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DOES THE COLD OF WINTER AFFECT THE THERMAL 
INTENSITY OF THE HOT SPRINGS IN 

YELLOWSTONE PARK* 

GEORGE I). MAKLEK 

ABSTRACT. Because of their location Yellowstone's hot springs are suhject to extreme 
seasonal climatic changes. This has led to a theorizing that hydrothermal functioning 
would he less intense in winter than in summer. This paper presents quantitative data 
taken from summer and winter observations on temperature and function of tnanv of the 
hot springs in the Upper Geyser Basin, so that comparisons might he made in determining 
if there are seasonal variations in the intensity of the thermal energy. The temperature 
determinations cover most of the important springs located in the Upper Basin. The 
statistical data on hot spring activity are largely confined to the larger eruptive units, 
whose functions follow a pattern of activity that would lend itself to a comparative study. 
Some of the factors known to influence hot spring hehavinr, which might lead to a mis
interpretation of data, are briefly considered. 

INTRODUCTION 

Observat ions of Yellowstone P a r k s hoi spr ings since their discovery in 
1870 have been confined almost wholly to ihe s u m m e r season. With the ex
ception of Old Faithful Geyser few or no studies of a scientific charac te r 
have been m a d e of geyser activity du r ing the winter months . These hot spr ings 
a re located in one of the coldest sections of the United States, a fact which 
has given rise to a frequent query as to whether or not the cold of winter 
might measurab ly re tard the funct ioning of some of the erupt ive spr ings . Thai 
winter migh t p ro long the length of the erupt ion intervals for at least some 
geysers was m a d e plausible by the behavior of ihe Daisy Geyser on windy 
days . D u r i n g the h is tory of the Daisy all who have observed its erupt ive 
pat tern over a few weeks" period have become aware that the length of the 
average e rup t ion interval is increased as a result of the w i n d : the s t ronger 
the wind the greater the delay. It was explained that convection car r ied the 
surface water , chilled by the wind, into Daisy 's well, necessi tat ing a longer 
period than would otherwise be the case to heat the water to the critical tem
pera ture of an erupt ion (Lys t rup . 1981. p . 2 6 ) . The same explanat ion has 
been given as one of the reasons for a lack of activity of the Great Geyser in 
Iceland when winds a r e blowing over its surface. 

If the erupt ion interval of a geyser can be measurab ly lengthened by 
increased surface cooling in summer , it would seem that subzero condi t ions , 
which a re so common in the geyser basins of Yellowstone Pa rk from Novem
ber until Apri l , would not only greatly aggrava te this condi t ion of delayed 
activity but could, theoretical ly at least, produce quiescence in the Daisy and 
all geysers of its type. P r i o r to the record which was kept of the Daisy dur ing 
ihe 1951-1952 winter there is no evidence that statistical da ta on its winter 
activity sui table for compara t ive s tudy were ever ob ta ined . One object in 
car ry ing out the 1951-1952 winter observat ions was to supply these da ta so 
that intelligent deduct ions would be possible in de t e rmin ing if increased 

'•' Report on winter observations of hot spring activity in the Upper Geyser Basin for tin-
winter of 1951-1952, and for November anil December 1952. Published with the permission 
of Conrad I.. Wirth, Director, National Park Service, Washington, D. ('.. 
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surface cooling result ing from the winds were a t rue explanat ion for the 
Daisy's less frequent per formance on windy days . Should surface cooling 
affect its e rupt ive pat tern , it would be logical to assume that o lber geysers 
which have inverted cones would also be responsive to these same external 
condi t ions and that a winter s tudy would de te rmine if there were seasonal 
var ia t ions in their behavior . It was further believed that t empera tu re studies, 
in connect ion with detailed records of gevser activity, would furnish sufficient 
data for valid conclusions. 

W1XTKK OBSKKVIX'G IIOXK l'KIOK TO 1951 

From 1925. and for the succeeding seven seasons. Dr . K. T. Allen and 
Dr. Ar thur I.. Day, as representat ives of the Geophysical Labora to ry , made 
intensive s tudies of Yellowstone's hot spr ings . It seemed desi rable for them 
to supplement their s u m m e r studies by winter observa t ions . To accomplish 
this they sought the cooperat ion of the Nat ional Pa rk Service, which resulted 
in the s ta t ioning of a park ranger in the I pper Basin d u r i n g the winter 
months . In commen t ing on the need for winter studies thev s ta te : " U p to the 
time of the present investigation (1925-1 . scientific observa t ion in the Yellow
stone Pa rk has been ent i rely confined to s u m m e r and ear ly au tumn, but a.-
no satisfactory basis for a hot-spr ing theory appeared possible without some 
knowledge of seasonal influences on tempera tures and geyser activity, some 
a r rangement for winter observat ion seemed imperat ive . Accordingly a definite 
p rogram of observat ion was under taken at the Upper Basin by permanent 
Park Bangers , in connect ion with their regular dut ies in protec t ing wild life" 
(1955 . Preface. I V ) . 

This p r o g r a m of observat ion was carr ied on for five successive seasons, 
from 1925 to 1950. Allen and Day report that the park rangers who were 
stationed in the Upper Basin d i n i n g this period were all agreed that so far 
as their observa t ions went, the season of the year had no perceptible effect 
on spr ing d i scha rge or geyser activity.1 It should be stated that these con
clusions were very largely based on subjective premises . There is no evidence 
that a con t inuous daily record of any gevser 's activity was kept by the rangers, 
or that s u m m e r records of sufficiently detailed charac te r were available, which 
records would be impera t ive if compara t ive data of a scientific character were 
to be made . Fur ther , d u r i n g each succeeding winter a new ranger was as
signed to the task. Pa rk Banger B. .M. Baker spent the longest period, from 
October to May 192B. " a n d again tbe next season till F e b r u a r y 1929.' These 
short per iods of observat ion could hardly suffice to acquaint the rangers with 
the idiosyncrasies in behavior which a number of the geysers show. Without 
accurate s u m m e r data or detailed personal knowledge of a hot spr ing ' s be
havior, and in the absence of a quanl i ta l ive winter record, observat ions such 
as were made d u r i n g tbe 1925 to 1950 winters are little more than generali
zat ions. 

1 Reports now on tile in tlie Superintendent's Oilier made by tile rangers do not lend 
-upport to the conclusion that geyser activity and discharge are independent of the season 
of the year. Allen and Day's conclusions of no seasonal changes in thermal intensity 
Mould seem to have hern wisely based on comparative temperature studies. 
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Comments of Allen and Day on the results of the 1925-1930 winter oh-
servat ions express satisfaction with the results obtained hv the park rangers . 
I he au thors d raw ra ther definite conclusions in in te rpre t ing hot sp r ing ac
tivity from the winter observat ions , yet their summar iza t ion clearly reveals 
that these observat ions on geyser behavior were wholly subject ive, and hence 
of little scientific value in formulat ing any geyser theory. " A s lo the results, 
all the observers were agreed that, so far as they could decide from quali tat ive 
observat ions , nei ther sp r ing d ischarge nor geyser activity was percept ible 
affected by weather or the season. As regards pronounced seasonal var ia t ions , 
it is believed that the judgment of these men. carefully selected for this work. 
may be safely t rusted. Smaller systematic differences, to be sure, might be 
overlooked by an observer who depended entirely on es t imates ' ' I Allen and 
Day. 1935. p . 2 3 6 ) . It is these smaller "systemat ic differences" that a r e of 
pa ramount impor tance if accura te de terminat ions in seasonal var ia t ions are 
to be made . "Qual i ta t ive obse rva t ions" of geyser activity have little scientific 
value when it is measurab le var ia t ions in compara t ive data that are sought . 

D u r i n g the winter of 1949-1950 District Ranger Ruben Hart was sta
tioned in the I pper Rasin. Being of a scientific bent. Mr. Har t , with the co
operat ion of the [Naturalist Division, by using an "au toma t i c gevser recorder , 
secured an unbroken record of 2605 erupt ions of Old Faithful Geyser. The 
record covered a period from "November 30. 1949 and cont inued through 
April 30 . 1950." From this record Hart made some interest ing statistical 
observa t ions I 1950. p . 3 7 1 . Old Faithful was the only gevser he s tudied. 
Apart from monthly t empera ture records of many of the hot spr ings made by 
the park rangers s tat ioned in the I pper Rasin from 1925-1930. it can safely 
be said that H a r t s report was the first scientific cont r ibut ion to a winter 
s tudy of any geyser in i ellowslone Pa rk . 

TYKES OK GEYSEKS STITMEI) 

Two classes of gevsers are recognized in \ e l l o w s l o n e P a r k : they a re re
ferred to as cone and fountain in type. In general the cone type geyser. Old 
Faithful be ing representat ive, is nozzled down lo a small ape r lu re . so that 
onlv a small amount of its water is exposed lo the a tmosphere . The fountain 
gevser is an inverted cone with a large surface exposure of water rest ing 
above the constr icted port ion of its orifice. The cone geyser is in a large 
measure insulated against wind and cold and theoretically should be largely 
immune to influences from these factors. If measureable influences from cold 
and wind a re to be detected, those geysers with a large surface exposure lo 
the a tmosphere , such as the Grand . Oblong. Daisy, etc.. should be the one-
where such influences would most likely be manifes t : hence it was to this 
latter class of geysers that special effort was directed in the winter observa
tions begun November 1. 1951. The cone type geysers were not over looked: 
the erupt ive pat terns of many were checked with the same care as were those 
of the fountain geysers . 

One of the seeming d isadvantages of a winter project of observa t ion such 
as was s tal led in 1951 is that to make the data conclusive several seasons of 
cont inuous observat ion — winter and summer — arc requi red . With but 
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one or l \ni ivinters of ohservalion it is not possible lo eliminate completely 
those influences due to a shift ing of the thermal energy from one spring lo 
another. Kxchange of function is the higgesl single factor in producing the 
great irregulari ty of many geysers (Mai ler . 1951. p. 529) . Without an ap
preciable lime range in data, the influences resulting f rom a shift of the 
thermal energy might become confused with the season and interpreted as 
weather influences. 

Cold is more intense in the geyser basins some winters than others. It is 
possible that prolonged and severe cold could result in retardation of the 
function of some geysers, a slowing up which would not be measurable with 
the average winter temperature conditions in the basins. So far as tempera
tures were concerned, the 1951-1952 winter was unusually benign in Yellow
stone Park. No periods of extreme cold, such as December 1921 or January 
1959. were even closely approached. 

COMPVKVTIV K I) VI' V. SI VIM KK VXII VV INTKK. OX SOV1K O f T H K OKVSKHS 

In presenting the data collected on the geysers that were under observa
tion, space in this paper wil l not permit the showing of more than average 
eruption intervals for the periods covered by the comparisons. The detailed 
statistics on dai ly temperature, weather, and eruption limes are on file in the 
Yellowstone Park L ibrary . The comparative eruption data, with explanation 
of factors other than weather which are known In influence the eruption times 
of many of the geysers, should, however, give a substantial basis for drawing 
conclusions on whether winter influences geyser activity. 

Daisy (it'xsrr.—'Ww Daisy lies about one mile northwest of Old fa i th
ful. Its high degree of regularity and frequency have contributed lo making 
it one of the most popular and belter known of the geysers. Over the greater 
portion of its history only Old fa i th fu l among the major geysers has exceeded 
it in the frequency of its eruptive periods. Unlike Old fa i t h fu l , the Daisy is 
known to have subterranean connections with other thermal units. 

On July 10. 1951 the Splendid Oevser. which has underground connec
tions with the Daisy, became rejuvenated after over 50 years of dormancy. 
This resulted in very erratic functioning of the Daisy for the remainder of 
the season. It was feared that Splendid's activity would make it impossible to 
gel enough of Daisy's winter function for comparative data, fortunately, from 
November 9 unti l December 20 it played without any apparent influence from 
connecting units. During this period l i t ) eruption intervals were checked. 
The average interval was 100.2 minutes, f r o m May I. 1951 until July 10 
when the Splendid became active, the average eruption interval was 105 
minutes: from July until October I. during' the period of Daisys erratic 
function, it was 1 10 minutes. 

f r o m December 20. 1951 until January 1955) the Daisy was inactive the 
greater part of the time due lo the activity of either the Splendid Uevser or 
br i l l iant Pool. Dur ing the November-December 1951 period of activity the 
longest interval (becked on the Daisv was on November 29. This interval was 
150 minutes: the wind was 20 mile- per hour from the southwest: the tern-
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perature 30° F.- The shortest interval. 85 minutes, was on November 24. at 
which time the air was calm and the temperature 30°. The highest tempera-
lure recorded at the time of an eruption was on November 30 and was 4 1 ° : 
the coldest was on February 24 and was -28° . Despite a loss of 69° in tem
perature, the eruption on February 24 was on the same length interval as 
the one on November 30—105 minutes. At the time of both eruptions then-
was a slight breeze from the north. 

Giant Geyser.—During the 1951 season the Giant was unusually active. 
From May 1. when the observations began, and for the remainder of the 
year, the Giant played with greater regularity and frequency than during 
any previous observation period for which there is a record. 

In the middle of January 1952 the Giant suddenly began playing on 
even shorter intervals than had characterized it during the 1951 season. From 
January 17. 1952. and for the remainder of the year, it played with unpre
cedented frequency and regularity. The average eruption interval during this 
period was slightly over 2 days—571/2 hours. The extreme variations from 
this average were 88 and 34 hours. Eighty percent of the eruptions came 
within 10 hours of the average. The Giant has the distinction of being the 
Hrst geyser in Yellowstone Park with a complete yearly determination of its 
activity. During 1952 it erupted 137 times. 

The Giant is definitely a cone type geyser: it is connected underground 
with over 50 other known units. Some of these units, such as the Purple Pools, 
have large surface exposures. In spite of the great surface area of water which 
is known to belong to its plumbing, its regularity was undisturbed, so far as 
could he determined, by winter conditions. It is noteworthy that the shift:; 

from a plus 5- to a plus 2-day average interval occurred in mid-January. This 
would scarcely suggest a delayed function due to the cold of winter. 

Grand Geyser.—Although the functional characteristics of the Grand 
are very distinct from those of the Daisy, their surface conditions hear marked 
similarities, Hoth have large surface areas exposed to the atmosphere; both 
are in a stale of overflow for about the same period prior to an eruption. In 
spite of this surface relationship there has never been any suspicion that winds 
were a factor in delaying the Grand's activity. If surface cooling delays geyser 
activity it would seem that all open crater geysers like the Grand and the 
Daisy would be influenced in some measure by external temperatures. 

Not only do the Grand's eruptive periods seem to be uninfluenced by any 
degree of wind hut they also show an equal independence in function with 
respect to the season. Its eruptions appear to come with as great a frequency 
when subzero conditions prevail as during maximum summer temperatures. 
The eruption data on the Grand for the 1951 summer when compared with 
the data collected during the following winter should bring out this fact very 
forcefully. From May 25. until September 15, 1951. 136 eruption intervals 
were determined. The average eruption interval was 20 hours. The minimum 
interval during this period was 11 hours, the maximum 38 hours. From 
November 9, 1951 until April 28. 1952. 208 eruption intervals were deter-
- All weather temperatures given in this paper are Fahrenheit readings. 
" Fur cause 'if shift see Yellowstone Nature Notes, Vol. 26, No. 6, page 67. 
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mined. The average interval was 14% hours. The maximum interval during 
this period was 22 hours, the minimum Hl/f, hours. Some of the shortest inter
vals during the winter were at the times of suh/ero weather. The coldest 
temperature recorded at the time of an eruption was on Fehruary 24: it was 
32°. and the interval was 1.4 hours, this being nearly 2 hours under the 

winter average. 

Starting on November 22. 1952. an arctic mass of air moved over the 
geyser basin, and for 10 days the temperature ranged well below zero. The 
average minimum temperature during these 10 days was 17.4° below zero. 
During this period 12 eruption intervals of the Grand were determined: the 
average time was 13.4 hours. For the preceding 10 days, from the 12th to the 
21st inclusive. 10 eruption intervals were determined, with an average interval 
of 15.5 hours. The average minimum temperature during this period was 
1 1.6° above zero. 

Castle Geyser.- -All observations to date indicate that the Castle is a 
self-contained unit, although its functional history suggests influences from 
subterranean connections with another spring or springs. For long periods it 
will show a degree of regularity on more than one eruption schedule: at other 
times it becomes very irregular, infrequent, and unpredictable. This behavior 
is characteristic of all gevsers known to have underground connections with 
other units. 

During all of the 1951-1952 winter the Castle showed a high degree of 
regularity and frequency. From November 5 until April 26. 125 eruptions 
were observed: 49 eruption intervals were determined. For from 5 to 7 days 
the intervals would vary from about 12 to 131/" hours, then one interval of 
about 20 hours would intervene to be followed by the shorter intervals for the 
l>eriod indicated. The 15.1-hour average for the winter is shorter than anv 
summer average for which there is a record. It continued playing on the 13.1-
hour average until July 10. 1952. following which dale, and for the remainder 
of the year, the average eruption interval was 14% hours. 

Oblong Geyser.—During the 1951-1952 winter no detailed data were 
kept on the Oblong. Frequent observations indicated a pattern of play com
parable to its summer performance. From November I. 1952 until January 
1. 1953 an effort was made to record as many eruption intervals as possible. 
During this period 12 such intervals were determined. The Oblong is a foun
tain type geyser with a large area exposed to the atmosphere. This, however, 
was no deterrent to the frequency of its winter function. Of the eruption 
intervals checked, the longest was 4 hours: the shortest 2 hours and 55 
minutes; the average. 5.4 hours. For 11 eruption intervals cheeked from June 
through August 1952 the average interval was 5.7 hours. 

The Oblong, like several other springs in the Upper Basin, shows effects 
from spring drainage: the water in its bowl becomes about the same hue as 
the spring runoff in the Firehole River. The Oblongs crater rests on the bank 
of the Firehole. the crater rising about 1U feet above the river. Whether at 
this season of the year the humus-colored water enters the Oblong's water 
supply directly from the river or represents surface drainage has not been 
determined. Whatever the source, it acts as no apparent deterrent to the 
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Oblong's play. In May 1951 while it was clouded with brownish water, an 
eruption interval of 2 hours and 51! minutes was determined. If the melting 
snow water does not affect the function of a geyser |JkP | | l e Oblong, it is 
scarcely plausible that atmospheric temperatures would have anv effect in 
slowing eruptions. 

Riverside Geyser.—The Riverside is a cone Ivpe gevser. and is perhaps 
the most reguhtr of the large geysers in Yellowstone Park. Its small surface 
exposure, like Old Faithful's, should protect it from the atmosphere. As has 
been pointed out. geysers like Old Faithful and Riverside might he expected 
to play as frequently and regularly in winter as in summer if atmospheric 
temperatures were the only factors involved. 

Dur ing the 1951 season, from May 1 to October 1. the Riverside played 
195 times. The average eruption interval was 7 hours and 25 minutes. From 
November 9. 1951 unti l Apr i l 27. 1952. 572 eruptions look place; the average 
lime was 7 hours and 8 minutes. The shortened winter average persisted dur ing 
the 1952 season, being an even 7 hours. D in ing most of the years that the 
author has had the Riverside under observation its seasonal average has been 
near 8 hours. 

Heehive Geyser.— The intervals on the Beehive were carefully checked 
dur ing the winter observations. Its eruptions do not come with sufficient fre
quency and regularity to serve as a possible index to atmospheric influences, 
but its performance is spectacular and all of the eruptions could easily be 
determined. 

References to the Beehive dur ing the first two decades of the Park's 
history indicate that there were some seasons when it played one or more 
limes each dav. D in ing the greater part id the present century it has been 
relatively inactive, and for 25 years, starl ing about 1920. many seasons went 
bv with no observed activity. Starl ing with the 1917 season there was a 
general increase in gevser activity in the Firehole Basins, in which the Bee
hive shared. Since the 1947 resurgence it has played on frequent occasions. 
Starl ing with 1947 the number of eruption.- checked per season were: 1917. 
26: 1948. 18: 1949. 28 : 1950. 2.8: 1951. 28 : and 1952. 8 1 . 

Far lv in November. 1951 it became apparent that the Beehive was play
ing with unusual frequency. From November 8. when the recordings began, 
unti l Apr i l 16, 1952. the Beehive played 118 times. The numbers of eruptions 
per month were as fol lows: November. 18: December. 2 1 : January. 22 : 
February. 20 : March. 18: Apr i l . 11. From May 12 to September 8. 1952. 81 
eruptions were recorded. The eruption on September 8 occurred soon after 
the beginning of an eruption of the Giantess. This eruption of the Giantess 
completely upset the normal activity of most of the springs on Geyser Hi l l , 
including the Beehive. From the September 8 eruption it was dormant until 
November, when its winter rejuvenation started, with 8 erupt ions: dur ing 
December there were 2 1 . and 8 more occurred up to January I when the 
observations ended. 

Old h'uillijul Geyser.—Since a careful and scientific check had been 
made of Old Faithful" dur ing the winter of 1949-1950. the 1951-1952 winter 
observations were directed toward other geysers in the basin. Some of the 
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random observa t ions m a d e over the years were indicat ive that Old Faithful s 
|>attern of activity was essentially the same in winter as in summer . Hanger 
H a r f s au tomat ic record ings bore out these general izat ions . D u r i n g the 1949 
season 1510 erupt ion intervals were de t e rmined ; 35 minutes was the min imum 
interval. !'»! minutes the m a x i m u m : the average erupt ion interval for the 
summer . 6.1.2 minutes . D u r i n g the following winter 2505 e rupt ion intervals 
were mechanical ly de te rmined . The winter record showed a m i n i m u m interval 
of 38 minutes , a m a x i m u m of 88 . with an average of 63 .8 . The winter record 
when compared with the summer one shows an increase of .6 of a minu te : 
the max imum interval , however , for both summer and winter is the same. 
That the .6 of a minute in the average gain of winter over s u m m e r was not 
due to seasonal influences is indicated liy the record of the following summer 
which shows an average of 63.8 minutes for 1250 erupt ion intervals, the same 
as the previous winter average . 

The winter observat ions begun in November 1952 also reveal Old Faith
ful's independence of outs ide t empera tu re . The s u m m e r record for that season 
-hows that 1289 erupt ion intervals were de t e rmined : 35 minutes was the 
min imum. 85 minutes the m a x i m u m : the average . 64 .09 . F rom November 
through December 1952. 619 erupt ion intervals were r e c o r d e d : 39 minutes 
was the m i n i m u m . 77 minutes the m a x i m u m : the average . 63 .6—.19 minutes 
less than the s u m m e r average . F rom November 22 th rough December 1 the 
tempera ture in the Upper llasin ranged between 5 ° and 3 2 ° below zero. 
I he l ime of the average erupt ion interval du r ing these 10 days of subzero 
weather was 63.59 minutes . 

WHAT TKMI'KK VTUKK STl'DIKS SHOW 

Dur ing the 1925-1930 winters . Hangers Phil l ips, Baker. Hanks , and 
I.a.Noue made month ly t empera ture de te rmina t ions of a n u m b e r of hot 
springs in the Upper Basin. Allen and Day's studies of these temperatures 
indicated that " in winter there is no general decline in geyser activity."' They 
were convinced that the great i r regular i ty manifested by many geysers was 
not seasonal . As for smaller var ia t ions , they stale that these " i r regular i t ies 
could only he delected by the aid of e laborate records , but if the quiet inter
vals of the Daisy Ueyser are lengthened perceptibly by s t rong summer winds. 
they should be much further prolonged in the ex t reme cold of Yellowstone 
winters" (1935 . p. 2 1 7 1 . No such "e labora te records ' ' were available for 
comparat ive da ta . 

1 hat Allen and Day consider a tmospher ic t empera tu re as one of tin-
factors to be considered in the gains and losses of heat in geysers is indicated 
by the following: " W h e n the geyser is considered as a system subject to gains 
and losses of heat, we see as the factors obviously affecting these two vital 
condi t ions : I 1 I cooling at the surface of the water c o l u m n : l 2 l rate of influx 
of the cooler g round wa te r : 1.3 I rate of How of the m a g m a t i e steam, or more 
directly, the How of water healed by the s t e a m " (Allen and Day. 1935. p. 
2 4 7 ) . The s tudies that hud been made of winter and s u m m e r tempera tures led 
Allen and Day to conclude that surface cooling in r e t a rd ing geyser activity 
"was of a small o rde r of magn i t ude . " 
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In connection with the 1951-1952 winter observations, the author kept 
a monthly record of the temperatures of 138 springs in the Upper Rasin. This 
temperature record was started in May 1951 and continued through April 
1952. The tem|>eratures were obtained at a depth of about 12 inches, and by 
immersing the thermometer in that portion of the spring where there was 
rising convection. A careful study of this record does not reveal any signifi
cant relationships between the thermal intensity and the time of the year. 

While such a temperature record as the above is important in any studv 
of seasonal influences on thermal activity, an equally great value results from 
the comparative data furnished for determining the waxing or waning of 
thermal intensity over the years. Comparisons of the 1951-1952 recordings 
with those of 1925-1930. shown in the following table, are interesting. 
The 1925-1930 temperatures given represent averages of monthly readings, 
and cover the season from November through April. For about half of the 
listed springs in the 1925-1930 studies, temperatures were determined only 
during the 1928-1929 winter. Of the 138 springs whose temperatures were 
determined by the author, only those for which comparative readings are 
available are included in table 1. The temperatures were taken monthly and 
represent averages for the November through April period. 

The table shows comparative temperatures for 60 springs. These com
parisons do not lend support to the pessimism of a derlining geyser activity 
that permeates much of the literature on the hot springs of Yellowstone Park 
I Allen and Day. 1935. p. 188). Forty-eight of the springs show an average 
gain in temperature of 2.5°. The average loss for the 12 springs which show 
a decline in temperature is 4.8°. The average increase for all springs in the 
study is 1.3°. It is significant that the great majority of the eruptive springs 
show an increase in temperature. This is in harmony with statistical data that 
there has been an increase in geyser activity since the 1946 season over that 
of the preceding 25 years. 

The 4.8° decline in temperature of the Morning Glory Pool does not 
necessarily reflect an overall decline in thermal energy, and the same would 
he true for other springs. A study of the hot springs discloses that the tem
peratures of many are cyclic, periods of increase which are followed by 
periods of waning energy. A decrease in temperature for the Morning Glory 
was noted in the late thirties, lasting until 1943. From 1944 until 1951 its 
temperature was equal to or in excess of the 77.3 average shown for 1925-
1930. Since June 1951 there has been a decline in temperature. Many non-
erupting springs, like the geysers, show great irregularities in temperature. 
In the case of the geysers, the periods of lessened temperature are reflected 
by infrequent activity or dormancy. 

For the geysers showing a decrease in temperature over that of the 1925-
1930 record, the decline in the Sawmill and Vault no doubt results from the 
fact that some temperatures were taken during 1925-1930 at the time of 
eruptions or in the early recovery stages following eruptions. Temperatures 
taken by the author were at the time of a quiet phase, the temperature at this 
time being less than at the time of an eruption or immediately thereafter. 
The Sawmill and Vault are as active now as they were when the 1925-1930 
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T A B L E 1 

C o m p a r a t i v e T e m p e r a t u r e s 

1925-1930 Average 1051-1952 Average Cain or Loss 
Morning Glory 77.3°C. 72.5°C. -4.8°C. 
Sentinel 93.7 94.4 +0.7 
Mortar 92.3 94.4 +1.6 
Fan 92.3 94,1 +1.R 
Spiteful 92.1 93.2 +1 .1 
Riverside 93.9 94.3 +0 .4 
Spa 82.6 87.0 1 4.4 
Rocket 93.2 93.8 +0 .6 
Grotto 93.9 91.1 +0.5 
Giant 94,1 96.4 +2.0 
Mastiff 93.8 96.1 +2 .3 
Oblong 91.9 93.2 +1.3 
Inkwell 91.7 94,1 +2 .7 
Daisv 87.9 91.1 +3 .2 
Brill iant 87.8 91.(1 +3 .2 
Comet 92.7 94.5 +1 .8 
Splendid 91+ 94.5 +2.6 
Bunch Bowl 93.7 95.0 +1.3 
Black Sand Bool 92.2 92.4 +0 .2 
Whistle 64.2 94,3 +30.1 
Spooler 92.8 92.9 +0.1 
Green Spring 75.7 KO,5 +4.8 
Emerald 67.8 62.8 -5.0 
Castle 93,3 93.7 +0.4 
Tortoise Shell 94.0 95.6 +1.6 
Crested Bool 91.4 93.6 +2.2 
Witches Cauldron 93.1 94.4 +1.3 
Calida 82.6 80.0 -2.6 
Chromatic 82.5 77.7 --4.8 
Beautv 75.5 67.0 -8.5 
Wave 60.5 63.1 +2 .6 
Economic 80.1 71.0 -9.1 
Turban 90.0 92.8 +2 .8 
Grand 77.7 80.0 +2,3 
Bulger 91.4 93.3 +1.9 
Sawmill 89.5 83.0 -6.5 
Churn 93.8 80.0 -13.8 
Tardv 88.0 91.1 +3.1 
Spasmodic 92.0 9.3.7 +1.7 
Lion 93.5 94.5 +1.(1 
Lioness 94.5 94.9 +0.4 
Big Cub 94.0 95+' +1.2 
Little Cub 92.2 94.4 +2.2 
Ear 9.3.8 94.0 +0.2 
Beach 86.1 88.2 +2.1 
Doublet 80.2 89.7 +9.5 
Sponge 94.5 95.4 +0 .9 
Teakettle 93.4 9.3.7 +0 ,3 
Giantess 93.6 94.4 +0 .8 
Vault 87.6 86.1 -1.5 
Infant 93.3 93.4 +0 .1 
Beehive 93.7 95.2 +1.5 
Cascade 87.6 86.6 -1.0 
Blue Star 86.2 86,3 -0.1 
Chinaman 93.5 93.7 +0.2 
Old Faithful 94.5 94.1 -0.1 
Artemisia 79.9 31,5 +4.4 
Gem 77.3 85.9 +8.6 
Sapphire 94.0 95+ +1.5 
Silver Glohe 91.8 91.7 -0.) 
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tempera tures were taken. The Keonomie i- dormant , so a decline in tempera
ture would he expected. 

While the monthly tempera ture de terminat ions for the 1951-1952 period 
do not reflect any relat ionship between thermal energy and the season of the 
year, it does not necessarily follow from this that the water in open craters 
is unaffected hy the cold blasts of winter. As has been staled, in record ing 
tempera tures d u r i n g the 1951-1952 study, the thermometer was placed in that 
section of the sp r ing where there was definite upwelling of water . Tempera-
lures here , as the records show, proved to he relatively constant when taken 
under s imilar functional condi t ions . This was not t rue at the outer marg ins 
of many of the spr ings . That much cooler water was be ing car r ied into the 
deeper recesses in winter than in summer was apparent at a number of spr ings , 
par t icular ly the Daisy and the ('.rand. In \ iew of the general belief that 
surface cooling delays the Daisy its case will be considered under the follow
ing head ing . 

HOW S I R T K K H A N K A X CONNECTIONS WITH OTHER SI'KIN'GS 

MIGHT XEEEC.T GKVSF.K BEHAVIOR 

As stated above, the Daisy is known to have u n d e r g r o u n d connect ions 
with o ther spr ings and geysers . These connect ions have occasionally been 
responsible for great i r regular i ty in the Daisy, and at t imes, d o r m a n c y . From 
late in the last century, until the 1951 season, its e rupt ive function suffered 
little from the diversion of any of its thermal energy to other connect ing uni ts . 
Its erupt ion intervals varied from about 75 to 120 minutes . For weeks at a 
l ime there would be little deviat ion from the average, except on those days 
when s t rong winds blew over its surface. For many years it has been observed 
that a wind of near 20 miles" velocity or oxer increases the length of the 
Daisy 's quiet phase, and the s t ronger the wind the longer the interval . Winds 
of .'50 miles ' velocity will increase the axerage erupt ion interval by at least 
20 to 50 minutes . Such observat ions as this led to the theory that the in
creased evapora t ion result ing from the wind cooled the water in the howl of 
the Daisv. thereby r equ i r i ng a longer recovery period between e rup t ions . 
Apparent ly for xxant of a bet ter theory, the above explanat ion was the only-
one given on why winds delayed the Daisy. 

That factors other than surface cooling result ing from the wind might 
he responsible for delaying the erupt ion time of the Daisy first became ap
parent to the au tho r d u r i n g the 1955 season. D u r i n g that season Konila and 
bril l iant Pools and Splendid ( ieyser. first one and then another , would periodi
cally overflow. Normal ly the water in these uni ts s tands at the uppe r r ims of 
their c ra ters , except at the t ime of Daisy 's or Splendid ' s activity, when a 
pronounced d rop in xxaler lex-el in all c ra ters lakes place. It xvas observed 
that an overfloxv from anv of the units connected with the Daisv reduced it 
to a d o r m a n t s ta tus u> long as the oxerflow lasted. Proof that it xvas the 
overflow, say. from Honila Pool I Marler . 1951. p. 5 5 5 ) . that was responsible 
for the Daisy 's inact ivi ty xvas found by d a m m i n g Honita 's oxerflow channel 
with f ragmental s inter . Hydros ta t ic pressure was so sensitive that immediately 
the thermal energy directed away from Daisv to Honila was channeled ha rk . 
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and in a short t ime Daisy responded hv e rup t ing . This exper iment was re
pealed a n u m h e r of limes that season, and lias been m a n y t imes since, not 
only on Bonila hut also on Splendid and Brill iant. Without exception the 
Daisy s response has been to resume normal activity. 

These exper iments in the Daisy Group suggested that the delayed activity 
of the Daisy, occasioned by the winds, was not because of surface cooling but 
because wind blowing over its wide collecling basin served as an agent in 
increas ing the rate of overflow from its cra ter . Wi thout a wind, water will 
normally overflow the sides of the crater from 20 to BO minutes before an 
erupt ion. Heavy winds will more than double this t ime of overflow. This is 
accomplished by increas ing the rate of d ischarge , thereby dissipat ing the 
thermal energy, which in turn increases the length of the interval . The experi
ments with D a i s y s connect ing units revealed its high degree of sensitiveness 
to any loss of water . The winter observat ions offered further confirmation to 
the contention that it is loss of water and not loss in surface tempera ture that 
delays the Daisy on windy days . 

Following the rejuvenat ion of the Splendid Geyser on December 24. 
1951. the Daisy was largely dormant for the r ema inde r of the winter. There 
was a D-day recovery period in Februa ry . Some of the recovery per iods lasted 
for only one e rupt ion , the Splendid then again look over. D u r i n g the periods 
of d o r m a n c y in the Daisy the water would rise in its basin to just about the 
overflow stage, where the level would slay constant until the Splendid erupted 
or the Daisy again became active. Dur ing some of Daisy 's do rman t periods, 
when arct ic air condi t ions prevailed, the water in the outer marg ins of its 
collecting basin froze solidly I pi. 1 ) . That such a s i tuat ion would greatly in
tensify surface cooling oxer evaporat ion effects from s u m m e r winds is patent. 
\t el it was d u r i n g such a condit ion of icing that the thermal energy was ob
served on two occasions to shift from the Splendid to the Daisy, with the Daisy 
erupt ing on a period of overflow no longer than is average in summer . 

The fact that gevser activity in open-crater geysers is as intense dur ing 
subzero weather as d u r i n g summer el iminates surface cooling from winds as 
the true explanat ion for D a i s y s delayed activity on windy days in summer. 
That the Daisy is the only gevser in the lTpper Basin whose function has been 
suspected of be ing affected by the winds would of itself make such an explan
ation ques t ionable . The winter observat ions , as well as the exper imental work 
on the uni ts connected with the Daisy, a re convincing that the delayed activity 
resulting from the wind is caused by the increased rate of d ischarge. The 
wind literally rolls a heavier How of water over the side of D a i s y s collecting 
hasin. thereby d iss ipa t ing its energy. Only one other geyser in Yellowstone 
I 'ark is known to be affected by the wind—the Morn ing Geyser in the 
Lower Basin. It is even more sensitive to wind than the Daisy. The author 
has no record that the Morning has ever erupted when winds were s t rong 
enough to p roduce a wave action over its large collecting bas in . These waves 
increase the rate of d ischarge , upset t ing a delicate ba lance . Dur ing the 10 
days of subzero weather in .November 1952. the a i r was calm, and the Morn
ing's erupt ion schedule was unaffected. 



During the Daisy's dormant periods, when arctic air conditions prevailed, the water 
in the outer margins of its shallow collecting hasin froze, solidly. 
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REASONS FOR SEASONAL CONSTANCY IN THERMAL ENERGY 

A numher of theories have heen proposed to account for the seeming 
seasonal constancy in the thermal energy for the hot springs in Yellowstone 
Park. Allen and Day have given this prohlem considerahle thought, and 
state: "'If surface cooling is important as regards geyser intervals, it is 
possible that its effects may he modified by variations in the volume of 
ground water. In the climate of Yellowstone Park, much of the precipitation 
which in warmer weather finds its way into the ground is withheld from cir
culation in winter in the form of ice and snow. Reduction from this cause 
may conceivably go so far that considerably less heat is required to raise the 
remaining water to boiling, leaving another portion of heat supply free to 
compensate for the increased losses due to the winter cold. Such variations 
in ground water may also explain why in winter there is no general decline 
in thermal activity" (Allen and Day. 1935. p. 227) . 

If such an explanation as the above should prove valid. Allen and Day 
admit that it would demand that "changes in volume of ground water must 
he attended hy similar variations in discharge."' Winter measurements of dis
charge have never heen attempted. The hot spring activity of winter, however, 
furnishes some very useful and forceful data. With the exception of the Lion 
Geyser, all the geysers in the Upper Rasin for which records were kept showed 
an increase in discharge during the 1951-1952 winter over their previous 
summer record. For some geysers, the Grand. Giant, and Beehive, this increase 
in discharge, as reflected hy their increased activity, was marked. The flow 
from no spring showed any evidence of diminishing. It is appreciated that 
such an observation as the latter is subjective, hut waning discharge of any 
spring is immediately reflected hy its effects on the algae in the drainage 
channels. In only one spring was any decrease of flow observed during the 
winter. This decrease was not due to changes in the volume of ground water, 
hut to exchange of function. The Chromatic Pool ceased to overflow in Feb
ruary, and this cessation was immediately attended hy an overflow of Beauty 
Pool. There is periodic exchange of function between these two springs. The 
shift hack to the Chromatic look place in July 1952. 

In explaining the absence of any marked seasonal variations in the 
thermal intensity' in the main geyser basins, one important lead has not been 
given due consideration—the character of the ground through which the 
springs issue. Allen and Day recognized the great amount of glacial drift that 
is in evidence in the geyser basins, and that "the prevalence of these gravels 
in so many thermal districts of the Park indicates the probability that they 
may underlie large parts, if not the whole of this area." Yet. certain inter
pretations (Allen and Day. 1935. p. 123. 236) they made from their analyses 
of hot spring waters, which could have been better explained had they recog
nized an exchange of function between neighboring springs, prevented them 
from recognizing the importance of glacial gravels in explaining the seasonal 
constancy of hot spring activity. 

The bore hole put down by the Geophysical Laboratory in 1929 behind 
the Old Faithful Inn went through 220 feet of gravel. A careful study of the 
mounds of most of the large cone geysers. Old Faithful. Castle. Giant, etc., 
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reveals that these mounds are mere shields rest ing upon the glacial drift . The 
au thor ' s observat ions d u r i n g the past several years have established that the 
major i ty of the hot spr ings in the I pper Geyser Basin a re connected sub-
terraneously. connect ions which appear logical when it is considered that 
glacial gravels in depth under l ie the greater port ion of the bas in . That the 
gravels a r e much more permeable than the rhyoli le is of utmost impor tance 
in account ing for the circulation and supply of water in this b a s i n : the same 
is t rue for the Midway and Lower Geyser Basins. 

It is the au thor ' s opinion that the major factor in account ing for the 
seasonal constancy in thermal energy is to he found in the huge s torage 
basins afforded by the glacial gravels. Var ia t ions in seasonal precipi ta t ion, 
or the fact that snow and ice retard the replenishment of water du r ing winter , 
represent such a small fraction of the total g round water that nei ther shows 
its effect- that is. from season to season. 

POSSIUII.ITY Of IVCKKvSK IX FUNCTION IX WINTER 

The great increase in activity of most of the geysers d u r i n g the 1951-
1952 winter over their previous summer functioning seemed to lend credence 
to the possibil i ty that, instead of a lessening of thermal manifes ta t ions du r ing 
the winter , there was an increase in their intensity. No such general increase 
character izes the average winter, however, as was m a d e evident by the fact 
that the Giant . Biverside. and Grand not onlv cont inued on through the 1952 
season playing on shor ter intervals but through the s u m m e r showed addi t ional 
decrease in average l ime. The increase in function d u r i n g the winter over the 
previous summer , if it proves any th ing for most geysers, shows how inde
pendent they a re of the season of the year . The increased activity of the 
( b a n d and the Giant a re readi ly explicable when the behavior of o ther erup
tive spr ings with which thev have unde rg round connect ions is taken into 
cons idera t ion . 

The cases of the Biverside and the Beehive a re not so easily unders tood 
as a re those of the Giant and Grand . The au thor has observed for a number 
of seasons that in October the Biverside plaved on a shor ter interval than 
d u r i n g the previous summer . The activity of the Beehive d u r i n g the 1951-1952 
winter , and s ta r t ing again in the winter of 1952-1955. was so far in excess 
of the act ivi ty in any recent summer season as to suggest that it. as well as 
the Bivers ide. e rupts more frequently in winter than in s u m m e r . Only several 
winters of cont inuous observat ion could establish whether or not this is the 
case. 

Should it be proven that some geysers plav more frequently in winter 
than in summer , it would be logical to assume that for the basin as a whole 
there should be a general increase in thermal energy in winter over summer . 
The fact that there is no movement of g round water from the surface down
ward d u r i n g most of the w inter suggests the possibil i ty of increased tempera
tures for c i rcula t ing ground water . 
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C O M I.IISION 

The lat i tude and al t i tude of the geyser hasins of Yellowstone P a r k suh-
jeel them to one of the most r igorous elimatologieal condi t ions in the United 
States, so far as t empera tu re is concerned. The mean annua l temperature 
determined hy the U. S. Wea ther Bureau in the southeastern section of the 
park, where the main geyser hasins are located, is 3 5 ° . The mean tempera ture 
for the 0-monlh period from April through October is 4 8 . 9 ° . while for the 
remain ing 6 months it is lu.<8°. The winter shows a depa r tu r e of 31.1° from 
the summer mean . This great d rop in t empera tu re d u r i n g the winter would 
he presumed not only to affect the surface t empera tu re of all spr ings possess
ing large open cra ters hut also to have a re ta rd ing effect on the function of 
many of the erupt ive spr ings belonging to the fountain classification. This 
latter postulat ion becomes more tenable when cons idera t ion is given to the 
tr igger balance which many of the geysers possess. 

Some of the geysers , such as the Beehive, heat up to a slate where the 
gains and losses in heat seem to he evenly balanced. That they remain in this 
slate for long per iods is evidenced hy the observat ion that a small quanti ty 
of detergent will induce an immedia te erupt ion , with no preceding eruption 
having taken place for weeks. C.evsers so delicately balanced between gains 
and losses in t empera tu re would be presumed to be sensitive to marked 
changes in a tmospher i c t empera tu re . That such is not t rue is shown hy the 
Beehive's winter act ivi ty. 

The winter s tudies carr ied on to date have not succeeded in finding 
significant differences between the thermal intensity of s u m m e r and winter 
which could be expla ined as resul t ing from surface cooling. This lends sup
port to the thesis that the cooling effects of the a tmosphere on any spring, or 
any factor such as wind, which might produce a cooling of the surface water, 
leave the thermal intensi ty of that spr ing unchanged . If results of the investi
gations to da te mav be taken as a true indicat ion, the evidence seems com
pelling that the frequency of a geyser 's activity is not adversely affected by 
a tmospher ic t empera tu re . 

In expla in ing the seeming immuni ty of the hot sp r ings to seasonal 
changes in their energy output , a number of possibil i t ies present themselves: 

t 1 I The s torage bas ins from which the hot spr ings draw their water supply 
are of such a vo luminous charac ter as to leave their d i scharge unaffected 
from season to s e a s o n ' . l 2 ) The almost complete s toppage d u r i n g the winter 

months of surface seepage in replenishing the water supply might result in the 
circulation of wa rm er g round water d u r i n g that season. I 3) The underground 
s t ructure of at least the erupt ive hot sp r ings—observa t ion has proven that 
the major i ty possess geyser potent ia l—is no doubt of a charac te r that 
prevents downward convection from reach ing that section of the geyser 's 
p lumbing where the erupt ion is init ialed. If the above suggest ions present a 
t rue pic ture , they pose the chance of greater thermal intensity in winter than 

in summer . The behavior of the Beehive and Riverside is suggestive. Much 
addi t ional da ta a re necessary before this in t r igu ing possibi l i ty can be an
swered with sat isfact ion. 

1 Kelerenee is malic only to those springs remising cm the main llcinrs of the geyser 
hasins. Springs on hillsides and glacial shoulders are affected hy the season. 
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