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The largest earthquake in the Yellowstone National Park region occurred at 11:40 PM
(MST) fifty years ago, August 17" 1959. The epicenter of the quake was near the border of
Wyoming and Montana, close to the town of West Yellowstone and near the Junction of
Highways 287 and 191. The earthquake was felt over a half million square miles (Ball, 1959).
The quake caused the most destruction around its name sake, Hebgen Lake. Here, most of
Highway 191 was damaged, causing huge cracks in the road (Figures 1, 2 & 3). Many people
trying to flee the area in their vehicles became stranded as they fell into the cracks or crashed as
they toppled off the edge of the fallen roadway (Figure 2). Luckily, none of these people were
seriously injured. The injuries and deaths occurred with the massive Madison Landslide. The
Madison River Landslide (Figure 4), that killed 28 people, deposited over 40 million cubic yards
of rock, trees and debris, as it slid into the valley damming the Madison River (Ball, 1959) and
created a lake, later named Quake Lake.

FIGURE 1: Photograph of fractured Highway 287: man inspecting
damage. Hebgen Lake, Montana, Earthquake August 1959. (Colton, 2006)

e

FIGURE 2: Photograph of cars of fleeing vacationers stuck ~ FIGURE 3: Photograph of a splay of the Red Canyon fault scarp
in fractured roadway. (Ball, 1959) created a 10-foot wall across the road. Photo by Carl Hayden, Salt
Lake Tribune. (University of Utah, 2007)



FIGURE 4: Photograph of Madison Landslide by Earthquake Lake, somewhat east of
drowned toe of slide. Photograph was taken after preparation of spillway had begun. Madison
County, Montana. 1959. (McGregor, 1995)

Hebgen Lake tilted to the south, causing flooding of buildings and roads to the north
(Figure 5 & 6) (Witkind, 1964). The earthquake also caused a tidal wave affect in the lake,
causing waves of water to flow over Hebgen Dam. This led to false reports that the dam had
failed. People worried that the reservoir water was going to flood the lower valley. Fortunately
the dam held, however, after the Madison slide, as Quake Lake quickly filled with water, homes
and parts of the highway were swept into the growing lake (Figures 7). A fault scarp ripped
through the camp grounds to the north of the Madison River, below Hebgen Lake (Figure 8 & 9).
The scarp was estimated to be about 12 miles in length, from the Duck Creek Highway (now
called Duck Creek Road) junction to the Hebgen dam (Ball, 1959). Observing the fault scarp
over the past 50 years has been vital to geologist researching how quickly this type of landscape
weathers.

Photo courtesy of the Deseret News

FIGURE 5: Photograph of south shore of Hebgen Lake left dry FIGURE 6: Photograph of Hilgard Lodge on the northeast
from tilting of lake. (University of Utah, 2007) shore. Note the northward tilting of Hebgen Lake. (University
of Utah, 2007).



FIGURE 7: Photograph of roadway submerged by the growing Quake Lake. The
lake was created by the damming of the Maddison river. (McGregor, 1995)
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FIGURE 8: Photograph of fault scarp in campground below FIGURE 9: Photograph of fault scarp in campground below

Hebgen Lake. Scarp is about 15 feet high. Note the tree close ~ Hebgen Lake taken 2004. Note the tree stump close to the

to the edge of the scarp and the steep angle of the scarp. (Ball, edge of the scarp, it is the same tree as seen in Figure 8.

1959) Notice how the steep angle of the scarp seen in Figure 8 has

now curved out and is much less steep. (d'ALESSIO, 2004)

Yellowstone National Park was itself affected by this earthquake. The main areas
affected were on the west side of the park with an estimated $2.6 million in damage to roads and
$1.7 million worth of damage to buildings (Milstein, 1997). Buildings lost their chimneys
(Figure 10), rock slides blocked the roads (Figure 11 & 12), and numerous geysers
simultaneously erupted (Figure 13). Many rangers in the park, who handled the potential
catastrophe, were relieved the quake occurred late in the evening. Had the quake occurred
earlier in the day the rock slides and crumbling chimneys could have caused serious problems.



FIGURE 10: This is a photograph
a collapsed chimney of the Union
Pacific Dining Lodge in West
Yellowstone, Montana. Chimneys
collapsed on many buildings in
Yellowstone National Park. A
collapsed chimney at Old Faithful
Lodge crashed through the roof and
entered the dining hall. Had the
quake come 4 hours sooner the hall
would have been filled with the
evening dinner crowd. (Witkind,
1964)

FIGURE 11: Photograph of
Golden Gate in Mammoth Hot
Springs, WY. Rock slides in
Yellowstone National Park
buried many segments of the
roads on the west side of the
park. (Boucher, 1959)

FIGURE 12: Photograph of
ranger inspecting damage from
small slide that dropped part of
the road way and retaining wall
away from the rest of the road.
Parts of the roadway in
Yellowstone National Park was
damaged by fractures and small
slides. Note the large boulders
and trees blocking the roadway
(Boucher, 1959)




Many erupted with the first shock of the earthquake. (Boucher, 1959)

The rock slides that blocked the roads occurred at the Firehole Canyon, Gibbon Falls,
Obsidian CIiff, Silver Gate, Virginia Cascades, between Madison Junction and the West
Entrance, and the largest at Golden Gate (Figure 11) in the Mammoth Hot Springs area
(Motherspaugh, 1959). Rock slides at Gibbon Canyon caused the most road damage in the park
(B). “The road through Firehole Canyon was covered at two places by slides more than 10 feet
deep” (Motherspaugh, 1959). Other rock slides occurred in the park, many from Mt. Jackson,
and larger ones from Mt. Holmes and Mt. Everts.

The 1959 earthquake triggered slides on Mount Everts, a photograph taken in 1958 shows
vegetation growth on the area of the 1959 rock slide (Figure 16). After the 1959 rockslide on
Mount Everts the vegetation is no longer present, this can be seen in photographs taken in 1970
(Figure 18) and 2008 (Figures 15, 17, and 19). A photograph from 1878 (Figure 14)
conspicuously shows little vegetation on the same area as the 1959 rock slide. Comparing
figures 14 with figures 16, 17 and 18, it seems that some type of event occurred in the rock slide
area prior to 1959. With further investigations, sampling and testing of living and dead trees on
Mount Everts for evidence of rock slide activities prior to 1959 may explain the lack of
vegetation in the 1878 photograph.

Most of the thermal features in the park were affected only briefly by the earthquake. On
17 August 1959, water ebbed from a few inches to several feet in 363 springs. There was a
noticeable increase in activity in 333 others. Only 57 seemed to be normal, but most of these
underwent alteration in function during the weeks following the earthquake (Marler, 1960)
(Appendix A and B) (Marler, 1964).

Of the thermal springs that showed activity after the earthquake, 160 had no previous
record of eruption (Marler, 1964). Many geysers simultaneously erupted with the first major
shock wave of the earthquake. Others erupted shortly afterwards. Many of the changes to the
geysers’ eruption cycles returned to normal by January of 1960 (Marler, 1964). “Giantess



FIGURE 15: This photograph facing
northeast was taken September 2008. The
area marked y “SLIDE” is the area of the
1959 Hebgen Lake Earthquake induced
rockslide. This photograph shows an area
with no vegetation. This is seen in the
1878 photograph (Figure 14) and the 1970
photograph (Figure 18). (GrubbWheeler,
2008)

SLIDE

FIGURE 14: This photograph facing
northeast was taken during the Hayden
Survey in 1878. The light colored area
marked by “SLIDE” is the area focused on
in the comparison. Based on the lack of
vegetation, this area appears to be like that
of today’s photo (Figure 15). Today’s
photo shows the area of the 1959 Hebgen
Lake Earthquake induced rockslide.

(Jackson, 2006)



http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID. Jackson, W.H.  593&SIZE=large

FIGURE 16: This photograph was taken
in 1958, a year before the Hebgen Lake
Earthquake. The area marked by “SLIDE”
is the area focused on in the comparison
between the photographs. The presence of
vegetation prior to the 1959 quake induced
rockslide is seen in this photograph. This
vegetation is lacking in a 1970 photo
(Figure 18), the 2008 photo (Figure 15, 17,
and 19) and the 1878 photo (Figure 14).

(Hamilton, 2006)

SLIDE

FIGURE 17: Mount Everts facing
northeast taken September 2008.
(GrubbWheeler, 2008)



http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID. Hamilton, W.B.  577ct&SIZE=medium

FIGURE 19: Photograph taken
September 2008. The lack of vegetation
compared to Figure 18, taken in 1970, the
vegetation removed by the 1959 quake
induced rock slide still persist.
(GrubbWheeler, 2008)

FIGURE 18: Photograph taken in 1970, 11 years after the
Hebgen Lake Earthquake induced rock slide of Mount
Everts, facing northeast from south of Mammoth Hot
Springs. Note the lack of vegetation between this figure and
Figure 16, taken in 1958. (Stacy, 2006)

SLIDE



http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID. Stacy, J.R. 643&SIZE=medium

Geyser started simultaneously with the quake and erupted continually for more than 100 hours.
Its usual duration had been 30 hours or less. Economic and Cascade Geysers, which had been
dormant since the 1920s, are now active.” (Motherspaugh, 1959) “As of January 1960, only one
of the big geysers seems to have been affected adversely. It is certain that the Grand Geyser
erupted immediately after the earthquake, but it has been dormant since (1964).” (Marler, 1964).
Today Grand Geyser periodically erupts, however, it has not returned to its original eruption
pattern prior to the earthquake (Table 1). A new geyser, named Earthquake geyser, formed west
of the Fountain Group near Gentain Pool. This geyser “expelled water over 100 feet high. This
activity lasted just a few weeks after the earthquake”, (Marler, 1960). In the Fountain Paint Pots,
new thermal vents opened in the parking lot (Figure 20) and higher on the surrounding hill side.

FIGURE 20: The earthquake caused new features to form in around Artist Paint Pots.
Photograph of thermal feature breaking through the asphalt of the Artist Paint Pots parking
lot. (Boucher, 1959) (YNP Geologists believe this photograph shows Fountain Paint Pots.)

Earthquakes have been reported in the park since 1872, when Yellowstone National Park
was founded. Though the park has 1000 to 3000 earthquakes a tear (\Volcano Questions &
Answers, 2008), seismic records show that strong earthquakes occur only about once every 10
years. The last major earthquake along the Hebgen Fault was on November 23, 1947 (Marler,
1960).

Rockslides are common in the park and have occurred for many years based on the lichen
coved boulders that lay at the mountains’ base. Old fractures in the geyserite of geysers and
springs were probably created by previous earthquakes (Marler, 1960). The changes to the
geysers alone suggest that their existence started with an earthquake. Changes to the
underground piping that feeds the geysers and hydrothermal springs with water are ever
changing and easily altered with earthquakes.
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APPENDIX A

Summary of Characteristics of Geysers affected by Hebgen Lake Earthquake

Marler, 1964



TaBLe 1 —Summary of characteristics of geysers affected by Hebgen Lake earthquake (Marler, 1964) 4

[0, ﬁndetermined; NM, not readily measurable; PF, periodic flow]

Observations prior to Aug. 17, 1959

Observations after Aug. 17, 1959

Name Normal | Temperature (° F) Normal Tempera-
Eruption Discharge | height of . Eruption Discharge height of | ture (° F)
frequency 1959 (gpm) | eruption Characteristics Date frequency (gpm) eruption Septem- Characteristics
(ft) Septem- (Summers (ft) ber 1959
’ ber 1951 | 1958-59
UPPER GEYSER
BASIN
Daisy Group: .
ASY o e 128 min..._.._| 11,250 75-80 196 196 Plays at angle; has pre- | Aug.-Dec.____ 157111 11,250 75-80 200 Earthquake doubled frequency
y liminary overflow. of activity; no preliminary
overflow.
(617111 . 751015 TR 0 4-5 200 200 Wat_ter ofteruption falls |_____ do...._____ Constant_.____ 0 4-5 202 Water level ebbed 12 in.
into crater.
Splendid....cocouc Infrequent..__| 14,160 125 200 200 Series of eruptions when |_____ do..._____. One eruption. . 14,160 125 202 Played following quake, in-
in active phase. creased boiling since.
Daisy’s Thief...__|..._. (s [ e 180 20 199 199 When active, eruption |_____ doo..____ None.......... 0 0 200 12-in. ebb in water level.
precedes and stops
Daisy.
Morning Glory
Group:
Fan.______________|._._. Ao 8 100-125 199 199 Seye;al vents in cracked |_____ (i { [EERERE T o (i [0 AR 10 0 202 Infreased boiling and tempera-
sinter. ure.
Mortar. ..o | (6 [ T U 30-40 199 199 Plays in concert with |_____ [ 7, RN, S s |, S 0 0 200 Wgte{ in crater level higher;
an. otter.
Sentinel..______.__ Dormant______ 25 0 200 200 Constant boiling._______|_____ o [ ISR, (IO ", (L 25 0 202 Erupted after quake.
Grotto Group:
Riverside...._...__ 7 hrs 32 min.__ U 75-80 200 200 Plays at angle, prelim- |_____ (o [+ Tma— 6 hrs 28 min.___ U 75-80 200 5- to 6-hr intervals first few
inary overflow, days following earthquake.
Link._____________ Dormant._...__ 0 0 202 157 Had ebbed below over- |_____ (s [ RO— NONB.csczeswn 35 0 163 Murky; increased temperature
A flow. and discharge.
Culvert........... Steady...._._. 0 2 198 200 Steady boiling from road |.____ (s [ AT Steady....coaa 0 3 202 Increased temperature and
shoulder. . vigor of boiling.
Grotto and 8hrs. ... 1470 10-50 200 200 Active about half of the |.____ o [ R 4-10hrs_______ 1 470 10-50 201 Active at times for more than
Rocket (func- time; longest eruption . 30 hrs.
tion )as single 12 hrs. .
unit).
Grotto Fountain._| 8-24 hrs.._____ 1430 50 200 200 Precedes Grotto’s erup- |--___ (s [0 Occasional. . __ 1430 50 198 Re(j)uvegxated, 8 to 24 hrs, in
tions. ctober.
Gszt b ptoospenneons 8hrs._________ 145 1-ft surge 182 183 Action follows Grotto___|..___ o s P 4-10 hrs....... 145 1 183 Murky following earthquake.
iant Group:
Giant. ____________ Dormant 0 0 203 202 Periodic cyeles. ... |-.___ (o {1 SSo— NODG::cszsees 0 0 203 More sloshing in crater since
cycle. earthquake.
Catfish.___________ Dormant_.____ 0 0 200 198 Activle and dormant |..___ (o [ IR Dormant_...__ 0 0 202 More vigorous boiling,.
cycles.
Mastiff. .| ____ dooo____ 0 0 204 203 Acti\tre when Giant is |...._ {1 ) RS | RS [ [ IR 0 0 205 Increased boiling.
. ot.
Tuartle. - oo | [ (6 J— 0 0 199 200 Active during active |..___ s [ BARRRRRORIN. I, ', [ E— U 0 200 Periodic overflow following
cycle of Giant. earthquake.
Oblong.-- ... 6-8hrs..._..__ U 20 197 198 Voluminous discharge.._|--___ (o (o SSSRRSR o 0 1) e NM 20 200 Murky; more frequent activity.
Black Sand Basin:
Whistle........... Dormant_._... .04 0 199 143 When active has long |-.___ s [ SRR, Dormant...___ .05 0 144 Murky first week after earth-
; ) ) axﬁd violent steam quake.
phase.
[ 0]1 3 Infrequent.____ NM 25-30 198 197 Three eruptions in 1959_|_____ do__...____ Active daily . _ NM 25-30 200 Erupts 3- to 10-hr periods daily.
Spouter. ... Near constant. 80 3-4 197 198 Erupts most of the time_|--___ o[, PP Nearly con- 80 3-4 200 Increase in temperature; mur-
stant. ky Aug. 18.
Castle Group:
Castle. .....cannic 14-17 hrs______ U 75-100 200 200 Steam phase eruptions_ _|--___ do...___.__ 4-9hrs________ U 75-100 201 Ex;uptionst about twice as
requent.
Sprinklerc....o.oo 80-100 hrs...__|..___ do_.... 3 194 194 Splashing ernptions._____ IR, |\ . 56-60 hrs.____. U 3 198 Increased frequency.
Deleted Teakettle.| Dormant.____. 0 0 200 200 Rarely erubts. .coocuaslosces o T, PR Dormant...__. 6.5 25 199 Erﬂuptt_zd following earthquake;
owing.
(810117, « LAPURIEI—— s [ ST 0 0 151 85 Jucusd o T e e Occasional . __ 13 Boiling 161 Did not rejuvenate until
eruption November.
Bawmill..cumncnas T o) (RO 1190 -20-40 167 189 Plays at about time of |..___ (o [s Pr e 1-3hrs. ... 1190 20-40 194 Erupted almost continuously
overflow. first 4 days following earth-
quake.
125 6-10 194 194 Connected with Saw- [..___ B30 o i hionss o - T 125 6-10 196 Increased activity following
mill. earthquake.
145 1-2 199 199 Boiling-type activity..__|_____ (6 10 M V2 145 6-10 203 Boiling more vigorous.



Tablel (Marler, 1964)
Grand Group:

R S 4 ¢ i Boses 135 6 201 200 Jet-type eruption..______{_____ (3 [, P 1 or more 135 6 202 Increased activity since earth-
QU s agpes times daily. quake.
4371 1(:) SRR D} 1 ' S— 130 6-8 198 190 [ewzas [+ | A s (o IO I (s [ MPcmeog 130 6-8 202 | More frequent activity.
Triplet. ... 8-12 times 125 2-3 184 185 Boiling-type eruption___|_____ do_..._.___ Dormant..____ 6 PF 0 182 Dormant since earthquake.
daily. .
Grand. _..__._____ 3 time}s] daily..| 60 (quiet 150-180 169 176 Rocket-type eruption... | ____ (o [ EE | N do....... 70 0 165 One erupt(iiog following quake;
phase increased flow.
Turban...__..___. 15-25 min_.___|_____ do._) e 3-6 196 197 Boiling-type eruption. .| ____ s (s P [ do....... 25 1 187 P%rtmtl) rejuvenation since Sep-
y ember.
Economic. ... Dormant_.____ 0 0 144 154 - | Jet-type eruption.._.____ Aug.-Sept. 15_| 5-20 min...___| . 1.5 6-10 200 Dormant since Sept. 15.
Gﬁﬁfmtﬂ 1 }l Gr oup Only with 4 1 199 198 Boiling-type eruption_..| Aug.17_______ Played for 100 3 2 201 Has played occasionally since
Giantess. . hrs. Aug. 17; usual level —3 in.
Giantess. - .____... Infrequent.___. 9] 20-50 200 198 Rocket-type eruption...| Aug.-Dec.._._. 1 eruption.._.. U 20-150 200 Triggered by earthquake, erup-

tion lasting 3 times normal
duration; increased boiling;

. ‘ ; : v inactive in January 1960.
Vault. 5-7 days....... 1.3 (quiet 8-10 198 184 Dome-type eruption____| Oct.-Dec..._.. Most days 1.3 in quiet 8-10 197 Inactive .Aug. and Sept.;

phase) several phase marked rejuvenation since
L eruptions. September.
Dormant_____. 0 0 193 101  [susseuswsemsbusmswannamyes Nov.-Dec...__ Several daily-- U 25-30 194 No previous record of activity.
Cyelica.o.___. 0 0 201 201 Was in dormant period..| Aug.-Dec_.___ . P ——— 35 12-15 201 Rejuvenated to ‘active geyser
' ‘ i 0 200 Wb¥ eartt)%qgake'
5 sec~1 min._ _ 13 .5 202 202 Boiling-type eruption.._|fAug.-Sept.._.. Dormant...___ 0 ater ebbed 6 ft; no activity.
e {Oct.—Dec.. --| 45 sec-1 min__ 3 2/3 203 Increased boiling.'
Dormant._____ U 3-5 192 192 | Jet-type eruption.____.. Aug.-Dec..___ 0 ST U 3-5 194 Occasil?nally" active  since
i i : quake, b
4 times B U S 50-60 201 200 *eeeas (o {0 R A Aug.-Nov_____ Very infre- U 50-60 200 Fewer eruptions following
weekly. quent. earthquake, partialrejuvena-
' y tion in December.
Dormant...... s Obsssc 40 200 200 |aassa A0 svaycuasdumcs Aug.-Dec..... Dormant._..__. 0 0 203 Wtz)lt(i'll; level, 44 in.; increased
. oiling.
_____ ') [/ IR S, [, SO T ) 200 200 | Dome-typeeruption_ .| .___do......___|...__do._._____. ¢ 0 201 Wgtﬁrﬁ}eve], +6 in.; increased
' . ‘ fe M . oiling.
1-4hrs. ... 1 2 to 3; oc- 200 200 Jet-type eruption.._.__..|_____ (s [ [ 10 min to4 hrs. 1.5 3-10 200 . | More 10-ft eruptions than pre-
casionally 3 ceding earthquake.
.10 i i G
) fon._.____. -3hrs_._____. 162 3 182 186 Splash-type eruption_.__|_____ A0 1-2hrs. ... 162 3 188 Increased frequency of activity.
Dopsessiin....s.. e 5 - " Aug.-Sept.._.. Dormant...___ 0 0 203 | One el:uption following earth-
___________ to 2 ti NM 150-180 203 203 owerful cone-type quake.
Heehive . vgeekllz;l.es cruption. Oct.-Dec..._..| 3t04 erup- NM 150-180! |:=svscsamss: Rejuvenation and marked in-
» 4 : S “ tions : crease in activity from Oc-
L weekly. tober to December.
Cascade. ... Dormant_____. 0 0 186 186 No known activity in | Aug.-Sept.._.. 20-60 min__.__ 400 (approx- 20-30 200 Marked rejuvenation by earth-
Tt more than 40 years. imate)

quake; dormant since Sept.
11 ‘

Plume. . ... 60~70 min. ... 150 20-25 195 197 | Cyelic, active since 1942.| Aug.-Dec.____ 42-46 min_____ 150 20-25 201 | New spring flowing into crater

slows activity; when checked,
interval shows increase
noted.

North Anemone..| Every 9 to 11 120 3 197 198 Erupting water drained |__...do......... Infrequent. ... 125 3 198 Most of energy shifted to
min. & lllnt'o norttp vent. i i 1most - ” - o 1?o;nth Amiamomian vent.
. IR, |, S— 115 1.5 197 197 aln action, eruption |- ___ Oispusaszs Almost con- ain action Anemone
AR S g followed North Ane- ' - stant. group has not been charac-
' Imone. ; w g teristic since quake.
: . AU .62.1 for 175 i 12,750 130 200 '
. ) Wit s b oSt intervals. - ) There has been a somewhat
0ld Faithful...... 61.8 min_..._.. 12,750 130 200 200 Average 61.8 min (based" ||Sept__...._.. 65.0 for 239 - - - --|| steady increase in length of
on check of 1,158 erup- intervals. interval since quake. No
tion intervals between [\Oet._._._.____ 66.8 for 47 PRISISRINSS (NS——— ) U1 43 (51 R () T
May 1 and Aug. 18, intervals. interval were made in No-
1959). DeCoaaeas 67.4 for 255 - vember.
: . intervals. -
cade G 4 ' P " e
Cﬁlﬁgﬁie.t(il.l?_ ..... 0211 - e 1200 2-3 200 200 Was lLll minor eruption | Aug.-Sept..... 20 min-1 hr___ 11,300 20-30 202 Earthc%lizake llnltlated major
) cycle. . ) eruption cycle.
Cauliflower. .____. (1511 (RO 163 1 192 190 Quite regular............ Aug.-Dec.._.. 50-60 min..... 163 1 192 Eruption a rolling boil; murky
ot . : Fig ' after earthquake.
0 0 199 . 199 CyeliCemam oo S— 0 3 200 Ebbed 12 in.; steady boiling.
14,5 1 198 198 Boiling-type eruption. .. 145 1 202 Most of the water flows back
: o into crater.
MIDWAY ) . o . " wwt
GEYSER BASIN - 4| —
Excelsior Group: ; x s : ;
Egcil(;ior.r_ _l.l? _____ Dormant__.___ 3, 600 : 0 199 1199 Large steady discharge.. “merz@0-eee i | Nopelio..___. . 3,600 0 199 Muddy first few days after

earthquake.

See footnote at end of table.
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TaBLE 1 .—Summary of characteristics of geysers affected by Hebgen Lake earthquake—Continued (Marler, 1964)

[U, undetermined; NM, not readily measurable; PF, periodic flow]

Observations prior to Aug. 17, 1959

Observations after Aug. 17, 1959

Name Normal Temperature (° F) Normal Tempera-
Eruption Discharge | height of Eruption Discharge height of |ture (° F)
frequency 1959 (gpm) | eruption Characteristics Date frequency (gpm) eruption Septem- Characteristics
(ft) Septem- |Summers (ft) ber 1959
ber 1951 | 1958-59
LOWER GEYSER
BASIN
Great Fountain
roup:
Great Fountain.__| 12hrs_.________ U 100 202 202 Eruption readily pre- | Aug.-Dec....__ U 100 203 Change in preeruption symp-
dictable. toms; more frequent activity.
White Dome._____ 15-90 min. . ... U 20-25 199 199 Shift in pattern of length | (Aug. 17-21____ 0 199 Dormant first 3 days after
of interval. Aug. 21-Dec. _ U 20-25  |ecemmeee-. quake; then resumed normal
function.
Pink Cone Group:
Pink Oone.cusccu: 2-3 tixll\xles 135 12-15 200 200 Jet-type eruption.....__. Aug.-Dec._._. 135 12-15 201 Tl;e;n}gndous increase in ac-
weekly. ivity.
2177 A— 32-33 min..... 145 15 182 183 Very regular_ . _________. [Aug.-Sept_.._. [ 145 15 177 }Longer interval; shortened to
10ct.-Dec_..___ 145 R T 15 or 16 min after September.
Nareissus_.._.____ 4-5hrs..__ 180 12 171 171 Easy to predict___.____. Aug.-Dec____. 180 12 168 Slightly longer interval.
Firehole Lake Dormant______ 0 0 200 200 CRVOIG . o e ey Aug.-Oct_____ 50 3 201 Rejuvenated by earthquake;
Group: Artesia. ceased in October, but
steady flow continued.
Fountain Group: y
Y s oo Irregular._____ 181 2-10 193 192 Different types of erup- | Aug.-Dec._.__ Nearly steady 181 10-15 193 Increased frequency and vigor
tions. first few of activity.
days.
Aug.-Sept..... 30 min-1hr___ U 20-30 200 Eruptions accompanied by
pronounced steam phase
Spasm____________ 30minto2hrs. U 20-30 196 196 Two types of activity.___ never observed before.
Sept. 10-Dec..| Dormant______ 0 0 0 Crntert emptied and stayed
empty.
Bellefontaine.._._. Dormant...__. 0 0 198 198 Splash-type eruption....| Aug.-Dec_____ 30 min-1 hr___ 25 56 200 Rejuvenated by earthquake.
Fountain...._____. 2 eruptions W ecmumeesess 157 159 Fountain type eruption; |(Aug. 18_______ AN daYe s U 20-50 159 Played in concert with Morn-
in 1959. duration 45 min. Aug. 19-Dec._| Dormant______ 0 0  |esesssaese ing and Clepsydra; no such
previous record.
Morning: .c.covuuss 1-2 eruptions 170 50-150 189 188 Powerful fountain-type | Aug. 18-31____| Almost con- 170 50-150 193 Activity started by quake;
weekly. eruption. stant. dormant since Sept. 1, with
steady overflow.
Clepsydra_........ 1-2 wild-phase 1150 |eeoeeeae 198 196 Activity initiated by | Aug.-Dec.___. Constant____._ 200 20-30 201 Wild phase initiated by earth-
eruptions Morning. quake; has not ceased play-
weekly. ing (January 1960).
21 | P Dormant_____. 0 0 184 188 Nearly empty crater..._|.___. [6 [0 J— Steady........ 12 0 196 Has nolt9 gg)ased playing (Jan-
uary i
[~ A 4-5 min when 125 10-15 198 199 Jet-type eruption....____|_____ [ [0 I 5-12 min._____ 125 10-15 199 Action less frequent since
in active Morning and Fountain
period. ceased playing.
Hotel Group: Thud.| Dormant______ 0 0 180 180 Cyeclic, infrequent._.__._. .65 T8 L - ) [)] 1. RO— 0 12-15 183 Erupted following quake; dor-
mant since; murky.
Total of max- |evcivsnsvanscuna 200  fesessmusssesloacsambemmrn B e v e o e o o ] T 16,000 |- oo
imum rates
observed.
Average tem- |_._ . ool 193.8 3L p 05 [ SRR, 5 . SNSRUOTROT TN S SRS . 195.1
peratures.

! In eruption.
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APPENDIX B

Summary of Characteristics of Springs and Pools affected by Hebgen Lake Earthquake

Marler, 1964
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TaBLe 2 —Summary of characteristics of springs and pools affected by Hebgen Lake earthquake (Maler, 1964)

(U, undetermined; NF, no flow since quake; I, infrequent; PU, periodic, undetermined; NM, not readily measurable]

Observations prior to August 17, 1959

Observations after August 17, 1959

Name Temperature (° F) Normal | Temper-
Eruption Discharge, Normal |___ Eruption Discharge | height of | ature
frequency 1959 (gpm) | height of Characteristics Date frequency (gpm) eruption C°F Characteristics
eruption (ft) | Septem- [Summers (ft) Septem-
ber 1951 | 1958-59 ber 1959
UPPER GEYSER
BASIN
Morning Glory
Group:
Morning Glory  |_________.__..__. - S (S——— 169 163 Steady overflow____.______ Aug.-Dec_.___|ocoo. [V R P, 169 Murky first few days, water 2
Pool. to 6 in. below rim of crater,
Spiteful Spring..._|. . ____.________ 3 T 198 189  |esmmmenmmssmmsirssessasislsusyd A0 e o o LB | mmmmmn 200 Murky first few days.
Grotto Group: .

Bottomless Pit....|-cocecccomnann-- L0 £ S—— 140 195 Discharges into Chain |_____ (1 [ T T 25 198 Discharges into Chain Lake;
Lake; sudden tempera- murky; increase in tempera-
ture increase in July. ture.

Square Spring._____|._______________ 0 | 201 199 Active geyser in 1950 ___._|_____ T [0 A |- S . 0 200 Murky first few days.

No. 1oty |lacscsucccsssuss [T | R 177 175 Steady overflow.__________| ____ (o [0 ISR IR 16 184 Increase in temperature and

Group. overflow.
Giant Group:
South Purple ... ... 1 S 140 145 Algallined. Pool.....uxemwssluome (3 [; Y T [ 182 Murky first few days, sharp in-
Pool. ’ crease in temperature.
Bast:Purple |ooessoesscrases 5 196 196 Ebbs 3 ft following Giant’s |_____ {1 o SR, DR NP |cosssesess 196 Murky first few days.
Pool. eruptions. i
N%rnh1 BRrple  lLaeescesssossess 0 198 107  |esead (o 0 || . {5 [ I SO SO R SCS— 197 Do.
00l.

Chromatic Spring.|______________.. : R TP—— 171 164 E}iachantge Pof g flow with |_____ 14 10 Y (R [T 164 One-inch ebb following quake.

eauty Pool.

Beauty Pool. . .___|________________ B e e 161 164 Exchange of flow with |_____ 16 10 R 13- T PO 169 Increase in flow and tempera-
Chromatic. ture.

Inkwell Spring..__|___._____________ 20 | 200 200 Steady Bolling. Lecuvaausadina Fosanslavmmmeniss P72 P 201 Inctrease in boiling and temper-

ature.
Daisy Group:
Bonita Pool ... __| .. __________ 1 £ | —— 140 104 Ebbs with eruptions of |_____ A0 e [V (WO 105 No overflow since quake; usual
. Daisy and Splendid. level —3 in.
Brilliant Pool..__. Erupts PU 3-20 104 194 Ebbs 1 ft following Daisy’s |____. (3 o [V P 203 Ebbed 1 to 3 ft; boiling most of
following activity. the time.
Splendid.
Punch Bowl Spring_|________________ o 0 1 | 201 201 Steady boiling_ ___._______|.____ {6 (o S (R 3.8 |acmeeeaaas 202 Ingrt;ﬁsed temperature and
oiling.
Black Sand Basin:

Black:8and’ Poolia|.weewevessneness 06 csecnamsius 197 197 Clear, deep blue...________[.____ (6 [+ S 4-6min_...... 117 1, surge 200 G%yser acttivity, plus increased

emperature,

Green Spring...._. Cyelic...._._.. 125 3 159 177 Periodic variation in tem- |_____ A0l 125  [osmswomuns 179 Murky first few days.
perature.

Emerald Pool._.._| _______________ 1 1) N T 155 147 Box{vl lined with yellow |_____ (o [ ) SRRy R B L N 10 oo 150 Do.
algae.

Hz}x)nd%(erchiei ________________ 0 3-4 178 177 Opgasional eruptive activ- |[_____ o o e e [ P 165 3-in. ebb following quake.

ool. ity.

Rainbow Pool..._. SyellC s U 20-100 166 166 Occasional seasonal erup- |.___._. B0 ccevaccnssusiiess U |ssesasesss 163 6-in. ebb following quake;
tions. murky.

Sungel Iake . e vl rme s NM | e e 185 183 Heavy overflow color rings.|_____. PO i s s HAVY |:cuguovszs 190 Eruption following quake, not
observed, murky several
days.

Myriad Group:
North Three GO 15 0 181 182 Shift of activity in main 0 15-20 198 Murky, 3-ft ebb.
Sisters. bowl. 0 1520 | Jet-type activity.
L1 [ 185 3-ft ebb, murky.
MiddleThres:  |fececssssosrasss Wl o o 171 171 Constant level; flowed U 15 199 Sudden heavy surge into erup-
Sisters. into North Bowl. tion.
| N (T ] [ 3-ft ebb.
South Three 0 0 185
Sisters. | ... L6 R E———— 183 188 -« |awuyd WD s o U 3 ¥, T PRSP Y, Active through September.
O6t:=DO0cswes |onssovuessans 0 .+ AN S
Orange Spring
Group:

Orange Spring____| Cyeclic.._._____ 0 0 138 139 Eruptions frequent when | Aug.-Dec...___ Near constant U 3 180 Actlve cycle following quake.
in active cycle. spouting.

N0 20suszsvumnvadlinmaniae o [STCT o S D, 137 137 Slight steady flow....__..__ {Aug.—Nov... P o . 0 6-in. ebb; murky first few days.

Deco oL 0 2-in. ebb.

MUV TVNOLLVN ANOISMOTIAX ‘SNISVE HASAHAD TTOHTIII NO IMVADHILIVE J0 SILOTAIH



TABLE 2 .—Summary of characteristics of springs and pools affected by Hebgen Lake earthquake—Continued (Maler, 1964)

Observations prior to August 17, 1959

Observations after August 17, 1959

Name Temperature (° F) Normal | Temper-
Eruption Discharge, Normal Eruption Discharge | height of | ature
frequency 1959 (gpm) | height of Characteristics Date frequency (gpm) eruption | (° F) Characteristics
eruption (ft) | Septem- |Symmers (ft) Septem-
ber 1951 | 1958-59 ber 1959
UPPER GEYSER
BASIN—Con.
Round Spring
roup:
Round ‘8pring. ..:|sscczcoczcsgcene 0! | fssssassmmssd 178 137 No flow in 1959 preceding | Aug.-Dec...___| _______________ [ E—— 142 Increase in temperature plus
quake. 4-in. rise in water level from
mid-1959 level.
Ngrth Round:  |eccesiaecasaas 0 151 150 Infrequent overflow_______|_____ (6 1 Y [ 0 |osescosns 165 Same as Round Spring.
pring.
Pear Spring_..__. 0 166 165 Algal-lined spring_.__..... Aug-Dec.....| .. 0 lesevossses 194 Erupted following quake.
West Round 0 142 142 Lined with brown algae___|_____ 6 L B, [ I 160 Erupted violently following
Spring. o quake.
Castle Group:
Castle Group No. |..._.____ ... L (——— 199 199 Steady boiling, no over- |_.____ (s 1y Y| S——————— ;B 200 Murky first few days; steady
26. flow. boiling.
Crested Pool...... Rare. . _.---- 15 3 200 200 Normally steadily flowing |.___. A0 . [ N P 155 Water level —12 in.; large drop
spring. in temperature. .
. 0 200 Steam vent steady with devel-
Chimney | ... [ O, - 200 200 Steady steam vent . ._..____ 10 200 opment of new spring on side
Fumarole. of chimney.
South' Scalloped |zeccsincosaas 1/ e 198 198 3-in. ebb below rim 5 202 Increase in temperature and
Spring. ) discharge.
Scalloped Spring. 2| ... ._______.. O loowcomases 200 198 34-in. ebb in crater. . ______ 0 et 201 24 in. ebb, and increase in
a temperature.
Frog Spring.......|eceeificuaainaas 8 |esussseuases 64 64 Frogs in spring____________ 2.3 U 196 Erupted following quake; has
remained hot with overflow.
LAberty: Pool. . cea|aeenctcncanaatat DD, |vwemosmmanmsn 132 133 Pool lined with brown |..___ Aolewcsasa] - Pl PR 163 One known eruption following
algae. quake; big increase in tem-
. perature.
Oval Spring_._.._. 0 199 199 1-ft ebb in water level .____|_____ s 0 201 Erupted following quake.
Belgian Pool 0 164 163 |___.. s . 0 161 Murky, ebb 18 in.
TesrraiCOtta 2 0 196 196 Dormant before quake. .. 15 197 Active cycle initiated by quake
pring.
Grand Group:
‘Wave Spring... Yilacaccasanaisane - 131 134 Steady overflow.__......__|. ... (s SR [ 12:61]. o comis 163 Erupted following earthquake;
2 ) hotter with increased flow.
Calida Spring. ..-.-|«cecaemsusmomean () [ RN 183 183 1-in. ebb below rim__._..__|{.____ (o (e ) S 192 Murky plus overflow, increase
in temperature.
Witches Cauldron.|..______....._... L (R — 200 200 Steady boiling overflow.._|_____do___.._....| _______________ 80! |iicessssss 200 Murky water, only observed
: s effect.
Milk Cauldron..._|.. ..o _ .- DI P 190 194 28-in. ebb in erater. . .._.__|[..___ (s [ DN | SR — (i TR R 200 Increase in temperatbure and
boiling plus 20 in. ebb.
Geyser Hill Group: o
Teakettle Spring..|.ccooaaeeaaaa-- {1 T 199 199 1-ft ebb; - crater empties |.___. ocasanaa] _______ [ S 203 Increase in temperature and
when Giantess plays. ebb 30 in.
Roek Pool__..ovefococorciiiimennas L1570 o | ——— 198 198 Constant level, clear water.|..._. L3 T 198 4 in. ebb plus murky water.
Dragon'Spring..cc|sesscabocsaies (P 198 198 Steadily flowing spring....| ... {o [ JEEPEA R A A [/ I 200 Erupted following  quake;
water then stayed at 35 in.
y ebb.
West Doublet  [-oooo oo 20-40  |oooo 178 180 Increased flow with East |_____ (o O RO | 2040 |icosiuoses 193 Murky following quake, in-
Pool. > ) Doublet surge. crease in temperature.
East Doublet | ______________. ] e 193 193 Surge about every 5 min; |_.___ L6 L E . b i) (P 196 Murky following quake; in-
Pool. flowed into West Doub- crease in temperature; flowed
el et. into West Doublet.
Beach Spring. ... 1 S ———— L5 1-3 178 185 Cyeclicin activity ... ......|-.._. (o1, SR Several daily_. L5 1-3 201 Increase in temperature and
. frequency.
Bat BPAg ool i 30 |ieeiimeeao- 200 200 Superheated . _____._____._[..___ dooo.... Rare..._._.... 1125 1 202 Erupted following quake; in-
. . creaze in temperature.
West Goggle Intermittent. 4 Quiet over- 196 196 _ | Periodic overflow . .....___|_____ s T S, Overflow 4-5 Surge 200 Increased temperature and
Spring. flow. & 0 every 20 to overflow.
. . 30 min.
Heart Spring._____|________________ [ T 200 199 Steady flow . o] (s 1 S T s, (1 N O 200 Murky, ebb 1 in. below over-
flow.
Aug.—-Sept..... 30 min.-1 hr... 154 3 200 Became eruptive following
Ars"g:*‘i’gzad ---------------- (] S—— 177 175 Water 4 in. below rim_____ { ? quake.
01d Faithful Group: Oct.-Dec.ooo| o oon ) I ) (R P, Overflow but not eruptive.
%hlnamgn [0 31 T R .5 200 200 Constant boiling. - Aug.-Dec. | . 5| 20-30 201 Erupted following quake.
l;sgr?nl;lnaman ---------------- .3 196 196 |oeef L 7 R A P I, Sy, B Pussuessis 198 Murky;increased temperature.
Blue Star Spring__|_____________... 7 184 185 Clear, shelved spring______|_____ [ L S A P 186 Murky following quake.

6S61 ‘LI LSAHAV J0 IAVADHILIVA ‘VNVINOW ‘dIMVI NADITH THL



Cascade Group:
Gem Pool ...

Sprite Pool....._._

Calthos Spring____
Pulcher Spring.____

Mirror Pool....._.
Sapphire Group:
Black Opal Spring.

Sapphire Pool..__.

West Mustard
Spring.

East Mustard
Spring.

Avoca Spring. ...

MIDWAY GEYSER
BASIN

Midway Geyser
Basin Group:
Indigo Spring. ...

Grand Prismatic
Spring.

Opal Spring.......
Turquoise Pool.._.

LOWER GEYSER
BASIN
Great Fountain
Group:
Lemon Spring. _ ..
Broken Egg
Spring.
Firehole Pool.___.

Surprise Pool__._.

Pink Cone Group:
Shelf Spring._.._.__

Firehole Lake
Group:
Zomar Spring. ...
Black Warrior
Spring.
East end Firehole
Lake,
East'side Firehole
Lake.
Fountain Group:

Silex Spring._____.

Celestine Spring. _

Fountain Paint
Pot.

See footnote at end of table.

85

22
175

75 (ap-
proxi-
mate).

90

40
25

85

800

13

66

188
167

184
199
183
172

202

164
136
198

162

147
151

196
200

199

166
195

165
150

190

196

188

189
164

184
199
183
172

202

163
157
198

162

143
152

196
200

199

166
195

165
151

190

196

192

Table 2

Blue, constant level_______

Water 2 in. below rim_____

Water 6 in. below rim.____

Water level 3 ft below
rim. :

Constant overflow_____ o

Erupts on rare occasions. .

Deep blue color: true gey-
ser, superheated.

Pool lined with yellow
algae.
d

Infrequent eruptions..____
Filled by overflow from
Prismatic.

Algal-lined pool._.__._....
Constant level .. __________

Constant boiling..________
Superheated spring._ .. ...

Superheated

bubbles.

Occasional overflow._______
Steady overflow; clear blue

spring.

Active mud pots at south
end of crater.

i

{Aug.—Sept.

‘Marler, 1964)

Sept. 29-Dec..
Aug.-Dec_____

Oct.-Dec......

Aug.-Sept. 15.
Sept. 15-Dec. .
Aug. 17-28___.
Aug.28-Sept. 14
Sept. 15-Dec. .
Aug. 17-21____

Aug. 21-28___,

Aug. 29-Dec_

88

0

100

150

0

24
175 (approx-
imate).

125

12,250

125
11, 000-3, 000
U

U
0

194
181

204
204
204
200
200

202

180
132

200
196
200
202
199
198

200

196

Murky; increase in tempera-
ture.

Murky; discharge; increased
temperature.

}Erupted following quake; be-
came hotter in Dec.

Murky, overflowing.
Water 6 in. below rim.
Murky following quake.

-Has stayed murky since quake,
Constant surging.

Major geyser activity.
Constant surging.
Major geyser activity.
Constant spouter following
qufx)ke; loss by splashing.
0.

Water —4 ft.; steam vent activ-
ity.

Murky; ebb 18 in. below over-

ow.

Ebbed 8 ft. first few hrs. follow-
ing quake; crater slightly
tilted to NE,

Murky, hotter.

8 ft. ebb; increase in tempera-
ture; murky.

Murky following quake.

Murky, 15 in. ebb, refilled in
December.

Murky following quake.

Murky; hotter.

Periodically active.

Activated by quake. .
No further eruptions.

Very turbid following quake.

Erupted following quake;
ebbed 12 in.

Water murky and hotter.

Water murky and cooler.

Water muddy, steady spout-
ing; ebbed 3 ft.

Crater refilled, steady overflow.

Water ebbed 50 inches; muddy.

Steady jetting of muddy water.

Crater refllled with steady
overflow.

Slow rise in level, mud vol-
cano action.

New mud pots at north end;
new fumaroles outside main
crater.

Mud voleano action subsided;
new mud pots and fumaroles
persisted.
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TaBLE 2 —Summary of characteristics of springs and pools affected by Hebgen Lake

earthquake—Continued (Marler, 1964)

Observations prior to August 17, 1959

Observations after August 17, 1959

Name Temperature (° F) Normal | Temper-
Eruption Discharge, Normal Eruption Discharge | height of | ature
frequency 1959 (gpm) | height of Characteristics Date frequency {gpm) eruption °F Characteristics
eruption (ft) | Septem- [Summers (ft) Septem-
ber 1951 | 1958-59 ber 1959
UPPER GEYSER
BASIN—Con.
Hotel Group:
Thud:Bpring  |ecossssssmere | E—— 179 179 | Steady flowing spring.____ Aug-Dee. | 8.5 | o 189 Murky, erupted night
(Fungoid). quake,
Stirrup Springe.colecescnadeannn I 191 2 R T A6k resnuss formndss s 0 |essssencss 191 Do.
Gourd Spring.__.__{________________ [V S —— 158 157 Algae-lined pool.._________|-____ Ao 12 | 186 Murky, erupted night of quake;
steady discharge thereafter.
Jug Spring________|__________._____ Slight {.......___.. 163 163 Seep overflow._____________|..__. A0 Seep |oeoeeoeee- 161 Murky after quake.
CLft BPHiNg. cowe aa]evumnmesmays 12 1 A 197 197 Steady BowW. cocecsrenars foaie {3 (o AR IR 108! |commmon 196 Murkls{', erupted night
-quake,
Oak Ldat BpFing: « e cmmuemus (oYl M — 196 196 Quiescent spring. .. _____|..__. (5 ¥ () SRR () QN P 196 Murky, erupted night
y quake; ebbed 6 in.
Kidney Spring.___| 25 min___.___. 112 3-4 195 198 | Periodically eruptive______|..__. (s [ TP LT 171 1 112 3-4 199 Murky following quake.
Totalmaxi- |ocacewesessasen 3 | O T b ALy () [ (VS| SO
mum dis-
charge.
Average ||| 176.7 1769 |- oo e 185. 57
tempera-
ture.

1In eruption.
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