


UNITED STATES
DEPARTMENT OF THE INTERIOR

Geological Survey

Water resources of Yellowstone National Park,

Wyoming, Montana, and Idaho

by

Edward R. Cox

Prepared in cooperation with the

National Park Service
Open-file report 73 - 53

February 1973



‘ Contents

Fage
Ab.tr.ctnooc .....  SeeBeoEeeGGe mes I I rrrr Ty 9

Introduction- L e T LY I I LI Y I Y Y Y Y P Y Y Y Y Yy %) 11

Location and extent of the area~--+e--emaccccccsvcacececcvacas 12
Topography and drainage==-««-«-eccc-a- ccccnccvevcnccncnecacas 13
Climate~~=---==me-- ccsanan amcews meccanea ccccmsncsavsvncnncnca 16
Previous investigations--eceecereccceccacccccccccsccccacacccsnae 20
Methods of investigationes~-cececcccccccocnccnncconcaancccanass 21
Well and station numbers------- B weccmcacsccacenccccnnes 24
Acknowledgments-«-«-w-cecsccccecmceccocncanscnccccccnnnacacas 25

Geolﬁgy--""'-----.‘--.. ......... P Y T T T Y T Yy Y ) owe 26

Geologic unite and their water-bearing characteristicg--=~~--- 26

‘ Precambrian rocks---cececcscnccncccccnccnncnnccccccacaes 31
Paleozoilc rock@e=--cecccmcccccccacccncncanas cccncccccese 31
Mesozoic rockgee~evcucea cremanceccacctscncnscnsancencase 39
Cenozoic rockBe-v=-ecwccccccnaccnan eccacccccccnvnnccnnas 36
Tertiary rocks=<-=<e-ce- cemccncncencne ememenssesens 36
Tertiary and Quaternary rockg-e--«v-cececevccecccce= 38
Rhyolite~=c~eccmec~ ccmneee- cecececmsnccncacnes 38
Basalteev-cevaa- cecscnnccncnccsncnncenncanones 42
Quaternary rockses-~cemo--- cscaccusssncanccnsnnanese 44
Glacial deposits----- ccnneccmccansacnna cccnena 44
Lacustrine depositse-ccccccecccecccccnacnaccaas 47
Hot-springs depositg-e-ec-vc-ccccccaccacaccaass 50

. Landslide depositge--e-ccmecccece ceeccecena m-e s1

AlLUviUme-s-==scc==ccecasmsccasscacacacancces 52

-2-



Contents~-continued

Hydrelogy-~~=cceccncccccncnccnccsncccaa cecemcmnrncenccccssncncanee
Surface water-~=-~-~=sceawc«- cmmececan~e crmcessscannnennea. ccen
Ground Watere-«ccvecccecencrcnacnenannraannanan creemrcaneccen
Quality of wateres~ecocmncnaccncccsnnnccanncnncanccnnccacacnn
Water resources near selected sites-~-=-ww--- camcccancenancenn

Mammotheweeeccnacencnncunaneanasa anenancnnnsancnccnewns
East Entrance=~-~«~--- cmemacea B L T LT
Norris Junctiene=ecccacecana- cmenan cemccerenreenesnesne
0ld Faithfulece-ceccccnccaccnannccnccneccacacanan cmcecne
Mud Volcanoe~reccvanccas eamssceancnmen- cm———— crmnmnane
South Entrance-«eecceccccccacax cemccae cenmancscosancncas
Tower Junctieneecceccaccecacacncass cemncomrecnanmencanan
Fountain Paint Pot---evcecccenceca cmanane cencmnmnn— .an
Canyon Village~=~=-===- ccancmna T L
Gallatin Ranger Statione~esece-ceccaa-a commnmcncnnaanna
West Thumbessecocccccancanncecacna R . P,
Shoshone Lakeer--~eeccccccccaas P R R R c—mma—
Heart Lake~wwe=eeccwa« cmmmemenccs cnnnnne- cmmnecewa~ —————
Madison Junctione--ecececcacccccccaaaa ccnemansasanccsnan -
Crystal Creeke~=~~-- T e L L T cmmenancamcna .

Slough Creek campground--e--e=~-- cecescanamcccaccncaanena

I<«e
53
53
59
63
86
87
98

100

105

109

112

117

121

125

130

131

135

137

138

142

143



Contents~~continued
Page
Hydrology=--continued

Water resources by hydrOIOgiC Unitgerorrcnsconccananvcvncanacm 144

Rhyelite plateau hydrelogic unite~ecececececccccncacacaes 144
Absaroka hydrolegic uniteseeemcacccecncccaracancccacanae 147
Beartooth hydrologic unfite==~=-- cmmeccecmcnsennmcnasancae 148
Gallatin hydrologic unit-~-~«scmmcccaccrnncncncccnnnceas 179
West Yellewstone hydrologic unite~-weecccosccccancaacecan 12
Falls River hydrologic unitece=srvecmencccacanancccwncuas 174
Snake River hydrolegic unites~eveccmscavcocecenccanncesns 15§
Conclusionsevecccncnccancnccaua. wesemsecmmn. cesecemvmenancemsavens 156

. References cited---~- T L meeseevecsscvnan e .= 158



Figure 1.

2-A,

3.

6.
7-160
7.

10.
11.

12.

Illustrations

Map showing location of geographic features----<ecc-ce-.
Graphs showing average monthly temperature and
precipitation at selected locations in and near

Yellowstone National Parke---e-e~---- sesceccccmn——. .-

Map showing location of selected wells, selected springs,

surface-water data collection sites, selected quality-
of-water data, and hydrologic unitg~--e-c-e-c-ce-ca-o
Generalized geologic map----eecccccncncconcnncacnccacaa
Graphs showing yearly and monthly mean flow at gaging
stations in and near Yellowstone National Park---e~--
Duration curves of flow at gaging stations in and
near Yellowstone National Parke---ececvccccceccacccncae
Graphs showing water levels in selected wellg~e-vecccwa
Maps showing:
Loecation of diversion dams, a pipeline, selected test
holes, and a well near Mammothecc-ceccncaccucccncccas
Location of a diversion dam and selected test holes
near Norris Junction----- weescrccsmnancccnnncncncncne
Location of a diversion dam and selected test holes
near Old Faithfulesncecccccnccncancoccavcnncacenncnaa
Location of test holes near Mud Volcanoe=sw-ecccccecnccan
Location of a supply spring and selected test holes
near South Entrancge=-ec-cee- cnmscnacnecsncvencccnonee
Location of a supply spring, diversion dam, and

selected test holes near Tower Junctionec~cececcecccas

-5-

Page

17

23

27

55

56
62

a8

102

106

110

113

118



Illustrations~-centinued
Page
Figures 7-16, Maps showing:--continued

13, Location of a apring, hotel ruins, and test holes

near Feuntain Paint Potes-<ccececccccscacacncceccmsenn 122
14. Location of diversion dams and selected test holes

near Canyen Villagee<~=-=- coreenncnacesconncascacssans 17¢
15. Location of selected test holes near West Thumbe-<ececews 132
16. Location of supply springs and test heles near

Mﬁdisbﬂ Junction--.-.—-----o-o-----.-o-a--o------..u- 1:\‘0



Table 1.
2.
3.
b.

6.

9.

10‘

11.

12,

13.

Tables

Generalized section of rocks exposede~=vnowsveccnccacnace
Streamflow at selected miscellaneous sites~~-<cccccecnce
Chemical analyses of water from five wells~vecccccccnca-
Spectrographic and radiechemical analyses of water
from five wellgeeecccccncnaua ceemmmn cecvemnencccsncces
Chemical analyses of water from selected streams
containing thermal-water discharge-<<eccccceec- cnsecnen
Chemical analyses of water from two springs and a
stream in rhyolite terrange<se-evveccconcacccccccccnae
Chemical analyses of water from selected streams in
andesite terrange---ve-ceco=e mesescmevevesvanccvacsnen
Chemical analyses of water from selected streams in
basalt and andesite terrane and in basalt and
rhyolite terranesee«ccecancccccncs seccscnsccncvananuns
Chemical analyses of water from two streams and a
spring in Paleozoic rockse-ecececcccccccnccncccne mecam
Chemical analyses of water from Precambrian rocks and
Mesozoic rockse=e=mcccacen ~weceee ceccceccvencconn cemme
Chemical analyses of water from selected streams in
rhyolite terrane having thermal-water discharges---«--
Chemical analyses of water from Yellowstone, Heart,
Shoshone, and Lewis Lakeg«~ccecncwssevccccccrvcnccnncs
Periodic determinations of temperature, discharge, and
suspended sediment in the Gardner River, Glen Creek,
and Lava Creek near Mammoth-~eeweescaccaccccncccncccen

-7-

28

58

69

70

73

75

76

78

79

81

83

84

94



Tables--continued
Fege
Table 14. Periodic determinatiens of discharge, sediment
concentration, and color of water in Lava Creek

and Glen Creek near Mammothe----eecscccsccaccaccacess 97



Water resources of Yellowstone National Park,

Wyeming, Mentana, and Idaho

by Edward R. Cox

Abstract

The study described in this report is an appraisal of water rescurces
in Yellowstone National Park. Detailed hydrologic investigations are also
described at several sites in the park, selected by the U.S. National Park
Service, where additional data are needed for use in planning water rupplies
for public use. Most water supplies in the park are from surface water.
Some surface-water sources contain sediment during snowmelt and aféer heavy
rainstorms and become temporarily objectionable to use. Ground water is

not subject to seasonal increases in sediment.



Most wells and test holes in the park are near streams and lakes and are in
alluvium, glacial deposits, or lacustrine deposits. Pumpage is small compared
to natural ground-water discharge. Ground water in stream valleys and lake
basins does not move from one drainage basin to another. In general,
aquifers adjacent to streams and lakes are recharged by precipitation and
by water from the stream or lake. Water moves from the aquifers to the
streams and lakes during periods of low streamflow and low lake levels, and,
at least near the streams or lakes, water moves from the streams and the
lakes to the aquifers during periods of high streamflow and high lake levels.
Streamflow is greatest during May to July as a result of melting snow,
Streamflow declines during the summer and fall to the lowest flows during
the winter. Topographically high areas probably are drained and, except
for perched-water zones, contain ground water only at great depths in
bedrock.

Quality of ground and surface waters varies with the geologic terrane
and the hydrologic sources. In general, thermal water is highly mineralized
and affects the quality of water in aquifers, streams, and lakes by adding
silica, sodium, chloride, fluoride, boron, and sometimes sulfate and arsenic.
Waters in rhyolite terrane and in areas having an abundance of obsidian
generally have a fluoride content that exceeds the maximum limit suggested
by the U.S. Public Health Service for drinking water. The concentration of
all chemical constituents determined in nonthermal water sampled in terranes

other than rhyolite are within the recommended limits for drinking water.
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Aquifers in stream valleys would yield 1,500 gpm (gallons per mirute)
near Fountain Paint Pot, 250 gpm near Mud Volcano, 500 gpm near Northeast
Entrance, 750 gpm near East Entrance, 200 gpm near South Entrance, and
300 gpm near Madison Junction. Aquifers near Norris Junction and Old
Faithful might have yields of 35 and 50 gpm, respectively. An aquifer near
Tower Junction would yield 50 to 75 gpm. An aquifer near the Yellowstone
River northwest of Mammoth will yield as much as 200 gpm to single wells.
Aquifers in places near streams and lakes would yield a few gallons per
minute of water to shallow wells equipped with hand-operated pumps to

supply water for campgrounds or patrol cabins in remote areas of the park.

Introducticn

The increasing number of tourists visiting Yellowstone National Park
has required the expansion of public water supplies in the park. Some of
the points of tourilst interest are near the famous geysers and other areas
of thermal-water discharge. Some points of interest are near streams and
lakes where tourists enjoy water and mountain scenery. Water supplies that
are sufficient in quantity and suitable in quality are needed but are not
always readily available near some of these points of interest. Water
supplies are also needed in the park at centers of accommodation for
tourists and employees. The U.S. National Park Service requires information
on hydrologic conditions in the park for use in planning water supplies for

public facilities and for its mission of protecting the ecological sy-~tem,
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‘ Most water supplies in the park utilize surface water. Some of these
water supplies, although adequate in quantity and chemical quality, contain
sediment during spring snowmelt and after heavy rainstorms and become
temporarily objectionable to use. Ground water is not subject to sessonal
increases in sediment. In areas where ground water is not available, cannot
be used, or cannot be developed because of the remoteness of the ares,
surface water must be used for water supplies.

The U.S. Geological Survey made a study of hydrologic conditions in
Yellowstone National Park in cooperation with the National Park Service,
Field investigations were begun in September 1966 and most of the investigations
were concluded in October 1970.

The main purpose of this study is an overall appraisal of water
resources in Yellowstone National Park. Detailed hydrologlc investigations
were also made at several sites in the park selected by the National Park
Service where additional data are needed for use in planning water supplies

for public use,

Locatien and extent of the area

Yellowstene Natienal Park is in the nerthwest cerner of Wyeming and
adjacent areas in Montana and Idaho, The park is reughly rectangular in
shape, about 62 miles leng (north-scuth) and abeut 54 miles wide (east-west).
The park contains 3,472 square miles, 91 percent of which is in Wyeming,

7 percent in Montana, and 2 percent in Idaho.
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Tepography and drainage

Most of Yellowstone National Park {s a high plateau area ranging
in altitude from 6,000 to 9,000 feet, with mederate relief, and beund~d
by mountains en the north, east, and south, S8Several plateaus in the park
that have been named are: Buffalo Plateau, Blacktail Deer Plateasu, S~lfatara
Plateau, Mirror qutoau, Madison Plateau, Central Plateau, Pitchstone
Plateau, and Two Ocean Plateau (fig. 1). The plateau area is bounded on
the north by the Gallatin Range and by an upland area known by several
names but called the Bearteeoth Mountains in this repert, and on the east by
the Absaroka Range (fig. 1). South of the plateau area are uplands
assoclated with the Teton and Washakie Ranges, which extend northward to
within about 10 miles of the park. The Red Mountains, Chicken Ridge, and
Big Game Ridge (fig. 1) are associated with uplands south of the parl. West
of the plateau area is the Snake River Plain in Idaho.

The lowest point in Yellowstone National Park is at about altitude 5,160
feet near the Yellewstone River on the north boundary; the highest pcint is
Eagle Peak at altitude 11,358 feet in the Ahsaroka Range on the east boundary
(£ig. 1).

Yellowstone National Park lies on the Continental Divide. About 80
percent of the park is east of the divide in the Missouri River drair<ge
and about 20 percent is west of the divide in the Snake River drainag-,
Principal streams that drain the park are the Madisen, Gallatin, Yellowstone,
Snake, and Falls Rivers (fig. 1). A small area near East Entrance is drained
by Middle Creek, which flows eastward from the park to the North Fork of

the Shoshone River.






The Madison River is formed by the confluence of the Gibbon and

Firehole Rivers at Madisen Junction, and this river system drains most

of the western part of the plateau area of the park. The Gallatin

River drains the west slope of

the Gallatin Range in the northwesterr

part of the park., The Madison and Gallatin Rivers join the Jeffersor

River near Three Forks, Mont., about 60 miles northwest of Yellowstere

National Park, to form the Missouri River.

The Yellowstone River drains the west slepe of the Absaroka Ranpe

and most of the eastern part of

the plateau area. The Yellowstone

River also drains most of the northern part of the park, including tle

east slepe of the Gallatin Ran
Mountains. The Yellowatone Rij
Montana-North Dakota State line
National Park.

The Snake River drains the
the park and most of the southe
River drains the southwestern p
Henrys Fork of the Snake River

National Park.

e and the south slope of the Beartootl
er joins the Missouri River near the

about 350 miles northeast of Yellowstone

uplands in the south-central part of
rn part of the plateau area. The Falls
art of the park. The Falls River joirs

about 23 miles southwest of Yellowstore
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Annual precipitation in YeJ
10 inches in the lowest part of
National Oceanic and Atmospheri
much as 60 inches near the Cont
the park (Thomas and others, 19

the park, however, ranges from

The oregraphic effects of

Climate

llowstone National Park ranges from alaut
the park, as shown by records of the U.S.
¢ Administration at Gardiner, Mont., to as
inental Divide in the southwestern part of
63, pl. 2). Annual precipitation in rost of

about 15 to 30 inches.

mountains and valleys lecally influea~e

precipitation amounts, but precipitation generally increases with altitude.

Precipitation is greater on th

west side of the Continental Divide than it

is on the east side of the divide owing to upslepe effects of eastwa~d

moving storms from the Pacific|Ocean.

ths wvinter, as rain and snow
rain during the summer. Brief

sunmer .

Precipitation occurs as snow during
ng the spring and fall, and generally as

snow storms, however, occasionally occur in

Snow begins to accumulate in October in the higher parts ef the

park and commonly reaches depths of 4 feet by spring. The snowpack melts

in spring and early summer and
streams,
According to records of t

tration, precipitation is dist

contributes much water to runoff in the

he National Oceanic and Atmospheric Ad~inis-

ributed quite evenly throughout the year in

most of the park as suggested by the average menthly precipitation at

Lake (fig. 2). Lake is in the

its precipitation record probab

more than any other weather st

lower areas of the park, such ..

winter in that part of the parl:

plateau area near the middle of the park and
ly represents average conditions for the park

tion. Precipitation is greatest in spring in

8 Mammoth (fig. 2), and probably is greatest in

west of the Continental Divide.
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Figure 2.--Average monthly temperature
and precipitation at selected locations

in and near Yellowstone National Park.
Based on records of the National
Oceanic and Atmospheric Administration.
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The average annual air temperature in Yellowstone National Park Is
about 35°F., Average temperatures range from about 15°F in winter to about
60°F in summer (fig. 2). During most years, maximum temperatures at nost
weather stations are generally near 90°F and minimum temperatures are
usually less than -30°F. Selected precipitation and temperature data
from weather stations in and near Yellowstone National Park are shown in

the following table:
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[From records of the Natienal Oceanic and Atmespheric Administratien]

Average Precipi-| Average Maxi~m|M{nimum
precipitatien | tatisn teng «x~ | tamper-
Weather station |Altitude Years 1970 Years | atuvre | ature
(feet) |(inches)| of (inches)| (°F)| of 1970 1970
record reco (°F) (&)
Gardin.r. }bnt‘ 5,300 moneanes I-...-- 10.43 eoowe avoeven 97 -17
Mammoth 6,230 15,38 82 15.29 | 39.7| 78 90 21
Tower Junction 6,266 16.21 43 21.54 |wewen|cnecas| 97 -32
Lamar Ranger 6,470 13.43 47 16.49 | 35.7| 39 86 «42
Station
Cooke City, Mont.| 7,553 |e==veces ccaces 29,03 |eeee= cccees 83 -35
(about 4 miles
east of Northe
east Entrance)
West Yellowstone,| 6,662 21.22 41 24.68 | 35.1| 41 91 ~41
Mont.
Lake 7,762 18.86 52 26.16 [eeew= === -eal 85 -37
South Entrance 6,882 ------- cwn .- 41.54 |eecee|mences 87 -32
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Previous investigations

Geologic and hydrologic investigations in Yellowstone National Park
began in the 19th Century. Gooch and Whitfield (1888) published analyses
of water from the park. Hague and others (1896) and Hague and others (1899)
described the geology and topography of the park. Allen and Day (1935) made
a study of hot springs in the park, Howard (1937) interpreted the ge~logic
history of the Grand Canyon of the Yellowstone. Boyd (1961) studied the
rhyolite tuffs and flows in the plateau area and published a geologic map
of most of the park. Foose and others (1961) and Brown (1961) made geologic
studies in the northern part of the park. Fraser and others (1969) studied
the geology of the Gardiner, Mont., area that included part of the park.
Witkind (1969) describes the geology of the Tepee Creek guadrangle, part of
which is in the northwest part of the park.

The Hebgen Lake, Mont., earthquake of August 17, 1959, which ce~tered
near the northwest corner of Yellowstone National Park, resulted in several
special studies of geoleogic and hydrologic effects of the earthquake.

These studies were published in Geelogical Survey Prefessional Paper 435;
some of them include data in the western part of the park.

Water-resources studies in Yellowstone Natienal Park have been limited
to investigations of small areas. Gordon and others (1962) investigated
ground-water conditions near Grant Village. Lowry and Gordon (1964
investigated ground-water conditions near Northeast Entrance, East
Entrance, Bridge Bay, and Cave Falls. Streamflow data have been collected
at gaging stations and at miscellaneous sites in the park for many years and
are published in the annual reports of water-resources data by the Geological
Survey.



Geologic and hydrologic studies have been made by personnel of the
National Park Service to collect facts and provide interpretation of
features in Yellowstone National Park for visitors. Geologic studies made
in and near the park have been published as theses for advanced degrecs
from universities, At the time of this study (1966-72), personnel of the
U.S. Geological Survey were making extensive studies on remote sensing,
geology, geophysics, and thermal waters in the park. The U.S. Envirc=mental
Protection Agency began a study in 1970 that will lead to the establishment

of water-quality standards in the park,

Methods of investigation

Reconnaissance consisting of inspectiens of surface geolegy,
topegraphy, and hydrolegic features were made near the sites selected
for detailed study. Locations were selected for test holes to be
constructed near the sites to study subgsurface features. Observation«
of features were made and hydrologic data were collected in other are<s,
including remote parts of the park, for use in the overall appraisal of
water resources in the park.

Test holes were constructed with motorized drilling equipment to study
the occurrence of ground water and the nature of the water-bearing materials.
Some of the test holes were completed as test wells by installing casing
and screens, or slotted casing, to determine yields of wells and to measure

water levels,
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Drilling of test holes in the park was limited to areas near roads.

The main roads in the park are Grand Loop Road, connecting roads that join
the five entrances to Grand Loop Road, and Norris Canyon Road. The main
roads and relatively short scenic drives are paved and maintained for use by
park visitors. In addition, service roads, mostly unpaved, have been
constructed in the park. Many trails provide access to remote parts of the
park. Motorized vehicles, however, cannot be operated on trails.

Water levels were measured in observation wells at intermittent
intervals to determine the range of fluctuations of ground-water levels.
Discharge measurements were made at some sites on streams and springs in
the park to determine magnitude and range of flow of the streams and springs.
Water samples were collected from selected wells, springs, and stream< and
were analyzed for chemical character. Some of the water samples from wells
were analyzed for biological character and radioactivity. Some of the
water samples from streams were analyzed for suspended sediment.

Remote~-sensing data were used to help delineate boundaries betwee=n
areas of warm and cold ground water. An investigation was made in conperation
with the National Aeronautics and Space Administration to evaluate the
usefulness of remote-sensing data in the water-resources study of the park,
Remote-~sensing data were collected in the park by cameras and scanner~ from
aircraft missions in August 1966, September 1967, August 1969, and May 1970.

Yellowstone National Park has been divided into seven hydrologic units
in this report for the purpose of an overall appraisal of water resources of
the park. The unit boundaries were made arbitrarily, but they generally
follow geologic and geographic boundaries. The units are: Rhyolite plateau,
Absarcka, Beartooth, Gallatin, West Yellowstone, Falls River, and Snake
River (fig. 2-A).
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Well and station numbers

Wells are usually numbered by the Geological Survey in Wyoming,

Montana, and Idaho according to the location of the wells within the

Federal system of land subdivision,

However, Yellewstone National Prvk

has not been officially subdivided, and the commen Geocleogical Survey

well-numbering system is not used in this report.

Abbreviations are used in the text, illustrations, and tables of

this report to identify test holes and wells.

The first letter indicates

the method of construction--A, power-driven auger; C, cable-tool drilling

machine; and R, rvotary-drilling machine.

The suecseding letters ars

-

abbreviations of nsarby place names as given in the fellowing iist:

B
BB
cC
CF
cv
EE
FB

FPP

G

GV

IC

Bechler Ranger Station M
Bridge Bay MJ
Crystal Creek MV
Cave Falls NEE

Canyon Village

East Entrance OF
Fishing Bridge SC
Fountain Paint Pot SCS

Gallatin Ranger Station SE

Grant Village TJ

Indian Creek WE

Mammoth

Madison Junction
Mud Voleana
Nertheast Entrance
Norris Junction
0ld Faithful
Sleugh Creek
Stevens Creek
South Entrance
Tower Junctien

West Entrance

The number gives the order of constructien of a particular type of tcat

hole or well.

For example, CM 1 (fig. 2~A) was the first test hole drilled

by a cable-tool machine near Mammoth, and ACV 4 (fig. 2-A) was the fourth

test hole constructed by a power-driven auger near Canyon Village.



As a means of identification, the Geological Survey assigns an
8-digit station number (such as 06036800) to each site where surface-
water data are collected.  Springs have been assigned surface-water
station numbers in this report. The statien numbers {increase in
downgtream order. Stations on tributaries are assigned numbers between
upstream and downstream stations on main stems. Gaps are left in the
numbering system to allew for new stations that may be established. The
firat two digits of the station number densote the drainage basin. Station
numbers beginning with "06" are in Missouri River drainage and those

beginning with "13" are in Snake River drainage.
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Geology

Rocks ranging in age from Precambrian to Quaternary crep out in
Yellowstone National Park. Most of the plateau area of the park is
underlain by rhyolite of Tertiary and Quaternary age. North and seuth
of the plateau are faulted and uplifted blocks of Precambrian metamor~hic
rocks and Paleozoic and Mesezoic sedimentary rocks. East of the plateau
is a mountainous area composed mostly of andesitic breccia of Tertiary
age. Glacial deposits, lacuetrine deposits, and alluvium are widespr-ad

in the park.

Geologic units and their water-bearing characteristics

The geologic units used in this report are those most convenient
for discussing the occurrence of ground water in the park. Other studies
may divide the geelogy inte different units. Inasmuch as data from v-lls
are limited te Tertiary and Quaternary rocks, the Precambrian, Paleoroic, and
Neseseic rock units are not divided, except to show the stratigraphic pesition
of geologic units and to summarize the water-bearing properties of tle
rocks. A generalized section of rocks exposed in the park is given in
table 1. A generalized geologic map of the park is shown on figure 3,
Geologic units are more detailed in the table than on the map., Some
equivalent units in the northern part and in the southern part of the
park have different nmmes. Both names are givem in table 1. Thicknrss,
lithology, and water-bearing properties in table 1 are from observatfons,
tests, reported values, and interpretations, Delineation of units or the

map is mostly a compilation of data from published geologic maps.
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Precambrian rocks

The Precambrian rocks exposed in Yellowstone National Park are
metamorphic and igneous rocks that constitute the basement complex of
the Beartooth Mountains and other uplifted areas in the park (fig. 3).

The Precambrian rocks predominantly consist of gneiss, schist, and granite.
Qutcrops of Precambrian rocks are in mountainous areas of the park, wainly
in the Gallatin Range and the Beartooth and Red Mountains.

The Precamhrian rocks are hard and dense and have little, if any,
permeability except in fractures. In Yellowstone National Park, the
Precambrian generally crops out in topographically high areas that ar~ drained
of ground water. Near outcrops, however, Precambrian rocks probably contain

ground water in fractured zones.

Paleozoic rocks

Paleozoic rocks in Yellowstone National Park are marine limestone,
dolomite, sandstone, and shale. Rocks of all systems in the Paleozoic,
except the Silurian, occur in the park. Paleozoic rocks crop out chiefly in
the uplifted areas of the park such as the Gallatin Range, the Beartcoth and
Red Mountains, and Chicken Ridge (fig. 3). 1Isolated outcrops of Paleozoic
rocks occur that are surrounded by volcanic rocks of Tertiary and Quaternary
age.

The total thickness of Paleozoic rocks in the Beartooth Mountairs is
about 3,000 feet (Foose and others, 1961, p. 1147). 1In the Gallatin Range,
however, where the Paleozoic rocks are most extensive in Yellowstone National
Park, the Paleozoic rocks probably are more than 3,000 feet thick., T“e
Paleozoic rocks are cut by faults, and continuous outcrops of more than a
few miles are rare.
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In the mountains, the Paleozoic rocks may be in topographically high
areas that are drained of ground water. Where the rocks are saturated,
ground water occurs in interstices in sandstone, siltstone, and shale,
and in fractures and solution channels in limestone and dolomite. Springs
occur in Paleozoic rocks in the mountains. Paleozoic rocks that would yield
the most water to wells are the Madison Limestone of Mississippian agwe,
the Bighorn Dolomite of Ordovician age, the Pilgrim Limestone and the
equivalent part of the Gallatin Limestone of Cambrian age, the Flathead
Sandstone of Cambrian age, and the Quadrant Sandstone and the equivalent
Tensleep Sandstone of Pennsylvanian age.

Factors controlling the occurrence of ground water in limestone and
dolomite in the park prebably are similar. Because limestone and, tc a
lesser degree, dolomite are soluble in water, solution openings have developed
along bedding planes, joints, and in brecciated zones. The degree of solution
development depends on the present and former topographic position of the
rocks, As water moves through the rocks, solution openings are enlarged
and connected to other openings to form channels and conduits through which
the movement of water is relatively rapid from recharge to discharge areas.
Thick deposits of limestone, such as the Madison Limestone, may have
extensive development of solution channels; however, thin beds of limestone

in other Paleozoic units may also have solution channels.



.

. The Madison Limestone ranges in thickness from about 1,000 to 1,450

feet in the Tepee Creek quadrangle (Witkind, 1969, p. 28-29). Because
the Madison thins eastward, it is probably about 1,000 feet thick in the
Gallatin Range in Yellowstone National Park. Ruppel (1968, p. 68) rerorts the
thickness of the Bighorn Dolomite as 143 feet, and the Pilgrim Limestone as
207 feet in the Gallatin Range.

The Madison Limestone is an important aquifer in places in Montana
and Wyoming, where large yielding wells have been drilled that tap solution
channels in the Madison. In Yellowstone National Park, the Madison has been
faulted, tilted, and overturned in places, and solution~channel development
may not be as widespread as in the areas that have large yielding wells.

The Madison Limestone probably is the source of water dischargine from

‘ many springs. The Madison probably is the source of water dischargin~ from

a large spring--estimated flow of 10 cfs (cubic feet per second)~--near an
outcrop of Madison in the Gallatin Range. The Madison may be the source of
water discharging at Mammoth Hot Springs and nearby Hot River,

The extent of the Madison Limestone is not known, but it may underlie
younger rocks at great depth in part of Yellowstone National Park. The
only areas where relatively shallow wells could be drilled in the Madisen
are near its outcrops. Relatively shallow wells could be drilled into the
Madison in the Gallatin River valley in the northwestern part of the park.,
The Madison crops out on both sides of the valley, in places, and it probably

directly underlies alluvial and glacial deposits in part of the valler.



Sandstone beds, where saturated, are the principal aquifers in the
Paleozoic rocks. The most extensive sandstone beds in the Paleozoic rocks
are the Flathead Sandstone of Cambrian age, the Quadrant Sandstone and the
equivalent Tensleep Sandstone of Pennsylvanian age, and the Shedhorn
Sandstone and the equivalent Phosphoria Formation of Permian age.

The Flathead Sandstone is 75 to 125 feet thick in the Tepee Creel
quadrangle and averages 115 feet thick. The Flathead is fine- to coarse-
grained quartzose sandstone that is a quartzite locally and contains
conglomerate lenses (Witkind, 1969, p. 15). The Flathead has a maximum
thickness of 60 feet in the Beartooth Mountains (Foose and others, 1961,

p. 1147). The Flathead probably has a maximum thickness of about 100 feet
in Yellowstone National Park.

The Flathead Sandstone may contain ground water near outcrops in the
Gallatin Range and the Beartooth Mountains. The Flathead apparently crops
out near the valley floor along Slough Creek and Soda Butte Creek in the
northeastern part of Yellowstone National Park (Brown, 1961, pl. 1). Ground
water may occur in the Flathead where the formation underlies alluvium in
these valleys. Lowry and Gordon (1964, p. 8) suggest that ground water may
oceur in the Flathead in Soda Butte Creek valley near Northeast Entrance.

The Quadrant Sandstone and the equivalent Tensleep Sandstome and the
overlying Shedhorn Sandstone and the equivalent Phosphoria Formation probably
have water-bearing properties similar to the Flathead Sandstone. The Quadrant
ranges in thickness from 265 to 315 feet, and the Shedhorn ranges in thickness
from about 160 to about 175 feet in the Teepee Creek quadrangle (Witkind,
1969, p. 31-32). 1In Yellowstone National Park, the approximate maximum thickness
of the Quadrant and Tensleep is 300 feet, and the Shedhorn and Phosphoria 200

feet. The Quadrant and Shedhorn crop out in the Gallatin Range and the Tensleep
and Phosphoria crop out in the Red Mountains and along Chicken Ridge.
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Mesozoic rocks

Mesozoic rocks in Yellowstone National Park are marine and nommarine
sedimentary rocks. These rocks crop out in the Gallatin Range and Mt, Everts
area in the northern part of the park, and in the Red Mountains and Chicken
Ridge area in the southern part of the park (fig. 3). The Mesozoic rc<ks
are folded and faulted,

Mesozoic rocks in the Gallatin Range are of mostly Triassic, Juressic,
and Lower Cretaceous ages, Upper Cretaceous rocks are exposed in the
Mt. Everts area. The Red Mountains and Chicken Ridge area has Triassic,
Jurassic, and Lower and Upper Cretaceous rocks.

Triassic, Jurassic, and Lower Cretaceous rocks are mostly nonmarine
sandstones and siltstones, but they do contain beds of marine limestore
and shale. Upper Cretaceous rocks are mostly a thick unit of marine rchale
(Cody Shale) underlain and overlain by predominantly sandstone beds. Locally,
the Mesozoic rocks are lenticular, and some contain conglomerate.

Ground water in Mesozoic rocks most likely occurs in limestone, randstone,
and conglomerate near outcrops. Mesozoic rocks that would yield the most
water to wells are the limestone beds in the Ellis Group and the equivalent
Sundance and Gypsum Spring Formations of Jurassic age, the Muddy Sandrtone
Member of the Thermopolis Shale of Early Cretaceous age, sandstone beds in
the Frontier Formation and the Eagle Sandstone and equivalent Bacon Ridge
Sandstone of Late Cretaceous age, and conglomerate lenses in the Landrlide

Creek Formation and the equivalent Harebell Formation of Late Cretaceous age.
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Cenozoic rocks

Tertiary rocks in Yellowstone National Park are volcanic breccia,
lava, ash, tuff, and sedimentary rocks composed of volcanic-rock frarments.
Most of the Tertiary rocks are primarily andesite and, to a lesser degree,
dacite, but rhyolite and basalt flows occur in Tertiary rocks. Because
water-bearing characteristics of rhyolite are probably similar regardless
of age, the Tertiary and Quaternary rhyolites are considered as one
geologic unit in this report. Similarly, Tertiary and Quaternary basalts
are considered as one geologic unit. The lithology and methods of deposition
of the Tertiary volcanic rocks are complex, but the volcanic rocks ofher than
rhyolite and basalt are referred to in this report as the andesitic lreccia,
Intrusive andesitic and dacitic rocks, as well as extrusive rocks, are

included in the andesitic breccia in this report.

Tertiary rocks

The andesitic breccia has been divided, in ascending order, into the
Cathedral Cliffs Formation, the Wapiti Formation, the Trout Peak Trachyandesite,
and the Wiggins Formation east of Yellowstone National Park. The andesitic
breccia, however, is not divided into formations in this report.

Andesitic breccia crops out in the Absaroka, Washburn, and Gallatin
Rangee and in the Beartooth Mountains in the eastern and northern parts of
Yellowstone National Park (fig. 3). These outcrops are part of extensive
deposits of similar rocks in Wyoming and Montana that are generally called the

Absaroka volcanic field,
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The andesitic breccia contains the famous fossil forests of
Yellowstone National Park. The fossils and the stratigraphy of the
andesitic breccia have been studied by many geologists.

The andesitic breccia is of Eocene age and has a maximum thickness
of about 6,500 feet in the central part of the Absaroka Range, probably
east of Yellowstone National Park (Parsons, 1958, p. 38). Prostka
(1968a, p. 5) reports a thickness of about 4,000 feet of andesitic
breccia in the northeastern part of the park. Chadwick (1968, p. 2)
reports the total stratigraphic thickness of the andesitic breccia as 6,000
feet in the Gallatin Range, probably north of the park, but that no mrre
than 3,000 feet is exposed at any one place.

Many geologists have recognized that part of the andesitic breccia

Q has been reworked. The breccia near the source areas is called the vent
facies, and reworked material grading outward from the source areas is
called the alluvial facies (Prostka, 1968b, p. 62). Most of the ande~itic
breccia in Yellowstone National Park probably is the reworked material of
the alluvial facies.

The andesitic breccia ranges from hard, dense, well indurated, cliff-
forming beds to soft, friable, poorly indurated slope-forming beds. The
breccia is usually fractured and the fractures commonly contain fine material
in outcrop areas. Fractures in the breccia, however, may be relatively free
of fine material in hard rock below the zone of weathering. The breccia is
gray to dark brown. Most outcrops are brown or dark brown,

Much of the andesitic breccia in Yellowstone National Park occurs in
topographically high areas that are drained of ground water. Where saturated,

. however, ground water occurs in fractures in harder rocks and in interstices
in softer and granular rocks.,
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Tertiary and Quaternary rocks

Rhyolite

Rhyolitic lava flows and tuffs cover much of the plateau area of
Yellowstone National Park (fig. 3). Rhyolite is by far the most comon
rock in the park. The rhyolite generally consists of flow rocks and ash-
flow tuff, Most of the tuff has been welded to form a well indurated
rock,

The thickness of the rhyolite is variable and the maximum thickness
is probably great. Boyd (1961, p. 412) suggests that the plateau areca is
a collapsed caldera containing rhyolite flows surrounded by ash-flow tuff.
Based on information supplied by R. L. Christiansen and H., R. Blank, Jr.,
Keefer (1972, p. 34-52) delineates and describes the development of a
1,000~square-mile collapsed caldera in the plateau area of the park.

The plateau area of the park where the rhyolite may be as much as several
tens of thousands of feet thick in the collapsed caldera is called tle
rhyolite plateau.

Boyd (1961, pl. 1) shows all of his rhyolite units as Pliocene in age.
However, he states (p. 410) that subsequent work may show that some of the
flows are all or in part Pleistocene in age. Christiansen and other-~ (1968,
p. 30) give data obtained by Potassium-Argon dating as 1.5 million years
for the age of the oldest ash-flow tuff. This means that all of the
rhyolite associated with the collapsed caldera is Quaternary in age.
However, the rhyolitic tuff assoclated with the andesitic breccia in the
northeastern part of the park is Tertiary in age. Consequently, rhyolite
in this report is both Quaternary and Tertiary in age because the rhrolites

are not differentiated.
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. The rhyolite consists of rhyolitic lava, breccia, scoria, welded
tuff, ash, cinders, and glass. Most common are rhyolitic lavas and
welded tuffs. All of the rhyolitic rock types have similar chemical
characteristics, and the differences in rock type are due to differences
in methods of extrusion and deposition.

The rhyolite is commonly light gray to brown and often has a pu-ple
cast. Glassy rhyolite (obsidian) is dark brown and black.

Some of the rhyolite is hard and dense, and some is relatively
soft and friable. Brecciated zones and openings resulting from gas
bubbles make some parts of the rhyolite porous. Weathering can result
in granular rock that is more permeable than fresh rhyolite. Joints and
fractures in hard rock increase the permeability.

. Rhyolite has been altered by hot water and gas near hot springs,
geysers, and fumaroles. The degree of alteration is variable, but in
places the rhyolite has been completely altered to clay. The alteration
of rhyolite affects the original permeability of the rock. Permeability
of altered rhyolite is probably less than unaltered rhyolite because joints
and fractures are closed as the rock is altered. Softer altered rhyclite
is more easily eroded than harder unaltered rhyolite.

Ground water occurs in porous and fractured zones in rhyolite ir
most of the plateau areas of the park., Part of the plateau area that is

topographically high is drained of ground water.
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Fracturing in rhyolite is extensive and is developed to great deoths.
The fracture systems form avenues for the deep percolation of water as
well as avenues for hot water and gas to rise to the surface. Numer-us
fumaroles and hot springs issuing from the rhyolite indicate connection
between near-surface and deep-seated rocks. Commonly accepted theor‘es
of hot-spring and geyser occurrence in Yellowstone National Park are
that ground water percolates through the rhyolite to depths of sever-l
thousand feet, is heated, and rises to the surface.

The upward moving hot water dissolves rhyolite and enlarges the
fractures in places. The hot water also alters the rhyclite and depnsits
minerals in the fractures in other places. The fractures in rhyolite are
probably enlarged by solution in the deeper rocks, and diminished in the
shallower rocks by deposition of material from the upward moving hot water.

During research of thermal features in the park in 1967 and 196R%,
eleven test holes were drilled from which cores of altered rhyolite were
collected. Hot water under sufficient pressure to flow at land surface
was reported from ten of the test holes (White and others, 1968, p. 4-5).

Test holes were drilled during 1959-63 to locate possible ground-water
supplies near Norris Junction, Grant Village, and Cave Falls, These test
holes provide data regarding water-bearing characteristics of the rhyolite.

The test hole near Norris Junction (RNJ 1, fig. 2-A) was drilled in
1960 to a depth of 125 feet. Rhyolite was penetrated from a depth of
12 feet to the bottom of the hole. Hot water at a temperature of 142°F
(61,0°C) flowed to the surface from fractures at depths of 114 to 117 feet,
the only water-bearing zone reported. The volume of flow of water is not

known,
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One of six test holes (CGV 4, fig. 2-A) drilled in 1959 near Grant
Village penetrated rhyolite from a depth of 55 feet to the bottom of the
hole at 150 feet. In general, the rhyolite was described as porous
welded tuff (Gordon and others, 1962, table 1, test well 4)., A 20-minute
bailing test indicated a yield of 2.6 gpm for the rhyolite from depths
of 58 to 150 feet. Temperature of the water was 99°F (37.0°C) at 150
feet (Gordon and others, 1962, p. 186).

The test hole near Cave Falls (CCF 1, fig. 2-A) was drilled in 1963
to a depth of 153 feet at a point about 1,100 feet north of the south
boundary of the park and about 1,100 feet west of the Falls River (Lowry
and Gordon, 1964, p. 37). The drill penetrated rhyolite from depths of
2 to 103 feet, and sand and gravel from a depth of 103 feet to the bottom
of the hole (Lowry and Gordon, 1964, p. 33-34). The main water-bearing
zone is the sand and gravel, and the water level was 33 feet below land
surface. A 24-hour aquifer test indicated a yield of 10 gpm with a
drawdown of 38 feet (Lowry and Gordon, 1964, p. 37). Temperature of the
water was 48°F (9.0°C).

The relatively low yields of water from test holes in the rhyolite
suggest that even seemingly porous rhyolite may not yield more than a
few tens of gallons per minute to wells in the park. However, drilling
in the rhyolite has not been extensive, and larger yields of water tc
wells may be available locally in the rhyolite. Discharge estimated at
100 to 200 gpm of ground water into Blacktail Pond and from springs an
Blacktail Flat is probably from a rhyolite aquifer and overlying glacial

deposits on the flat.
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Crosthwaite and others (1970, p. Cl10-Cl2) report yields from irrigation
wells of a few hundred to several thousand gallons per minute from silicic
volcanic rocks (presumably rhyolite) in Idaho about 15 to 30 miles
southwest of Yellowstone National Park. Most of theseowells draw water
from permeable beds of volcanic ash and basalt interbedded with the
massive rhyolite. Apparently, yields from wells nearer the park have not
been adequate for irrigation because the permeability of the rhyolite is

too low (Crosthwaite and others, 1970, p. Cl12).

Basalt

Basaltic lava flows occur in the northern, eastern, and southerr
parts of Yellowstone National Park (fig. 3). Basalt flows are inter™edded
. with andesitic breccia and underlie and overlie rhyolite tuff units.
Brown (1961, p. 1179) reports that basalt 700 to 1,000 feet thick
forms the east wall of Mirror Plateau. Most of the basalt exposures in
the park, however, are probably less than 100 feet thick. The basalt
was extruded mostly into valleys, and continuous outcrops are not wide-
spread. The basalt units commonly consist of several individual flows,
Basalt is commonly gray to dark gray. It generally contains in-~lusions
of associated minerals. The basalt is hard and dense and contains joints

and other fractures.
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Brecciated zones at the tops and bottoms of individual flows, opanings
resulting from gas bubbles, and fractures make parts of the basalt permeable.
Basalt 1s an excellent aquifer in the Snake River Plain in Idaho west of
Yellowstone National Park where it has great thickness and consists of a
series of flows. Crosthwaite and others (1970, p. Cl3) state that the
major water-bearing zones in basalt in the Snake River Plain occur at the
contacts between flows,

Much of the basalt in the park occurs along valley walls and is drained
of ground water. Basalt probably occurs below the water table in parts of
the Lamar River valley in the northeastern part of the park, the Falls
River basin in the southwestern part of the park, and at isolated locations
in other parts of the park.

The supply well at Bechler Ranger Station (RB 1, fig. 2-A), drilled
in 1960, penetrates basalt. A driller's log for this well lists harc gray
rock from depths of 12 feet to 48 feet, clay from depths of 48 feet to 61
feet, and hard, firm rock from a depth of 61 feet to the bottom of tlra
well at 240 feet. The rocks between 12 feet and 48 feet and between 61
feet and 240 feet are probably basalt flows. The positions of the w-ter-
bearing zones are not known. The well reportedly yielded 8 gpm in 1960.

In September 1968, the yield had decreased as sand had partly filled the well.
Water level in the well in September 1968 was 35 feet below land sur<ace.

The relatively low yield of the well at Bechler Ranger Station
suggests that yields of more than a few tens of gallons per minute of
water cannot be expected from wells that penetrate even thick sectiors of
basalt in Yellowstone National Park. However, these data are not
conclusive and larger amounts of ground water may occur locally in tlte
basalt. A series of basalt flows would more likely have permeable zcmes

than would a single basalt flow.
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Quaternary rocks

Glacial deposits

Most of Yellowstone National Park has been covered by glaciers that
originated in the Absaroka Range and the Beartooth Mountains., At least
three periods of glaciation have been recognized in the park; they are
generally correlated with the Buffalo, Bull Lake, and Pinedale stages of
Blackwelder (1915), Most of the glacial deposits exposed in the park
probably are from the Pinedale Glaciation, because the Pinedale covered
much of the area of previous glaciations, Pinedale glaciers covered 90
percent of Yellowstone National Park (Keefer, 1972, p. 56). The relative
ages of the glacial deposits, however, are not pertinent to this inv-sti-
gation,

Glacial deposits in the park consist of till, moraine, outwash,
kame, and kame terrace deposits. In addition, lake sediments, alluvial
deposits, and landslide material are probably directly related to glaciationm,
but are described separately in this report. The glacial deposits r-uge
from unsorted till composed mostly of bouldery clay to well-sorted o-itwash
composed mostly of sand and gravel.

Glacial debris covers most of Yellowstone National Park. Most geologic
maps, however, do not show thin glacial debris that only mantles bedrock.

In this report, glacial deposits are not considered important or shcm
on the geologic map (fig. 3) unless they are thought to be relatively thick

or to contain ground water.



. Glacial and alluvial deposits in some of the stream valleys in the park
are considered as one in this report. Geologists differ on the interpretation
of the units in some of these valleys. Moreover, some geologic maps show
the units in more detail than is necessary for the purpose of discusrion in
this report. Many of the glacial and alluvial deposits have similar water-
bearing characteristics.

Many stream valleys in the park contain sand and gravel composed of
fragments of nearby bedrock that have been eroded and deposited by bcth
glacial and stream action. Stream valleys in and near the rhyolite
plateau commonly contain sand and gravel composed of angular fragment:s of
obsidian and quartz derived from nearby rhyolite flows. Because of the
abundance of obsidian, the sand and gravel deposits generally are dark
gray to black., Stream valleys in and near the Absaroka volcanic field
commonly contain sand and gravel composed mostly of andesite. The sand
and gravel in the valleys commonly are poorly sorted because the material
has been transported only a short distance by streams. The material ranges
in size from fine-grained sand to medium gravel.

Morainic deposits occur in several relatively wide valleys in the
northern part of Yellowstone National Park. Moraines cover much of the
valleys along the Lamar and Gardner Rivers and Blacktail Deer Creek. The
moraines contain rock from many different sources, The material 1is poorly
sorted and ranges in size from clay to boulders., Knob-and-kettle topography

is common,
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Ground water occurs in stream valleys in deposits of sand and gr-vel
that are at least in part of glacial origin. Sand and gravel in some of the
valleys are a few hundred feet thick. Some of the valleys are only a few
hundred to a few thousand feet wide and many are relatively narrow an deep.
Sand and gravel are not continuous along most of the valleys, and bed-ock
crops out in the valley floors in places. Shallow depths to water tables
indicate that a large thickness of the sand and gravel is saturated. The
valleys contain perennial streams.

Test holes were drilled in stream valleys during this investigation
to determine the extent and the water-bearing characteristics of the sand
and gravel, Yields of test wells were as much as 100 gpm where satur~ted
thicknesses are almost 100 feet, but yields were smaller in valleys where
saturated thicknesses are thinner. Results of drilling and testing in the
stream valleys are given in more detail in this report, in the section on
water resources near selected sites,.

Ground water occurs in moraines in many of the valleys in the northern
part of the park. The moraines are typically bouldery and clayey, and
do not yield water readily to wells. Thin lenses of sand and gravel in
the moraines, however, might yield water to wells.

Test holes were drilled in moraines to determine water-bearing
characteristics of the rocks. Much of the drilling was done with a truck-
mounted power auger that had limited drilling capabilities as boulders
and tough clay frequently stopped the auger bit. Test drilling indicated

that morainic deposits generally have low permeability,



Glacial deposits probably underlie lava flows in parts of Yellowatone
National Park. Richmond (1964, p. 228-229) suggests that Bull Lake till
underlies rhyolite in places in the western part of the park. Clay in the
Bechler Ranger Station well and sand and gravel in the Cave Falls test
hole, mentioned previously in this report, are probably glacial deposits
that are older than overlying lava flows. Glacial deposits of sand and
gravel that underlie lava flows are probably permeable and, where saturated,

contain water that could be tapped by wells.

Lacustrine deposits

Lacustrine deposits occur in the park in lake basins and in areas
where lakes existed temporarily during and after glaciation (fig. 3).
The lacustrine deposits consist of clay, silt, sand, and gravel. In places,
the fragments have been cemented to form siltstone, sandstone, and
conglomerate. Lacustrine sediments probably occur in minor amounts in
areas mapped as glacial deposits. Lacustrine deposits in this report are
relatively thick beds that contain only minor amounts of nonlacustrin-~

sediments,
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. Lacustrine deposits are relatively thick in the basin containing
Yellowstone Lake. Test holes drilled in 1959 near Grant Village to
depths of as much as 200 feet penetrated only lacustrine deposits (Gordon
and others, 1962, table 1). A test hole near Fishing Bridge (AFB 1, fig. 2-A)
drilled to a depth of 100 feet in 1970 penetrated only lacustrine depnsits.
Lacustrine sediments occur at altitudes up to 7,900 feet (Howard, 1937,
p. 152), or about 170 feet above the present Yellowstone Lake. Richmrond
(1968, p. 65) reports widespread beach deposits at altitudes of 7,79C
and 7,840 feet, or about 60 and 110 feet, respectively, above the
present lake.

The surficial rocks in Hayden valley were mapped as glacial drif<« by

Hague and others (1896), but were called largely lacustrine deposits.

. overlain and underlain by fluvial deposits, by Howard (1937, p. 152).
The surficial rocks in Hayden valley and near Canyon Village are proltably
mostly lacustrine deposits. Howard (1937, p. 152) states that lacustrine
deposits occur up to altitude 8,000 feet in Hayden valley and that tl<
sediments in Hayden valley are not continuous with those in the Yellcwstone
Lake basin. The method of deposition or the continuity of the lacustrine
sediments in Hayden valley and nearby areas, however, are beyond the scope
of this investigation. No test holes are known to have been drilled in

Hayden valley that give an indication of the thickness of the lacustrine

deposits.



Nineteen test holes were drilled in the Canyon Village area in
meadows and small clearings along Cascade Creek and the lower reach of
Otter Creek. Much of the material penetrated was clay or clayey sand
and gravel of lacustrine origin. Some of the holes penetrated bedrocl
(rhyolite or andesitic breccia), and some penetrated lacustrine deposits
to the total depth of the hole. The deepest hole (ACV 4, fig. 2-4),
drilled to a depth of 117 feet, penetrated only lacustrine deposits.

Ground water occurs in interstices in unconsolidated lacustrine
deposits and probably in fractures in cemented lacustrine deposits in the
Yellowstone Lake basin., The water moves through the lacustrine
sediments from the topographically high areas of the basin toward the lake.
Water levels in wells near the lake fluctuate as the level of the lake
fluctuates, indicating hydraulic connection between water in the lake and
ground water in the lacustrine deposits. Gordon and others (1962, p. 198)
concluded from aquifer tests by bailing and pumping that test well CGV 2
near Grant Village (fig. 2-A) would have a maximum yleld of 30 to 35 gpm
from lacustrine deposits. Yields from other test wells were smaller,

Wells CBB 1 and CBB 2 at Bridge Bay (fig. 2-A), drilled and tested
during 1960-63, tap lacustrine deposits., Lowry and Gordon (1964,

P. 13 and 36) conclude that wells CBB 1 and CBB 2 would have maximum yields
of 30 and 45 gpm, respectively.

Ground water occurs in lacustrine deposits near Canyon Village &nd
probably in Hayden valley. The lacustrine deposits are clayey and do not
yield water readily to wells. Sandy lenses penetrated by some of the test
holes near Canyon Village may be beach deposits. These beach deposits

probably would yield 5 to 10 gpm to wells.
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Hot-springs deposits

Hot springs in Yellowstone National Park have deposited siliceous
sinter, calcareous travertine, and other minerals. Hot springs were
active during and since the eruption of the rhyolite (Boyd, 1961, p. 409).
Glacial drift in many parts of the park contains fragments of sinter and
travertine. Hot-springs deposits are not shown on the geologic map (fig. 3).

The terraces at Mammoth Hot Springs are the most extensive deposit
of travertine in the park. Travertine from present or former springs at
Mammoth occurs from near the Gardner River to the top of Terrace Mountain,

a difference in altitude of more than 2,000 feet. Travertine is 250 feet
thick at the site of a test hole drilled during a previous study near the
upper terrace (Keefer, 1972, p. 77).

Siliceous sinter and other minerals are common in the surficial
deposits in the Upper, Midway, and Lower Geyser Basina. Some of the sand
and gravel deposits are composed of fragments of these minerals. In places,
minerals deposited in beds of sand and gravel by upward-moving hot water formed
relatively hard impervious deposits. Glacial drift cemented by miner-ls
from hot springs that issued under the ice occurs at Porcupine Hills and
Twin Buttes in the Lower Geyser Basin.

Hot-springs deposits are localized and are not extensive aquifer* in
the park., Water from the hot springs moving through hot~springs deposits
recharges aquifers in adjacent rocks and affects the quantity and quality

of ground water in those rocks.
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Landslide deposits

Landslides have occurred in some of the valleys in Yellowstone National
Park. The most extensive landslide deposits are on the north and east slopes
of Sepulcher Mountain near Mammoth. Landslide deposits also are alon~ the
valley of Soda Butte Creek in the northeastern part of the park and in the
Gallatin Range in the northwestern part. Locations of the landslide deposits
on Sepulcher Mountain, in Soda Butte Creek valley, and a large deposit in
the Gallatin Range are shown in figure 3. Other landslide deposits in the
park are either combined with other units or are too small to delineate
on figure 3,

Landslide deposits on the slopes of Sepulcher Mountain are large
glide blocks and slump blocks near the mountain and earth flows near the
Gardner and Yellowstone Rivers. The earth flows consist of a heterogeneous
mass of fragments ranging from 10-foot blocks to clay. Some are mud flows
(Waldrop and Hyden, 1963, p. Ell1). The landslide is active as indicated
by frequent slides along the Gardner River.

The landslide deposits in the valley of Soda Butte Creek are gencrally
between the steep slopes of resistant rock and the valley floor. There
deposits also consist of a heterogeneous mass of fragments of various size.
The landslides near Soda Butte Creek are probably not as active as thcse
near the Gardner River.

A large landslide along Grayling Creek in the Gallatin Range has been
mapped by Witkind (1969, pl. 1). He also describes (p. 60-62) smaller
landslide deposits in the Gallatin River valley in the park that are earth

flows and other landslide deposits west of the park.
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Ground water occurs in landslide deposits, particularly in those
slides that are active. The topographically higher parts of landslide
deposits may have drained, but the lower parts may be saturated. Lancslide
deposits near Sepulcher Mountain and in the valley of Soda Butte Creek
contain water as evidenced by lakes and water discharged to streams.
Witkind (1969, p. 61) states that all earth flows he has mapped have
springs or small streams near their heads or along their flanks; however,
because the landslide deposits are heterogeneous and clayey, they probtably

would not yield water readily to wells.

Alluvium

Alluvium occurs as flood-plain deposits, terrace deposits, and
alluvial fans in valleys in Yellowstone National Park (fig. 3). Alluvium
is usually well sorted silt, sand, and gravel. Part of the alluvium {s
glacial drift that has been reworked by modern streams. The alluvium
closely resembles stream deposits of glacial origin. Alluvial and
glacial stream deposits in most of the park are combined into one unit in
this report. Terraces have formed along some of the larger streams ir the
park, Alluvial fans have formed in the stream valleys at the mouths of
tributaries

O0ld alluvium that underlies basalt near the north boundary of
Yellowstone National Park near Gardiner, Mont., has been described by
Fraser and others (1969, p. 56) as poorly cemented conglomerate. Sim!larly,

alluvium may underlie basalt and rhyolite flows in part of the park.
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Relatively large quantities of ground water occur in alluvium in
stream valleys in the park. Sand and gravel of alluvial and glacial
origin yield as much as 100 gpm to test wells, The depth to water is

shallow, and a large thickness of the sand and gravel is saturated.

Hydrology

Surface water

Many streams originate or flow through Yellowstone National Par™.
These streams carry runoff from melting snow and rainfall in the par™
and nearby mountainous areas. Water discharged from aquifers and fr-m
the numerous thermal features in the park enters the streams. The park
contains several large natural lakes and many small ones. Numerous
springs occur in the park where water discharges at the land surface by
gravity flow and by pressure effects in thermal areas, Water in streams,
lakes, and springs are the surface-water resources of the park.

Streamflow data have been collected for many years at gaging
stations in and near Yellowstone National Park. Nearly continuous
record of streamflow is obtained during the time a gaging station is in
operation. Periods of record at gaging stations in operation at the end
of water year 1970 ranged from 32 to 64 years. (Water year is the
12-month period ending September 30 of the specified year.) Streamf'ow
records are also available from gaging stations that were operated
temporarily in the park. 1In addition, streamflow has been measured at

miscellaneous sites in the park.
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Streamflow is greatest during May-July as a result of
melting snow. Streamflow declines during the summer and fall and is
lowest in the winter. The streamflow pattern varies from year to year
owing to weather conditions affecting snowmelt and local precipitation,
but the pattern of high flows in late spring and early summer and lo-
flows in fall and winter occurs each year. Yearly and monthly mean
streamflow at six paging stations in and near the park for
January 1967-September 1970 are shown in figure 4. No other gaging
stations were operated in the park during that period. Other data,
including daily flow at gaging stations, are listed in State reports and
water-supply papers on surface-water records by the U.S., Geological Survey.
Locations of gaging stations are shown in figure 2-A, except 13047509
Falls River near Squirrel, which is about 14 miles downstream from the
park boundary.

The distribution of streamflow at gaging stations can be shown by
duration curves. A duration curve shows the percentage of time a specified
flow was equaled or exceeded during the period of record. The longer the
period of record the more accurately the duration curve shows the
distribution of streamflow. Duration curves for gaging stations that
were operated for periods long enough to indicate distribution of

streamflow in the park are shown in figure 5.
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Streanflow measurements were made at 18 miscellaneous sites in the
park seven times from May 1969 to October 1970, These measurements are
listed in table 2. Locations of the measuring sites are shown in figure 2-A,
The measurements were made between the eleventh and the twenty-third of the
specified month. The selected measuring sites were located on accessible
streams of different sizes., The larger streams in the park were not
included because wading measurements cannot be made on these streams most
of the time. Most of the measurements were made during periods of rrlatively
low flow when the streams could be waded. No facilities were constrncted
at the sites to measure high flows. Most of the measurements in May 1969
were made after snowmelt had begun; most of those in May 1970 were made
before much snow had melted,

Discharge measurements were made at other miscellaneous sites in the
park, Only one measurement was made at many of these sites. The location
of the other miscellaneous sites where streams and springs were measured
and the discharge are shown in figure 2-A,

During this study, measurements of thermal-water discharge were made
only at Mammoth Hot Springs (8.20 cfs) and at Hot River (19.0 cfs) on
April 4, 1967. However, some of the streams that were measured during the
study contain water from thermal features. The total amount of thermal-water
discharge to the streams and lakes in the park is unknown, but it is small

compared to the amount of water contributed by other sources.
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Table

2.-=-Streamflow at selected miscellaneous sites in Yellowstone National Park.

Streamflow, in cubic feet per second

St:gfon Stream

May 1969 July 1969 Sept.1969 Nov. 1969 May 1970 July 1970 Oct. 1970

06036800 Firehole River above 185 75.0 53.9 50.0 34.3 ~eene 52.0
0ld Faithful
06036813 1Iron Spring Creek 26.4 36.7 36.9 36.6 cme-e= 32.8 36.9
06036900 Nez Perce Creek 151 64.8 53.1 56.7 59.0 63.2 57.6
06036910 Firehole River at 1/ 1,100 352 281 293 310 312 298
Madison Junction

06036930 Gibbon River 150 42.9 22.4 21.3 52.2 33.9 23.6
06042920 Gallatin River 162 101 47.1 38.2 29.9 82.4 36.8
06185955 Arnica Creek 33.0 6.25 8.40 4.32 4.90 4.00 4.20
06185970 Cub Creek 43.1 12.2 1.14 = eeee- .85 8.11 1.53
06185985 Bridge Creek 9.07 .93 .39 .46 .54 .39 .40
06187920 Pebble Creek 209 66.3 10.0 5.58 10.1 44,0 9.02
06187980 Slough Creek Y 900 318 30.6 33.0 103 202 47.2
06189030 Blacktail Deer Creek 83.4 22.8 3.17 6.08 9.52 12.4 5.73
06189730 Gardner River 228 81.8 23.4 12.8  «eme- 53.9 20.9
06189902 Glen Creek 35.4 19.8 16.2 16.6 19.1 19.6 16.1
06189980 Lava Creek 113 53.0 25.2 22.3 18.0 38.9 21.1
06279850 Middle Creek 243 112 18.2 15.6 28.9 98.0 22.3
13007100 Herron Creek 6.11 1.23 .32 eeece eenea .59 .22
13009200 Unnamed tributary to 6.29 2.52 1.51 1.66  ~ww-- 2,27 1.47

Lewis River

L/ Estimated,
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Ground water

At the time of this study, ground water was pumped from wells for
public water supplies at Northeast Entrance, West Entrance, Bridge Bay,
Indian Creek campground, and Bechler Ranger Station. The amount of ground-
water pumpage is not known, but it is small compared to other ground-water
discharge such as evapotranspiration and discharge to streams and lales,

Little is known about the movement of ground water at depths below
about 200 feet, except that water percolates to depths of several thcusand
feet in fracture systems near thermal-water discharge areas. These
fracture systems are seemingly localized and ground water probably does
not move laterally more than a few miles.

Movement of ground water in the upper 200 feet is largely contrnlled
by the topography. Ground-water divides probably coincide with drairage

divides, and ground water does not move from one drainage area to ancther.
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Aquifers in alluvium and glacial deposits along stream valleys in
Yellowstone National Park receive most of their recharge from precipita-
tion and from water in streams. These aquifers are generally in sand
and gravel and are moderately to highly permeable. The water table is
continuous with the stream level, and the stage of the stream controls,
at times, the direction of the hydraulic gradient in the aquifer. The
bedrock is much less permeable than the sand and gravel, and recharge
to the aquifers from bedrock is small., Hot springs issuing from bedr-~ck
near the edges of some of the valleys also suggest that water generally does
not move from the bedrock to the sand and gravel in the valleys. During
periods of low flow in the stream, the hydraulic gradient in the
aquifer is toward the stream, and water moves from the aquifer to the
stream, During periods of high flow in the stream, the hydraulic
gradient, at least near the stream, is toward the aquifer, and water
moves from the stream to the aquifer. The rise in the water table
throughout a highly permeable aquifer of small areal extent might be
about equal to the rise in stage of the stream, The highest stages in
streams occur after the snowpack in the valleys has melted and the
snowpack in the surrounding higher country is melting. The highest
ground-water levels in aquifers that receive recharge from streams
occur during the peak runoff period. The lowest ground-water levels

occur when streamflow is lowest.
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Aquifers in the lacustrine deposits adjacent to the lakes receive
most of their recharge from precipitation; however, near the lake shore
the aquifer may receive some recharge from the lake when the lake level
is high., A rise in lake stage may result in a temporary reversal of
gradient in that part of the aquifer near the lake shore. When the lake
level lowers, the water that went into ground-water storage from the lake
returns to the lake.

The interconnection of these aquifers and surface-water bodies
assures the aquifers of a nearby source of recharge. Many of these
aquifers are accessible for development by wells, Pumping of wells
could cause the ground-water gradient to slope from the surface-water
source to the aquifer, thereby inducing recharge to the aquifer even
during periods of low stage in the stream or lake.

Water levels have been measured intermittently in water-supply and
test wells in the park since the early 1960's, During 1968-70,
water levels were measured at approximately monthly intervals in most
wells that could be used as observation wells when the wells were
accessible and not snow covered. Water levels in four wells are shown

in figure 6.
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Quality of water

Water samples were collected from test holes, wells, streams, and
springs to determine the general chemical quality of water. Water
samples collected from some test wells at sites where ground-water
supplies might be developed for public use were analyzed for trace
elements and radiochemical content. Water samples for bacteriological
analysis were collected from selected test wells, Periodic determina-
tions of suspended-sediment load were made in selected streams near
Mammoth and 0ld Faithful.

Most chemical constituents are expressed in milligrams per liter in
this report. The common constituents are also expressed in milliequivalents
per liter. Values in milliequivalents per liter are determined by
multiplying the milligrams per liter by the reciprocals of the combiring
weights of the appropriate constituents. Some constituents and trace
elements determined by spectrographic analysis are expressed in
micrograms per liter., Gross alpha activity and uranium content determined
by radiochemical analysis are also expressed in micrograms per liter. A
microgram equals 1 thousandth of a milligram. Radioactivity due to radium
and gross beta activity are expressed in picocuries per liter. A picocurie
is 1 million-millionth of a curie (a standard unit of radioactivity).

The U.S. Geological Survey reported concentrations of chemical
constituents in parts per million prior to October 1, 1967. For practical
purposes, concentrations less than 7,000 ppm (parts per million) are equal

to those in milligrams per liter.
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Water temperatures were measured by the U.S. Geological Survey in
degrees Fahrenheit (°F) prior to October 1, 1967 and in degrees Celsius (°C)
since that date, Water temperatures in this report are given in °C and
are rounded to the nearest 0.5°C., Temperatures in °C can be converted
into °F by the equation °F = 1,8 (°C) + 32.

The drinking water standards published by the U.S8. Public Health
Service (1962) can be used in evaluating the quality of the water. Tre
following explanations and tables are from pages 7 and 8 of the above-
mentioned report:

"The following chemical substances should not be present in
a water supply in excess of the listed concentrations where...other

more suitable supplies are or can be made available.”

Concentration
Substance (milligrams per liter)
Arsenic (As) 0.01
Chloride (Cl) 250
Copper (Cu) 1
Fluoride (F) 1.7
Iron (Fe) .3
Manganese (Mn) .05
Nitrate (N03) 45
Sulfate (804) 250
Total dissolved solids 500
Zinc (Zn) 5
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"The presence of the following substances in excess of the

concentrations listed shall constitute grounds for rejection of the

supply.”
Concentration
Substance (milligrams per liter)
Arsenic (As) 0.05
Barium (Ba) 1.0
Cadmium (Cd) .01
Chromium (Hexavalent) (Cr+6) .05
Fluoride (F) 25,4
Lead (Pb) .05
Silver (Ag) .05

a/ Limits of fluoride vary according to annual average

of maximum daily air temperature. At Yellowstone
National Park, the upper limit is probably 1.7 mg/l
(milligrams per liter) and the optimum concentraticn
is probably 1.2 mg/l. The U.S, Public Health Service
(1962, p. 8) states, "Presence of fluoride in averce
concentrations greater than two times the optimum
values...shall constitute grounds for rejection of

the supply.”
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Recormended limits for all radioactive materials in water have not
been established. Approval of water supplies containing radioactive
materials depends on the amount of radiation from all sources, so that
total exposure does not exceed that recommended by the Federal Radiation
Council, The U,S. Public Health Service (1962, p. 9) states that water
supplies can be approved without further consideration of other sourc+s of
radicactivity when Radium~226 and Strontium-=90 do not exceed 3 and 10
picocuries per liter, respectively. In the known absence of alpha exitters
and Strontium-90, the water supply is acceptable if the gross beta
concentrations do not exceed 1,000 picocuries per liter.

The U.S. Geological Survey, in order to have a uniform policy imn
classifying water hardness in the United States, uses the following

classification:
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Hardness range

(milligrams per liter) Adjective rating
0 - 60 Soft
61 - 120 Moderately hard
121 - 180 Hard
>180 Very hard
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Data on the quality of ground water in Yellowstone National Park are
not as extensive as data on quality of surface water. Not many wells have
been drilled in the park, and most of these penetrate only alluvial,
glacial, or lacustrine deposits. Most of the wells are near streams or
lakes. Because of the interchange of surface and ground waters near
streams and lakes, quality of the ground water is similar in many places
to the quality of the surface water. Quality of the water in some bedrock
aquifers can be determined by sampling springs. Most springs, however,
issue from unconsolidated rock, and the quality of water from these
springs may be influenced as much by the unconsolidated rock as by tht=
underlying bedrock.

Water samples were collected from five test wells in the park near
the end of periods of test pumping. Chemical analyses of water from these
wells near the end of the longest pumping periods are listed in table 3,
Spectrographic and radiochemical analyses of water from the five test

wells are listed in table 4.
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. The quality of ground water in Yellowstone National Park varies
with the geologic terrane. The quality of surface water in the park
varies with the geologic terrane and with the season. Streams

flowing over similar types of rocks have similar chemical quality of
water and similar suspended-sediment loads. Seasonal variations in the
quality of surface water occur because runoff from snowmelt and precini-
tation has low dissolved-solids content and high suspended-sediment load.
Conversely, base flow made up of ground water discharging into the
stream channels may have relatively high dissolved-solids content and
low suspended-sediment load. Factors such as temperature, acidity, &nd
salinity affect the solubility of constituents and the quality of water.
However, waters from similar geologic and hydrologic sources have similar
percentages of key constituents,

During this study, a total of 268 samples were collected from test
holes, wells, springs, streams, and lakes in the park and were analyzred
for major chemical constituents and properties. Dissolved-solids cortent
ranged from 20 mg/l for Herron Creek, a small stream about midway bet—een
0ld Faithful and West Thumb, to 1,240 mg/l1 for Hot River, a thermal-vater
discharge area near Mammoth, Most of the cool waters have dissolved-solids
content of less than 200 mg/l.

All water sampled in the park has relatively high bicarbonate ccntent.
Most of the bicarbonate, however, is from atmospheric carbon dioxide
dissolved in surface water and from carbon dioxide concentrated in scil by
vegetation and dissolved by water percolating to the water table. Bicarbonate
content is high from dissolved carbonate rocks in limestone terrane, in
. areas having travertine, and in some thermal waters such &8 Mammoth It

Springs.
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Concentrations of constituents other than bicarbonate, groups of
constituents, and ratios of selected constituents in water are indicative
of a geologic terrane and the presence of thermal water. Many streams in
the park, however, have water from more than one geologic terrane.

In general, thermal water discharging into aquifers, streams, and lakes
in the park is highly mineralized and adversely affects the quality of the
water in the aquifers, streams, and lakes. The quantity of thermal-wrter
discharge is small compared to the total amount of water, but the effact
on the quality of the water is large. Most thermal water in the park
is relatively high in silica, sodium, chloride, fluoride, and boron.

Some thermal water in the park is high in arsenic (Scott, 1964, p. 180-181)
and in sulfate. The percent sodium (ratio of sodium to total cations) is
high and the 504/01 (sulfate to chloride) ratio is low in thermal waters

on the rhyolite plateau. Although the fluoride content is high, the ratio
F/Total anions -HCO3 (fluoride to total anions minus bicarbonate) is
relatively low, owing to the relatively high chloride content. This type
of thermal water is soft because of the low calcium and magnesium content.
Other thermal water such as from Mammoth Hot Springs and Hot River has high
calcium, magnesium, and sulfate contents and is very hard. Chemical analyses
of water from three streams on the rhyolite plateau that contain therral-
water discharge and a chemical analysis of water from Hot River are listed

in table 35,
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Table 5.~-Chemical analyses of water from selected streams contairing
‘ thermal~water discharge.

[Analytical results in milligrams per liter, milliequivalents per liter, or

micrograms per liter, except as indicated. Analyses by U.S. Geological Burvey.]

06036840 06036860 13005000 06190540 _
Constituent 522?’I§,°§32§ 3227’1§f°?§69 oﬂif°?of’I§§9 u§§‘i§f'1§ea
ng/l meq/l mg/l meq/l mg/l meq/l  wmg/l meq/l
Silica (3102)~--------- 132 -ee-- 103 -e--- 9% .ce-- 48 ~ee--
Iron (Fe&) (ug/l)-=~«~=-=- 20  ee-n- 160 ~ee~w- s mece- ceme cecnce
Calcium (Ca)~e-wv~ceca- 11 0.55 3.8 0.19 3.2 0.16 156 7.76
Magnesium (Mg)--e--=-- - 1 .01 .8 .07 2.4 .20 59 4.82
Sodium (Na)re~=cecccaee 95 4.13 150 6.52 116 5.05 117 5.09
Potassium (K)~=-==c-~e= 15 .38 8.0 .20 9.0 .23 s1 1.30
Bicarbonate (HCOs)uu--- 169 2.77 183 3.00 98 1.61 208 3.41
Carbonate (003)- ----- -~ 0 0 0 0 0 0 0 0
Sulfate (804) ---------- 30 .62 14 .29 53 1.10 547 11.38
‘ Chloride (Cl)=~=~-=w=v== 47 1.33 102 2.88 87 2.45 149 4.20
Fluoride (F)eewscwes - 10 .53 13 .68 9.5 .50 2.4 .13
Nitrate (N°3)°°" ------ 3 0 0 0 2 0 .2 0
Boron (B) (ug/l)=----= « 570 e-e== 1,600 eec== 1,200 =--=- 3,200 ~----
Disselved selids-=-----~ 424 =mee- 486 =m=e- 424 =mee- 1,240 ~ece-
Hardness as CaC03--~--- 28 eew-- 13 ceee- 18 <~--- 629 ~~ee-
Specific conductance
(micromhos at 25°C)e=~~ 539 —ee-- 699 cee-- 608 ~ceee 1,740 cw---
pH (unitg)e-ccececan. .- 8.2 e=e-- 7.8 ccea- 7.1 =cne- 7.7 eme=e
Color (platinum-
cobalt unitg)e<cecwcna= cene emema 6 emee- 20 ceee- csne sesa=
Temperature (°C)-=ee-e~ 15,0 -==-- 13.0 ~==n- 18.5 ===-- 52.0 «ce--
Discharge (Cf8)=v===wee= =ee= ==ces 7.40 ~-u- 9.40 ~-nn cnes  wasee
Total cationg=«e--e-- s «we= 5,07 we-=  6.98 === 5,64 === 18.97
Total anfong~«<-=cecac-e “w-= 5,25 -e== 6,85 “e=e 5,66 cws= 19,12
Percent sodiume~<---- vs ewee 81 vves 93 wse= 90 —ee 27
804/01- -------------- e ewee 47 c-ee .10 cee- .45 e 2,7
F/Total anions -HCOS--~ ee= .21 ——- .18 coee 12 ~eas .01




Waters in rhyolite and in streams flowing through rhyolite terrene
generally have low dissolved solids., These waters are soft and commecnly
slightly acidic. The relatively high fluoride content of water in rl'yolite
terrane is unique and is mostly dependent on the amount of obsidian in the
bedrock and the surficial deposits. Obsidian is abundant in stream valleys
and lake basins on the rhyolite plateau and nearby areas in the park. The
fluoride content of water in rhyolite and in many streams in rhyolite
terrane generally exceeds 2.4 mg/l, the maximum limit suggested by tle
U.S. Public Health Service for drinking water. The percent sodium is high
but not as high as that of thermal water on the rhyolite plateau. Tle
SOA/CI ratio is commonly more than one. The ratio F/Total anions -Hﬂ03
is high and as such is a good indicator of water from rhyolite terrare,
Chemical analyses from two springs and a stream in rhyolite terrane are
listed in table 6.

Water from andesite terrane has low dissolved solids. The water is
soft and is near neutral in acidity or is slightly alkaline. The flvnride
content is low and is almost nil in some analyses, The percent soditm is
generally lower than in water from rhyolite terrane. The 304/01 ratio is
relatively high in most analyses, owing to the low chloride content, The

ratio F/Total anions -HCO., is low and is nil in some analyses. Chemical

3
analyses of water from selected streams in andesite terrane are listed in

table 7.



Table 6.--Chemical analyses of water from two springs and a stream iu rhyolite

terrane.

EAnalytical results in milligrams per liter, milliequivalents per liter, or

micrograms per liter, except as indicated.

Analyses by U.S. Geological Survey.]

06036850 06036915 06185955
Spring near Supply spring
Constituent Pi:::t;i: a;ungzg:;on Arnica Cre~k

Aug. 22, 1967 June 11, 1968 Sept.15, 19<9

mg/l meq/l  mg/l meq/l mg/l meq/l
Silica (Sioz) --------- e 111  cecea 48 ceeee 50 corew
Iron (Fe) (ug/l)--eeec-- 120 cweme 100 wenne 170 cemee
Calcium (Ca)==wecwews -- 10 0.52 7.4 0.37 7.8 0.3°
Magnesium (Mg)e=w=« wene 0 0 4 .03 1.6 .13
Sodium (Na)e=ecec~wee-a 38 1.65 27 1.17 14 .61
Potassium (K)~-~~=vwe== 6.9 .18 3.0 .08 2.9 .07
Bicarbonate (HCO3) ----- 99 1.63 57 .94 44 .72
Carbonate (003)--—--~~- 0 0 0 0 0 0
Sulfate (804) ---------- 10 .21 4.8 .10 4.4 .0°
Chloride (Cl)=--e-~--=- 5.7 .16 13 .37 1.3 .04
Fluoride (F)w=-===---= - 7.8 41 5.2 .27 5.4 .2°
Nitrate (N03) ---------- 0 0 3 0 0 0
Boron (B) (ug/l)===eee= 0  =cce- ) 1 J— 20  cee--
Dissolved solids=---~-- 239  ewee- 158 cenmw 110 cmecnw
Hardness as CaCOy-=-=== 26  «e-== 20  eeea- 26  eeee-
Specific conductance

(micromhos at 25°C)=== 228  c-e-- 172 cmmo= 105 canen
pH (units)-=e-veons cemne 6.6 ==e-= 8.0 eee-s 6.9 we=e-
Color (platinum-

(cobalt units)-ece---- ccen cavos I 2 vonew
Temperature (°C)e-ece<s 17,0 ece-- 9.0 eceue 15,0 =eeee
Dischazge (cfs)~==-cee= eee cowea cmes ecwes 8.40 -vwe-
Total cationge-eeccce-- ewes 2,35 weea 1,65 weee 1,27
Total anions«--c-eceees —mee 2,41 ~ee= 1,68 ~e== 1.13
Percent sodiume--=-ca== we== 70 eecs 71 === 351
804/01 ----------------- === 1.3 weew .27 cem=- 2,2

~ew- .53 ceee .36 .- .6%

F/Total anions -Bcos.-.




Table 7.--Chemical analyses of water from selected streams in andesite terrane.

[}nalytical results in milligrams per liter, milliequivalents per liter, or

micrograms per liter, aexcept as indicated. Analyses by U.S. Ceological Survey.]

F/Total anions -Hcoa;--

06042950 06185810 06185830
Comeigunns  Specioen ootk cobln Crask  everdm ¢ o
ng/l meq/1 mg/1l meq/1 mng/l meq/l

Silica (8102) ---------- 33 eee-- 18 —eee 21 cenee
Iron (Fe) (ug/l)e-====- 30 cnme- csne cecea ccee mcens
Calcium (Ca)se~<veccana 5.6 0,28 4.4 0.22 4.8 0.2%
Magnesium (Mg)«--<ve-- - 1.7 14 1.4 .12 2.2 .18
Sodium (Na)«-===vecamen- 4.4 .19 3.7 .16 3.5 .15
Potassium (K)=w-w=ce=ua 1.2 .03 .3 .01 1.1 .03
Bicarbonate (HCO3) ----- 38 .62 30 .49 3 .54
Carbonate (C03)~ ------- 0 0 0 0 0 0
Sulfate (SOa) ------- .- 2,5 .05 1. .02 1.6 .03
Chloride (Cl)==--<-~~-- -- 4 .01 .2 0 .3 .01
Fluoride (F)e~=w~==w=-c i | .01 .1 0 .1 0
Nitrate (NOB). --------- .1 0 0 0 0 0
Boron (B) (ug/l)~e-==-- 0 ee--a 10 - 10 ~ewe-
Dissolved solids-=----- 68  ~au-- L 52 oo
Hardness as CaCO3 ------ 21 emee- 17 cccen Y3 O
Specific conductance

(micromhos at 25°C)-~-- 62 ERET Y 50 c~ewe 58 “onea
PH (unitg)=-wcencenccaa 7.2 wee-- 7.0 ceces 7.0 ceae-
Color (platinume

cobalt unitg)e-~e~=- -- 5 cmmna 10 ccmee 4 cemee
Temperature (°C)-ee-~a- 6.0 o-nee 6.5 eese- 4.5 eeoee
Discharge (cfs)-swee~en eece acan- 45 weeaa 17,2 «ve--
Total cationg~<e-~-ve-- ~—-- .64 come .51 e .60
Total anfonseeeer-c-ccas ccee .69 c—ee .51 wema .60
Percent sodiume-w~ec~-e - e-w= 30 wa=s 31 === 25
804/C1- --------------- « ~ee= 5,0 csve eccew “~== 3,0

.eee .14 cee= 0 === 0




No wells, springs, or streams in the park are known to have water
entirely from basalt terrane. Streams that flow on basalt and andesite
and on basalt and rhyolite were sampled, and the analyses gave some
indication of the effects of basalt on the quality of water in the
streams. Chemical analyses from selected streams are listed in table 8.
Percent sodium and the 804/01 ratio are higher in water from basalt &nd
andesite than in water from andesite. The fluoride content is higher
and the ratio F/Total anions -HCO3 is lower in water from basalt and
rhyolite than in most water solely from rhyolite.

Streams flowing on Paleozoic rocks usually have higher dissolvec
solids than streams flowing on andesite or rhyolite terranes, but
lower than streams containing thermal water. The fluoride content and the
percent sodium are low. The 504/01 ratio is high. The quality of surface
water flowing on all Paleozoic rocks is nét identical as indicated b
a comparison of analyses of water from the Gallatin River, which flovs on
Mississippian and Pennsylvanian rocks, and from Slough Creek, which flows
mostly on Cambrian, Ordovician, and Devonian rocks. Water from the
Gallatin River has a lower percent sodium and a higher 804/01 ratio than
water from Slough Creek, Water from the Gallatin River is very hard;
water from Slough Creek is moderately hard. A spring issuing from glacial
deposits near the Gallatin River probably has water from the Madison
Limestone as well as the glacial deposits. Water from this spring is
moderately hard, slightly alkaline, and has relatively high calcium,
magnesium, and bicarbonate contents. Chemical analyses of water fror the
Gallatin River, Slough Creek, and the spring near the Gallatin River are

listed in table 9.



Table 8.-~Chemical analyses of water from selected streams in basalt and

andesite terrane (Willow Creek and Middle Creek) and in bagalt
and rhyolite terrane (Lava Creek).

Eknalytical results in milligrams per liter, milliequivalents per liter, or

micregrams por liter, except as indicated. Analyses by U.S. Geeclogical Survuy.]

06187825 06279850 06189980
cometvuane  Shllow Coagk uddly cras L ceml
mg/1l meq/l mg/l meq/l mg/l meq/l
Silica (810,)-==s=-ase- 28 wanee 19 ccene 34 cemon
Iron (Fe) (ug/l)-====== ce—m eemae 160  weme= 250  ec-a=
Calcium (Ca)e=e==~ cenane 3.9 0.19 7.1 0.35 5.0 0.25
Magnesium (Mg)---e~e==- 1.1 .09 2.3 .19 3.3 .27
Sodium (Na)eecmececcaa. 25 1.09 9.4 41 6.4 .28
Potassium (K)eevoew~- .- .6 .02 .7 .02 1.7 .04
Bicarbonate (HCOs) ----- 78 1.28 43 .70 41 .67
Carbonate (C03) -------- 0 0 0 0 0 0
Sulfate (804)---- ------ 4.8 .10 11 .23 2.8 .06
Chloride (Cl)eevwecccwan A .01 .5 .01 .7 .02
Fluoride (F)wevene-- —oa .5 .03 1 0 1.6 .08
Nitrate (NO3) ---------- 0 0 0 0 0 0
Boron (B) (ug/l)=-===-- 20  ee--- 10 e-e-- 20  eewe-
Dissolved solidg-m---=- 102 =e-es 1 B [ T
Hardness as CaCOy-==-== 14  ==uee 27 ceme- 26 ~e-a-
Specific conductance
(micromhos at 25°C)~--- 128 cven- 90 ————— 77 cecw
pH (units)-ececceccccan 7.7 ecwe- 6.4 eveee 6.5 wee=
Color (platinume
cobalt units)e~ecccces 5§  caee- S comee 4 ceoen
Temperature (°C)--=-=- « 20.5 ecee- 7.0 coce- 6.0 ~ove-
Discharge (cfs)-~~~e==- 9.28 «==-- 18,2 ee=e- 25.2 we-e-
Total cationge-=--==ecee «eaec 1,39 cee-e .97 cee- .84
Total anionge~~-=ee-v-- wem= 1,42 ——- .94 - .83
Percent sodiumes--==ee- ~ees 78 ceme 42 s=== 33
§0,/Cle=====nnnms=meus - eeee 10 ceee 23 ---- 3.0
F/Total anions -HCOy=-- ===~ .21 “ee= 0 cwen .30

e SN




Table 9.-~Chemical analyses of water from two streams and a spring ian
. Paleozoic rocks.

[hnalyticnl results in milligrams per liter, milliequivalents per liter, or

micregrams per liter, except as indicated. Analyses by U.S., Geolegiaal Survey.]

06042920 06187980 06042890
Gallatin River Slough Creek Spring near
Constituent Gallatin River

Sept.17, 1969 Sept.18, 1969 Aug. 21, 1969
mg/l meq/1 mg/l meq/1 ng/l meq/l

Silica (8102) ---------- 6.1 <cw-a 20 cmoma 6.6 ~----
Iron (Fe) (ug/l)=----- - 230 —ecae 50  eeees ~ees eccaa
Calcium (Ca)=-e=ec-om= .- 55 2.74 28 1.40 30 1.50
Magnesium (Mg)-----~- -- 20 1.64 7.8 .64 14 1.14
Sodium (Na)-=-=ce-cccax 1.1 .05 3.3 .14 .6 .03
Potassium (K)e--cecene- .8 .02 1.7 .04 .4 .01
Bicarbonate (HCO3)°~--' 163 2.67 127 2.08 152 2.49
Carbonate (003)-------- 0 0 0 0 0 0
Sulfate (804) --------- - 78 1.62 4.4 .09 11 .23
. Chloride (Cl)=v--v===e- .4 .01 .9 .02 .2 0
Fluoride (F)e==ececw-ee - .2 .01 .1 0 .1 0
Nitrate (N03)---~ ----- - 1 0 1 0 1 0
Boron (B) (ug/l)---e--- 0 ece-- 0 cocma 90  --e--
Dissolved solidg~--~-- - 242  ece-- 128 meme 138 ceee-
Hardness as CaCO3 ------ 219 eeme- 102 ~eem- 132 —eame
Specific conductance
(micromhos at 25°C)e=e 399  <cv-- 211 cmnee 246 ceece
pH (units)-<ev--a- wesen 7.4 ew-ea 7.0 ecaew 8.2 =ece-
Color (platinum=-
cobalt unitsg)e-vesae .- 2 remea 4 cona= 4  emee-
Temperature (°C)e-ewece 8,0 eve-- 9.0 e-ce-- 5.0 e=eee-
Discharge (cfg)--w=ccae 47,1 <=ce- 30.6 =~==-- lle -----
Total cationg~--=«--- we  mme= 4,45 cons 2,22 vmoa 2.68
Total anionge-wvca-<- e eme= 4,31 amee 2,19 ccne 2.72
Percent sodiumec~ccecee aew. 1 ~wwe 6 weeas 1
804/C1 -------------- ee ece= 162 =e= 4,5 cemn memes
‘ F/Total anions -H(:O,:-- o= .01 we=e 0 «=ee 0
Y Estimated.
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Data are not available on quality of water from Precambrian or
Mesozoic rocks in Yellowstone National Park. Quality of water in stre~ams
flowing on Precambrian and Mesozoic rocks in Yellowstone National Park,
however, 1s probably similar to that in streams flowing on similar ro~ks
in Grand Teton National Park. The author collected samples in Grand Teton
National Park from streams having principally Precambrian and Mesozoic
rocks in their drainage areas. Cottonwood Creek has water draining f-om
Precambrian rocks, and the Gros Ventre River has water draining from
Mesozoic rocks., Cottonwood Creek and the Gros Ventre River flow into
the Snake River about 32 and 40 miles, respectively, south of Yellowstone
National Park. Chemical analyses of water from Cottonwood Creek and the
Gros Ventre River are listed in table 10.

Streams flowing on Precambrian rocks have low dissolved solids.

The water is soft and slightly alkaline. The fluoride content is
relatively low. Percent sodium is relatively high. The 804/01 ratio is
more than one. The ratio F/Total anions -HC03 is relatively high,
owing to the low dissolved solids in the water.

Streams flowing on Mesozoic rocks have relatively high dissolved
solids., The water is hard and slightly alkaline. The fluoride content
and the percent sodium are low. The 804/01 ratio is high. The ratio

F/Total anions ~HCO3 is low.
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Table 10.--Chemical anslyses of water from Precambrian rocks (Cottommod
Creek) and Mesozoic rocks (Gros Ventre River).

[Analytical results in milligrams per liter, milliequivalents per liter, or

micrograms per liter, exsept as indicated. Analyses by U.S. Geelogic«l Survey,]

13012800 13014400
Cottonwood Gros Ventre
Constituent Creek River
Grand Teton Grand Teton
National Park National Park
Aug, 16, 1971 Qct. 13, 1971
mg/l meq/l mg/1 meq/l
Silica (8102) ---------- 2,2 -ee-- 5.8 e=-e-
Iron (Fe) (ug/l)------- 10 eceee 10 --c--
Calcium (Ca)e-c==vemec~ea 3.0 0.15 51 2.54
Magnesium (Mg)-=~-===-- .1 .01 13 1.07
Sodium (Na)e==vvce-cw-e 3.7 .16 7.4 .32
Potassium (K)=~<-wv-c-w .5 .01 1.0 .03
Bicarbonate (HCOS) ----- 20 .33 160 2,62
Carbonate (COa) -------- 0 o 0
Sulfate (804) ---------- .03 71 1.48
Chloride (Cl)=wewsc-cuw . .01 1.2 .03
Fluoride (F)-==cwe~--~- . .02 .1 .01
Nitrate (NO3) ---------- 0 0 0 0
Boron (B) (ug/l)=«ce=-- 0 =-e-- 20 e-e--
Dissolved solids------- 22 eceea 229  ecea-
Hardness as CaCO3 ------ 8 cmme- 180  weww-
Specific conductance
(micromhos at 25°C)=== 23  ece-- 383  ~ewe-
pH (unitg)escccccccecan 7.4 ==a-- 8.0 eeew-
Color (platinum-
cobalt unitg)ecwcscau. cees eeoea cnmmn  eaees
Temperature (°C)e-w=eee= 18.0 =~==-- 7.0 ec---
Discharge (cfg)e----we- 268  «ca-- 261  emea-
Total cationge~=~cwwee- cee- .33 -ee= 3,96
Total anionge=~ce<c=--- cean .39 weee 4,14
Percent sodium=«c~=----- --ee 49 ceee 8
804/01 ----------------- “=e= 3 -ee= 49
- .33 com= .01

F/Total anions -Hcos.--
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Most water in Yellowstone National Park is a mixture of water
from more than one source. A common combination is water from
rhyolite and thermal water, because thermal-water features are widesp+-ead
on the rhyolite plateau. Examples of water from this combination are the
Firehole and Bechler Rivers and Nez Perce Creek (table 11). The fluoride
content, percent sodium, and boron content are high, but not as high as
streams containing mostly thermal water. The ratio F/Total anions -HCO3
is smaller than that in water from rhyolite terrane and is similar to
that in thermal water.

A comparison of analyses from the Firehole River above 0ld Faithful
and the same stream at Madison Junction shows the result of adding a
relatively large amount of thermal water to the stream, Increases iro
silica, sodium, chloride, fluoride, and boron are apparent., These are
some of the principal constituents in thermal water.

Lakes in Yellowstone National Park are catchment and mixing basins
for some of the streamflow and ground water. Although mixing is probably
not complete, the quality of water in the lakes represents a composite of
the quality of water in the tributary streams and adjacent aquifers.
Yellowstone, Shoshone, Lewis, and Heart Lakes, the four larger lakes in
the park, were sampled during this study (table 12), The samples were.
collected near the surface of the lakes. The analyses probably do nc*
indicate the quality of the water in all parts of the lakes, but they do

gsuggest the general quality of the water.
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Table 11,--Chemical analyses of water from selected streams in rhyolite

. terrane having thermal-water discharge.
[Analytical results in milligrams per liter, milliequivalents per liter, or

micrograms per liter, except as indicated. Analyses by U.S. Geelogical Survey. ]

06036800 06036910 13046690 06036900
Firehole River Firehole River
Constituent Olda?:::thI a;u:::i::n Bechler River Nez Pexce Creel
Sept.16, 1969 Sept.17, 1969 Aug. 22, 1969 Sept.16, 1969
mg/l meq/l mg/1 meq/l mg/l meq/l "§§7i__;;;7i—
Silica (8102)~----~---- L 94 eeee 43 ceeea 80 SRTTE
Iron (Fe) (ug/l)eecew-s 110 -e--- 130 ~eeoe sees ecnae 440 cecee
Calcium (Ca)e~e-ecw-wcee 1.6 0.08 3.8 0.19 4.1 0.20 6.0 0.30
Magnesium (Mg)--ee-=--= 1.9 .16 1.8 .15 1.4 .12 1.9 .16
Sodium (Na)e=-cccccacae 12 .52 92 4.00 26 1.13 52 2,26
Potassium (K)---wwceo-- 3.8 .10 8.7 .22 2.8 .07 8.7 .22
Bicarbonate (Hcos)----- 21 .34 128 2.10 60 .98 78 1.28
Carbonate (003) -------- 0 0 0 0 0 0 0 0
Sulfate (Soa) ------ e 4, .10 13 .27 5.4 .11 30 .62
. Chloride (Cl)e-eccvcwee- 9, 26 63 1.78 11 .31 28 .79
Fluoride (F)~==---- come 2, .12 8.0 .42 2.0 .10 6.2 .33
Nitrate (NOB) --------- - 0 0 0 0 0 0 0 0

Boron (B) (ug/l)-=-e=ee 80  =--cc 310  eccoe 230  ecc=- 440  mce--
Dissolved solidses=vves 90  -=ee- 348  weocex 126  =e=ce 252 ecee-

Hardness as CaCOy-=--== 12  =---- 17 eeee- 16  =ee-- 23 ee-a-

Specific conductance
(micromhos at 25°C)--- 86 cecon 468 ceees 179 ceee= 311 ceene

pH (unitg)--cemccccaaa = 6.4 oece- 7.7 evece- 7.2 cwe-e 7.0 <eeee
Color (platinum-

cobalt units)eccecacca 5§  eee.- 4 ceven 3 covee 5 cecne
Temperature (°C)eececece 4,0 cxcew 15.0 ~cea- 16.0 ~c-e- 17.0 c<ce-
Discharge (cfg)--cevwes 53,9 ov--- 281 | eeee- l/SOOIQ;-;.“" 53.1 ewe-a
Total cationse---cccnce oca- .86 ceee 4,56 aees 1.52 eeme 2,94
Total anions-c«cecceece o-.. .82 cvee 4.57 -e=e 1.50 ~=e= 3,02
Percent sodium--c-cc-- - ee=a 60 ---= 88 ce== 74 weee 77
soalcl- ----------- ceves cow- .38 ovme .15 - .36 vone .78

‘ F/Total anions -ncoa}--- e .25 e .17 e .19 wace .19

l/ Estimated.
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Table 12.~-Chemical analyses of water from Yellowstone, Heart, Shoshone, and Lewis Lakes.

EAnalytical results in milligrams per liter, milliequivalents per liter, or micrograms per liter, except as indicated.

Analyses by U.S. Geological Survey.]

6185850 6185975 6185980 13005600 13008400 13008900
Yellowstone Yellowstone Yellowstone
Constituent Lake South- Lake near Lake near Heart Lake Shoshone Lake Lewis Lake
east Arm Sand Point Lake Butte

Sept.10, 1970 Sept.22, 1971 Sept.22, 1971 Oct. 11, 1969 oOct. 15, 1971 Sept. 22, 1971

mg/l meq/1 mg/1 meq/l mg/l meq/l mg/l meq/l mg/l meq/l mg/l meq/l
Silica (5102)-~-------- 8.6 «c--- 11 “ecee 11 eeee- 28  ee-- - 36 mm—- 38 cemm-
Iron (Fe) (ug/l)==<e--- cecnr secas 10 =e--- 20 ceene R s 20 e-ee- 30 eee--
Calcium (Ca)-e~vocecen= 4.8 0.24 5.5 0.28 5.5 0.28 4,1 0.20 3.1 0.16 3.2 0.16
Magnesium (Mg)=-~---=--- 2.3 .19 2.0 .16 2.1 .17 1.0 .08 .2 .02 2 .02
Sodium (Na)e---ce<aceca 9.5 .41 9.2 .40 10 A 37 1.61 14 .61 13 .57
Potasgium (K)==-e-ccee= 1.5 .04 1.8 .05 1.8 .05 3.9 .10 4,5 .12 3.1 .08
Bicarbonate (HCO3) ----- 40 .66 35 .57 39 64 48 .79 25 Al 34 .56
Carbonate (003) -------- 0 0 0 0 0 0 0 0 0 0 0 0
Sulfate (804) ---------- 7.0 14 8.3 .17 9.5 .20 17 .35 4.3 .09 4.3 .09
Chloride (Cl)=-c=cew=e= 4.1 .12 6.0 .17 5.8 .16 27 .76 7.0 .20 5.9 .17
Fluoride (F)--=ce=-cc-- .6 .03 5 .03 .5 .03 2.9 15 1.9 .10 1.1 .06
Nitrate (N03) ---------- 0 0 0 0 0 0 1 0 0 0 0 0
Boron (B) (ug/l)=~==--- 90  ~-e-- 100  <--e- 140  -==e- 380 2 eeea- 100  e==-- 100  ~e---
Dissolved solidg~~~w~=- 58  eee-- 62  eese- 66 2 coee- 145  ~ew-- 83  ~e--- 86  emens
Hardness as CaCO3------ 22 ceee- 22 «ece- 22 aee-a 14 -e--- 9  eeees 9  eee--
Specific conductance

(micromhos at 25°C)==- 91 = «=e-- 9%  -e--- 106 ~---- 218  eeee- 86  =---= 95  ~cew-
PH (units)eeececcmccacs 6.9 ~--e- 6.8 ~==o- 7.2 ceva- 6.4 =c-e- 7.2 em--- 7.2 ee-e-
Color (platinum-
cobalt unitg)ee--ccexa 8§ eenas “me- ecaes ~mwe cmees 6  eeae- ceem caeca ceme  esea-

Temperature (°C)-===-~== 13.0 ----- 12.0 «---- 13.0 ----- 7.0 =vcee- 6.0 e---- 9,0 =e---
Discharge (cfg)-eecceas aces wcaea cmen  ceeea L L ceme meeee mme meee-
Total cationge<-e~-==euo ~em- .88 ——- .89 ———- .94 ~==e 1.99 L .91 —ce- .83
Total aniong~===--cc--a - .95 - .94 ——— 1.03 ---- 2.05 “eoa .80 - .88
Percent sodiume-------- ———— 47 ~e=w 45 m—e 47 --== 81 “wee 68 cee= 69
804/01 ----------------- L --=-- 1.0 --w= 1.2 ---- .46 —ee .45 —-- .53
F/Total anions ~HCOg=- === .10 .- .08 --~- .08 - .12 —-e- .26 ——-- .19
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. Shoshone, Lewis, and Heart Lakes and their tributaries are in rhkrolite
terrane. The lakes also receive thermal water. The chemical characteristics
of water in the lakes are similar to streams having water from rhyolite
terrane and thermal water., The analysis from Heart Lake indicates a
greater percentage of thermal water than the other lakes, owing to greater
fluoride and boron contents, dissolved solids, and percent sodium. T4is is
probably because Heart Lake was sampled in the northern part of the lake
near Witch Creek, which contains thermal water, and Shoshone and Lewis
Lakes were sampled in the southeastern parts of the lakes far from
thermal-water inflow,

Yellowstone Lake and its tributaries are in rhyolite, andesite, and
basalt terrane. The lake also receives thermal water. The largest

. tributary, the Yellowstone River, flows through andesite and basalt terrane.
Yellowstone Lake was sampled at three locations during this study. The
chemical characteristics of the water from the three samples are simjlar.

Water in the lake has low dissolved solids. The water is soft and near
neutral in acidity. The fluoride content and the percent sodium indicate
that the water is a mixture of water from andesite and rhyolite terranes.
The higher boron content and the lower 804/01 ratio of water in the lake
than of water from either andesite or rhyolite terranes indicate that

the lake contains a small amount of thermal water.

«85-



Yellowstone Lake was sampled in July 1959 (Gordon and others,
1962, table 2) at four locations: Southeast arm, West Thumb, center of
the lake, and near the outlet. The chemical characteristics of the wrter
from these samples are similar to samples collected from the lake in 1970
and 1971, except for fluoride in the sample from West Thumb in 1959.
Fluoride content was 2.6 ppm in the sample from Weat Thumb in 1959,
0.5 ppm from the other three samples collected in 1959, 0.6 mg/l from
the sample collected in southeast arm in 1970, and 0.5 mg/l from the samples
collected near Sand Point and Lake Butte in 1971. The high fluoride
content of water in the West Thumb part of the lake is attributed to
thermal water discharging into the lake at West Thumb Geyser Basin and

inflow from Arnica Creek, which has high fluoride content,

Water resources near selected sites

One purpose of this study is to make detailed hydrologic investipations
near selected sites in Yellowstone National Park. The sites were selrcted
by the National Park Service where data are needed on water supplies for
public use., Near the beginning of the study, the National Park Service
stipulated the water requirements at the sites. Since that time, the
water requirements have changed and the original water requirements
were used only as guidelines during the study. As the study progressed,
water problems became apparent at sites other than those previously

selected for investigation, and these sites were added to the study.
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Mammoth

Water for use at Mammoth is diverted from Glen Creek in Golden Gste
Canyon below Rustic Falls. The flow of Glen Creek is supplemented by
water from the Gardner River, Panther, and Indian Creeks through a
pipeline system that discharges water into Glen Creek above Rustic Falls
(fig. 7). Water from Glen, Panther, and Indian Creeks and the Gardner
River contains sediment during spring runoff and after heavy railnstorms
in their drainage areas. Moreover, the streams are becoming more subject
to contamination by human traffic in the park.

A study was made in the Mammoth area in an effort to locate a
ground-water supply of about 1 million gpd (gallons per day), or abouf
700 gpm, or a surface-water source that would be more satisfactory than
the present source from Glen Creek. Thirty-three test holes (not all are
shown in fig. 7) were drilled in the vicinity of Mammoth. Streamflow
measurements were made of the Gardner River and tributaries, and water
samples were collected for analysis of chemical quality and suspended-

sediment load.
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. Two test holes (CM 1 and CM 2) were drilled in the glaciated area
south of Mammoth., Hole CM 1 penetrated clay, silt, sand, gravel, and
boulders from land surface to 47 feet and tough gray clay from 47 to 75
feet. The material above 47 feet is glacial drift and that below 47 feet
is shale of Cretaceous age. Water-bearing zones are at depths of 27 to
28 feet and 32 to 33 feet. After perforating the casing opposite the
water-bearing zones, the test well was bailed at about 16 gpm for 13
minutes; drawdown was about 0.3 foot. Hole CM 2, drilled to bedrock at

60 feet, did not penetrate any water-bearing zones of sufficient thickness

for testing.

Water from test well CM 1 exceeds the recommended limits in sulfates

and dissolved solids and is near the limit in fluorides, Water in the
. aquifer tapped by test well CM 1 probably could not be used for public
supply because of the high sulfate content (393 mg/l).

Test holes were augered along the Gardner River near the diversion
dam, and at Indian Creek campground; in Blacktail Deer Flats; along
Blacktail Deer Creek; and along Bunsen Peak Road, Data from these
test holes indicated that the Blacktail Deer Flats area near Blacktail
Pond was the only area promising enough to warrant further testing.

Based on indications of water-bearing sand and gravel from test hole
AM 11, test hole CM 3 was drilled to bedrock at 34 feet in the flat just
west of Blacktail Pond, Test hole CM 3 did not penetrate any water-l~aring
zones of sufficient thickness for testing. Results from drilling tert hole
CM 3 indicate that a ground-water supply of 1 million gpd probably ceunot

be obtained from glacial drift in Blacktail Deer Flats west of Blacktail

. Pond.



Water from an aquifer in glacial drift or underlying bedrock in
Blacktail Deer Flats discharges into Blacktail Pond. This is evident by
the continuous discharge of water through a narrow outlet from Blacktail
Pond to Blacktail Deer Creek while the level of the pond apparently
remains relatively steady. Discharge through the outlet was measured as
0.10 cfs in September 1967, 1.33 cfs in May 1969, 0.35 cfs in July 1969,
0.17 cfs in September 1969, and 0.39 cfs in June 1970, Streamflow measured
above and below a half-mile reach of Blacktail Deer Creek east of Blacktail
Pond shows a gain in streamflow that probably represents discharge of an
aquifer in Blacktail Deer Flats., The gain in streamflow was 0,34 cfr in
September 1967, 1.0 cfs in August 1968, and 2.9 cfs in April 1969.

Development of ground water might be possible in Blacktail Deer Flats
if the aquifer discharging to Blacktail Pond and Blacktail Deer Creek could
be tapped. Test drilling would be required in glacial drift and bedrack
in the eastern part of Blacktail Deer Flats. A study should be made of the
relationship between thg aquifer and Blacktail Pond. The natural dic<harge
of the aquifer includes evapotranspiration in the flats and flow intc
Blacktail Deer Creek. Pumping from the aquifer in amounts exceeding that
part of the natural discharge of the aquifer flowing to Blacktail Deer
Creek would probably lower the level of Blacktail Pond. Maintaining the
natural pond level may be important to the ecosystem of that part of
Yellowstone National Park.

It is doubtful that a ground-water supply of 1 million gpd could be
developed anywhere in Blacktail Deer Flats. A few hundred thousand gallons
per day of ground water, however, might be developed in Blacktail Deer Flats
as an alternate supply for Mammoth to be used during that part of the year

when streams contain much suspended sediment.
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Two test holes, AM 29 and 30, were drilled near the Yellowstone River
northwest of Mammoth (fig. 7). Drilling in these holes was stopped b~fore
reaching the water table because the auger bit could not penetrate beds
of cobblea and boulders in AM 29 and dry, tough clay in AM 30.

A test hole was drilled in October 1964 and completed as test well
CSCS 1 by a contractor hired by the National Park Service. The test hole
was drilled to locate a water supply for a proposed Job Corps campsite, called
the Stephens Creek site in this report. The test hole 1s near the
Yellowstone River northwest of Mammoth on a line between test holes AM 29
and 30 (fig. 7). According to the completion report, the hole was dr‘lled
to a depth of 85 feet, Water-bearing zones were penetrated at depths of
57 to 60 feet and 70 to 85 feet; the lower aquifer extends to an unknown
depth below 85 feet, These aquifers are probably in alluvium or glacial-
outwash deposits.

The test well was equipped with a screen 15 feet long, opposite the
lower aquifer, and 70 feet of 6-inch diameter casing. The test well was
pumped for 13.5 hours on November 19, 1964 at a rate of 92 gpm and the
drawdown was 4.4 feet. The specific capacity was 21 gpm per foot of
drawdown. The water level was about 44 feet balow land surface before
pumping began,

A water sample from the test well, collected during the aquifer test,
was analyzed by the Wyoming Department of Agriculture laboratory. The
dissolved-solids content was 326 ppm, and the concentration of each
chemical constituent analyzed was below the recommended limit., Temperature
of the water was 46°F (8.0°C). The Job Corps campsite was not built, and
the test well has been capped and used only as an observation well since

the aquifer test.



Developing a water supply for Mammoth might be possible from aquifers
in the alluvium or glacial-outwash deposits in the vicinity of test w-~ll
CSC8 1. Yields of as much as 200 gpm might be expected from single w~lls.
The areal extent and thickness of the principal aquifer penetrated in test
well CSCS 1 (70-85 feet) is unknown, and additional test holes should be
drilled before consideration is given to developing a ground-water su-~ply
for Mammoth in this area. Test holes should be located near the Yellowstone
River north and northwest of the landslide deposits that are on the n-rth
slope of Sepulcher Mountain,

A comparison of fluctuations of the water level in well CSCS 1 a~d
streamflow at the nearby gaging station on the Yellowstone River at Corwin
Springs, Mont, indicates that the aquifer and the river are hydraulically
connected, The aquifer is recharged by water from the river.

A water-supply well for the Indian Creek campground was drilled in
November 1961 by a contractor hired by the National Park Service, T"=
well, CIC 1 in this report, is 32 feet deep and is finished in sand a~d
gravel near the Gardner River (fig., 7). The well was pumped for 24 hours
on November 21 and 22, 1961 at a rate of 30 gpm and the drawdown was 7 feet.
The specific capacity was 4.3 gpm per foot of drawdown. The water level
was 7.5 feet below land surface before pumping began. A test hole wae
drilled near well CIC 1 in September 1966 to bedrock at a depth of 41
feet. Silt and clay were penetrated in the test hole below a depth
of 37 feet. The aquifer tapped by well CIC 1 apparently is not exten-<ive,
and it probably would not yield more than a few tens of thousands of gallons

per day.



Investigations were made in 1967 and 1968 of quantity and quality of
surface water in the Gardner River and tributaries Glen and Lava Crecks to
determine the most desirable source of a surface~water supply for Marwoth.
Data collected show that during spring runoff the suspended-sediment
concentration is greater in the Gardner River than in either Glem Creek or
Lava Creek, and is greater in Lava Creek than in Glen Creek. Moreo™er,
the relatively high suspended-sediment concentration from spring runnff
continues longer in the Gardner River than in Glen Creek and Lava Crrek
(table 13). No samples were collected in 1967 and 1968 from two other
tributaries, Panther Creek and Indian Creek, bacause the streams wer-n
inaccessible during spring runoff. They appeared, however, to have
approximately the same suspended-sediment concentration at their mouths

as the Gardner River.
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Table 13.~<Periodic determinations of temperature, discharge, and suspended
gsediment in the Gardner River, Glen Creek, and Lava Cr¢<k nsar

Mammoth, Yellowstone National Park.

[Determinations by U.S. Gaolegical Survey.]

f Sediment i
Date Time Temperature| Discharge concentration; Sediwment
1967 (24 hour) °c) (cubic feet (milligrams discharge
per second) per liter) (tons per day)
Station 06189730 Gardner River above diversion dam
May 23 0815 -~ 280 88 66
1520 1 420 325 370
1945 1 410 205 230
May 24 0745 1 300 91 74
1715 3 540 312 450
May 25 1830 5 430 141 160
May 26 1720 7 290 103 81
May 27 1845 8 310 136 110
May 28 1745 8 300 134 110
May 29 1830 5 320 98 85
May 30 1810 7 280 68 51
May 31 1825 7 280 44 33
June 4 1630 7 270 51 37
June 12 1845 8 220 16 9.5
June 17 1325 7 280 65 49
July 3 1325 8 210 57 32
July 17 1640 9 140 72 27
July 26 1000 8 66.4 =e  eeaes
Sept. 20 1600 12 23.7 2 .13
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Table 13 ~~Periodic determinations~-continued

Sediment
Date Time Temperature| Discharge |concentration| Sedirent
1967 (24 hour) °c) (cubic feet (milligrams disclarge
per second) per liter) ! (tons rer day)
Station 06189890 Glen Creek above Rustic Falls
May 2 1435 -- ¥ s 8 0.05
May 23 1400 33.1 34 3.0
May 24 0730 3 LYY 2 14
1910 9 49.7 23 3.0
May 25 1855 11 1/ 35 2 .19
May 27 1905 12 1/ 39 3 .26
June 4 1610 12 27.8 9 .68
June 12 1900 10 LT 3 .20
June 17 0930 8 20.1 3 .16
July 3 0830 7 11.5 4 .12
July 17 1620 9 9.43 1/ 4 .07
Sept. 20 1425 9 3.10 10 .08
Station 06189980 Lava Creek
May 2 1620 4 14.4 3 0.12
May 23 1100 .- 95.3 33 8.5
May 25 0625 3 Y 105 87 25
May 26 1345 8 112 18 5.4
May 28 0735 3 1/ 195 19 6.4
June 2 1250 8 147 15 6.0
June 12 1925 7 1/ 150 11 4.5
June 17 1015 7 1/ 155 3% 14
July 3 1010 8 148 17 6.8
July 17 1450 9 84.9 16 3.7
Aug., 23 1400 13 39.2 wem eaces
Sept. 20 1035 8 27.3 2 .15
1/ Estimated.
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Data indicate that the overall quality of water for use at Mammcth
would not be improved by changing the point of diversion from Glen Creek to
Lava Creek. Each water source, however, has advantages and disadvant.ages.
Water in Glen Creek has more color but less suspended sediment than vater
in Lava Creek during spring runoff. Both streams have sufficient flow to
satisfy the water needs at Mammoth during apring runoff. Lava Creek has
sufficient flow the entire year, and Glen Creek has sufficient flow tmtil
the Gardner River clears and becomes suitable for use in the public supply
(table 14).

Chemically, the water from both Glen Creek and Lava Creek is
apparently suitable for public use at Mammoth, Lava Creek, at times, may
have fluoride content above recommended limits, judging by a sample collected
in August 1967 that had 3.4 mg/l of fluoride. Other samples collected from
Lava Creek had fluoride contents ranging from 0.9 to 1.7 mg/l. Water from
Lava Creek has lower dissolved solids than water from Glen Creek.

Water from Lava Creek is soft; whereas, water from Glen Creek ranges from
moderately hard to very hard.

The drainage area of Lava Creek upstream from Grand Loop Road is
remote and not subject to heavy use by visitors. The drainage areas of the
Gardner River and its tributaries in Gardners Hole (including Glen Creek)
are easily accessible to park visitors. A water supply from Lava Creek,
therefora, would be less subject to contamination by humans than the supply
from the Gardner River and its tributaries in Gardners Hole., If the Mammoth
water-supply system becomes inadequate, consideration might be given to

changing the point of diversion from Glen Creek to Lava Creek,
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If Lava Creek were used as a surface-water supply for Mammoth and
a supplementary ground-water supply were developed from aquifers in
Blacktail Deer Flats near Blacktail Pond, the water from both sources could
be transported to Mammoth in the same pipeline system. Ground water could
be used during spring runoff when Lava Creek contains high suspended-
sediment concentration, generally during May and June. The pumpage should
be less than the natural discharge of the aquifer to Blacktail Deer Creek
so that the level of Blacktail Pond would not decline. The ground-water
supply would be less than 1 million gpd, but the water requirements for
Mammoth may be lower in May and June because precipitation is highest at
that time of year and the number of park visitors is fewer than during

July and August.

East Entrance

The water supply for East Entrance is diverted from a small unnared
tributary of Middle Creek about half a mile west of the entrance statfon
(fig. 2-A). Chemically, the water in the stream is adequate for public
use, but, at times, the flow of the stream may not be sufficient to mecet
the water requirements of 20,000 gpd (14 gpm). The streamflow was
measured as 0.30 cfs (about 135 gpm) on July 16, 1970. Lowry and Gordon
(1964, p. 11) reported that 20 gpm was flowing into the storage reservoir
from the stream on September 12, 1962. Although the streamflow was more
than the required 14 gpm at the times of the two measurements, it may
decline during droughts. A larger and more dependable supply might be

obtained from ground water.
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A test hole, CEE 1, was drilled in June 1967 in alluvium along Middle
Creek 350 feet west of the station at East Entrance., Drilling in this
hole was stopped in alluvium at a depth of 100 feet because the water~bearing
zones penetrated yielded more than the amount of water required at the site,
The casing was perforated opposite several water-bearing zones in sand
and gravel from depths of 29 to 92 feet. The test well was pumped at 128
gpm for 6 hours with a drawdown of 5.3 feet, for a specific capacity nf
about 24 gpm per foot of drawdown. The water level was 3.5 feet belor land
surface before pumping began.

The water from test well CEE 1 appeared to be clear at the end of the
6-hour aquifer test, but, if another well 1s drilled for production, it
should be screened in a manner to minimize pumping sand and to obtain
maximum yield, Water-bearing zones penetrated in the upper part of test
well CEE 1 indicate that a production well drilled at that site to a depth
of 50 feet should yield about 50 gpm with a drawdown of less than 10 feet.
Yields of 250 gpm or more could be obtained from wells 90 feet deep near
the site of test well CEE 1. The alluvium along Middle Creek is probably
sufficiently extensive to yield water to three such wells near East
Entrance. As much as 750 gpm (about 1 million gpd) of ground water,

therefore, probably could be developed near East Entrance.
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The specific conductance of the water yielded to test well CEE 1 below
a depth of 90 feet was 890 micromhos, whereas the specific conductance of
water from zones between 19 and 90 feet ranged from 120 to 240 microrhos.
The yield from that part of the well below 90 feet was small. A prodiction
well, therefore, should not be drilled deeper than 90 feet to minimize the
pumping of this poor-quality water. The quality of water in test well
CEE 1 above 90 feet is excellent. The water is soft and is below the
recomnended limits for all chemical constituents analyzed. The aquifer

tapped by the well is recharged by water percolating from Middle Cree'.

Norris Junction

The investigation at Norris Junction was an effort to locate a
ground-water supply of 50,000 gpd (35 gpm) to replace the surface-water
supply diverted from Castle Creek. The flow of Castle Creek seems adequate
to supply Norris Junction. The drainage above the diversion facility is
remote and relatively free from human traffic. However, the stream
reportedly has high suspended-sediment concentration, color, and turbidity
during spring runoff and the water is temporarily objectionable to use.

The fluoride content of the water was 4.2 mg/l on September 19, 1967.

This is more than the recommended limit for fluoride,

-100-



Test holes ANJ 1 and 2 were drilled in September 1966 near Castle
Creek, and test holes ANJ 3-10 and CNJ 1 were drilled in June and July
1967 near the Gibbon River in an effort to locate a ground-water supply
near Norris Junction (fig. 8). Information from these test holes (not: all
are shown on fig. 8) indicated a potential aquifer in sand and gravel
from near land surface to an underlying tight gray clay and clayey sard
(probably weathered and altered rhyolite). The aquifer is at shallow
depth, thin, and not extensive, Information from a test hole drilled in
1960 by a contractor hired by the National Park Service in an effort to
locate a ground-water supply for the Norris campground suggests that
ground water below the shallow aquifer in sand and gravel would be hot
and probably highly mineralized. The test hole, RNJ 1 in this report,
was drilled to a depth of 125 feet. The only water-bearing zone reported
was hot water that flowed to the surface from fractures in rhyolite at
depths of 114 to 117 feet. Test holes ANJ 11-14 were drilled in June 1968
to establish a screened test well in the thickest part of the aquifer in
order to make capacity tests., Tight gray clay was penetrated in these
holes at depths ranging from 18 to 20.4 feet, Four-inch diameter casiug

and a 3-inch screen 5 feet long were installed in test hole ANJ 14,
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‘ In July 1968, test well ANJ 14 was pumped at a rate of 35 gpm for
4 hours, and the drawdown was 9.3 feet. The specific capacity was ebout
3.8 gpm per foot of drawdown. The water level was 3.7 feet below l&md
surface before pumping began., The top of the screen is about 15 fee* below
land surface; therefore, the water level inside the well was lowered te
about 2 feet above the top of the screen during the 4~hour tast.
In August 1970, test well ANJ 14 was pumped at a rate of 20 gpm for
24 hours. The drawdown was 5.6 feet; the specific capacity was abou* 3.6
gpm per foot of drawdown. The water level was about 4,2 feet below land
surface before pumping began.
The lowest water-level measured in test well ANJ 14 (except during
aquifer tests) was 4.6 feet below land surface in September 1969. At that
‘ time, the water level was about 10.4 feet above the top of the well screen.
If the specific capacity of the well was 3.6 gpm per foot of drawdown, the
well could have been pumped at a rate of 37 gpm for 24 hours without the
water level being lowered below the top of the screen. A pumping rate of
37 gpm should be considered a maximum rate. If the water level were lowered
below the top of the screen, the pump would suck air and the yield would

decline. The sustained yield from test well ANJ 14 is probably less than

35 gpm.
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Although test well ANJ 14 probably would not yield the 50,000 gp
required for a water supply at Norris Junction, two or more production
wells, properly spaced, would yield 50,000 gpd. If production wells are
drilled for a water supply at Norris Junction, they should be located
between test well ANJ 14 and test hole ANJ 4 in the area within a
quarter of a mile of Norris picnic area., Ground water could be used
during part of the year to supplement and replace the surface-water
supply from Castle Creek.

The area between test well ANJ 14 and Solfatara Creek and withir a
quarter of a mile of the Gibbon River may be a potentlal site for wells.
The area was not tested, however, because streams could not be crosse+
with drilling equipment.

Water from test well ANJ 14 has higher dissolved solids
(352 mg/1) than water from Castle Creek (146 mg/l). However, all chemical
constituents that were determined in water from test well ANJ 14 are below
recommended limits. Water from the well is relatively high in bicart-nate
and boron, which may indicate recharge to the aquifer by thermal wate~.

The water is apparently suitable for public use, but it is moderately hard.

The thin aquifer in sand and gravel penetrated by the test holes is
probably glacial drift that overlies weathered and altered rhyolite. This
aquifer and other thin aquifers in nearby areas are drained by numercts
cool springs and seeps along the Gibbon River, Solfatara Creek, in meadows,
and at the edges of forested areas. Two isolated warm springs near the
Gibbon River and one near Solfatara Creek indicate that some of the shallow
aquifers may contain thermal water. Because the shallow aquifers may have
hydraulic connection with thermal water, the maximum pumpage of water from

them should be 50,000 gpd.
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01d Faithful

The water supply for facilities at Old Faithful is diverted from the
Firehole River about 1.8 miles upstream from Old Faithful (fig. 9). Flow
of the Firehole River is sufficient to supply the r;quirod 1 million gpd
(700 gpm) of water for 0ld Faithful facilities, but the stream contains
suspended sediment and colored water during spring runoff. The Fireh-le
River at the diversion dam has a relatively high fluoride content. The
fluoride content was 2.7 mg/l and 3.1 mg/l in November 1969 and April 1970,
respectively, but it ranged from 0.9 mg/l to 2.4 mg/l in other samples
collected during 1967-70. An access road to Lone Star Geyser
is adjacent to the Firehole River for about 2 miles above the diversion
dam; consequently, the stream is subject to contamination by humans, The
investigation in the Old Faithful area was an effort to locate a ground-
water supply to replace the surface-water supply.

Twelve test holes were drilled in the 0ld Faithful area in Septevber
1966, and two test holes were drilled in September 1968. Three test holes
were drilled alonﬁ Iron Spring Creek and 11 were drilled near the Firehole
River along the Lone Star Geyser road and the Shoshone Lake Trail. (Not all
test holes are shown in fig. 9.)

The results of the 1966 testing indicated that the best location for a
test well was near the Firehole River at the site of test hole AOF 4 (fig. 9).
Test hole COF 1 was drilled near this site in June 1967 to a depth of 50
feet and stopped in bedrock (rhyolite). The casing in the interval fvom
32 to 35 feet was perforated, but sand entered the well and prevented
testing by bailing or pumping. A properly screened well drilled to bedrock
at this site probably would not yield more than 50 gpm. The aquifer tapped
by test well COF 1 is sufficiently extensive to yield water to only cne

well at a rate of 50 gpm.
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The high fluoride content (3.4 mg/l) of water from test well CO™ 1 is
above the recommended limit. The dissolved-iron content (850 ug/l) also
exceeds the recommended limit. The water is acidic (pH 4.4) and prohably
would be corrosive. Water in the aquifer tapped by test well COF 1 is
not suitable for use as a public supply at Old Faithful.

Test holes AOF 8-12 near the Firehole River penetrated from 35 to
80 feet of sand and gravel. The sand and gravel are thickest at test holes
AOF 8 and 9. Test holes AOF 13 and 14 were augered in September 1968 near
test hole AOF 8 in sand and gravel to depths of 68 and 32 feet, respectively,
before bedrock (rhyolite) was struck.

The best location for a well to supply water for Old Faithful is near
the sites of test holes AOF 8 and 13. A well drilled to bedrock at this
location would tap about 60 feet of saturated sand and gravel and might
yield as much as 50 gpm. Wells at nearby locations would tap less than 60
feet of saturated sand and gravel; consequently, they would yield le<s than
50 gpm. Interference between nearby wells might occur. Total yield of water
from wells at this location probably would be about 50 gpm. Water in sand
and gravel in this area probably is recharged by seepage from the Firehole
River.

In October 1968, a water sample was collected from test hole AOF 8,
The dissolved-solids content was 132 mg/l and the fluoride content was
0.8 mg/1. The water was soft and only slightly acidic (pH 6.8). The iron
content was 2,100 pg/l, which is higher than the recommended limit.
Concentrations of all other chemical constituents determined were below the
recommended limits. If a ground-water supply for public use were developed
in sand and gravel near the sites of test holes AOF 8 and 13, the water

should be treated to reduce the iron concentration.
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Reconnaissance in the 0ld Faithful area has not indicated a potential
ground-water supply of more than 50 gpm from any single aquifer. Ground
water in the Upper Geyser Basin is undoubtedly hot, highly mineralized, and
under pressure higher than atmospheric pressure at many places. Thermal
features are widespread near the Firehole River above the Upper Geyser
Basin and near tributaries to the Firehole at the edges of the Upper
Geyser Basin,

The lower part of the valley of the West Fork of Iron Spring Cre<k
may have cool ground water. Interpretation of infrared imagery from remote-
sensing missions, field inspections, and aerial photographs of snowpack
conditions suggest that the land surface and the ground water are relatively
cool in this area. No test holes were constructed in the valley of the
West Fork of Iron Spring Creek because the area is inaccessible with
motorized drilling equipment. Total yield of water from wells in this

valley probably would be less than 50 gpm.
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Mud Volcano

The investigation heat Mud Volcano was an effort to locate a ground-
water supply of 20,000 gpd (14 gpm) for a proposed comfort station.
Six test holes, AMV 1-5 and CMV 1, were drilled in 1967 in the vicinity
of the Buffalo Ford picnic area about 1 mile southeast of Mud Volcann
(fig. 10). Water~bearing sand and gravel were penetrated in test hblés
AMV 2, AMV 4, and CMV 1. These holes were finished as observation wells.
Water from test wells AMV 4 and CMV 1 is probably not potable owing to
dissolved carbon dioxide that gives the water a bad taste., Water frwm
test wells AMV 4 and CMV 1 is acidic (pH of 5.6 and 5.5, respectively),
Water from test well AMV 2 does not have a bad taste, is only slightly
acidic (pH of 6.7), and is considered potable.

Reconnaissance and test drilling indicate that the best location for
a water-supply well near Mud Volcano 1s near test well AMV 2, Locations
closer to Mud Volcano have either bedrock near the surface or thermal
features. Tight gray clay (altered rhyolite) was penetrated at a denth
of 12 feet below the land surface in test holes AMV 1 and 3, which arve
less than a quarter of a mile west of test well AMV 2, Water-bearin~ sand
and gravel extend to a depth of 78 feet at test well AMV 2,

Test hole AMV 6 was completed in June 1968 near test well AMV 2 as a
test well in which to perform capacity tests, The well was finished by
installing 18 feet of 4-inch diameter casing and 6 feet of 3-inch diameter

well screen,
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In August 1968, test well AMV 6 was pumped at 37 gpm for 4 hour~, and
the drawdown was 2.2 feet. Specific capacity of the well was about 17 gpm
per foot of drawdown. The water level was 6.0 feet below land surfa-e
before pumping began. In August 1969, the well was pumped at 33 gpm for
18 hours, and the drawdown was 1.8 feet. Specific capacity of the w~ll
was about 18 gpm per foot of drawdown during this test. The water level
was 6.4 feet below land surface before pumping began. In August 1977, the
well was pumped at 87 gpm for 24 hours, and the drawdovm was 6.6 feet.
Specific capacity of the well was about 14 gpm per foot of drawdown during
this test. The water level was 6.5 feet below land surface before pwping
began.

The aquifer tapped by test well AMV 6 would yield sufficient water to
satisfy the requirements for a comfort station near Mud Volcano. Th-~
specific capacity of test well AMV 6 ranged from 14 to 18 gpm per foot of
drawdown during tests that ranged from 4 to 24 hours. At a specific
capacity of 14 gpm per foot of drawdown, the maximum yield from test well
AMV 6 would be about 140 gpm for 24 hours. At this pumping rate, the water
level in the well would remain above the top of the screen, if the w-ter
level before pumping began were at the lowest water level measured in the
well during 1968-70. A well with a yield of more than 140 gpm
could be drilled near test well AMV 6, if it were drilled deeper than the
test well and more of the aquifer were screened. A well 78 feet deer
would completely penetrate the aquifer in sand and gravel and, if pr-perly
screened, would yield at least 250 gpm. The aquifer tapped by test well

AMV 6 is sufficiently extensive to yield water to only one such well.
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The chemical quality of water from test well AMV 6 is suitable for
public use, although the fluoride at times exceeds the recommended limit.
The fluoride content was 2.4 mg/l in June 1968, 2.2 mg/l in August 1§<8,
1.2 mg/1l in August 1969, and 2.7 mg/l in August 1970. The water was
sampled near the end of the 24-hour aquifer test in August 1970, and the
dissolved-solids content was 148 mg/l, The water was soft and slightly
acidic (pH of 6.4). The concentration of each chemical constituent
determined, except fluoride, was within the recommemded limit,

The aquifer in sand and gravel at Buffalo Ford picnic area, tapped

by test well AMV 6, is recharged by seepage from the Yellowstone River.

South Entrance

The water supply for South Entrance is a spring about three quarters
of a mile north of the entrance station (fig. 11). The spring flows
into a small stream that heads in a marshy area about a quarter of a
mile above the spring. An intake structure has been built over the spring,
and water not diverted for use at South Entrance flows into the stream.
During periods of relatively high flow in the stream, water from the stream
may enter the intake structure and mix with water from the spring. The
flow of the spring could not be measured directly, but it was determined by
measuring the stream above and below the spring and estimating the flow of
smaller springs entering the stream between the measuring sites. The flow
of the supply spring was 0.30 cfs (about 135 gpm) on October 17, 1970,

when the flow of the stream above the spring was only 0.05 cfs.
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. The water requirements for South Entrance were given as 20,000 g~d
(14 gpm). Based on one measurement in October 1970, the discharge of the
spring is sufficient to supply 20,000 gpd. A chemical analysis indicates
that the chemical character of the water is within the recommended limits,
An investigation was made, however, in an effort to locate a ground-w-~ter
supply for South Entrance.

Eight test holes were drilled in September 1966 (not all are shom in
fig. 11). Data from these test holes indicated good sites for further
drilling in the north end of the campground (ASE 7) and near the confluence
of the Lewis and Snake Rivers (ASE 4) (fig. 11).

In June and July 1967, test hole CSE 1 was drilled in the north end
of the campground to a depth of 100 feet without penetrating bedrock.
Water-bearing sand and gravel were penetrated in the hole, and it was

. completed as a test well. Sand heaving into the well through the perforated
casing made a good aquifer test impossible. A properly screened
well, 100 feet deep, at this site would probably yield about 50 gpm., The
aquifer is sufficiently extensive to yield water to only one such well.

A well 60 feet deep at the site of test well CSE 1 should yield at least
15 gpm.

Two test holes, ASE 9 and 10, were drilled on a terrace near the
confluence of the Lewis and Snake Rivers in June 1968 to establish a
screened test well to perform capacity tests (fig. 11). Test well ASE 9
was finished as the well to be pumped by installing 16 feet of 4-inch
diameter casing and 6 feet of 3-inch diameter well screen; test well

ASE 10 was finished as an observation well.
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. In August 1968, test well ASE 9 was pumped at a rate of about 30 gpm
for 4 hours, and the drawdown was about 1.6 feet. The specific capacity
of the well was about 24 gpm per foot of drawdown. The water level vas
9.4 feet below land surface before pumping began. In August 1970, tl-
well was pumped at a rate of 59 gpm for 24 hours, and the drawdown wrs
3.6 feet. The specific capacity of the well was about 16 gpm per foot of
drawdown for this test, The water level was 9.6 feet below land surface
before pumping began.

The aquifer tapped by test well ASE 9 would yield sufficient water
to satisfy the requirements at South Entrance. A properly screened vrell
about 50 feet in depth on the terrace near test wells ASE 4, 9, and 10
would probably yield at least 100 gpm. The aquifer is sufficiently extensive
to yield water to two such wells. The aquifer in sand and gravel under
this terrace is recharged by seepage from the Lewis and Snake Rivers.
Wells should not be drilled deeper than necessary to obtain the desired
yield because thermal water, such as discharges in hot springs and sceps
on the terraces east of the Snake River, might underlie the terrace vest
of the Snake River. Test hole ASE 4 was drilled to a depth of 62 feet

without penetrating thermal water or bedrock.
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All chemical constituents determined, except arsenic and fluoride,
in the water from test wells ASE 9 and CSE 1 are below the recommended
limits. Water from test well ASE 9 had an arsenic content of 50 ug/l in
August 1970, which is equal to the maximum limit suggested by the U.S. Publie
Health Service of 0.05 mg/l. A water sample collected from test well
ASE 4 in August 1967 had an arsenic content of 0.02 mg/l. No other
analyses for arsenic were made in water samples collected near South
Entrance.

Water from test well ASE 9 had a fluoride content of 2.0 mg/l ir
June 1968, 2.4 mg/l in August 1968, and 2.5 mg/l in August 1970. Water
from test well CSE 1 had a fluoride content of 3.2 mg/l in July 1967.
Fluoride contents of water from the wells are more than the fluoride
content of 1.6 mg/l in a sample collected from the supply spring in
October 1970, but less than the fluoride content of 3.6 mg/l in a samnle
collected in October 1967 that was probably a combination of water from
the spring and from the stream above the spring. Additional samples,
particularly from the spring, would be needed to determine if water from
the spring has higher fluoride than water from the wells.

In August 1968, a water sample from test well ASE 9 was submitted to
the Wyoming Department of Public Health for bacteriological analysis. The
sample indicated the water from this well to be unsafe. The well war
sampled near the end of the 24-hour aquifer test in August 1970, and a
test for coliforms was made in the field. The test indicated that ccliforms
were present in the sample, but no quantitative determination was made.
The presence of coliforms suggests that either the aquifer or the well is
contaminated. If the contamination is from the aquifer, bacteriological
treatment of the water from any well drilled in the vicinity of test well

ASE 9 will be necessary before it can be used in the water supply at South

- Entrance.
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Tower Junction

The investigation at Tower Junction was an effort to locate the best
site to obtain 200,000 gpd (140 gpm) of ground water to replace surface-
water supplies for Tower Junction Ranger Station and Roosevelt Lodge and
for possible new facilities proposed for this area. A spring about a
quarter of a mile southwest of the ranger station is used as a water supply
for that facility. Water is diverted from Lost Creek for use at Roosevelt
Lodge (fig. 12)., The ranger station was connected to the Roosevelt l.odge
system in 1961 to supplement the supply from the spring. Water short.ages
reportedly occur in the Tower Junction area. The flow of Lost Creek above
the diversion was measured as 3.63 cfs (about 1,630 gpm) on July 17, 1969.
However, the flow of Lost Creek declines during the summer, and the creek
is usually dry in late summer and fall at Grand Loop Road bridge abot
2,000 feet below the diversion.

Eleven test holes were drilled near Tower Junction in September 1967
(not all are shown in fig, 12), Most of the holes are in the flat north
of Grand Loop Road and on both sides of Northeast Entrance Road. The
area west of Northeast Entrance Road showed more promise for establishing
wells than that east of Northeast Entrance Road where boulders or bedrock
occur at shallow depths. In addition, the material above the bedrock
east of Northeast Entrance Road is glacial drift and does not contain
enough water to warrant further exploration.

The flat north of Grand Loop Road and west of Northeast Entrance Road
is bounded on the west by a ridge between Yancey Creek and Lost Creck and
is approximately bisected by Lost Creek. Data from test drilling indicated
that the west half of this area is the most premising area in which to

develop a ground-water supply for facilities at Tower Junction.
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Test hole ATJ 12 was drilled near test hole ATJ 9 in June 1968. A
well to perform capacity tests was established at ATJ 12 with 4-inch
diameter casing and a 3-inch diameter well screen. The well screen vas
broken from the casing during construction of test well ATJ 12, and ¢
capacity test could not be made. In September 1968, the casing was p-illed,
equipped with a new well screen, and installed in a new hole. The test
well has 19 feet of 4-inch diameter casing and a 3~-inch diameter well
screen 5 feet long. A capacity test was not made, but the well was
developed by pumping at a rate of 24 gpm for about 2 hours with the pump
mounted on the drilling rig. Drawdown in the well could not be meastred
during this pumping period.

In August 1970, well ATJ 12 was pumped at a rate of 9 gpm for
10 hours, and the drawdown was 2.7 feet. The specific capacity was zbout
3.3 gpm per foot of drawdown. The water level was 10.2 feet below lend
surface before pumping began.

At a specific capacity of 3.3 gpm per foot of drawdown, the maxfwum
yield from test well ATJ 12 would be about 25 gpm for 10 hours. At this
pumping rate, the water level in the well would remain above the top of
the screen, if the water level before pumping began were at the lowert
level measured in the well during 1968-70. The maximum sustained yicld

from test well ATJ 12 probably would be less than 25 gpm.
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. Water-supply wells could be drilled in the flat near test wells
ATJ 9, 10, and 12. The supply wells should be as shallow as possible
because sand and gravel penetrated in the test holes became finer grzined
with increased depth; bedrock was not penetrated., Logs of test holes AIJ 9
and 10 indicate that drilling deeper than 26 feet would result in little or
no additional yield from the well because of fine-grained sand betweewn 26
and 36 feet and silt and clay below 36 feet. At depths of 26 feet, maximum
yields from wells would be less than 25 gpm; consequently, at least rix
wells would be required to yield the 140 gpm needed at Tower Junctior
facilities,

The aquifer in sand and gravel in the flat near the test wells
probably 1is not sufficiently extensive or thick emough to yield water to
six wells at 25 gpm each for long periods of time. However, the aquifer

. would yield water to two or three properly spaced wells to supplement the
present supplies when springflow and streamflow are low or when Lost Creek
contains suspended sediment., Yields of the wells would be less than 25 gpm
each,

Chemical constituents determined in the water from the test wells, Lost
Creek, and the supply spring are below the recommended limits fer all chemical
constituents except iron in water from test well ATJ 10. The source of the
high iron content (1,880 ug/l) in water from test well ATJ 10 is not known,
and it may be from the well casing and not from the aquifer. Water from a
sample collected from test well ATJ 12 near the end of the 10-hour ptping
test in August 1970 had a dissolved-solids content of 113 mg/l., The water
was soft and had a pH of 6.9. The iron content was 90 pg/l, and the

. fluoride content was 0.6 mg/l.
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. Lost Creek is a source of intermittent recharge to the aquifer in
sand and gravel in the flat west of the Northeast Entrance Road. Moat of
the recharge occurs during spring runoff. A storm in May 1967 resulted in
excessive runoff that flooded almost the éntire flat and damaged the Grand
Loop and Northeast Entrance Roads. Recharge from these flood waters was

higher than normal.

Fountain Paint Pot

About 20,000 gpd (14 gpm) of water is needed for a proposed comfort
station at the parking area near Fountain Paint Pot (fig. 13). This
popular roadside attraction and nature trail is in the eastern part cf the
Lower Geyser Basin., Ground water in the Lower Geyser Basin is undouttedly
hot and probably too highly mineralized to use for the comfort staticn.

‘ An investigation to locate a ground-water source for the comfort station
was made in the valley of Nez Perce Creek, the area nearest Fountain Paint
Pot where reconnaissance indicated bool ground water might occur. Arnther
possible source of water for the comfort station is a spring 0.4 mile
north-northeast of Fountain Paint Pot. This spring was formerly usec as
a water supply for a hotel, now destroyed. A flow of 16 gpm was measured
from this spring in October 1968.

Four test holes were drilled in October 1967 in Nez Perce Creek valley
about 3 miles northeast of Fountain Paint Pot (fig. 13). Test holes
AFPP 1 and 2 drilled to bedrock penetrated 87 and 100 feet, respectively, of
sand and gravel, composed mostly of angular fragments of obsidian. Test
hole AFPP 2 was finished as an observation well. Warm sand was penetrated

‘ below 11 feet at test holes AFPP 3 and 4. The valley upstream from test
hole AFPP 1 was not tested, because it was inaccessible with motorized

drilling equipment.
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Test hole AFPP 5 was augered in June 1968 near test well AFPP 2, and was
finished as a test well by installing 42 feet of 4-inch diameter casing and
a 3-inch diameter screen 6 feet long. In August 1968, test well AFPF 5
was pumped 4 hours at a rate of 35 gpm, and the drawdown was 0.64 foot.

The specific capacity was 55 gpm per foot of drawdown. The water level was
8.1 feet below land surface before pumping began. In August 1970, the well
was pumped for 24 hours at a rate of 108 gpm, and the drawdown was 2.8 feet.
The specific capacity was about 39 gpm per foot of drawdown for this test.
The water level was 8.8 feet below land surface before pumping began, The
aquifer tapped by test well AFPP 5 would yield sufficient quantities of
water for a comfort station at Fountain Paint Pot. Yields of 500 gpr or
more could be obtained from each properly constructed well in sand and
gravel in the Nez Perce Creek valley between the sites of test holes

AFPP 1 and S. The aquifer is sufficiently extensive to yield water to
three such wells,

In Nez Perce Creek valley, cool ground water occurs adjacent to warm
ground water as determined from test holes AFPP 1l-4, Differences in ground-
water temperatures are also indicated by differences in soil temperatres
at land surface. During a field survey in August 1969, the difference in
surface-goil temperatures between areas of cool and areas of warm grond
water averaged about 7°C.

On November 16, 1969, the surface soil was frozen in the area of cool
ground water, but it was not frozen in the area of warm ground water. On
April 17, 1969 and May 14, 1970, the area of cool ground water was covered
by about 2 feet of snow, whereas the area of warm ground water was almost

completely free of snow.
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The boundary between cool and warm ground water is about 400 feet
dowvn the valley from test well AFPP 5. Production wells should not b=
drilled down the valley from test well AFPP 5 because hot ground water
might be penetrated by the well or move to the well during pumping.

If ground water were pumped from sand and gravel in Nez Perce Creek
valley, water would move toward the pumping well to recharge the dewatered
part of the aquifer near the well. Eventually, water would move from
Nez Perce Creek toward the well. This would result in a decrease in
streamflow approximately equal to the amount of ground-water pumpage.

Loss in streamflow because of ground-water pumpage, however, would be
small compared to the total flow of the stream.

The flow of Nez Perce Creek was measured eight times érom August 1968
to October 1970 and ranged from 53.1 cfs on September 16, 1969 to 151 cfs
on May 21, 1969. Based on these measurements, a relationship between the
flow and the stage of the stream was established. Additional observations
made of the stage of the stream indicate that the streamflow ranged f-om
about 50 cfs in October 1969 to about 200 cfs in June 1970 during

August 1968-0October 1970,
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A water sample collected from test well AFPP 5 near the end of the
24-hour aquifer test in August 1970 had a dissolved-solids content cf
175 mg/1, a fluoride content of 5.0 mg/l, and an arsenic content of
40 ug/l. The water was soft and had a pH of 6.7. The water tempersture
was 13.0°C during the entire test, All chemical constituents determined
except fluoride and arsenic are within recommended limits. Arsenic is
within the maximum limit suggested by the U.S. Public Health Service of
0.05 mg/1. The chemical constituents sought in analyzing water from
Nez Perce Creek and the spring near the destroyed hotel are within
recommended limits except for fluoride. Arsenic was not sought. Nez Perce
Creek has a fluoride content of about 2,5 mg/l during spring runoff and
about 6.5 mg/l during other times. The spring had a fluoride content of
7.8 mg/1l in August 1967. Water from any of these sources would have to be
defluorinated to meet the drinking water standard of the U.S. Public Health

Sexvice,

Canyon Village

About 1 million gpd (700 gpm) of water is needed to supply facilities
at Canyon Village. Presently, water is diverted by gravity flow fro—
unnamed tributaries of Cascade Creek and Sulphur Creek 2.0 and 2.5 miles,
respectively, northeast of Canyon Village. Sulphur Creek flows into the
Yellowstone River about 6 miles below the mouth of Cascade Creek. An
auxiliary pump is located on a water line from a diversion dam on Casacade
Creek about 0.5 mile northwest of Canyon Village (fig. 14). Flow in these
creeks declines during the summer and may become too small during dr~ years
to supply the needs at Canyon Village. No water shortages wers repo-ted,
however, during 1967-70.
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Streamflow was measured above the diversion dams on the three scrces
of water for Canyon Village on July 25, 1968. Flow of the tributary to
Sulphur Creek was 0.44 cfs, the tributary to Cascade Creek was 0.27 cfs,
and Cascade Creek was 4,64 cfs. 1In addition, flow of Cascade Creek chove
the diversion dam was 7.78 cfs on July 18, 1969 and 1.95 cfs on Augurt 27,
1969,

Chemical quality of the water from the three ssurces for Canyon Village
is excellent. Water in the tributaries to Sulphur and Cascade Creeks had
dissolved-solids contents of 60 mg/l and 59 mg/l, respectively, in July
1968. Water from both streams had no fluoride, a pH of 7.6, and was soft,
In August 1969, water from Cascade Creek had a dissolved-solids content of
74 mg/l, a fluoride content of 0.6 mg/l, a pH of 7.7, and was soft. All
chemical constituents determined in water from the three sources for Canyon
Village are below the recommended limits.

The drainage areas of the three sources of water for Canyon Village
are accessible to park visitors; consequently, the streams are becoming
more subject to contamination by human traffic in the park. The use of
ground water for a water supply at Canyon Village would eliminate thase
problems.

Nineteen test holes were drilled in the Canyon Village area in September
1967 (not all are shown in fig. 14). These holes were augered in Cascade
Meadows, other clearings along Cascade Creek, and along the lower reach of
Otter Creek, Testing was limited to these sites, because other nearby
areas are inaccessible with motorized drilling equipment or bedrock 1s at

or near land surface.
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None of the test holes penetrated water-bearing material from w-ich
water can be developed by wells at the rate of 700 gpm. Much of the
material penetrated was clay or clayey sand and gravel of lacustrine
origin. Sandy and gravelly lenses were penetrated in test holes ACV 2, 4,
8, 16, and 18 (fig. 14). Some of the sandy lenses penetratad by the test
holes may be beach deposits. These beach deposits may yield water t»
wells, but not 700 gpm. A properly screened well drilled to bedrock at
a depth of about 50 feet near test hole ACV 8, the most promising site
tested, probably would yield 5 to 10 gpm from sandy and gravelly lenses.
No other sites in the unconsolidated rock seem to be more promising for
wells near Canyon Village than the sites tested.

Exploration for a ground-water supply for Canyon Village has been
limited to unconsolidated rock because the auger bit cannot penetrste
hard rock. Some of the test holes, however, penetrated relatively eoft,
probably weathered, bedrock. Little was learned from the testing alt-ut

the occurrence of water in the bedrock.
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Bedrock in the Canyon Village area is mostly rhyolite and andesitic
breccia. The rhyolite has low permeability, excapt possibly in fractured
zones., Rhyolite in the Canyon Village area probably does not contain much
water even in fractured zones. Fractures in the walls of the nearby Grand
Canyon of the Yellowstone are dry or discharge water as small seeps.
Aquifers in rhyolite within about 500 feet of land surface at Canyon Village
probably would discharge into the Yellowstone River in Grand Canyon. The
river 18 about 750 feet below the canyon rim, Numerous fumeroles, hnt
springs, and much hydrothermally altered rhyolite within a 5-mile radius
of Canyon Village may be evidence that any water in deep aquifers in rhyolite
probably would be warm, possibly highly mineralized, and not suitable for
a water supply for Canyon Village. Andesitic breccia crops out in tla
‘ Washburn Range about 3 miles north of Canyon Village and may underlie
rhyolite at great depth at Canyon Village. The breccia is well cemented and
dense and, like rhyolite, probably would yield water only in fractured
zones. The andesitic breccia probably cannot be considered a potential
aquifer in the Canyon Village area, unless water occurs in fractures at
relatively shallow depth between Canyon Village and outcrops in the
Washburn Range.

Additional drilling would be required to test the bedrock aquifers in
the Canyon Village area. It is doubtful, however, that a ground-waterx
supply could be developed from rhyolite or andesitic breccia to provide

the 1 million gpd required for Canyon Village.
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Surface water could be used to supply additional water for Canyo-
Village. Water could be pumped from the Yellowstone River above Grand
Canyon, treated, and distributed to Canyon Village facilities. The

Yellowstone River is a relatively large stream, and pumpage of water for

W Canyon Village would be a small fraction of the flow of the stream.

Chemical quality of the water from the Yellowstone River is excellent.
A water sample collected from the river above the Upper Falls in June 1969
had a dissolved-solids content of 65 mg/l and a fluoride content of 0.6
mg/l. The water was soft and had a pH of 6.9. This sample was colle~ted
during spring runoff, and the water is likely to be more highly mineralized
during low-flow periods. However, the water in the river probably dees not
contain any chemical constituents in excess of the recommended limits at

any time during the year.

Gallatin Ranger Station

The water requirement given near the beginning of the study was
20,000 gpd (14 gpm) for facilities at Gallatin Ranger Station, including
Specimen Creek campground. The ranger station and campground, located

near the mouth of Specimen Creek, were destroyed in 1969.

A test hole, AG 1, was drilled in September 1968 in the southeartern
part of the campground near Specimen Creek (fig. 2-A). The test hole was
drilled with great difficulty to a depth of 17 feet through poorly scrted
material, probably glacial drift, ranging in size from clay to bouldevs.
A test well was established at the site by installing 14 feet of l-ir-<h
diameter pipe and 2 feet of l-inch diameter well screen. The well wes
developed by pumping for about an hour. Yield of the test well incrcased

from 1 to 4 gpm during pumping, but the water did not clear.
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Water from the test well at the end of the pumping period had a
disselved-solids content of 86 mg/l and a fluoride content of 0.2 mg/l.
The water was soft and had a pH of 6.9. All chemical constituents
determined in the water were below the recommended limits.

A well drilled near the site of test well AG 1 probably would yleld
14 gpm. In order to obtain the highest yield and clear water, the well
should be drilled to bedrock and finished in material that is well sorted.
Three or four wells yielding 10 to 15 gpm each probably could be drilled in
unconsolidated rock near Specimen Creek. Ground water is probably re-~harged

by percolation from Specimen Creek, especially during spring runoff.

West Thumb

According to the water requirements given near the beginning of the
study, as much as 120,000 gpd (83 gpm) of water will be needed at West Thumb.
A ground-water supply is desired to replace the surface-water supply obtained
from Duck Lake (fig. 15). If an adequate ground-water supply cannot be
developed near West Thumb, consideration reportedly will be given to
extending the Grant Village supply to serve West Thumb,

A study was made by the Geological Survey (Gordon and others, 19<2)
of ground-water conditions in the vicinity of Grant Village before facilities
at Grant Village were constructed. During that investigation, 17 test holes
were drilled from 1 to 3 miles south and southeast of West Thumb betw-en
South Entrance Road and Yellowstone Lake (not all are shown in fig. 15).
Pumping and bailing tests were made at test wells 2 and 6 (CGV 2 and
CGV 6 in this report, fig. 15), the only sites that indicated a potertial

ground-water supply for Grant Village.
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Test well CGV 2 was drilled to a depth of 118 feet, and the 6-inch
diameter casing was perforated from depths of 70 to 118 feet, The water-
bearing material is lacustrine sediments composed chiefly of sand and
gravel. 1In July 1959, the well was pumped at a rate of 45 gpm for 1( hours
and at a rate of 36 gpm for 48 hours. Drawdown at the end of the 48-~hour
test was 71.4 feet.

Test well CGV 6 was drilled to a depth of 120 feet, and the 6-ir-~h
diameter casing was perforated from depths of 77 to 111 feet. The weter-
bearing material is lacustrine sandstone. In August 1959, the well vas
bailed at a rate of 18 gpm for 3 hours. Drawdown at the end of the test
was about 80 feet.

Gordon and others (1962, p. 198) concluded that test well CGV 2 would
yield about 30 to 35 gpm of water at a temperature of nearly 100°F (3°°C)
and test well CGV 6 would yield about 15 gpm of water at a temperatur~ of
about 45 to 50°F (7 to 10°C). The yield from test well CGV 6 possibly
could be increased by perforating the casing from depths of 55 to 77 feet.
The iron content of the water from both wells is above the recommende-
limit. The fluoride content of the water from test well CGV 2 is als»
above the recommended limit,

Ground water was not used as the water supply for Grant Village.
Instead, a system was constructed that uses water from Yellowstone Lake.

In September 1966, three test holes were drilled between West T“umb
and Grant Village. Test holes AWT 1 and 2 between West Thumb and Thu—b
Creek were drilled to depths of 102 feet. Test Hole AWT 3 near the snuth
bank of Thumb Creek was drilled to a depth of 74 feet (fig. 15). Sand,
silt, and clay were penetrated in these holes. Data from the test holes

indicated that none of the sites are favorable for water-supply wellrn,
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In September 1970, two test holes were drilled near Yellowstone Lake
in the West Thumb area. Test Hole AWT 4 was about 500 feet north of Potts
Hot Spring Basin near Little Thumb Creek, and test hele AWT 5 was abet &
mile south of West Thumb Geyser Basin (fig. 15). The locations were
chosen primarily to compare field and remote-sensing data. Both test heles
were drilled to depths of 45 feet in lacustrine deposits of ailt, sani, and
gravel. Temperature of the water at the bottom of each hole was measred
at 5-foot intervals as the holes were drilled from depths of 20 to 45 feet.
Temperatures increased from 20°C at 20 feet to 34°C at 45 feet in test hole
AWT 4 and from 18.5°C at 20 feet to 35.5°C at 45 feet in test hole AW™ 5,

A test hole augered in 1959 to a depth of 103 feet near the site of test
hole AWT 5 had a water temperature of 105°F (41°C) at the bottom of the
hole (Gordon and others, 1962, p. 187-188).

A test well was established at AWT 4 by installing 27 feet of l-inch
dismeter pipe and 2 feet of l-inch diameter well screen. The well was
pumped at a rate of 2 gpm for 1.5 hours.

Water from the test well at the end of the pumping period had a
dissolved-solids content of 340 mg/l and a fluoride content of 0.2 mg/l.
Temperature of the water was 25°C. The water was very hard and had « pH
of 7.8. All chemical constituents determined in the water were belov the
recommended limits,

Ground water in lacustrine deposits near West Thumb and Grant Village
is recharged by precipitation, snowmelt, and percolation of water frgm
streams and Yellowstone Lake. This water mixes with upward-moving thermal
water that discharges at Potts Hot Spring Basin and West Thumb Geyser
Basin. Ground water generally becomes warmer and probably more highly
mineralized at increasing depths in the lacustrine deposits near West Thumb

and Grant Village.
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. Information available suggests that it is not feasible to develop
120,000 gpd from ground-water sources near West Thumb, Consideration
should be given, therefore, to extending the water system from Grant
Village to West Thumb, if the Duck Lake supply is abandoned.

A small supply of ground water can be developed from lacustrine
deposits near Grant Village and West Thumb. A properly constructed well
at the site of test well CGV 6 would yield at least 15 gpm of water of
suitable temperature and quality for public supply; however, the water
should be treated to reduce iron content. Also, a well could be drilled
near test well AWT 4 that might yield about 10 gpm of water suitable for

public supply.

Shoshone Lake

A ground-water supply is needed for a small campground, about 10
campsites, and a patrol cabin near the southeast tip of Shoshone Lake.
The area is accessible by trail. The nearest trail head is near the
northern shore of Lewis Lake about 3 miles from the campground and at~ut
a mile west of South Entrance Road.

The campground and patrol cabin are about a quarter of a mile north
of the outlet of Shoshone Lake (Lewis River) and about 500 feet from the
shore of the lake. The facilities do not have a developed water supply,
and water from Shoshone Lake is used by occupants of the campground and
the patrol cabin. A small-diameter shallow well equipped with a hanc-

operated pump would yield the few gallons per minute needed at the site.
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A well to supply water could be dug or driven into sand and graval
near the shore of Shoshone Lake. The water table is probably less ti~a
10 feet below land surface in this area. A well should be located
within 50 feet of the shore of the lake to aveid a swampy area between
the campground and the lake. The chemical quality of ground water within
50 feet of Shoshone Lake should be similar to water in the lake. The
chemical quality of water in the lake is excellent., In October 1971, a
sample of water from the shore of the lake near the campground had a
dissolved-solids content of 83 mg/l and a fluoride content of 1.9 mg/l.

The water was soft and had a pH of 7.2. All chemical constituents
determined in the water were below the recommended limits.

Other locations where shallow wells might be dug or driven near the
shore of Shoshone Lake are near the mouth of De Lacy Creek at the northeast
tip of the lake, near the mouth of Moose Creek on the southern shore of the
lake, and along most of the western shore of the lake. Potable ground
water possibly cannot be obtained near a patrol cabin about half a mile
west of the northwest tip of the lake because of a thermal-water discharge

area near the cabin.
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Heart Lake

A ground-water supply is needed for a small campground, about six
campsites, and a patrol cabin near the mouth of Witch Creek at the ncrthwest
tip of Heart Lake. These facilities do not have a developed water supply,
and water from Heart Lake is used by occupants of the campground and the
patrol cabin. A small-diameter shallow well equipped with a hand-operated
pump would yield the few gallons per minute needed at the site. The area
is accessible by trail, and the nearest trail head is on South Entrar-<e
Road near the north shore of Lewis Lake about 8 miles from Heart Lake.

A well to supply water for the campground and the patrol cabin cmuld
be dug or driven into sand and gravel near the shore of Heart Lake near
the mouth of Witch Creek. The water table in this area is shallow, probably
5 feet or less below land surface. Ground water reportedly is high enough
in early summer to enter a cellar at the patrol cabin,

Thermal water discharges into Witch Creek along most of the stream.
Besides being warm, the water in Witch Creek had a fluoride content of
9.5 mg/1l in October 1969. Water in Heart Lake is apparently potable, but
a sample of water collected in October 1969 from the lake about a quarter
of a mile east of the mouth of Witch Creek and about 200 feet from shnre
had a fluoride content of 2.9 mg/l. The dissolved-solids content of water
in the lake was 145 mg/l. The water was soft and had a pH of 6.4. All

chemical constituents determined in the water, except fluoride, were below

the recommended limits,
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. The best location for a well is about 50 feet from the lake and about
500 feet east of the mouth of Witch Creek. The high fluoride content
that might be in ground water near Witch Creek could be avoided by placing
the well at this location. The chemical quality of water in a well at this
location would be similar to that of water in Heart Lake,

Other locations where shallow wells might be dug or driven near the

shore of Heart Lake are near the mouth of Beaver Creek at the west end of
the peninsula on the northeast shore of the lake, at the east end of

the same peninsula, and near the outlet of the lake at its southeast tip.

Madison Junction

An investigation was made to determine if a ground-water supply
. could be developed for facilities at Madison Junction. The present viater

supply 1s obtained from a group of springs {il a canyon near the Firel-»le
River about 0.8 mile south of Madison Junction (fig. 16). Flow of thl-
aprings 1s apparently sufficient to provide for water needs at Madiscw
Junction, but fluoride in the water exceeds the recommended limit.
A sample of water collected from the springs in June 1968 had a fluoride
content of 5.2 mg/l and a dissolved-solids content of 137 mg/l. The

springs issue from rhyolite.
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Reconnaissance near Madison Junction indicates that sand and gravel
in the valleys along the Gibbon, Madison, and Firehole Rivers might yield
water to wells. However, Terrace Spring, a thermal spring about 0.7 mile
east of Madison Junction, and an unnamed warm spring about 0.8 mile west
of Madison Junction (fig. 16) are indications that sand and gravel
near these springs may contain warm and possibly highly mineralized water.
Sand and gravel near the streams may contain water of quality and terwerature
similar to that of the streams owing to percolation of water from th~ streams
into the sand and gravel. The area near the confluence of the Gibbo~ and
Firehole Rivers was selected as the most likely area near Madison Junction
where cool, potable ground water might occur.

Four test holes were drilled in September 1968 near the confluence of
the Gibbon and Firehole Rivers (fig. 16). Test holes AMJ 1 and 2 were
drilled to depths of 99 feet, the maximum amount of auger stem available.
Test holes AMJ 3 and 4 were drilled to depths of 49 and 19 feet, respectively.
These holes penetrated only sand and gravel. Test holes AMJ 1, 2, and 3
were completed as test wells by installing well screens and l-inch diameter
pipe. Yields of as much as 100 gpm probably could be obtained from each
properly constructed well in sand and gravel near the sites of test holes
AMJ 1, 2, and 3.

Water samples from test wells AMJ 1, 2, and 3 had fluoride contents of
6.2, 6.5, and 6.8 mg/l and dissolved-solids contents of 699, 335, and
949 mg/l, respectively, in September 1968. Fluoride and other chemical
constituents in water in the test wells are higher than in the supply
springs; therefore, quality of water for use at Madison Junction facilities
would not be improved by changing the source of water from the supply springs

to wells in sand and gravel.
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Temperatures at the bottom of test holes AMJ 1, 3, and 4 increarad
appreciably as the holes were drilled deeper. The temperatures incre¢ased
from 20°C at 10 feet to 25°C at 50 feet in test hole AMJ 1, from 20°C at
9 feet to 37°C at 49 feet in test hole AMJ 3, and from 26°C at 14 fect to
30°C at 19 feet in test hole AMJ 4. However, the temperature at the bottom
of test hole AMJ 2 increased only 2°C from 15°C at 24 feet to 17°C at 50 feet,

The increase in temperature with the increase in depth indicatee that
water in the sand and gravel is recharged by upward-moving thermal wster.
This is probably from the same thermal-water system that discharges st
Terrace Spring and at the unnamed warm spring west of Madison Juncticwm,
Ground water in the sand and gravel at Madison Junction is a mixture of
cool water from precipitation, snowmelt, and percolation from streams and
thermal water.-

Temperature of water from test wells AMJ 1, 2, and 3 was 28, 1§, and
37°C, respectively, in September 1968. These temperatures suggest tlat more
recharge to sand and gravel from streams occurs near test well AMJ 2 than
at other areas near Madison Junction.

If a ground-water supply is needed near Madison Junction regardless of
quality, the area near test well AMJ 2 would be the best location for wells.
Water from a well in sand and gravel near test well AMJ 2, however, 'would
contain fluoride above the recommended limit because the water is recharged
by percolation from the Firehole River. Water in the river apparently has
fluoride above the recommended limit as based on samples collected ir May,
July, September, and November 1969, and in May, July, and October 1970.

All chemical constituents determined except fluoride in the water from
test well AMJ 2 were below the recommended limit in September 1968. The

water was soft and had a pH of 8.0.
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Crystal Creek

Three test holes were drilled in June 1968 near Crystal Creek, a
tributary of the Lamar River, about 5 miles east of Tower Junction, near
a site being considered for a new ranger station. Test hole ACC 1 was
drilled only to a depth of 20 feet because a boulder at that depth
prevented drilling deeper. Test holes ACC 2 and 3 were drilled to depths
of 29 and 30 feet, respectively. Tough gray clay was struck at a depth
of 25 feet in test hole ACC 2. Gray and brown siltstone was penetrated
at a depth of 16 feet in test hole ACC 3. The material penetrated in these
holes 1is glacial drift.

Glacial drift penetrated in the three test holes near Crystal Creek
is poorly sorted and ranges in size from clay to boulders. Maximum yield
that would be expected from a well near Crystal Creek would be 5 gpm and
that would be possible only near test hole ACC 1. Rocks underlying tle
glacial drift were not tested, but they probably have low permeabilitr,

In September 1970, test hole ASC 2 was augered about 1.5 miles
northwest of the Crystal Creek site near Slough Creek. Sand and gravel
were penetrated in this hole to a depth of 20 feet. Tough greenish-gray
claystone was penetrated between 20 feet and the bottom of the hole at
21.5 feet. A test well was established at this site by installing a vell
screen and l-inch diameter pipe. The well was pumped at a rate of 5 yom
for about 2 hours. A properly constructed well in sand and gravel at this
site probably would yield about 15 gpm. The aquifer 1is sufficiently

extensive to yield water to three or four such wells.
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Water from the test well at the end of the pumping period had a
dissolved-solids content of 376 mg/l and a fluoride content of 0.2 mg/l.
The water was very hard and had a pH of 7.9. All chemical constituents

determined in the water were below the recommended limits,

Slough Creek campground

A test hole, ASC 1, was drilled at the Slough Creek campground,
6.0 miles northeast of Tower Junction in September 1967 to determine if a
ground-water supply could be obtained for the campground. No water supply
is provided at the campground. The test hole‘was drilled near Slough
Creek with great difficulty through sand, gravel, cobbles, and boulde+vs to
a depth of 31 feet. A test well was established at the site by inatelling
26 feet of l-inch diameter pipe and 2 feet of l-inch diameter well screen
and developed with a hand-operated pitcher pump. The test well yielcs
about 6 gpm. Three or four wells yielding at least 15 gpm each coulcd be
drilled near Slough Creek in the vicinity of the campground.

The test well was sampled in October 1967. Water from the well had a
dissolved-solids content of 127 mg/l and a fluoride content of 0.1 mg/1l.
The water was moderately hard and had a pH of 7.8, All chemical conrtituents

determined in the water were below the recommended limits.
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Water resources by hydrologic units

Yellowstone National Park has been divided into seven hydrologic
units in this report for the purpose of an overall appraisal of water
resources of the park. The unit boundaries were made arbitrarily, but
they generally follow geologic and geographic boundaries. The units are:
Rhyolite plateau, Absaroka, Beartooth, Gallatin, West Yellowstone, Falls

River, and Snake River (fig. 2-A).

Rhyolite plateau hydrologic unit

The rhyolite plateau unit includes most of the plateau area and most of
the rhyolite terrane in the park. Many streams originate on the rhyolite
plateau and flow entirely on rhyolite terrane. Aquifers are either in
rhyolite bedrock or in surficial rocks derived from rhyolite. The surficial
rocks contain much obsidian. Thermal-water discharge areas are widesrwread
on the rhyolite plateau, and thermal water discharges into streams, lakes,
and aquifers at many localities. Much of the surface water and ground
water 1s a mixture of water from rhyolite terrane and thermal water.

Information from wells drilled imto rhyolite bedrock indicate that
even seemingly porous rock may not yield more than a few tens of gallons
of water per minute to wells. However, drilling in the rhyolite has not been
extensive, and larger amounts of ground water may occur locally in the
rhyolite. If the rhyolite is permeable enough to transmit much grournd

water, however, the aquifer may contain thermal water.
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. Test wells drilled into sand and gravel in stream valleys on the
rhyolite plateau yield as much as 100 gpm. Highest yields were measured
in test wells along Nez Perce Creek near Fountain Paint Pot, along th-
Yellowstone River near Mud Volcano, and near the confluence of the Lewis
and Snake Rivers near South Entrance. The aquifers are sufficiently
extensive to yield 500 gpm each to three wells near Fountain Paint Pot and
250 gpm to one well near Mud Volcano. Aquifers near South Entrance wruld
yield 100 gpm each to two wells near the confluence of the Lewis and Snake
Rivers and 50 gpm to one well at the north end of the campground. Yields of
as much as 100 gpm each probably could be obtained from properly constructed
wells in sand and gravel at three sites near the confluence of the Firehole
and Gibbon Rivers near Madison Junction., Aquifers in sand and gravel near
the Gibbon River, near Norris Junction, and near the Firehole River above
Upper Geyser Basin might have total yields of 35 and 50 gpm, respectively.
The larger lakes in the park are on the rhyolite plateau. Ground
water occurs in lacustrine deposits in lake basins and in areas where
lakes formerly existed. The lacustrine deposits consist of clay, silt,
sand, and gravel. Single wells in lacustrine deposits near Grant Village
might yield as much as 35 gpm at one site and 15 gpm at another. Single
wells near West Thumb and Canyon Village would not yield more than 10 gpm
at the most favorable sites tested. Wells to supply water for campgr-unds
and patrol cabins near Shoshone and Heart Lakes could be dug or driven into
sand and gravel near the shores of the lakes, Dug or driven wells also
probably could be constructed near the northwest corners of Riddle and

Lewis Lakes and at many locations near the shore of Yellowstone Lake.
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Most of the thermal water discharging into aquifers, streams, ard
lakes on the rhyolite plateau is relatively high in silica, sodium,
chloride, fluoride, boron, and dissolved solids. Some thermal water
is relatively high in arsenic. The percent sodium is high and the
804/01 ratio is low. Water containing thermal-water discharge is usually
soft, although ground water near Norris Junction that probably contaiuns
thermal water has high bicarbonate and is moderately hard.

Water on the rhyolite plateau that does not contain thermal water
usually has low dissolved solids. The water is soft and commonly
slightly acidic. The water has relatively high fluoride depending ugon
the amount of obsidian in the bedrock and the surficial deposits. Tta=
percent sodium is high but not as high as water containing thermal wster,.
The 804/01 ratio is more than one.

The fluoride content of water on the rhyolite plateau commonly
exceeds 2.4 mg/l, the maximum limit for drinking water suggested by the
U.S. Public Health Service. Notable exceptions are water in Yellowstone
Lake and water in some of the lacustrine deposits near the lake. This is
because more of the inflow to the lake is from the Absaroka Range than

from the rhyolite plateau.
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Absaroka hydrologic unit

The Absaroka hydrologic unit includes the Absaroka Range in the park,
the Washburn Range, Two Ocean Plateau, and part of Mirror Plateau. This
includes most of the andesitic terrane in t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>