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Introduction

During the 1959 season hot spring activity in the Firehole geyser
basins underwent far greater alteration as a result of the Hebgen lake
Earthquake than during any comparable period since disc¢overy. Data are
indicative that these alterations are more pronounced and far reachirg
in character than all combined changes during the 89 years since discovery.
Some of the changes have already been tabulated in a paper prepared for
the U. S. Geological Survey. This report will go into greater detail on
many of the thermal units, and discuss changes in unnamed springs which
the earlier report did not cover.

Prior to August 18 the general pattern of hot-spring activity wes
essentially the same as during the 1958 season. However, most of the
major geysers during the 1959 pre-earthquake period showed a slight de-
cline in average eruption frequency over that of 1958. Only two of the
better known and popular geysers played on shorter intervals during the
first part of 1959. The following table shows average eruption frequency
for some geysers and number of eruptions for others.



Table 1

Average, 1958

Average, 1959

Daisy 117 minutes
Riverside 7 hr. 2 min.
Castle 14 hr. 33 min.
0ld Faithful 62.8 minutes
Grand 8 hr. 32 min,
Great Fountain 12 hr. 24 min.
Splendid 15 eruptions
Fountain 52 n
Morning 54 "
Clepsydra (Wild phase) 54

138 minutes
7 hr. 27 min.
15 hr, 53 min.
61.8 minutes
9 hr. 2 min.
12 hr. 46 min.
18 eruptions
1 "
lh_ 14
9 "

Summer temperatures taken during 1958 indicate that the average temper-
ature was .59 F. warmer than for the 1959 summer period prior to the earthquake.
This is not indicative of a general decline in manifestations of thermal

energy that theorists speculate is the inevitable picture.
hot springs are slowly and irrevocably cooling.

That is, that the
In all probability it merely

represents a fluctuation stage. Waxing then waning of thermal intensity has
been the history of the hot springs since observations were first made.

During the period these observations have been underway the evidence does

not support the thesis of either a progressive or an overall decline in hydro-

thermal manifestations.
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May 1 and August 18, 1959:

1,
2.
3.
L.

Table 2

Geyser activity was observed in the following hot springs between

Anemone Geyser
Plume Geyser
Beehive Geyser
#Depression Geyser

0ld Faithful Geyser

Lone Star Geyser

White Geyser

Spouter Geyser

Daisy Geyser
Rocket Geyser

Castle Geyser
#Tilt Geyser
Sprinkler Geyser

Grand Geyser
Turban Geyser

Bijou Geyser

2.

3.
b

UPPER BASIN

Geyser Hill

lion Geyser
Little Cub Geyser
Solitary Geyser
Sponge Leyser

01d Faithful Group

Ione Star Area

Myriad Group

Black Sand Basin

Cliff Geyser

Daisy Group

Splendid Geyser
Daisy's Thief Geyser

Castle & Sawmill Groups

L.
5.
6.

2,

Sawmill Geyser

Spasmodic Geyser

Tardy Geyser
Grand Group

Vent Geyser
Rift Geyser

Giant Group

Oblong Geyser

9. Pump Geyser
10. Vault Geyser
11. Giantess Geyser

5. #Bank Geyser
6. Brilliant Pool

7. Bulger Geyser
8. Spanker Geyser

5. W. Triplet Geyser

% Denotes springs unnamed until the time of the plane-table mapping of

the Emergency Interpretive Earthquake Study.
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Grotto Group

Grotto Geyser L. Grotto Fountain Geyser 6. #Grotto #2
Rocket Geyser 5. *Culvert Geyser 7. #Grotto #3
Spa Geyser 8. Riverside Geyser
Morning Glory Group
Fan Geyser 2. Mortar Geyser
Cascade Group
Artemisia Geyser 2. Atomizer Geyser
Biscuit Basin
Cauliflower Geyser 3. Jewel Ceyser 5. Black Pearl Geyser
Sepphire Pool 4. Shell Geyser
MIDWAY BASIN
Catfish Geyser 2. Flood Geyser
IOWER BASIN
Great Fountain Area
Great Fountain Geyser 2. Vhite Dome Geyser 3. #Gemini Geysers

Pink Cone Group

Pink Cone Geyser 2. Bead Geyser

Firehole lake

Steady Geyser

Fountain Group

Fountain Geyser L, Jet Geyser
Morning Geyser 5. Spasm Geyser
Clepsydra Geyser

Hotel Group

Kidney Geyser

Separated Lower Basin Springs

Snort Geyser 2. Morning Mist Geyser

3.

6.

Narcissus Geyser

Jelly Spring
#Twig Geyser

Mound Geyser



Unnamed hot springs that were observed erupting prior to August 18
during the 1959 season are located as follows:

Ione Star Area . . . 3 Biscuit Basin . . . 2 Fountain Group . . . 2
Geyser Hill. . . . . 12 Midway Basin. . . . 2 Kaleidoscope Group . 5
Castle Group . . . . 1 Great Fountain Area 4 River Group. . . . . 2
Sawmill Group. . . . 3 White Dome Area . . 4 Fairy Meadows. . . . 4
Cascade Group. . . . 2 Pink Cone Group . . 3 Rabbit Creek . . . . 2
Round Spring Group . 1 GrottoRGrouph il a -



Table 3

Following the earthquake, and throughout the remainder of the year,
geyser activity was observed in the following named hot springs:

UPPER BASIN

Giantess Group

1. Cascade Geyser 8. Plume Geyser 15. Ear Spring

2. #Little Squirt Geyser 9. *Depression Geyser 16. Beach Spring
3. ¥#5ilver Spring 10. Arrowhead Spring 17. *Aurum Geyser

L. Anemone Geyser 11. lLion Geyser 18, Sponge Geyser
5. #Surge Geyser 12, * Little Cub Geyser 19. Vault Geyser

6. #Roof Geyser 13. Goggle Spring 20, Giantess Geyser
7. Beehive Geyser 14. North Goggle Spring . Infant Geyser

21
22, #Cone Geyser
23. Solitary Geyser

Myriad Group
1. Three Sisters 5. ¥Trail Geyser 9. ¥*Abuse Spring
North Vent 6. *est Trail Geyser 10 White Geyser
2. Middle Vent 7. #Bell Spring
3. South Vent 8. *Roung Geyser

4. #little Brother Geyser
Black Sand Basin

1. Spouter Geyser 3. Cliff Geyser 5. Green Spring

2. *Cucumber Spring L. Sunset Lake 6. Black Sand Pool
Daisy Group

1. Daisy Geyser 3. Rocket Geyser 5. #Bank Geyser

2, Splendid Geyser L. *Radiator Geyser 6. White Geyser

01d Faithful Group

1. 01d Faithful Geyser 2. Chinaman Spring 3. E. Chinaman Spring

Lone Star Group

1. Lone Star Geyser

# Denotes springs unnames until the time of the plane-table mapping of
the Emergency Interpretive Earthquake Study.



Castle & Sawmill Groups

1. Castle Geyser 6. Spasmodic Geyser 11. Sprinkler Geyser
2. ¥Tilt Geyser 7. Tardy Geyser 12, ¥#Spatter Geyser
3. Deleted Teakettle 8. Bulger Geyser 13. Churn Geyser
L. Sawmill Geyser 9. *0Oval Spring 14. Spanker Geyser
5. #Penta Geyser 10. Iiberty Pool 15. Terra Cotta Spring
16, ¥#Frog Spring
Grand Group
1. Grand Geyser L. Rift Geyser 7. *E. Economic Geyser
2. Turban Geyser 5. W. Triplet Geyser 8. Wave Spring
3. Vent Geyser 6. Economic Geyser

Orange Spring Group

1. Orange Spring
Round Spring Group

1. W. Round Spring
Giant Group
1. Bijou Geyser 2. Oblong Geyser

Grotto Group

. Grotto Fountain Geyser 7. *Culvert Geyser

1. Grotto Geyser
Riverside Geyser

L
2. Rocket Geyser 5. #Grotto #2 Geyser 8.
3. Spa Geyser 6. *Grotto #3 Geyser

Morning Glory Group

1. Cyclops Spring 2. Sentinel Geyser 3. #Green Star Spring

Cascade Group

1. Artemisia Geyser 3. Calthos Spring 5. ¥*Baby Daisy Geyser
2. Atomizer Geyser L. ¥Hillside Geyser 6. ¥Pulcher Spring

Biscuit Basin

1. Cauliflower Geyser 5. E. Mustard Spring 9. *Spicule Spring
2. Sapphire Pool 6. W. Mustard Spring 10. #West Spring
3. Jewel Geyser 7. Black Pearl Geyser 11. Shell Geyser
L. Avoca Spring

Midway Basin
1. Catfish Geyser 2. Flood Geyser 3. Tromp Spring



1.
2.

1.
2‘
3.
L.
5.

w o+
L4 e
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Great Fountain Geyser
Surprise Pool

Pink Cone Geyser
Bead Geyser

Steady Geyser
Black Warrior Spring

Fountain Geyser
Morning Geyser
Clepsydra Geyser
Jet Geyser
Spasm Geyser

#Barthquake Geyser

Thud Geyser
Fungoid Spring
Stirrup Spring

Snort Spring

Mound Geyser

LOWER BASIN

Great Fountain Area

10'

3. Diamond Spring
L. White Dome Geyser

Pink Cone Group

3. #Shelf Spring
L. Narcissus Geyser

Firehole Lake Area

3. *Artesia Spring

Fountain Group

6. Jelly Spring
7. #Twig Geyser
8.

Bellefontain Geyser

9. #Sub Geyser
Gore Spring

Kaleidoscope Group

5. #Gemini Geysers

5. ¥Box Spring

4. Sulfosel Spring

11. Cone Spring
12. ILeather Pool
13. Silex Spring
14. Celestine Pool

2. Deleted Surprise Spring

Hotel Group

4. Gourd Spring
Cliff Spring
Kidney Geyser

o\
s

Quagmire Group

River Group

2. Fortress Geyser

Separated lower Basin Springs

Morning Mist Geyser
Spray Geyser

3.

Ojo Caliente Spring

7. Oak Leaf Spring
8. Ione Spring

3. Bath Spring

4. Boulder Spring
5. Rosette Geyser

Unnamed hot springs that erupted between August 17 & December 31, 1959:

Pipeline Group . . 6
Geyser Hill. . . . 7
Myriad Group . . .1
Dlack Sand Basin .
Daisy Group. . . .
Castle Group . . .
Grand Group. . .

7
5
i3
2
5
Round Sp. Group. . 3

9. Grotto Group . .
10.

11. Cascade Group. .
12. Biscuit Basin. .
13. Midway Basin . .
14. Great Fountain .
15. Pink Cone Group.

7

<0l

Morning Glory Gp . 2

21
23
A2
.16
- 3

16. Firehole lake . .
17. Fountain Group.

18. Kaleidoscope Gp.. 2
19. Quagmire Group. .
20, Morning Mist Gp .
21, Fairy Meadows . .
22. River Group . . .
23. Lone Star Group .

e o

~ 20

wnFwn



UPPER BASIN

Geyser Hill

During the early part of 1959 thirteen springs on Geyser Hill had
shown eruptive activity. Following the earthquake this number increased
to twenty-nine, with the great majority showing changes in eruption be-
havior.

Anemone Geyser: For several seasons the average eruption interval has
been 10 minutes, this being about 10 minutes less than its record prior

to 1950. This geyser consists of three vents, all in a direct line, a

few feet apart. A chain action has been the typical pattern of perfor-
mance. The central vent would initiate the eruption, its water draining
into the north vent. Following a few seconds of activity, discharge would
shift to the south vent. Following the quake the north vent was seldom
observed in eruption. Most of the energy would seem to have shifted to
the south vent, which has been in eruption most of the time.

Plume Geyser: Prior to August 18 the Plume erupted about every 65 to 75
minutes. For several days after the quake, activity was infrequently ob-
served. It was noticed that water was flowing into Plume's crater from

a steadily erupting spring which started playing the night of the 17th,
Diversion of this flow resulted in a marked response in Plume. The earth-
quake had greatly stimulated its activity, the average period being L4

minutes,

Beehive Geyser: Between May 1 and August 18, 28 eruptions were checked
for the Beehive. It is highly probable that it played immediately fol-
lowing the guake. From then until November, its frequency was about the
same as during the earlier part of the season. During November and
December there was an increase in function. There were periods when there

would be several consecutive daily eruptions.

Lion Geyser: Since 1950 the Lion's active phases have been less frequent
than formerly. Following the quake no activity was observed for several
weeks., From November and for the remainder of the year, it underwent
marked rejuvenation, going into an active phase about every second or
third day. The Little Cub did not show any increase in function following
the quake, however most of its eruptions were of the major type.

Lioness & Big Cub Geysers: These geysers have been inactive for several
years. The quake resulted in an increase in temperature and rise in water
level, but by the end of the year no eruptions had occurred. On a number
of occasions activity seemed imminent. There would be surging, with
momentary overflow, but not of sufficient degree to trigger an eruption.

Giantess Geyser: Preceding the quake Giantess erupted on two different
dates, in March and again in May. Both of these eruptions were of the
steam-phase type, lasting for less than a day.

In conjunction with numerous other springs the Giantess was induced
by the initial earthquake jarrings to start erupting. This eruption was
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the intermittent-water type, and lasted for over 100 hours. The longest
eruption on record previously was 38 hours.

Due to the fact that a prolonged water-phase type eruption has a
marked effect upon most of the springs on Geyser Hill it could not be
determined for certain to what degree the changes in these springs were
due to the unusual activity of Giantess and to what degree they were
quake induced. Of the geysers which respond to an eruption of Giantess,
the changes in Sponge and Infant were much more aggravated than following
any previous Giantess eruption. Instead of a few inches of ebb in Sponge
the water dropped 8 feet below the rim of the crater, and instead of
erupting about every minute, it was dormant for several weeks. Activity
in Infant Geyser had always stopped following cessation of play of Giantess,
but Infant continued to erupt periodically for the remainder of the season,
the water being below overflow level most of the time.

Vault and Teakettle are situated on the same platform of sinter with
the Giantess. They show immediate response to an eruption of Giantess by
ebbing 24 to 30 inches. Vault, an active geyser, becomes dormant for
several days following an eruption of Giantess. When it resumes activity
it goes into an active phase about 2 times weekly.

Following the earthquake-induced eruption of Giantess, Teakettle
ebbed about 6 feet, and stayed at low level for the remainder of the season.
Vault remained dormant until the latter part of October. From then until
the end of the year it played with unprecedented frequency, being in an
active phase most of the time, When in an active phase the eruptions occur
about hourly, lasting nearly 4 minutes.

Arrowhead Spring: This spring was named by the author several years ago

as a result of retrieving an Indian Arrowhead during the course of removing
tourist-introduced debris. Perhaps the early aborigines were no less wont
to throw objects into the hot springs than modern-day visitors.

Prior to the big event on the 17th, Arrowhead was never known to erupt.
Its crater, which had been partially cleaned many times, was again practi-
cally filled with rocks from count ess hands. The new eruptive activity
lifted and deposited many of these rocks outside the crater, cleaning it
mich more effectively than previously had been possible by means of tools.
The eruptions were in the form of heavy surges, lasting but a few seconds.
With waning discharge, periodic activity continued for the remainder of

the year.

Cascade Geyser: The last reference I can find to any activity of Cascade
is in the 1903 Haynes Guide. The 1910 Guide states that '"it has been in-
active for a number of years." If this geyser became inactive following
the 1903 season, it remained dormant until the earthquake. One of the

# Park Ranger Riley McClelland spent the 1959-60 winter at Old Faithful
observing the hot springs. He reported an eruption of Giantess on
February 19. According to Riley the eruption was a comparatively "tame

one,"



first sights to greet me on the morning of August 18 was an eruption of
this geyser. From then until September 15 it played with considerable
frequency and regularity. The intervals of checked eruptions varied
between 14 and 30 minutes. The heights of the eruptions were from 20 to
30 feet, the duration being not more than one minute, usually less, Its
manner of function corresponded very closely with earlier guide-book des-
criptions.

By September 8, Cascade's crater was beginning to fill and overflow
préceding an eruption. The initial muddy water was also becoming rela-
tively clear: This was perhaps a prelude to complete cessation of activity.

Little Squirt Geyser: This small but interesting geyser is located about
50 feet southeast of Anemone. It was named in reference to its squirtgun-
like action. Some seasons it has been active, others dorfiant. It was
rejuvenated into activity by the guake and squirted constantly for the
rest of the year.

So far as could be determined Pump Geyser, a constant spouter, Pendant
and Beach Springs were the only units on Geyser Hill that did not show any
direct evidence of having been affected by the quake or the unusual activity
of Gjantess. If they did respond, which they might well have done immedi-
ately following the quake, the evidence was not recognized by later
observation. Beyond showing an increase in temperature, and murkiness in
Doublet Pool, they did not show any marked changes resulting from the
shocks. The little geyser Aurum, located 45 feet southeast of Beach Spring,
was stimulated into an active cycle.

Some of the most pronounced earthquake changes on Geyser Hill occurred
in the central area, ringed by Anemone, Plume, Beehive, Arrowhead, Sponge
and the Giantess Group. Practically all of the springs in this area
erupted the night of the quake, three of them breaking through the sinter
for the first time. Of the new ones, the one nearest Arrowhead has been
called Blowout Spring. Following an unprecedented eruption of Dragon
Spring its water stayed at a 3 foot ebb for the remainder of the season.
Fifty feet west of Dragon a spring with a bridge over the crater began
erupting on 4 to 5 minute intervals following the quake. It is named
Roof Geyser. Its activity persisted. Three springs located between Plume
and Giantess, with no record of previous activity, started steady eruptive
discharge following the quake. Steady play continued for the remainder of
the year. In this area a previously quiescent spring became eruptive on
5 minute intervals. Because of surging-type activity it is called Surge

Geyser.

At the southwest base of the Giantess mound several fumaroles developed
over an area about 20 feet square. This activity, like the above, per-
sisted. It might be a prelude to the development of a new hot spring or

springs.

What had been a large, cold pond prior to the earthquake, upon which
I have seen mallards in winter, became hot following the quake. Its water
ebbed about one foot revealing an old hot spring crater. It is located
about 100 feet east of Infant Geyser.
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The highest cone on Geyser Hill is located directly south of the
above pond, and southeast of Infant. Butterfly Spring, now dry, was
located at the base of this cone. Following the quake the cone's water
became murky, but it was not until November 4 that it erupted. The erup-
tion was jet-like in character, the bursts being from 25 to 30 feet in
height. Following a short period of activity the water dropped about
10 feet in the crater. For the remainder of the year there was periodic

boiling and surging.

This new geyser was named Cone Geyser. While it was new so far as
known Park history is concerned, the cone's fluted flanks present indub=
itable evidence that it erupted in the solitudes of Yellowstone long

before white man's advent.

Myriad Group

This group was named Three-Crater Group by the 1878 Hayden Survey.
"Tt is named from the principal spring or geyser of the collection, and
might well be called the mud group, for it contains about all the mud and
turbid springs of the upper basin." In 1890 the Hague party changed the
name Three-Crater Springs to Three Sisters, and designated the group as
Myriad. Myriad is more descriptive as a name.

The Myriad Group as a whole would seem to be lacking the water once
available to it, with the result the Ph value shifted toward the acid side.
As a consequence numerous small aperatures developed in the old sinter
sheet, giving the appearance of myriad springs, especially on a cold and
humid moming. Many of the springs, as Hayden indicated, range from murki-
ness to mud.

Three Sisters Springs: On a crescent-like fringe of the Myriad Group most
of the springs are clear, but generally lacking in discharge, the water
being from 1 to 3 feet below the crater rims. The Three Sisters are the
most noted exception. During the known history of the area the Three
Sisters have been characterized by a greater amount of geyser activity than
any of the other springs in the group.

During the pre-earthquake period of 1959 none of the several vents in
Three Sisters showed any eruptive proclivities. Following the quake the
water began to ebb in the three main craters. This ebb continued slowly
for the remainder of the year. In October the two southernmost craters
became eruptive for the first known time in their histories. After a short
period of activity the eruptive energy shifted to one of the vents in the
north crater and to a small crgter, named Little Brother, located on the
eastern edge of the north bowl. Both of these vents continued to erupt
with considerable regularity for the remainder of the year.

Many clear, non-flowing springs are located to the south of the Three
Sisters. Practically all of these springs erupted following the quake.
There is no historical or physical evidence of any previous eruptive ac-
tivity. One of the springs, now called Trail Geyser, erupted frequently
to a height of about 50 feet for several weeks following August 17. Toward
the end of the year its eruptions became infrequent.
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Forty feet west of Trail Geyser a spring about 10 feet in diameter
erupted simultaneously with Trail, indicating guite direct underground
connections., It is called West Trail Geyser. One hundred feet to the
south of these geysers a large bell-shaped spring, now named Bell Spring,
had frequent sub-aerial eruptions for the remainder of the season.

Myriad Geyser: During the 1953 season for the first kmown time in the
Park's history this spring demonstrated geyser potential. It was active
one or more times daily that season. It closely resembled Daisy, but was
a more powerful geyser. Conditions about the crater indicate eruption
cycles comparable to the 1953 one, at some much earlier period. Since the
1953 season there has been no further geyser activity. Despite continuous
and vigorous boiling, the earthquake did not trigger an eruption.

Three springs lying near Myriad, and to the east, erupted the night
of the quake. These springs have previously erupted, but on infrequent
occasions. There was no eruptive activity during the 1959 pre-earthquake
period. One of these springs has been used for many years by concessioners
as a source of hot water. Because of the misuse and spoliation it has
suffered it has been called Abuse Spring. Following three different erup-
tions I observed strewn about the crater bricks, bottles, cans, staves,
lead pipes and numerous other extraneous objects that were ejected during

the eruption.

White Geyser: During most seasons this geyser is active. It plays from
12 to 15 feet high about every 15 to 20 minutes. It was inactive during

1959 until the quake, which initiated a new eruptive cycle. Activity per-
sisted for the rest of the year.

On the eastern side of the Myriad Group, in the direction of 0Old
Faithful, several new mud springs developed following the earthquake.
Most were small. However, one of considerable size developed. It con-
tinued to grow and enlarge a concealed cavern for the rest of the year.
The cavern was revealed only by echoing mud splashes which could be heard
but not seen. It is called Pint Cistern. It is cistern or bottle shaped,

with only the growing neck protruding from the ground.
Black Sand Basin

Spouter Geyser: Prior to the earthquake the principal 1959 geyser activity
in Black Sand Basin was that of Spouter Geyser. Over the years it has
maintained a near set-type activity. Its spouting is near constant. One
or two quiet-phase periods, when the crater empties, characterizes it each

day.

Neither its type of function or frequency were noticeably affected
by the jarrings. However, the splashing did seem more vigorous. This
observation was no doubt valid as there was a tempersture rise of 3 degrees.
For the first two days its water was quite murky but it rapidly cleared.
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A large cucumber-shaped spring is located on the creek bank directly
below Spouter. Its shape, as well as its color, suggested the name
Cucumber. Its limpid, greenish appearing water was very turbid on the
morning of the 18th. It was several days before the green color returned.
In the east end of Cucumber Spring's crater a small vent was spouting on
the 18th for the first observed time. This activity continued without
respite for the rest of the year.

Green Spring: This spring is a true geyser. It has been in a dormant
cycle the past few seasons, but erupted the night of the quake. There
was no further activity throughout the remainder of the year. During
dormant cycles the discharge is uniform and steady.

Emerald Pool: During the past few seasons Emerald Pool's temperature has
been slowly dropping, resulting in a darker and less attractive green
color. The morning following the quake it was murky and 3 degrees hotter.
It took several days to clear.

Sunset lake: The most interesting effect of the earthquake in Black Sand
Basin was an eruption of Sunset Iake. This eruption, like so many, must
have occurred immediately following the initial jarrings. The previously
sunset~colored water was muddy, but in a few days it changed to a beauti-
ful turquoise blue. By the end of September the original coloration was
largely restored. The colored algae in the drainage channel leading into
Iron Creek were scalded by the eruption. Rainbow Pool, located a few feet
south of Sunset lake, was murky and in a state of ebb on the morming of
the 18th. By the end of the week its water had largely cleared, but it
stayed about 6 inches below overflow stage for the rest of the year.

Prior to the earthquake Rainbow flowed copiously and was beautifully hued.

Handkerchief Pool, which is connected underground with Rainbow, was af-
fected by the quake in the same manner as Rainbow.

Whistle Geyser: Beginning with the 1958 season the temperature of Whistle
dropped from 199 to 143 degrees. This apparently resulted from the water
rising in the crater to the overflow stage. This spring had never previ-
ously overflowed during the period it has been under my observation.
Following the quake its temperature was 145 degrees and the water was
murky for several days. There was no eruptive activity.

Cliff Geyser: Cliff has been cyclic throughout its known history. Some

of its dormant cycles would seem to have been relatively long. During 1959,
prior to August 18, 2 eruptions are known to have occurred. Due to the
length of the active phase, 6 to 8 hours, these 2 eruptions no doubt repre-
gent its total 1959 pre-earthquake activity. As a result of the quake
Cliff became far more active than during any previous eruption cycle. For
the first six weeks it was active most of the time, but the eruptions had
decreased to 2 or 3 per week by the end of the year.

Black Sand Pool: This pool is located midway between Black Sand Basin and
the Daisy Group. Its water is deep blue in color, the temperature being
near constant, at about the boiling point. Its discharge likewise has been
uniform during the years I have observed it.
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The earthquake resulted in a 3 degree rise in temperature. This
was sufficient to give the pool geyser characteristics. Every 5 minutes
steam detonations at depth could be heard and felt. This was followed
by boiling and flow, then ebbing.

Daisy Group

This small; but important group of hot springs underwent profound
changet a8 a result of the earthquake. The thermal energy; which during
the early part of 1959 had been shifting back and forth between Daisy
Geyser and Brilliant Pool and Splendid Geyser, not only shifted to the
east, in the direction of Daisy, but it resulted in a number of new
springs and fumaroles developing on the east side.

Daisy Geyser: Except for periods when the thermal energy had shifted to
Brilliant Pool and Splendid, the Daisy played with a fair degree of regu-
larity prior to August 18. From May 1 to August 18, 145 eruption intervals
were checked. The average time was 138 minutes. The average time given
is only for the periods when the thermal energy was expressed by the Daisy.
It is dormant when the energy shifts to Brilliant and Splendid. This
dormancy will sometimes last for a week or more. The minimum length
interval for the 145 intervals was 86 minutes, the maximum 200 minutes.

On the morning of August 18 the water in all the springs connected
subterraneously with Daisy, and in the Daisy as well, was in a state of
ebb comparable to that which follows an eruption of Splendid. Examina-
tion revealed that Splendid had erupted apparently at the time of the
quake. Before the day had progressed very far it was evident that in
spite of an ebbed condition in all springs, Daisy was periodically erupt-
ing. With the Splendid inactive, this was something entirely without l
precedent. The Daisy had never been observed to erupt independently of
the Splendid except when its crater was full and overflowing. During the
early history of the Park, Daisy would occasionally erupt in concert with
the Splendid. At such time the water would be down in Daisy's crater,
but with the dormant cycle of Splendid, Daisy had always overflowed before

playing. J'
Not only was the Daisy erupting when the water was about 6 inches
below overflow, it was playing on shorter intervals than before the quake,
the average time being about 90 minutes. This average continued to shorten
for the next few weeks. During the first week in September, by means of

an automatic recording device, constructed by Park Ranger Naturalist
William Germeraad, obtained of most of Daisy's eruptions. These data are
as follows:

Date Intervals checked Average Minimum Maxdimum

September 1 7 7h.3 min. 69 min. 85 min. L‘
" 3 14 60-9 n 55 1 67 1 |
] L 15 61.6 1 24-5 n 71 v |
H] 5 30 47.0 0 28 1 61
1 6

% B o 37 55 |
{
|
|

1L |



For those who are acquainted with Daisy's past performance the above
figures are quite startling. A day's average of 47 minutes and an interval
as short as 28 minutes would seem to border on the miraculous.

For the remainder of the year Daisy continued to erupt on much shorter
intervals than prior to August 18. The length of the interval seemed de-
pendent upon how far the water would rise in the crater. A fluctuating
condition existed. On some days the eruptions would consistently start
when the water was down 12 inches. Other days the ebb would be more or
less., Occasionally the crater would fill. At such times the intervals
would be about 90 minutes. The degree of ebb determined the length of the
interval. The greater the ebb the shorter the interval and vice versa.
From October through the rest of the year the average interval was near
one hour. It varied between 45 and 90 minutes.

During those periods when the eruption would start with the water
several inches below overflow the duration of the play was consistently
about one minute longer than when the crater was near full or overflowing.
With the shorter intervals and more prolonged activity the force of the
eruption seemed greater. This seemed to present a rather paradoxical

situation.

Following an eruption of Daisy the water would drop in its crater and
the craters of Splendid, Brilliant and Comet to about the same degree as
was formerly characteristic following the first eruption of Splendid.

Comet Geyser: Until August 18 the Comet played during 1959 as in previous
seasons. Boiling in its crater was constant. At about 4 minute intervals
the water would surge up about 4 feet above the crater rim.

An eruption of Daisy had very little effect on Comet. Periodic surg-
ing would continue during or immediately following Daisy's activity, with
not more than one or two inches of ebb in Comet. An eruption of Splendid
would not only bring cessation to Comet's activity, but the water would
ebb from a foot to several feet, depending upon the number of times
Splendid played during the series.

Following the quake all intermittent activity in Comet ceased. The
surging was constant irrespective of Daisy's activity. An eruption of
Daisy, however, would lower the water about a foot in Comet.

Splendid Geyser: During the past few years Splendid has shown a greater
amount of activity during winter and early spring than in summer. From
May 1 to August 18, 1959, 18 eruptions were recorded as against 15 during
the same period in 1958. When the Splendid would go into an active phase
there were usually 2 or 3 eruptions in the series. The intervals would
vary from 1 to 3 hours. In May 1959 there were 4 during the active phase.
In 1958 and early 1959 Splendid was more active than during any previous
season since 1952.

An eruption of Splendid at the time, or immediately following the
earthquake was the last time it played during 1959. The cause of this
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dormancy apparently resulted from the surficial expression of the thermal
energy shifting away from Splendid in the direction of Daisy and beyond.

From August 18 to the end of the year the water stayed from 6 inches

to 2 feet below the rim of Splendid's crater. This resulted in an incérease

in surging as well as temperature over what characterized it prior to the

jarrings: At times, especially following an eruption of Daisy, there would

be incipient eruptions of Splendid when the water would rocket up from 15
to 20 feet.

It is highly probable that Daisy and Splendid played in concert fol-
lowing the quake. If so, this is the first known time it has happened
since the 1890's.

Brilliant Pool: During the past few seasons whenever the thermal energy
shifted from Daisy to Splendid it would also shift to Brilliant Pool, re-
sulting in overflow. Until this overflow ceased the Splendid would not
erupt. Sometimes the overflow would persist for a week or more. Follow-
ing an eruption of Daisy the water in Brilliant Pool always ebbed about
12 inches. Following an eruption of Splendid it would ebb from 4 to 8
feet, depending on the number of times Splendid played: Aftfer an eruption
of Splendid the temperature would increase from 10 to 12 degrees in
Brilliant. This frequency resulted in Brilliant Pool becoming a geyser.
The geyser activity would usually follow the second or third eruption of
Splendid. It was characterized by a number of angular jets, reaching out
about 20 feet beyond the crater.

On the memorable morning of August 18 when I first observed the
Daisy I noted that the water in Brilliant Pool was down about 4 feet,
suggesting that Splendid had just erupted. The situation was due to con-
ditions as above described for Daisy. From then to the end of the year
the water in Brilliant Pool was in a state of ebb. Instead of the crater
filling, as it had formerly done before an eruption of Daisy, the water
would still be about a foot below the crater rim when Daisy would erupt,
ebbing another 3 feet by the end of Daisy's activity. The degree the
water would rise in Brilliant Pool prior to an eruption of Daisy was
governed by the level of the water in Daisy at the time of an eruption.
Following the quake no geyser activity was observed in Brilliant, but
it was boiling most of the time. When the water would be down 3 to 4
feet in the crater the temperature would be 202 or 203 degrees. When
the crater is full the temperature is about 194 degrees.

Bonita Pool: Prior to the time the road was built practically over the
top of Daisy and Bonita, Bonita served as an indicator for an eruption of
Daisy. In recent years Bonita has shown little response to Daisy's erup-
tions, the water being below overflow except on rare occasions. During
the 1937 and 1938 seasons Bonita frequently erupted. Between 1951 and
the summer of 1959 its temperature had dropped from 140 to 104 degrees.
Following the quake there was little change in Bonita's temperature, but
the water ebbed several inches.
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One of the marked and interesting changes in the Daisy Group resulting
from the quake was the development of a number of fumaroles and small springs
in the parking area and on the shoulder to the east of Daisy. From scores
of points water began bubbling from the ground. Existing springs, all of
them small, became more active. The one nearest Daisy, a narrow rift in
the sinter, which had boiled and gurgled constantly before the quake, sound-
ing very much like a boiling radiator, became periodically eruptive. It
has been named Radiator Geyser. It showed connections with Daisy by oc-
casionally playing to a height of 9 to 10 feet immediately following an
eruption of Daisy. In 1951 and 1952 it always boiled over following an
eruption of Splendid. The very active geyser on the side of the shoulder
or bank 100 feet east of Radiator is Bank Geyser. Its eruptions occur
about every 45 seconds to a minute.

Castle Group

The springs discussed in the Castle Group will also include the ones
in Sawmill, a sub-group.

Castle Geyser: Between May 1, and the earthquake, 1958 steam-phase eruption
intervals were determined for the Castle. The average interval between
eruptions was 15 hours and 53 minutes. The minimum interval was 13 hours,

the maximum 18 hrs. and 28 min.

Like most of the geysers, Castle played less frequently during the
1959 pre-earthquake period than during the 1958 season. Its 1958 average
was 14 hrs. and 33 min. It was more difficult to predict its 1959 erup-
tions, especially during the early part of the season. There was but one
4 minute eruption. These 4 minute eruptions, minus the steam phase,
always result in short intervals.

The Castle, like most of the geysers, has shown great irregularity
during its known history. For a number of years the eruptions would ap-
proach regularity; during other similar length periods activity would
seldom be observed. During recent years it has played with unusual fre-

quency and regularity.

Following the earthquake it soon became evident that a new source of
thermal energy had been made available to the Castle. During August 18
and 19 three daytime steam-phase eruptions were observed. Such activity
was entirely without precedent. Eruptions occurring about every 4 hours
seemed utterly fantastic. During these two days there was one interval of
3 hours and 55 minutes! In spite of the very short intervals there was no
apparent change in the type or forcefulness of the activity. The water
phase lasted about 15 minutes, the steam phase continuing for more than

double that time.

During the first few days following the quake the Castle was manifest-
ing about 4 times as much eruptive energy as in the pre-quake period. By
September the intervals had increased to approximately 6 hours. The aver-
age time continued to increase slowly for the remainder of the season..
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Between November 3 and 17, 37 eruption intervals were mechanically checked.
The shortest interval was 7 hours 38 minutes; the longest, 10 hours and
23 minutes; the average, 9 hours and 3 minutes.

It has not yet been determined whether the earthgquake made available
to Castle latent thermal energy, or the great increase in function resulted
from a shift to it of thermal energy from other springs. It is not unlikely
that at least part of Castle's new energy was at the expense of Crested
Pool and possibly Grand Geyser which became dormant after an earthquake
stimilated eruption. During recent seasons the Grand and Castle have shown
sympathetic responses in function that seemed a bit more than coincidental,
Crested Pool is located on the same mound with Castle. Prior to the quake
its temperature was 200 degrees, with a 15 gallons per minute steady dis-
charge. Following the quake its water had ebbed 12 inches and the temper-

ature had dropped to 155 degrees.

In spite of the great increase of activity in Castle, Tortoise Shell
Spring, situated right at Castle's base, did not show any alteration in
temperature and function from either Castle's unusual activity or the
earthquake. This was also true of the little geyser, now called Tilt that
sprayed on the walk between Castle and Crested Pool.

Sprinkler, located on the river bank at the base of Crested Pool's
mound, rose 4 degrees in temperature and was observed erupting more fre-
quently following the quake. Detailed data has not yet been obtained for
this geyser. Across the river from Sprinkler, and on the side of the high
sinter bank, a new geyser began erupting after the 17th. Prior to the
quake there was no discharge from this spring. Neither is there any
record of geyser activity. There was periodic activity in it for the rest

of the year,

The quake indiced deleted Teakettle to erupt. For the remainder of
the year there was steady discharge from it which had not been true prior
to the 18th. Prior to the quake the water in nearby South Scalloped Spring
was below overflow. Following the 17th it discharged about 5 gallons per
minute for the rest of the season with a temperature increase of L degrees.
The water in Scalloped Spring showed about the same increase in tempera-
ture, but stayed below overflow. Terra Cotta Springs, located across the
river from the above springs, rejuvenated from dormancy and began an

active cycle.

Sawmill Geyser: Before the earthquake the activity in Sawmill was essen-
tially the same as during 1958. The eruptions occurred about every 2 to

3 hours, lasting about 1 hour. For the first two days following the 17th
it seemed to play constantly. Whenever I was in a position where I might
observe it, it was erupting. Following this initial surge of activity it
again became periodic, the intervals varying between about 1 and 3 hours.

On two different dates the sawmill was dormant. On both of these
days a geyser 100 feet northeast of Sawmill played constantly all day long.
It plays from 5 small orifices to a height of about 20 feet. It is named
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Penta Geyser. During its history it has been cyclic, active some seasons
and dormant others. That the Sawmill might figure in some of its cyclic
function is indicated by the above observation. A few feet north of Penta
Geyser a large open pool; Oval Spring, erupted following the quake. There
is no record of previous activity. The water ebbed about 6 iniches in
Spasmodic Geyser, with a 4 degrée rise in temperature and increased vigor
of boiling. This condition persisted.

Liberty Pool; Prior to the earthquake this spring had maintained a near
constant 133 degree temperature. Its crater was lined with masses of
brown algae which would occasionally sluff off and, island-like, float on

the surface. During the night of August 17 eruptive energy was communi cated

to it, resulting in a heavy discharge of water. There was no further ac-
tivity, but a 4O degree increase in temperature was maintained for the rest

of the season.

One of the remarkable changes in springs near ILiberty was the eruptive
activity in 3 comparatively cold springs lying a short distance to the east.
One had been named Frog Spring. In summer frogs could always be observed
there., All three springs were filled with algae and aquatic plants. Dur-
ing the night of the quake the Frog Spring erupted. One month later its
temperature was still 196 degrees, this being almost 140 degrees hotter
than before the quake. A large non-flowing spring just south of Frog
erupted violently the night of the 17th.

Grand Group

Grand Geyser: During 1959 the average eruption interval for the Grand was
30 minutes longer than in 1958. Prior to August 18, 242 eruption intervals
were checked. The average time was 9 hours and 2 minutes. The maximum

and minimum length intervals came near the same date. The maximum interval,

11 hours, was on July 24; the minimum, 6 hours and 7 minutes, was on July 26.

The great majority of the eruptions were between the 8 and 9 hour range.

This high degree of regularity made possible relative accuracy in prediction

of the time of an eruption, enabling thousands of park visitors to see and
enjoy this magnificant geyser.

Early on the morning of August 18 the Turban and Vent were observed
playing simultaneously. This, in connection with the empty crater of the
Grand, made it certain that it had erupted a few hours earlier. Following
this eruption it became dormant for the rest of the year.

Before August 18 the temperature of the Grand after recovery from
an eruption, and during the quiet phase preceding an eruption, was approxi-
mately 176 degrees most of the time. This temperature dropped to 165 de-
grees. This drop was sufficient to render the Grand inactive. Following
the eruption the night of the 17th the crater filled as formerly and con-
tinued to flow periodically, with a slight increase in discharge, for the
remainder of the season. By October brown algae were beginning to grow

in the crater.
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This dormancy of the Grand, while directly the result of the earthquake,
is not without precedent. In 1888 it was inactive all summer. When it
rejuvenated is not known. In late May 1942 when I first visited the Grand,
long filaments of algae were adhering to its crater, with the water appear-
ing very stagnant. It was evident it had not erupted for many months. An
induced eruption initiated an eruption cycle which persisted until August 18,

1959.

While the causes of the two earlier dormant periods did not result
from an earthquake, there is a reasonable degree of probability that the
present inactivity might have resulted from a shift of the thermal energy
from Grand to other hot spring units. This is what happened before.

If the quake did not disturb the nature of underground plumbing there
is a high degree of probability that the Grand will become a functional
unit again.* The great increase in thermal energy of springs near, and
aligned with Grand, was very suggestive of the cause of its dormancy. In-
tensity of activity abated in these springs as the season progressed. With
this declining activity there was a gradual increase in Grand's temperature.
By December 15, it had increased to 173 degrees. Barring underground
structural changes the Grand will again enthrall future park visitors.

Turban Geyser: There is a marked sympathetic relationship between the
Grand and Turban Geysers. Ilike the Grand, the Turban became dormant fol-
lowing an earthquake induced eruption. Its temperature, while about 20
degrees hotter than Grand's, dropped approximately the same amount, 10
degrees.

In spite of quiescence the Turban continued for several weeks to show
the same ebb and flow characteristics as it had done prior to the big
incident. The ebb and flow periods, with a sympathetic response of Grand,
came with the same frequency as had Turban's pre-earthquake eruptions.
However, at the time of Turban's flow periods there was no boiling or
overflow.

By late September Turban was having feeble eruptions on about 17 min-
ute intervals, indicating increasing temperature. These eruptions, with
greatly diminished overflow into Grand and Vent, continued for the rest
of the season,

Prior to the quake the Vent Geyser had never been known to perform
except when induced by an eruption of the Grand. This relationship was
further emphasized by complete dormancy of Vent along with the Grand.

Rift and West Triplet Geyser: Near dormancy of lthe Triplets during the
past few seasons has been an important factor in the marked increase of
Grand's eruptions. Only West Triplet has shown any eruptive activity,

# The first eruption of the Grand following the quake-induced activity
was on February 19. Park Ranger McClelland reported that from then until

April 1 there were four additional eruptions.
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and most of this occurred at the time of an eruption of Grand. After the
quake and for the remainder of the year, West Triplet was dormant. However,
it would have occasional overflow periods when the water would well out

quietly.

Rift Geyser on infrequent occasions has been observed erupting inde-
pendently of the Grand. The great majority of Rift's eruptions, however,
came in the form of a chain action. Approximately 45 minutes after the
start of an eruption of Grand, Rift would erupt.

The quake did not bring about complete cessation of Rift's activity.
Between August 18 and the end of the year it was observed erupting on
four different occasions.

Economic Geyser: The following statement is found in the 1926 Haynes Guide:
"The Economic has not been observed in action for a season or more, and

may have become extinct." Whether the dormancy resulted from a shift of
the thermal energy to other springs, or from underground changes arresting
the flow of the energy was never determined.

From about the middle 1920's no further eruptive activity was observed
in Economic until May 19, 1957. On this date Park Ranger Jim McKown re-
ported seeing 3 eruptions, each about 8 feet high. On June 1, 1957, when
I first viewed Economics crater that season, it was full of brown algae.
There was no surficial evidence of recent eruptive activity. No further
eruptions were reported until the morning of August 18, 1959.

One of the big surprises on the above morning was to see this long-
dormant geyser erupting. More surprising still were the eruptions of a
spring at the base of the hill a few feet east of Economic. A search of
available records does not reveal evidence of any previous geyser activity

in this unnamed spring.

Activity of Economic and East Economic, as it has been called, pre-
sents certain evidence of underground connections. Both manifested a high
degree of sympathetic response. In both geysers practically all the water
of the eruptions flow back into the craterd, hence the name Economic.

For the first three weeks following August 17, both geysers were very
active. During the first few days when Economic was in an eruption phase
activity would occur about every 5 minutes. By the end of three weeks
some of the intervals were from 15 to 20 minutes. Most of Economics erup-
tions were from 5 to 8 feet in height, with an occasional one reaching

about 30 feet.

The back vent did not erupt as frequently as Economic. As closely
as could be determined the intervals were from 3 to 5 hours. East Eccnomic,
however, was a more powerful geyser. The column of water was much more
voluminous, the average height being about 35 feet. If this spring has
ever had a previous eruption cycle of comparable magnitude it would have
been a long while ago. Current activity scalded and killed some large

lodgepoles growing near the crater.
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After the middle of September activity in both geysers became infre-
quent., After September 21 no further activity was observed. The water in
both craters cooled rather rapidly, and by the end of the year both craters
were lined with brown algae.

Following cessation of play in the above geysers a spring 250 feet to
the north, located between Wave Spring and Beauty Pool, became eruptive.
It played about 6 feet high, several eruptions occurring during the day.
The eruptions issued from a fissure in the sinter, resulting in this new
performer being called Crack Geyser. Activity persisted in it for the

remainder of the year.

Beauty & Chromatic Pools: Beauty and Chromatic are connected subterran-
eously. There is a direct exchange of function between them. Water will
flow for a few months from one with the other ebbed below overflow. This
situation will then be reversed. At the time of the earthquake Beauty was
overflowing, and continued to do so for the rest of the year. Its post-
earthquake overflow, however, was almost doubled. The temperature increase
was 4 degrees. About the only effect noticeable in Chromatic was additional

ebbing.

During the night of the quake a few of the small springs in the flat
between Economic, Beauty, and Calida erupted, with no further activity
being observed. Calida Pool did not erupt, but its temperature rose 9
degrees, and its water was murky for the rest of the season, with increased
flow. The milky colored spring, 50 feet west of Calida, was named Milk
Cauldron. Following the quake its temperature rose 6 degrees. This, plus
a 20 inch ebb in the crater, resulted in more vigorous boiling. Other than
murky water, which rapidly cleared, the Witches Cauldron showed no change
in either temperature or discharge. ILime Kiln Spring, just west of Witches
Cauldron, was the only spring in the Grand Group that did not show some
change attributable to the earthquake.

Orange and Round Spring Groups

Both these groups are small. The geysers are few and all small. Prior
to the quake no geyser activity had been observed in the Orange Group.
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