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Figure 1, —Map of northwestern Wyoming showing location of project area.



Ground Water East of Jackson Lake, Grand Teton
National Park, Wyoming

By Laurence J. McGreevy and Ellis D. Gordon

ABSTRACT

The project area, which lies east of and adjacent to Jack-
son Lake is on the downthrown eastern block of the Teton
fault, a normal fault that trends northward along the west edge
of Jackson Lake. Rocks of pre-Cretaceous age are deeply
buried beneath this area. Sedimentary rocks of Cretaceous age
and sedimentary and volcanic rocks of Tertiary age, which
have an aggregate thickness of about 30,000 feet, are exposed
in the northern and eastern parts of the area. Along most of
the east side of Jackson Lake, unconsolidated glacial and
interglacial deposits of Quaternary age overlie the rocks of
Cretaceous and Tertiary age. The unconsolidated deposits
were penetrated by test drilling to a depth of 206 feet, but the
maximum thickness is probably much greater.

Test wells were drilled in five localities to evaluate the
deposits of Quaternary age as possible sources of ground wa-
ter for National Park Service facilities. In the Pilgrim Creek
valley, test wells were capable of yielding 200 gpm (gallons
per minute); properly constructed production wells could obtain
much greater yields. Test wells at Lizard Point and Jackson
Lake (E:ampgrounds yielded more than 100 gpm, and a test well
near the confluence of the Buffalo Fork and Snake rivers yield-
ed 30 gpm. A test hole drilled in the NW)4 sec. 36, T. 46 N.,
R. 115 W., was dry at 200 feet.

Unconsolidated deposits of Quaternary age are the most
promising source of additional ground water. Because of the
extreme range in grain size ansrsorting, these deposits vary
greatly in permeability. Their saturated thickness ranges from
0‘to more than 130 feet and changes seasonally; variations of
as much as 36 feet were measured (1961—62) in the Pilgrim
Creek valley. In most localities where deposits of Quaternary
age are [present, small to moderate ground-water supplies can
be developed; larger ground-water supplies can be developed
in parts of the Pilgrim Creek valley.

One well taps the Bivouac Formation of Late Pliocene or
Pleistocene age, but no other wells are known to tap rocks of
possible pre-Quaternary age. The Harebell Formation and
Bacon Ridge Sandstone of Late Cretaceous age and the Biv-
ouac Formation offer the best possibilities for development
of additional water supplies from the consolidated rocks.

Chemical analyses of water samples from 11 wells in the
deposits of Quaternary age and 1 well in the Bivouac Forma-
tion indicate that the water is of generally good quality for
drinking and most other purposes. Water z:'om one well tap-
ping lacustrine(?) sand had a dissolved-solids content of 321
ppm (parts per million); all other samples had from 87 to 145

ppm.

INTRODUCTICON

At the request of the National Park Service,
the Ground Water Branch of the U.S, Geologi-
cal Survey investigated ground-water condi-
tions in that part of Grand Teton National
Park east of Jackson Lake (fig, 1), Fieldwork
was done in the summer of 1961, and supple-
mental water-level measurements were made
in 1962, The investigation was concentrated
in five localities where additional ground-
water supplies are needed, A brief recon -
naissance of other parts of thearea was made
to establish regional geologic and hydrologic
relations and to aid in locating ground water
for possible future needs,

GEOGRAPHIC SETTING

The area included inthis investigationis in
the northern part of Jackson Hole—a broad,
relatively flat valley surrounded by mountain
ranges and highlands; this valley extends from
the north end of Jackson Lake southward al-
most to the confluence of the Hoback and
Snake Rivers (fig, 1), The floor of Jackson
Hole slopes gently from an altitude of about
7,000 feet in the north to about 6,000 feet in
the south, and the surrounding highlands and
mountains rise 3,000 to 7,000 feet above the
valley floor. The major drainage, the Snake
River, flows southward through Jackson Hole
and then cuts westward through the mountains
into Idaho. The topographic features and
drainage of the project area are shown on
plate 1, and regional drainage systems are
shown in figure 1,

The average annual precipitation at the
Moran weather station near Jackson Lake

1



2 GROUND WATER EAST OF JACKSON LAKE, GRAND TETON NATIONAL PARK, WYOMING

Dam was 21,28 inches during 1931-60, Pre-
cipitation in the mountains and highlands is
greater than at the weather station, and aver-
age surface runoff fromthe drainage basin is
more than 20 inches per year., The highest
monthly long-term mean temperature at the
weather station is 57.4°F for July, and the
lowest is 11,3°F for January. The annual
long-term mean temperature is 34.2°F,

PREVIOUS INVESTIGATIONS

Many geologists, beginning with ¥, H, Brad-
ley in 1872 and O, H, St, John in 1877, have
studied various aspects of the geology of the
area, but little mention has been made of
ground water. The glacial study by Fryxell
(1930) and various works dealing with general
regional geology by J. D, Love and his asso-~
ciates have been of particular value to the
authors. (See “Selected references.”)
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WELL-NUMBERING SYSTEM

Wells are numbered according to their lo-
cation within the Bureau of Land Manage-
ment’s system of land subdivision. All wells
are in the northwest quadrant of the sixth
principal meridian and base-line system. The
first numeral of a well number indicates the

township, the second the range, and the third.

the section in which the well is located. The
letters which follow the section number indi-
cate thelocation of the well withinthe section,
The first letter denotes the quarter section,
the second the quarter-quarter section, and
the third the quarter-quarter-quarter section.
The subdivisions of the section are lettered
a, b, ¢, and d, counterclockwise, beginning

with (a) inthe northeast quarter, Where more
than one well is in the same quarter-quarter-
quarter section, consecutive numbers begin-
ning with 1 are added to the well number,
Thus, well 45-114-26abb2 is the second well
located inthe NWiNW4NE$ sec, 26, T, 45 N.,
R.114 W,, of the sixth principal meridian and
base-line system (fig, 2).

Much of the northern part of the project
area has not been surveyed forinclusion in
the landline network of the Bureau of Land
Management’s system of land subdivision,
Wells inthis unsurveyed areahave been num-
bered by location in the same manner as
those in the surveyed area except that a grid
system has been substituted for actual land-
lines, An asterisk (¥) representing the word
“unsurveyed” has been added to these well
numbers, Springs and test holes have been
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Figure 2, —Well-numbering system.
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assigned numbers according to their locations
in the same manner as wells,

NEED FOR ADDITIONAL WATER SUPPLIES

In 1961 the primary water supply for the
Colter Bay and Jackson Lake Lodge develop-
ments was obtained from a diversion of spring
water (NEf sec, 20?, T, 46 N,, R, 114 W,, un-
surveyed) on the east side of Pilgrim Creek
valley northof the Grand Teton National Park
boundary. The water was stored in two
500,000-gallon enclosed reservoirs, one near
Colter Bay and the other near Jackson Lake
Lodge, During times of maximum use, the
flow of the spring, an average of 140 gpm
(gallons per minute), was insufficient. At
these times, a supplemental supply of about
200 gpm for Jackson Lake Lodge was obtained
from a group of springs (45-114—8ca) in the
seep area just east of the lodge,

Water use in the Colter Bay area and at
Jackson Lake Lodge is steadily increasing,
and shortages have begun to develop. The
Park Service estimates that about 200 gpm of
additional water is required to satisfy imme-
diate needs and that a considerably larger
water supply eventually will be required,

Jackson Lake Campgroundin 1961 received
its water from well 45-115-24cdd at Signal
Mountain Lodge., Water was pumped to a
15,000-gallon reservoir and was fed by grav-
ity to the campground and lodge, Additional
water will be needed for expansion of the
campground, Water for the Lizard Point
Campground in 1961 was carried in by camp-
ers or was obtained from the small springs
along the high-water line of Jackson Lake,
Modernization of the campground will require
a source capable of yielding at least 15 gpm,
The employee residence near the junction of
the Snake and Buffalo Fork Rivers was sup-~
plied by a small-capacity well (45—-114—26bab)
at the residence, A larger yield, possibly 40
gpm or more, may be needed if additional fa-
cilities are constructed in this area.

The feasibility of satisfying the preceding
water-supply requirements with ground water
is discussed in the section on results of
pumping tests, Future developments may re-
quire other water supplies; the concluding
section of this report briefly discusses the
possibilities of developing ground water in
the whole area,

SUMMARY OF GZOLOGY

This brief summary of the geology isbased
mainly on the work of Love (1956b, ¢}, For
more complete geologic information, the
reader is referred to “Selected references”
at the end of this report, Lithologic descrip-
tions and stratigraphic relations of units of
Cretaceous and Tertiary age are given in
table 1; units of Quaternary age are discussed
in the section on “Geologic units and their
water -bearing possibilities,”

STRATIGRAPHY

Deposits exposed in the project area range
in age from Early Cretaceous to Quaternary.
Glacial and alluvial deposits of Quaternary
age occur in much of the area (fig, 3). Pre-
Cretaceous formations are deeply buried and
are not discussed.

Cretaceous formations are composed mostly
of shale and sandstone beds that were depos-
ited in a generally conformable series, Be-
ginning nearthe end of the Cretaceous Period
and continuing through the Tertiary, deposi-
tion was occasionally interrupted by struc-
tural movement and erosion, and unconformi-
ties are fairly numerous, The rocks of latest
Cretaceous (Harebell Formation) and Tertiary
age are generally much coarser grained than
older rocks, and conglomerate is common,
Local volcanic activity began during Eocene
time, and formations of late Tertiaryage con-
tain much material of volcanic origin, (See
table 1,) Glacial, fluvial, and lacustrine de-
posits of Quaternaryage range fromboulders
to clay, Loess and volcanic ashalso occur as
beds or are mixed with other sediments,

STRUCTURE

The Teton fault, the main structural fea-
ture of northern Jackson Hole, hasbeen a ma-
jor factor in the depositional environment
during late Tertiary and Quaternary time,
The northward-trending trace of the fault lies
along the west side of northern Jackson Hole
immediately west of the project area. This
normal fault is about 40 miles long and has a
maximum vertical displacement of about
20,000 feet, Downdropping of the eastern
fault block accounted for much, but not all, of
the displacement, The area investigated,
which is on the eastern fault block, was down-
dropped and tilted westward,
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Figure 3, =——Generalized geologic map.

Most of the movement along the Teton fault
zone occurred in late Pliocene time, but
movement has continued intermittently, Near
the north end of the Teton fault zone, in the
vicinity of the south boundary of Yellowstone
National Park, movement has been appreci-
able since the formation of recognizable gla-
cial features, Love (1961, p, 1,759-62) re -
ported 150to 200 feet of displacement on each

of two main faults inthat vicinity, Elsewhere,
more recent movement is indicated by anom-
alous stream patterns near the fault zone, by
fault scarplets in young glacial deposits, and
by occasional earthquake shocks recorded in
recent years (Love and de la Montagne, 1956),
Aerial photographs show an apparent fault
trace that seems to displace glacial deposits
along the east side of Pilgrim Creek valley,
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EXPLANATION

SEDIMENTARY ROCKS

Alluvial deposits

Landslide deposits

Pleistocene
and Recent

Glacial deposits J

Pliocene or
Pleist:

N N M /A /N
NN
\C:’Q
N

TERTIARY OR QUATERNARY

QUATERNARY

Dl
£

Colter Formation

TERTIARY

[~
Pinyon Conglomerate

If other rocks of Paleocene age are present,
they have not been differentiated

N 1

Harebell Formation

77

Bacon Ridge Sandstone and lenticular sandstone,
shale, and coal sequence

DT,
I

[§

Upper Cretaceous

N
N
CRETACEOUS

Frontier Formation

{

Mowry and Thermopolis Shales

Lower
Cretaceous

' x>
IGNEOUS ROCKS 05
E z
1Q
QTr} < ﬁ
Rhyolite flow or welded tuff in Bivouac Formation E :
[
O
Rhyolite flows in or on Teewinot Formation
s >
A x
-
Intrusive and extrusive basalt in Colter Formation E
i
it F
Intrusive and extrusive rocks of uncertain age and
composition J

SYMBOLS

Boundary of Grand Teton National Park and northern
and eastern boundary of the project area

Contact
Dashed where approximately located

Fault
Dashed where inferred

Figure 3, —Explanation,

GLACIATION

Three distinct glaciations—Buffalo, Bull
Lake, and Pinedale—were recognized by
Blackwelder (1915) in the Wind River Range
(about 70 miles southeast of Jackson Hole)
andin parts of Jackson Hole, Fryxell (1930),
using Blackwelder’s nomenclature, described
the glacial features of Jackson Hole, Much of
the following discussion is based upon Fry-
xell’s work, Minor post-Pinedale glaciation
inthe mountain valleys did not reach the floor
of Jackson Hole and therefore willnot be dis-
cussed here.

The oldest recognizable glacial features in
Jackson Hole have been attributed to the Buif-
falo of Blackwelder (1915), Piedmont ice
sheets moving southward from Yellowstone
National Park covered most of Jackson Hole
and scoured deep grooves in the bedrock.
These grooves control much of the drainage
in the northern part of the project area, Re-
cent glacial studies have shown that in the
Wind River Range the “Buffalo glacial stage”
was not a single glaciation but at least three
separate glaciations (Richmond, 1962); conse~
quently, the term “Buffalo” has been aban-
doned by the Geological Survey., In Jackson
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Hole, pre-Bull Lake glacial drift occurs as
isolated remnants high above streams. Pre-
Bull Lake drift was recognized on the top of
Signal Mountain (Fryxell, 1930), and other
scattered remnants may be present elsewhere
in the project area.

During the Bull Lake Glaciation, wvalley
glaciers extended from the canyons of the
Teton Range onto the floor of Jackson Hole,
The glaciers built moraines and outwash
plains that are conspicuous features in Jack-
son Hole south of the project area, A lami-
nated silt bed, which lies 500 feet above the
level of Pilgrim Creek (NENE} sec., 29, T,
46 N,, R, 114 W, unsurveyed), is the only de-
posit of Bull Lake age that hasbeen recognized
in the project area, 8Silt from this bed has a
carbon-14 date of about 27,000 years (Love,
1961, p. 1,753; 1956¢, p, 149).

Glaciers of the Pinedale Glaciation occupied
the same canyons as the Bull Lake glaciers;
however, the Pinedale glaciers did not extend
as far onto the floor of Jackson Hole, Out-
wash plains and moraines, many still im-
pounding lakes, havebeen altered only slightly
since Pinedale time, A moraine of Pinedale
age impounds Jackson Lake, and an extensive
outwash plain lies south of Jackson Lake,
Most of the glacial deposits shown onthe geo-
logic map (fig. 3) are of Pinedale age, al-
though some unrecognized older glacial de-
posits probably are present. Marl, which is
associated with and possibly is slightly older
than the deposits of the Pinedale outwash
plain south of Jackson Lake, contains shell
material with a carbon-14 date of about 9,000
years (Love, 1956¢c, p. 150),

The threefold glaciation concept used in
studies of Jackson Hole is oversimplified and
will undoubtedly be modified in the future,
Fryxell (1930) indicated that the Bull Lake
Glaciation might have been a time of multiple
advances, but he did not attempt to map them,
Multiple advances of the Pinedale Glaciation
would explain the complex glacial deposition
east of Jackson Lake more accurately. In the
Wind River Range two Bull Lake advances
and at least two Pinedale advances were re-
cognized by Richmond (1948) and Holmes and
Moss (1955).

GROUND WATER

Little ground-water data were available
prior to this study. Logs of wells and test
holes that were available are given in table2,

Table 3 includes records of wells, springs,
and test wells, and plate 1 shows the location
of wells, test wells, test holes, and springs.

GEOLOGIC UNITS AND THEIR WATER-BEARING
POSSIBILITIES

UNITS OF CRETACEOUS AND TERTIARY AGE

Little information is available concerning
the quantity and quality of ground water in
Cretaceous and Tertiary rocks, One well
(45—114—19baa) taps the Bivouac Formation of
late Pliocene or Pleistocene age, but no other
wells are known to tap rocks of possible pre-
Quaternary age., Table 1 gives the general
lithologic character of Cretaceous and Terti-
ary rocks and estimates of their potentials as
aquifers, For all formations except the Biv-
ouac, these estimates are based entirely on
the lithologic character of the formations and
the hydrologic properties of similar forma-
tions in other areas,.

UNITS OF QUATERNARY AGE

Most of the deposits of Quaternary age have
not been mapped or described in detail, The
geologic map (fig., 3) shows the extent of the
glacial deposits and the post-Pinedale allu-
vium, Test drilling during this investigation
penetrated thick beds of Quaternary age that
underlie surficial glacial and alluvial deposits
in many localities (fig, 5), Although some of
the deposits of Quaternary age are recogniz-
able as separate units, most are difficult to
differentiate,

ALLUVIUM

Alluvial gravel, sand, silt, and clay occur
in the major stream valleys, These alluvial
deposits can be separated into two general
age groups: younger alluvium, laid down in
post-Pinedale time; and older alluvium, laid
down before the end of Pinedale Glaciation,

The younger alluvium is shown on the geo-
logic map (fig. 3). Although the beds gener-
ally are thin and only partly saturated, mod-
erate quantities of water are obtained from
the thicker saturated sections, The thickest
section penetrated by test drilling measured
31 feet (test well 45-114-23ccd),

Older alluvium was penetrated by test
drilling at Lizard Point and in Pilgrim Creek
valley (fig. 5). It consists of thick permeable
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Table 2.—Logs of wells and test holes

[Stratigraphic interpretations made by the authors]

Material

Thick-
ness
(feet)

Depth
(feet)

Material

Thick-
ness
(feet)

Depth
(feet)

45-114—19baa

[Log of well drilled for U.S, Bur, Reclamation, Descriptions are based on driller’s log and on
sample descriptions by J, D, Love]

Glacial deposits:

Bivouac Formation—Con.

Silt and gravel oo oo .. 5 5 Conglomerate; same as at
Boulders and sand (water)._._. 5 10 133 to 150 ft, but contains
Gravel and sand cceceocoeoo 7 17 tannish-gray silt from 170
Bivouac Formation: 10 175 ft oo 15 175
Conglomerate; contains coarse Conglomerate, grayish-
quartzite gravel __ . ________ 3 20 brown; sand matrix; con-
Conglomerate, coarse —=------ 10 30 tains numerous black ba-
Conglomerate; contains salt fragments . ____ooo_- 5 180
cobbles as much as 4 in, in Conglomerate; same as above
diameter from 45 to 50 ft ___ 20 50 but contains fewer basalt
Rhyolite, light-pinkish-gray... 5 55 fragments oo ceeeeooooaoo 5 185
Rhyolite, dark-gray - ._______ 5 60 Conglomerate; same as above
Rhyolite, olive-green_________ 10 70 but has a finer sand
Rhyolite, dark-gray; cavity matriX oo omomoooaoooC 10 195
from 85t0 86 fto e weuoooo. 32 102 Conglomerate; same as above
Rhyolite, very dark gray; small but contains coarser frag-
fractures from 1021 to 105 TMENES o e e cceeecmme e e 7 202
B e 22 124 Sandstone, mostly fine-
Claystone cc e ccmccccccanca 6 131 grained, angular, soft; has
Conglomerate -ccccccaccecan- 2 133 no clay matriX ceeeccmmea- 3 205
Conglomerate, brownish-gray; Conglomerate; same as at
consists of quartzite gravel 175t0 180 ft oo meeaeons 1 212
in fine to coarse angular Conglomerate, coarser than
sand matrixX c e oo e 17 150 above; contains numerous
Claystone or tuff, light-brown, fragments of quartzite 1 to
soft, silty and sandy; 2 in, in diameter, and dark
contains quartzite pebbles volcanic pebbles; contains
and cobbles as much as 2 in, some clay, (Water.)o..... 4 216
in diameter o aeeaooooooooo 10 160
45-114-25cdd
[Driller’s log of test hole drilled for U,S, Army, Corps of Engineers]
Alluvium (younger): Lacustrine(?) deposits—Con.
ST U 1 1 Sand e o 0.5 29,5
Sand and gravel (water at 8 Clayand silfcememeon oo 13,5] 43
) 15 16 Silt and sand.o oo mooooo__ 9 52
Lacustrine(?) deposits: Seismic determination of depth
Clay e 13 29 tobedrock e meom e e e > 117
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Toble 2.—Logs of wells and test holes—Continued

Thick- Thick-
Depth . Depth
Material ness (f?ft) Material ness (fepet)
(feet) (feet) | -
45-115-25abdl

[Sample log of test hole drilled by U,S. Geological Survey]

Deposits filling kettle hole: Deposits filling kettle

Silt, clayey, sandy, yellow._.._._.| 10 10 hole—Con.,
Silt and clay, sandy, tan; con- Silt and clay, sandy, light-

tains some gravel ... ... 5 15 grayish-tan..._ceocacmcanas 4 29
Clay and silt, sandy, light- Glacial deposits:

grayish-tan_ _ ..o ocaaooo-d 5 20 Boulders (bottom of hole)aa - |-caa-- 29
Clay and silt, sandy, light-gray-

ish-tan; contains some gravel. 5 25

45-115-25abd2

[Sample log of test hole drilled by U.S. Geological Survey]

Deposits filling kettle hole: Glacial deposits:
Clay and silt, sandy, tan; con- Boulders (bottom of hole)eow_jococuo 5
tains some gravel ... ...-. 5 5
46—115-22abd

[Driller’s log of well drilled for A, C, Berol}

Undifferentiated deposits of Undifferentiated deposits of
Quaternary age: Quaternary age—Con.
Soil and coarse gravel c.__..__.] 4 4 Gumbo, blue, and gravel _.._. 10 121
Gravel, COArSe acacmccccanaaxnd] 59 63 Sand, brown ococcecccacana- 2 123
Sand, brown cccececccccecmae=x 3 66 Gravel, COArS€ e aacacncannn 8 131
Cement gravel o oooocaaaaaooo 17 83 Cement gravel oo ooccaaaa-- 28 159
Gravel, COarSeacanmucancaannnan 24 107 Water gravel cecceececacaas 4 163
Water gravel  cacocccaaacaaaaa 4 111 Silt and gravel oo oo L. 7 170
46-115-22add2

[Driller’s log of well drilled for A, C, Berol]

Glacial deposits: Undifferentiated deposits of
Gravel and boulders ....__.... 15 15 Quaternary age—Con,

Undifferentiated deposits of Gravel, cOarsS€aacacaacaccanad 2 99
Quaternary age: Water gravel o ool ] 4 103
Clay and gravel cocceacoaa-x 5 20 Cement gravel ccmccocaooooo 1 7 110
Gravel ceceecccamcccuammanana 10 30 Gravel, COArS€ aceuacaaananad 4 114
Gravel, 100S€ caccccmauamuna 10 40 Water gravel _occccmceoaaa-d 1 115
Gravel, tight o e ccccecaaaan 10 50 Cement gravel oo ococonaooad 2 117
Cement gravel ccceceeccmeun-" 5 55 Water gravel cacocacoaooooo- 3 120
Cement gravel and boulders . 5 60|| Cement gravel caueaoaaoaao. ] 15| 135
Gravel, loose (some water).__ 5 65 Cement gravel and boulders .. 5 140
Gravel, coarse, and sand.... 15 80|l Water gravel mue e o ooL.. 2| 142
Gravel, COArSean —nmcuunmnana 10 90 || Silt and gravel - ccaoacaoaaool 2 144
Cement gravel me oo cccccans 7 97|| Water gravel —eooooooeoooo 5| 149
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beds of sand and gravel that are capable of
yielding several hundred gallons of water per
minute to wells, More than 130 feet of these
deposits was penetrated at test well 46—114—
29dbd* in Pilgrim Creek valley. The thick-
ness and the character, however, probably
differ greatly from placeto place. These de-
posits were not penetrated by test drilling in
the Buffalo Fork area, but probably occur in
most of the major stream valleys,

LACUSTRINE DEPOSITS AT BUFFALO FORK

Lacustrine deposits overlie bedrock in test
holes and wells drilled near the junction of
the Snake and Buffalo Fork Rivers. (See fig.
6.) They consist of light-grayvery fine sand,
silt, and clay, and some beds of coarser sand
and gravel, These deposits yield small quan-
tities of water to some wells,

GLACIAL DEPOSITS

Glacial deposits occur along the east side
of Jackson Lake and cover most of the south
half of the project area, They consist of un -
sorted to partly sorted boulders, cobbles,
gravel, sand, silt, and clay, and differ greatly
in their water-bearing properties. The major
deposits of glacial outwash lie south of Signal
Mountain and east of Two Ocean Lake, Out-
wash will yield water to wells where satu-
rated, but most of it has been drained. Most
of the glacial deposits, however, are poorly
sorted and will generallynot yield appreciable
amounts of water,

UNDIFFERENTIATED DEPOSITS OF QUATERNARY AGE

Deposits of Quaternary age that cannot be
assigned to specific units without detailed
study are called undifferentiated deposits of
Quaternary age. These sediments underlie
surficial glacial depositsto a depth of several
hundred feet along Jackson Lake southof Ari-
zona Creek and yield water to wells at the
Berol Ranch, at Signal Mountain Lodge, and at
Jackson Liake Campground,

MOVEMENT OF GROUND WATER

In general, ground water moves southward,
following the trend of surface drainage,
through Jackson Hole. Water bodies, partic-
ularly Jackson Lake and the Snake River,
serve as local base levels that control ground-
water movement, Differences in permeability
of rock units modify this general trend; rocks

of low permeability impede ground-water
movement and partly isolate some of the
aquifers,

Ground-water reservoirs are recharged by
direct infiltration of precipitation, by seepage
of surface water, and by underflow of ground
water from adjacent areas, Only a small part
of the precipitation infiltrates to the ground-
water reservoirs; most runs off or is evapo-
rated and transpired. Where the surface is
very permeable, as in parts of Pilgrim Creek
valley and in the outwash deposits south of
Signal Mountain, a greater proportion of the
precipitation reaches the aquifers than else-
where,

Water is discharged by evaporation and
transpiration, by seeps and springs, by dis-
charge directly to streams and lakes, and by
underflow, Only a small amount is discharged
by wells,

Ground-water levels reflect recharge-
discharge relations of aquifers, Changes in
these relations, such as seasonal fluctuations
in recharge, cause water levels to rise or de-
cline, Changes in the level of Jackson Lake
or the Snake River, by altering local base
level, also create changes in recharge-dis-
charge relations, The efficiency of the hy-
draulic connection between a ground-water
reservoir and the lake or river determines
the degree to which water levels are affected,
Records near Jackson Lake are short and in-
conclusive but seem to show a slow response
of ground-water levels to changes in lake
level (fig. 4); this response indicates that the
hydraulic connection is rather poor. Water
levels in well 45-114—-23ccd, in the Buffalo
Fork area near the Snake River respond al-
most immediately to changes in river stage;
this response indicates that the hydraulic
connection is good (fig, 7).

SPECIAL AREAS OF INVESTIGATIONS

Special emphasis was given to the investi-
gation of five small areas: The Buffalo Fork
area near the junction of the Buffalo Fork and
Snake Rivers;the Pilgrim Creek valley area;
the Jackson Lake Campground area; the Col -
ter Bay reservoir area near the storage tank
that stores Colter Bay’s water supply in the
NW% sec. 36, T, 46 N,, R, 115 W,; and the
Lizard Point Campground area, Ground wa-
ter fromthese areas was desired by the Park
Service,
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Figure 4, —Stage of Jackson Lake and water levels in nearby wells, Datum is mean sea level, (Lake levels from records of the U.S, Bur,
Reclamation,)

Eight test wells and one test hole were
drilled in these areas by a private drilling
contractor, and threetest holes were augered
by the Geological Survey in the Buffalo Fork
area, Cuttings from the test holes and test
wells were examined., Graphic logs of the
holes are shown infigure 5, and locations are
shown in plate 1.

During the drilling of the test wells, brief
bailing tests were made as water-bearing
materials were penetrated, The quantities of
water obtained during the tests are shown in
figure 5, These data are useful for compar-
ing the relative permeability of materials,
but they do not indicate potential yields of
aquifers except in a relative way.

BUFFALO FORK AREA

GEOHYDROLOGIC SETTING

Three auger holes and one test well were
drilled along the Snake River near the junc-
tion with the Buffalo Fork River. Three geo-
logic units were recognizable: (1) Bedrock,
(2) lacustrine deposits, and (3) alluvial sand
and gravel, The bedrock penetrated during
drilling, a bluish-gray soft shale, is part of

the Late Cretaceous sequence mapped as
lenticular sandstone, shale, and coal and Ba-
con Ridge Sandstone, Overlying the bedrock
is a sequence of light-gray very fine to fine
sand and silt and some coarser material, J,
D, Love (oral commun,, 1961) measured and
examined in detail about 75 feet of similar
deposits exposed in a roadcut a mile east of
the test holes and identified them as lacus-
trine., These lacustrine deposits, of late Qua-
ternary age, are overlain by a thin cover of
alluvial sand and gravelat thetest-hole sites,
(See figs. 5 and 6.)

The Buffalo Fork River valley in the vicin-
ity of the test holes was cut into bedrock to a
depth of about 100 feet below the level of the
present valley. A lakelater covered the area,
and thick lacustrine deposits filled the valley.
Most of the lake deposits have been removed
by erosion, and some have probably been
buried by outwash deposits of the Pinedale
Glaciation,

During the Pinedale Glaciation, the Snake
River was diverted from the western part of
Jackson Hole to its present course east of
Signal Mountain, The river has cut a narrow
passagebetweenthe Pacific Creekand Buifalo
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Figure 6. —Diagrammatic section showing the probable relations of alluvium, lacustrine deposits, and bedrock near the
junction of the Snake and Buffalo Fork Rivers, (Location of section shown on pl, 1.)

Fork River valleys., Three main terraces, as
well as several discontinuous terraces, are
recognizable in this short reach. The highest
terrace is about 60 feet above the Snake River
and is associated with the Pinedale outwash
plain, The middle terrace is about 15 feet
above the river, and the lowest terrace about
10 feet, The flood plain of the Snake River is
narrow in the vicinity of test well 45-114-23
ccd but becomes wider downstream,

The alluvium is the most permeable aquifer
inthe Buffalo Fork area, but it is mostly thin,
The thickest alluvium known in the area is 31
feet at test well 45-114-23ccd, which is about
70 feet east of the Snake River on the 10-foot
terrace, Auger hole 45-114—26bacl, which is
a quarter of a miledownstream on the 10-foot
terrace, penetrated 15 feet of alluvium that is
almost entirely above the water table. Auger
holes 45-114—-26bac2 and —26bbd, which are on
the flood plain, penetrated only a few feet of
saturated alluvium,

A few feet of permeable lacustrine deposits
were penetrated by test well 45-114—23ccd
and auger hole 45-114—26bacl, but most are
of low permeability, Two screened wells on
the 15-foot terrace about a quarter of a mile
east of the auger holes yield small quantities
of water from lacustrine(?) sand deposits,
According tothe driller,both wells penetrated
fine (lacustrine?) sand to a depth of about 60
feet, Well 45-114-26abbl bottomed in clay
(bedrock?) at 60 feet,andwell 45-114—26abb2
penetrated clay (bedrock?) to a depth of 200
feet, No water was noted below 60 feet,

MOVEMENT OF GROUND WATER

The Snake River isthe major source of re-
chargeto the alluvial and lacustrine deposits
in the vicinity of test well 45-114-23ccd. The
river and the alluvium arehydraulically con-
nected, and the water table in the alluvium
relates closely to the river stage (fig. 7\
The lacustrine deposits are generally of low
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permeability, and water moves much slower
through them than through the permeable
alluvial deposits. Some water is interchanged
between the two aquifers and thus, indirectly,
betweenthe river and the lacustrine deposits,

PILGRIM CREEK VALLEY AREA

GEOHYDROL.OGIC SETTING

Threetest wells were drilled in the Pilgrim
Creek valley about 3 miles north of Jackson
Lake Lodge. To conserve drilling funds, the
contracting officer for the Park Service
stopped the drilling of two of the test wells
before bedrock was reached., The third (46—
114-29adc*) penetrated tuffaceous light-gray
to white claystone and gray clayey sandstone
of the Colter Formation that contained abun-
dant blackand red basalt and andesite grains,
Overlying the bedrock was a zone of mostly
well-sorted black and red sand and gravel
derived from the Colter Formation. This
distinctive zone was not penetrated in other
test wells, Most of the unconsolidated de-
posits can be grouped into a sand and gravel

zone (fig. 5), which consists of poorly to well-
sorted sand and gravel containing a little silt
and clay. Unsorted deposits ranging from
clay to cobbles overlie the sand and gravel.
The lower part of this unsorted zone at test
wells 46—114-29dbc* and —29dbd* contained
no cobbles and less coarse gravel than the
upper part, (See fig, 5.)

The forks of Pilgrim Creek flow onbedrock
a short distance above their junction, but be-
low this junction a thick layer of sediments
overliesthe bedrock. Before the end of Pine-
dale Glaciation, Pilgrim Creek valley had
been cut and refilled nearly to its present
level; the refilling partly buried drainage
divides in the lower reaches. Since Pinedale
time, glacial deposits, predominantly out-
wash, which were added to the valley fill,
have been partly reworked,

Test drilling penetrated the coarse perme-
able deposits near the junction of the forks of
Pilgrim Creek. Test well 46—114-29adc* is
500 feet downstream fromthe junction and 50
feet west of the high-water bank, Test wells
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Figure 7,~—Relation of the water level in well 45~114-23ccd to the stage of
the Snake River near the well, Datum is mean sea level,
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Material Thick- Depth
ness

Production well log

[Upper materials are shown on graphic log
of adjacent test well 46—114—29dbd* (fig, 5).
Total depth of test well was 151,5 ft}

Fine and coarse sand, pea

gravel, and silt ..o oo 15 165
Fine and coarse sand and

pea gravel - oL 20 185
Gray quicksand.._ ... T 192
Gray quicksand and gravel | 9] 201

46—114—29dbd* and —29dbc* are about 0.4 mile
farther downstream and 200 and 700 feet, re-
spectively, west of the high-water bank, No
other wells are known in the valley. Two
flowing wells east of Jackson Lake Dam prob-
ably penetrate deposits similarto those inthe
lower part of the Pilgrim Creek valley, The
wells (45-114—17cac and —18dcb) reportedly
penetrate clay and fine sand to depths of 450
and 307 feet, respectively, but written logs
are not available.

In the fall of 1962, after completion of the
test drilling and fieldwork for the study, a
production well was drilled a few feet from
test well 46—114-29dbd*, and the test well was
destroyed. The well was drilled to a depth of
201 feet, about 50 feet deeper than the test
well, The driller’s log of that part of the well
below 150 feet is shown above.

MOVEMENT OF GROUND WATER

The unsorted zone that underlies the sur-
face of the valley in the vicinity of the test
wells ispermeable and adsorbs water quickly,
The discharge of 130 gpm from test well 46—
114-29dbec* during the 24 -hour pumping test
seeped into the ground within 150 feet of the
well, (See section on “Results of pumping
tests.”) On the west side of the valley about
a mile northeast of the highway, a small inter-
mittent stream enters the valley, All the wa-
ter from this stream seeps into the valley-
fill deposits.

Most of the rechargeto the aquifer is seep-
age from Pilgrim Creek. On June 17, 1960,
flow of the creek was 197 cfs (cubic feet per
second) at a point 4,500 feet downstream
from the junction of the forks of Pilgrim
Creek, and was 176 cfs at a point about 2%

miles downstream from the junction and 300
feet downstream from the old highway bridge,
These measurements indicate a reduction in
flow of 21 cfs, or nearly 14 million gallons
per day, in this reach., The amount of water
evaporated and transpired is unknown but
probably is small compared with the amount
that seeps into the aquifer,

Recharge tothe aquiferfrom Pilgrim Creek
varies considerably through the year. The
flow was measured during the season of high
flow, but the stream was not at its highest
level, Measurements at other times of the
year would show a wide variation, Above the
junction of the forks the flow is perennial,
but in the late summer of dry years, the flow
disappears between the junction and the old
highway bridge.

In the lower part of the valley, below the
old highway bridge, the situation changes; the
water table intersects the land surface and
ground water discharges into Pilgrim Creek,
other small streams, and marshes. The
principal reason for the change is probably a
decrease in permeability, which retards the
flow of ground water, In the lower valley,
surface deposits are composed of fine mate-
rials of low permeability, and most of the
valley fill is probably less permeable than
are deposits in the upper valley,

Water-level fluctuations of as much as 36
feet were measured in the test wells during
this study (table 4). Because changes inlevel
mainly reflect changes in recharge, an even
greater range in water level should be ex-
pected over a period of wet and dry years,

JACKSON LAKE CAMPGROUND AREA
GEOHYDROL.OGIC SETTING

Two test wells were drilled west of Signal
Mountain at the south edge of Jackson Lake
Campground, The first test well was drilled
about 150 feet east of Jackson Lake, the se-
cond was drilled about 150 feet southwest of
the first and about 70 feet east of the lake.
The wells penetrated four distinct units: (1)
An upper unsorted unit, (2) a sand and gravel
unit, (3) a lower unsorted unit, and (4) a sand
unit, The sand and the sand and gravel units
yvield appreciable quantities of water, They
are separated by poorly permeable unsorted
deposits and constifute two aquifers, (See
fig, 5.)
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Table 4. —Depths to water (feet below land surface) in
observation wells in the Pilgrim Creek valley

Date '46—1 14-446—114—{46—114—

29adc*| 29dbc* | 29dbd*

1961

June 22 .. __ 5,25 [ ccceee | amaaaa
23.._... 5.36 | -cueoe 17.17

24______ 5.46 | 29,04 |...__.

25 ... 5.51 | 29,14| 17.54

26..___._ 5.61| 29,20| 17.61

27 .. 5.68| 28,99| 17.99

28______ 5.76 | ccemen 18,15

29. .. .. 5.83| 29,65| 18.16

30 ceea- 6.20| 29.83| 18,31

July N RO 29,99| 18.44
N, 6.84 | 30.11| 18,57

5o 7.57| 30.60| 19.33

 J— 8.15]| 30.97| 19,95

Toee 8.80 | 31,57{ 20,73

 J 9,10 | 31,97 21.17

11_ ... 10,18 | 33.68| 22,96

< TR U 34.88| 24,15

14._____ Y1470 | oo 24.88

19 ... 15.63 | ooeee 27.45

21_____. 70 L 28.34

28_____. 17,79 | coceee et

August 2 e 19.39| 146,56 [.o---.
4_ .. 19,84 | ____._ 33.75

12.__._. 21.47| 48.90| 35.31

17 .. 22.88| 50.50| 37.98

September 21._____. 33.00 59,86 | 47.70
October  16._._.__ 39.30 | 63.34| 50.18
November 14...__. 23.28 | 48.89| 30.18
150 e . 23.48 | 48.18| 29,27

16 .. 23.36 | 47.66| 28.84

i S 23.27| 47.50| 29,36

1962

June 25 e 12,68 27,70 14,29
August 10cooe 23,17 | 39.36| 26,44
September 8..._.. 33.05| 50,98| 38.76

1Well construction changed, (See table 3,)

More data will be required before the de-
posits canbe properly correlated, but all pre-
sumably are of Quaternaryage. The unsorted
surface deposits are Pinedale drift and part
of the moraine bounding Jackson Lake, The
lower unsorted unit is probably glacial drift
and represents either an earlier phase of the
Pinedale Glaciation or the Bull Lake Glacia-
tion, The areal extent of the aquifers and
their relationsto rocks in adjacent areas are
unknown,

Well 45—-115-24cdd, about 0.4 mile northis
reported to be 160 feet deep. No log is avail-
able. Water analyses show that the water
from this well is similar to water fromthe
sand and gravel unit penetrated by the test
wells,

MOVEMENT OF GROUND WATER

The water level in test well 45-115-25bca,
which receives most of its water from the
sand and gravel unit, seems to follow, with a
notable lag, changes in the level of Jackson
Lake and is generally lower than the lake
level, Only a few water-level measurements
have been made (fig. 4), and additional data
would be required before reliable conclusions
could be drawn, but Jackson Lake seéms to
be a major source of recharge to the sand
and gravel unit,

The rate of water movement between the
sand and the sand and gravel units is probably
low., The water level in the sand and gravel
unit is about 30 feet higher than that in the
sand unit,

COLTER BAY RESERVOIR AREA

One test hole (46—115-36bac¥*) was drilled
about 200 feet southeast of the concrete tank
that stores Colter Bay’s water supply. The
hole was on abenchon ahillside covered with
glacial drift and was about 130 feet higher
than the adjacent valleys, This area was
tested at the request of the Park Service be-~
cause of the convenience of the locationtothe
reservoir, rather than for geologic advisa-
bility,

The hole penetrated unsorted cobbles, gra-
vel, sand, silt, and clay from 0 to 66 feet, Mo-
rainal topography at the surface indicates
that at least the upper part is glacial; more
than one stage of glaciation may be repre-
sented. The material from 66 to 170 feet con-
sists of sandy yellowish-green and yellow
clay, sandy brown clay, clayey sand, and gra-
velly clay. The material from 170 to 200 feet
consists of unsorted clay, silt, sand, gravel,
and cobbles, The deposits couldnot be corre-
lated with known units, but 2all presumablyare
of Quaternary age,

No water was found, and drilling was
stopped at 200 feet, Most of the material
penetrated was of low permeability because
of poor sorting and abundance of clay and silt,
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Saturated material may not have been pene-
trated; the test-hole site is higher thanthe ad-
jacent valleys, and the material tested may
have been drained.

LIZARD POINT CAMPGROUND AREA

GEOHYDROLOGIC SETTING

Two test wells were drilled in the Lizard
Point Campground at the north end of Jack-
son Lake, The bedrock penetratedin test well
47-115-32abb* consists of greenish-gray soft
shaly sandstone, containing some very fine
gravel; it is probably part of the Frontier
Formation of Late Cretaceous age. The un-
consolidated deposits overlying the bedrock
can be divided into two zones. The water-
bearing lower zone consists of poorly sorted
to well-sorted sand and gravel, containing a
little silt and clay. The poorly permeable
upper zone consists of unsorted to poorly
sorted deposits ranging from clay to boul-
ders. (See fig. 5.)

A veneer of glacial material of Pinedale
age covers the tip of Lizard Point and over-
lies more than 100 feet of valley fill neartest
well 47-115-32abb*, Deep cuts scoured by
pre-Bull Lake ice sheets descend below the
valley fill in the vicinity, and test well 47—
115-29dca* penetrates sediments deposited
in one of these cuts.

MOVEMENT OF GROUND WATER

Recharge to the aquifer penetrated by the
Lizard Point test wells may be either by
semiconfined underflow fromupstream reach-
es of the Snake River, from precipitation in
the adjacent highlands, or both. The hydrau-
lic head inthe aquifer is above the lake, and
water levels in the test wells decline very
little when the lake is at low levels (fig. 4).
Deposits overlying the main aquifer, although
at least partly saturated, are relatively im-
permeable and act as a semiconfining bed
that prevents rapid drainage. Springs occur
at and below the line of high lake stage along
Lizard Point, They discharge from more
permeable zones inthe deposits overlying the
main aquifer, and most continue to flow even
when the lake remains at low levels for long
periods.

RESULTS OF PUMPING TESTS

Seven of the test wells were pumped for 24
hours each to determine yields and to evaluate

the aquifers. As observation wells were not
available, water levels were measured inthe
pumped wells during pumping and recovery,
The drawdown and recovery determined dur-
ing six of the tests are shown on graphs in
figure 8; because of mechanical difficulties,
the results of the seventh test (well 45-115—
25bbd) were questionable and are not shown,
The discharge of water from the wells, which
could not be closely regulated, wasmeasured
at irregular intervals during the tests.
Graphs of the discharge are shown with the
drawdown curves to show the influence of
changes in discharge.

In most of the test wells, the entrance area
through which water could move from the
aquifers into the wells was small, The wells
were drilled by cable tools, and casing was
lowered as drilling progressed, After the
well was bottomed, the casing was perforated
with quarter-inch slots opposite the coarser
grained beds only.

Specific capacity—the yield in gallons per
minute per foot of drawdown—of thetest wells
was determined from the pumping-test data
given in table 5, It was computed for the
longest period of pumping in which the dis-
charge was steady and the increase in draw-
down small, Because specific capacity is
directly related to the length of perforated
casing, other factors being equal, this length
is also shown on table 5.

A comparison of specific capacity of wells
can be used to estimate the relative effici-
ency of wells and the relative permeability of
aquifers, Specific capacity varies mainly
with well construction and development and
also with aquifer characteristics; it varies to
a much smaller degree withrateand duration
of pumping,

BUFFALO FORK TEST

A yield of about 40 gpm was desired by the
Park Service for possible additional facilities
to be constructed in the Buffalo Fork area,
but 40 gpm probably cannot be sustained by
test well 45-114—-23ccd. The well was pumped
at various rates for short periods before be-
ginning the 24-hour pumping test. It was
pumped successfully for a short time at 43
gpm, but when the rate was increased to 50
gpm, it partly filled with sand and silt, After
additional cleaning and development, the well
was pumped successfully for 24 hours at an
average of 30 gpm, Because of the danger of
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Figure 8, —~Water-level and discharge fluctuations of test wells during pump-
ing and recovery tests,
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Table 5.—Specific capacity of test wells

SPeCifi((? ca- Time (min-| 1 oo of
pacity (gal- Discharge en, (o}
Well lons per min- | (gallons per Dragv d::)wn utes after perforated
ute per foot minute) (feet) p;mpm)g casing (feet)
of drawdown) egan
45-114-23cCduccn e 2.7 30 11.23 900 2
45-115-25bbd . c e e 43 12.5 29.21 50 lo
25DCA m e e 10 118 11,16 1,110 4 1/2
46—-114—29adce* oo ooao.. 35 155 4,43 1,380 6
29dbe* Lo 37 135 3.62 180 K
29dbd¥* _ ... 100 150 1,47 1,440 28 1/3
47-115-32abb* ___ ___ .. 19 96 . 5.06 1,020 4 1/3

1Water entered well through bottom of casing; no open hole below casing.

pumping sand and silt, the discharge should
probably be kept below 30 gpm, if the test well
is to be utilized. Some sand will probably be
pumped by the well even at a moderate dis-
charge.

The tests indicate that the formation at the
site of the test well can yield more than the
desired 40 gpm. A replacement well of dif-
ferent construction or a second well used
with the test well should obtain the desired
yield, Areplacement wellmust be constructed
so that a larger entrance area is obtained,
possibly by screening and sand packing some
of the formation above the coarse zone per-
forated in the test well. The fine sand zone
directly above this coarse zone (fig, 5) pre-
sents a problem, and proper sizing of the
screen and sand pack would be necessary to
prevent sand pumping,

If two wells are used, they should be spaced
at least 100 feet and preferably 200 feet
apart, Interference between them should be
small at moderate discharges because the
source of recharge, the river, is near, The
tcst well was drilled in an old alluvium-filled
channel and penetrated thicker alluvium than
is present in most of the area. The old chan-
nel probably follows much the same course
as the present river (fig, 6), but its precise
location is known only at the test well, Addi-
tional test drilling could locate the thicker
alluvium more precisely.

PILGRIM CREEK VALLEY TESTS

Ayield of about 200 gpm is needed fromthe
Pilgrim Creek valley area by the Park Ser-
vice for immediate use at the Colter Bay and
Jackson Lake Lodge developments, Pumping
tests indicated that test well 46—114—29dbd*

could supply the immediate needs of 200 gpm
and that additional wells in the general area
could supply the future needs,

Test well 46-—114-29adc* was pumped 24
hours at about 150 gpm with a drawdown of 4
feet. Test well 46-114—29dbc* was pumped
at about 130 gpm with a maximum drawdown
of 3.6 feet, A discharge of more than 200
gpm could have been obtained from either
well by using alarger pump. Both wells were
abandoned in favor of test well 46—114—29dbd¥,
which yielded 150 gpm with only 1,5 feet of
drawdown, The production well that was
subsequently drilled adjacent to test well 46—
114-29dbd* yielded 270 gpm with 5 feet of
drawdown during a 4-hour test,

The water discharged from test well 46—
114-29dbc* flowed less than 150 feet before
it disappeared into the permeable valley-fill
deposits, The water returned to the aquifer
and interfered with the test. The graph of the
drawdown and recovery (fig, 8) shows the in-
fluence of the returning water, Within afew
minutes after pumping stopped, the water
level rose more than a foot above the static
level and then declined slowly as the head of
returning water declined., The other test
wells were near the stream, and most of the
water discharged from these wells ran to the
stream,

JACKSON LAKE CAMPGROUND TESTS

Brief bailing tests made during drilling of
the first test well (45—115-25bbd) in the Jack-
son Lake Campground area yielded about 60
gpm from the upper aquifer (sand and gravel
unit), but only a trickle of water could be ob-
tained when the casing was perforated, A
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decline in the level of Jackson Lake of about
10 feet between the time of thebailing tests
and the perforation of the casing may have
caused a sufficient drop inhead to account for
the loss of water to the well, More probably
the loss was caused by the accidental sealing
off of the formation near the casing during
drilling operations, The lower aquifer (sand
unit) was pumped at 20 gpm for 24 hours, but
attempts to increase the yield were unsuc-
cessful, Because a minimum yield of 30 gpm
was desired, the well was filled in and aban-
doned,

The second test well (45-115-25bca) was
pumped at about 115 gpm for 24 hours with 11
feet of drawdown; this well could probably
yield 200 gpm, The casing was perforated
opposite both aquifers (fig, 5), During the
pumping test, all the water discharged from
the well probably came fromthe upper aquifer
because the water level did not drop below the
head in the lower aquifer. The head in the
lower aquiferis several tens of feet lessthan
that in the upper; so, in the well, water is
continually being discharged from the upper
aquifer into the lower. The lower aquifer
should be sealed off toprevent continued leak-
age, and, if more water is needed, the aqui-
fers should be tapped separately.

LIZARD POINT CAMPGROUND TEST

A yield of about 15 gpm is desired by the
Park Service for proposed facilities at Li-
zard Point Campground, Yields larger than
15 gpm could have been obtained from either
of the test wells in the area., Test well 47—
115-29dca* was bailed at about 25 gpm but
was abandoned in favor of test well 47-115—
32abb¥*, which had a much higher yield, Test
well 47-115-32abb* was pumped for 24 hours
at about 96 gpm with 5 feet of drawdown, This
well probably has a maxium yield of more
than 200 gpm,

QUALITY OF GROUND WATER

Thirteen water samples were collected
from 11 wells in Quaternary deposits, and 1
sample was collected from a well in the Biv-
ouac Formation, Results of the Chemical
analyses determined by the Geological Survey
are given in table 6, The water is of gener-
ally good quality for drinking and most other
purposes, (Well 45-114-26abbl, which taps
lacustrine(?) sand, had a dissolved-solids
content of 321 ppm {parts per million); all
other samples had dissolved solids ranging
from 87 to 145 ppm. No samples could be

obtained from pre-Quaternary rocks except
from the Bivouac Formation; water from
some older rocks may have a much higher
dissolved-solids content than the sampled
waters,

Estimates of dissolved solids in a water
canbe made from the specific conductance of
the water, (Specific conductanceis expressed
in reciprocal ohms per centimeter times
10" —micromhos per centimeter at 25°C,)
The dissolved-solids content in parts per
million of water derived from Quaternary de-
posits of the areais approximately 60 percent
of the specific conductance, Field determina-
tions of specific conductance were made
wherever possible and are shown in table 3,
More accurate laboratory determinations are
given in table 6,

POSSIBILITIES FOR FUTURE GROUND-WATER
DEVELOPMENT

Additional ground water may be obtainedin
many parts of the project area for domestic,
stock, or small public supplies., Larger
public supplies may be developed in parts of
the Pilgrim Creek valley.

For the purpose of the following discussion,
the terms “small,” “moderate,” and “large”
quantities of water have been given the arbi-
trary values less than 20 gpm, 20 to 80 gpm,
and greater than 80 gpm, respectively,

DEPOSITS OF QUATERNARY AGE

Quaternary deposits are the most promis-~
ing sources of additional ground water. Seven
areas where they might be tapped are out-
lined on plate 1 and are discussed below,

AREA 1

Yields of as much as 1,000 gpm may be
expected from wells in parts of the Pilgrim
Creek valley (area lon pl. 1), More than 100
feet of saturated highly permeable valley fill
is known and 200 feet or more may be pre-
sent. Because of the relief of the bedrock
surface underlying the valley fill, thickness
of the fill will differ considerably from place
to place, Wells should penetrate the greatest
thickness of saturated fill available because
water-level fluctuations are extreme (table
4), When recharge decreases during dry per-
iods, several tens of feet of the valley fill
may be dewatered; shallow wells may
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decrease in yield or go dry, Test drilling
prior to construction of permanent wells is
recommended,

AREA 2

Two deep flowing wells east of Jackson
Lake Dam reportedly penetrate clay and fine
sand, but no written well logs are availablein
area 2, The valley fill is probably composed
mostly of fine materials up to several hun-
dred feet thick, which should yield small to
moderate quantities of water. Some coarser,
more permeable materials, which would yield
greater quantities of water, may be present
at depth in parts of the area, Surface depo-
sits in most of the area are of low permea-
bility, and water is semiconfined; wells in
topographically low parts of the area should
flow,

Bedrock is exposed near Jackson Lake
Lodge, and the valley fill east of the lodge is
probably much thinnerthan elsewherein area
2, Large quantities of water have been ob-
tained from springs in the seep area east of
the lodge and additional supplies could prob-
ably be developed in that locality.

AREA 3

The nature and thickness of the valley fill
is unknown in most of area 3. A few shallow
wells have derived water from gravel; some
have gone dry during the winter, Valley fill
underlying the gravel probably is mostly fine
grained and moderately thick, becoming
thicker and finer grained toward the west,
Additional shallow wells may yield small to
moderate quantities of water, More depend-~
able yields might be obtained from deeper
wells; Test drilling before installation of
permanent wells is recommended.

In sec,1 and 12, T, 45 N,, R, 114 W,, parily
reworked glacial outwash will probably yield
small to moderate water supplies where sat-
urated, The stream draining Two Ocean Lake
has cut deeply into the outwash in sec, 12 and
has drained much of the material, The stream
does not flow throughout the year in its lower
reach, and wells must be drilled m{my feet
below the level of the stream to obtain a per-
ennial water supply.

AREA 4

Small to moderate yields of water imay be
obtained from alluvial gravelin parts of area

4,but, in much of the area, the saturated gra-
vel is too thin to form a good aquifer. The
water table closely follows the stages of the
rivers (fig. 7), and wells that penetrate only
a thin saturated zone may have low yields and
may go dry during low river stages,

In much of area 4 lacustrine deposits un-
derlie the alluvium to depths of as much as
100 feet, Most of the lacustrine deposits are
poorly permeable, but some coarser well-
sorted zones will yield small quantities of
water, The water in these deposits is of
poorer quality than that in the alluvium butis
suitable for most uses,

The alluvial fan in the southern part of
area 4 is probably composed predominantly
of fine materials, The deposits are probably
of low permeability but may yield small
amounts of water,

AREA 5

Moderate to large quantities of ground
water can probably be obtained at most loca~
tions in area 5, At the south tip of Lizard
Point in the vicinity of test well 47-115—
32abb*, yields of as much as 100 gpm can be
expected, The thickness of the saturated per-
meable material is probably greatest toward
the southwest, Along the east side of Lizard
Point, yields will be smaller, but moderate
quantities of water are probably available at
most locations, Wells drilled between Lizard
Point and Lizard Creek will probably yield
moderate quantities of water, but astest holes
have not been drilled in that locality, the na~
ture and thickness of the material is unknown,

AREA 6

In much of area 6 glacial drift covers un-
differentiated Quaternary deposits that will
probably yield small to moderate quantities
of water, The depth of a well depends on the
types of materials penetrated and the altitude
of the well site, Topographically high areas
may be drained, and wells in these areas
must bedrilled deeper to penetrate saturated
deposits, Small to moderate quantities of
water may be derived from shallow wells in
glacial deposits near Arizona Creek and at
other favorable localities,

AREA 7

Several wells along the southeast edge of
Jackson Lake in area 7 yield moderate to
large quantities of water, Little is known of
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the extent of the aquifers, but possibilities
for the development of additional wells in this
area seem to be good,

DEPOSITS OF PRE-QUATERNARY AGE

Several pre-Quaternary formations are
potential aquifers (table 1), but only the Biv-
ouac Formation has beentested in the project
area, West of Signal Mountain the Bivouac
Formation may yield small quantities of wa-
ter to deep wells, Of the other pre-Quater-
nary rocks, the Harebell Formation and Bacon
Ridge Sandstone are the most promising po-
tential aquifers. Because of the complexity
of the geology, each proposed well site should
be investigated in as much detail as possible
before drilling,
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