but that it is connected undersround

with the Daisy Commlax,



Splendid 3eyser @
J : i8~15N%, 308
o DAISY GROU? OF UPPIR BASIV
Early History

During tha first few years of the Park's kistory the dplendid, and
other snrings beloazing to the same zroun, werz not givsa the
eritieal study and observatinn that were apnlizd Lo most of the
other major zeysars in the Upper Basin., This would sea=n to be due,
in par®, 3t least, t» the fact that the group of which 3plendid is a
mgwhar, was nat directly up and dova the line of -arch alons the
Firehnls Diver, During this variad the Splendid was ocecasionally
observad, as #°s the Daisy, but as thase erustions were szen from
a distznea, = real desl of ecomfusion arasse as to whieh seriag in
tha zroun mizht he eruzting,

Tha earlisst refsrsncs tc an eruption of Splendid was in 1874,
HAbant a nuarhor of 5 mils wast of the Ciant are
situsted four largs basini, the birest being aboub
thirty feai in cirauiference... In th2 larsast basin
are btwo aveprtures, and by an2 ar bnath of tha2se the
water is eomstantly h2aved up i1 a zreat rounded mass,
liks a huze hubdhle, Th=2 diifareat basias are nol in
eomnaction 7ith gach othar, T was fartmats encush
t2 see one of tha= in 1 stsle of -rs:i activity, »Hui
I was al sn-3 distaaes; and, thopzh I A2d2 211 possible
heghe, the 2rantina, which only lasted a fev =minutes,
had caszed hafare I arrived =zt the spot, Tho vilume
of water e actad nc-eared e-crmous, and I judzae?d the
height of tha 32t {> be abont 159 feet, I zup-nzed
this to Do tha Zrend Gayssr, but I sgs that Praofessor
davden loc=ztes it sl tha other side of tha river,

(Barl of Dinraven, 1875, oo, 273-274).

The next refereqce Lo Splendid was in 1878 by Dr. F, V, Haydan,
is 2 £ itieal study of ths onhysical
izs of s07r o L ings i th2 group, which hs had -
1 i n," He ohsarvad savaral eruvtions
L aiz: ct the watar was ejected at an
anzle, he zave it tha nawe "Coacet™, Ona day h2 observed an sruntion
3]
gavsar he hal naved fSoravy 42 astimated tha sruntion "reached a
helzht of at laast L1720 fesi,” [ha geysar Tr, Hasrden saw erunting
eonld have S2en na athor than Sclandid

-l 2tk e



Splendid was named in 1830 by Supsrintendent P, . Norris, Bafore
the time of this designation it had become a geyser of much interest
to park visitors,

"This gayser, ons of ths finest in the 3asin, has not
acted for three ysars, until the prasent season {18331).
It is located almost dus west from Giant, back upon a
snall hill. Our ca-n was near it this suawer for three
weeks, and we had ths best opaortunity tn ohserve its
actlons. It is (this season) next to 0ld Faitnful in
point of rszularity, operating at intervals of about
three hours. Sometines not mors than one and one~half
hours intsrvened betwsen its eruntion, baginaing
sudldenly ani acting about five and sometines ten minutes,
There is a smaller geyser east of it, which throws n
obligue stream; this anAd Spleadid often act together,
which enhancas ths beauty of the spectacle,.. The
Splendid is estimated to throw about 200 fest high"
(¥ylie, 1332, pp.39-40).

Evea as late as 1890 there was no fixed idea as o which geyser in
the zroup was Splendid, "The Snlandid throws itz strea= at a

shire angle (Daisy) instead of vertically, which fact, when it was
first discoverad, caused it to ke ealled the Cowat; thie designation,
however, soon gave way to its present mors aporopriate aprelation®
(Gu-til, 1990, p, 72),

I belisve that tho follawing deseriotion portrays quite accurately
the naturs of Splandid's hehavisr during the 1AA30s, and bafore
becoving dormant naar 1300, .. . .

"Returning tn the Splendid I found there had been no
disolay yst and wo waited., shile waiting I met

Mr. W, Ho deed, of ths United 3tates 3eslogieal Swwey,
who has sp2at thres szasons in the Park in ths enploy
of the govarament,

lo have baen waitinz on this g3ysar evsr sincs eight
o'felock this forenoon, exnecting all the tine to see
somothing fine ~ if ths nata of tha geyser maans
anytainz at all, It was now gethtinz to bs ab-ut noon
and we wers gattinz disemraged, Yezinning to think
that the old adazs razarding a 'watchad pot! might also
aonly to a gsaysar. 2 had bean standing hare on the
erater of the Splandid for so-s tine, whan somsthing
about its anpearancs atiracted my friend's attention,



o

He commenced bac'ing away, sayinzg: 'T believe this

+ thing's going off,' and by ths time we were at a '
safe distanca, its eslunn rose fully 150 feet,
sbreading out and throwing up snurts of steam and
water, first a little to the rizht, then to the left,
and again straight upward, and as the sun shone
brizhtly uson its splandid display, rainbous encircled
it abott its crater aad in the =mist falling around it
on all sidas, makinz a sc2ne truly sublime and never
to be forgotien" (Dudley, 1836, pp 89-90).

Near the turn of the century ths idea became current that Splendid
bacame Asrmant in 1992, Milear it (Daisv) is the erater of the
extinet 3nlandid Jevser, whoss eruotions until 1892 were very
porerful" (Haynes Official Guide, 1510, p. 57). Again "The
character of its (Daisy's) sruptions ars very like ths Splendid
Geyser which ceasad to plav about the tize tha Daisy broake out

in 1392" (Haynes Offieial iuids, 1912, p. 53), A sign olacod &t
Splendid in 1934 stated:

SPLLIDID 337352 CRATR

At one ti=ne this ~as the loeatinn of ona of tha nost
interesting zsysers ia this 2asin, but in 1892 activity
ceas=ad rom this orifice and a nezarhy, sreviously
uanoticed opsninz boca4te the source of the Dalsy deyser
which ean rizhtfully be considsred as ths sucecessor to
tha Splendid.

Anathar sizn which was later ola

ead 2t 1andid by ths Park: Sarvics
stated: V"CRL. G OF sALTHCLE SPLaS 5

3 a2t 3
vxD 35738

Further evidence that the bslief wss fir-ly inolanted that the
Splendid 'as extinct as a gayser is found in the word CRAVISE on
the 1934 sizn, Tho sizns at all other zayssrs in ths Zasin, excent
at Eeonniz, meralvy give the zsvser's nams, nevar using ths tern

_Merate-," Tha Zeoneiz, li%s th2 Svlz2adid, had nobt glayad for mny

yaars. Thay wer= thouzht to be extinct, their gralers Baing the.
only ra=aining tangibls evidence of their [or-ar existanca,
3 =

That Snlzadid 237 nat bacome "extinei! in 1892 is provea b racords
which Caphain 3eorze 3. Andewse had the zuards kesn of a number of
the larzsr goysars in the Uocer Zasin. For Solsndid thesa racords
wara baziq im 1371 and 7zra eontinued in 1893, 1894 and 19895,
Durinz the last named season 20 eructions wers recorded (Andsrson,
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.1895, bn. 20-24), Thus, it was much latsr than 1892 before Splendid
bacams dorqant, There is on=z referance suzzesting it might have

been active throuzh at least 1900, "Not far from thess twn gaysars,
and across the road are the Splandid and Daisv, The former is ona

of the six or seven finest zeysars in the basin, plaving to a

heizht of 200 feet, but it is somewhst irrsszular in its astion"
(*hesler, 1991, o. 7). This reference by “hesler cannct be accepted
as certein evidance that Splendid erunted as late as 190" or 1901

in view of repetitious raports =ade by a nu-ber of guids-hook

suthors of tha early peried. 3eason after season they would publish

the sa-e information., There is nn resecord as to Just when Splendid
ceas2d to srunt,

Rajuvenation

During Solendid's near 50 years of dormancy major zeyser activity
in the gzroun found expression only throush Daisy, During at least
some of this veriod the tewrerature of Spleadid was sufliciently
high to render it on trizzer edrze, ‘That this was true is indicated
by the fact that it conld be induced to erunt by use of soap, I anm
aware of three sruotians (it is highly -robable thesrz were others)
that resuliad from soiping., The first was by Alleq an? Day under
ranzer sunervision,

After observing hot-sorinz activity in the Upper Basin for a number
of vears I bacame awara that in the casa of a nuvber of springs thers
was what sea-ed to be 2 periodic shifting baek and forth of some of
the thermal enersy. This led e to believe thal it would only be a
matter of time before Splendid sould have a new cycle of eruptive
activity.

"I{ the past verfarmancs of the Splendid and Daisy
Geysers, as evi‘ancad by recorded data as w2ll as

by their structural details, are usaful critsria for
vredizting future functi-ming, it would sean rsasonable
to expect that the Splendid may sowstime assume a new
rols of activity with an infrequent or quissecent Daisy"
(“arter, 1551, o. 337).

The oradiction of a revitalized 3plendii and an infreguent or quiescent
Daisy found fulfillmemt an July 10, 1951. This eruntion of Splendid
proved to be h2raldic of a naw cycle of activity,

Prewonitory sy=ntous of tha shiftin: of so~2 of the thermal snerzy
back to the 35l3ndid after Daisy's long com-=and and expression hagan
to manifest the-szlves sevaral weeks in aivance of the July 10
eruztimm, One or -ors ti-as each w=ak watsr would start flowing
from Splandid's crzter., This overilow would be continuous for



saveral hours, scistimes days, bafors the water would again drop
belos the overflow level. In bnth the riss and drnp of the water
not msore than in inch difference in leval was involvad., As long
as ths overflew from Splandid lasted, ths Daisy was dormant,

Frejuaently durins the Splendid's overflow periods incivient

eruntions would occur. The water would rocket up ten or =mors

feel, ocersionally nsar 30 fest, suzgestiaz the initial thr-as

of an eruption, AoJ2sr2aily nana of these jets was voluminous =
enouzh’ to trizzer anjeruntion, at least until July 10, On this
date, at 10:15 2.~., the Splendid agiin nroudly Aisolayed the
powar 3ad beanty which hed enzendered such enthusias+m on the part
of early viewers., This, and its subszquent activity, demsnstrated
that in its longevity, ths period of dornancy when it was
interoretsd as being "extinct”, was narely one of the recurring
rast perixds which havs charactarized its span of years,

Fro1 the time of the July 19 sruption until Septe-her & the
Splendid was knowna to have played 32 times. There were additional
night aruptions whose times wsrs not determined, Following
Septe-bsr 4 tha Daisy baca~s reactivated with a dormant Splendid,
In Dec2vbar ths ena»1y 2zaln shiftad back to ths Solendid, BRetwsen
Deceber 24 and Aoril 23, sixty-saven 2runtions were det=r~ined,
ffor the remaiadar of the 1952 ssason ths Splendid would Zo into an
actives vhoss about svary 3 or 4 days,

From 1953 to n2ar the end of ths 1957 season Splandid's eruntive
pattern was guits erratic., Bnut 5 knm eruntisnz occurred in 1953,

all comiag in lata suamer., Daring the 1953 to 1953 peried considsrable
. evidance aceumulated to' the effect thst during winter an< early sering
Spl2nid was mors active than during other seasoins of the year,

Bstwe2n 1953 and 1957, latas May was the 2arliest I was able to makes
any obs=arvatisas in the zeysar basins, At the time of the Hay
observations thare wis cerbtain evidence that curing ths wintsr, or

at least early soriag, thers hal be2n csnsiderable erustive activity
of 3plewdid. Observationg —ade during the 1957-5% winter disclosed
that Splendid was active during most of the winter with cccasional
short-period shifts back to Daisy,

Selerdid's renewed activity during tha 1957-53 winter in all
orotability was a praluds to ancthar peried of activity somewhat
comvaracls to the 1551 and 1952 ona. During 1957, twenty-tw
erurtions ars ¥mm~m to have occurred, Thers was pronisa of many
mors, but on a nu~bar of days the enerzy would shift from Laisy to
Brilliant Pool or Splandid, or both, then several hours latsr shift
back to Daisy without a eansequaat eruntisn of 3plendid. 1In 1953



until the time of the earthquake on August 17, behavior in the Daisy
Group was very similar to that of 1958. ZIisghteen eruntions of
Splendid were recorded, as against 15 during the sans period in 1958,

- Frequency of ZIruntions

Followineg Splendid's rejuvenation it at no time sxhibited the
frequency or degree of regularity ascribed to it by Yylie in 1381,

A r2oort »f 1973 sistes: "It acts usually at intervals of three hours,
soretines mora frenuently’ (Winser, 1833, p. 52). That daily eruntiens
did not follow this pattern seams quite certain frow the nature of its
behavior in tha 1957s; also other early raferences. "The nost
peculizr festure of it is, that its eruotions occur at intervals of
thres hours, avery othar day, only, and as it has the roputation of
being a frejuent 'spouter' persons hapoening to visit it on quiet

days are apt to find their expsctations disappointinzly blasted"
(Guptill, 1390, p». 71-72), '

That daily eruntisnz "at about threes hour intsrvals" was not the
entire story of Splendid's sarly mannsr of functioning finds a high
dezres of evidance in the records keot by the "quards" from 1891 to
July 1995. Thasa rscords clearly prove that the Svlendid becawe
activs only periedicnlly. That is, on3, and sovsiinmes sevaral days
would intarveas when no eruntions wsre rsoorted, Durins thoss days
whan activiiy was indicated, thers would ba a sariss of eruptions,
ths intervals varyinz from near one to thre= hours, sometines longer.

During the 1951 and 1952 period when thers was a high desres of
activity, Splendid behaved in a similar manner to that cescribad oy
the "zuards" in ths 1R90s, I ohssrved that it wonld 35 into an
active phase about two times each.wesk., _An active phasa would
usually iast about 3 to 9 hours., Durinz the activs phasz ths nuvber
of eruniisns wauld vary from 1 to 4. Ths nunvber of eruntions se:med
derendent on thas Avration of tha initial erustion, If it lasted 8
to 19 minutes this wonld conclude the activs phase, If it lasted
aly 2 to 3 minutes invariably thars would ba ons or more follow-up
sruptions. Ths intsrvals would ranzz batwezen 2bout 1 and 3 hours
and occasionally near 4 hours. This closely corrssponds to the
freausncy given in sarly records. It is highly probahle that durin
the 13305 Spl2qlid bshaved in a manner very sinmilar to that followi
its 1951 rejuvenalion,

cr
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Eruptions of Splandid

The names that hava bzen given to nany of ths hobt sorings are
adjsctives. This is true for sorings »f both the sruptivs and
non-aruntive typss, An sruntion of the Splendid is truly as
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splendid 2 srpectacls today as in 1882 when Wylie wrote: "As at tha
Grand, ths beholder, unconscious of the name, exclaims: 'That is
Grand.' So at the Spleadid, I have {requently heard the expression,
"Js11, that is snleadid,'" (sylie, 1382, p. 39).

The presruntion syantons in the Splandid becon2 manifest, sometimes
several hours in advancs of the eruption, The first indication
that action micht ba pendinz is an overflow from the crater., <hen
this eandition obtains, the 3plandid is said to be "hot." ZIZvery
few miqutes, as Dunraven dsseribed it in 1875, “the watzr is heaved
up in a grs2t roundsd nass, like a bubhls," Immediately preceding
an eruntion thz force motivating these "“bubbles" becomss much more
pronounced; they zrow into ascending massas, so<ne of which are 10
to 15 fe=t high, During one of these animated bubble episades, the
water suddenly becones massive and voluninous; the Splendid is
starting io erupt. Durinz ths first 7omeqt thera is a tre-mendous
delugs, issuing in zrowinz fores as if this wera the nmnly instant
for its escavs fro= the cavarnous imorisoamsni oslow. Higher, and
still higher, the creat pillar of water ascnnds, Against a blue
backzround this +assive villar looks as if it had besn chissled into
tha firma+ent,

Yaxzi-mn hsizht is attained within ths first winute of play. The
time this maximun is malntained varies with the duration of the
eruntion., The vlav +ight last anvwhare fr-m 2 to 10 minutas,

with the water near its z22ith for the zrasater ooriold of the activity.
The heizht, of the eruntions is as variable as the duration, Hany
obsarvers hava raoortad the maxi-u~ hsizht to ks "200 fest." These
ara estinmates, not baszd on objsctive data, Of ths numerous times
I havs soen the Solendid-eru~t I should say the heizht varied any-
wharas fron ab-aut 100 feat tn well over 152 feet. One measuresant
which was mads by trianrulation in 1952 showsei the heizht of that
particnlar srustion to be 162 feat,

When thers is a series the follow-up eruvtions do not discharge the
great volume which comes with the initial onse, but zreater heights
in suecc2eding sruptions are zenerally attaiaed, As closzly as I
could deter+ine an eruntiom lastinz from 3 to 10 minutes discharged
hetwesn 40,070 and 50,000 gallons of water,

1959 Zarthauake

Snleadid sructed sither at the tims of tha eart'xwuaks, or before
daybreak ths following morninz, On the marninz ef the 13th the
water was dowm 3 &9 4 Fset in the crater. Cver tha next few days
the level sl-wlv rosa, ani during the remainder of 1959 it stayad



6 inches to 2 fest below the crater rim, 3Boiling and surging were
constant. At ti-es thers wonld be -inor erustinns when the water
in mass would shnot up 15 to 20 feet. At ti=mss Svlendid aposared
very hat, but no major eruoiion occurred, Durinz 1950 the sane
condition prevailed as in late 1937,

Soon after the earthquske it was very evident that a pronsunced
shift of thermal energy fro=w the wast side of the zroun to the east
had occurred., Th2 sorings apparently lis in a desp-seated fissure,
traversing an east-west dirsction., Splendid, which lies on the
wastarn end of the fissure, bzcame dnr-mant, while those on the east
end showed greatly increased animation,

From 1951 on throuzh succeedinz years the wataer in Splendid has
stayved from 2 to 4 inches balow overflow level, There has been
inereasszd vigor of boilinz at times, with an oceasional Jet
shooting up 10 to 20 fest. At no time have I observed conditions
sugzesting that Splendid might be approaching an eruption,

3ince the earthquake but one major eruption of 3plandid is known to
havs occurrad. This was durinz th= night of Septemhsr 12, 1948, In
the afternson of Seztsaber 19 there ware 14 known tremors in the

014 Faithful area. The early ones were of sufficient intensity {o
be heard. The creaking of tha District Office was very noticeable.
The abovs is mantinned in view of thz fact that several hours later
both Splendid and Link, long dorrant, had major eruntisns, This
might have bs=an only coinecidance, but the fact that the big trewor
of 1959 resultesd in delaved eruntions of numeraus quissceat springs
lends an slemant of oossibility to the view that the eruptions rafarred
to and the aarth tra-ors wers ralated pheno-ena, )

Subterranean Cornactions

It must have bean recosnized at an earlv dats that subterranean
connactions beivean ther—al units in the Daisy Cownlex existed,

The frejuent mantion of Splendid and Daisy eructing in concert is
evidsnce of the awarsnsss., The marked lowarinz of the water level

in related swriazs when one, or both zeysers erustsd was unquestionably’
observed., Ther: is no availagble record that any such early observations
were made, Howsver, it can be assumad with a hich degras of cartainty
that the existing symvathy was racoznized, -

The first mention of underjround connsctions in the Daisy Group was
in 1927, "This transfer of activity (from Splendid to Daisy) is but
one nanifestatisn o the revarkabdls sv-pathy existing batween all
vonts in this ars=a, Bonita, the 1little soring across ths road fills
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to overflowing befors an eruntion of Daisy; as the latter plays it

drains ravidly, leaving at the end a ponl scarcely more than a foot

in dizmetar, Zruotions of Daisy also lowar the water level in

Splendid and 3rilliant whila the incessant activity of Comet is

reduced for a short period" (Phillips, 1927, p. 145).

Observations made during the 1930s and 1G40s showed about the same

behavior of springs in the Daisy Coplex as was describsd by FPhillips.,

The occasioqal srustions of Daisy's Thief in the 1640s and 3Spleniid’s

rejuvenation in 1951 further served to enphasize the close bonds of

synpathy existing in the grouo, This sympathy is so pronounced that

it is impossible to discuss any of the princiral springs without

reference to other sorings, Tvery sprinz is so sensitive to loss

of energy, even small, throuzh a shift to a neignborinz spring as

to raquirs a descrintion of most in order to exoslain the behavior

of any partieular one, '

“han tha effacte of Splendid's and Daisy's eruntions are considerad
and comoarad, it hesgovas objectively evident that the erustion of a
geyssr dnes mnt necessarilv exhaust the supnly of sround water to
which its wnderground ramificatinns lead, The instantansous resronss
of bath Daiszy and 5plaadid to each other's erustions, alse the fact
that they have olaved in concert, denands sometrhat direct connections,
Yot Daisy discharzzs hut a s7n1l fractism of tha water 3-landid doss,

Whan Solendid is in an 2ctive phase, and thsre is a seriss of sruptisns,

oach eruntion makas an addifinasl draft aa ths watar suunly,
Undzarzronund csnnections present ouzzling and comrlex probla-s,

The erratic behavior of springs in the Daisy Comnlex during the 1952
season was very suytestive. that the easf-west fissure (possibly
earthquaa causad) they sa2- to issus from mizht extead Lo thé east
as far as the Giant Jroup, During 1952 Giawt was very active,
eruotinz about every s=2cond or third day., Durinz this season
3rilliant Ponsl overfloved {rejusntly, dhamevar the overflow was
checked Daisv, bSul ~ors frejuently Uplsndid, would zenerallv erunt,
either s orily bafore or shoctly after an eruotion of Fant. - If,
when Giant eruciesd, neither Daisy nor Soplandid erunted ths temparature
of the water in Solendid wronld droo & to 4 dagress, with its overfl-w
ceasinz, This hanssned so man; tiwes as to practieally ruls out
enincidanfal occurraqeca, The late Dr. Gesriz 'inrey of the U,3,
Geachenical Divisiocn had planqed throuzh uss of tracers to +ry to
deteraine if the tws zroios wers connsctad. His dsath intervansd
bafors ha 29119 perfor— th2 excsri-ants,

Anather fa
sk

3L which ~izht have so-e bearint on interfunctional
relation 7 ba

o
ios existing batween Dalsy and Giant Zroups is ths fact



that both Fiant and Solendid entered active cveles at essantially
the same ti~e. The Giant has had vrevious short cycles of activity
when Splendid did not resoond (at least erupt) but the duration of
Giant's active cycle in the 1950s; also the numbsr of sruptions,
far excead that for aay other knowm period, indiecatingz a much
greater evalution of heat,

The Story found in the Rocks

The story of Splendid is hizhly suggestive that sruotions have
characterizad it only perindically; the cycles of inactivity being
of much lonzar duration than the active ones. This picturs finds
equal eonfirmatina in ths structural conditions found in the Daisy
Grouo as a whols, Tha nature »f the drainags chanels leaing away
irom the eraters of Daisy and Splendid wvresents certain evidence
that Daisy has bean active for much lonzer periods than has
Splendid. Daisy's greatly deevened channsls over thoss of Splendid
indicate that in the lifetivme of thess 79ysers the bulk of the
erunted water has Ya=n from Daisy, Jeithar geyser would anpear to
be 2s old as Riverside, Grotto, Giant, Castle, Beshive and several
othars.

The racent active cycle of Splendid resulted in a marke- erosion
and gemeral deflation of the rel=tivrely flat exvinss of weathersd
sinter lyiny south of the erater, Ths amount of the deflation
makes it sz2an unlikelv that many erusctivso eveles, such as th
recent on2, eould bs 2 part of Splendid's overall picturs,

Yhere the water of the eruptions scoured tha oldes sintsr,
silicified trse seciions were in evidsnce, These tree sections
ars indieative of a much lonzer perind of dormancy than the one
oceurring durive tha firs: half of ths present canturyv, There is
also the possihiliity ths trees wess interred by a soring not
possessing the eruntive psteatial which has charactarized Solendid
durinz its %nowm history., Like 0id raithful, Solendid might be a
comearatively nsw zavser, !



"North Round Spring"
HB-825E, 4755
ROUND SPRING GROUP OF UPP&d BASIN

A state of from about 4 to 8 'inches below overflow has characterized
North Round during most of my acquaintance with it. At times of
infrequent perlods of overflow, Round, its bizzer neichhor 80 feet
to the south, would ebb about 2 inches, Until the 1959 earthquake
there was no break in this ebb and flow relatioashin,

Since the earthquake there has been no obsarved exchange of function
between Round and North Round such as existed rraviausly. During
1967 both springs were in a stats of overflow all season. Previously
I had never seen this happen, The earthquake resulted in dorth
Round's temperature rising from 151° to 155°F,

North Round is definitely connected undereround wlth Round, It is
thought that connections exist with sorinzs in the eroan to the
west,
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"Pear Spring"
H8-690E, 5403
ROUND SPRING GROUP OFUPPER BASIH

Pear Spring derived its name from the fact that the erater is
shaped like a pear, Prior to the earthquake I had never
observed any discharge from this spring. Its ‘temweraturs
whenever taken was near 150°F, The crater was lined with a
profuse growth of algae,

’
.

Apparently at the time of the earthquake Pear Spring erunted,
No follow-up eruptions are Y%mnown to hava occurrad, * Howaver,
there was a marked rise in temperature, hen taken in Septe~ber
it was 1949F, By 1951 it had drooved to 153°F, sinse thy 1084
season algae in increasing amount hava baen lininz the crater,

During the winter of 1960-61 an unnamed spring about 10 feet
north of Pear turned into a geyser, Durinr all of 1761 it
erupted with marked regularity, the eructions occurring about
every 5 minutes, to a height of about 12 feat, It was named

"Pear Geyser,

An apparent enersy shift from Round to Pear Sprinz ths nirht of
the earthquake is suggestive of underzround connectiaas,



Round Spring
H8-865E, 5855
ROUND SPRING GROUP OF UPPER BasIHd

During much the greater portion of time I have obsarved Round Spring
it has been in a state of overflow. Prior to the sarthguake durinz
periods of overflow ths temperature averared 1759¢, On infréquent
occasions the water would ebb about two inches below overflow, at
which time North Round Spring would overflow, Jo rhyth~ was ever
determined for this exchange of functien, but it unfailingly
occurred, ) . s
During the 1956 season there was a change in Round 3Sorinz which I

had not previously observed. Ons or more times each dav water

would ebb about a foot; the abb lasting for saeveral honrs, During

the period of ebb twe small geysa=rs lyine north of Fear Spring

would erupt. Previously I had nevsr sean thsm active, A small

geyser nsar the two new ones would also eruot sinultanasously.

This latter geyser hes been active =ost seasnns durinz my observations.
It was not until the 1949 season that a eondition comnarable ta 1956
was again noted in Round. Durinz the perinsds of ebh, which was about
6 inches, the new samll geysers failed to resnwmd as in 1955, either
was there overflow from North Round,

As a result of the earthquake Round Sprinz ebhed abaut a foot below
overflow, The temperature had dronved to 137°F, Apoaraatly the
thermal energy had shifted to the sorings on tha west side of the
grouo, . By 1952 Round was again in an Averflow enadition; the
temperature was 167°F, During 1947 both Round and forth Round
overflowed all season. Previouslvy I had never obsarved both springs
to flow at the same time., The earthinake anparaatly broucht about
some changes in relationships oxisting bstween the varinus snrings
in the group.

The evidence which has aceumulated is hichly suggestive that Round
Spring has underground connections with all sprines in this small
group,

ben
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“West Round Spring"
H8-600E, 5608
ROUND SPRING GROOUP OF UPPER BASIN

Prior to the earthquake West Round's crater, like Pear Spring's

was lined with dense mats of brown-colored algae which occasionally
spalled from the sides. Its temperature durineg this period was
142°F, o )

Tt is probable that the earthquake induced eruotisns of est Round
and Pear occurred simultanecusly. Of the two, .isst Round eruoted
more violently, There was a heavy wash which extended back at least
6 to B feet from the crater in the loose sinter, e o
After the initial and only known eruction, vest Ronund cooled faster
than Pear Spring, By the middle of Septerher its temperature was
160°F, By 1951 the temperature of both sorings was ahout the same,
being in the 150 degree range. The alzae presentlv lining West
Round look very much the same as previous to the earthquake,

I believe the evidence is suggestive that Jest Round is connected
underground with other springs in the grouo,
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Beauty Pool
H9-700%, 71.05

Chromatic Poeol
- . H9-555:, 5405

GRAXD GrOU? OF UPPaR BaSIn

These sprinzs are being treated as ono unit in view of the fact
that their knoun function is essentially that of one suring.
Thera is a pronounced sympathetic response existing betuesn then.
To treat them separatsly would be repetitious.

Unlass a thermal spring haprened to bs 2 geyser 1littls or no
treatmsnt was given to it by early writers. There is only ons known
referencs to Deauty and Chromatic, and this in soite of the Faet

that they (Bsauty in particular) rank among the most eolorful springs
in ths geyser basins. In 1927, p. 120, Phillips wrota: "The Terraces
area the ovarflzy of Chromatic Pocl, the dsep blue of whoss walar in
combinatisn with the yellow and red of the algas provides a wida
rangs of colers. 935ide it is Besuty Spring, 2 pool of ths Horning
Glory typs but, much larger.”

It was during the 1941 ssason that I first noticed that 2 pronouncad
interfunctional relationship sxisted betwesn B2auty and Chromatic,

T bacams aware that when one of these sorings was in a state of
overflow ths water in the other always stood about an inch balow
ovsrflos level, It bocame evideit - there was a definits exchange

of funciion whieh seemed to ba periodie., Durinz the 1941 and 1942
seasons the shift of the focus of thermal enerzy occurrad about

every six Wesks, hen not overflowing both springs had a tenperaturs
of 2bout 164°F, whan in a stats of ovarflow ths temperaturs would

be about 10 dezress hichar,

Following the 1942 season I did not again observe thess sorings
until 1945, Frow then until the 1959 earthquake there was pericdie
enersy shift, Howevar, the perinds of overflow and ebbing were
mare irrerular; also ofien J months to a year would elaose hetween
their acourrance.

At the tine of the earthquaks Baauty was overflowing and continued
to do so for tne rest of ths year, Its overflow had almost doubled,
being about 20 gallons per minute, About the only nsticeable effact
on Chromatic was additional sbbing.



As closely as conld be determined the tharmal onergy shifted from
Bsauty to Chromatic on Juns 7, 1940, From that date to the end of
the 1953 season Beauty has remeined in a2 stats of sbb with steady
ovarflow fraon Chromatle, the flow being of essentially ihe same
volure as prior to the eartrjuake. Possibly the earihguake resulted
in chenges, altering the nature of their perindic ensrgy shifts,



Bolgian Pool e
110-235E, 5608
GRAND GROUP OF UPPER BASIH

During the ontirs perisd of my observations the water has been
about, a foot bolow overflov in this posl. Tha oaly chanzs in
the status qus was following the earthauake which resulted in
the water bocoming murky; also a drop in temperature of 2°F,
It took several years for the water to clear.
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Bulger Gayser

110-175E, 5503
GRAND Gi0JP OF UPPER BASIN

Bulger was namsd by the Hayden Survoy., Luring its lmown history
it would seen to havas arunted on essanlially the samws pattorn
ani frejusacy a5 nsw.  The intervals ara betwsan zbout 3% and 45
hours, The heichts of ths esruntions arz from 6 to 8 feet.
Puring the quist nhase water bolls constantly, baeoming more
agitated prior to an eruption. A short pesriod of overflow
precedas an eruption, .

The earthjualks rssulted in increas:d activity for the remainder
of 1959, This apparently was due to a 3°F, rise in tewperature,
The water was murky on the 13th of August but cleared in a few

days. Since 1950 Bulger has been on its pre-sarthquske pattern.

No evidence of underground connections with other springs has as
yet bean observai,
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Calida Pool *
19-630E,270S
GRAND GROUP OF UPPER BASINM

Tha water in Calida was vary murky following tho earthquake. It
was 1951 bafors il clearsl, Tt did not srupt; howsver, theve was
a riss of 9°F in te-perature which gradually subsided during the
following three yaars.

Several unnamed springs in the flat northwest of Calida erupted
the night of the earthguake,
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Castle Geyser o
J10-290E,4305
GRAND GROUP Of UPPER BASIN

Since the official discovery of Castle Gayser in 1870 it has
held a place of areat interest awong the numoreus hot springs
found aleng the Firshole River., This, in part, is due to the
fact that it possesses the larzest and ons of the nost interesting
structures cf any goyser in the Park, bDr. F. V. Hzyden in 1878
wrole:

"This geyser has the most imposing crater in tha Upper

Basin and was so named by Langford and Doane in 1870

bacause of its fancied ressmwblence to the ruins of a

feudal castle; although from most points of vieu it

is more like the ruins of a towsr or turrei on the

eri of a platform, suggesting the form oi a 'monitor

iron-clad vessel',"

Not only was the structure of Castle imposing but the impressive
style of play which frequently characterized it contributed to its
having a first magnitude rating zmong Yellowstone's hundreds of
goysers., The mannsr in which it jets the water of an eruption,
followed by the great rushing of steam so impressod soms obssrvers
that in their repertory of gesysers they gave it first place. In
deseribivz an eruvtion he witnossed in 1874 the Earl of Dunraven
was not lacking in deseriptive adjectives and suverlatives. In
conclusion he wrote: "It is the greatest geyser in the ragion,”

Unlike Riverside's and 0ld Faithful's, Castle's function since
discovery has bee marked with perieds of dormancy and variations
in its patterns of play., If durinz its early ¥nown history there
warz any agwvroachi to regularity it was nol rscognized by
observers bafors the 1940's, Available racords indicate that
during ths pasi score of ysars Castls has not only erupted with
greater freguency, but tha pattern of its activity makes the
eruptions pradictable with reasonable accuracy.

In 1873 Dr. Hayden rescognized that Castle seowed to have two
distinct typss of activity:
"the points ws have recorded prove that bsside the
eruptivs action, which has a well defined courss of
precedure, thers is a state of constant activity,
which is accompanied by spurts which reach 50 fest,



or avon 60 fest, as ssen by Doane and Langford, Thay,
howaver, did noi see a genuine-eruption in which the
steam perioed is the most marked feature,

Additicnal early references indicate that Castle was viewed as having
mora than ene kind of eruption, USoms wsre characterizad 2s being
merely the "frequent jetting of water™, while at other times this
jetting was followed by a "rushing of steam f{rom ths crater”, Some
of the steum-phase eruptions ware viewed as bzing mora powerful

than others, In 18893 Henry Winser wrote:

; This geyser usually shoots out a colu-n of water, frou
30 to 50 feet in height, saveral times each day, and
throws up smaller jots svary few minutes, It oceasienally,
howover, husbands its strength for a pgrand effort, at
which timss it forces up a bsautiful fountain to an
altitude of 100 fest or more, accompanied by a tremendous
rush of steanm,

There was a pariod in the 1920's when steam-phase eruptions had
become so inireoquent that they were viewed as not being ths normal
mode of Castle's behavior, Fron the 1890's uniil about 1920
Yellowstoie records are silent on hot-spring activity, Apparently
the thermal wonders wers not considered by adninistrative officials
as being an essential elewment of the Park, worthy of reporting,
With the adwinistration of Horacoa M. Albright interest in ths hot
springs was not only rovived, it was resurrected. In his annual
report for 1920 Supsrintendent Albright wrote: "The Castle has been
very irregular and disappointing." Three or four eruptions per
weck were reported durinz 1921 and 1922, In his 1926 revort is the
statemont, "The Castle only had cne active periocd the past summer
season,s” In 1976 Charles Phillips (a park ranzer and devotes of the
hot springs) wrote:

Perh2ps the most interesting display of goyser activity
during January was an exhibit by Castle Geyser of its

old time vigor, Castle's normal activity is a2 steady
strzaming with jots of water thrown twenty or thirty

fest high avery minute or two, On this cccasion, howaver,
the contents of ths tuba were eruvted 100 fest or mors
and tho steam psriod that feclloved quite ejqualed the
Giant in power. The hollow roar was audible for several
miles,

In the early winter of 1927 Philips again wrots:

It has besn generally regarded that the Castle was
formerly much more active than it is at present.
Today its normal activity is a steady streaming with
jots of water thrown 20 or 30 feei every minuts or
-twn, -fwery four to eight wesks it has an exceptional
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eruption during which water is throwm well over a

hundred feet for 2 few minutes followad by 2 tremendous

steam period that lasts a number of hours and whose

hollew roar is audible fur several miles in winter,”
Records through the 1930's suggost that eruptions cceurred about
once daily; sometimas more frezuently, Nighttime eruptions were
not deternined and Castle was considered as being “wery irregular”,

Of the activity of Castle characterized by "frequant" and other tines
"almost continuous jetting of water", records during tha 1930's are
silent. During the 1940, 1941 and 1942 socasons lonz periods of
sloshing were frequent. In Septe~ber 1941 I made the following
roport:

“"During the past month there were but three daylight

eruptions of the Cistls., It has been less active

this season than any other that it has besn under my

observation., Most of the current season it has been

in that slopoy or splashing phase that characterizes

its inacltive periods.®
I considered "inactive periods" as those during which no steam phase
followsd the ejection of water. During the 1943 and 1942 seasons
there would bs periods of from 7 to 10 days whem wateor would be
Jetting almost constantly to various heights, usually not more
than 10 to 20 feet, occasionally higher. The erater looked not at
all unlike a gigantic pot from which water was being constantly
sloshed,

Until the 1946 season I considered the stean phase of the Castle an
essential element of any activity worthy of being called an sruption,
However, during the 1946 season il displayod a distinct type of
function I had not previously seen, and to which I can find no
reference in the records. In addition to ths comtinuous sloshing or
Jetting and steam-phase tynes of activity, a major eruption of short
duration, not followed by steam ejection, was observed, The duration
of the eruption was about 4 minutes, the display baing more powerful
than the steam-phasa type, During 1949 an sruption of 2 minutes
duration was noted, After 1946 thars wers occasional 4 minute
eruptions each season until 1959 but no mors 2 miinute ones were
observed. From the time of the earthquake until 1963 none was
observed., Since 1953 a few of both the near 2 amd 4 minute eruptions
have occurred each seasen through 1949,

Whether it is an eruptioa of 2 or 4 minutes duration it occurs at
a time when a "normal" or stsam-phase eruption is considered
iwninent. The water is ejected with great force: and vigor for the



short period then the eruption abruptly terminates. Without an
observed exception to date a steam-phase eruptiom has occurred
about 2 to & hours following short play. %hether it is nesar 2

or 4 hours depends on whether the short duratiom of activity was
near 2 or 4 minutes; the longer the play the sreater the lapse of
time bafore the steam-phase sruption.

Baginning with the 1943 season it may be said tiat Castle entered
upon its presznt pattern of activity, At least the long periods
of "continuous jatting" have not occurred and its steam-phase
eruptions have been recognized as having a degres of regularity,
Batwean 1943 and the 1959 earthquake the intervals varied between
sbent 12 and 19 hours, Followinz the 1950 and 1951 seasons
(when the intervals averazed a 1littls mors than 12 hours) there
was a graduil incrsase in the lenzth of intervazl until the time
of the earthguske, Relative to its activity preceding the earth-
quake T have reported:

"From ¥ay 1, 1959 until the time of the earthguake

August 17, B1 stean-phaso eruptlons were determined

for tha Castle, The averags interval was 15 hours and

53 minutas, The =winimum interval was 173 thours; the

maximum 13 hours and 28 minutes,"
Like most of the geysars along the Fireholo it played less frequantly
durinz the 1959 pre-earthjuake parisd than durimg 1958. Castle's
1953 average was 14 hours and 33 minutes,

Following ths carthquake it soon bz2cawe evident that a new sourcs
of thermal energy had bhsen made available to the Castle, During
Avzust 18 and 19 three daytime steav-phase eruptions wers obsserved,
Such activity was entirely without precedent, Eruptions occurring
about every # hours sasmned utterly fantastic., During these two
days there was one interval of 3 hours and 55 minutss! In spite of
the very short intervals there was no apparont change in the type
or forczfulnsss of tha activity, 'The water phass lasted about 15
minutes, the steam phase continuinz for more than double that tims,

During th2 first few days following ths earthquake the Castle was
manifesting about # times as much erupntive ensrgy as in ths pro~
sarthquake pariod, By Septe-bar the iatervals had increasad to
aoproximately 6 hours., The averaze time continuad to increase
slovwly {or ths remainder of tha sesson, Bestwesn Novambar 3 and 17,
37 eruption intervals wers mechanically checked. The shortest
interval was 7 hours and 38 minutes; the lonzest, 10 hours and 23
minutes; the average, 9 hours and 3 minutes,



By 1960 Castle's intervals were ranging between about €% and 10
hours, The majority of ths eruptions could bs predicted within
& half hour of thair occurrence. It w.s dstermined that during
equivalent pariocds of time there were 6 eruotions during 1950
compared with # before the sarthquaks,

Castle's pattern of activity since 1950 has continued with but
slight variation. Records denots a 54211 deereasz in avaragze
tims. The avsraze time for 1950 was 9 hours and 30 minutes;
for 1959, 8 hours and 38 minutes,
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Chimney Cona =
J10-2104,9458
GRAND GROGF OF UPP&Z BASLN

Chimney is a small pipe-like cons on thz edes of the Firsehole
River, Therse 15 no open vent at the top, it having been filled
by early vark vandals or by internal depnsition. It is believed
that both factors have operated.

Prior to the 1959 earthquake whan the days wers humid or cold
vapere could be seen being gently wafted from the pips. Following
the earthiuake steam under pressure was bzing exhaled, Ths steam
made an audible hissinz which could be heard for soms distance.

No water was discharged from ths steam vent, However, thers was
flow of waler from a vent at the bass of the pipe. Ths hissing
and flow continusd until sonetimne during the winter of 1961 and
1952, Since that time the cone appears to be in essentially the
sama state as prior io the eart*quaks.

(4]
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Churn Sprinz e

110-185E,710S
GRA4D GROUP OF UPPZR BASIN

This sprinz was apoarently named Churn becauss of water pvlsations
in its small vent, Prior to ths earthyuake I had observed neither
overflow nor any boiling action in this spring. The day following
the earthgnake the water was murky and was “ehuradinz" in the vent.
There was alsc light overflow, With gradual eclearing this
condition porsisted for the rest of 1959. ' )

Sinea 1959 the overflow has besn paricdie., FHowsvar, during 1960
thers was only occasional ebbinz, Since that year overflow has

occurred with dacreasing frejusncy. Since 19549 nno pulsing has
bean noted in the vent.

Churn has no known underground connzctisns with other springs,
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"Crack Geysor®
H9-B55E y 7503
GHAND GR0OUP OF UP-ER BASIN

Following cassation of play of Zeonsqic and Zost Heonomic geysers
on Sepbenbor 21, 1959 a sprine 250 feet to the north; located
belween wWavs Spring and Deauly Pool, becams eruptive. It played
about & fest high., Several eruptions occurred each day, 'Lhe
eruvtions issued from a fissurs in the sinter. This resulted in
the new performer being called "Crack Geyser"., Activity persisted
in 1t for the remainder of the year. IPrejuant zctivity was
observed during 1950 and 1961, Ths temperature drop of all springs
in tnis area in 1962 rasulted in Crack bacoming dormant, with. no
furthar activity to date,

vYhather the bsginning of eruptions in Crack Geyser was due to a
Q o - J
shift of ensrgy from ths Zconomic Geysers is morely conjecture.
t least it is suggestive of underground connezctions,
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Crested Pool -
J10-275E,2855
GRAND GROUP OF UPPER BASIN

This large, normally quiescant spring has on twe kno:m oceasicons
shown eruptivo aclivity, During April 1952 I observed one aruption,
Others occurred during that month., The eruption I obssrved did not
last for more than a minute. Water domed up over the cratsr then
suddenly burst; sending jots up 6 to 8 feet, For but a few seconds
there was heavy discharge.

The next and only kmown eruption sinece 1952 was on July 5, 1948,
At the time of this eruption water boiled up to a height of 2 to
3 fest for a periocd of about &5 seconds. For the rast of the day
there were occasional minor boiling periods,

The 1959 earthquake had a pronounced effect on Crested Pool, Prior
to the earthquake its temperaturs was 200°F,, with a 15 gallons per
minute discharge. The wmorning after the blg disturbance its water
was not only murky, it had also ebbed about 12 inches and the
tezperatura had dropped to 155°F,

During all of 1950 and 1961 the ebb in Crested Pool fluctuated
bastween about 4 and 12 inches, except followinz an eruption of
Castle when an additional ebb of about & inches would occur.
During the 1952 season thers was a slow rise in wate- level, By
Cctober oceasional overflow was noted., The teaperatures had also
risgq from a low of 150°F, detsrmined during the 1951 season to
170°F, By 1963 it was ovarflowing stezdily, The degrese of over-
flow fInctuated, beoing heaviest during a 4 to 5 hour period
preceding an eruption of Castle, Its tampsraturs was back in the
200°F range, It had apparently recoversd from the effscts of the
1959 earthquaks.

It was during the perisd of Crestsd Pool's ebb that for the first
time 2 sympathetic relationship between it and Castle was obsarved,
Prior to an eruption of Castle water would unfailingly rise several
inchas dn Crosted Pool then eb% t» noar 16 inches. when it is full
and overflowing ths relationship with Castle is not very evident.
At the ti-s of ths July 5, 1933 eruption of Crested Pool alluded to,
Castle's interval was 3 hours over avsrage., It was the longest
interval during that season.



Winat Economic'Gayser“
R9-9451,9008
GRAND GROUP OF UPP&R BASIN

There is no racord of this spring ever having erupted until the
1859 carthquake, It is located at the bass of the hill 20 faot -
east of feonomic, On the morning of August 18 I cbserved, not

only Economie erupting, but this previously little noticed

spring was also eruptingz.

Occasionally both geysers were obsarved erupting in concert, but
mora frequantly alone., Bacause of the new geyser's close
sympathetic response to Zconamic I dubbed it "<ast Eeconomic®,
Like 4conouic practieslly all ths water of an eruption flowed
back into the crater, Iis eruptions did not occur as frequantly
es Zeonomice's. As closely as I ennld determins the intezivals
wera from 3 to 5 hours, Of the two, East Zeonomic was the more
poverful geyser, Its eruptions were not less than 35 feat in
height and a voluminous mass of water was ejected, No further
erupiions wer= observed after September 21, 1959.

Thzt the two Economics are connectad underground was made evident
gt the time of aruptions., During ths period of activity of
elther geyser the water would ebb in the crater of the other, the
ebb baing greater in the crater O%Econonic.

If East Beenecwie has ever had a previous eruction cycle of
comparable magnitude to the earthguake-induced ons it must ‘have
baen 2 long while 2zo, This observation is deduced from the fact
that the sruptions scalded and killed several naarby Lodgepole
Pines which wars not lsss than 75 y=ars old,

Pravious to the earthquake, like Economle's, East Zconomic's crater
vas filled with dark brown algae. By 1952 its crater again appeared
%o be in ths same state as prior to the earthquake,
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East Triplet Gayser
110-1758,4208 . o
GRAND GROUP OF UPFEX BASI!

In spite of the fact that thers wes a generel incrsase in ceyser
aclivity in ihe Firohole Basing Curing 1947 it was somotima
during that season that East Iriplet becama dor=mant, ‘here is
no eviderce of 2n erunlion sines that year. Prior to 1947 I
obsorved frejuent geyser activity. The thares Triplets would
play in consert, During erustions of East Triplet water
frequontly played from two vents, The pool~like crater would
erupt very wuch like West Trirlet, The second aperture is a
sm2ll vent on the raised ‘sinter bordering East Triplet, It was
observed to erupt sither simultansously with East Triplet or
alone, An erustion lasted for several mipntes, The water
played cut at about a 45 dezrez angle in the directicn of Rift
to a helght of about 20 feot,

At the time of the 1659 earthquske the water becans murxy and
ebbed in the crater batween 24 and 30 inches. By 1950 ths lsevel
exlsting bafore the earthquale was again attained,

Following an erupticn of Crand the water in East Triplet ebbs
from 12 to 15 inches.
+



Lconomic Geyser
925"
H9-925u, 7205
GRAND GROUP OF UPPER BASIN

During the first few decades of park history dconomic seemed Lo be
& goysor of considarabvle intersst, This no doubt was dus to thn
fact that eruptions wers of frejuant occurrence; also that the
greater part of the water of an eruption flowed back into the
crater ~ hence the name, Econonmie,

Most of the early guide books refer to Zconomic as one of the
interesting geysers to be sesn in ths Upper Basin. "Farther avway
the Grand 2nd Eeconomic ca2n be seen. The lattsr geyser is a great
favorits with tourists, It throws water to a height of 30 feoat
only, but it plays every few minutes and is withal such a dainty
sort of geyse=, that the tourists will stand for a lonz tine and
watch it" (Whosler, 1899, pp.28-29).

It is possible that Economic continued to be a "favaorite with
tourists” until sonatime in the 1920's, "The Zconomnic has not
been observed in action for a season or more, and may have bacome
extinct" (Hajmes 3uide, 1925). Puring the 1930's and 194%0's, so
far as appearances were concernsd, it was extinet. Ths crater was
lined with dark brown algae; the water had a near constant
temperaiure of 1u4°F,

On May 19, 1957 Park Ranger Jim McKown reported seeing three
aruptions of Zconomic, each about 8 fest high. On June 1, whsn I
first viswed its crater that season, it was full of brown algas,
There was no surficial evidencs of recent eruptive activity,
However, thers hal besn an increass of ten degrees in tempsrature.

No furthor eruptions were reporied until the morning of August 18,
1959, One of the big surprisss on that nmorning was to ses long
dormant Zcononic erunting aleng with numerous other thermal springs
the earthjuake hat aroused from deen slu-ber, MNost of the eruptions
were about 8 feet high., Occasionally one would reach a height of
near 30 feet, lasting for less than a minute, Eruvtions occurred
aboul every 5 minutes during the first thres wesks. The intervalis
then lengthensd to 15 to 20 minutss, After September 21 no further
activity was observed. Durinz the psriod of frequent activity the
temperature was 198°F, By 1952 the temoerature had dropoed back
into the 144 degree range. The crater was again filled with dark
brown algae, which was its state at the end of the 1969 season,
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ﬁ.’:cono-nie has certain undarground eonnections with a nearby spring
at the base of the hill. There is additicnal evidence that these
ubterransan connoztions extend to Wave Spring to the north and
o tnz Crand Complex to the south, All these sprincs are in
lignmant and are located at the hase of outcroppinz rhyolite,
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Grand Geyssr e
J10-150&,3508
GRAND GRCUP OF UpPrda BASIN

Arang Lhe =ony geysers in Toilousione Park that havz int
capiivated park visibors sines 1970, noma has sarpassed e
is the powsr and characier of its 3runt10ﬁu that are prlﬁ1r11y
respmsinie for its n'ﬁuﬁnrﬁtj. don.var, another factor, a
psyehnlesicsl onz, must be considered, To s92 an erustion of Grand
many hava patiently waited in hot sun, or chillinz wird for hours
belore rovard eams, Ths sudden, xulosivg rocketing of tho> mlchty
Jets of an esruption are in such utier contrast Lo the guistude znd
mrufTled water of the waiting perioed as to leavs the baholder
aved; often enthusiastically vociferous in his admiration. -

ig‘yd and
roel I

As a geyrer Crand made itz historic dabst on Auzust 5, 1871, The
salutatien it gave its boholders was so improssive that the adjective
"grand” was at once apolisd., In deseribing ths eruptioa Dr. Haydsan

ut-.‘. was:

Milg cavped the eveninz of fuzust 5th, in the middle eof the
Upnar Coysar Basin, Soon aftar roaching ca=p a tremendous
remhling was hasard, shaki-z tha ground in evary dirsciioa,
and soon a enlum of sterw burst forth frem the eroter near
the edgs of the east sidz of ths river, rollorlng the
steam br a suceession of impulses, a colawn of watsr,
apoarently six fest in diamater, rose to a hsight of 279
foet. ... we gave'it ths name Grand Geyser for its pa
so9m2d arsater than any cther of which we obtained any
kno&xeaﬂe in ths valley." (Hayden, 1872, p.116)

Many aarlv exolorars and visiteors 4~ tha Jpzer Zarssr Bozin lefs
descripticns of improssicns gained when ses in ar ~uption of Grand,

Only ons will bs includsa in this report, Like others it is
indicative of the iwpact this veyser had on the vi-rer n
deseribing zn sruvption witnessed in 1372 Colonal Sarlo the
United btates fnginears commentaed:

"‘J =

"This grand fountain continusd to play for sereral
ninutes, ‘When dylnv dowm, I eppreached to chiain

a closger view of ths aperatura from whanca had issusd
such a powarful straam, A sudden gush of shtesam drovse
tie away, following which tha water was impelled unward,
far above the steam, till it sesmed to have lost the



controling force of gravity, and it would never ceass
to ris=,., Wwe were all lost in the suddan and marvelous
gpoctzcle, Tha enthusiasm of the pariy was minifest in
shouts of delight," (Barlow, 1872, p.27).

Since.the above was written Grand has performed before thousands of
spactators., Over the yoars it has 1lost noae of its enchantmsnt,
Paople continue to shoul in exultation when it plays. Only tha
dull and insipid ean watch an eruntion and not be stronzlv moved
by the bosuty and dynamics of the display,

Dascriotion of Crater

When passing or viewing the crater of Grand during a quist phase the
uniaforned would nevar suspsct it of being a geyser, It has a most
unpronising appsarance. - .

The earliest descrivtion of Grand's crater is found in Barlow snd Keap's
report for 1871, in vwhish it is stated:

"Ihe crater of this geyssr is very bsautiful, though
but siightly elevated above the general siops of the
plateau; 1t might be overloo'sed, shonld ii not happan
to vlay during the visit of an examining party.

There are threo openinzgs, all of which are connscted
with ths reservoir belew. One, a very sa2l1l aperature,
enits oulfs of stean similar to tha exhaust pipe of a
steam engine, The large one, in the center, 6 fest
across, boils violently during an explosion, but doss
not throw water t6 any.gresat height. '

"The third opening is the geyser propsr, from which
a towaring column ascerds to the astonishinz height
of 200 feal., TIL is 12 by 18 inchas in diameter,
souewhat narrcwed as it descends, and is of zrzat
depth, smooth and straizht, Thess caviities ars all
Iined with delicats deposit of rock, bantifully
enaaled with silica, in apvearancs as delicats as
frost work, but hard and strong, reauiring the
assistance of a hanmer to datach fraz-ants obtained
as spacimens,” {Barlow an? lsap, 172, p.27)

The descrivtion by tre Hayden party in 1873 is of interest 4 n that it
daseribes the crater in greater detail, and sarves very well as a
present day daescription,



"Unless the eruption of this maznificent fountain had
been witneosed, one would scarcely take it for one of
the most lnvortant geysers in the basin; for, unlike

014 Faithful, the Grotto, or the Giant, it has no

raised coie or erater, nor even a huge cavern-like

bowl, as is the case with Glantess or Oblong., It is
situated near thes basa of 2 hill, and is §2 feet in
dia=zater, snd but slizhtly dspr=ssed below the surface,
the greatest deoth in the eentral porticn beainz only
about ons foot. Tho bottom of the basin is very
irragular, and near the mouth of the geyser tube is
lined with large cushion-like masses of geysaerite,
somevhat like those in the crater of the turban, In
thesa massss the crater is 2 by 4 feet. It is

situated near ths Turban rathar than in ths center of
the basin. There.is no marked raised rim to the latter,
but there are shallow basias and pools over the
surrounding surface, the irrsgularity of which a?d to
the beauty of the general effect.” (Hayden, 1878, p,211)

History

The earliest refersnce to an interval of Grand is found in the 1871
Hayden ra2port. This intsrval was 31 hours, During this early
period, the frejuoncy of its activity is not at all certain, Vo
syste=matic observations were carried on. 'ost of ths reportis
indicate "one or Lw» eruotisns each day", An 1873 guide bonk by
Norton states that Grand plays "at least twice in 24 hours", The
guide %ooks by Wylie, 1832; #inser, 1893; Haupt, 18873; and Hyde,
.1888; give intervals as ranzing between 13 and 31 hours. In

1395 a report states that Grand eruots every 15 to 20 hours
(Whesler, 1895, p.567), The =majority of early guids books when
discussing the thermal sprinzs contain vsrbatim information.
Plaglarism ssemed not to have been particularly frowmed upon. It
is indicativs that 1little ifl any field work was performed,

During most of ths first two decades of the currant cantury,
a&dministrative park personnal larzely ignored Yellowstone's thermal
wonders. Referaences to hot springs are practically nonexistent,
Bxcspt for repetitive inforration in guide books of the period,
references Lo the gaysars show a paucity of intersst to a2 marked
degres. About the only referencs to Grand durinz this peried that
is indicatlve of its eruptive pattern points to extrems irrezularity,
"playing at intervals varying from one to ten days". (Haynes Guids,
1910, p.?0). It is highlv probable Lhere was even greater
Irrezularitv in determining the nature of sruvtive behavior,



Following the ercatien of the National Park Service in 1916 ths
earlisst known reference to Grand was in 1920, %The Orand ssauns
to hava estsblislied elevan hours as its interval of eruption®
(Abrizht, 1920, p.27). In 1921 tha report states: "Grand is
giving fine eruptions two to three timas per day™ (Albright, 1921,
p.22), From 192} on Grani shows inereasing irrszularity.
"Eeuptions vary hetween sixtesn to twzaty heurs with occasional
wide variatione (Phillips, 1927, p.14C),

The. 1920-21 activity indicates a reaularity and frequency that -
was not again approached until ths 1950's,

From 1927 on through the 1930's and most of the 1940's thera was a
gsneral inerease in the lenzth of Grand's intervals, with s=asonal
fluctnztions., Batween 1937 ancd 1947 the seascnal average ranged
betwsen about 20 and 4% hours; the extreme intervals being 12 and
120 hours, The seasons previous to 1947 during which I had kept
datx on Grand show an averaze interval of 38 hours. During the
1657 seuscn it shared in ths marked inersass in thermal activity
that was general throughout the basins, The 1947 avsrage was 12
hours and 5 minvtes, The increased activity during 1947 and 19u8
was in part dus to near dormancy of Rift and Triplets, Following
their rejuvenalion in 1949 the seasonal average on through 1951
was approximately 20 hours. From 1952 through 1938 there was
progressivo shortening, from an avarage of 144 hours for the 1952
szason to & hours gnd 32 minutes for 1998,

Durinz 1958 and the pre-sarthjuake periocd of 1959 Grand srupted
with greater frojuency and regularity than during any other
rscorded poricd., During.1938 I deter=ined 333 eruption intervals,
Thea average was 8 hours and 32 minutes; the extrewes were 6 hours
and 4% minutes and 12 hours and 40 minutes. Not only did Grand
play more freausntly than during any other sesason of record, it
set 2 new record during 1959 by thrass eruotions being observed
during daylight hours of a single day.

Thers has nsver bssn a season in the Zrand's history when its
eruntive time canld be pradicted with as high a dezres of
accuracy as during 1953, The majority of the eruvtions did not
vary 'nors than one hour, plus or minus, from the average time,
This, in eonnsctisn with its wmore freguant perforvance, resulted
in many -more paovls seeing it in 1958 than during any previous
season,

During 1953, execsnt consequent to an eruption of Grand, West
'Trirlet had infreguent and very short periods of activity.



Howevar, an additional factor enferaﬂ into the picture in accounting
for Grand's show of activity. There was a graatly shortened period
.of synchronization of Turban and Vent, Where previous to the 1958
season thers had been a pariod of from 6 to 8 hours before Turban
and Vent would ceass srupting, during 1958 their concsrted activity
lasted from but 2 to 3 hours. This resulted in a corresnendingly
earlier racovery and overflow stage for 3rand. The shortened

pariod of concarted activity of Turban and Vent has persisted,
Durinz recent seasons, including 15359, it has been near 3 hours,

Pre-zarthquake f&ruptions

The first premonitory signs of an eruption of Grand were the start
nf ebb in Turban and a slight increase in overflow of Grand. Usually
within a matter of 10 to 20 saconds fecllowing this evident shifting
of pressure from Turban to Grand, a slight pelsing was noted issuing
from Grand's vent, sending waves shorsward over the larce collecting
basin, The pulsing as well as the waves increased in forcefulness,
sometimes for several minutss, when suddenly there vas doning of
water over Grand's orifice, followed by a sudden sxplosion and
rocksting of water, On rare occasions this pulsing would cease,
resulting in Turban's activiiy with no consequent eruption of Grand,
¢
The initial burst of water was quite variable, not only in the
manner of its ejsction, but also in heizht and duration, As a
general rule the first explosion lasted from 1 to 2 minutes, but at
times as long as 12 minutss. If the duration of this phass of the
eruption went much bsyond 2 minutes, it was characterized by rapidly
successive rockets of water, from 50 to 100 fez2t 1n heizht, instead
+ of 2 more massive and highsr burst.

Daring an active phase Grand had several inderendent eruwmtions,
most of which lasted scarcely mor> than a minute, Following each
senarate exrlosien the water eolu—n dropoed with a suddannass that
almost equaled its explonsive sjection, uch ol the falling water
rushed back into the cratar, but immediately there was doming and
another sexplasion,

The nunber of separate eruptions during an aclive phase was quite
varishle, »aing anywhare from 6 for a minimun, with #5 sruotions
baing the most observed ts date. As a2 gensral ruls, the number of
eruotions varisd betwesn about 8 and 12, with ths active phase
lasting from 12 to 20 minutes., When 30 or mors eruptions occurred
during the active phase, the eruvtlions usually lasted for more than
an how,

YMost of the time the second, third, fourth and fifth eruptions were
the most massive and playe? to the greoatest heicht, Instead of 2
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single stream of watsr, as characterizes 0ld Faithful, many
independent jets could be sean rocketing throuzh the massive
column. Some of these jets occasionally aporoximated 200 feet
in height,

At the conclusion of the last eruption, the crater emptied with
much of the water flewing back into the well. During soms seasons
this coneluding burst was followsd within ssconds by cessation of
boil: Turban and Veni, with all craters emptying, During other
seasms, Turban and Vent would continue to erunt for about an houvr
following Crand before cessatinn of play and enptying., From 1937
through 1942 it was observed that 15 to 20 minutes after the
enptying of the crater thers would be a concluding burst from
Grand. 7his delaysd eruption was not again observed until the
1960-61 soasons, There has been no known occurrsnce since.

Much of the above description appliss to Grand's current activity,
However, since the earthquake some of the sympathetic responsses
have undergone soms modifications which will be treated in the
following topie,

Post~Earthguake Bshavior

Tha wmorning following the sarthjuake I began 2 hurried check of the
thermal springs. Tur'an and Vent were observed erupting simultansously.
This, Iin connection with Grand's empiy crater, made it certain that
Grand had erupted earlier, Should the aruction have started at the
tize of the earthyuake, 11:37 v.m., as was the case with the majority
of the thermal springs, it is hizhly probable that had its duration
bsen timed it would be ths lonzest an record, It would also have seb -
a record in number of independent bursts., Following this eruption it
was dor~anit for tha rest of the year.

Grand's dormaney was no doubt duz to a great loss in temperaturse,
Prior to the earihauaks the quist-phase temsarature held closs to
175°F, Aftsr, tha earthquake 3t was 145°F, for several weeks,
Followinz ths earthquaks the crator filled as formerly, with
oceasioncl overilow, By October brown algae were beginning to grow
in the onter two-thirds of the erater.

Ths imwdiats cause of Jrani's dor-ancy can only be comisctured,

Ths folloving Tacts offer & trobable solution. Temparature readings
revealed a drop of about 10°7, in both Grand and Turban, This

marked drop sugzasts a subterrancous shifting of the thermal energy
to other springs, That West Triolet and Rift were not tha recipients
of an enerzy shift was indicated by the fact that they too ware
dormant, Howaver, about 200 yards north of Grand long dormant
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Ezonomic Geyser, and a nsarby spring with no previous record of
eruptive activity, began eruvoting sevaral times each day., This
condition persisted until September 21, when ermptions rapidly
tapered, s-on ceasing altogethor, It was duringz ths concluding
stazes of activity of Heonownic and the unnagsd spring that Turban
Yogan having ensrvated eruptions. By Decembsr ths tompsrature of
Grond hsd increased to 1?3°F. ani Turban to 155°F, Both west
Iriplet and Rift were having infrejusnt erupticns,

The first eruption cf Grand following ths earthguake-induced one
was on February 19, 1960, From then until the end of the year 28
eruptions were known to have occurred. The avsrags time was about
12 days; the minizum and waximum intervals were 73 days and 31 days.
From 1940 on until the 1957 season thore wWas n zradual increase in
the number of eruptions: 1951-47; 1952-98; 1953-125; 1954-182;
1955-185; 1955213,

During 1954 fer the first time following the sarthquake Grand
began erupting with sowe degree of resularity. The great majority
of intervals veried betwoon 15 and 30 hours. By 1956 it was
erupting with aboul the sams frequency as that i~madiately
preceding the esrthquake, which tyvve of function persisted through
1966 and part of 19567: Since 1957 the average interval has been
11.5 hours,

02 June 2, 1949 and for ths rest of the season Grand was observed
erupling on a different pattern from anything previously recsorded
since it was first obs-rved b, the Hayden Swrvey in 1871, Instead
of the vsual 6 to 10 bursts during an active phase that had
characterized it since the sarthquale, there were only two. The
first burst ensisted of continuous rocketing for a duration of 10
to 12 minutes, whils the succesding burst apzeared normal and tycical,
As the season progressed the number of bursts increased from 3 to 5.
The long, roetelinz, first one versisted, Befors thz earthquake on
a number of occasions I observed tha initial barst of Grand to last
from 8 to 10 winules, however, the usual series, zbout 6 to 12 or
more eruntions, always followsd,

-1t is believed that as a result of the earthquake the plumbing in

the Grand Ceanlor unlerva«i sona chanzas., uite zpart from the
dissipatisn of thormal evergy by comnecting uniis, functional

behavior of at least Orand, Purban and Vent sho's evident medifications,
During Grand®s overflow perisds, whiczh oceur during Turban's gquiet
phase, thers is incrsased discharge. Uue to ths manner in which the
overflow fans from the crater no measuremsnts of discharze have basn
attenptad, However, to one who has observed this ovsrflow for ovor
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a quarter of a century the post-sarthquake increass in discharge is
qQuite obvions. Further, the water in Turbtan during 4its quiet phuss

- stands 2 {o 4 inches higher in the crater than befors the earthquake.

wWhen Grand erusts in concert with Turban there is no obb in Turban
such as forwerly characterizad it. The occasional pracursor
eruptions of Vent wore naver known to oceur bofore tha earthquake,
Grand's 1959 chanze in eruption pattern =ight result from vnder-
ground allerations relate:d to the 19259 ingident,

Dormant Periods

Not only has Gran? showm periods of great irrezularity and withal
& vac_illating bshavior, on thrae known oczasions it has bacome
dorrmant ovar a psriod of several wonths, The aarliest reference
Lo dormancy is found in an 1890 suide book by 4. B, Guntil:
TEruptions of the Grand are somewhat irregular, usually occurring
at intervals from nine to thirty hours, Its inactivity during the
latter part of the season of 1883 baing attributed to ths
extraordinary denonstrations of ths Svecelsior,"” The duration of
this period offdormancy is not lmown., It might well have extended
throuzh a part of the 1338 winter. That ths 1388 ssason dormancy
of the Grend resulted from Exealsinr's activity can be dismissed
as extremely unlikely., Tho causs, or cAuses, in all probability
resulted from conditions existing wholly within the Grand Complex
of thermal springs, .

The next knowa dormaney of ths Grand occurraed during the 1941-42
winter. One or mora additional cossations of activity bstwesn
1888 and 1941 mizht have taken vlace, but the lack of records and
systematic observatinns for the paricd make such a suppositienm
wholly conjectural, '

My first knovledze thst a non~srustive state miaht characterize

Grand for possibly monihs came as a distinet surprise in May 1942,
Conditions in the b-wl of the Grand were at onece revsalinz of a

long period of quiescsncs. The erater, avan inta ths wall, was
comolotaly lined with brilliant oranje-colored algae, the filamants
baing an inch longz, It wonld have taken several =onths of inactivity
to produce this condition., So far as could bs determined there were
no convectisn currents rising in the well; ths odor of ths water
suggestzd a stagnant condition.
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- It was obsarvad that Turban, instsad of being periodie, was in a
eonstant stata of fecble ebullition, soms of its water draining
- into the erator of Vent, nona into Grand. ILatesr obsasrvation
indieated the Trinlets a2ad Rift were also dorzant, resulting in
the conalusion that Grand's dormancy must result from Turban's
paculiar behavier. This condition lastad well into June., I
surqised that tho constant ebullitiea of Turban was dissipating
energy: that if it would cease &n e¢ruptive potantial would build
up, There sssmed to bs an evan balanes bztw2en gains and losses
in thermal energy. It was noted that watsr from Turbin's steady
boiling flewed into Vent but not into Grand, There was no over-
flow of Vent. This indicatsd desp circulation. Thus I tried the
expedient of putting a gensrous amnount of granulated soap into
Vent., To =y surprise about 4 hours later Grand erupted, From
then on normal functioning was rosumed. There has bsan no
recurrence of the above condition,

The only other known dormant period of Grand rusulted from the
1959 earthqauake, Ths nature of this dormancy has been treated
earlier in this paper.

Grand and ths Weather

The climzte in Ysllowstona Park is quite sevars. During a goodly
portisn of ths year, from late Octoher through “arch, sub-zera
readings are of frejuent cceurrence in the geyser basins, During
both summer and winter winds of relatively high intensity will
freguently play across ths open craters of tha hot springs,

That such w2ather would chill. the surfaces of large open pools
and lower the ite+npserature of thz desconding currents of convzetion
is patent. It is believed by many that adverss wzather, such as
ths above daseribad, would delay the eruptions of geysers such as
Grand which has a surfacs arsa of ovsr 2000 sjuars fest. It is
hopad the following will be enlighitening on this problem:

Not only do the Grand's eruntive periods seem Lo be uninflusnced

by any dezras of wind but they also show an ejual indepandence in
function with rasvect to the season., Its eruptions appear to come
with as grsat a frequency whon sub-zero conditions pravail as

durinz maxi~wa sumer tewperatures., The erustion data on the Gran
for the 1851 summar when comparad with data eollected during the
following wintar should bring out this fact very elearly. From llay
25, until Septembaer 15, 1951, 145 eruotion intorvals wora dstermined.
The averaze interval was 20 hours, The mini=mum interval during this



period was 11 hours, the =aximum 39 hours., From November 9, 1951
until April 28, 1952, 203 sruption intervals uwurs determined., The
average interval was 14 3/4 hours. The maximum dwrinz this pericd
was 22 hours, ths minimun 8% hours, Some of the shortest intervals
dpring the winler wore at the times of sub-zsro weathsr. The
epldest temperaturs recorded a2t the time of an srustion was -32°F,
a?ﬂ the interval was 13 hours, this bsing nearly 2 hours under the
wirlar averags,,

Starling on Novarmber 22, 1952, a mass of arctiec air moved over the
goyser basin; and for 10 days ths teaperatwre ranged well bslow
zeroy, The average minirmm temperatura during these 10 days was
17.4°F, balow zero., ' Durinz this period 12 eruotion intervals of
the Grand wers determined; ths averaze time was 13.3 hours., For
the preceding 10 days, from the 12th to ths 21st inclusive, 10
eruntion intervals were deternined, with an averasze interval of
15.5 hours. The averaze minimum tempsrature during this pasried
was 14.6°F, above zero,

Undsrground €onnecticns

A vary complex ralationship exists betwesn Grasd, Turbza and Veat
Geyzsrs, A syapathetic resoonse of thess geyssrs to each other
was noted br all early scientific obssrvers., Soma attribuled it
to purs coincidence, while others wore convinced that a definite
interfunctional relationshin existed. c£ven as lats as 1935 sone
rassarch scisntists (Allen and Day, 1935, pp.152-183) wers of the
opinion that no positive svidenca existed that the above gBysers
vere comnacted underground. Their objsctions 2re easily refuted,
At lezst two imnortant factors are responsibls for early divarsity
of ovininn on the absve subject; first, a lack of sustained
observation; second, covplex relationshios, Dus to the shori
period of tims that conld be devoted to indivirdual hot sorings by
all early scienlific expaditions, meny irregularities, or
idiosynecracios in functiom would in all probabliity be overlooked,
or misintaroreted, Many of the earlv observations of Srand were
made from s distunes, without noting attending circu-stances in
nearby springs. In the cas: of oth=r eruptions only paris of the
conolate sruntion cycle wore noted, Thera is no evidencs that any
early sustained ebserwvalinas of active and juisi phass conditions
from one eruntisan to another ware ovsr made. On this subject,

Dr. Hayden states: "Tho Grand is very irrezuls> in its action; but
we muslt rememnber that the obsarvatioms ara not consscutive over &
long ti=e, end until they are carriad throuzh a period of months
consscutivaly we cannot predicate anything as to the laws of action
it has™ (Hayden, 1872, p.215).
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An erupiion of Grand ssts up an unfailing chaln reaction in Turban
and Vent. Coming upon this chain action in its various stages, anrd
not knowing that Grand had proviously erupted could, and would lead
to eonfusion., Due to lack of complete datz, conelusions could b
and wara drawn to the effeet that it was only coincidence when 2all
three geysers played in concert, Thus, Haydsn was led to state:

"I am of Lhe opinion that Grand, Turban and stzam vent are
indeavendent of each other. Professor Comstock, howover, thinks
thera is sywpathy to a cortain extent " (Hayden, 1872, p.211).

Durineg tha pericd I have obsarved Grand, which covers portions of

30 yoars, both winter and summwer, I have ssen many hundred eruwtions
in their entirsty. I have observed conditions in it and other sorings
in the comnlex before and after a Grand sruption for several hundred
sddition2]l periods of activity. Observations made during quiei-phase
conditions would number several thousard, During this protracted
period of obssrvation it has been noted that the sympathetic resoonse
of Grand, Turban and Vent to each other's eruptions has basn
unfailing. Furtber tha chain action resulting fro= an eruotion of
Grand includes not cnly Turban and Vent, but also West Triplet and
Rift geysars. while evidenca of subtsrranean connections batwasz
thess geoysars is certain there is additional deta suonorting the
vonelusion that Grand has undercround connections with Economic
Geyser and other sprinzs to the north:; thers is also data sugzesting
that an undsrground fissure probably extends from Grand far enough

. south to include Casile Geyser and Three Sister Springs,

To thase who through long obsorvation have becoms acquainted with

Grand, Tvrban and Vent it has become axiomatic that underground
éonnoactioms exist between tham, ) :

11



Libariy Pool "’
I10-5558, 9453
GRAND GROUP OF UPPER BASIN

During tho pre-carthyuaks perigod I had observed this spring, it
maintained a nesr eonstant 133°F. Learerature. 1Its crater was
lired with masses of brown algae wiich would occasionally slough
of{ and, island-liks, float to the surface. During the night of
the sarthguake 1t eruotsd., Thers was evideancz of considerable
wash about the crater. WNo further eruptions were noted, However,
the tempsrature had risen from 133°F, to 153°F, which increzse
was maintained for the rest of the season., The water was very
marky.

A yoar later in Septewber 1950, the temperature had ricen tc 183°F,,
but no eruptive activity occurred, The water was still murky.

The condition of the water and temnverature psrsisted throughout
all of 1951. It was the 1965 season bafore the water completely
cleared and algas bagan to appear on the sides of the bowd, By
1958 Liberty appeared to have returned to essentially the same
state as thal preceding the earthquake,.

During the night of the earthquaxke an unnamsd pool, 110—66359303,
lying 50 feel east of Liberty Pool erupted. Wwhat sescmed remarkable
about the eruption was that prior to its occurrence it and a nearby
spring, I110-5358,9255, which later erupted,both contained cold
water which was replonished by water seeping into tham., In this
water there was a profuse growth of moss end ether aquatie
vezetation., Frogs (Rana pretiosa) were a conspicuous part of the
blotic complex. All vegetable and animal 1ife was summarily
remgved from the pools, not only by the eruptions, but by a near
1480 F. rise in {emperatura,

These springs have naver returned to their pra-earthauake state.
Thers_sre still several gallons par minute discharzs from
T10-685E, 930S,

A soring, J10-7352,655, designated as "Fissure Spring™ lyinz about
200 feet scutheast of the "Frog Pools" erupted violently the night
of the sarthquake, During tha remainder of 1952 thare wers
additional eruptions but I was not fortunate enough to ses one,

No evidence of eruptive activity has been obserwvad since 1959,
Prior to tha earthquake it was never known fo erupi.



Lime Kiln
19-335E,470S
GRAND GROUP Qs UPPZR BASIN
This sprinz seemed to escape entirsly tho effocts of the 1959

earthquaks, During all of its ¥mown history it appears Lo have
bsen a steadily overflowing spring.



"Milk Cauwldron®
19-555E,2703
GRAND GROUP OF UPPZR BASIN
A milk colored spring 50 fest west of Calida was ;amod "Hilk
Cauldron", Followinz the earthguake the Llemperature rose fron

194°F. to 200°%. A 20 inch drop in the water level resulied in
more vigorous boiling,



014 Tardy Geysex - "

110-2708, 5855
GRAYD GROUP OF UPPER BASL:

This s=21) gsyser is very irrsgular in its eruotivs pattern,
Some seasoas it is.dormant; othors cuile activa. During its
activa vycles the Intsrvals have naver been dster~insd,
During =zn eruptiocn which lasts for about 10 to 15 winutes,
the water jets up to a height of froz 5 to 7 fe=t.

No earihjuake effects were observed. Due to its irrezular
patiern of behavior it is presumed to have underzrouad
connactions with other nearby springs. If so, connsctions
are unknswa,

e %
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Orange Spring -
Jd9-3202, 705
GRAND GROUP OF UPPER BASIN

Orange Sprinz erupted the nizht of the 1959 earthjuake. The crater
‘was eampty the following worning. For the remaindor of 1959 thore
was periodic boiling. During 1950 and 1951 thers was a gradual
rise of water in ths crater, By 1952 it was full and overf{lowinz,
the orangs algal coloration being restored. It has no known
connections with other springs.



0

Oval Spring e
I110-32CK,6308

GRAND GROUP OF UPPEA BASIM

Prior to the earthyua%e the water in this large non-flowing spiring
stood about 8 inch:s below ovarflei, Its temneraturs was fairly
constant at about 195°F, During the night of August 17, 1959

there was an earthjuake~induced eruntion. The water in the crator
was murky and in a state of constant ebullition. The tempsrature
had rissn to 201°9F, However, no further eruotive activity was
noted during the remainder of 1959. Since 1940 this spring has
baen in essenlially the sams state as that preceding the sarthquake.

Oval Spring has no known connections with othar springs.

-



“"Penta Gaoys=r" -
~
110-333k, 6755
GRAND GROUP OF UPrza BASIN

Back in the 1920's this govser was referred to as the "“Hand Saw®,
apoaraenily dus to the fact that during an eruptisn watar plays
from 5 sapzrate vents, Theso vents are close to each other and
in alignrent, I thouzht Penta a more elegant and dascripitivs
designation,

Pentz erupts with great irrssulariiy, Some sezsons 2 to 3 :
eruptions aro the most that asre obssrved. At timss for a period
of a fev weaks an eruoction will bo obsarved evary day, a= in ¥ay
and Juna 1633, This great irresularity, in part =t least, could
be dua to its undarground connsctions with Sawnill and Spasmodie,

Following the earthauake no immnediate effects on Ponta were
observel, Duringz the quisi phass no water can bs seen in the
smzll vents, tnus if the water were murky it could not be
determinad, As with a numbsar of the hol springs, the earthquake
effect was delayed in manifesting itself, On October 14 and 15,
1959 there was no known cessation of Penta's activity. It is
beliavesd it erupted steadily in exe2ss of 48 hours, During this
protracted poriod of activity there was complste quiescence of
both Spasmodic and Sawnill,

An eruvtion of Peaisa normally lasts fer about 45 minutes, During
activity water olays steadily from all vants t5 varving heights
in the smallast vent, not =ore than a foot. The largs vent plays
to e kelght »f fram 25 te 30 feet.
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Rift Geysar .
110-2258,45605

GRAND GROUP OF UPPEZR BASIN

Rift has ths most inauspiciouns appeararico of any ceyser in the
Park, Exerept at tha tims of an aruption no water is in evidence.
To further make it unhot~spring-liks in appsaranca it has no bowl
or crater. The siructure consists merely of several cracks or
rifts in the rhyolits.

During an eruption of Rift water and steam maks their appearancs
from numercus rifts, many of which are not in evidence during

the quist phzse. From soms of them woter ef pancil-siza
proportions plays up but a few inches. In the dominant rift thea
height is about 3 to 4 fest. During an eruption, which lasts for
about 90 =winutes, there is a noar-steady discharze of water at a
rate of about 25 gallons per minute. That activity of the present
character has besn going on for a relativaly long period is mads
evident by the depth of the drainage channel,

Rift is definitely a member of the Grand Gayser complex. The
graat majorily of its eruptions occur ab-ut 40 to 69 minutes
following the start of an erustiom of Grand. Occasionally it
will eruot 2t about the ti-e an oruption of Grand would sesm to
be ivminent, when this oceurs Grand usually erupts on an over-
averaga interval,

During the variod of Grand's dormancy following ths sarthquake
Rift was noted erunting but 4 timss, Its return to presant
eructive freguency has been synchronized with that of Grand's,




V4
Sawnill Geyser =
I10-2508, 7508

GRAND GROUP JF UPPER BASILY

Efrly refsrances to Sawmill are very scanty. There is a report
in 1895 which states that eruptisns occurred every 2 hours
(vhealer, 1995, 0v.49). During the 1920's there are indications
that erupticis followsd vary much the same pattarn until the 1959
earthouaks,

During the 1940's and 1950's I had Sawnill underdaily surveillance
for several months each season excent 1943 thraotgh 1945, World War
IT ysars. Littlis or no variation was observed in its aruptive
pattern. The sruptinns oscurred about every 2 to 3 hours. Ths
duration of an sruvtion was essentially the sanme length as the
quist phass, It was in a state of eruntion fully half of the
tina,

During the guiet phase there is no boiling, water at a temparature
of about 13977, elowly risas in the crater, Tha sruntion =ight
start whenh iha water reaches the ovarflow leveli. At times overflew
will precede activity by as much as 30 minutes,

The eruption is characterized by ranidly reacurring jats of water,
The height of ths average jet is about 20 feat. Jets can and do
vary betwsen 10.and 35 feet. Sawnill may be classed as a fountain-
type geyssr.

Following ths 1959 earthquaske it is balieved Sawnill- played constantly.
for a period in oxzess of 48 hours. whenever I was in a position to
observe, it was erupting. Following this surge of activity it again
becams perindic, the eruntions occurring ab-nt evary ons to two hours,
During the quiet phass the temperaturs of the water in the bowl had
risen from 189°F, t~ 164°F, This increass in tonpsrature no doubt

in part accounied for increased activity.

During 194" Sawnill sesmad to ba back on a nsar pre-sarthquaks
pattera. Zruptions cecurred about evary 2 to 3 hours. This
fraqusncy of activily psrsisted throuzh 1951 and 1952, During 1953
it was in a state of near dormancy. But few eruptions wsere

ovserved during that yesr. Surprisingly 1954 throuzh 1955 witnessed
& return to nasr pre-1953 activity, Howsvar, fron mid-Juns 1957
for the remainder of the ssason Sawnill was dormant, At the

.beginning of the 1953 season conditions about the eratsr ware

indicative that the dormancy of 1957 had persisted tarough the



following winter., Soms rejuvenation occurred in late July 1958,
qusver. i1t wes mid-season in 1959 bafore any activity was
ohsarvad. The frejusncy of the eruptions sesmed to increase as
the season prograssed,

There is sevidenca that Sawmill has subterraneous connections with
at least tw> additional geysers - Tardy and Penta., Thero are
also indications it is connectsd with Spasmodic, A syapathetie
relstionshlip beiween 3awamill and Tardy was noted long befors the
1959 earihguaske, During this psriod both geysers eruptsd with
abont ths same freguency. Noi infrequently Tardy would erupt in
concert with Sawnill. whsnever this occurred, with no obssrved
excaptinas, the activity of Tardy would bz much more forceful

and vielent than when erupoting alona,

Since tha first 3 seasons following the earthjuakse Tardy's pattern
of activiiy has nevor besn the saws, Sometins during the winter
of 1952-93 it became almost a steady gevs:r, erupting fully 95%
of tho time., During 1953 thsre is a record of but 2 eruotions of
Sawmill. Since that season whensvar Tardy shows near sizady
gctivity Sownill is dermant.

It is only sincs the 1959 sarthquake that any sympathy bstiwesn
Sawnill and nearby Penta Geyser has bezen cbserved., On October 14
and 15, 1939 S2wmill was dormant. On both days Penta srupted
withoul any obsarved cessation. 3Simultansous eruption of these
geysars hag never been obsarved.
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Scalloped Spring =
11.0-110E,8353
GRAND GROUP OF UPPER BASLIN

Provious tn the 1955 season this spring was in a constant state
of overflow., Early in 1955 an orgy of soaping of the hot springs
in ths Uoosr Basin oceurrad, which inelnded Seall: vped Spring,
Wash absubt the crater indicated that it had erupted and that
considerzble water had bzen discharged, The water was down from
3 to 33 feet in the crater, The cratsr has never refilled, but
has siayed near the 3 foot level.

As a result of the 1959 earthquake Scalloped Spring bacame murky;
the water level dropped from near 3 to 4 fsat; also the temperature
rosa from 163°F. to #01°F, with steady boiling. Th2 incroase in
temperaturs resulted in occasional surging. At tinss the surzes
wore vioclent enough to dischargze soms watar fror tha crater.

Sinne 1653 this tycve of surzing has not bsen obsarved.



“"South Secalloped Spring" e
T10-140k, 9005
GRAND GROUP OF UPPsR BASIN

The scalloped bLorder about this spring 4s indicative of a near-even
walzr level over a few scors ysars, Howevsr, in 1955 prior to the
ezrtbquaxe the water stood about an inch below the edszz of tha
scallopad rim, Following the earthguake the water was murky and
the spring discharzed about 5 gallons per minute for the rsst of
the season., The iempsrature inecreased from 193°F, to 201°F.
Overflow continued through 1943, Hone has baen obssrved sinze,

=
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Spanker Geysesr e

19-530E,6755
GRAMD GROUP OF UPPER BASIN
Durinz all of its history for which I have any record Spanksr has

functionsd as a steady geyssr, Following the 1957 sarthquake its
watsr was murky, but bofore the and of the year it had cleoared,



X

Spasmodic Goyser -
110-3808,6655
GRAND GR0OUP OF UPPER BASIN

Sapasmodic haxs besn described as Ya miscellaneous collectinn of
vants sround two larze eraters,; which, when the entire asssmbly

is 4in action doss crodit to its name™ (Phillips, 1927, p.l41),
There ars not less than 13 venls from which water is jetting up
from a few inches to a few fest wmost of the time, At full eruption
additional ones spout, #hile this geyser is constantly beiling and
sputtering, at indofinite pericds there is z marked increase in the
vioclance of tha activity.

Pollowing the earthquake the water was murky for several days but
cleared rapidly. There was a drop of about 6 jinches in water levol
with an increase in tempsraturs of 4°F, There was also increasse in
boiling, During the remzindsr of 1959 and during 1960 the water
stayad ebbed in the craters with most of the activity in the south
ona, At times this crater would jst water to & height of aboul 2C
fest, Since 1050 Spasmodic has apreared to bz in essentially the
sane state as before the sarthquake,

r appear to he connected underground,

Spasmodie and nsarby Penta Geyse
&1ly all activity ceases in Spasmodic,

Whenever Panta erupts practic



"Spatter Geyssr" -~
J10-5L0E, 603
GRAND GROUP Of UPPFER BASIH

"Spattor Geyser" is located on the high sinter embankment across the
river from Sprinkler Goyser, No water was ever observed in its
shallow erator prior to tho earthquake, Following the earthquake it
orupted frejuently with a pattern similar to that of Sprinkler, There
is no record of previous activity., It continued periodic activity
until near the end of the 1952 season. No eruptions have bsen
observed since 1952,
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Sprinkler Gayser
J10~-475E,1155
GRAND GROUP OF UPPLR BASIN

Due to ths location of this sm2)l poyser observatisn is aiffienlt
unlsss ona is in ths immediate vicinity., Tt must have besn active
as & gerser over a long poriod in view of the facl it was named by
Arnold Hazue. I do not know of any dormancy during my period of
observation, It erupts several tines daily, However, if there is
any regnlarity it has not as yet bzen determined, The heights of
the eruptions are about 10 fest; thair duration unknown., It has
no known connectioas with other springs. '

Following tha 1959 earthquake the water was murky., Theras was a
4°F.. rise in tempsrature. Both it and a small vent clossr to
the »ivsr bocama ncticeably more active for the first few weaks
following the earthquake.



LF 3

Terdy Geyser
110-291E,8053
GRAND GROUP OF UPPER BASIN !

The only known refsrencs to Tardy’s eruptions ovrinr to my own
observatinns was by Park Renzer Fhillipc (1627, olél), Hs
states that it hasz & "simllar action to Sawaill, but cn a
smaller scale", IL is bolieved that this typs eof activity
largely characterized Tardy from the tims it was named by

Dr. Hayden until Phillips' obsarvation,

When I first bscame acquaintsd with Tardy, about 1937, the sign
in front of it designated it as "Little Szw=ill™, The nawe
seemed quite approoriate, It did very closaly emulate Sawmill's
eruptions, but on a smaller scale, as indicated by Fhillips,

During the 1940's and 1950's eruvtions ocourrsd abeut every 2 to

3 hours, lasting from about 25 to 30 minutes, Occasionally it
would play during an eruptisn of Sawwnill. IJTts eruptionc were then
noticaably more viclent, When erupting alone the quick suvcsessive
jots attained ¢ helight of from 10 to 12 fest; whan in conecert with
Sawnill thsy were from 15 to 25 feet in height.

Following tho 1959 earthqua%e little changs was noted in eruptive
behavior until the 1963 season. During that year, at the expenss
of Sawmill, Tardy erunted ahout 95% of the tims, During the thres
succesding seasons the pra-earihquaks rslationship beiwesn-Tardy
and Sawill seemed quite well established, However, since 1965
thare have btesn ~onths when Tardy erupted steadily with guiescence
in Sawmill.

Tardy's undergrouad connseticns with Sawaill have besn treated in
the discussion of Sawmill,



o
Teakettle Geyser - ©

5o
J10-2£,86355

GRAND GROUP OF UPPER BASIHN

!

As a resull of ths 1259 earthquake Teaksttle bazan baving eruptions,
This was ths first tims I had evor observed this function. The day
following the carilguake I noted 3 eruptions which I estimated to
be from 12 to 15 feat in heizht, The duration was aboul one minute,
It is quite certzin I did not sse all of the eruvtions on that date,
Eruptions continued until Saptember 15 after which no more ware
observed for ths rest of 1959, Howewar, thare was steady overflew
which had not been true prior to ths earthquake. During 1950

there were occasional éruptions of the typve deseribad for 19359,
with overflow except for a short psriod folloirine an seruption,

No =ore erupiions of the character dsseribed fo:r 1959 and 1950 have
besen observed. Neither has thesrc bean steady overflow, Until 1954
it was observed to occasionally boll about a foot abova the rim of
the crater at about ona-half hour intervals., Sines 1994 this kind
of functlon has occurred with dininishing freguency.



Terra Cotta Geyser

19-950E, 9458
GRAND GROUP OF UPPER BASIN

There h-ve besn but few sesasons during my observations that any
eruptive activity has besn noted. When in an aclive cycle it
erupts frequently. The geyssr consists of two small vents which
eruot simultansously to a height of from 6 to 8 feet. The
earthquake initiated an eruption cycle. Begimming with 1950 no
activity was obsarved until the 1953 season. It was dormant
durinz 1959. If connections exist with other springs they are
unkaowmn,
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Tortoise Shell Spring =
J10-2558,4005
GRAND GROUP OF UPFER BASIN

This spring, year after year, has the distinction of usuzlly baing
the hotbLest soring in the geyser basins, Its temwpsraturc ranges
between about 203 and 205°F. That this situation has characterized
it over the years is indiecated by a 1927 report which states:
HTortoise Shall has the distinetion of being the hotiest spring in
the Park (203°F)." Vthen Giant is in an activs eycle its temperature
and that of Mastiff are on a par with that of Tortoise Shell.

The water in the crater is in a constant state of ebullition.
Periodieally there is increasa in the degree of boiling. Despite
the fact that it is situated at the base of Castle it doas not
seem to show any sympathetie response to Castle®s eruptions.
However, the above 1927 raport states: "Its ordimary activity is
gpparently unaffected by Castle; however, its level is lowered
about six inches after powerful eruptions of thz latter.” Just
what characterized these powerful eruptions is mot at all clear
from tha report,

Few springs in the geyser basins wesre so unaffected by the 1959
earthquake as Tortoise Shell, It did not bscom= murky in the
slightest desrea., There was no apparent alteration in temperature
from either the earthquake or Castle's greatly increased activity,



¥
0 ) Turban Gayser o
I10.150%, 3105
GRAND GROUP OF UPPE4 BASIN

Turban was named by the Hayden Survey, «ithin its crater ther
are ssveral glebmlar masses of goyssrits, Dre to ths fancicd
ressublznze of scwne Lo the oriantal twrben that mane sugpastad
itself to the Hayden Party (Hayden, 1873, p,212). Some of tha
magses oo sintor in the boitan losk not wnlike puwripkins, During
the 14205 a sign naxt to the erater bore the designation
"Burning Pool®, )

Turbzn and nearby Vent and Grand have = complex dnterfunctional
relationship, most of which will be trezated durimg the discussion
of Gr?lndo °

While eariy ervntive data on Turban is licking, iils mannar of
function during the past %0 yzars, when considerad in relation
to the forw of the raised crater, prasents indubittable ovidencs
thst Lhe {yps of activity which has charscterized it the past
two szove years closely parallels its manner of function during
the past, psrhaps, few hundrad years,

Turbin5 pre-earthguake behavior followed a near sat pattern.
Following rezovery from an eruption of Grand it would play every
15 to 17 minutes, except when the enerzy would skfift to Grand

prior to Grand®s eruotion, The interval would then be from 20

to 25 minutes., Prior to an eruption of Turban the water would
rapidly rize-from & to 6 inches in the crater., T# an erubtion of
Grand wers imminent a reverss situation would ensnie; Turban's water
would ebb frou # to sometines as much as 12 inches,

At the time of an eruntion of Grand Turban aluays erupted, Its
eruntion would at times procede the initial burst of Grand by a
matier of seconds; the two eruptions might start siwmultansously,
or Gr-nd =ight wrecsde Turban hy ssconds, The erwuotions which
ccorrred during Grond's quiel phase Jasted near i minmites, They
wers a splashing type of activiiy, the =aximum heizght being about
4 to 5 feat,, Men erunting in concert with Grand ths eruptions
were much umors vi-lent, tha water bursiing to hefzhts of not less
than 3 to 9 feet.

During Grand's active phase, which usually lasted near 17 ninutes,
there would bo no cessation of Turban's violent activity, During




scme seasons following Grand's last burst Turban's activity would
cease with & ranid and complets drainaze of water from the crater;
during othar seasons Turban would continue to erupt from 30 to 60
minutes before draining, Aftsr the crater had b2en eapty for about
half an hour it would ravidly fill ani another near-hour variod of
violent activity would ensvs. Durins Turban's rocovery poricd its
crrtor would eanty not less than 2 times, somwstimes 3 and 4, Lafore
- it got back on the 15 to 17 minute intervals, =shan average
intervals of Grand were longz it would take near 8 hours for Turban
to recover., If 5rand's avsrage intervals wers short Turban's
recovery would bs correspondingly short,

The morning following ths 1959 earthjuake Turban and Vent were
observed eruptiny simultansously, indicating &n earlisr eruption

of Grand. Following this activity Grand and Venit wers dormant for
the rest of the ysar. Turban's crater which ha<d emptied August 18,
had largaly refilled by Septernber 21 and it bezan to have enervated
eruptions at about 17 minute intervals, At tin=s it was observed
to overflow without erupt ing. Thls was apparently due to a drop

in tempserature f{rom 19?br. to 187°F,

Following Grand's rejuvenation in February 1940 Turban also bacame
more active. ‘However, its 1960 and 1961 eruptions during Grand's
quiet phase wsre much less vigorous than baforz the earthguaks,

By 1957 they wers of essentially the sa=a character as bafore the
1959 disturbancs, Howsver, during its quiet phase water stood 2
to 4 inches highs» in its erater. Further, little or no ebbing
has bsen obsarved preceding an erUptlon of urand, such as occurred
bafore tha earthquaka, .

The crater of Turban on its sast and north sides has hsen subject
to a terrific a-ount of vandalism, particularly during the first
few decades following discovery, Geyssrite which formsd ths sides
of beautifully ornamented collsocting basins, as shown by early
photographs, has all been hacked away by speci~an collsctors and
souvenir hunters. On the sides indicated, ne wvrasent evidencs

of thesa former basins now remains, Chiseled names and dates can
be sesn in its bowl., Many of ths rocks that have besn wantonly
thrown into the crater ars now sealed within a sinter matrix,

Msny nsw rocks are a’dad each season,

That the crater of the Turban was viectim of early abuse is
indicated by an observation made by Captain Ludlow in 1875:
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"It is of singular forw, highly ornamentad, and I exverionced
ainost a p2nzg in becoming conscious of an aporehension that I
should meet it again somewhers on exhibition, Some visitor,

a2 little =more enterprising than his pradecessors, will bs sure
to dotach it and carry it off, Shovel and axe had been busy
with the geyser, and lsrge quantities had bean ramnoved,™

(Ludiow, 1675, p.27).
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Vent Gayser 4

-’ -
T10-140E, 5535
GRAND GROUP OF UPPR BASLY

On the northwast esrasr of Turban's erater thara 1s a s=all orifize,
which in the early dascriotions was called the "Steaw Vent'". Stean
was later droopse? from the name, and this interesting gaysar is now
¥ncwn as Vent. In structure the Vent is not unlike a slit, about a
foot leng, in the side of Turban's crater,

Yuch of what has been said relative to Turban's behavior during and
after 22 eruptisn of Orand is likswise applicable to Vent, ixecept
on rara occasions,Vent erupts only at the tins of an eruption of
Grand. During and after Grand's activity Veni's action is
synchronized with that of Turban. when Turban csases playing
follewing Grand, Vent caases sctivity. Resungtiion of activity of
Turten reactivates Vent. This harmonious perf-rmarce continues fronm
3 to somatimas § hours or until near the time when Turban refills
and enters on its 15 to 17 minute intsrvals.

Sometimas Vent will start erupting at the time @f Grand's first
burst, More freauently it is near ths tims of the ssecond., For
the first few moments water plays oul at an angile of about 45
degrass to 2 height of from 30 to 40 feet. Them for tha remaindsr
of its activiiy, which is in eoncart with Turbam's, the height of
its steady jet 1is about 20 fest,

. When SBrand rajuvenated in 1950 Vent also rajuwenated and with a few

exceptions it has continued to have ths same close relationshir to
Grand and Tvrban as bafore the esarthuake.

The sxcestisis raferred to ware first observed during ths 1952
season, On Aoril 17 of that year to my great surorise I noted that
Vent was serunting without any aprarant concsrizd actizity »f Turban.
Upan visiting tha site indapendent action of Vent proved to be ths
situation, Such bshavior was uttsriy without ¥mowm pracedent, To
mslis matters =ore puznling thers had besn no raecent eruntion of
Grani. The w=izr in the craters of bsth CGrand and Turban was dowm
about 12 inchas, About an hour an? a half affer this obsarvation,
with continuing ebbing in both Grand and furban, GSrand erupted.
During the erustion and during the racovery psriod of Turban and
Vent, the mannar of their functioning was ortzodox in all essential
resrects,



Following this digression of Vent from its normal behavior it was
observed »nn August 17 and October 19 to again start activity
antecedent to Grand. This unusual performance of Vent hes been
observad only a few times. It occurred on two ¥nown dates during
1963, once in 1954 and once in 1§57,

ke preli=inary sruztion of Vent has en all Ynown sccurrences

gerved ‘2g 2 precursor to an srupiion of Grand; the activity prscsdes
drang anywiwre from about 93 to 120 minutes. If this typs of
pre-Grand play bsca+e normal Grand would have a most usaful
indicator.,



Wave Sprinz
H9-920,830S

GRAND GR0OUP OF UPPER BASId

Juring its pre-sarthjuake history save Suring appzrently changed
little in temperaturs and manner of perfor-ancs, Its name was
derived from the fact that the pulsing of gas buthles in the vent
sent concentric waves constantly rolling shoreward, There was
steady ovarflow of about 5 gallons per minute,

As a rasult of the earthquake ths wave action graatly increased
in strength, resalting in & much hsavier discharge. Cecasionally
this ovrerflow menentarily would further inereass in_voluns. The
tewpsrature was 185°F, compared with its former 179 F,

The increasad activity persisted until 1942, During that season
the wawa action and volume of discharge wers essontially the same
as bsfors the earthquake. The temperature had drooped absut tan
degroes. Sincs 1942 its pre-sarihquake mannsr of function has
besn cnaracteristic,

It has no known connsctions with other sprinzs, Howsver, its drop
in tewperature at ths same time temperatwurs drops ware noted in the
Eeonomic Geyssrs, and other nearby springs is suggestive of
subterraneous connsctions.
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West Trivlet Geyssr =

110-140%, 4403

« GRA'ID GROUP OF UPPZR BASIN

As the name suggests three geyssrs would sesq to make up tha
Triplet groun. AL preseat but two exist, iHorth Triplet, or ths
one nezrest Grand, had its crater comoletely £illed with sadiments
which vere washel in during eruptive parieds of Grand, In the
fall of 1947 numsrous rocks were removad fron near Grani's crater
Lo prevent their being tossed in by unthinking perk visitors.

The removal of the rozks mads possible the washing of the
sediments which resulted in tha ccomplets effzcemsnt of North
Triplet. Since ths late 1940°'s only West Triplet of the tric
has eruoted, -

From the late 1930's until the 1947 seacon ervptions of West
Triplet ecccurrad about every 3 hours, which was a greater frequency
than during any pariod since, Durinz the 1950's up until ths time
of the earthjuake thsre was a gradual dscre.se in the fraqusncy of
the sruotions. During this sams period Grand's intervals gradually
grow shorler. West Trinlet always erunted at the time of one of
Grand's eruntions but occasionally it also erupted during Grand's
quliet phasa., when this happensd Grand would have an over-averagza
interval, During the first part of the 1948 season dest Triplet
was dormant., During this period Grand erupted on shorter interwvals.
Rejuvenati-n of West Triplet in July 1943 immadiately rssulted in
longer intsrvals for Grand. . 5

There has been wids variation not only in lensgths of intervals of
West Triplet, but also in the duration of its activity. when
playing in concart with Grand ths duration might bs from one
minute tc a2bout fifteen. when eruptins independently of Grand,

I have observad the oruption to last from about 60 Lo 90 minutes.

An eruption is of the pulsing tyce. Jets shoot up to neights
varying betwaen aboui 3 and 8 feat. There is heawy discharge of
water,

Following the 1959 earthquake tha water was mur'y in West Triplet
for the rsmaindar of ths ysar. It was dormant during this perioed.
Howsver, ocecasional overflow was obssrvad, The water would well
cut quietly withsmut any beiling action. The absance of eruptions
Wwas_probablv dus to the fact that its tewperature had dropped from
185°F to 182°F, :
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During 1950 the only time wWest Triplet was observed srupting was
in sequenca to an erustion of rejuvsnating Crand. However, from
that season to date eruptions independant of Grand's have been
observed,

Like Rift, /dest Triplet is a wart of the Grand Complex w'.l.th which
it has suhterranean comnections,
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Witcheas Cauldron =

- I9-500E,4303
GRAND GROUP OF UPPER BASIN

Apart from baing murky following the earthquake no further change
was noted in this spring for the r=minder of 1959. Durinz 1960
geyser characteristics were in evidoncs, UYvery few momeats the
water would boil to a hsight of about 2 feet, resulting in marksd
increase of overflow. This tyce of function persisted until the
1965 season, during which the boiling greatly subsided., Its 1965
state has characterized it to date,



Unnamed Goysers

J9-435E, 855
J9-480E, 603

GRAMD GROUP OF UPPER BASIN

Prior Lo the 1959 earthjuake two omall unnzmad zoysers about 8 feot
avartv were active soms seascns and dormant during others. Thoy
bacane nore active following ths eartliquaks, During an active cycle
the north spring is the mors active of the tws, It is also the
larger. It erupts to a height of about 8 fest; the south 2 to 3
fest, The duration of an eruntion is variable. The extremes noted
to date are 3 to 8 minutes, txcept during the 1959 season, the
south spring was seldoa seen in eruntion. I have observaed both
grings erupting simultansously which was their habit durinz 1968.
The usual pattern is for the spring not srupting to ebb while the
other is vlaying, further indicatins underground connections,

Four seasons since ths 1959 earthquake thess geyssrs have been
dormant - 19534, 1965, 1966 and 1959.



Unnamed Goyser

T10-1508, &8s

GRAND GROUP OF UPr&r BASIN

Scris maps show this geysor as one of the Triplets. It is not.

This small goyser lias sbout 35 feet south of Srand's well. Prior
to the 1959 carthquake it would always be obsarwed erupting for
undetermined veriods during Grand‘'s quiet phase. It would ceass
erunting at ths commencemant of Grand's activiizy. It would never
resums activity until after Grand was again in s state of perlodie
over{lew,

Following the 1959 earthquake, and for the rest of the year, this
unnamed goyssr was nsver obscrved erupting, Duming 1960 it
erupted almost constantly, The only time there would bs cessatlon
of activity was for a short pericd following an erustion of Grand.
Ths greatly inecresased activity was suspvectsd of being, in part at
least, resoonsible for Grand's long intsrvals. During 1951 the
lencth of the quiescent psriod began te incrsas=. Today the
frejuency and nature of its activity ars very similar to that
which preceded the earthquake.
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Two Additional Unnamed Springs

J9-720E, 5008
J9-755E, 5308

GRAYD GROUP OF UPPEZR BASIN

Two additional unnav7ed sprinzs to the southeast of Orange Spring
erupted the night of the earthquake, as was evidenced by wash
about the craters., Both craters wers enpty the following day.
Thoy refilled vsry slovly, it baing 1963 before any overflow was
observed,



Inkwell Springs
H9~205E, L4955
Upper Geyser Basin

Inkwell Springs are located on the north bank of the Firehols
River, approximately 180 feet southuest of Oblong Geyeer and 20 feet
upstream from the footbridge on the trail which passes Grand and Giant
Geysers. I hape not been able to f£ind vhen or by whom the aprings
were named., The name "Inkwell" was probably made in reference to the
dark black mineral and algae colored vents reminiscent of an old=-
fashioned ink container for quill peng.

Two relatively large black springs ad about two dozen white
ginter pad red algae lined shallow bubblers make up the Inkwell Springs
Group, The two black springs are both elongate and are orientated
peppendicularly to each otherj the easternmost one which lies parallel
to the river is 9% feot long and 5 feet wide while the weotern spring,
separated by about 6 feet, is lined up 90 degrees irom the river's bank
and has the dimensicns of 13 by b} feet. Hoth of these black springs
are consbant spouters usually throwing the water no more than % to 2
feet into the air. As a result there is a gplash zone around both of
the springs which supports the growth of a thick leathery algae sheath,
rich reddishebrown in color, on the margins of the pools.

Tn line with the woest black spring and therefore at right angle
to the river is aboub 10 small bubblers, scattered for a distance of
10 feot and ranging from clear to turbid gray., Most are no more than
i to 6 inches in diameter. Tho west black Inkwell Spring is algo inter-
sected by a second 18 foot long line of around a dozen small shallow
vhite bubblera at an angle of roughly 35 degrees to the first. Joint
control seems the most probable determining factor for the location of
these features in the groupe.

The west group of bubblera (perpendicular to the river) hasa
temperatures which range from 166,5 to 188~ F. while the eastern line
of bubblers average only 168° F. Mo visible runoff is present from
most of tho bubblers bubt the two black springs and two other additional
small springs or seeps produce six short runoff channels which flow
directly into the river, An irrepularly shaped white sinter buttress
has been built up at the wator's edge to a hoipght of aboutb L feeto
The dimensions of the whole Inkwell Springs Group are 28 by 22 feet.




