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FOREWORD

Since my first summer in Yellowstoné the Norris area and

particularly the Geyser Basin has held fast to a spot high on Iy

1ist of favorite places. The writing of this account has afforded

me a great deal of personal satisfaction, and it is my sincere hope
that every reader may experience a great deal of the same a8 & re-
sult of his association with it, I am sure it will have served a
useful purpcse indeed if it inspires readers to go into the area to
observe and enjoy it first hand. T can predict with complete assur-
ance that no person wWno does so will be disappoihted.

The Norris Geyser Basin displays no geysers comparable in

size to the major ones found in the Lower and Upper-géyser basins
-along the Firehole River, pbut people who xnow it well and those who
take time to appreciate the great variety of thermal features found
here consider it to be one of the most interesting and appealing
thermal areas in Yellowstone National Park. In this basin are repre-
sentatives of'evéry type of thermal feature; minute fimaroles no
largervthan pipe stems emitting blistering hot gases and depositing
peautiful sulfwr crystals, geysers erupting upwards of 50 feet, beauti-
fully colored quietly gbullating het pcols, cuperheatod stean vents
roaring with demoniac fury, sizzling "frying pan" springs and bubbling
caldrons of different colored muds. 431 these aﬁd many more related
types of hydrothermal vents have intrigued visitors to the Norris
Geyser Zasin since its discovery $n 1872, and although no geyser found

there has attained Old Faithful's stature and the area is thus by
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comparison unknown, it is hoped this publication may help establish
the Norris Geyser Basin in its.rightful high 2lace on the long list

of Yellowstone wonders,
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NOFRIS GEYSER EASIN

Location and Size

.The Norris Geyser Basin, at an elevation of 7550 feet

is located about 21 miles south of Mammoth Hot Springs on the western

side of the grand loop highway to 0ld Faithful, and is the first gey-
ser grea seen in Yellowstone National Park by one traveling from the
north on this route. At Mammoth the;e are nmeny and varied hot springs
but no geysers, Norris Geyser Basin consists of approximately 50
acres of sinter deposits inaiscriminately spotted with hydrothermal

features, The greater part of the basin is contained within a rec-

tangular area one mile long by one-half mile wide, It is actually

..more of a minor depression than a true basin, as it drops away from

one rhyolite drainage slope which bounds it on ﬁhe east to its
western beundary, the Gibbon River, The expanse of whiteness dis-
played by that part of the basin generally viewed by passing motorists
is regarded by some as unattractive, This barren appearance together
with the strong odor of hydrogen sulphide is sufficient cause for

some to bypass it and thus miss one of the outstanding areas in Yel-
lowstone, On closer examination this basin never fails to impress

the visitcr with its striking display of plant and mineral color and

variety of thermal features,
Discovery

The Norris Geyser Basin was the last of the major thermal
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afeas now embraced by the boundafies of Yellowstone National Park
to be discovered by white men, -One éontingent of DelLacy's party of
gold-seekers discovered the Shoshone Geyser Basin‘ in September of
1863, The Folsom-Peterson-Cook party of 1869 visited the Shoshone,
West'Thumb’and Lowér Geyser Basin areas, In 1870 the Washburn party
saw the latter two and also the Heart Lake Geyser Basin, They dis-
covered and christened 01d Faithful_and many other thermal features
in the Upper and Midway Geyser Basins, But the Norris area, in fact
the entire vast region 1lying between the junction of the Yellowstone
vith the Gardner River and the confluence of the Gibbon and Firehole
Rivers)Was missed by all of these early visitors, 'DeLacy came in

via the Snake River and left by the Madison, while both the Folsom-

Peterson~Cook and Washburn parties entered by the Yellowstone River

and left using Delacy's route down the Madison and thence +o Virginia
City, Montana,

The records agree that white men did not see the Norris
Geyser Basin ﬁntil 1872, but as to whether it was Dwighﬁ Woodruff gg:
E. S. Topping or both who first saw the steam clouds rising to the
south from a vantage point on top of Bunsen Peak, and whether this
observation tock place in July or the fall of that yea;,there is some
divergence of opinion, At any rate these two men, having become aware
of the presence of thermal activity south of Bunsen Peak5journeyed
in that direction and a day and a half later discovered the area

which is now called the Norris Geyser Basin, _It is perhaps pertinent
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fo observe that Woodruff and Topping probably saw the vapor rising
from the thermal é;;E at. Roaring Mountain rather than at Norris
Geyser Basin, but Shey belng in an exploring frame of mlngﬁég;ssed

on past these phenomena to discover the larger area further south,
Shortly thereafter a party.which includéd Mr, and Mrs, H, H, Stone

of Bozeman, Montana, whose descendants still reside in that area,
made the trip from Mammoth Hot Springs to Norris Geyser Basin to see
this newly discovered geyser area, This trip subsequently took the
Stone party to Yellowstone Lake and the Upper and Lower Geyser Basins,
and thus it was that Mrs, Stone became the first white woman to tour
this 2523 of natural wonders within a very few months after it became

ré
the first/N;tionaleark.

General Description

Coming into the Norris.Geyser Basin from Norris Junction,
that part of the area lying immediately to the right of the road is
known as the Porcelain Basin, and is generally considered the most im-
portant section of this thermal area, This opinion, however, is not

|
whole-heartedly shared by those who are familiar with the diverse and‘
colorful features lccated to the north in the Hundred Spring P
and southward from Dr, Allen'é Paint Pots to the Gray Lakes,

Porcelain Basin is an area of mixed character which contains
many superheated vents, including thé Black Growler Steam Vent, long

recognized as the hottest vent in Yellowstone National Park, and

several geysers, mostly small with one, the Valentine, approaching
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first magnitude, The landscape seen and the impression gained as
this basin is viewed from the highway varigs greatly with the type
and time of day and the season of the year, Under a high.bright sun
in midsummer it may appear more brilliant and monotonous than it
does earlier or later in the day when it is especially colorful and
interésting. The copious.amount of steam is not present at midday
in July, but during the cooler portions of the day and especially in
winter it forms a pall of vapor, a great fluffy white blanket, making
the thermal featﬁres themselves almost invisible and on occasions
makes.driving along the road more than a little hazardous, Viewing

the basin from the road under favorable light conditions it is pos-

sible to see on the basin floor below a striking and varied display
of color; the blue of deep springs contrasting with the white of the
sinter} yellow of delicate sulfur.deposition around some features,
and a blending of yellow and blue to pale green, Red énd yellow
splashes.of arsenic sulphides, red iron oxide, often the deep brown
of heavy rust, together with the emerald green of the algal growth
add vigor and brilliance to the colorful scene,

From the front of the museum the Porcelain Basin is seen
to the'right, or slightly east of due north; slightly west of north
are seen low-light colored hills bearing lodgepole pine trees, beyond

| which lies the bne Hundred Spring Plain portion of the Norris Geyser

Basin about one-half mile away, There is no trail into this area,

¥

and thus one should endeavor to explore it only after consultation

with the man on duty at fhe museum, Forming the horizon ten miles
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to the ﬁopthwest is the southerg segment of the Gallatin Range ter-
minating in Mt, Holmes, Looking from the rear of the museum one

would little suspect that in that difeétion another large, colorful
and extremeiy interesting portion of the Norris Geyser Basin extends

another one-half mile southwestward to the Gray Lakes, ‘The three

- loops of the self-guiding trail which begins a short distance south

of the museum.area, enable one to explore this area and on a one hour
trip a great deal can be learned entirely on one's own,

Thermal features in the whole of the Norris Geyser Basin are
nuherous, closely grouped and often supérheatéd; as a result much of
the ground is rendered weak and unréliable in its ability to permit
safe travel, For this reason all visitors are cautioned tp "stayvon

the constructed walks' in the Porcelain Basin, follow the trail metic—‘

" ulously on any trip into the.southern part of the basin, and not to

go into the One Hundred Spring Plain at all unless accompanied by one

who is thoroughly familiar with that area,

Museum and Public Service

Situated on the wooded knoll arcross the road from the
Porcelain Basin is the Norris Museum, a structure built in 1930,
which, because of its rustic appearahce, uniqué design, and con-
struction of huge logs and rough stone, continually elicits much

praise for itself from architects, builders and the average visitor.

No serious visitor to the Norris Geyser Basin should miss this museum,

From its exhibits may be gained much valuable information about the
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area, and the Park Ranger Naturalict on duty is available to answer

questions and regulérly escorts groﬁps of interested visitors through

the Porcelain Basin, The museuﬁ is the focal point from which most

visitors arrange to see the Norris Geyser Basin, either by joining

the Naturalist on a conducted trip or on an exploring venture on
 their own,

For the accomodation of museum visitors, a large parking
area is located about 100 yards northwest of the museum, and rest
room facilities are provided in a building about the same distance
in the rear, Drinking water is available from a fountain near the

top of the stairs leading down to the highway,

Theory of Geyser Action

Thq»geysers in the Norris Geyser Basin and in Yellowstone
National Park generally are unqﬁestionably the most distinctive’nat-
ural features found in the area, To better understand them certain

questions require answers: What is a geyser? How does it differ

from an ordinary hot spring? What is the theory as to why geysers
behave as they do? .

A geyser is a special type of hot springwhich at uncertain
intervals erupts or gushes water upward from a vent in the ground,
The height ana volume of'the eruption varies wideiy from a few inches
to as much as perhaps 200 feet, a few cups full to as much as 1,000,000
gallons, The water duriﬁg an eruption may take the form of a slender
jet of diminutive size or a column several feet through; it may be a

swirling mass of atomized and assoqiated solid streams or sheets of

4

-




?—-.‘—--—-

Watson-Norris-page

water, a formless,.hiéhly agitated splashing mass, a few or many
s@all or large buﬁbles, or nothing more than a swelling dome'on the
surface of an otherwise quiescent ho£ pool, The important qualifica-
tion is that some manner of eruption must take place intermittently,
as it is this intermittent tendency to erupt which sets it apart froﬁ
the 6rdinary hot séring, The type of plumbing system which exists
below the surface vent of a hot spring 1argeiy determines whether it
is a geyser or simply a hot spring, and upon this point rests the
most commonly acceoted theory of geyser behavior, In order to make
this theory intelligible some explanation és to the source of the
heat and the water fér all thermal features in Yellowstone, whether
fumarole, mud pot, ordinary hot spring or ge&ser, éhould be made,

Dr. Eugene T, Allen and Dr, Arthur L, Day in their The Hot

» Springs‘gg the Yellowstone National Park state:

L gases with excess of steam have also been expelled
from solidified rock and therefore in all probability are a part of
the rock and come from the reservoir which is the source of all vol-
canic ejecta, OSuch reservoirs we call magmas, masses of molten rock
similar to ordinary molten lavas in eﬁery way except that they con-
tain more water and other volatile matter.," Simply stated this means
that the initial source of heat is the mass of molten rock, called
magma, believed to exist at an undetermined depth beneath the geyser

basins which in a sense may perhaps not improperly be considered

" residual from the time not too far distant, geologically speaking,

when volcanic forces were expelling molten rock out upon the surface
of this area, Drs, Allen and Day also believe that a "zone of

magmatic steam", that is steam derived from the reservoir of molten

1O
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rock below, lies above the molten rock, and thaf "hot springs are

the result of circulating ground waﬁer heated by rising jets of
natural steam", Thus the Heat is accounted for, and the ground water,
which is supplied to the springs by natural cracks and subterranean
waterways of all kinds, is quite generally believed to be derived al-
most entirely from the rain and snow which féll on the surface of the
area, The source of these essentials of water and heat for hot springs
having Been explained, the theory of how they are handled by nature

to produce in one case a simple hot spring and in anothef a geyser

may now appropriately be discussed,

. This theory may best be explained by frequent reference to
the accompanying diagrams, Figures 1 and 2, page ____. Each diagram
shows the same zone of sﬁperheated steam, which is the zone of magmatic
steam mentioned by Drs, Allen and Day, Abéve this in each case is
shown a zone of similarly fractured rock material through which the
water may circulate aﬁd seep downward to come in contact with the
superheated gases, ﬁostly steam, rising from the magma, Thus far
conditions are essentially parallel, Inspection of ;he two diagrams,
however, reveéls an entirely different plumbing system below the two -
surface-yents, a difference which is believed to be basic in rendering
one a simple hot spring, Figure 1, and the other a geyser, Figure 2,

Figure 1 portrays a simple, relatively straight and uncon-
stricted tube reaching downward from the well of the spring into which
is fed seepage water from the surface gathered by the underground
system of cracks and related.drainage ways, At some depth, which is
not known and may vary greatly from one location to another, the super-

heated gases, mostly steam, rising from below are presumed to come in

L .
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" branches out into a very complex plumbing system consisting of large
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contact with the water in this tube and begin to heat it, Continued
application of heat results in establishment of a circulating system
in which the heéted water rises to the surface.to be replaced by the
influx of cold vater into the tube from the surrounding ground, Since
the tube is relatively free of impediments to circulation, the heated
water rises freely to the surface and the result is an ordinary hot
spring which will overflow at the surface if the influx of ground
water exceeds in amount that lost to steam, The temperature of the
spring may vary from tepid to superheated, depending upon the volume
of water supplied to the system compared to the volume of steam
applied_to heaﬁ p by

Figure 2 portrays a‘simple tube reaching downward from the

well of the spring for ohly a comparatively short distance before it

and small chambers in-the rock and deviously routed variable-sized
conhecting channels, Into this system seepage water from the surface

is fed and heated as described above in the case of a simple hot

spring, In this system, however, free circulation of the heated

water is prevented by its complexity of constricted tubes and chambers.,

|

Authorities agree that the geyser eruption must be initiated [

by boiling which begins in one of the side chambers connected with the

main geyser tube by a narrow passage, The bubbles thus created in the

chamber are forced out by steam pressure into the main tube and thence

rise to the surface, The passage of these bubbles is believed to
sufficiently lighten the weight of water in the tube to allow the
steam pressure in the system to expell some water from the surface

vent, This in turn results in further lightening of the load and

(9 ‘ |
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“eonsequent conversion of superheated water, .this time perhaps in

pressure to either augment the firﬁgLiigztion or cause another one,
Yoy Such chain reactions as this, effécfing firét‘one, then another, and
finally all parts of the system eventuélly resul£ in sufficient re-
1ief of weight of water in the system and consequent formation of
adequate steam pressure to tring on the major eruption which clears

it of most of its water, Thus relieved, the system is free to refill

with water again in preparation for a repetition of the cycle.

Data from Hot Springs of the Yellowstone National Park

The following interesting information about the Norris.
. Geyser Basin was gleaned from statements co-authored by Drs. Allen

-and Day found in their publication Hot Sorings éi the Yellowstone

National Park:

1, As to the origin of the colors at Norris: "It is these colonies
of algae (micro-organisms) the minor mineral deposits like free sul-
fur, red or Erown oxide of iron, black oxide of manganese and red
and yellow sulphide of arsenic, which, taken together with the blue
of the clear deep springs, contribute the pigments in the beautiful
‘natural pictures that delight the eye of the beholder at Mammoth
Springs, Norris Basin and the Yellowstone Canyon",
2, "The highest conteﬁt of silica (the mineral matter of which
geyser cones are formed) in any spfings of the Park occurs in somé
" of the Norris waters,"

3, "Why more silica does not deposit" is a question " uite beyond
. q

/ 3
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our ken", In this connection it is appropriate to point out that
geyser cones, such as found espéciallj in the Upper Geyser Basin,
are nonexistent in the Norris Geysef Basin,

4. On the rate of aeposition of siliceous siﬁter they say: "Crude

attempts to measure the rate at which siliceous sinter deposits

“have all led to the conclusion that it must be very slow", 'Not

only do the limits-of thickness on different blocks vary greatly,
from 0.1 to 2,7 mm in the Upper Basin, but also the coating on the
same block is irregular, patchy in character, indeed muéh as we
find it on the ground of the basins",

"The most remarkable depoéits of silica anywhere obtained
were formed at the edge of the Porcelain Terrace (Norris Geyser

Basin) above the Opal Spring, —---—- Two blocks were set out in

" the nath of the running Vater mmeme— they were chonped out with a

-pick after a period of approximgtely eleven months, Across the

thickest portions of the deposit, sections were sawed and measured,
The maximum thickness of the sections was 24mm and 32mm respectively."
Thirty-two millimeters equals slightly less than 1} inches,

Contrasted to this is the statement regarding the deposi-
tion of calcareous sinter or travertiﬁe, the material from which the
Mammoth Hot Springs terraces are formed: "-——the maximum rate of
deposition in.the Marmoth area was 22.2 inches per year, and the
average rate 8,3 inches,"

5, In speaking about the discharge of water from the Norris Geyser

Basin they say: "The variation =—--—— runs hand in hand with the

decline of rainfall."
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6. The discharge of water from the Norris éeyser Basin averages
less than 3 second feet compared to an average of 17 second feet
from the Upper Geyser Basin, .

7. They sa& about the amount of dissolved mineral matter carried
avay by tﬁe Hot Waters pef days P ——————we find that the total dis-
‘charge of solgble material per day of 24 houré would emount to-—---
390 tons "for the entire park, and for the "Norris Basin 5220 kilo~
grams" or about 6% tons,

8, "Chlorine, as chloride, and gases, including hydrogen sulphide,
~are more abundant in the alkaline springs of the Norris area than
in any other geyser basin that has been sufficiently investigated,"
9, In regard to formation of sulphﬁ?ic acid and its effect: "Field
observations leave no room for doubt that, in warm ground, hydrogen
_sulhhide, free sulfur, or both, are oxidized further to sulfuric
acid, ------The chemical action of sulfuric acid -————— has been
found to be what might have been expected; soluble rocks-~--dissolve;
susceptible minerals of -----rliyolite, etec, === are more 6r less
readily attacked and the rock gradually goes to pieces,"

10, Their comnents on mud-pots were: "The nature of the insoluble
~matter in mud-pots, mostly clay and opal in a fine state of division,
———-, suggests that each is derived in the same way, namely, by de-
composition of the rhyélite rock with sulfuric acid, ------The study

of mud-pots brings out two important points -—--——- , Tirst, these
peculiar manifestations are simply extreme cases of the sulphate type

of hot spring, the mud of which is of their own meking--the insoluble
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proauct of rock leaching by acid water; and.second, scarcity of |
water, as an essential condition of the leaching process in all
sulphate springs, is strongiy confirmed;" . \
11, Thelr feference to superheatedAggggg was: "'In no other area

of the Yellowstone Park is superheated steam so rnuch in evidence as i
-at the Norris Basin," "Steam superheated at the surface must have

remained supe?heatéd throughout‘its passage from the magma", which

is the reservoir of extremely hot, m@lten, or potentially molten,
rock existant in the earth below from which is derived all of the
heat for the hot spring areas, .

12, In commenting on suverheated gézgg they say: 'From numerous ,
observations it is concluded that this water rises from a hotter | ‘

‘zone in the depths of the spring as.a result of a density lower 3 I
" than that of the surface water. Ascending in considerable volume

from & level where the pressure keeps it from boiling, it quickly
reaches the surface where the reduction in pressure brings it above
the boiling point,"

"S1ightly lower maximum surface temperatures in Norris Springs (not o
steam vents) as compared with those of other geyser basins are due |

to the general absence of superheated waters, a result of the

shallower springs and the more abundant gases,"

13. In comparing the félative age of the Nﬁrris Geyser Basin and

the Upper Geyser Basin this is written: "The problem of the relative
age of the two basins as reckoned in centuries is much too complex
for us, but in the light of the whole body of evidence, ——--- the
Norris area, viewed either chemically or thermally, appears to rep-

resent an earlier stage of hydrothermal avtivity t{han.that of other

G R S SOy
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geyser basins.ﬁ
An observation which I madévin regard to the fissuring
in the rhyolite of the Norris Geyser Basin is of interest and perhaps
real geological significance. During the roufing work of determining |
size and general orientation of the surface orifices of the hydro- i
‘thermal features in this basin it became apparent that there is a
dominant tendency for them to display length in a northwest to south-
east direction, This characteristic is readily noticeable at each
of the following vents: Valentine Geyser, Ledge Geyser, Dark Cavern
Geyser, Hurricane Vent, Ebony Geyser, Steémboét Geyser, Veteran
' Geyser, Monarch Geyser Crater, Minute Geyser, Emerald Spring, Bathtub

Soring, Echinus Geyser, Perpetual Spouter, and Rock Spring, It is \

[
. mental pattern of jointing in the underlying rhyolite of this area, i
|

"and perhaps of the whole Park,

Algse in the Norris Geyser Basin ,

0
1
l
I
1
I
l. suggested that these surface expressions probably reflect a funda- , |
1
i
i
' During the summers of 1932 through 1937 Dr. Arthur Nash,
Park Ranger Natﬁralist, mede a study of blue-green algae in Yellow— A‘
' stone National Park., The following observations and comments rela- ‘
tive to algae in the Norris Geyser Basin substantiated by statements
l quoted from Dy, Nash are significant, \
I In the shallow running water of the Porcelain Basin Dr. |
‘{ o Nash found several/]species of blue-green algae in regard to which he
I | ﬁrote: "Zygnema sp'. contributes largely to the brown coloring in |

 temperatures between 62° and 32° C. (143.6° F, and 89.6° F,) Being a |
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relatively large plant it here masks Pleurocansa caldaria which con-

tributes largely tona green coior wvhen it is abundant, Pleurocapsa
caldaria is abundant and Zzggemé is only occasional between 45° and
249 ¢, (113° F, and 75.2° F,) and so the coating is green. The

black filamentous growths between 26° ang 22° C. (78.8° F. and 71.6° F)

, 7
are made by the abundance of Microspora loefgreni var suecia a compara-

tively large --- alga,"
In one of the small streams north and west of Constant Geyser
he mentions a "thin green plant coating along the entire length (about

200 feet) of stream" in waters ranging from 104° F, to 89,6° F. which

".——is made green largely by the abundance of the alga Elgg;gcansa
celdarig---."

In Sieve Lake and its drainways he fouﬁd two micro-organisms-
. existing as "gray to brown filamentous plant growth at edges of the
shallow lake and extending in small shallow stream southward about
75 feet spreading out on Porceléin Basin"" in water  ranging in tem-
perature from 77° F, to 73.4° F, "The combination of Zygnema and

7
Microspora loefereni var, minor seemed to make the more gray colors."

The hotter waters draining from a small spring near Ebony
Geyser were found to contain a "yellow to green plant coating appear-
ing about 10 feet from the source of the spring and extending down

stream about 45 feet" in water ranging from 160° F. to 120.2° F, In

this case Dr. Nash further states that: "Phormidium rubrum was abun-

dant and Gloeothece Yellowstonense was common,". Regarding algae found

further down stream in water ranging from_122° F, to 86° F, which he
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observed formed a "green to brown plant coating on lower slopes" he

went on to state that: "Gloethece Yellowstonense was abundant,

Phormidium rubrum was sparse and Pleurocapsa caldaria was sparse,”

Dr, Nash's writing indicates his belief in the strong possibility
that the presence in varying abundance of diverse species of algae

can "——— make the difference in color where indicated."

Bore Hole Investigation

In connection with the study of hot.water'phenomena by Drs,
E, T, Allen and Arthur L, Day in Yellowstone National Park for the
Geophysical Laboratory, two bore holes were drilled in geyser areas,
One was in the Upper Geyser Basin near Old Faithful and one at Norris .
" Geyser Basin, The féllowing are sime interéstiqg facts relative to
“the drilling at Norris Geyser Basin gleaned from the report of Dr.
Clareﬁce N, Fenner, who was actively in charge of the operation,
The bore hole at Norris Geyser Basin was drilled in the
area of hot ground between Congress Pool and Nuphar Lake some 200
to 300 feet east of the road, The drilling was begun in August of
1930 and completed during early October, and was done by Vence Butler
who had drilled several steam wells in California and elsewhere, This
test hole was drilled to a final debth of 26/ feet 10 inches, and by
that time such critically dangerous conditions relative to high steam

pressure and temperature had developed that "it was finally decided

S S S N an Em En ii;’l P | -lll ‘llll s i m

that it was futile to continue," The highest temperature encountered

was 401° F, and the greatest pressure was 297% pounds per square inéh,

. ; to which somewhat less than 15 pounds per square inch should be added

2T o S e
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to arrive at the absolute pressure, .

The following information relative to the difficulties en-
countered in the drilling of this test hole are quoted from Mr,
Fenner's reﬁort:

‘"In the Norris hole the rock penetrated was evidently broken
by fissures and joints., This is indicated by irregularities of pressures
and temperatures, VFor instance, on September 9, at a depth of about
244, feet, a pressure reading in the ﬁorning gave‘181 pounds, but the
next day, after steam had been allowed to blow off for some time, the
pressure had dropped to 88 pounds, On éeptember 11, the reading in the
morning was 89 pounds, During the déy a fissure was passed through in
drilling, and the pressure increased suddenly - to 225 pounds, Thé
next day the reading was 250 pounds, .

"The drill contractor became apprehensive that with such
»high pressures brought close to the surface the shattered rock would
be blown out bodily and a great crater would be formed, Driliing was
discontinued for several days, and a heavy mass of concrete, rein-
forced with iron tie-rods, was laid, covering a considerable area ad-
Jacent to the drill hole, Steam was allowed to blow off continually
during this time, with no indication of diminution of pressure; in
fact, a reading taken a few days later, before drilling was resumed,
indicated 2973 pounds (ébove atmospheric pressure),

"The temperature a few hours later was found to be 401° F,

The high temperature and pressure were undoubtedly due to steanm coming
up through fissures from a lower region, - According to calculations,

the pressure was more than sufficient to 1ift the weighﬁ of a column
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sf rock extending from the bottom of the hole to the surface, Appar-
ently it was only because of the 1nterlock1ng of the jointed masses
that there was not an upheaval When the thermometer was examined
after the last measureﬂent; the surface of the glass was found to be
blackened and etched, though it had been wrapped in cloth and placed
in an iron receptacle, ‘

"These great pressures and high temperatures rendered every
phase of the work difficult and slowed down progress very greatly,
After 20 feet more had been drilled g succession of new difficulties
brought operations to 3 final stop.

"The bressure, which had ranged from 297 pounds to 250
pounds, dropped rather suddenly to 125 pounds, . This looked as if

-

the steam were finding new outlets, and in a short time it was evident

~ that it was breaking through to the surface, Blowouts of steam, accom-

panied by crumbling and ejection of ground, appeared about 25 feet to
the south, and the openings 1ncreased rapidly in size, but before they
reached an alarming condition, caving stopped, A multitude of other
vents, ranging from minute openings to some of several feet in diameter
at the mouth appeared to the west and north, = |

"We. felt some apprehension that when the valves were finally
closed and the orifice was sealed there would be an upheaval, As g
possible safeguard against this, five tons of cement batter were
rapidly pumped down the hole, Whéther this was helpful or not, there
were no serious results, Two or thrée hours after the valves were

closed a large blowout appeared abéut 75 feet away, and the next day
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there was another at a distance,of 50 feet, These vents continued
active,.but the discharge was not violent, and they did not incfease
in size. The drill hole was sealed at the surface with concrete, énd
there has been no further outbreak.,"

Mr, Fenner kept a daily log of this drilling oneration,
and the following entries relative to the conditions which caused
termination of the test are quoted from it:

"September 16: Depth = 246 feet 6 inches., A& block of
concrete was being laid at the surface, Since September 11 the
valves had been wide open most of the time, At 9:35 a.m, the gauge
was attached, The indicator rose almost at once to 297% pounds, At
9:40 a,m, pressure - 276 pounds, at 9:44 a.m, 268 pounds at 9:50 a.m,
256 pounds, In the afternoon the thermometer was 1o§ered on drill
‘ tools to the bottom of the hole, was left for 10 minutes, and then
pulled up, Steam valve at the side was wide open during the opera-
tion, Temperature registered 401° F,

"September 17: Depth - 246 feet 6 inches, Pressure at
9:17 a,m, - 250 pounds, Outlet valve'had been wide open all night,
but was nearly shut off at 8:20 a.m, For taking pressure it was shut
off coméletely.

"?eptember 18: Depth - 246 feet 6 inches, Attempts to
drill had been unsuccessful, A preséure reading this morning after
full escape of steam during night gave 250 pounds, Later, 2 feet was
drilled, A pressure reading was taken after steam had blown off all

night and all day, except that it was shut off for 40 minutes before

22
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reading was made, This gave 2774 pounds, and remained constant for
30 minutes, . :

Septeﬁber 20: At 8:00 a.m,, depth - 248 feet 11 inches,
Pressure - 250 pounds, At 3:00 p.m., depth - 25/ feet 10 inches,
After valves had been closed for 1 hour, pressure - 265 pounds,

""September 22: bepth - 263 feet / inches, Pressure -
265 pounds,

"September 23: Depth - 264 feet 10 inches, Pressure -
252% pounds,

"September 24: Pressure dropped to 145 pounds, then to
125, then to 113, - Blowouts‘apﬁeared in the surrounding groﬁnd.
Casing pipe ruptured 36 feet below surface.

"October 2: Axtempté to continue work were abandoned,"

As a matter of interest by way of comparison, the test
hole at the Upper Geyser Bésinrnear 01d Faithful was drilled to a
total depfh of 406 feet at which point the maximum temperature of
356° F, and pressure of 57 pounds were recorded, When the depth of
L06 feet was reached it was believed that most of the desired infor-
mation had been obtained, and thus work was discontinued and the
orifice sealed with concrete,

An interesting contrast between the rock material pene-
trated by the two bore holes was brought ocut by Femner's study of
fhe two cores. In regard to the Norris core he stated: "The material

_encountered in the uppermost part of the drill hole appeared to be

rock debris that had been washed over the site, This was succeeded

%
([ 2
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by a mixture of boulders and sand that probably represented disin-
tegrafion of rock material in place,.and finally solid rock was en-
countered, Naturally there was no sharp boﬁndary separating one

class of material from anoﬁher. A depth of 58 feet was reached be-
fore the rock became continuously solid." This solid rock is rhyolite,
In contrast to this, I'enner states this about the material encountered
in the prer Basin bore hole: '"For a few feet downward from the sur-
face the drill passed through siliceous sinter, of the sort that the
geysers and hot springs now deposit around their orifices and in

their overflows., At a depth of about 7 feet pebbles of rhyolite

began to anpear, and the proportion gradually increased, At 40 feet

the core consisted essentially of gravel cemented with opaline

silica and secondary quartz, and from here downward the gravels wvere
| thoroughly incurated. ——-.Thergravels‘probably accunulated under a

large body of water. e’ The grgvel beds have the characteristics
that might be expected of sediments deposited in lakes ponded by
glacial ice, --— Altered sediments continued downward to a depth
of 220 feet béfore rock in place was met, e After the sediments
were drilled through---the rock encountered was originally of

* dacitic composition as far as the hole penetrated, 406 feet,"

Aside from some interesting chemical considerations which
set it aﬁart from the other major geyser basins in Yellowstone, the
Norris Geyser Basin is unique in éeveral more respects., In no other
area is supe;heated steam so much in evidence, and it is in this

basin that the highest temperatures of the entire park have been

:-.1- -- an s om mm




consequence the zone of ground water is thinner,

Watson-Norris-page

recorded, Both superheated steam véntsland_geysers are found ad-
jacent only in the Norris Geyser Basin according to the research of
the Geophysical Laboratory, a condition_which is presumed to evolve
from the uneven distribution of.the water supply to the area, At
Norris Geyser Basin the zone of superhéated steaﬁ seems to extend

much closer to the surface than at the Upper Geyser Basin, and as a

In the Upper and Lower Geyser Basins there is a marked

tendency for the springs to occur close to the river, but at Norris

no such tendency is found., These are some of the things which make :

the Norris Geyser Basin interesting and serve to set it apart from
the other major geyser areas., There is yet another characteristic

which has consistently impressed every observer who has spent any

_appreciable time in the area or returned fo make observations with

-any degree of regularity, This is the great tendency toward more

rapid change of type and degree of activity exhibited by the thermal
features located in the Norris Geyser Basin., This proclivity has
been observed through the years and will be apparent in the follow-

ing discussioﬁ relative to the individual features, It should be

~especially borne in mind that what is said today regarding the

activity of any Norris Geyser Basin vent may not accurately apply
tomorrow or next year. The same of course is true, but to a less

marked degree, of all thermal features in Yellowstone National

Park,
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The Names of Hydrothermal Features in the Norris Geyser Basin

More than seventy features in the Norris Geyser Basin

have been given names, Their dates of origin span the years from

the time of P, W, Norris to the present, Some features have been

very approoriately named' in the case of others a valid reason is

less apparent, and many rather important and beautiful features

have not thus far been honored by a name of any kind, Of the
seventy seven names here used for features in the Norris Geyser
Basin, less than half are on what might be called the accredited
list, That is to say, all are "accepted" but less than half of
them are "approved."v A name which is common}y'used‘or one merely

suggested because the need is apparent may become "accepted". But

. any geographic name to acquire full stature as such for use in the

United States must be.brought to the formal attention of and approved
by the United States Board on Geographic Names, This, by the way,
is an action which may require months or even years, and is account-

able even now for the fact that many of those shown below must still

~anpear on the "not yet approved" list.

Names approved by the United States Board on Geographic Names:

Arsenic Geyser Fearless Geyser
Bathtub Spring Green Dragon Spring
Big Alcove Spring Horseshoe Spring
Black Growler Steam Vent Hurricane Vent
Cinder Pool Little Alcove Spring
Colloidal Pool Locomotive Soring
Congress Pool : ~ Minute Geyser
Constant Geyser Monarch Geyser Crater
Corporal Geyser One Hundred Spring Plain
Cradle Mud- Spring Palpitator Spring
Double Bulger Pearl Geyser

Echinus Geyser Phillips Cauldron

Emerald Spring Porcelain Basin
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Primrose Springs Tantalus Creek

Realgar Creek . . Valentine Geyser
Realgar Springs Verma S»oring
Steamboat Geyser : Vixen Geyser
Steamvalve Spring Whirligig Geyser

Names "accepted" but not yet approved by the United States Board

on Geographic Names:

Arch Steam Vent Medusa Spring
Black Hermit Caldron Nuphar Lake
Black Pit Spring Onyx Spring
Blue Geyser Opal Springs
Cistern Spring -+ Orpiment Springs
, Coral Spring Pebble CGeyser Cone
/ Crown Crater Perpetual Spouter
Crown Jewels Spring " Porcelain Terrace
Dark Cavern Geyser Ragged Hills
Doctor Allens Paint Pots - Rock Spring
Ebony Geyser - Receptacle Spring
Fireball Geyser Recess Spring
Gray Lakes Reservoir, The
Gray Lakes Spring Sieve Lake
Growler Spring Feisty Geyser
Harding Steam Vent . Splutter Pot
Hydrophane Springs ' Spiny Pebble Spring
Iris Spring Vermilion Springs

Ledge Geyser
ittle Vhirligig Geyser

Veteran Geyser
Yellow Funnel Spring

27
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HYDROTIZRIAL FEATURES IN THE NORRIS GEYSER BASIN

One or more representatives of every type of hydrothermal
phencmena to be found anywhere in Yellowstone National Park can be
found in the Norris Geyser Basin, Of the total number located in

hié area, perhaps no more than half have been named, and they are
those vhich for one reason or another have ésnecially attracted human

interest., In gathering data for this publication each of the seventy

g

seven named fectures was visited a number of times and observed at
length in order to obtain reliable first hand information around which
to build descrintive statements as to the physical aspearance and mode
of activity, The map made from a tracing ﬁ%epared by myself in 1932
-was caompletely rechecked in the fieldito adjust size and relationship
of features and establish the route of the trails in the area,
The focal point from which this presenvation is made is the
Nor?is Museuﬁ; it is the location where one vho is interested in
seeing the Norris Geyser Basin naturally arrives., The average visitor
will likely obtain what information he can from the Hatﬁralist on duty
at the museun, after which he may deéire to exnlore the geyser basin
‘{tself. In that event it will be highly desirable to compare the des-
crintive matter and the map presented here, which have been designed
for use together, with his own observations,
One using this publication will find in the following pages
that a number has been aésigned to each of the features which has an
accepted name; following this number and name is the descriptive matter

relative to each feature, The same series of numbers appear on the
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map, each immediaﬁely adjacent to its a¥propriate feature in the
geyser basin, and the Legend on the:mgp lists all numbers and names,
Numbers 1 through 29 are appliéd to features in the Porcelain Basin,
the area directly north of the Museum; 30 through L3 refer to features
close by the luseun and along the »rimary loop of the Self Guiding
Nature Trail located south of the iuseun; 44 through 53 apply to fea-
tures along the secondary loon of this traii; 5/ through 63 to those
adjacent to the comnecting link of trail betwveen the secondary loop
and the third loo» and along the latter, vhich includes the features
in the far southern —ortion of the basin; numbers 64 through 77 are
assigned to fecatures west of the highway, along the northern course
of Tantalus Creek, and in the vicinity of The Reservoir far to the
northwest of the liuseunm,

Do not be too surprised if the descristions do not comnletely
coincide with your own observations, Trey are 2 verbal attempt to por-

tray my impressions of features which are rather difficult to describe

at best and in addition are subject to continual change.

As you meke your trip into this area of natural wonders,
may I remind you that the red man who preceded you here through untold
ages did nothing to mar its native charm. It is my fefvent hope that
you, a representative of a more advanced civilization, are determined
to share his high place as a conservationist, To accomplish this
objective may I admonish you to please use the walks and trails
wherever possible, keep trash of all kinds in your pockets until you

find a refuse can, throw nothing of any kind into any of the thermal
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vents,‘and leave nothing but your tracks as evidence of your having |
been here, J |

This course will leave the area umimpaired for your grand-
children to see, and the resulting reduction in .operating costs in
Yellowstone National Park will even be apparent to you as a tax

S i ' |
. payirng citizen,
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1, T _BIACK CROTIR STRALl VENT is a feature of ogreat prom-
inence in the Yorris Geyser BaSLn. -Ifs location is on the southwestern
rim of the crater-like nit of the Valentine Geyser irmediately below
and across the road ffom the Norris luseunm, it_is the noisiest vent

in the entire busin, if not in the parl, its locaticn cannot be missed

e

wherever it-may move, oSince + has noved during the past twenty years

from one or nore temnorary sites closer to the road to its nresent lo-

cation it

i

s an ticipated that it might move again,

This vent may be the successor~to Dr, A, C., Peale's Fo, 7
vhich he called "Black Geyser' which he described in 1878 saying: "It
is a small spouter at the head of the gulch, vhere the vagon-road turns
to go around ﬁhe group, Lt is in dark bluish-bleck denocit'and quuts
with a great cdeal of steam to the height of ten feet, The Uater‘is\
nilky-hued, ond has a strong- odor of suljhuf, which is nrobably the
cavse of the turbidity. The water fluctua es.‘.

Wo nositive evidence as to the exact origin of the nresent
name of this feature has been found., The "black" dates back to Peale,
but there is some reason to believe that the vent may not have been

. any too impressive to observers prior to 1890, as neither Wylie's guide
book of 1882 or Haupt's of 1883 or Hyde's of 1288 even alludée to it.
Guptill in his 1890 guide to Yellowstone Park speaks of "The Black
Growler", and since his'descriptioﬁ of the feature is in part almost
a direct quote from ?eale, there is little doubt that it refers to the
same vent. Referring to the noise from this steam vent Guptill said in

1890: 'Very little water is thrown out, while a large quantity of

steam is constantly es cwéing, producing a peculiar soun ' It appears
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possible that Peale was inpressed by the célor while Guptill was with
the sovnd of this vent, s~ the name Black Growler was born,
Save for Peale's description'and Guotill's statement, little
’ L
is known of the early appearance of the vent., The latter's mention of
"a-chimnéy—shaped onering” and "the denosits surrounding it being of
inky blackness—-" leads one to speculate on the possibility of its
having been sonehwat sinilar in a»pearance when located nearer the
road back in those early days 1o whét it is now, though during the
neriod of its migration down the hill and soon after it chose the
present site for activity it looked very different.

As late as 1932 I recall the existence of two major sites of

activity vhich were alluded to as related vents of the Black Growler,

‘as each made a great dJeal of noise ani was known to be exhausting ex-

&5

tremely hot, alnrost dry steam, One of these was a most unpretentious-

appedring hole at a point perhaps fifty feet below the road and barely

off the path to the right before the path crosses the 1ittle drainage
on its way down into the basin, The decomnosed rhyolite in vhich the
vent existed-w&s quite dark in appearance,'ﬁut there was no deposi-
tion of silica or even a raised surface around it to suggest in any
wvay the "ehimney-chaped opening™ mentioned by Guptill. The other site
of activity at this tine was located very close to if not exactly in
the same place as that éccupied by the presént Black Growler, Here
again it was simply o -relatively small somevhat darkened hole in the
decomnosed rhyolite 1ip of the pit above the Valentine Geyser. _The

steam blast was dry, and during my seasonal sojourn in the Norris area
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through the swmer .of 1935 there.was little evidence, if any, of
siliceous denosition around the venf.

The Black Growler now consists of six chimney-like vents,
two large and four smaller located in the irregular to» of the sinter

mound or cone-like structure which is roughly four feet square and

varies in color from gleaming milk-white throuvgh very delicate pink

to creamy-buff, the vhole of which hos been deposited from the feature's

ovn water during the alternate periods in which it has been active at
the precent location since the early 1930s, The most northerly of

these six vents is the largest; it is about eighteen inches by perhaps

a foot at the extremes, and very irrezular in outline, The next larger

vent is more regularly shaped and perhaps a foot across, Nestled close

by these two, toward the left as one faces into the Valentine pit, are
fgu: smaller vents froa two to four inches across, and in addition
several smaller holes are scattered sbout in the surface of the cone,

This cluster of vents rises about two feet from the sinter
ase on the downhill side and S}X to eight ‘nches zbove the altered
rhyolite on the wwer side, The inside surfaces of at least the main
vents have the appearance of being polished smooth by the incessant
rush of high ~ressure steam and water, yet on these a black material,
possibly an oxide of sulphur, has been deposited. The red splotches
on the sinter near by are probably predominately iron oxide, though
it is possgible that some arsenic sulnohide may be present.

An integral -art of this feature's formation is the sinter-

covered terrace or ledge which extends about three feet northeasterly

35
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‘from the base of the main cone before dropning away sharply abont
four feet to connect wiph the runoff channgl into the pit., This channel
is heavily sinter-covered and similarly colored to the terrace and cone
above, excent that it is somevhat more grayish-vhite at its edges and
is delicate nink in the center where the water runs deepest and hottest.
. The characterisfic activity of this feature consists.of con-
stont high pressure discharge of steam accompanied by irregularly in-
termittent belches of water, which create a soluttering, swishing sound
to nunctuate the rather high ~itched roer of the escaping gas., Very
finely atomized vater seems to be present in the steam blast all the
time, and is augmented on the occasions of the wafery belcﬁes by a
heavy discharge of droplets, often to0 a height of ten or fifteen feet,
and frequently a ragged streai of water which rains, free-falling,
intc the pit or reaches there by way of the runoff channel,
Writings indicaie that prior to 1932, or at least in 1927,
the Black Grovler had but one vent located about fifty feet-below the
highway., Apparently then it was recognized only as,a noisy and very
hot steam vent about which Ranger Phillips said: "It has the dis-
tinction of being the hottest steam vent in the park with a temperature
of 284°F——-.f Actually, Drs, Allen & Day recorded a temperature of
280CF at this vent in 1927 and M, L. Arnold recorded 257°%F in 1928
after the main activiti had moved to approximately its present location,
On November 10, 1951 the Black Growler's temperature, re-

corded with the thermometer held in the middle of the main steam blast,

was 204°F, This reading was definitely something of a shock but its

3t
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validity was confirmed by other readings, none of vhich in any vent |
was above HOL0P, : be |
| It should be berne in nind at this point that Parl Ranger |

Naturalist I, David Beal stated in 1950: "-—~the Black Growler just

isn't as hot og it used to be" after taking the temperature of one of

the ‘associagted vents below and finding it to be 199,2%7, He further

confirmed his suspicions in 1951 vhen he found the temneratures of !

the two associated vents were 201.2°F and 203°F, At this time, however,

he did not talke a rending on the Black Grovler itself, which would have

proven the validity of his belief. | : |
On October 28, 1952 the temperature of the drier discharges

vas found to be 203°F, while that of the wet ones veried from 197.6 to

199.4°%F, The boiling temnerature at this elevation of about 7550 feet

is about 196,5°F. . “
During the late 1930s and on.through the summer of 1942 re-

norts indicate that activity at. the location nearer the road far out-

ranked that displayed from the orifice on the edge of the Wlentine

pit., In 1939 Parl Ranger Naturalist Douglas reported et the point

the path starts down into the basin---a roaring stesm vent.,——-Cn August

27th the temperature was found to be 251.69F." In July 1941, Park 7

Ranger Naturalist Smith reported what seems to have been the beginning

of another change of location by saying: "It is believed the term

Black Growler should be applied to the two vents, rather than just to

he one nearer the road, as indications are that the two vents are

connected, ---On July 17 the water disaépeared from this lower vent, 1

which then became the noisier of the two, causing a roaring noise so ‘

35 - : |
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loud that lecturing at the head of the path is inadvisable," But in
1942 Park Ranger Naturalist Renloglé found that: "Black Growler did
not onen up to a hissing growlihg vent at any tiie during the three-
month period."

Rejuvenation nust have taken nlace at the present location.
during the var, as Perlt Ranger Naturaliste Turner and Rentchler in 1946
and 1647 resnectively stated "Continuously éctive” in report'ng on the
Black Growler, Unusually strong activity was witnessed by Park Ranger
Naturalist Sanborn in 1948, who reported on June 21 that it "erupted
steam with enough pressure to break and crack the sinter formation
around the onening" and "___two steam vents broke through the ground
in the vicinity of the 0ld Black Growler vent - between the trail and
the road---. These two vents played éteam end water to a height of
ten to fifteen feet and continued until the afternoon of 3rd of July."
This outburst by apparently related energy preceded the runture of the

adjacent highway pavement discussed later,

So, much has hanpened by way of change of location and appear-

ance of this feature; perhaps t is again sinilar to what it was before
~the turn of the century.

At any rate we again have a chimney-like hole", actually
several of them, black, at least on the inner surfaces, venting steam
with a terrific roar and sntermittently belching water, which is not
unlike Peale's cescription of the "Black Geyser" ‘or Guptill's of the
"Black Growler". |

I+ could be that the fe-ture they described now lies buried
under the shoulder or bed of the imnrqved highway, @s it is a fact

that considerable heat and steam is being dissipated under the road
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in this viciniﬁy. Stean, which on July 3, 1048 Dblev a three-foob
hole in the highvay pavement, 21 deﬁanded installation of drainage
tile to fhe road shoulder as an avenue - of escape before the highvay
could be repaired, This vent constantly emits steam and water, the
entire road shoulder at this point stéams heavily, and the oil mix on
thé highvay surface shows the effects of the ever-present heat not
far below,

The rate at vhich sinter denosition has taken place near
the Black (rowler and associated vents is a matter of interest and
significance, It appears that all of the cone, terrace, and runoff
channel sinter has been 12id down during the intermittent periocds
since the eariy 1930s diwing which the feature has been active at
.its nresent location, which perhaps does not exceed fifteen years,
The rapid rate of deposition has infefeséed'me for many years, but
- not qntil recently vas any definite idea obtainéd as to just how
rapidly it is taking place‘under favorable conditions,

On November 10, 1951 a standard engineer's stake was laid a
few feet relow the cone of the Black Grouler in a position vhere it
~would come iﬁ contact with the runoff water and spray from the vents.
This stake was recovered for examination on October 1, 1952 and found
to be completely encased in well consolidated porcelain-like sinter
which varied in thicknéss fron approximately ,025 of an inch to a maxi-
mum, by actual micrometer measurement, of ,L25 or about one half inch,
which had accumulated.in less than eleven months.

Associated with the Black Growler, so closely in location

and action in fact that they may be considered additional-surface



s ol Watson-Norris~page

expressions of the same undergrownd system, are two smaller features

in the wall of the-ﬁit. One df these is northeast about tuelve feet
from the nmain feature and eighf feet lower down, It is an irregularly-
shaped vent about a foot across which opens upward and steams and

sprays a small amount of water more or less in unison vith the main -
Black Growler vent, It is building a miniature cone, especially on

the lover side, of pinkish sinter, which merges with a s;milarly colored
sintef runoff apron reaching some ten feet down into the pit, Northward
and slightly vest of the Dlack Growler about sixteen feet and fifteen
feet below, the second of these features opens outward as an irregular
vent about eighteen inches long in the altered rhyolite wall of the

pit, A large amount of stean billows’from this cleft all the tinme,

and, agaein in wnison with the Black Groirler above, pulses sufficient
wvater over its outside lip to keep.a emall stream flowing continuously
down the gray sinter—encrusted channsl to the bottom of the pit. The
temperature of each of these smﬁller vents was found to be virtually
jdentical with that of the wetter discharges from the Black Growler

itself.

D R S S oy
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2, 'The VALENTIE GEYSIR is located in the large pear-

sﬁaped_alcova in the hilleide of Porcelain Basin, about 300 feet
northeast of the Norris Yusewn, A feature in approximately the same
location was called "Alcove Soring" by Hague in 1904.

The name "Valentine Geyser" was born with this geyser on
the-mdrning'of St, Valentine's Day, 1907, vhen it is reputed to have
first erupted "and played for two hours to é neight of 225 feet'.

This height is believed to have been estimated and therefore its validity
is consicered quéstionable. However, o vinterkeeper at the Norris Hotel,
C. 1. Bronson, who claims to have been nrecent at the time stated "——m
large amommts of roclk, mud, water, and stean were blowm out, and the

huge »it around the geyser Vas blown out" so it is evident that this
first eruntion was very powerful,

The vent of this geyser is located in an alcove or pocket
eroded out of the rhyolite hillside. At its top this pit is approxi-
mately eightj feet across each way and oriented with its ooen side
toward the north, It is about thirty feet ceep at the south side

vhere it rises sharpnly to meet the slope. and as & meximum the floor

is about 30 feet wide from east to west by fifty feet from north to

south., Vater draining into this pit from thermal features above col-
lects as a small ctream and flows northvard in a six-foot channel cut
approximately six feet deep throug:. the highly altered rhyolite of the
hillside. Sundry pieces of logs and limbs still-litter the bottcm of
this pit, probable remnahts of the trees present on the hillside when
the geyser came into being; all these fragnents are now well impreg-

nated and encrusted with sinter,
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The actual vent of the Valentine Geyser is in a rhyo;ite !
pbuttress vhich is about seven feet high and four feet across at the ‘
top, This coné—like fentuie js an integral paft of the steep southern
wall of the pit and also merges with the floor. ‘

The geyser vent located within this rhyolite remnant iq
about thirty inches wide by 48 inches long in the north to gouth di- .
rection, It droos irregulerly and shornly about eight feet; where it

js about thirty inches long by eight inches wide at the south end and
twelve inches at the north and alnost vertical-wvalled, The rim is !
1ichtly covered with beady ainter and the inner surface with a smooth
variety, both deep brovn in color.

A review of the records on Valentine Gerser again points up
the highly irregular and unpredictable character of geyser activity ih
the Norris Geyeer Easin. Tn come swmer seasons Valentine has been ‘
completely dornant save for rentle steaning, yet.in others, such as
1936, 34+ has been judged "one ox-tbe most reguler and predictable |
geysers in the Sark", In 1942 Valentine erupted on‘an average intervél
of seventeen hours and after observing 69 eruptions the seascnal re- :
porter declared it to be the "most regular geyser T have been able to
observe", In many seasons of observation, however, it has displayed !
in a month's time but one observed play and in others extremely irregi-
lar eruptions varying from as few as three in such a period to as often
as one within each 2/, hours. During its active phases the duration of
each eruption appears to have been falrly uniform, being from one and

a half to two hours on the average for the toual water and steam play.

: The duration of the water play has varied from two up %o tmenﬁy minutes,
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‘and at the beginning of its eruption estinntes w» to 110 feet hev

been mentioned as the hgight to which fine'beéds of water are thrown.
Heights based én neasured angles in the course of obscrvations by park
Ranger Haturalist Fix during the very active 1936 season varied from
55 to 105 feet, The average interval betueen eruptions during the
1952 season ¥as five days; One of the eruptions observed 1ate'in
October may perhaps be considered as typical of this geyser's action,

Cn arrival in the basin early in the day it vwas observed
that the well vas almost full of water and e»nlashing over the rim
occasionally occurred, EY early afternoon splashing vas sufficiently
consistent to result in a meager overflow from the nit andAat 3:19 ».m.
the geyser broke into full eruntion. By 3:35 .M. the water eruntlon
was virtually over excent for.occasicnal sourts of very fine spray
but two hours 1ater the steam phase, +though much reduced in nouer,
was still in evidence, The aoproxinate height of this eruption, based
on angle.measurement, was Fifty feet. During the first few minutes of
vplay the discharge of water from this geyser je relatively heavy, the
smount having been roughly calculated to be upwards of 15,000 gallons
by Fix in 1936, lthch of it arains out of the pit by vay of the reguldr
runoff channgl but considerable £211s as fine spray drenching a wide
area,

Valentine's interval between eruntions during the sumnmer of
1953 varied from three to ten days, put in 1954 it was seen in eruption
"about once a day", During theée seasons the duration of play averaged

6 minutes, not counting the steam phase which follows each eruption.
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3, LEDGE GEYSER is éne of the largest of the geysers in
the Norris Basin, It is 51tuated about 260 feet northeast of
Valentine Géyser at the base of the slope and sllﬂhtlj a2bove the
general level of the floor of this portion of the geyser basin, It
is in the approxinate location of‘the reature earlier unofficially
designated the "lud Geyser", and is orobably its successor,

The several related vents of the Ledge Geyser system are
and reddish~browm altered rhyolite which is roughly 50 feet across in

cach direction, The system of vents seems to include: <%the main one,
roughly northrest—-southeast at the base of a / foot ledge of altered

Southeast of this main vent sbout ten feet lies another pipe-like
openihg 10 byllg inches in size, and ten Teet beyond in the same di-
rection the underground fissure'opens u» into a narrow surface slit
about ten feet in length. Due east 1lies a large cdeep cleft in the
rhyolite, the pit, vwhich is very irregulir in ehape but approx 1thely
1 to 2 feet in width by 5 or 6 feet long., This part of the present
Ledge Geyser system is nrobably the feature formerly called the miud
Geyser", The crayish green pool lying directly north also appeare to
be related to this system. —

The nome "Ledge Geyser'! was given to tﬁis feature in 1927
by an official scientific committee appointed by the Superintendent.

At that time it was described as being active from three vents, from

one of which a stream was "thrown horizontally in an arc measuring

located in a flat basin eroded from the hillside of gray, blue, yellow

s fissure about 6 feet long by from 6 inches to a fool in width oriented

rhyolite into which dense deposits of platy sinter have been intruded.
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well over 100 feet while the vertical jet reaches a height of 75
feet", It was then regarded as ”tﬁg largest geyser in the basin',

an appellation which, through the vears, has been and remains approp-
riate during its peak of activity, There have, however, been periods
of convlete inactivity, except for gentle puffing of stean from. the .
main vent under the ledge and the sound of agitated water gurgling at
depth,

Tarlier descritions of its activity, which on some occasions
has come predominately from one vont.ana on others from another, have
been so diverse that a clear nicture of what onstitutes a typical
eruptive phase, if such there be, is difficult to obtain, In some
seasons it has remained relatively ou1e+ for weeks, then suddenly come
forth with a violent nuddy water erudtion which lasted upwards of 24
hours.,

In 1942 Ledze was in a highly active phase, eruntions
occurring on an average interval of 40 hours, and it was then re-
garded as "not difficult to predict due to warning activity of ore-
liminary jetting of water and steam from the angular vent," Eruptions
lasted about an hour and a half, and-during the first 30 minutes water
was hurled spasmodically from two vents, from one on an angle to a
distance of 90 feet and from the other straight up to heights varying
from 20 to 75 feet. Essentially -sinilar eruptions occurring with no
degree of regularity and éomparative infrequency have been reported
in recent years, In 1948 it staged a series of very violent eruptions
from vents ascociated with the fissure extending from the main vent to
énd including the pit on the south, These eruptions were highly ir-
regular as to interval of time between them, In the course of the’

us
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most spectacular Qf these eruptions the pit "kept rocketing water toO
e height in excess of 100 feet" 5nd‘"the Ledge Crater-—--went into
violenf action and threw a column of water a measured distance of
155 feet across the Norris Basin."

The main eruptions emanate fron the vent located below the
rhyolite and sinter ledge from vhich the feature takes its name.
prior to September 1948, this ledge extended about three feet out
over the vent; however, according to Park Ranger Noturalist Sanborn,
at that ti-e the "eruption--—-vas violent encugh to brealk off many
large sections of the heavy sinter---znd throw them into the basin
area," |

The Ledge was highly irregular in 1952, but vas relatively
active when intervals between eruptioﬂs are considered on a long time
basis, Such sntervals have been reﬁorted as varying from as little
as two days up to anparently several nonths between goectacular water
eruntions., Tn 1952 intervals of L& to 70 hours between eruntions
were reported, During the eruptions water vas thrown intermittently
more than 100 feel from the main vent for a neriod of from a few
minutes to three or more hours and was folloved by a steam and water
phase of several hours.

Heavy wash during the excessively violent erutive phases of
the recent nast have cut heavily into the formation west of the runoff
channel extending northward into the basin from the main vent, exposing
a sharp ten-foot bank composed of: six inches to a foot of ancient
dense »nlaty sinter, one to two feet of gravelly recemented rhyolite

and sinter with stringers of sinter, below which is highly altered

“
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. (white) rhyolite into which seams of sinter haﬁe been intruded.
temperature of 204°F at each of the three orifices of

the Ledge fissure was récorded on Septembe; 3G, 1952.

In July 1954, Ledge demonstrated two tyves of eruntions: !
one the more or less conventional "long" ergption with duration of |
30 to 40 minutes followed by a stean phace u» to 2/, hours in lengths
the othef a "short" eruption with duration of only from & to 15 min- \
utes which abruntly sto-ped, followed only by centle steaming., 4An |
interval of three to four days usually folloved the "long" éruption,
while one of only 16 to 24 hours followed thei"short" one before |
another eruption was observed. Activity from all vents of the system ‘

was observed each time an eruption occurred. !

.
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L. Another geyser of prominence is DARX CAVIERN GEYSIR,

It is located about 75 feet northwest of Vqlentine Geyser at the
base of the reddish-buff gravel and clay slope,

Two names, Dark Cevern Geyser and Black Cavern Geyser, have
"been used in reference to this feature,

‘A 1929 renort frém the Norris Geyser Basin indicates fhat
activity at this 1ocatioﬁ may have begun in that year. Vagstaff then
ocbserved: "-—-below the slope leading up to the Black Growler there
seems to be a new geyser, It nlays very irregularly to a height of
3 or 4 feet.——" During the early 1030s it was unofficially called
"Hillside Geyser" and was reporﬁed to erunt on an angle as ﬁigh as
25 feet, Renorts of the late 1930s and early 19405 indicate consistent
but variable activity. Angul#r e;uptions were rerorted as high as 50
feet in 1939, and in 1941 sinilar eru~tions every 45 minutes up to 25
feet were re-~orted, In léAN Réplogle stated: "---was seen in play
almost constantly this sumner throwing water at an angle toward the
alcove ebout twenty feet," Twenty-five to 30 foot eruntions were men-
tioned in July of 1946, but in August of that year it became inactive.
By the sumer of 1947 it was again active up to 25 feet, and in 1948
it became the subject of a detailed statement by Park Ranger Naturalist
Sanborn,

' He reported what he believed to be a series of preliminary
eruotions every 3 minutes from two ovenings, one tovard the pit of
the Valentine vhich had cut a 12 inch notch into the intervening kmoll,
Two or more nuch stronger eruptiohs per day were reported and described
"__—the feature completely £ills with vater at which time a major

eruption takes place lasting over fifteen minutes, Uater is sent

) . | | ié‘




Watson-Norris-page

well over thirty feet from the main vent and ebout five feet fram
the smaller one, ——-Dark Cavern might be a good name for this, eince
it erupts from‘a dark cavern-like formation of black and gray sinter,"

In 1949 eruntions of 1 5.20 feet about every 10-15 minutes"
were reported and in 1950 Park Ranger Naturalist M. David Beal's ob-
servations enabled him to.concluﬂe that it then had a cycle of-25 to
30 minutes which included 5 to 8 preliminary eruptions coming at in-
tervals of cne-half minute and lasting one minute followed by a nain
eruptioﬁ lasting from & to 1C minutes vhich ejected water on an angle
a maximum of 20 féet. Followingﬂquiescence of from 12 to 15 minutes,
another eruntive cycle was jnitiated, Similar activity wifh quiescent
periods of L to 5 minutes was renorted the fol}oxipg vear, and Iy ob-
servations in late 1952 in geheral confirmed those of Beal.

The surface featurecs of this ¢ eyser are Very comnlex and
difficult to describe. Hést'iﬁportant, perhaps,'is the extrenely
irregulaily—shapedz wery dark colored, bealy sinter deposit which has
covered several tree stumps and underlying rhyolite.boulders and en-
compasses & 20 foot scuare area, A three-siced cavern roughly 5 feeb
deep and perhaps /, £oet wide among thege boulders 1is first to receive
the geyser's_watery blast. An opening in the side of this cavern Der-
mits water to flow out and forh a pool 12 feet across from which over-
flow twoard the vest is heavy in the sinter-lined channel during the
heavies£ eruptions. Intermittent heavy gushes of water driven by
strong steam pressure directed southeasterly against the wall of the

cavern cause a characteristic thumping noise audible for considerable
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.distance. The water, thus smashed to bits in this seething chamber,
adds to the din with much splashing'and Sﬁlatiering before finding !
egress throuch several sinfer-lined extremely.irregular large and small
orifices in the form of flying droplets or ragged jets blasted skyward
at sundry angles., Cne of the latter, which often extends itself 30
feet or more on a low angle reaching into the pit of Valentine Geyser,
has ripped a notch nore than 3 feet deep in the altered rhyolite rib

separating the two features, Othe

s

less poverful jets rise 3 to 5
feet at sundry angles above the formation, A11 in all this geyser in
full eruption presenfs an extrenely fascinating auvdible and.visual
performance, and the dark honeycombed structure of grotesqgue sinter
forms with their included silicified logs is most interesting., Its

‘ : temperature during eruntion in the £all of 1952 vas 198°F,

5, One of the most popular of all Norris Geyser Basin

features is LI TLE VHIRLIGIG GEYSER, vhich 1s located towerd the

western side of Porcelain Basin about 410 feet north of Valentine
Geyser, _Its nool when full is very close to thet of the Constant
Geyser, Uhos¢ vent lies about 50 feet northeast of it, and to that of
the Whirligig, vhich has 3ts vent about 40 feet to the north and
slightly west.

| Neither the origin of the name nor the time at which thic
feature first became active as a geyser has been determined, Seasonal

reports of thermal activity in the Norris Geyser Basin first mentioned

a small geyser at this location in 1932, and the name "Energetic! was
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suggesﬁed. Tn 1932 it was referred to simnly as "g little unfnamed
geyser', .In 103/ it gained soméwhat-more prominence; some relation-
ship to the Lhirligig was suggested, ard the statenent was made: "ite——
ust be a sort of little brother——-", Probabiy.its vroximity to and an

assumption of possible reletionship of activity to the larger feature

“accounted eventually for the name, "Little ihirligig', wvhich came into

usage in 1937, In 1938 it was not the subject of reports,. but in 1939
it came back into the Norris picture as "the most popular feature of
the bacln, erunting 15 to 25 feet at intervals of 10 to 20 seconds"
during the eruptive phase, This statement remains as a fairly accurate
sumation of this excellent 1itfle nerforner's popularity and general
activity right wp to the preczent time,

The circular pool of the L1 ?n rligig is about 35 feet

across, very shallow at the edges and ncb much over e. foot deep over

the vent., The surface of the sinter in this flat basin ané that which'

forms.a pebbly rim around it is colored quite wnifornly brown by iron
oxide. The vent, located toward the south side of the pool, is roughly
elliptical, e.bout a foot across, and opens under a orojecting sinter
ledge vhich diverts the water on an angle during eruptions. The runoff
channel is located on the south side.

Prior to an eruﬁtlve rhase the pool fills glowly., ZHach burst
of the eruptive phase is preceded by a rather pronounced bulging of
the water above the vent, after which water is blown into the air as
an assemblage of jets which with rapid surges quickly mount higher and
higher in a ragged column on an angle of about 70 degrees toward the

northwest to heights of from 10 to 20 foet, The average height of

49
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several measured bursts vas 15 feet, Following each burst a minor
flood of water surges down the overflow channel, The pattern of

concentric vaves which emanates from the vent following each burst

-

. is interesting and fascinating to watch and has built a neat miniature

rim of shelly sinter around the edge of the pooi; The surge of water
back over the veﬁt following each burst produces a guclzing and splutter-
jing sound, actually a minor erup tion. 'hen the eruptive phase is over
the water drains slovly from the pool ard eventually out of sight dowm
the vent, leaving the basin dry for a neriod vhich hos been observed
to vary a great deal, p

During the fall of 1952 four consecutive eruntive nhases of
this geyser vere closely observed and the only consistency noted vas

the duration of each separate burst, : /hich seemed to be from 3 to 4

seconds, Once the phase was. in full swing the interval between bursts

_varied from 7 to 12 seconds, but toward the end this interval leng! thened

up to almost half a minute. The total length of theee erurtive phases
varied from 22 to 45 minutcs and the number of senarate bursts fron

85 to 131, There vwas no consistency in the lencth of interval between
eruntive phaées; in this case the variation was from 45 minutes to

1 hour and 22 minutes,

. There are indicatione that the activity of this geyser and
the Whirligig are intefrelated, but observetions thus far have failed
to definitely cstablish the degree, character, or consistency of this
relationship
g The temperature of the water near the vent during eruption

of the Little Vhirligig was 1810F.
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6, Another of the better mowm Norris fentures is the

CONSTANT GEYSTR, It is found toward the western side of Porcelain

Dasin, cbout 450 foet north of Valentine Geyser.

P, ¥, Norris is given credit for the name "Ccnstant”, it |
being oneiof the eight nanes used by hin when sﬁeaking of features ‘
in the Norris Geyser Basin in his renort of 1821, In 1890 Guptill's !
Cuide referred to it as: n___the Constant or Minute Yan, which has !
an eruption every 60 seconds"., Norris recogrized both the "Constant' \
and the "llinute }an", two cenarate features, yet Guptill's guides

and those of this 1ineage did not récognize them sevnarately mntil

7

1910, It is orobably peale's Spring Mo, 15 abou

which he gaid in ‘

cr

)

. 1"
B

D

1e7

o

——-a constant spouter, throving a mass Oi vater 5 feet into ‘
. . |
the air, and occasional epurts 15 to 20 feet," :
b i
The nool of this geyser is irresularly cirevlar and roughly !

. L0 feet across when full, The outer nortion in general 1s qu

juite Z
shaliow, there being an irregular nmarginal bend whicﬁ vories in width ‘
from about 2 to 6 feet ovef which the vater lies from 2 to 6 inches in !
depth, The eruptions take olace from an irregularly triangular—shaped _
vent of undeternined dimensions vhich lies somevhat of f—center in the
pool. ' | 3 : ‘
This geyser's activity, or lack of it, has consistently been ‘

a part of seasonal repbrts‘since 1929, A study of these reports re-
veals that its activity has certainly been 'on again, off again" in
character, and that a wide variety of ceruptions have been observed as

3

to height, duration of play, and interval, In some years it has been

completely dormaent; in others it has erupted one or two times a week;

sl :
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then, staging é vigorous rejuvenation, it heos displayed activity
comaarable to that observed by the ed”llﬁst vhite visitors to the area.

Constant vas very active in the fall of 1952 at which time I
observed many eru?tiohs. Rather close observétion at this time revealed
that heA eruption begins with heavy bbiling at the vent accompanied by
a conspicuous bulce of vater which quickly bursts into the eruption
vroper, during which a large colum of vater is raised fountain-lilke
to a height of from 20 to 30 feet, ‘Actual measurenent based on angles.
e average of several typical bursts to be 30 feet in height.
This particular eruvtivé phase began with a single eruption which was
not followed by ancther until almost an hour and a half later; the

third burst followed in 6 minutes, the next within 2 minutes, From
2

v

then on for half an hour burst followed burst with an interval of

from 50 seconds to 2 minutes, each one lgwtiﬁ from 5 to 8 seconds,
In the cource of another eruptive chase, mich iasted'l hour and 25
minutés, 6¢ senarate bursts vere counted, The temperature during
eruntion vas 167°r, well toward center of the pool., In 188/ Hague's
narty recorc‘en 197, 6°F, when collecting a vater szmple for analyeis.,
Of interest is the fact that Little Whirligig often stages
an eruptive jhaée coincident with that of the Constant, curing the

height of which the former may display 5 or more bursts to 1 from

the latter,
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7. The WHIRLIGIG GLYSER is located toward the western

side of Porcelain Basin, cbout 440 feet north of Valentine Géyspr
The name “hirligig was éiven'to this geyser in 1904 by
Arnold Hague and reports of ite activity or lack of it appear in all
avallable renorts from the Norris Geyser Dasin,
It has a pronownced funnel—shéped gsurface well with gently
flaring edges which merge into a steep-walled irregular cone termin-

ating in the vent itself, The flare of the besin has a pronounced

Vil

nrotuberance tovard the eastern side near the udper edge of which,

toward the south, there is a pipe-like vent about 2 inches across,
The pool when full stands above the pipe vent, is zbout 30 feet
across and roughly circular in shape. The spiny sinter which acdorn
most of the flared nortion and walls of the surface well i1s normel
-gray in color, cvite in contrast to the dee ep rust-brovn disnlayed by

_the diminutive neighbor, Little thirligig Geyser, Lmmedia uely to the
south;

Anparently zs a geyser it was a dormant feature In the sumuers
of 1931, 1938 and 1942, and since many reports co not mention eruptions
until well along into Jle or early August there is scme indication
that it may not be any too active during the winter months, Some re-
ports show activity as early as mid-Tune, hovever, During the nperiods
when it has been recognized as being in an erustive phase it has dis-
played great diversity with respect to interval between separate
eruntions, duration of‘play and height., The interval according to

various reports has varied as follows: one eru~tion in several cays,

-one, eruption a day (observed in daylight), two eruptions in a day, 5
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. - to 6 hours betx-reeﬁ eruntions, an‘ average mte ~val of 1 hour and 40
minutes and =n interval of 1 hour and 25 minutes, During some of
its lees active neriods the height of eruntions has been as little
as 5 feet ond at other times it has been revorted erunting u» to 20
feet, The duration of -~lay, too, has varied from as little as 4 up

t0'30 ninutes

Uhlrl'g g's mode of eruntion has varied a great deal too,

[0}

fall of 1952 vere foretold b - the annearance:
of water pouring up.through the pipe vent at the same time rising in

the main crater, This filling took nlace gradually, only the last
o Fy - & . b

.

30 seconds before eruntion “eing ra 1 and accompanied by heavy boil-

ing in the center of the pool. The eruption Droper followed in the

I but those notad in the

‘ form of upward and diverse directional blasting of ragged watery

‘masses in such manner as to give at- lecst an illusion of rotary action.

Beginning alnost at the sane time and accompanying the action of the

9

larger vent came the intriguing and characteristic steady loud puffing

of steam froa the pipe vent, now covered by several inches of wvater,

and the expulsion of jets of water 2 to 3 feet on an angle toward the

6]

o1,

east, Heavy waves set u

3

by the eruntion create an interesting con-

centric pattein which washes the pebbly sinter at the margin of the

nronounced whirlpool action, the surface of .the pool becoming relatively
static when about 6 feé*b across, Complete draining was slow from- this
point, and slow refilling began soon thereafter making a poo" again
about 10 feet across one-half hour after the close of the eruption,

. : o In the course of these observations the interval be‘bween

l basin, Following the eruption the water receded into the vent with
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eruptions varied from 1 tour and 49 minutes uo to 2 howrs and the [
: ' \

LRI LN
,

duration of eruntion from 4 to 7 minutes, The highest beads were
not thrown more than & feet into the air and the temperature of the
vater during eruption was 181°F, ; between eruptions the temperature

was 158°T, _ . |

o3 m L

8. The S°LUTTER °CT is in Porcelain Basin anproximately 40

feet northwest of “hirligig Geyser's vent and 4Z0 feet almost due :

1

north of Valentine Geyser in the runoff chanmel from Sieve Lelze and
Pinvheel Geyser,
Hen worlzing in the basin since 1046 often used the name
Mlashing Machine Geyser"” in speakingAgf this featwre,
. It is an intéresting thermal feature with aﬁ irregularly-
circular a proximately 12-inch vent in the dense sinter which opens
into a larger chamber a few inches below the surface, Its action may
not technicelly justify use of the term geyser, The séluttering or
belching discharges from the vent, which-are referred to as eru~tions,
appear to be largely de~endent for w@ter upon that supplied from the
channel vhich pours surface water into it to £ill +the chamber. High :
pressure stean injected into this reservoir from below results in
pretty continuous agitation of the water and spluttering ragged dis- i
charge of much of it back into the surface channel, There seems to be
some doubt as to whether the feature is supplied with much water from |
subterranean sources, The ragged jets which constitute the eruption |

take ~lace 2t an angle of about 60O toward the west, and, dependin |
& _ Dy ’ :

uoon the volume of water pouring into the vent from upstream, vary in
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frequency from "alnost constantly" to none "when it was drowned cut

+

by water from the Pinvheel"; the he 1gL of Tl ts varies from 2 to

=)
(0]

et
o

10 feet.

9, PIOVEIL GEYSIR is located in the northwest corner of

the Porcelain DPasin about 5C0 feet south of Sieve Loke and about 550

L

feet north of Valentine Geyser,

The nane was accented by a Swperintendent's Comittee in
1927, It has also been called "Baby Grand Geyser",

Its pool, vhen full, i& rocughly oear—chaveﬂ and is a2’ max
num of 30 feet across in each direction, Tho main vent appears to
be a ragged cleft in the sinter nbout‘é by 12 feet oriented roughly
north and south across the east end of the pool, The eruntions take
place: from the entire lenzth of this cleft, and the water is throwm
at wide angles and in all directions, The runoff from the pool tovward
the south during eruotions is heavy., After the erurtion water pcurs
back into the vent from the pool and from the Sieve Loke drainage,
and within & minutes after the erupti&n the surface »ool is again
full, Eruptions often throw water across the walk, and observers are
thus cautioned not tc approach the “inwvheel too closely during the
eruntive phase,

It is evident that this geyser, like so many other features
in this basin, has had periods of unreported activity in the past,
but the records indicate that its present activity had its beginning
either during the var when observations vere rarely made or during

the early part of the 1946 season,
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In TulJ 1946 geyser thIVlty wag first rerorted in this
locatior, eruptlons un to 60 fret V1th intervals varying from 10 to

30 minutes having been observed, It becane inactive again in early
(&7 (63

y

Avgust, but during the 1947 season it was reported as regularly active

every 10 or 15 minutes to a height of 30 feet, Lacking an officially

~accepted name, it was called Baby Grand Geyser by Service personnel

located at Norris during the sumer of 194%, at which time it was re-
rorted to be erupting about every 20 minutes early in the season, but
on an interval of 45 to 60 minutes later on, Reports in 1949 mentioned
no activity of this geyser, but in 1950 renewal of activity was re-
ported .on June 30th with the statement: '"eruption lasted for about 5

ninutes anéd the water thrown out was very muddy and foul smelling',

In 1951 it played about once an hour to an estimated height of 30

feet for a neriod of 5 to & minutes'during July. Sinilar occasicnal
erupticns were rerorted in 1952, end on September 17th, 1952, I
observed four consecutive eruptions which were an average of 1 hour
and 18 ninut-s apart and lasted for an average of 3% minutes. ingles
read on the beads at the top.of the eruption showed the height to be
about 1€ feet,

The activity of this geyser is materially influenced by
the drainage from fieve Lake, as it lies directly in this channel,
It appears that during éspecially wet neriods this runoff is sufficient
in amownt to retard if not completely eliminate eruptions of the

Pinwheel Geyser,

5.
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10, T[IREBALL GEYSER is in Porcelain Basin approximately

450 feet nﬁrtheast of Valentine Ceyséf and about 130 feet east of
Whirligig Geyser,.

Fireball was accepted by a Superintehdgnt's committee in
1953 to designate the small geyser heré described,

Eruptions at this location fake place from three small
vents, One is about 6 inches in diamefer, vhile each of the others
is about 2 inches across; one is located about 12 inches and the
otﬁer about 18 inches north of the main orifice, The rust-colored
runoff channel toward the southwest joins that from one of the
rather large umnamed pocls near the walk to the east,

Eruptive periods in the fall of 1952 seemed to be about

10 minutes in length, but no interval between them was determined,

- During eruption water is sprayed upward as much as 2 feet from all

‘three vents, with beads reaching a height of about 6 feet, Follow-

ing the main eruption considerable water continues to be splashed
out of the largest vent, The temperature of the water during

eruption as recorded in 1952 was 201,1° F,

11, The PRIMROSE SPRINGS in Porcelain Basin are approxi-

mately 550 feet northeast of Valentine Geyser and 300 feet northwest
of Congress Pool; they are less thah 50 feet northeast of the trail
in an area of highly altered rhyolite somewhat above the general
level of the basin floor,

Hague used the name "Primrose" in his 190/ atlas to desig-

nate a spring north of Congress Pool near Nuphar Lake which subse-
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quently degenerated %o a status of relative unimportance, In 1927 )
a.Superintendent's Committee appliea the plural of the term to the
springs here described,

Among several thermal features in this immediate area,
two pools are the most prominent., One of these is about 7 feet
acréss and circular in outline with steeply sloping black walls
and a rust-colored rim of smooth sinter aboﬁt & inches wide, The
inner half of the pool's surface frequently boils upward about 12
inches, There is considerable overflow down the brown sinter—
encrusted chamnel toward the northwest, The tenperature of the
water in this pool was 199.4° F, in the fall of 1952,

The second pool is somewhat larger and about 30 feet

further north, It too is circular in outline with a diameter of

_about 10 feet, It is about 4 feet deep, and in general displays a

light grayish-green color, excent for the rust~brown band 2 to 4
inches wide afound the smooth silica rim, The surface of the pool
is relatively calm, but a constant quiet ebulition is apparent and
active gas jets can be seen in the bottom. Some overflow takes
place down the smooth heavil& rust—coiored encrusted channel toward
the north, Th; temperature of the water in this pool ih 1952 was
i92.2° F. The runoff stream at about 15 feet from the pool is tem-
porarily restrained and spreads thinly over a large flat pinkish-

buff colored area before flowing on to join the main drainage.

59,




o e e —————————TE S AR

Watson-Norris-page

12, ARSENIC GEYSER in Porcelain Basin is approximately

450 feet northwest of Valentine Geyser and‘150 feet east of Little
Whirligig Geyser; it is about 50 feet northwestward from Colloidal
Pool, into which it drains.

The feature to which the approved name now alludes, by
decision pf a Superintendént's-Committee in 1953, possibly may.not
be the one to which Hague referred in 1887 as "Arsenic Geyser'"; he
did not specifically locate it then, and the Atlas of 1904 simply
shows "Arsenic' with reference to no certain feature, That he did
have a specific geyser in mind, however, appears certain, as Allen
and Day in Hot Springs of the Yellowstone National Park creait him
by saying: "It was around Arsenic Spring and Constant Geyser that
Hague discovered scorodite (a.minqral containing iron and arsenic)
. in small green partiéles—-;-." This geyser has also been called
"Fan', -

l The vent of this geysef, located iﬁ densé gray sinter,

is about a foot across, and opens into a steep-walled pipe-like

chamber of similar diameter in which water usually stands at a level

2 or more feet below the surface between eruptive phases. There is

some deposition of sulfur around the orifice, and well developed

spiny geyserite is present, especially on the east side where splash-

ing of water is more consistent, and in the runoff channel.
Great irregularity in duration of eruptive phases and in-
terval between them is characteristic of this geyser. The eruptive

phases vary in length from 2 to 30 minutes 2nd in frequency from

et
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"several times daily" in 1950 to "none observed" in 1953, During

an eruptive phase water is blowvn out at very erratic intervals on

a slight angle toward the south as ragged, fountain-like jets to
heights which vary from a foot up to 15 feet, Between major bursts
often many minor splashes occur, In 1950 Beal recorded a tempera-
ture of 2Q1° F, in the watér of this geyser; in the fall of 1952 I
found the same temperature during eruption and immediately thereafter,

but just prior to an eruption phase 203° F, was recorded,

13, COLLOIDAL POOL is in Porcelain Basin about 300 feet

northeast of Valentine Geyser and about 250 feet northwest 6f Congress
Pool,

This pool was so named in 1937 by Dr, C, Max Bauer, former

. Chief Park Naturalist in Yellowstone National Park, because: "Its

water contains large quantities of finely divided kaolin and silica
which seehs to be cqnstantly in suspension,"

| It is a very large and rather oddly shaped, pool or pond
somewhat more than 100 feet long in the northwest to southeast direc-
tion by gbout 60 feet across at the widest place, It receives the
drainage from several features to the north, Usually the water is
very muddy, but early in some seasons it is guite clear and blue,
Ebulition varying in strength from mild bubbling to minor eruptions
which raise a considerable amount of water a foot or more upwards
is consistent at a point toward the southeast end, The temperature

of the water is 164° F,
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 the edge of the steep northeastern wall, "It is always murky in
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14, HURRICANE VENT is about 300 feet northeast of Valentine

Geysér and 225 féet west of Congresé Pool, ‘in ﬁhe siope on the south
side and somewhat above the level of Porcelain Basin,

This 1argé thermél feature was named by Arnold Hague priorv
to 1890,

‘It is a steep—walled'rectangular vent roughly 32 feet long
in the northwest to southeast direction by 15 feet across, The hill-
side above of gravelly rhyolite funnels downward to meet the abrupt
more solid but highiy fractured walls of the vent upon which there

is some deposition of sulfur and marked evidence of weathering,

One large boulder appears to have slumped into the pool from the
western wall of the pit, The water level in this vent fluctuates

somewhat from season to season but is usually about 10 feet below

appearance because of the presence of much finely divided kaolin
and silica and variés in color from dark gray to grayish green,

Heavy boiling on the west side keeps the surface in constant agita-

tion, All in all it is a rather awesome feature even hotter than
it looks, the temperature of 2012 F, being well above the local
boiling point,

Another and perhaps one time quite similar vent is sug-
gested by the now gravel-filled depression which lies about 10 feet.

to the west,
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.15,A CROWN CRATER in Porcelain Basin is about 650 feet

northwest of Valentine Geyser and about 200 feet southeast of
Ebony Geyser,
This feature was given a different name by Peale in 1878;

in his description he said: "No, 37. Yellow Crown Spring., This is

& lemon-yellow-hued mound spring, with an oak-leaf shaped margin,

The basin is 2 feet deep and sulphur-lined, ---Bubbles escape gently
from the small central orifice." The Hague Party recognized it
simply as "Crown" in 1904, and it is thus assumed that by then it

may have become inactive, The present accepted name was given by 2

~ Superintendent's Committee in 1927,

This crater is an interesting roughly circular flat-topped

cone~like feature about 5 feet across'whiph stands from 6 inches to

" a foot above the surrounding sinter surface, The irregularly round

% basin within the cone is surrounded by a very flat rim varying from

6 incﬂes to a foot in width reaching to the edges of the cone, which
is filled within an inch of its top with shelly sinter in which
grass now grows, The wide flat rim suggests that the water level

in the basin was static with g very meager overflow during a very
long period, It is aprarent that the orifice from which Peale re-
ported "bubbles escape gently" finally sealed itself off almost
completely by depositing'sinter within itself, I found the last

vestige of this opening, a tiny crack emitting the faint sound of

-/2 water and warmth into the 6 inch, sharply tapered funnel-like cavity

*above which was filled with firmly compacted sand,
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CROWN JEWELS SPRINGS are just outside of the fringe of
16, J

trees about 725 feet northwest of Vélentine Geyser and 150 feet
southeast of Ebony Geyser; they.are about 75 feet northwest of Crown
Cr&ter.

The interesting sinter formation in and around these springs
and their proximity to the dormant Crown Crater suggest a2 certain
éropriety for the name which was accepted by a Superintendent's com-
mittee in 1953,

One of these springs is a shallow basin 6 feet across with
a finely beaded sinter rim about 2 inches high beyond which for a
distance of 6 inches to 6 feet the gently sloping surface of the

mound on which it is located is clothed in highly developed botryiodal

sinter, Lying in the basin are large numbers of gray, also some yel- -

. low and brown, well-rounded, sinter;covered pebbles ranging in size
from 4 inch to 1 inch, and some cobbles up to 3 inches beautifully
coated with spiny sinter, Toadétood-like sinter forms in g variety
of sizes are growing in the runoff channel which drains toward the
south, The irregularly-shaped 6 inch vent in the middle of the basin
tapers to about 3 inches, and from it water is erupted in erratic
bursts about a foot into the air, Abouﬁ 6 feet toward the southwest
another apparently related vent opens under a ledge of sinter into
an irregularly elongated 4 foot basin with a low rim of spiny sinter,
Rather continuous burping takes.place from this vent more or less in
unison with the activity of the adjaceht spring, which lifts con-
siderable water upward about a foot and throws water droplets 10 feet

sidewise toward the north,
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There is a definite relationship between the activity of
these two springs, and since they have been observed when no water
action was taking place at all,.they perhaps should be considered

as small geysers rather than simple hot springs,

17, EBONY GEYSER is about 880 feet northwest of Valentine

Geyser and about 160 feet back in the forest from the closest edge
of the sinter flood plane which includes the extinct Crown Crater,
This geyser aprarently did not exist at the time of the
first observations in the Norris Geyser Basin but by 1904 a spring
in this location was ¥ecognized and named "Ebony Spring" by Arnold
Hague, When this spring first displaygd geyser activity is not

known but it was at least as early as 1927, and records since that

. time show consistent but highly irregular geyser activity, The name

was accepted by a Superintendent's Committee in 1927,
Ebony Geyser is in an.alcove eroded out of the reddish
brown altered rhyolite hillside. The floor of this alcove is approx-

imately 25 feet across in each direction ‘and the walls on three sides

‘rise rather sharply for about 6 feet before flaring outward and up-

ward on a gentler angle to merge with the slope which is well covered
with lddgepole trees varying in size from 3 to 20 feet in height,
Drainage from this basin is southward into the eastern branch of
Tantalus Creek, 7

The éurface well of this geyser is a cleft in the rhyolite
about 6 feet long from northwest to southeast varying in width from
1% to 3 feet and opening irregularly straight down about 6 feet, Tts

surfaces and that of the rhyolite gravel around it are well encrusted




with both beady-and smooth deposits of gray sinter. This deposition
1s laid out in an irregular pattern varying in width fram 2 to 10
feet outward from the vent;'much of the sinter is a beady crust on
the rhyolite gravel, Eight rhyollte boulders from roughly 18 inches
average dlwenSLon up to one about 5 by 4 feet, all highly weathered
and dark reddish brown, lie on the floor of the basin north of the
vent, Numérous pieces of highly silica~-impregnated wood lie nearby

and six dead trees, roots and all, have fallen into the pit from the

forested hillside, Siliceous impregnation of the broken stuks of the

1limbs protruding from these old logs has pried the wood fibers apart
in a manner suggestive of the bristles of a coarse-bristled brush,

Great diversity in activity of this geyser has been re- -
ported with respect to interval between eruptions and duration and

- height of eruptions but it has not Eeen dérmént during any reporting
‘period, The interval has been reported as short.as 2 hours and as
longvﬁs "occasionally"; within one season it has been recorded for
periods as erupting about every 8 hours, followed by a period when
eruptions were not known of oftener than once in from 2 to as long
as 4 days, The reported duration of eruntion has been generally from
3 to 8 minutes but in some seasons durations of from 10 to 15 minutes
seem to have been common, The height of the eruptions have been
variously rerorted from 10 up to 75 feet,

During the 1952 season Zbony erupted on an average of three
times in 24 hours, a typical eruption being foretold by water, which
can usually be heard and seen deep in the tube, rising to within a
‘foot or so of the surface accompanied by heavy‘boiling. Soon there-
after comes the eruption consisting of a mass of ragged 5 to 10 foot

jets of water culminating in a central broken column being raised to
dude .
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maximum height, which in the cases Qbserved, though not measured,
is believed not to have exceeded 25 feet. Each eruption was éver
within 5 minutes, in the courseféf which a large amount of water
flowed down the overflow channel, The vent steamed gently follow-
ing the eruption and water could be héard churnigg deep below, but

no violent steam phase followed,

18, CONGRESS POOL is about 500 feet northeast of Valentine

Geyser and about 400 feet southwest of Nuphar Lake, on a clay flood
plane below the forested slope, It is ongihe feétures nearest the
- road,

This feature apparently was named by Hiram M, Chittenden,
who in writing about it, stated: "Came into existence in the winter
\ éf 1893, Like the memorable 53rd Cdngresé, for which it is named,
-its performance is sadly incommensurate with its.promises." Guptill's
guide-book in 1894 says of its early activity: "The first eruptions
were of great force and completely blockaded the road with masses of
earth and formation, --=The diameter of the same is about thirty
feet, Its paie blue water is in a state of violent agitation,
rising nearly to the rim of the crater with a slight overflow,"

It is an almnost round basin 30 by 25 feet in greatest di-
mensions with a high syﬁmetrical rim built of mud expelled from its
own vent. In these days it usually contains grayish-blue water, or
a thin solution of mud.in a state of quiet ebullition, or a sun baked

mud flat, The water temperature in the fall of 1952 was 143° F,

ey
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19. LOCOMOTIVE SPRING is approximately 70 feet aoutheast

of Congress Pool on the clay flat at the base of the weathered rhyo-
lite slope; it is closely associated with the Vermilion Springs, which

rather surround it and extend beyond and up the hillside,

.The name as originally applied to a feature in the Norris

Geyser Basin is old, actually dating fron before Peale's work in

1878 who then' observed: "A stake with the name Locomotive was found
near the spring, probably put there by someone of the party wvhen
building the wvagon rogd, —eeme—- it is across the road from No, 1 on

somevhat higher ground," In his list of names Peale refers to it as

*No, 6, Locomotive Spring", but his map shows "Sulphur Mud Spr, 6" at

the location mentioned, His bearing and distance of this feature -

from Emerald Spring, as shown on the 1878 mab, plotted on either

. Hague's map or the one used in this WOrk spots a location about half

‘way between the Norris Museum and the parking area near the rest

rooms, There being no evidence of there ever having been a thermal
feature in this location, speculation regarding the possibility of
"Locomotiveﬁ, Peale's "Sulphur Mud Spr. 6", and Hague's "Steamvalve"
being one andAthe seme feature does not seem too ineppropriate . The
variation in location is not sufficient to preclude the possibility
that each manped the same spring and gave it the name which appealed
to him., At any rate, the early "Loéomotive"-spring definitely was
not in the same location as the one to which Hague applied this name
in 1904, It was used Ey him to designate some feature near Congress

Pool, exactly which one, however, is not made clear by his map, The

79
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Superintendent's committee in 1927 occepted,the name for "e-- g
boiling édlphur mud hole near Congress Pcole—m—-, M

This spring is a large ifregularly~shaped elongated basin
15 feet wide by 25 fect in length from northesst to southwest with
a steep yellov-tinted clay rim which usually stands several inches
above the turbid yellowish water, Strong boiling action is evident,
.especially at- the northern end where the temperature was 199° F, in
1952; at the opposite end the reading was 190° F, A frying pan area
adjacent to the northern end also had a temperature of 199° F, It
appears that the water level may fluotuate somewhat in the large

- basin, but apparently there is little if any overflow,

20, SMILION SPRINGS are southegst of Confrecs Pool on

. the flat and up the slope 125 feet they are mostly beyond and also
-on the slope above Locomotive Spring,

- The name was originally used by Peale to designate a spring
about 120 feet northwest of Echinus Geyser. Hague did not recognize
it, but a Superintendent's committee in 1927 accepted the name for g
spring much fﬁrther toward the west, This spring, however, long
since having deteriorated into a feature of no importance, was de-
clared nonexistant by a Superintendent's committee in 1953, 'This
committee gccepted the name Vermilion to designate the springs here
mentioned,

Overall the érea of these spfings is one of dangerously
thin crust and blistering hot acti?ity expressed at the surface in

‘a variety of forms on the flat and the slope of the adjacent hill,
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both of which are comnosed of rhyolite in an advanced condition of

alteration, Turbid puddles, mud and vaint pots of various sizes,

frying pan areas, sizzling steam‘vents'and dry gas fumaroles scattered

all over the place render the entire area unsafe. to walk upon except

with the greatest caution, Around several of the springs the ver-

-milion-red and rust-brown of iron oxides are dominant colors, and

the yellow of4su1iﬁr is abundant,

21, ONYX SPRING is in Porcelain Basin about 750 feet north-.

east of Valentine Geyser and 425 feet northwest of Congress Pool,
A feature i this location arpears on Hague's map of 1904,
but not until 1927 when names for several hot sorings in this basin

were suggested by a Superintendent's committee did it receive the

" name Onyx,

It is a very pretty large shallow pool 21 feet gcross from
northeast to southwest by 18 feet in the opposite directions, The
dominant color is grayish-blue, but a band of variable width from 3
to 12 inches composed of broken sinter slabs colored a2 rich brown
adorns the entire circumference of the pool from the edge of the
water inward; There are two vents; the larger of these is located
about center of the pool and is about 3 feet across, bordered by a

rust-brown band a foot wide inside of which the color is grayish-

~ blue, The smaller vent is some 3 or 4 feet toward the northwest

from center, about a foot across, and brownish-gray in color, Gentle

ebullition above both vents, with the smaller showing a bit more vigor,

seems to be the normal action of this spring, and there is a slight

qo
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overflow tcward the northeast to .join that from Blue Geyser, Stronger
activity in the vents which perhaps on some occasions causes rela-
tively strong wave movenent toward the margin is suggested by the
presence of a miniature levee of gravelly sinter raised just beyond

the normal water edge of the pool, Also, old reports orove that

another depart, often extremely, from what has been considered normal

behaviér. f!'.n 1929 one observer renorted: "Onyx Spring turned from
a quiet bubbling hot spring into a roaring steam vent with a tempera-
ture of around 198° F," 1In the fall of 1952 the temperature of the

larger vent was 161,6° F, and that of the smaller one was 154.4° F,

l Onyx, like most features in the Norris Geyser Basin, at cne time or

22, BLUE GEYSER is 750 feet northeast of Valentine Geyser

l + and about 420 feet almost due northr of Congress Pool in Porcelain
Basin,
J I This feature appeérs f;o have come into prominence in rela-
tively recent years and was given the name, which is now accepted,
| I by a Superintendent's Committee in 1927.‘ Just why it was designated
I as "blue" is not apparent at this time,
| The pool of this geyser is nearly round and z;bout 24 feet
l across, In general the sinter is very dark in color, actually almost
f o black, over much of the inner area covered by the pool, Toward the
l margin there is a yellowish-gray band which varieé in width from 1 to
' 3 feet and yet further out the color is light rust-brown, The vent,
‘ located about in the center of the pool, appears‘to be about 8 feet
l : | , across,
l 11.
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Heavy.boiling is consistent above -the entire area of the
vent during which the water rises upﬁérd from 1 to 2 feet as a seeth-
ing mass of bubbles, Intermittently, with no apparent regularity,
more violent eruptive bursts occur which raise a ragged irregular

mass upward as much as 10 feet, Wave action in concentric pattern

from the vent toward the margin of the pool is consistent and heavy,

esvecially after the major bursts, These waves cause some overflow
toward the west and also into the pool of Iris Spring, with which it
merges on the southwest, The temperature during most active ebullition

was 200° F,

23, IRIS SPRING is about 730 feet northeast of Valentine

Geyser and about 400 feet almost due north of Congress Pool in

. Porcelain Basin, It is within 20 feet of the Blue Geyser,

A feature in approximately this locatlon carrles the nane
"Iris" in the Hague atlas of 1904, A Superlntendent's committee in
1953 agreed that the one here described should be called Iris Spring,

The pool is about 10 feet across but actuaiiy of indefinite
extent becausé of its tendency to merge across a watery flood plane
with the wave wash from the Blue Geyser immediately adjacent on the
northeast, The pool is yéllowish-brown toward the center and darker
brown toward the outer margin, The water above the irregular cobbly
vent is in a consistent state of ebullition and jéts or splashes up
to perhaps a foot occur intermittently, The temperature in the vent
during ebullition is only 167° F, ahd thus it appears that gas pressure
other than stean must account for the agitation and ﬁinor eruptions,

11
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24, FEISTY GEYSER is approximately 700 feet northeast
of Valentine Geyser and about 250 feet slightly east of north from
Congress Pool in that portion of Porcelain Basin between Blue Geyser
and the highway,

Being hidden from the museum and also from the trail in
Porcelain Basin, this little geyser's activity has not come in-for
much notice; its eruptive tendencies are believed to have become more
pronounced in recent yeafs. These factors arparently account for its
not having inspired s name prior to 1953,

This small but very active geyser erupts from a uymetrlcally-
shaped, sinter-lined pipe-like vent about g foot across in the smooth
sinter surface of the basin floor. In ang aroLnd a small and shallow

basin on the southeastern side the dep031ulon of brown iron oxide is -

. quite noticeable, An eruptive phase appears to be very long; actually

this geysef seemed to be aiways in eruption while I worked in sight
of it in 1952. It did, however,'display a rather characteristic ten-
dency to falter momentarily in its determined efforts to keep the

vent clear of water, Continued but wavering pressure raises a ragged
miniature fountain 2 to 4 feet upward, and internal beady jets are ex-
ploded u§ to 10 feet, With no apparent regularity the show stops for
a few seconds-and the water level in the tube drops 2 feet or so below

the surface where it fluctuates momentarily before the next eruptive

“bursts begin, Southwest from Feisty Geyser are several small spouters

which are more or less continuously active,
About 50 feet north from this geyser a ragged cleft in the
sinter aoprox1mat°ly 6 by 12 feet in size contalns water at a tempera-

ture of 199,4° F, in a state of strong agluatlon about 2 feet below
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the surface and also back in undér fhe broken ledge on the north
side, In a similar but smaller ‘cleft close by on the south boiling
can be heard, énd washing in the gfavelly sinter around each of these
vents indicates £illing to the point of overflow on some occasions,
Deposits of an indigo-blue material in spots on fhe sinter around the
west end of each of these features have 5een_determined to be the

mineral, : e

25, OPAL SPRINGS are a proximately 250 feet north of the
northern end of Nuphar Lake on the high‘ground forming the eastern
rim of Porcelain Basin and about 350 feet northeastrof Blue Geyser,

The name Opal was used by Peale in 1878 in referring to a
single spring or pool located in this area which he said "has
. 51uish water, which flows from the Springlover ochre-yellow terraces."‘
‘Hague's atlas groups several springs in the same general area under
the nﬁme of Opal Springs, This is accepted, and may now be considered
as pertaining to at least one rather large pool and at least two dif-
ferent grouns of closely assembled high temperature steam vents and
two predominahtly water vents, All aré closely related to Porcelain
Terrace, which falls immediately away from this area toward the south~
west and is being built up from mineral matter supplied by water from
these thermal features;‘

Each of the steam groups includes several orifices directed
in diverse directions from a hood-like mound of yellow-tinged gleaming
opal-like sinter which has been deposited by the vents themselves,

The deep brown of iron oxide adorns the smooth well-rounded rim of

each orifice and blends outward to ochre-yellow, These mounds are of

4
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relatively recent origin, it beiﬁg well known to me that they have
develoﬁed to present size since 1935, Sinter depositioh within each
orifice anpears to be rather rapid, The temperature of the steam ét
each of thece groups of steam vents in the fall of 1952 was 197° F,

In addition to the steam vents mentioned, there are severéi
compafatively large vents which emit hot water and a large number of
small holes and cracks from which both water and steam, or one or the
other is ejected, Single and multiple cone-like formations in a
variety of sizes are numerous, some with well-developed miniature
terraces which merge with similar ones close by and below with those
of the Porcelain Terrace. Runoff water from some of the larger vents
is carried awvay by strikingly neat and:eruisitely formed channels
in the norcelain-like sinter, The temperature of the vater in the

vent nearest the road was 199.4O F., in the fall of 1952,

26. PORCELAIN TERRACE is the name given by a Superintendent's

committee in 1927 to the dense sinter formation which clothes the

slope rising around the eastern side of Porcelain Basin, Here a
shallow film of water flowing from the Opal Springs area above cascades
downward over and builds up countless miniature terraces of faintly

yellow~tinged sinter which resembles porcelain in appearance,

27. GROJLER SPRING is aoproximately 450 feet slightly west

of north from the northern end of Nuphar Lake and 200 feet beyond the

Opal Springs area below the edge of the highly altered rhyolite slope
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thch rises above Porcelain Basin along its northeastern side,
Soﬁe of Hague's writing in 1887 vaguély indicates that

this spring mayihave then Been a geyser, but af this location his
aflas shows no named feature., The one here considered received its
present accepted name from_a Superintendent’s committee in 1927,

| .The squarish puddle of yellow-tinged water which is about
10 feet across is located in a ragged basin about 13 by 18 feet in
size among highly altered rhyolite boulders and gravel, The crumbly
slope rises about 15 feet above the pool on the northeastern side,
The surface of the water is in an almost constant conditionAof rather
violent splashing, and it appears that the level changes sufficiently
at times to result in slight overflow, Sulfur is being deposited

upon the rocks around the edge of the pool, and the yellow color of

" the water suggests that this mineral is being held in suspension by

it. The temperature of the water in the fall of 1952 was 195.8° F,

.28. NUPHAR LAKE is about 800 feet east of Valeﬁtine Geyser
and on the southeastern side of the highway,

The name was given by the Hague Party in 1904 in recognition
of the yellow water 1lily, Nuphar, which thrives on its surface,

It is a body of water about 600 feet long from north %o
south by nearly 200 feet in width, fed by springs located at its
southern end. Its greenish-blue water is clear and seems unaffected
by the thermal vents near it. ‘

- Park Ranger Naturalist David Beal was collecting aquatic
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insects fron the vaters of this lake in 1952 and noted the presence

of several warm vents in the shallow water along the eastern margin,

29, SIEVE LAKE is about 1100 feet north of Valentine Geyser

and shortly beyond the western edge of Porcelain Bgsin in g large

flat depression,

 This feature was called "Turbid Lake" by Peale in 1878,

“but apparently Hague, having observed many holes in its bottom from

vhich gas escaped, decided Sieve Lake was a more appropriate name,
Lying in a drainage basin it receives surface runoff water

from all directions, and thus varies seasonally considerably in both

size and shape, Uhen at maximum level it is about 600 feet long from

east to west by about 100 feet wide, and during this stage there is

+ an anpreciable overflow through the 1ow gap 1nto Porcelain Basin,

‘Irregularly funnel-shaped holes of various sizes in the silt bottom

are conspicuous from which gas bubbles are infrequently discharged
to rise lazily through the shallow, greenish, turbid water, The

temperature of Sieve Lake in late October 1952 was 68° F,

30, STEAMVALVE SPRING is about 225 feet northeast of

Emerald Spring and about 150 feet southeast of the Norrls Museum in
the middle of the parking area adJacent to the rest room,
During the Hégue Party's work in 1904 it must have been a

conspicuous and noisily active steam vent, as it received sufficient

attention then to be given the name it now bears and be placed on

¥y
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their map, It Seems, however, that it may have become much less
active,-verhaps eveﬂ appeared domplefely dormant, by the time the
Norris museum and service roadsAtoAit were being built in 1930, At
this time the area was graded over and Steamvalve Spring slept be-
néath an overburden of gravel and black top paving,

Sixteen years later Park Naturallst David de L, Condon
wrote in part as follows in Yellowstone Nature Notes: "On May 22,
-—=about 9:30 a .m,, Mrs, L, F, Albinger noticed a small crack form
near the center of the parking area, with stéam and water starting to
come out of it, The volume of water increased and began to well up
through the crack and run down tﬂe roadway---, A burst of steam
broke loose a small section of the parging area and the churning

action of the steam bursts —-- began mixing the loose surface ma-

« terial with the water, and within about ten minutes a small crater

about 4 x2 feet was snlashlng out muddy water, and the violent, tur-
bulent action was rapidly enlarging the newly formed vent, About

10:00 a,m, I drove into the parking area, accompanied by Park Naturalist
Harold J, Brodrick ——-., The Albingers told us of the initial action,
~—=le perlodlcally returned —--- from our work at the museum and made
plctures of it as well as observatlons of its act1v1ty. -—= by about
4:00 p.m, === it had increased in size to nearly 8 x 9 feet in die-
meter and approaching 5 feet in depth, -~-On the 23rd —— 2/, hours
after the initial action --~ the crater had a diameter of about 12

feet, was about 4 feet down to the water surface ——-," During the

succeeding thlrty days the crater enlarged to 18 by 15 feet and was

~NW
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glternately almost dry then nearly full of violently boiling muddy |
water, often svlashing upward 3 or mbre feet, This activity main-
tained through the 1946 season,.and it became necessary to construct
a guard rail around the crater, Careful checking of Hague's map |
leavgs little doubt but what this is the rejuvenated Steamvalve Spring, |
By the sumer of 1947, Steamvalve having blown its Way.to

freedom seemed again content to lie almost inactive, Light steaming ‘
from the bottom of the 4-foot crater, however, should be sufficient |
warning for mere man not to endeavor to close one of nature's safety
vaives again,

31. DOCTOR ALIENS PAINT 2OTS are approximately 350 fest |

southeast of Fmerald Spring and 650 feet northeast of Monarch Geyser

;
* Crater, f
The name was suggested by a Superintendent's committee in i
1927, the referénce apparently Eeing to Dr, E, T, Allen vho, it is
rumored, sustained some minor burns while working in this area during |
his association with Dr, A, L, Day on their extensive investigation |
of Yellowstone thermal areas in the 1930s, _
In this area on the gentle barren slope of clay and rhyolite |
gravel an atmosphere of utter devastation prevails, and the insecure
crusty nature of the ground surface demands extreme caution from those
venturing upon it to prevent serious burns, Sulfﬁrous fumaroles,
steam jets, miniature and sizeable mud and paint pots, and several

puddles of turbid hot water are scattered indiscriminately over an

area about 150 feet in length by 100 feet wide, Although nothing of

19 X - -
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egpecially arresting importance appears to be taking place here in 3
general, interesting and colorful ac?ivity was reported in 1950 by
Park Ranger Naturalist Beal, who noted an "orange-red" "spouter in.
the center of the basin" on Avgust 2nd vhich remained active for a
month and then became less active and turned gray in color, The same
vent was "very activg and very red" again on September 10th, perhaps
due "to the heavy rains of the preceeding da& replenishing its water

supply, "

32, STEAMBOAT GEYSER is about 950 feet south of the Norris

Museum and 600 feet southeasi of Monarch Geyser Crater,
The birth of this geyser is described by P, W, Norris in

his renort of 1879 as follows: "The new crater which burst forth in

. the Norris Geyser Plateau, with such upturning and hurling of rocks

and trees, August 11, 1878, and was for the remainder of last year a
high crater of hissing gas, steaﬁ, and mud, seems this year to have
settled down to business as a very powerful flowing geyser, having,
in common with many others, a double period of eruption, one some 30
feet high about each half hour, and another of nearly 100 feet and
long continued, each 6 or 7 days, and is doubtless still changing,"
Peale recognized the youth of this feature when he observed in 1878:
"It consisted of two roaring steam-~holes on the side of the hill,
that look as though they had just burst through the surface, ---There
is no deposit marking the opening, although stones surrounding the
hole are beginning to have points of geyserite deposited on their
surfaces,~-~," Peale called it the "Steamboat vent", as, having not

4O
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seen it in eruption &uring his brief stay in the areabhe further
stated: "Whether it is now a geyser with regular periodical eruptions
I cannot determine~--," During much of the period, however, since

the time of Norris and Peale this feature has displayed geyser activ-
ity, and in 1927 was named "New Crater Geyser" by a Superintendent's
dommittee. This name was used for about 10 years before being changed
to the approved name Steamboat Geyser.

.It lies in a large basin eroded into the weathered rhyolite
hillside by the action of the water thrown from its own vent. This
basin is about 75 feet long by 20 feet wide at the northwest end and
50 feet at the southeast end; at this point the floor rises toward
the east to merge with a ten-foot, very irregular escarpment of
weathered, varicolored rhyolite around'the northeast side,

Steamboat's vent is a highly irregular, boulder-choked
fissure about 25 feet long northwest to southeast and an average of
3 feet in width., At the surface it is a double went; the northwestern

opening, about 9 feet ldng, is separated from the 6-foot southeastern
one by an 8-foot bridge of weathered rhyolife spanning the surface
fissure 2 to i feet below the general level of the ground. During
the most powerful eruptions the subterrénean blast of water is splif
by this bridge and emerges with a double-barreled effect as two
~separate highly disseminated masses ejected in opposite directions
accompanied:by the roar of escaping steam and swish.and splatter of
angry water, The double-barreled eruptions seem to occur at irregu-
lar intervals and virtually all of the water expelled by the northern
vent is directed back into it by the sloping walls of the surrounding

basin, Angular computations showed that jets of water from the
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northwest vent were thrown a vertical distance of 35 feet into the
air, while those from the southern venﬁ reached 16 feet,

More common are eruptioﬁs from the southern of the two vents,
with water only rushing and gushing beloﬁ the surface in the larger
northe:n opening. On these occasions, which seem to occur on intervals.
of from 1 to 3 minutes, a very considerable quantity of water is thrown
in a wild, ragged mass to the far side of the &ellowish sinter-lined
overflow channel, Much of it drains down the steep slope toward the
south but as much or more, perhaps, pours back into the belching vent.

It is evident that throughout the past there has consistently
been more activity from the southern opening, as in this vicinity‘dep-

osition of brownish, spongy-appearing sinter is much more in evidence

" in the drainage channel and on the rhyolite boulders littering the

erosional basin, The growth of yellow colored algae is considerable

in the runoff channel, and the pine trees at the edge of the forest,

- subjected to countless steam and mist baths and the resultant heavy

icing in winter, are badly stunted,

'33. CISTERN SPRING is in the timber near the base of the

slope zbout 250 feet southwest of Steamboat Geyser and about 500 feet
northwest of Echinus Geyser,

Although it appears that a thermal feature has been active

here for a long time, neither Peale nor Hague recognized one at this

location, The name was accepted by a Superintendent's committee in
1953.
The basin of this spring is irregularly circular and about

15 feet across. An inconspicuous rim of very dense dark gray sinter

;-¥. - e — A_A;-'_j
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rises rather abruptly'a to 5 inches abqve the surface of the water
around the western maréin of the Bgsin,-and at the water's edge is
delineated by an irregular thin band of black deposition which in
some places clothes distinctly knobby and in others fine needles of
sinter, This rim rounds outward ahd downward to merge with the gravelly
surface surrounding the basin, and through a ragged opening on the south
side there is very meager overflow, Sulfur deposition reaching from the
water's eage downward into the basin is present around that portion of
the basin bounded by the low rim; the depth-extent of this deposition
is obscured by the turbidity of the water.

The character of the water and action of the spring are some-
what variable. Dark gray water in a state of rather strong ebulition,
especially above an extensive area off center toward the southwest,

seems to be most characteristic, but the feature has been observed when

. the water was much less turbid and only slightly agitated. Rough

' measurements indicate that the bottom of the basin is less than 2 feet

below the water's surface around the northeastern side; it appears,
however, to rapidly deepen toward the vent itself which is toward the
southégggg;n side., Strong currents of circulation from the centers of
ebuiition toward the southeastern rim are apparent, The femperature

of the water in the center of agitation was 191° F., in the spring of

195k,

34, VETERAN GEYSER is about 450 feet south of Monarch

Geyser Crater and about 800 feet west of Echinus Geyser in the ancient

sinter formation just beyond the edge of the forest,

45
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It appears that this geyser was named by Hague prior to

1890, 1In regard to it Peale in 1878 reported: "No, 52 is a deserted

- geyser hole with a little water at the bottom,—-<t

This is a rather odd feature which seems to consist of at
least two related units, one being a large basin whose southern wall
appears to_have been pierced.by an adjacent more active steam and
water vent,

: The basin is about 19 feet long from northwest to southeast,
about 1L feet across and a maximm of i feet deep., Green tinged water
at a temperature of about 190° F, stands 18 inches deep in the southern
portion of this basin, shallowing toward the edges in all other direc=-
tions., In the southern wall, lying partly above and partly below the
vater line, a ragged port 3 feet long by several lnches wide and a
3-inch hole a foot lower down open iﬁto the adjacent vent,

There is a much more active feature with its surface opening,
a3by5s foot ragged eliptical hole in the ancient sinter, lying paral-
lel to and about 3 feet south of the basin, Below this opening the
vent becomes a cavernous cleft which extends northwest to southeast
and laterally widens under the ledgg and downward to join the ports
opening into the basin on the north, Water at a temperature of 196° F.
in a consistent-state of violent agitation thrashes about in this
cavern, and the resulting pulsing action}farces some water through
these ports into the adjoining reservoir. During some powerful splashes
water is splashed out of the surface opening, and where it has fallen a

fine display of beady sinter has formed, The water level usually is

s+
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about 2 feet below the surface, The deposit of vearly sinter at
the water edge in the large basin suggests there is probably slight
but perhaps ratﬁer regular fluctuation of the water level, Evidence
of runoff toward the southeast from the active vent suggests that

occasional violent eruntions occur,

35. CORPCRAL GEYSER is about 350 feet south of Monarch

Geyser Crater and about 850 feet northwest of Echinus Geyser, in the
edge of the pine forest at the base of the gravelly rhyolite slope,

A feature in this location is designated simply "Corporal
in the Hague Atlas of 1904. Park Ranger Phillips referred té it as
"Corporal Ge&ser" a periodic spring---" in 1927,

It consists essentially of a ragged crack in the gray

-beady sinter about 3 feet long from northwest to southeast in the

shape of a dog leg, The width varies from a few inches to openings
of greatef size at each end, the one at the southeast being about 10
inches square, Lying below and 5 feet in front of this vent is a
circular pool whiph receives most of the water expelled during erup-
tions of the geyser,

Eruptions observed were minor in size but rather wild in
character, consisting of rapid surges of water from the entire length
of the crack accompanied by a violent spluttering and splashing of
water about>18 inches upward from the Square shaped opening for a
period of about 9 minutes, No regularity of interval between eruptions
was obsefve&, but they seem to take pPlace quite often during an erup-
tive phase, The.water thus discharged into the turbid pobl below

overflows into the flat sinter drainage channel and reaches Tantalus
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Creek 150 feet west, The temperature of the water during eruptions

1s 199.4° F,

36. PALPITATOR SRING is about 250 feet southwest of

|

Mongpch Geyser Crater and about 1100 feet northwest of Echinus ;
’Geyser, on the sinter flat,

This feature was named by Hague because of the rhythmic
beats produced by bursts of stean, ‘

The pool of this spring lies in a very flat shallow basin
about seven feet across, arcund the nbrth, west and south sides of |
‘which pebbly sinter of normal color is conspicuous, The vent con-
sists of two rather small ragged clefts locsted west of center in:
the basin, above which the clear water at a temperature of 178° F,

+ is kept in a continuous state of palpitation by gentle bursts of

gas at depth, This agitation sets up small concentric waves which
wash the margin of the basin and cause a light but steady overflow
toward the southwest, Indications of meager overflow all around
the edges suggest that on some occasions the water level rises

appreciably, Brownish green algae is present at the water's edge
channél.

37. SPINY PEBBLE SPRING is approximately 175 feet south-

\

|

)

on the east side of the pool and along both sides of the runoff é
[

|

!

f

west of Monarch Geyser Crater and approximately 1050 feet northwest

. of Echinus Geyser; it is about 75 feet east of Palpitator Spring and

About 25 feet from the fringe of trees,



& - e -‘ — _-b-

Watson-Norris-page

The name suggested by the presence of many spiny pebbles
iﬂ the basin of the spring was accepted by a Superintendent's com-
mittee in 1953, »

The basin of the pool formed by this spring is almost per-
fectly round, about 11 feet across, rather shallow, with a bottom
which slopes gentlf toward the ten-inch pipe-like vent located about
in the center, Large numbers of pebbles ranging in size up to an
inch in diameter clothed in a gray sinter formation of delicate and
exquisitely formed spines to resemble miniature hedgehogs adorn the
bottom of the basin, Overflow by way of a shallow channel toward
the southwest results in formation of another shallow puddle of
similer size on the gravelly sinter immediately adjacent. Apparently

the water level fluctuates some 6 to 8\inches below the rim for ex-

tended periods on some occasions, as the pebbles here in a band 3 to

6 inches wide on the bottom of the basin have become lightly colored
with a deposition of sulfur, Intermittent filling to the point of
minor overflow followed by draining of the basin takes place, but
the frequency of this cycle is not known,. The temperature of the

water in this spring was 127° F, in the fall of 1952,

38, FEARLESS GEYSER is about 150 feet southwest of Monarch

Geyéer Crater and about 1100 feet northwest of Echinus Geyser, on the
sinter flat,
This feature apparently was named by Hague's geological

party in 1883, as it was referred to by that name when they took a

5%
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water sample for analysis and recorded a temperature of 197,6° F

The pool of this sorlng is in a nearly round basin about
1/ feet long from east to west and 11 feet across, The outer portion
of this basin is gently flared and dark gray w1th a fine filamentous
dep051t10n of sinter, beyond which the walls of the well drop away
steeply into the dar: om1nous—apnear1nv, funnel-shaped vent, Because
of undulations in the surromnding sinter surface, the water level
varies from 3 to 6 inches below the edge of the basih. The flare or
the basin floor in a band from 3 inches to about a foot in width
above the water is colored with a mass of dark-colored sinter-
encrusted Debbles brlstllng with very fine needles which give to
each the appearance of a miniature hedgehog, The inner portion of"
the »it or well is yellow-green to dark green—blue in color,

During my periods of observatlon no eruntlons of this
‘"geyser" were noted, and available records 1rregularly report but
very minor activity of this nature, The band of spiny pebbles pres-
ent in the basin suggests perhaps periodic fluctuation in the water
level, I@'observatlons only record a continuous bubbling of the
clear 190° F, water above the vent; there is no evidence of overflow

from the pool,

39. VMONARCH GEYSFR CRATER is 800 feet southwest of the

Norris Museum; 500 feet southwest of Emerald Pool,
The name "Monarch" appears to have been given to a - geyser

~in this location by P, W, Norris; in his 18g4 guide book he said:
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"ee=The Monarch—--dallj throws one vertical and twvo diagonal columns
of hot water about 100 feet nlgh, w1th runblings which shake the
valley, until a creek of hot vater for a time bars all travel upon
the highway," There is some confusion here, however, as Peale did
not recoonlze a major feature in this locatlon in 1878, It seems
highly probable, however, that it may be the same as his No, 73 which
he called the "New Geyser" and that he may have mislocated it on his
map, (Hls brief description of this feature coincides closely with
Hague's of the "Monarch", which is in the same location as the pres-

ent day Monarch Geyser Crater and whose description in 1885 remains
7

'reasonably a-plicable today, ) Peale ‘did not witness any eruptions

from the "New Geyser" but stated: "—--~the character of the surround-

ings present proof that there are eruptlons but we did not witness

rany," Hague, on the other hand, spoke of "--tne geyser playing

every / hours" and further mentioned "e—eethe natural displays, which

throw a colum of water 50 feet into the air," An wconfirmed refer—

of recorded eruptions indicates that it may not have survived as g

‘geyser much more than 30 years, Thus, it is noy recognized as

Monarch Geyser Crater and not as an active geyser,
The crater is a large alcove-like three sided basin eroded
out of the rhyolite of the steep pine covered hillside, It is

oriented with its oven side toward the northwest, It is about 135

feet long from northwest to southeast by 80 feet across and the

]
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gravelly wall'of disintegrated rhyolite rises steeply some 35 feet
around the southeast end before merging with the slope above,

Two ragged, parallel clefts in the rhyolite trend north-
west to southeast; they were once active as geysers and now lie sub-
merged in gray green water which forms.a_pool in the floor of the
crafer about 55 feet long by 28 feet wide, The crater is deep and
ominous in appearance above the vents but is shallow with a sulfur—
colored silt bottom around the eastern side, Each of the clefts ié
about 16 feet long and of irregular width from 1 to 4 feet; between

them a hump of rhyolite stands from 2 to 4 feet above the water sur-

face,

The water in the most northerly fissure is continuously -

bubbling with vigor at a temperature of 190° F, Only an occasional

.bubble breaks the surface above the other veﬁt, Several highly

altered, scaly, multicolored boulders of rhyolite lie on the floor
of the crater and lodgepclevpine trees up to 12 feet in height grow-
ing among them testify to the absence of geyser activity during a
long period, A small stream of varm water flows from this crater
tovard the nofthwest to join the overflow from Emerald Spring and

Minute Geyser bound for Tantalus Creek,

40, MINUTE GEYSER is about 250 feet northwest of the crater

of the Monarch Geyser and 700 feet southwest of the Norris Museum on
the level of the southern portion of the Norris Geyser Basin,
Doctor A, C, Peale writing in 1878 accepted this name saying:

"This geyser, which is located close to the wagon road on the right as

7.
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it begins the ascent of the hill, was named by Mr, Norris," Actually;
Norris' revorts of 1878 ang vrior ye@rs dé not include this name but
in his guide book of 188/ he mentioned the "Minute Man Geyser" and .
not Minute Geyser, The name Minute Man Geyser is approved for a fea-
ture in the Shoshon¢ Geyser Basin, but nevertheless, though in error,.
it waé also used in reference to the geyser at Norris until very
recent years, even though the name Minute Geyéer had been accepted

by a Superintendent's committee in 1927, Peale, on the basis of his
observations of five consecutive eruptions with intervals between
varying from one minute and ten seconds to one minuﬁe and 55 seconds
and duration of from 10 seconds to 2 minutes, stated that: "Judging
from these few observations the geyser has been very well named, The

water is thrown to a height of thirty to forty feet." In his mind the

.word minute obviously had reference to a period of time but in the

minds of some more recent investigators it has been interpreted as
having referenée to the size of the geyser, Fragmentary reports and
casual observations of this geyser's major eruptions since that time
justify Peale's early conclusions, as eruptions variously reported
from 20¥to 60 feet in height cannot be-regarded as minute, meaning
small, Some reporters having watched the frequent eruptions of the
small associated vent may have considered it adequate reason for use
of the term minute, meaning small, but if so they were not observing
the real Minute Geyser in action,
The Minute Geysér system includes at least three vents, two‘

of which are located on a low, gray, flat mound of dense sinter, quite
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‘ irregular in shape but roughly 32 feet across from northwest to south-
east by 20 feet in the opposite directions, The other is a sizeable

pool which lies a few feet to the southeast off this sinter mound, |

l

I

1

' The sinter mound merges with the gravelly rhyolite wash from the hill- ‘
side on the northeast, : \

l What perhaps should be considered the major of the two main
vents lies in a trough-like depression in the sinter mound s Which is

I about 9 feet long from southeast to northwest, about 2 feet deep and |

l from 2 to 3 feet wide, The actual vent is an irregularly funnel- |
shaped opening about 12 by 15 inches across located at the southeast

|

end of this trough, The second vent, located 7 feet to the south, is \

simply a rather ragged roughly circular hole in the sinter about 2

. . "~ feet by 18 inches in size,

. Records which give a clea.r‘ picture of this geyser's over-
all activity,a_re lacking but casual reports seem conclusive in that }
they do indicate at legst more than one type of eruption from this |
system, Efforts to actually observe these and establish their rela-
tionship during the fall of 1952 were not wholly successful,

Many eruptions from the southern vent on the mound were |
observed, Heavy boiling just below the sinter surface initiates the
actual eruption, which straightway follows in the form of spurts and
violent splashing from the vent to heights of from 6 inches to 3
feet above the sinter, ~Fj.fteen consecutive eruptions of this kind

were observed with intervals between varying from 7 to 13 minutes ’

‘ average 10 minutes, The eruptive activity remained strong throughout s

RN | TR _
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waning only during the latter 30 seconds of play, after which the
water level dropped in the vent ‘about 18 inches with much noisy
bubbling, During this activityrthere is meager overflow toward the
southwest and a fair-sized stream pours into the trough, partially
but never completely filling it; underground circulation into the
erupting vent is indicated; The temperature prior to eruption was
196° F, and during eruption was 199° F,

Later in the fall I arrived in time to watch the t rough
vent of the Minute Geyser during the last few minutes of an eruption,
In this period many closely spaced, raéged and very explosive jets
were observed, the interval between varying from 20 to 60 seéonds.
Others have ;stimated these jets to reach heights varying from 20 up

to 60 feet, On this occasion éngular'measurements showed the top

. beads reaching a height of 24 feét but it is presumed that greater

heights may be attained dufing the ea:lier stages of the eruption,
Bursts suéh as thesg are probably similar to those observed by Peale,
.on the basis of which he concurred with Norris in the propriety of
the name Minute Geyser, |

‘Observations following this eruption revealed that the pool
to the southeast had been drained to a very low level and steaming
was heavy under the ledge projecting above it on the northwest side,

It appears that this geyser may stage one or more such
eruptive phases in the course of a 24 hour period, during which ex-
plosive bursts follow one another in rapid succession, Some records

of the past'indicate that such phases have occurred on an interval as

/Q}
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short as 3 hours and endured for more than an hour, More recent

but inconclusive recbrds, however, indicate eruptive phases occurring
at considerably longer intervalé and lasting for a shorter period, [
Between these phases almost continuous eruption from the associated

vent, such as described above, has been observed, Whether or not : |
this is a uniform occurrence or whether there is a definite cyclic

relationship between the two vents is not definitely known,

41, EMERALD SPRING is about 500 feet northeast of Monarch

Geyser Crater at the brow of the hill 300 feet southwest of the

Norris Museum,
In 1878 Peale apparently unintentionally named this feature
l. _ ' when he said: "No, 5, emerald pool, is somewhat concealed in the tim-
+ ber, and is a handscme, yellowish eﬁerald—tinted pool measuring 40 by
50 feet, The basin is sulfur lined and has a gray border, The water
boils at one end, and has a température of 186° F, on the edge of the
spring, There is a considerable overflow, which goes to the south-
west," Norris recognized the name in 1881 when he said: "Emerald,- 5
Evidently has an occasional eruption, although none were observed,"
This spring lies in a gravelly rhyolite flat ét the head
of its own drainage, which drops away sharply toward the southwest,
The pine forest crowds it.closely on the east and west and a weathered i

bank of gravel rises along the northeast side, Tts water, which is |

measuring 46 feet in length from northwest to southeast by 32 feet

in width; the rim is quite irregular in outline, low. and sinter

l beautiful yellow-green to dark green, occupies an elongated basin )
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covered, From the rim a bouldery .flat ledge extends inward from 1 t;\
10 feet before dropping about A.feet:to the main basin, This level
in turn drops away to the main vént which seems to lie along the
northeast side and extend toward the southeast end, Sulfur deposi-
tion is rather heavy on the flat ledge under the water and the red

of iron rust is prominent along the edge of the embayment on the

east and northeast sides., Many old logs and sticks have become em-
bedded in the sinter toward the western end of the pool, -

In general revorts about Emerald Spring indicate substan-
tially the same type of activity as that observed by Peale, that is,
gentle but consistent boiling at several points on the surface and
somewhat more vigorous ebullition in the narrow neck at the southeast

end, resulting in appreciable and consistent overflow, There have,

+ however, been occasions when this spring has departed far from this

mild manner to become violently and spectacularly active as a geyser,
In the early 1930s several such’beriods of eruntive activity were
reported, those of 1932 being, perhaps, among its most spectacular
displays, Many of these I witnessed._ In regard to this series of
eruptiohs Park Ranger Naturalist Arthur Nash wrote: "On July of this
year it (Emerald Spring) again resumed its geyser activities throving
water to a height of from 20 to 25 feet, It continued these eruptions
at intervals of 35 minutes," Years later, in 1948, Park Ranger Nat-
uralist Sanborn reported in a similar vein that: "The other pool of
interest has been Emerald Spring which erupted in July and drained
down over a foot and a half," Between the mild and maniacal periods,

it is known also that often much of the surface of the pool boils

g5~
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v-iolently, frequently becomes noticeably murky and that minor erup-
tions oceur which discharge considerable water;

Such v;ariety of aétion no doubt resuits in considerable
variation in temperature of the water but 'bhaﬁ recorded in the fall
of 1952, 194° F, was only one degree above a recording made just a

year earlier, ’ |

42, BATHTUB SPRING is about 350 feet southwest of Valentine

Geyser on the gravelly slope about 90 feet due west of the Norris

Museum,

This feature was so named by a Superintendent's committee

' in 1927 because its shape resembles that of a bathtub, In 188, Hague |
' : »

‘ , referred to this spring as "Schlaumkessel", a German term meaning mud |
l "kettle, and it so appears in his atlas of 1904, In those days it |

must have been more of a mud pot than now,
It is an ear-shaped'pooi about 14 feet long from northwest |
to southeast by about 8 feet widé, lying in a flat depression on the
side of the slope, The irregular cobbly rim covered with pebbly
sinter rises to 8 inches around the southeast end but is very low at
the oppoéite end, The clay and obsidian sand slope of the hill rises

about 10 feet quite sharply above the southeastern end,

is broken by quiet ebullition in two places., Consistent but very
meager overflow occurs at the northwest end s except during periods of |

l ‘ . The water in the pool is murky gray in color and its surface ,\
I ‘ greater activity when minor eruptions take place and augment the over-

: |
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flow appfeciably. The temperature of the water is 194° F, In 1884
Hague's party recorded a water temperature of 195,8° F,

A smaller also ear-shaped pool occupying a ragged hole in
the sinter lies about 8 feet northwest of the Bathtub, It is about

5 feet long from north to south by 1 to 2 feet in width, Its murky

-gray water is in a consistent state of ebullition at a temperatﬁre

of 196° F, and overflow toward the northwest is slight but continuous.

Unofficially this feature has been called "Bathtublet",

43, HARDING STEANM VENT is well surrounded by timber in a

dry gully less than 100 feet east of the‘Norris Museun,

A thermal feature at this location prior to 1923 was knowm

as "Tippecanqe" geyser, but acéording to Park Ranger Phillips' account

_in the Ranger Naturalist Manual of 1928 it was "renamed Harding Geyser

as it becane unusually'active‘just before the visit of President
Harding in 1923," Until now Harding Geyser has been the accepted name
of this unimportant feature, However, since no written account or
verbal statement is available to substantiate geyser action at this
location, the revised and more appropriate name here used was accepted
by a Supefintendent's committee in 1953,

The'active vent of this feature is a very irregular cleft
about 4 feet long, from north to south, by from 4 to 10 inches wide,
iocated among sinter-encrusted someﬁﬁat iron-stained cobbles and
boulders of rhyolite at the bottom of a ragged pit approximately 5
feet deep, Emission of great quantities of steam is the only action

one readily sees here; closer examination, when possible through the
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clouds of vapor; reveals water fluctuating at approximately the 4
foot level, and the sound of water séething and boiling in an éXh
treme state of agitation is continQOUS;. The temperature in the vent
at a location approximating the water level was 198° F,

44, BLACK PIT SPRING is approximately 70 feet due north of

the vent of Echinus Geyser; it is less than half this distance from

the high gravelly rim on the north side of this geyser,

It is a relatively new feature which until recently was un-

named, Park Ranger Naturalist Douglas' report of June 1939, alludes .
‘to it as follows: "A steam vent has broken out on the hillside be-
tween Vermilion Spring and Echinus Geyser., The roaring of the steanm

can be heard several hundred yards," (See Vermilion Spring for its

.new location) A Superintendent's committee in 1953 accepted the name

here used,

The elliptical basin of this spring, which is 8 feet across
by 11 feet in length from north to. south, has been excavated in the
rhyolite gravel slope by the spring's action since 1939, The time
required for the change from a "Steam vent" to its present status is
not apparent from observers' reports, but it is known to have been in
about its present state of activity for many years, The gray border
around the pit-like basin-grades toward the center into deep black
as the steep conical bottom merges in the obscure depths with the
vent itself, Behind thé basin the steep gravelly bank rises 4 or 5
feet to merge with the slope of the hillside, The strong and contin-

uous agitation of the surface, which bubbles and splashes upward a
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foot or more, apparently is in response to gaseous pressure at depth
and not boiling water, as the temperature here is only 190° F. The
bursting of gas bubbles in the subéerranean plumbing of the feature
is audible, . Obsidian sand is much in evidence around the western
side of the basin, and overflow in this directioﬁvinto the channel

below Eehinus Geyser is very meager,

45, ECHINUS GEYSER is about 1400 feet almost due south

of the Norris Museum and 1000 feet southeast of the Monarch Geyser
Crater,

Echinus was so named by Peale in 1878 '"because the pebbles
around the b;sin have some resemblance to the spine-covered sea urchin™,

This geyser nestles in a neatly curved niche above which the

_gravelly wall of altered rhyolite rises sharply 3 to 10 feet before

flaring more gently to merge with.the sparsely fdrested slopes on the
northeéstern and southeastern sides, The main pool is aboﬁt 40 feet
across from northwest to southeast by‘about 50 feet in the opposite
directions, A rough sinter-covered extension another &0 feet toward
the né?giwest ﬁpon which the water lies in shallow depths when the
vent is at the maximum overflow stage gives the impression of a much
larger pool, This extension ultimately breaks up into two small
channels which drain into the main runoff tovard the Hértrwest to join
a branch of Tantalus Creek, The surface well of this geyser is a pit
about 20 feet across and roughly circular, which drops very.irregularly
among a mass of rhyolite slabs and boulders which have slumped into it,

All surfaces which are covered by water during quiescent periods are

gl
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encrusted ﬁith sinter, much of it highly spiny in character and all

colored dark red, about which Doctors Allen and Day say this: "It

contains more than 50 per cent of ferric oxide, 6 percent of oxide

of aluminum, 20 percent of silica, and 5 percent of arsenic pentoxide, "
In channels recently cut by the apparent rejuvenation of strong gey-
ser aétivity which_has removed this red deposit, normal gray to white
sinter is found and in it wood fragments, needles and cones long
buried are brought to light,

It may be that Echinus has been inactive as a geyser for
many years, or it may be that because of its distance from the Norris
kuseum seasonal observers have not been present to witness its erup-
tions, At ahy rate reports of actually witnessed efuptions of this
geyser are completely lacking from 1878iuntil 1948, In the inter-
\vening period such reports as: "slight boiling", ™"much boiling and
steam", "no eruptions, much boiling and evolution of steam" and "no
indicated eruption" are characteristic,

The present highly active phase of this geyser apparently
had its beginning after the 1947 season, at which time no eruntions
were reported; just when is not evidenf, perhaps during the following
winter or early spring, At any rate by the summer of 1948 it had
established an eruptive regime which moved Park Ranger Naturalist
Sanborn to say that Echinus Geyser "-f-has been the most regular of
the fowr large geysers in this basin, It has been erupting to a
height of from 10 to 80 feet every hour and a quarter during the season,

Men stationed at Norris during the 1952 and 1953 seasons

0%
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reported eruptions from Echinus on an average interval of 3 hours
with durations of from 3 to 5 minutes and hgights from 50 to 65 feet,
During observations in the fall of 1952 several eruptions
were observed at a distance and one at close range, On this occasion
- the pool was almnost full of beautiful greenish water upon my arrival
and filling was completed within a few minutes, Soon thereaftef
rather heavy bubbling was noted along the south side followed within
a few minutes by violent agitation over the entire surface of the
pool; very quickly thereafter the entire surface of thé pool seemed
to rise up and with explosive violence break into a magnificent
fountain-type eruption, The main mass of water appeared to Be in
explosive agitation to a height of from 15 to 25 feet and above this
ragged jets were propelled to donsiderably greater héights. On this
.occasion these jets were neasured Ey angle computations to a height
of 32 feet but other obserfers believe that some reach a considerably
greater héight. This eruption lasted 4 and one-half minutes, which
is about average for all reports during the past four years, The
temperature was 189° F, just prior to the eruption and the same 2
minutes afterwards, at which tie the water level in the créter was
about 4 feet below the surface, Hague's party while collecting -
a water sample-in 188/, recorded 195,8° F, for Echinus, One half hour
after the eruption the level had raised about two feet and gradual
filling continued, Park Ranger Naturalist David Beal believed that

during the 1951 and 1952 seasons an eruption could be counted upon
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"within 15 minutes of the tine the overflow from the crater reached !

the end of the terraces built up on the northwest side of the geyser". |

L6, ARCH STEAM VANT is a short distance above the general
level of the basin floor on the steep timbered slope about 500 feet ‘
south of Steamboat Geyser and about 200 feet.southwest of Echinus |
Geyser, ‘ |

The nane, sugzested by the anpearance of the feature, was |
accepted by a Superintendent's committee in 1953.

There are indications that this vent is active at or near !
the location of an older thermal feature of some kind, but neither

Peale nor Hague recognized one at this location, The mound-1ik

in dense black sinter which appears to be iﬁdicative of much older
\thermal activity.

Collapse of fhe mound in two places and subsequent erosive
action have left intact a thin arch about 2 feet wide standing some |
3 feet or so above the now active vent, which is a r;gged cleft among
the rhyolite bbulders about 5 feet long from north to south, Toward |
the nérth on the downhill side of the mound a very irregular cavern !
L to 5 feet in diameter has been created wvhich narrows southward ‘
beneath the arch to merge beyond with another smaller ragged hole ‘
opening to the surface, The noisy ejection of steam from the vent
produces billowing clouds of vapor, and occasional showers of water

droplets blasted outward drench the interior of the_crater and area |

close by, Alteration in the rhyolite crater has been considerable, |

l. : structure and the adjacent slope area toward the north are clothed D
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I ' resultlng in colorful displays of red and brown iron ox ¢ide, and
light deposition of sinter is apparent on some of the boulders,
Temperatures varying from 192° F, to 198° F. were recorded in the

- vent,

47, PEBBLE GEYSER CONE is about 600 feet north of Green

Dragon Spring and about 800 feet south of Monarch Geyser Crater,
This feature is No, 55 on Peale's map of 1878, in regard
to which he saig among other things: "This, as far as we could de~
termine, is one of the most important geysers 1n the basin o—=Its
name was given to it from the abundance of rosetted pebbles in the
basin outside of the tube, On ‘the 14th (of September) we sav from

a distance two eruptlons of this geyser, which we estimated to reach

fifteen minutes. They lasted a few minutes only, " Apparently it
has long been inactive ag a geyser and is thus now knowm only for
its cone,

The vent is about 2 feet long by an average of 10 inches
in width, located on a flat, much fractured, platform-like cone
structure of very dense, gray, cobbly sinter in the surface of which
are many small irregular pebble~filled basins, This platform s»ands

from 3 to 10 inches above the general level of the sinter mound, and

is about 9 feet long from northeast to southwest by 5 feet across,
Close by the lip of the vent on the southweut lies a remnant of wood

about 2 feet long which is now highly impregnated with eilica and in

. *a height of 50 feet, The mterval between them was one hour and

places encased in 81nter as much as 4 inches in thickness, A 51milar

| ; . 103
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tree about 3'paces Southwest of the cone attests .to the long period

' since the last eruption from this vent, which now only steams quietly

is located,.which is roughly circular, about 4 feet across at the

base and 2 at the top within which sinter gravel has been deposited

to within 10 inches of the rim, The_only:sign of thermal 1ife appar-

" ent when this investigation started was considerable heat in the

gravel within the basin, Since the rim of the cone stands above the

general level of the mound, it seemed Probable that the gravel load

placed there, The first 4 inches of sinter gravel and small stones
were compacted but not cémented. From there downward for about 8

inches the material was similar in general character but included

somewhat more stones and coarse pebbly material, all of which was
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removal, all of which were from 2 to /4 inches in thickness, Downward“
the load continued similar in generallcharacter and was not especially
compacted., At a depth of about 4 feet the symetrically conical pitch
of the walls reduced the vent to less than a foot across, and approx-
imately here a slab of sinter about 3 inches.thick and a foot square
was found standing on edge with one corner downward into the con-
stricted opening, Removal of this slab and tﬁe gravel and stones
packed on either sidé of it left the vent more or less clear into
some kind of chamber in which water at a temperature of 198° F, was in
a vigorous state of agitation and from which blistering steam rose in
large volume,

Was this feature's natural action unalterably changed by
the load of debris placed in it by vandals? Could be, and inability
.to remove all of it could only result in failure to restore the
original activity,

48, CORAL SPRING is approximately 525 feet north of Green

Dragon Spring and about 900 feet southwest ofiMonarch Geyser Crater,
This thermal feature receivea its name at least as early
.as 1884, In that year on August 20th a geological party under the di-
rection of Arnold Hague collected water from "Coral Spring---Norris
Geyser Basin", In the 190/ atlas it is shown simply as "Coral", and
it appears that the action of a 1927 Superintendent's committee in
accepting the name "Coral Geyser" was ill advised, as evidence of
geyser action has not been found, With this in mind, the Superinten-

dent's committee in 1953 accepted the nane Coral Spring,
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Its locafion is on the southwestern crest of a flat sinter
mound, the feature itself being a pool of very irregular outline

about 20 feef long from north to south by 10 feet across, A low in-

blue_slightly cloudy water, and in some instances exists as a very
delicate extremely thin growth lying barely above the water surface

and extending as much as 18 inches inward, Below the surface a reddish-
brown vériety of sinter is being built outward from the walls forming

a delicately spiny, fibrous to TOopy appearing shelf, An interesting
siliceous box-work formation crested with sinter needles is especially
apparent on the eastern margin of the ﬁool. The early analyses of
water from this soring revealed an unusvally high content of silica

which Hague believed "deposit (it) on cboling_of the waters", separa-

*tion of which he further believed was influenced by "the nature and

amount of alkaline chlorides énd carbonates present——-_"

The opal color of the water and truly remarkable delicate

the entire Norris Geyser Basin, and the presence of the exquisite
and extfemely fragile marginal sinter deposits seem to preclude any
possibility of‘eruptions during a long period of the past, TIts
activity now consists of gentle ebullition at the southern end of
the pool accampanied by rather continuous gurgling sounds and oc-
casional very noticeable thumps which jar the forﬁation as bubbles
of gas explode below the surface, Occasional pulsing of the surface
occurs resulting in periodic meager overflow at several points around

the edge of the basin, Hague's party recorded 163.4° F, as the

wl T T 77— ———— .
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temperature of this spring in 1884; in 1952 it was 125.6° F., e |

49, DOUBLE BULGFR is approximately 650 feet almost due

north of Green Dragon Spring and 800 feet slightly west of south
from Monarch Geyser Crater, about half way between Pearl Geyser and
Coral Spring. |
Peale recognized this as a double feature stating: "Two
. bulging-springs with rims and pool back of them, Below is a large \
pond " The name is approved, but the feature or features a ppear to
be of less significance now than in Peale's time, Hague's map does |
not show them, and it is not certain that the descrlotlon used here
relates to the same features mentioned by Peale, though the location |
is close, _ i 7 . |
At this time only one spring is active in this location,
Close by is a conspicuous dormant vent, and it may be that another
of similar chéracter covered with gravel is present somewhere nearby,
The active spring, which could be the "pool" mentioned by Peale, is
contained within the steep walls of an irregularly c1rcular vent
about 3 feet across, The gray murky water is usually in a sta;e of
violent agitation about a foot below ground level, and scme water
splashes beyond the rim to wet the dense gray sinter for a distance
of a foot or more, Bulging and spalling off in some places of what \
looks like an older layer of sinter suggests rejuvenated activity at
this spring, The temperafure of water in_the active spring was 190,4° F,
in 1952, -

Toward the northeast about 10 feet a funnel-shaped crater

i | | o
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about 10 inches across now lies dormant and filled with sand, Warmth
a few inéhes down in this probably unnatural overburden suggested the
possibility that its removal might encourage a rebirth of activity in

the vent, With this in mind I subsequently removed the sand in the

long narrow taper of the tube to a depth of about 18 inches where the

size of the opening became too small in which to work, A knife blade
thrust on downward through a thin crack came out wet and quite hot,
and water could be heard gurgling at depth, but none rose to £ill the
tube, Evidently this is another vent which was sealed by geyserite

from its own water,

50, PEARL GEYSER is about 725 feet north of Green Dragon
Spring and 750 feet southwest of Mbnarcﬁ Geyser Crater,

This feature is No, 68, Pearl Geyser on Peale's map, and
was thﬁs named by him because of "———the white pearl-like appearance
of the deposit around the spring,---the water bulges, and judging
from the surroundings, at times spouts,"

This spring, whose action still ﬁerhaps justifies the name
geyser, is located on a flat sinter mound with sharpest slope toward
the west., The pool, which has an extfemely irregular margin, is
about 2 feet long from north to south and about 18 feet wide, The
sinuous édge is marked by a uniquevand irregular rim which varies
from 1 to 6 inchés in height and from an inch to nearly a foot in
width, dressed in gray to slightly greenish sinter with fine pearly
to coarse knobby sponge-like surfaces, Inside the rim the water lies

quite shallow on a flat bottom which varies in width from 1 to 10 feet
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and is embellished with a variety 'of' interesting sinter forms, From

this surface the basin slopes more steeply toward the south end thus

presenting a pearly, colorful, flared surface which terminates about
3 feet under water in the elongated, éast to west, 3 by 1 foot open-
ing which is the vent, Five islands of_spongy—appearing sinter lie
in the basin, one about 2 feet long and a foot wide,

I arrived at this geyser on one occasion just prior to the
eruptioﬁ when only the flared portion of the basin contained water
at a temperature of 154O F, in a state of gentle ebullition, Shortly
thereafter the basin began to £ill quite rapidly followed by strong
pulsing action at the vent which sent strong vaves across the surface
of the pool, ﬁow quite full of greenish water at a temperature of

180° F, Within the next few minutes an occasional rather strong burst

‘of gas broke the surface splashing the water upward a foot or SO re-—

sulting in meager overflow all around the margin, after which the sur—
face of the pool became almost cémpletely calm, Returning to the
geysér about ocne hour later I found it in much the same condition as
when observed earlier and concluded that I had seen at least one type
of erupfion from the Pearl Geyser,

On August 20, 1884, Hague's geological party recorded a

temperature of 183,2° F, for the water in this geyser,

51 CRADLE MUD SPRING is about 600 feet southwest of Monarch

Geyser Crater and about 1100 feet west of Echinus Geyser,
In Peale's time this must have been a rather imposing fea-
ture, as it received his No, 69 and the name which it now carries——-—

"eewfram the curious cradle~like mound which the spring has built, "
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In 1954 ﬁolsuch formation exists at this feature, it being
now a very wnpretentious appearingfirregularly funnel-shaped vent in
the clay flat, in which muddy water is in a rather continuous state
of gurgling and pulsing agitation, Wetness in the fiared well indicates |
the solution reaches well up toward the surface at times to form a muddy

pool about 4 feet across, but there is no indication of overflow,

52, VIXEN GDYSER is about 550 feet southwest of the Monarch ‘

Geyser Crater, ‘

The name appears to have been given by Norris, for in his

report of 1881 he alludes to it thus: "Vixen--~Eruptions from forty

to fifty feet high, each two or three hours," He, however, gave no

‘I;l

indling as to the location of this geysér and Peale stated in regard |
"to the feature at this location: "o, 70 is a small geyser on a hard [
flat mound of gray and reddish geyserite, The basin is about 20 feet

diameter and the central orifice only eighteen inches across. The |
temperature was 180° F," |

Irregular revorts based on casuél observations during the : {
interveﬁing years serve only to indicate that Vixen has been active ‘
as a geyser most if not all of the time,

This geyser is located on a low flat mound of dense sinier
which is about 12 feet from east to west by 10 feet in the opposite
directions, The sinter is normal gray in color, e%cept the area immed-
iately adjacent to the vent which is pinkish to reddish-brown in a
band 2 to 3 feet wide, The vent of the geyser is roughly triangular i
in shape, less than a foot acfoss at the surface and drops straight j

down for about 3 feet, at which'poinﬁ it is about 4 inches across,
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Between eruptive periods the water in this tube is in rather constant’

agitation, the level changing rapidly with pulsing action through a

~ distance of about a foot,

The interval between this geyser's eruntive phases has not
been determined and it appears that these phases may vary somewhat in
1ength and character, On one occasion in the fall of 1952 it was in
an eruptive state on my arrival but retired ihto the vent séon there-~
after, -During this brief period Vixen displayed her characteristic
spiteful mood, Explosive bursts from the small vent which raised a
highly disseminated ragged stream of water and associated jets of
steam occurred on intervals varying from 40 to 90 seconds, each lasting
from 10 to lé seconds, In general the height of this eruption%varied

from 2 to perhaps 8 feet but one angulaf measurement to the top of

the highest beads showed them to be 16 feet above the sinter, Meager

runoff toward the northeast followed each burst but considerable water
from each drops back into the crater to feed the next eruption,

What is believed to have been a different type of eruptive
phase was observed late in the afternoon of the following day, This
eruptive phase was observed for about 40 minutes, during which 3 ex-
tremely active 5-minute periods with 15 to 30 second intervals of
quiet between were observed, Relative quiet of 4 minutes followed
during which the water pulsed irregularly and noisily in the tube,
Two more periods of extreme efuétive violence were observed, one of
4 and the other of 7 minuﬁes, and Vixen was still venting her wrath
as I withdrew in the gathering darkness,

- During these periods it seemed this little hellion was in

a continuous state of spitefully violent action, with burst following

u(
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burst so‘rapidlyvthat a steady stream of hot water flowed across the
flat channei to Tantalus Creek, Anguiar computations revealed ﬁhat
on occasions during this watery orgy, jets reached a height of 30
feet, L |
Vixen's temperature raised frém.192° F, before to 199° F,

during her display of madness,

53, TANTALUS CREEK is the main drainage stream from the

Norris Geyser Basin into the Gibbon River.

Beginning at the Gray Lakes its sinuous sinter channel
meanders northward for a mile to empty into The Reservoir, Imerging,
it snakes its way westward another 2000 feet to reach the river, Its
major forks and network of minor branches form an intricate drainage
system which reaches into every major'segmént‘and secluded alcove of
the entire basin, and, though its water remains ciear, it removes
from the basin in excess of 6 tons of dissolved mineral matter each
day, The name was given by the Hague Party in 1904, and alludes to
Tantalus, a king in Greek mythology.

54, YELLOW FUNVEL SPRING is approximately 300 feet due

north of Green Dragon Spring and 1150 feet southwest of Echinus Geyser
at the crest of the rise between Phillips Caldron and Coral Spring.
This very pretty feature deserved a name long before being
so honored by a Superinfendent's committee in 1953,
The spring's pool of clear.greenish water lies in a basin

which is nearly symmetrically circular, it being about 24 feet long

[1~
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by 21 feet across, . A band of brownish—yellow sediment varying in
wiath from 1 to 2 feet around the inner margin of the basin merges
with the yellow of heavy sulfur déposition on the gently sloping
funnel-like walls which terminate in an elongated vent 5 feet below
the surface of the pool, which is partially choked with rocks, Gentle
ebullition, especially from the eastern end of the vent, and a mere
trickle of overflow down the slope toward the-northeast are the only

activity displayed by this spring, whose water temperature is 160° F

55. DPHILLIPS CALDRON is about 125 feet northwest of Green

Dragon Spring and 1300 feet south of Monarch Geyser Crater,

Thls feature vas named for Charles Phillips, a former
ranger,---, He died very suddenly whilé in the service in 1927."

In its present state this spring consists of a roughly
circular basin about 16 feet long from north to south by thirteen
feet across, lying in the gentle, gravelly slone of the rhyolite
hillside. On the northern and eastern sides toward the hill the
basin is as much as 5 feet deep but of lesser depth on the south
and west, During an earlier phase of éctivity this feature built a
élay rim adjacent to its then active center, whichrnow lies as a
conspicuous crescent some 20 feet to the south rising 2 or 3 feet
above the mud flat then formed, In its present location the sur-
face of the thin muddy water in the basin lies about 18 inches below
this old mud flat, but it.is apparent that this level varies con-
siderably according to the water supply. The gray muddy water, at
a temperature of 198° F,yds in a pretty constant state of mild to

strong ebullition which sometimes splashes upward 18 inches or more.
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Ifs surface is conspicuously streaked with finely divided black
mineral matter, probably sulfur, A coating .of fhe same nmaterial left
on the irregularly nodular énd fluted surface of the basin walls lends

the feature the appearance of a battered old black skillet,

56, HYDROPHANE SPRINGS are about 350 feet west of Green

Dragon Spring and about 1600 feet southwest of Monarch Geyser Crater
in the ancient undulating sinter flat,
The nzme was given by the Hague Party in 1904, presumably
ip recognition of the type of opal-like sinter found at this_location.
Now as probably then included here are several very irregu-
lar, odd-shaped, ragged pits resultlng from the collapse of the

ancient sinter surface, Two of these sinks, one about 6 by 8 feet

‘square and the other roughly an 8-foot triangle, join below a broken

down brldge of sinter, -and in each the ragged uteep walls stand about
6 feet above the greenish 174° F; water, the surface of which is
occasionally broken by lazily rising gas bubbles, Boulders and slabs
of slumped sintér clutter the bottoms of these sink holes, A watery'
steam vent just to the west has a temperature of 199,4° F,

Of the same general character is another and larger pit to
the north, It is roughly 25 by 22 feet in size and as much as 8 feet
deep above the greenish water, which has a temperature of 188° F, in
some places, Sulfur needles are conspicuous on the sheer eastern wall
and the tumbled-down sinter blocks on the east and south sides, The
water is deep among the sinter slabs and blocks which litter the

bottom, and gentle ebullition of its surface is apparent in three

M
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places, _ i : : ' |

That hydrothermal forces have been at work in this region @
a great deal longer than in meny othef'pbrticns of the Norris Geyser
Basin appears evident, The appearance and great depth of sinter, |
‘certainly no less than 7 feet, above the underlying formations com-
pared for jnstance to that found in most places in the Porcelain 1

Basin, seem to bear out this general line of thought,

57, MEDUSA SPRING is about. 600 feet southwest of Green

Dragon Spring and 150 feet west of the south Gray Lake on a flat \
sinter mound.surrounded on three sideé by forests,

This feature apparently was named by the Hague Party in
1904; these men, being geologists, prcbably saw in it some resem~
‘blance to the giant jellyfish of the same name, Being almost round 1
énd colorful, with small drainages extending from its rim and down |
the gentle slope of the mound, some likeness to this oceanic form
is suggested. }

The compgratively shalloﬁ basin of this spring is about 13
feet from north to south by 10 feet in the opposite directions with |
an irregular sinter rim standing seldom more than an inch in height.
The spring has a two-holed opening, The largest of the vents, toward \
the north sidé, is separafed from ité southern associate by a foot-
.wide wall, and the crystal clear, yellow-green water at a temperature ‘
of 172° F, bubbles quietly above each of these, Bursts of gas bubbles |
at depth are audible and faintly jar the ground., The outer rim of the

pool, in a band a foot or more wide, is beautiful yellow with a heavy |
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covering of sulfur, which, toward the center in greater depth of
water, appears less dense and presents a brilliant yellow-green
color, Meager overflow, following occasional slight increases in

ebullition, takes place around the north side,

58, BIG ALCOVE SFRING is about 475 feet southwest of

Green Dragon Spring'and within 25 feet southeasterly of Gray Lakes
Spring,
This spring was so named by a Superintendent's commitiee

in 1927 because of its location in an‘aléove-like niche in the hill-

side,

This alcove is in the gray, gravelly clay of the hillside
with open side toward the west; it is quite symmetrical with rather
‘steep angled sides and about & feet deep terﬁinating in a mass of ‘
reddish~brown cobbles of rhyolite, The vent is a ragged cleft in
the rh&olite abcut 6 feet long from southeast to northwest varying
in width from about 3 inches at each end up to a maximum of 18
inches,

Water in a highly §isseminated mass and t emperature of

199,4° F, is more or less continually being spluttered and belched

from the vent, some of it to a height of as much as 5 feet, Most
of it, however, falls back into the fissure to be splashed about
again, and only seepage through the gravel gathers up below to flow

in the shallow runoff channel toward Gray Lakes Spring.
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59. GRAY LAKES SPRING is about 450 feet southwest of

Gréen Dragon Spring, toward the'southgrn end and within 25 feet of
the southeastern shore of the south Gray Lake,
This spring was so named by a Superintendent's committee

in 1927 because of its nearhess to the Gray Lakes,

| It is a roughly circular pool about 10 by 15 feet in great-
est dimensions lying at the base of a weatheréd rhyolite wall, which
rises about 6 feet above the vater on the east side and breaks down
into a grévelly three-foot bank on the south and north., The nurky
gray 196° F, water which fills the pool is in constant and vigorous
agitation, especially at the base of the eastern wall where it is
belched upwa;d in irregular ragged splashes to heights of from 1 to
3 feet causing marked wave action and minor runéff towvard the lake,
At the water's edge on the wall at the back, sulfur has been deposited
which blends above with a foot-wide band brown to buff in color, High

up on the wall delicate needles of sulfur have been formed,

60, LITTLE ALCOVE SPRING is about 410 feet southeast of

Green Dragon Spring and 50 feet north bf Gray Lakes Spring.

This spring was so named by a Superintendent's committee in
1927, also because of its location in an alcove-like pocket on the
gently sldping, grassy hillside,

This niche is eroded out of the gray clay and gravel of the
hillside and the banks, wﬂich are slumped considerably, are grass-
covered and a maximum of 5 feet high, Lush green grass also lines the

neat little gravelly drainage channel toward the lake,

e
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The spring itself is actually a mass of steam vents located
in a basin of rhyolite gravel about 2 feet 1ong and a foot wide, This
basin is encloseé on three sides by a miniature'alcove of moss-like
growth which is about 8 inches high at the back and tapers forward to
ground level along the sides, The superheated vater, at a temperature
of 201° F, is shallow in this basin, and kept in a constant state of
agitation by the sizzling of numerous blistering hot miniature steanm
Jets vhich blast their way upward and 1ift tiny fountains a foot into
the air, It is, on‘first glance, an unpretentious fezture but one

which is interesting to watch at close range,

61, GRAY LAKES are at the southern extremity of the Norris
Geyser Basin in the mud flat basin near the source of the southern
‘branch of Tantalus Créek. .

| _Their normally slightiy green-gray turbid water apparently
inspired the name used by Hague iﬁ the atlas of 1904,

These two rather large ponds, which in seasgons of greater
moisture merge fo form one, lie in a shallow basin whose bottom is
much pock-marked by large ard small dormant and mildly active vents
and crater-like depressions, They spread over an area which is roughly
450 feet from north to south by from 50 to 100 feet in width, and re-
ceive some water from springs located in the swanpy regions of the
forested area to the south, as well as from the following thermal
springs: Green Dragon, Big and Littlé Alcove, Gray lLakes, Medusa,
,and others unnamed, The temperature of the lake water near the upper

end was 136° F, in 1952,
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62, BLACK HERMIT CALDRON is aporoximately 150 feet south-

east of Green Pragon Spring and 625 feet no?theast of Medusa Spring;
it is near the base of the steep hillside toward the scuthwestern

side of a fairly large mud flat which is secluded in the timber beyond
the ridge southeast of Green Dragon,

$his is a large and active feature that lacked a name.until
the one used here was accepted by a Superintendent's committee in
1953. .

It is a consistently and sometimes violently active mud
boiler which was working away at this location even back in Peale's
time, vho said of it: "~--a black sulphur nudhole, 15 by 20.feet,
in the timbe;--." The vat-like steep-walled basin is somewhat

larger than in Peale's time, it now being irregularly elongated from

.east to west and about 36 by 30 feet in size, Its dark gray to almost

black muddy solution burblés and plops continuously, and exploded
bubbles often send sloppy bits and blobs to considerable distance in
all directions, The water level and degree of viscosity of the mix
varies considerably with the seasons and surface water supply, and the
condition of the mud flat toward the northwest sometimes suggests that
overfiow has taken place, Agitation is strongest over a considerable
area not far from the northeastern end of the basin, where the solution
at a temperature of 194o F, is kept in a constant state of turbulence

shrouded in billowing clouds of vapor.

63. GREEN DRAGON SPRING is about 1400 feet south of Monarch

Geyser Crater and about 1275 feet southwest of Echinus Geyser.

/19
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This lérge and colorful spring was named in 1926 by Charles
Phillips, é former Yellowstone Pérk_Rénger, in whose fancy, and quite
appropriately, it apparently suggested the lair of such a mythical
beast, '

A cavernous recess under a yéllowish green arch eroded out
of a buff-colored, gravelly rhyolite bank about twelve feet high is
the rather aweSéme abode of this spring, The entrance to this cave,
some 15 feet in width and perhaps 6 feet above the water, rapidly de—
creases in size, but one can see back.inté it about 25 feet to where
rock and water merge. The underground pool extends outward from the
cavern as a }O—foot channel between highly weathered blocks of vari-
colored rhyolite to merge in a southwesterly direction with a surface

pool about 30 feet long from which a small stream.flows into the

-northern Gray Lake,

Ebullition is heavy and consistent over.a considerable area
of watér adjacent to the mouth of the cavern, where the temperature
is about 198° ', and steam in great clouds billows from the entrance,
Through this hot veil one can occasionally glimpse even»heavier boil-
ing further back in the cavern which sends waves toward the opening,
The small lake formed outside on the clay flat has a shallow marginal
area from 1 to 4 feet wide beyond which much greater depth is indicated
and the water temperature here varies from.185° to 189° F, In general
the water is green to grayish green in color, Sulfur deposition on
the rocks about the entrance is conspicuous and well developed needles

of this mineral are present on the roof of the cavern,

2
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64. RECESS SPRING is about 1050 feet northwest of Green

Dragon Spriﬁg and about 1100 feet souﬁhwest of Monarch Geyser Crater,
in an alcove of the forest on a éinter flat at the head of a minor
drainage, ‘

This feature avppears to have been named by the Hague Party
in 1904, apparently in recognition of its locatipn in a recess of the
forest edge, |

It is a large roughly pear-shaped pool about 42 feet long
in the northeast to southwest direction by about 30 feet across, which
Joins a long narrow southwestward éxtension into a defile of the ad-
Joining altered rhyolite hill, The somewhat turbid, greenish 183° ¥a
water lies generally shallow over the gently sloping silt-covered
sulfur-tinged bottom, except where it drops off into the large irregu-
larly shaped main vent, Gentle bubbling is consistent in several
places near the center of the pool and in three stagnant-looking pits
in the southwestern extension, Overflow toward the northeast is very

small in amount,

65, ORPIMENT SPRING is a name which Hague applied to a

feature about 1000 feet west of Minute Geyser toward the.western side
of the sinter flat in which several branches of Tantalus Creek converge
north of the main highway, He associated the lemon-yellow trisulphide
of arsenic, orpiment, with the waters of a spring in this location
during his earliest work in the Park well before 1900, and showed it

on his map of 1904, In 1954, however, it is not easy to relate the
deposition of this mineral to any specifie spring, but it and its
associgted mineral realgar, the more reddish monosulphide of arsenic,

12
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may be found at several places in.the same general area referred to
by Hague, |

At a location about 706 feet northwest of Monarch Geyser
Crater and 1800 feet northwest of Green Dragon Spring there is a con-
centration ofvboth arsenic minerals present in the low gravel Eank of -
Tantalus Creek adjacent to a very small spring whose meager overflow

of water at a temperature of 156° F, seeps into this stream, Digging

in the éravel here I found about an inch below the surface for several

feet along the eastern edge of the creek that the gravel is permeated
with the brilliant yellow of orpiment below which lie red stringers
of realgar, At another location abéut 70 feet downstream on a small
island the platy sinter is conspicuously splotched with the red sul-

phide, Here also a large sinter block pulled out of the wet gravel

‘was completely covered on the underside with the yellow variety, as

was the gravel in the sides of the hole, and the seepage water vhich
quickly almost filled the hole wés heavily ladened with it, A red
enamel-like coating of realgar occurs as brilliant blotches at many
places on the dense sinter of the stream beds of this immediate area,
Associating the origin of these arsenic minerals with the
discharge of any éertain feature or features in this aréa apparently
cannot be readily accomplished, In the case of the small spring
mentioned, a creamy-yellow variety of algal growth occuring as fine
hair-like fibers and flocculent matter in the relétively hot water
is conspicuously present, but the arsenic minerals are not visibly
present much closer than 10 feet away where the spring's meager dis-

charge meets the larger stream, Off hand it seems that these minerals

[ S
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are present in the seepage waters.percolating through the gravels
in restricted areas;.waters whoée origin with respect to any certain
feature or features is not immediately apparent.

\

66, PERPETUAL SPOUTER is about 1100 feet northwest of

Monarch Geyser Crater and about 1500 feet south of the south end of
The Reservoir near a sharp bend of Tantalus Creek,

This feature's tendency fo splutter and spout almost con-
tinuously apparently accounts for the name used by Hague in the 1904
atlas,

It issues from an irregular fissure about.13 feet long from
northwest to southeast of variable width which actually extends as a

minor crack about 8 feet eastward to the creek, The main basin of

the feature, located at the southeast end, is about.6 feet long by

from 1 to 3 feet in width with rough sinuous edges and an inch-high
rim formed of beady and spiny siﬁter. The overall coloring‘here is
the brownish of iron rust., In the eastern end of this basin the main
center of activity spouts and splashes_beéds of water 6 to 18 inches
upward and 2 to 4 feet laterally more or less continuously, Centers
of similar but less powerful activity are located northﬁard along the
cleft. Related activit? is manifest from the crack extending into
the stream in the form of small but spitefully violent steam jets
which blast the fine sand upward from the bottom with sharp reports
and considerable power, This interesting little popper has been fre-
quently referred to as "firecracker spring"., The water temperature
in the main basin is 192° F, and there is an appreciable and éteady

overflow from it into Tantelus Creek,
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67. THE RESERVOIR is about 2000 feet northwest of the

Norris Museum in the southwestern corﬁer of the One Hundred Spring
Plain, |
- The fact that all of the water carried by Tantalus Creek
nust first be received by this receptacle before passing on to the
Gibbon River probably accounts for the name used by Hague in the
1904 atlas,
. It is a fairly large pond or small lake about 400 feet

long from northeast to southwest by about 150 feet across, The sheer
walls which quickly pass from view in the murky-gray water give the
impression o? great depth, and such may well be the case in places,
However, 4 feet was the greatest depth plumbed along the western edge,
and the temperature here was found to be about 88° F, in late October
1952,

This temperature being about right for comfortable swimming,
The Reservoir a-parently was used rather extensively in former years
for this purpose by park visitors and employees, Portions of the
anchorage for a crude di;ing board are still in place at a point along
the northwestern shore, |

My own suspicions that some type of activity tékes place on
occasions from a vent or vents located in this pond which cause con-
siderable flooding around the southern end appear substantiated by
another observation of David Beal's. He has reporfed that on one trip
into this area in August 1948, he observed activity taking place toward
the center of the pool which caused the surface of the water to bulge
noticeably over a considerable area resulting in appreciable overflow

around the edges,
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68, CINDER POOL is about 150 feet west of the north end of\
The Reservoir on the western Prlnne of the One Hundred Spring Plain,

This pool apparently was so named by the Hague Party in 1904
because of a distinctive and chafacteristic deposition it alone pre-
sents in the form of literally millions of black hollow soheres and
partial spheres of sulfurous material resembling "cinders" which float
upon its surface,

. It 3s an egg-shaped pool 30 feet long from north to south
by 25 feet wide, filled to within a few inches of the surface of the
mud flat in which it lies with very muddy gray vater., Intermittent
bubbles break the surface and ebullition is quite heavy around the
north end most of the tine, A rather consistent rotary movement of
the water tends to gather the "c1nder"" into a prominent crusty mass
‘around the southwestern third of the pool, thus leaving the rest of
the surface relatively clear of these globular forms which have paper-
thin skins and are about the sizé of large BB shot, There is some
evidence of meager intermittent overflow especially on the north side,
but this was not witnessed, The vent vhich feeds this pool is prob-
ably located towa-d the northern end in the vicinity of the area of
heaviest bubbling, as 30 feet of line was not suff1c1ent to reach
botton at this point. The temperature here, however, was alnost 2
degrees less than the 195,8° F, recorded at the opnos1te end where
the depth was only 4 feet,

Directly north of Cinder Pool a violently active small vent

in the drainage channel splutters and spouts 194° F, water a foot or



—

Watson-Norris-page

more into the air quite constantly. It has sometimes been called
"Perpetual Spouter".' Still furfﬁer north beyond the drainage are
several rather large, active, and very interesting thermal features
which have not been named, In the general area of the spouter men-
tioned above are several small orifices around which the brilliantly -
colored sulfides of arsenic are displayed,

A round shaped pool about 200 feet north of Cinder Pool
approxiﬁately 8 by 11 feet in size is conspicuous for the very smooth
reddish-bran 6 to & inch flat margin of dense sinter which surrounds
it and the very neat 10 inch runoff channel which carries an apprec-

iable flow of water toward the southwest, The water at a temperature

of 192° I, above the dark pebbly bottom splashes violently and con-

tinuously from 1 to 4 feet into the air., The green deposit in the

‘warm baclwash pool toward the northeast corner is ¢

69, ONE HUNDRED SPRING PLATN is beyond the low pine-clad

hills visible in a northwesterly direction from the Norris Museum,
the distance from this building being rouéhly 2000 feet,

. This name was used by Hague in the 1904 atlas apparently '
in recognition of the large number of springs.which are indiscriminately !
distributed over the flét sinter area which is about‘IEOO feet long
from north to south by 1000 feet wide, . -

Because of the number and diverse character of the vents
present here and the consistently wet condition of the surface, trav-
ersing or exploration of this area should be undertaken only by those

with considerable experience in thermal areas,

/X
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70, ROCK SPRING is cbout 550 feet west of Sieve Lake near
the base of the forested hill on the east side of One Hundred Spring
Plain, . |

This name was used by Hague in the 190/ atlas, presumably
because of the rocky location in which the feature is located,

It is in a pit eroded out of the gravelly rhyolite forested
slope of.tﬁe hill which opens toward the northwest and in this direc-
tion is about 45 feet long; it is about 35 feet wide and about 15 feet
deep; The shallow pool of this spring is irregularly square iﬁ outline
and ébout 7 feet across, with a roughly V-shaped extension toward the
northwést which is about 4 feet across, Heavily weathered rhyolite
cobbles covef the bottom of the pool and similar and larger boulders
line its margin, except for that portion formed By the comparatively
§olid wall at the back of the pit. AEbullition is heavy from one large
vent near the center of the pool and three smaller ones near the back
wall, and the water, which is crystal clear, has a temperature of
199.4° F, Squurface drainage toward the northwest takes care of the

meager overflow,

. RECEPTACLE SPRING is about 600 feet due west of Sieve

Lake and about 500 feet southeast of The Reservoir in the southeastern
corner of One Hundred Spring Plain, |

This feature appears to have been named by the Hague Party
in 190/, apparently because it serves as a receiving basin for drainage

from surrounding springs, The presence of. vents of its own which also
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supply vater seems doubtful, It is g large irregularly-shaped pond
or small lake which varies considerabiy both in size and shape
according to the amount of watier received from the higher ground which

surrounds it.on three sides, It also varies in color from emerald to

turbid gray-creen according to the 1nfluz of silt-ladened surface flood

water.

72. RAGGED HILIS: These include the jagged highly irregu-

lar ragged rock and gravel hills vhich rise as much as 100 feet above
and on either side of, but more especially west of, Tantalus Creek!'s
sinter channel southwest of Monarch Geyser Crater,. They were thus
named in the.Hague atlas of 1904,

These hills are composed of many varieties of rhyolite,

mostly in the form of sand and gravel the orlglnal gralns of which

have been considerably leached forming opal cemented by similar ma-
terial,” The entire strata appears to have been much altered by hydro-
thermal activity, but subsequent erosion has so changed them that
little evidence remains of the location of active vents except at
some locatlons in the lower flanks, ! :

The cavernous character of this formation and the presence
of more or less heat have cambined in some instances to make better
than average shelters invwhich bears have chosen to spend the winter,

Four such caves used in this manner were discovered by Park Ranger

- Naturalists Merrill D, Beal (father and son) in July 1951, a short

distance northwest of Perpetual Spouter, Turther investigation by

David, the younger man, revealed that the air temperature inside the
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caves averaged about ten degreeglhigher than'outside, whether taken in
August of October, and that in October the temperature of the ground

in all four caves averaged 30 degrees higher than outside,

73, CRYSTAL SPRING is about 1000 feet south of the south

end of The Reservoir and about 2300 feet west of Valentine Geyser on
the gently;slobing éinter finger north 6f the Ragged Hills,

Tt was named by the Hague Party in 1904 for the abundance
of crystal-like quartz sand found near by,

The spring is an unpretentious‘feature located in an area
‘of small fumaroles and "frying pan" sfeam and water vents, The small

discharge of 190° F, water drains northeastward in a green algae-lined

channel and is soon lost in the gravelly sinter,

74. VERMA SPRING is about 275 feet southwest of Cinder
Pool, on the western fringe of the One Hundred Spring Plain, This
feature appears on Hague's 1904 map, and it has been said that he
named it thus 'because the peculiar deposit of sinter is wormlike in
appearance”, The validity of this statement is seriously subject to
question if it is presumed to have had its origin in Hague himself,
as written material by him relative to his work in the thermal areas
of the Park on which his 1904 atlas map is based has not thus far been
brought to light.

The most praminent feature in this location, and presumably
‘ , the one which Hague named, is an irregularly shaped shallow pool

about 25 feet long in a northeast-southwesterly direction by from 10

to 12 feet across, It is'about 275 feet southwest of Cinder Pool in

i
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a wet silty sinter flat which, close to the pool, is deep mud, Most
arresting to the attention is the bcttﬁm of this pool which is a mass
of small and rather large crater—like.depressions which in turn ter-
minate in shérply defined holes. Similar holeé appear at other places,
both on the walls of the depressions and on the highs between them,
and together they give the impression of a surface indiscriminately
but well punctﬁred By large worm holes, This appearance seems to be
a more logical reason for the name, Gas bubbles infrequently rise
leisurely from these holes through the 120° F, water, and there is
some runoff toward the west, |

| Adjacent to Verma Spring, about 50 feet southwest, a small
spring under a sinter 1lip discharges 165° T, water which flows into
the larger feature, A few inches from the orifice the water is 160°
'F.; here and for several feet down the small channel the aeam~-colored
élgal growth is conspicuously present.

Still further southwest in the muddy sinter flat about 150
feet from Verma Spring are several interesting features. Here a very
irregularly shaped, elongated and much larger pool oriented roughly
north and south presents a bottom appearance similar to that of Verma.
The "worm" holes are perhaps a 1ittle less sharply defined, but in
addition to them smooth;coarsely sinewy and botryoidal silt formations
somewhat resemble large worms on thé bottom of the pool, The murky
green water has a temperature of 122° ¥, The main pool is roughly 50
feet across each way, but a much shallower portion, also lying above

an irregularly indented bottom, extends considerably further toward
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Sources of water for this large pool,

75. HORSESHOE SPRING Was, in the time of Hague's work of
1904, about 500 feet north.of The Reservoir on the western side of One
Hundred Spring Plain, A Spring in this location was mapped by Hague
as having the shape of g horseshoe, and was thus named by him, There :
afe several springs in this general location at this time, but none

would especially be described as being that shape,

northwest of The Reservoir is now recognized as Horseshoe Spring, Here

the water at g temperature of 192° F. appears dark green tovard the

less so toward the north, There is no overflow from the feature, but
there is evidence of fluctuation in water level, At times it receives
some water from the drainage basin to the nerthwest, Gravelly Spine-
covered gray sinter adorns the margin of the pool,

A large pear-shaped deep and ominous—appearing pool about 50
feet toward the southeast from Hbrsesﬂée Spring with black walls con-
tains clear 183° F. water in a continuous state of agitation, which
overflows meagerly toward the south, Black Spine-covered sinter pebbles

are prevalent around the edges of this pool, It like g number of other
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and a name, Esbecially in this category are several located west
northwest and north beyond the boandarles of the area treated in

this publication,

76. REAIGAR SPRING: : In a location about 900 feet north-

easf of The Reservoir Just beyond the flat sinter divide which separates
the One Hundred Spring Plain from the Realgar Creek drainage, Hague's
1904 map shows "Realgar Spring", and 4t is assumed that he associdted
the deposition of the red monosulfidq of arsenic with it,
In 1954, however, it is difficult to relate the occurrence
or source of this mineral to any certaln Spring or thermal feature
in thls area, Several small springs in this vicinity together with
Seepage water are the source of Realgar CreeA. Red blotches of this
.mineral are comuon on the dense s1nter of small weter courses, and
occas1pngl small patches away from the stream display sinter in g
" shattered condition as though disturbed by a minor eruption; here the
red tingeing of the rock flakes is rather conspicuous, but the presence
of any type or degree of thermal activity is not apparent, That realgar
is being denoalted in this area is manifest, but to relate it to any
certain thermal feature or features will require further investigation

and study,

77. REALGAR CREEK has its source in the. small springs lo-

cated about 900 feet northeast of The Reservoir just beyond the low

divide which marks the northern boundary of The One Hundred Spring
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Plain, Flowing northeasterly for about 900 feet through an area of

diverse thermal activity, which includés several small springs whose
discharge considerably augment its size; it then turns abruptly north~
west to continue its course through an area ofvforest and marshy ground
about 1200 feet further before emptying into the Gibbon River,

The stream owes its name to Hague, who thus designated it on
his 1904 map, |

Common in the stream chammel where it traverses the thermal
area and in erupted patches of sinter.close by are similar occurrences.
of realgar to those mentioned under Realgar Spfing. People of by-gone
days must have believed that these waters contained curative qualities,
as the dilapidated remnants of a erude log bathhouse and wooden trdugh—

like tub may still be found located near one of the larger unnamed

‘pools close beside the stream and about 500 feet from its source, The

Bottomvof this pool is a hummocky surface covered by a thick mantle of
cream—éolored algal growth, Up stream from this pool about 200 feet
two other features,‘one an 18-foot ragged fissure lying at right angles
to the creek and the other a large irregularly shaped pool ‘of warm
water apparently discharge water on occasions, as each displays con-
spicuous deposits of brown iron oxide where overflow occurs. Several
other thermal feétures édjacent to this stream and in a rather large
area to the northeast are.sufficiently significant to Justify names and

investigation and study than has thus far been given then,
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Whether yours has been a trip through the Norris Geyser
Basin in fact or in your easy chair by the fireside, I hope you en-
joyed the experience thoroughly, If you actually set your feet upon
the trails, then I am certain that you found this hydrothermal area
an 1ntr1gu1ng1y 1nterest1ng place and saw many things of rare beauty,

If I am accountable for your trip into the Norris Geyser
Basin, then it is my most sincere -;iyer that &ou left nothing there
but your lightest footprint, that yo&yaid nothing in any manner to
detract from the beauty you enjoyed, and that the impact of your
presence there was no greater than that of the first human observers
of this uncut Jewel who left nothing more than a few obsidian chips

near favored camvoltes to remind you tnau they, the Indians of per-

 haps many tribes, also fcund it a pleasant nlace to while away the ‘

summer moons during countless years before the first white explorers

set foot upon it,
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Winter in the Norris Geyser Basin

The Norris Geyser Bason on g sub-zero day is truly a winter
wonderland, Vapof in a mighty column rises majeétically into the ecalm
atmosphere, its base constantly renlenished by jets and columms ejected
from literally countless small and large orifices, A visitor in the
basin, thus»constantly enshfouded in a fog of Swirling whiteness ﬁuét
move cautiously and for g fleeting glimpse of one of the features must
await the whim of 2 passing breeze to move the dense vapor pall, Con-
ditions for picture taking and even reasonably good general observa-
tion in the Porcelain Basin on one memorable day after g 40 below zero
night were noﬁ suitable until early afternoon, -

Adjacent to some vents and low upon thg ground at many places
ice formations of almost incredible beauty are presented, some too
delicate to withstand even the Van rays of a winter sun, others so
massive and rugged as to seém quité able to last through the heat of
sumner, Aﬁd the "ghost trees"! These ice and snow encrusted trees

can resemble glnmost anything: a frozen fairy or g statuesque beauty,

a grotesque white witch or a solitary sentry with bowed head and droop-

ing limbs or a white army stolidly awaiting orders, These are things
of unsurpassed_and indeseribable beauty adorning the fringes of the
basin,

Water belched from the Black Growler togéther with snow
forms an ice mass around the edge of Valentine's Crater which may be

several feet thick, in which is encased irregular layers and blobs of

gelatinous silica frozen out of the water as it falls upon the Succeeding



:

e — e et e R e -
S ——g e b - e \-——-*q}

Watson-Norris-page |
cold surféces presented between snow storms, ‘Droplets ejected into |
the crater from this superheated &ent féll like a chilling rain and ‘
build up closely grouped delicate ice Stalagmites or spicules on the |
bottom of the crater, In many places there are.masses of fibrous ‘
ice-:ising from 1 to 6 inches above the ground which appear fo have
been extruded from the ground, These fibrous phenomena often raise
areas of soil and sinter which nay be a few square inches or several
feet in size, and they, like the fantastically delicate and beautiful
crystal formations which compose the ouﬁer layer on the "ghost treea", . (
seem to be associated with the periods of'extrehe cold, and like them ‘
melt and fall away under the rays of the sun, The aesthetic effect .
produced by encasing trees in snow and ice to form "ghost trees" is ‘
extremély pleasing to the human eye, but after successive years of it , ;
the trees themselves often "eive up the ghostF. Those to leeward of i
the Valentine Crater thrived rather well while the Black Growler was |
only . foaring superheated steam vent, More recently, however, pre-
vailing westerly winds heavily ladened with moisture from this vent
after it began belching so much water and from the Ledge Geyser's
accelerated activity have so consistently and completely encased these
trees in ice each winter that many have gradually given up the fight
for survival, The death of several other trees west of Black Growler
may also, it appears, be logically chérged to the same cause, as |
shifting moisture-ladened winds are known to have heavily drenched |
them, The death of many trees and the steady recession of the forest

edge, however, may probably be attributed also to an increase of heat
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in the ground which has been recognized in this area for several years\
- In general one may as *eadlly walk about in most of the geyser
basin area in winter as in summer and find the various vents expressing
their usual activity without regard for the low temperaéures of the
atmosphere. There are wet and nuddy spots; and the dense pall of vapor
reduces visibility, thus demanding one's cautipn to keep out of troubles
but on the warmer clear winter days these same clouds of vapor create
an extreﬁely photogenic and spectacular sight, The greater part of
the geyser area because of ground heat lies almost free of snow, but
the board vwalks, because of the insulation which they provide from the
heat, may be peaped vith four feet of snov, thus resembling a great
white snake wending its way into the basin
The Norris Geyser Basin at this time of year is an enthralling
spectacle whether viewed from far or near, Countless vents emitting
vapor so dense it appears like white smoke create an appearance resem-
bling a diverse collection of facﬁory stacks, Sulfurous fumes on the
frost-ridden breeze may even heighten this impression momentarily as
one approaches, but the illusion is quc 1y dispelled by a feeling of
awe and admiration as he moves closer to view the phenomenal beauty of
the region's f‘rozerz sentries, Pressing on through the veil of s team

he soon becomes a part of a weird enchanted land seemingly far from all

things mundane where the ever alert forces of Jack frost wage a constant

but ineffective battle to place their erystalline seal upon vulcan's

doors,

f
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Historical Personalities

Historical records show that Geﬁeral Gibbon was in the
vicinity of the Norris Geyser Basin as early as 1871, and that eX=-
plorers Topping and "bodruff in 1872 were the first white men to
actually See and set foot uﬁon it, The man vhose name the basin-

bears, Philetus W, Norris, according to his own statements, first

with guides !'yman ang Beltizer, Mp, Norris, however, a man not the
least backward about claiming credit fop himself, chose to ignore the
sinmple statement anpearing in the Annual Report of the Superiﬁtendent
of the Yellowétone National Park for the year 1872 in which the Park's
first Superintendent N, p, Langford saijs "A party of tourists frog
Bozeman gl1so discovered a Ssimilar basin between Mammoth Springs at
Gardiner's River and the Firéholé Basin," This of course was a clear
allusion to.the discoyery of the néw basin by Topping and Woodruff in
that year ang their subsequent trip to show it to the Stones, But Mr,
Norris, who became Superintehdent of Yellowstone National Park in 1877,
blithely stated in his report of 1880: "o the Upper, Lower, Midway

Geyser basing-—-and other less important---Héart, and Shoshone Lake,

been found and no doubt at least partially exvlored by at least four

white peopile, Similarly does he seem to have ignored other observations

ruu 1
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of these same four people, who could hardly have missed seeing

Obsidian Cliff and Beaver Lake on’ their way to the new geyser ba51n,

when he stated in his rcport as Superlntendent in 1878: "As dis~

coverer, and probably yet sole white visiter, I from its group of

white geyser cones name it the Monument B351n, and‘trust no one will

ever questlon the appropriateness of Beaver Lake, Obsidian Mountain,

and ‘other names given to the localities which I discovered and ex—

plored," . ' o
In spite of his great desire to be first and a proclivity

for naming things after himself, it mﬁst be said to the credit of

Philetus , Norrls that he was a man of great energy within whonm

dwelt the true spirit of an explorer and a sincere desire to make

Yellowstone Park available to the peonle, For his services he re-

péived little or no compensation, He was fhe'second Superintendent

of Yellowstone Netional Park and served during the vears 1877 to

1881, Considering the natural hazards and handicaps of the times |

and the limited amount of monéy placed at his disposal, a great deal

of exploratory work was accomplished and the»first program of systematic

trails and roads, other than the then-existent road to Cooke City, was

begun and partially completed, As resident Superintendent he was

present in the Park only during the spring, summer and early fall ‘

months, J, C, MbCartney;.B. F. Bush and C, M, Stephens served succes-

sively as Assistant Superintgndents under P, W, Norris and resided in

the area during his absénce in the winter, Following the route which

he explored in 1875 P, W, Norris laid out and supervised the construc—

tion of the first road from Mammoth Hot Springs to Norris and thence

on to the Upper Geyser Basin in 1878,
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No matter what others may have done before him it is evident ‘
that P, V, Norris, responding to the ever-prgsent urge to explore far
and wide in Yellowstone, carried on exploratory iork within what he
called Norris Geyser Plateau previous to 1881 and later named the Norris
Geyser Basin, TFrom statements in his 1878 report he must be credited
with the discovery and namiﬁg of Monument Geyser Basin, and it ié
apparent from the following quotation from his 1878 report that he ex-
plored in Monument and Norris Geyser Basins and also the area now called
the Artist Paint Pots;

"Upon the crest of the western mountain.spur, rising nearly

vertical full 1,000 feet above the head of the Grand Canon of the Gibben,

is a firehole basin, containing, probably, less than 5 acres, yet one

3

of the most beautiful and interésting within the park, There, mingled -

with hot springs and spouting geysers, are 12 pulsating geyser cones

-

from 2 to 20 or 30 feet in Height, in form and character similar to

the famous Liberty Cap; and, like that, fully one-half of them are ex-

/
,'-

tinct and slowly eroding away., Others are still active; one of them

a tall fumerole, pulsating like the exhaust-pipe from a huge Corliss

engine, and another has the orifice and terminal of its cone positively
horizontal, instead of vertical, Although there are still at least

one powerful géyser and a hissing fumerole plainly audible for miles,
yet there is abundant evidence that this basin is in all respects but

a dwindled remnant of what it was at no remote period when its match- !

\

AR S

less geyser supplied four separate and distinct torrents of hot water
in hissing cascades adovm the mountain crags.,"
"Along and near the upper canon of the Gibbon, are pulsating

geysef cones of both yellow and crimson, paint-springs, and riwvulets

Jopa TR _. ) |

1
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|
|
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of nearly'every cblor, geysers throwing their ‘jets some at least 100
feet at an aﬁgle of 40° to 60° , inste&d of vertically as in the old
basins; and in the open basin along the road, beside many small but
beautiful geysers, is a large crater formed so fecently that many

pine ﬁreeé within and around it still retain their seared and mud-laden

" leaves,"

In 1872 Dr, F, V. Hayden, then United States Geologist and
head of the U, S. Geological Survey of the Territories, headed an ex-

: pedition which spent several days exploring the Firehole Geyser Basins
in August of that year, This expedition spent some time on or about
August 21st in the vieinity of the area now known as Madison Junction,
and some members explored up the "Gibbon's ?ork" of the Madison as far
as "a fall of nearly 100 feet in heigﬁt" whicﬁ was of course what is
now known gs Gibbon Falls, height 83 feet, None of this party actually
reached.the Norris Geyser Basin in 1872, but Dr. Hayden then named the
Gibbon River after General Gibbon of the U, . Army who had explored
it somewhat the previous‘year.

In 1878 Dr. Hayden, still United States Geologist and head
of the Survey knoun then as the U. S. Geological and Geographical Sur-
vey of the Territories, again led an expedition into Yellowstone
National Park to elaborate upon and éxtend the work which he had begun
in 1871 and continued in 1872, Dr, Hayden placed Dr, A. C. Peale, who
was a medical doctor as well as a mineralogist, in charge of that part

of the expedition assigned to investigation and mapping of the thermal
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areas in fhe Park So it was that Deale and his assistants, using
the road Just completed by P, W, Norrls aS a means of access, spent
about one day and a half exploring and mapping the area which they
named the Gibbon Geyser Basin in order, as Dr, Peale vrote in his re-
port‘of 1878 ",,.that it will be uniform with the names of the other

localities." This name, however, never came into popular usage,

In 1883 Arnold Hague, an emminent geologist, was made geolo-
gist in charge of the Yellowstone Division of the U, S, Geological
Survey, and "a thorough geological and uOﬁogravhlcal survey of the
Park and adjacent couniry was organized, It embraced g systematlc in-
vesitgation of the hot springs and g eysers every year up to and including
1893, and these investigations were suonlenented by further observations
in 1896, 1897, 1902, 1911, and 1915,,.." The results of much of the
work undertaken by the men active in this program apnear in two publi-
cations by the U, g, Geological Survey, The first of these, Part IT

of Monograph XXXII On the Geolozy of the Yellowstone National Park,

was published in 1899, and was followed in 1904 by a companion volume,
the Tolio atlas, Valuable articles on various phases of their work
were written by members of the Division and published in different
scientific journals, but Part I of the monograph vhich was to deal
particularly with the features in thé central portion of the Park re-
mained unfinished when Hegue died in 1917. These apparently unavail-
able writings together with field notes pertinent to them perhaps con-
tain information which would clear up a number of questionable matters
relative to the Norris Geyser Basin, Some valuable data for use in

this work was found in the special articles alluded to above, and




D e e e e e e e

Wats on-Norris-page |

continual reference was made during its preparation to the map of |

Norris: Geyser Basin in the 1904 atlas,

The Road to Norris Geyser Basin

The Norris Geyser Ba51n, which prior to 1877 could be reuched ‘
only by Indian and game trails, has been made ever more accessible to
the people who have clamored to see it and the other wonders of this
great National Park, In 1877 Norris improved the trail which he had !
explored in 1875 from the forks. of the P&rehole (junetion of Firehole ‘
River and Nez Perce Creek) to Mammoth to the status of what he called
a "bridle—path" and in the followlng year he superintended the build-
ing of the first road fronlﬁxmnoth Hot Springs to Norris Geyser Basin,
The "Norris Roag" began at the mouth of Clematis gulch and skirted the
Mammoth Terraces on the;norfhwest by a series of heavy grades ang
switchbacké and a long heavy pull %hrough "Terrace Pass", emerging r
into the upper valley of Swan Lake, Terrace Pass, which is the gap

between Terrace Mountain and Clagget Butte, is the Snow Pass of today, o

I

|

|

; The road then headed southward and from a point just west of Golden |

l Gate to the southern end of Beaver Lake traversed essentially the same

l route as the present highway, It then ascended the steep\ grade to the
east and passing the Lake of the Yoods on the right took its way down

' what is now known as Solfatara Creek, to the stream lmown then as the ;
Norris Fork, which we now call the Gibbon River, Emerging here in the

.p broad meadowé adjacent to the rresent location of the Norris Ranger |

Station', the NOI‘I‘J.S Road crossed the Norris Fork and headed southwestward

e e o i e e T
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to bisect the Norris Geyser Basin in much the same manner as the
present road, except that in those da&s the route went over the hill
in the oresent location of the parking area and rejoined the present
road location at a point near the Minute Geyser, In the section of
the road from Memmoth Hot Springs to Norris Geyser Basin only two major
changes have been made since Norris! time, and certainly to him must
belong thé everlasting distinction of malzing not only the Norris area
and the geysers of the T'irehole drainage, but also the Lake and the
Grand Canyon, available to wheeled vehicles as early as 1881,

Norris had this to say about the ro;d building project in
his Annual-Report of December, 1878;

"I thus ouickly organized a party of some 20 well armed,
mounted, and equipped,_resolute and'reliable'mountaineer laborers,

;nd; with only one baggage-wagon, ra idly constructed a road three
miles up the lofty Mammoth Hot Springs terraces, and through an ex-
cellent pass to the 1jest Gardiner Valley.

nSyubsequent careful and long continued explérations.of

this route provéd it, although difficult and dangerous of construction
through several canons and firehole basins, the most direct and sracti-
cal one for a wagon road across the park.

"As Barronette's Darﬁy had left and Professor Hayden's not
reached the park, ve were doubtless for a time the only white men with-
in or near it, requiring constant caution in scouting and labor, as
well as in care of animals and making ané guarding camp. Despite these

annoyances, we crossed the terraces, rapidly bridged the first branch
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of the Gardiner,.forded the next two branches, and ascended the last

through a two-mile canon, and, with néarly a half mile of bridgé and

causeway, crosscd the foot of Beaver Lake, ,
"Obsidian (Obsidian Cliff) there rises llke basalt in verti-

cal colunns_manf hundreds of feet high, and countless huge masses had

fallen from this utterly impassable nountain into the hissing hot- '

spring nargin of an equally impassable lake, without either Indian or

game trail over the glistering fragments of nature's glass, sure to :

severely lacerate, As this glass barricade sloped from some 200 op

300 feet high.against the cliff at an angle of some 45 degrees to the

lake, Wwe~-vith the slivered fra gments of timber thrown from the heights—-

with huge fires, heated and expanded, and then men vwell secreened by

blan&ets held by others, by dashing cold wauer, suddenly cooled and w

fractured the large masses, Then with huge levers, s teel bars, sledge,

pick, and shovels, and severe laceration of at leést the hands and ‘

faces of every member of the party, we rolled, slid, crushed, and |

shoveled one-fourth of a mile of good wagon-road midvay along the slope; ,
it being, so far as I am awvare, the only road of native glass upon the )
' continent, |

"Then, by a full mile of grade, we flanked Beaver Lake, i
skirted a dashing rivulet of green alum-water, through a fine pass, |
and beside a lone lake (Lake of the Woods) in a forest of dense pines !
to the lovely valley of an unknown fork of the Gibbon, (Solfatara E
Creek) descended this to, and three miles through, an unexplored but |
extremely active and interesting firehole region, (Norris Geyser Basin) |

and skirting another (Chocolate Pots) near the second falls and canon ‘

to the wilg flax and clover-covered park-bed (Glbbon Meadows) of an J

e L S I N S A
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ancient lake, to the head of thé Grand Canon of the Gibbon,

- "Thence, wifhout the gﬁide of even a game-trail, by immense
labor, and twice crossing the stream, we for some four miles traversed
its canon, (Gibbon Canyon) nearly a half mile deep, Ve then emerged
through an ancient channel, and skirted (the Norris road at this point’
was on the plateau south of Gibbon Canyon) the very brink of a preci-
Pice nearly a t'ousand feet above the &0-foot falls (Gibbon Falls) and
foaming fapids, and six miles of open pine-clad terraces to Howard's
road from Henry's Lake, an estimated distance of 45 miles from the
Mammoth Hot Springs, mainly through a region heretofore tptally mex-
plored; then 15 miles farther through the Lower Firehole and midway to
the upper geysers, our wagon being the first to make a track along the
Upper Firehole River,"

Two changes were made in the location of the road between
Mammoth and Norris by the Corps of Engineers, U, S, Army, between 1883
and 1885, Captain Dan C, Kingman in charge, The first of these in-
volved construction of a new road from Mammoth to Swan Lake Flat té
eliminate the steep road through Snow Passiin regard to which the fol-
lowing iS quoted from Captain Kingman's report:

"The,,,>iece of new work...was comnenced in September, 1883,

and finished June 12, 1885,.,,The new road follows up the west fork of

~ the Gardiner River,...This route, offered no.serious obstacle to the

construction of a road until the head of the Canon was reached, Here,
for about 1,000 feet, the rock walls approached each other, and were
nearly vertical, and the little stream in the canon had a fall of 60
feet....This quarter of a mile was by far the most difficult and ex—

pensive piece of work undertaken in the Park,
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"At the mouth of the canon the wall vas nearly vertical,
-and sufficient roadway could be secured only by cutting and breaking
down the solid rock over 100 feet, The cost of this would have been
excessive, The road in this portion was Supported by timber trestles,

"The total lengtn of the structure is 22/, feet, and 1ts cost

was $3 per running foot,
", « . The work was accomplished without accident of injury
to any one, The benefits conferred , , , are very marked, The dis-
tance from Mammoth Hot Spfings to the Geysers . , , is reduced 1-1/3
miles, and the height |, . o in reaching the Swan Lake Plateau is re-

duced 250 feet, ., . , The total cost was ©14,395,39,"

In recognition of Capt Kingman's work on this road the gap

'opening into Swan lake Flat above Golden Gate was named Kingman Pass,

The second change involved relocation and construction of
the road between Beaver.Lake‘and Norris Geyser Basin; in regard to
this job Cabt. Kingman had the foliowing to say:

"The . ., , new work is the road from the south end of Beaver
Lake to the hotel at Norris Geysers Basin, It was begun and finished
in the summer of 1885, The object of this road was to avoid a series
of obstacles due to bad location,

"The new location follows a lower level, . . , The total
length of the section is 7 miles, and its cost , . , was $6,269.80,
or about $993,62 per mile, , , ,

The road up "Golden Gate Hill" was further improved under
the directlon of Capt Hiram M, Chittenden, also of the Army Corps of

Engineers, in 1899, In Summarizing in regard to this road'Chittenden

147
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haa the following to say in his re-ort covering the year 1900,

"This hill rises about 1,000 fect above the level at the
Mammoth Hot Sprinés hotel in-a distance of 4 milés. PR

"The direct line bgtween these two voints, and the one
where the best grades and most interesting scenery were to be found,
lay through an excessively difficult tract of limestone rock, This
singﬁlar formation, to which local usage has given the name "hoodoos,
is quite unlike any other to be seen in the Park, if, indeed, its

like is to be found anyvwhere else in the world

#osse, To carry a road through it was too expensive a matter

to be attempted with the funds which Lieutenant Kingman had at his dis-
posal, and it was necessary to follow a line further east, near the |
immediate valley of Glén Creeks ..y 4

"It has been intended for several years fo change this lo-
cation, , , , It was accordingly décided to take it up at once and not
undertake any other wﬁrk until the balance remaining from the completion
of this could bs known,"

In regard to actual construction of this 1mproved section of
the Golden Gate road Mr, C, E, Sherman, Assistant Engineer, had the
following to say in his report to Capt, Chittenden:

". « o Leaving the old wagon road near Observatory Hill, the
new road winds around the foot of Jupiter Terrace ., , . gaining the top
by means of a loop upon the hillside, ... « thence the road curves
around upon the hillsides at a continual upward grade to the PR
"Hoodoos" , , .. Through these immense rocks the road passes aimost

on a level for 1,800 feet, It then comes upon hillsides of trachitic
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possible made great haste necessary , , , . During the time of actual
construction g temporary road wa.s prqvided via Snow Pass, ., . s
"The old bridge was closed to traffic , , , Just four weeks ,

* ¢ e .« . . Work continued on the viaduet and thrqugh the canyon, and

was not comnleted until nearly the end of October, One interesting fea-’

ture , , , was the removal of the large rock which stood at the entrance
to the o0ld bridge and partially blocked the roadway , , , between it and

the c¢liff, Ags it was the unanimous desire of those familiar with the

and down the road about the same distance, where it was set up on a new
foundation, + - .of concrete 3 by 3 feet and 24 feet high, ¢« « ¢« This
rock weighed about <3 tons, and as its renoval took place on the steep
face of an unstable cliff it had to bé managed‘with great care, It
was done under the personal direction of TForeman Rébert Walker, with a
force of four men, The whole operation consumed five days and cost
$40, not including the concrete foundation which cost about $80,

B e «1t was planned to rebuild the entire road through the
canyon g distance of 2,000 feet, The grades were reduced from 15 and
18 per cent to g per cent, and the roadway widened , . o SO that teams
caﬁ everywhere pass, , , « About two~thirds of this work was done in
the season of 1900, .

Mr, Sherman, in charge of the improvement as far as Golden
Gate the previous year, 1899, in his report to Major Chittenden in 1900

had the folloving to Say among other things concerning the construction
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of the new Golden Gate bridge:

» il

o--v--..-.coloaa-c..oao..l.

"Labor and Subsistence are probably as high here as 1n/DZrt
of the United States, Ordlnary labor is paid e o o 51,50 per day, of
eight hours, and sﬁb31stence. This latter costs about 35 cents per day
per man, All laborers while meking concrete received 25 cents per hour,

"Transportation rates are high, The rate from Cinngbar, the
railroad termlnus to the Golden Gate, a distance of over 11 miles, is
28-3// cents rer ton-mile, "

The total cost of the new bridge and ZOOb/feet of improved
road on up through Kingman Pass was $12,501, 83,

In the early 1930s the road up Golden Gate hill and on

' through Golden Gate Canyon was further improved, Grades and curves

were reduced, and in the Hoodoos the section which included the route

through Silver Gate was eliminated from the main highway but was left

" open for one-way travel, A orOJect to widen the road through the canyon

was initiated in the fall of 1932 and connleted in 1933, This was to

 include construction of a new viaduct to replace that built in Chittenden's

time, and also a tunnel about 200 feet in length through the point of
rhyolite rock beyond toward Kingman Pass, Using a system of counter

balanced steel beams to carry the increased width of roadway a new via-

duct was built at the site of the old one, but the tunnel portion of the

project had to be abandoned because of the highly fractured and thus un—
stable character of the rock through which it was projected, To accom-
plish the desired widening the point of rock was eventually removed,

and the entire project, which involved less than one mile cost approx-

imately $135,000, The rock mentioned by Chittenden above was again
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carefully handled and now stands at the eastern entrance to the im-

proved viaduct,

Barlw Travel and Associzted Incidents

Prior to 1883 persons desiring to see Yellowstone Park found
it necessary to make an extended trip by stage or saddle horse, as the
Northern Pacific rail head was still east of Livingston, Montana, in

1882, and at that time people coming from the west found the rail ter-

the branch line of the Northern Pacific from Livingston, Montana, ter-
minated at Ci;mabar, Montana, which was located about three miles down
the Yellowstone River from the present site of Gé.rdiner, Montana, Pas-
sengers arriving there by rail were 'picl:ed up by stages operated by
Vakefield and Hoffman apd transported to the hotel at Mammoth Hot
Springs, which i that year‘ sufficiently comoleted by Rufus Hatch

and Co, to receive guests during the latter part of the tourist season,

I

f

1

i

I

' minus at Beaver Canyon, Idaho, 110 miles to the southwest, | In 1883

' _

Ty

i

1

l From about this time and on through the 80s visitors at the
north entrance of the Park by rail were transported to Norris Geyser

' Basin and on to the Geyser Basins along the Firehole River in stage

' coaches operatéd by George Wakefield for the Yellowstone Park Associa-

tion, a company wiich had been formed to operate hotels at Mammoth Hot

! I : ‘ Springs, Norris Geyser Basin, Grand Canyon and Yellowstone Iake, The

W stage fare from Mammoth to Norris in 1887 was $4.00 per person; the

‘ l round trip fare from Marmoth to 0ld Faithful and return was $18,00,

1 " ~ Visitors coming into the area from the rail head at Beaver

R s s s ey s g T M i Y e = —_——— e
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Canyon, Idaho, during this period could obtain state transportation
through thelfacilities of the Baséett Bfothers who operated a stage
line from that point intb the Parlk,

Those hardy individuals who cquld andAdid provide their own

saddle horse or horse drawn vehicle for transportation to the Park

boundaries were privileged to use the road system, and an ever-increasing

number beginning in the early €0s and extending down through the years

until this mode of travel was made obsolete by automobiles availed them- -

selves of this ooportunity to see Yellowstone Park, They were self-
éufficient, and camved out as they progressed from one scenic point to
another, - For, them no hotels were needed, and t'ose who traveled from
Mammoth to Norris Geyser Basin before the turn of ‘the century usually
would break the distance in two with a camp in the uper end of Villow
Park, The second night of easy traveling fouﬁd them at a good camping
area in.the“general vieinity of the present Norris Ranger Station at
which péint they could stop over as long as necessary to view the
thermal features of the Norris Geyser Basin, These were the original
"sagebrushers", the folks who came to see the place in the free and
easy manner, the modern counterpart of whom is the present day auto
canp visitor with his tent or trailer house, |

Prior tec 1917 four footed horse pover provided most of the

means of transportation for the somewhat more than 450 thousand visitors

who had toured Yellowstone up until that year, These included people
of all degrees of affluence, from those who came with their own saddle
horses or horse-drawm vehicle to those who came by train to the park

boundary, then made the trip around the park by stage coach and stayed

at the hotels, In between these was another group, the members of which

/55
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also made the trip to the park by train, but finding the hotels and
Concgrd.coaches a bit beyond their means or desiring to travel in a
little less style and closer to nature, created a need for another
mode of touring the park,

This was met from the early 90s until travel within the area
by bus and private car was well established in 1917, first by Mr, William
V. VWylie and later also by the company of Shaw and Powell, Vlylie is rec-
ognized as the pioneer in the camping business in Yellowstone Park, he
having been engaged in conducting camping rarties in and. through the
park and providing his patrons with movable canps as early as 1892, By
1896 Wylie had been permitted o establish four so called "permanent
camps" to facilitate handling of his patrons, and one of these was lo-
cated in the general vicinity of‘Apollanaris Spriﬁg oﬁ the road to
Norris Geyser Basin, In 1907 this camp was replaced by a similar one
at the head of Swan Lake Valiey about 6 miles from Marmoth,

Ih the late 90s and early 1900s permits were issued to a
rather large number of persons to conduct camping parties and use
movable camps to take care of their patrons, One of these was to Amos
Shaw, who in 1900 became associated with John D, Powell, In 1913 the
Shaw and Powell Camping Company was accorded privileges similar to those
enjoyed by The ﬁylie Permanent Camping Company, and in that year es-
tablished permanent camps for the guests they conducted through the
park, Their camp between Mammoth and Norris Geysg? Basin was located
at the lower end of Villow Park shortly s-uth of the junction of
Obsidian Creek with the Gardiner River.

For the.use of those who came to the park with their own

horse-dravn vehicles and camping equipment, six camp areas were designated

 /5‘6/
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on the road from the north entrance to Norris Geyser Basin, These

camping tourists had no need for hotel accomodations,

.Those, however, who desired the deluxe facilities of the day
found modern hotel accommodations at Mammoth Hot Sorings from 1883 oh,
and in 1886, according to Acting Superintendent lMoses Harris, speaking
of the hotel at Norris Geyser Basin in his report of that year: "A
good hotél has been erected upon the new site, and it appears to be
well loc§ted." In his re?ort of the following year Superintendent
Harris seys: "On the evening of July 1/ the hotel of the Park Associa-
tion at the Norris Geyser Basin vas totdlly destroyed by fire, , . .

A hotel camp was at once established by the Association and ., . , I
permitted the' company to begin the erection of a temborary building sub-
ject to your (the Secretary of the Interior's) approval.” In regard to
this structure Harris further stated in ﬁis report of 1888 that: "The
Euilding at_the Norris Geyser Basin is a long narrow one-room building
built of one inch pine boards, It has some twenty small sleeping rooms,
is cold and open, with no anpliance for heating beyond a sheet iron
stove in the common hall," Poo; as it was, this facility anparently
was used_until 1892, as Acting Superintendént George Anderson (frmy
Captain) reporting to the'fecretary of the Interior in that year says:
"The old Norris lunch station was burned in May, and is now being con-
ducted under canvas," He further stated: ", , , the Norris lunch
stations should be rebuilt, and have a few rooms for the accommodation
of such parties as desire to spend the night,"

Apparently this station operated under canvas for about ten

years and dispensed a large number of meals, gs Acting Superintendent

R——"

/7535



e S e e dsadlanl — — i %;ﬁ

Natson—Norris—page

S. B, M, Ioung (urnf Captain) in his report of 1897 shows that on July
27, 561 people were fed at the Horrls Lunch Station,

Demand for better facilties in the Norris area apparently
dictated the building of a new hotel, és_Acting-Superintendent John
Pitcher (Army Captain) states in his report of 1901: "A new and very
comfortable 1ittle hotel has been constructed at the Uorrls Geyser
Basin, It hsgs been built on a far betier site than that occupied by
the old lunch station , , , ," The need for this facility apparently
continued until the advent of autonotive travel in the park,

An historic incident of interecst and 1mvortance associated
with the hotel at Norris was the first arrest and conviction for
poaching in Yellowstone National Parl, Reading in ActingvSuperintendent
(Army Captain) Moses Harris' annual report of 1887 it is apparent that
in Janvery of thet year one Villiam James vent to thc Norris area and
ap“arently was cuartered at the Norris Hotel, ostensibly for the pur-
pose of haullng lunber "between the Grand Canon and the Norris Basin,"
Quoting further from Harris! special report to fhe Acting Secretary of
the Interior dated Mammoth Hot Springs, Uyo, April 24, 1887:

A few dgys ag& I received information which caused me to be-
lieve that James vas engaged in trapping beaver on the Gibbon River,
near Norris, I accordingly seni a party on the 20th instant, at night,
on snov-shoes, to this locality, withvinstructions to make diligent
search ... , , The party, with a sergeant of my iroops in charge ., . .
having found three beaver traps set and baited along the Gibbon River,
went to the Norris Hotel, and, , , . found in an out-building, which was
used by James , , , , five beaverskins and one Iynx-skin, , ., , the

sergeant, in obedience to my orders, arrested James, and,, , , sent him

|
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to.this place on the 22d instant. James, vhen examined by me, admitted
that he had trapped and killed the beaver and 1ynx, and also that he
had, in comrany with one Broﬁn . « o killed an eik near the Falls of the
Yellowstone, in the month of February last, There appearing to be no
doubt whatever as to the guilt of this man James, I hyve this day sum-
narily expelled him from the Park,"

James, probably unwittingly bui none the less definitely, fur-
ther established a claim_to a vlace in history when later the same year
he engaged in the first stage holdup in Yellowstone Netional Park,
Acting Superintendent Harris reported on July 7th that ", , ., on the
night of the Ath instant one of the stages . . , was stopped by foot-
pads about 1 mile from the town_of Gardiner, and about the same dis-
tance within the limits of the park , . . and the passengers robbed of
morey to the amout of.$16.". Not until a year later, according to Jack
Ellis Haynes' statement in The Hésterners Brand Book, when cne of the
culprits talked too much over his iiquor vas it established that: '"The
two men were William James and his friend Charlie Higgenbotham, ., ., .
Upon their arreét, . » o they were tried, found guilty, fined {1,000
each, and sentenced to serve one year in the Montana penitentiary, "

These incidents, and a forest fire in the Norris area which
apparently burned over an arez of =2 thousand acres of more, remind us
that the tendencies of men and mother nature were much the same in the
Park's early years as now, Acting Superintendent George S, Anderson
(Army Captain) reported in 1893 that on July 10 a fire ", . . occurred

on the roadside, about half a mile north of the Norris station, Capt,

157




Watson-Norris-page

Scott, who has iﬁvestigated . « o believes it originated with the

party building the new road at thétipéiht. o o o It-is possible; how-
ever, that it originated in a cigar carelessly thrown from a coach by
a passing tourist, ., , .. The country recently burped over is very ir-

regular in outline, and extends northeast from the Norris Station sbout

7 miles, and in places is 2 niles or more in width,"

In 1917 the Yellowstone Parl Transportation Comnany, which
¢ nany,

b then had absorbed all other companies engaged in the transportation

business in the park, with the purchase of 100 ten-passenger busses

and 16 Seven-passenger cars abruptly switched from stage coach to
autonotive trgvel and thus materially 'speeded up the movement of
visitors in.the nari,

Thus it was that several hotel facilities were rendered
useless, and in that year,'l9l7, the ﬁorris‘hdtel was abandoned as
was the Fountain Hotel in the Lower Geyser Basin, 'Both of these
structuﬁes, however, remained until razed in 1927,

Automobile travel in the park was first permitted on
August 1, 1915, and it is interesting to note that 50 cars came in
on that first day after having paid a fée of at least {7,50 for a
single trip or-$10‘for the season, and a total of 958 cars entered
before the season ended,

Regulations governing the use of automobiles in the park
were very strict from the beginning, and for the first two or three
seasons they were allowed to travel only according to schedule on the
main loop road, For instance cars bound for Norris Geyser Basin were
not permitted to leave Mammoth Hot Springs before 6:45 a,m, or later

than 7:15 a.m.; and they could not arrive at Norris Junction before

/5%
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8:30 a,m, or later than 9:00 a.m,

- In 1917 the fee for private éutomobiles to use the park
roads for an erntire season was sef at $7.50 and so remained until
1926 when it was reduced to $3,00.

By 1919 there had been some relaxation in the automobile
regulations and a strict schedule of departure and arrival was not
required, On steep grades speeds up to 12 miles per hour ascending
and 10 when descending were permitted, the maximum approaching sharp
curves was € miles per hour, and in 1916 "on good roads with straight
stretches, and when no team is nearer than 200 yards, the speed may
be increased up to 20 miles per howr," In 1919 this top speed was
increased to 25 miles per hour, and is now up to 45 miles per hour,

In contrast to 1915, 406,077 notor cars and motorecycles
were checked into Yellowstone Nationai Park in 1952 carrying

1,350,295 people,
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