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GEOHYDROLOGIC EVALUATION OF STREAMFLOW
RECORDS IN THE BIG WOOD RIVER
BASIN, IDAHO

By Rex O. Smrre

ABSTRACT

The Big Wood River basin covers an area of about 3,300 square miles in
south-central Idaho. A preliminary study was made both of the geologic and
ground-water conditions in the vicinity of stream-gaging stations on the Big
Wood River and its tributaries and of the effects of those conditions on stream-
flow. The accuracy or validity of streamflow records was not questioned, but
information was sought on the relation of measured streamflow and water
yield (total outflow through either surface channels or subsurface aquifers)
of the basin above the gaging stations where the records were collected.

Streamflow records give essentially the water yield of a drainage basin above
the gaging station if there is little or no ground-water underflow from the
basin. However, stations situated where geologic conditions allow consider-
able water to pass ungaged, by underflow beneath or around the gage, will not
record the water yield.

The extent of further agricultural or commercial development and the sta-
bility of existing development in areas where much water is used or needed
may depend upon adequate appraisal of the water yield of a basin or a part
of a basin.

The water yield of the Big Wood River basin is not estimated in this report,
but the geohydrologic conditions that affect the adequacy of existing records
in measuring the water yield are assessed.

The formations exposed in the basin range in age from Precambrian to
Recent, and include a wide variety of rock types. These may be grouped
broadly as pre-Tertiary sedimentary rocks, pre-Tertiary granitic rocks, Ter-
tiary intrusive rocks, Tertiary volcanic rocks, basalt of Quaternary age, un-
consolidated Quaternary sediments, and Quaternary windblown materials.

The pre-Tertiary sedimentary and granitic rocks and the Tertiary intrusive
rocks are not important aquifers, although locally they yield small amounts
of water, The Tertiary volcanic rocks yield small to moderate amounts of
water to springs. Basalt of Quaternary age is the principal aquifer in the
southern third of the basin. Unconsolidated Quaternary sediments, consisting
of coarse sand and gravel with tongues and lenses of silt and clay, are the
principal aquifers in the valleys and lowlands of the northern mountainous
half of the basin.

The geohydrologic conditions at some gaging stations in the Big Wood River
basin are relatively simple, requiring little explanation or interpretation. A
station on Warm Springs Creek at Guyer Hot Springs near Ketchum, and
another on the West Fork of Fish Creek near Carey, for example, provide
records that seem to accurately represent the water yield of the drainage area
above the stations. At those stations subsurface movement of ground water

1



2 EVALUATION OF RECORDS, BIG WOOD BASIN, IDAHO

through the alluvial valley fill is a negligible part of the water yield, and the
relatively impermeable bedrock beneath the alluvium transmits little or no
ground water,

The records from other stations do not represent the water yield of the
basin. Notable examples are stations in the alluvium-filled upper valley of
the Big Wood River, and along the northern edge of the Snake River basalt,
where an appreciable part of the water yield is ground-water underflow.
Ungaged ground-water underflow through alluvium in the Big Wood River
valley probably is a significantly large part of the water yield of the basin
above the stations on the Big Wood River near Ketchum and at Hailey. Much
of the water yield of the Silver Creek drainage area and possibly an appre-
ciable part of the water yield of the Camas Creek drainage area enter the
basalt of the Snake River Plain upstream from gaging stations and leave those
subbasins as ungaged underflow. The amount of ungaged ground-water under-
flow that passes through alluvium and basalt in the Little Wood River valley
and which eventually enters the basalt of the Snake River Plain is unknown,
but it may be a large part of the water yield of the Little Wood River drain-
age area. Much of the water yield of the Fish Creek drainage area enters
basalt and alluvium upstream from the Fish Creek gaging station and bypasses
the station.

Elsewhere in the Big Wood River basin, especially in extensively irrigated
areas on the Snake River Plain, complex geologic and hydrologic factors such
as ground-water underflow through permeable basalt, importation of Snake
River water for irrigation, ground-water recharge derived from imported
water, return of ground water at shallow depths to surface streams, and
exchange of water between canals, limit the usability of station records in
appraising water yield. An analysis of the ratio of ground-water to surface-
water discharge, and the relation of each to the water yield in these areas is
not possible from available data. Nevertheless, these stations retain their
basic value of recording streamflow at the stations and seepage losses between
stations. The large volume of ground water that moves beneath these stations
includes recharge contributions from the Big Wood River basin and other
basins to the east.

The water yield of specific basin segments could be computed if adequate
ground-water data were available from strategically located gaging stations.
A more detailed study of water resources in the Big Wood River basin seems
to be warranted.

INTRODUCTION

PURPOSE AND SCOPE OF REPORT

The Big Wood River basin is an important agricultural area in
southern Idaho. Existing agriculture depends largely on storage,
diversion, and utilization of surface water for irrigation. In recent
years, however, ground water has been tapped to furnish water for
irrigating additional land and it will probably be the source of water
used in future development of irrigation. Thus, the water yield of
the Big Wood River basin is of direct concern and important to all
water users in the basin. Water yield is defined by Langbein (1949)
as the total outflow from a drainage basin through either surface
channels or subsurface aquifers.
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Stream-discharge measurements afford records of the amount of
water flowing on the surface past a given point. At most gaging
stations in the Big Wood River basin the amount of water dis-
charged at the surface is not the water yield of the drainage basin
above the station, because some water either passes beneath or around
the station as ungaged underflow or leaves the basin as underflow
upstream from the gage. The amount of underflow may range from
a small amount to a very substantial part of the water yield. For
that reason determination or estimation of the amount of ungaged
water that leaves the basin would be very useful for further develop-
ment and utilization of water supplies.

The data herein supplement a previously published evaluation of
the effect of surface-water diversions on streamflow records of the
Big Wood River basin (Jones, 1952). The purpose of the present
investigation was to ascertain the nature and significance of geologic
factors that affect the occurrence and movement of ground water,
the rate of discharge in surface streams, and the applicability of
records of discharge at gaging stations. Study of the geologic fac-
tors is one step in evaluating the gage records as measures of the
water yield of the basin above the stations. The purpose, then, is
not to estimate water yield, but to describe and evaluate the geo-
hydrologic factors that should be considered by those who may make
such an estimate.

Recognition and use of geohydrologic data are essential to full
interpretation and evaluation of streamflow records, whether to form
estimates of water yield or to explain or adjust apparent variations
and anomalies in the records themselves. Geohydrologic informa-
tion now available for the Big Wood River basin is not a sufficient
basis for accurate evaluation of streamflow records from all stations,
chiefly because geologic and ground-water data for the vicinity of
most gages are not adequate to permit computation of the amount
of ground water discharged by underflow from various parts of the
basin. Nevertheless, the data do assist quantitative estimation of the
relative proportions of gaged surface flow and ungaged underflow
at some locations. At most other locations qualitative estimates can
be made.

Geologic and ground-water data are pertinent considerations in
the selection of gaging-station sites and in the evaluation and inter-
pretation of station records. This report, in addition to assisting
evaluation of records from the Big Wood River basin, seeks to
enumerate and cite illustrations of certain types of geohydrologic
factors that affect the suitability of station sites.

The sections of the report entitled “Geography,” “Water-bearing
properties of geologic formations,” and “Geohydrology of subdivi-
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sions of the Big Wood River basin” provide the background for the
subsequent section, “Geohydrologic appraisal of gaging-station rec-
ords.” The first three sections emphasize the outstanding geographic
and geohydrologic features of the Big Wood River basin, such as
the distinetly different types of terrane within the basin, the diverse
character of the rocks and their capacities to store and transmit
water, the infiltration capacities of rocks and sediments, and the
locations of surface and subsurface drainage divides.

Field investigation by the writer, between September 15 and
November 7, 1952, consisted chiefly of a reconnaissance of the gen-
eral regional geology and hydrology of the basin, and more careful
study in small local areas, with special emphasis on geologic and
ground-water conditions in the vicinity of each stream-gaging sta-
tion. In critical and key areas a few representative water wells were
canvassed, their water levels were measured, pumpage information
was collected (table 2), and well logs were compiled. Mosaics of
aerial photographs of the area were used as a field base for recon-
naissance mapping of areas for which existing maps were unsatis-
factory.

The investigation was under the immediate supervision of R. L.
Nace, district geologist, Boise, Idaho. J. W. Stewart and R. W.
Mower assisted in canvassing wells and collecting drillers’ logs.
E. G. Crosthwaite reviewed the fieldwork and contributed many
helpful suggestions during the writing of the report.

LOCATION AND EXTENT OF AREA

The area here described includes the entire Big Wood River basin,
from its headwaters and upper main stem in the mountains of cen-
tral Idaho to the lower main stem and mouth on the Snake River
Plain. This basin, including the tributary areas drained by Camas
Creek, Silver Creek, Fish Creek, and the Little Wood River, occupies
about 3,300 square miles in south-central Idaho (index map, fig. 1),
and includes large parts of Blaine, Camas, Gooding, and Lincoln
Counties and a small area in northeastern Elmore County.

Hailey, the seat of Blaine County, is in the upper part of the
valley of the Big Wood River. Fairfield, the seat of Camas County,
is centrally situated in the Camas Creek basin (Camas Prairie).
Shoshone and Gooding, the seats of Lincoln and Gooding Counties,
respectively, are in the central part of the southern plains section
of the basin. The area is served by branch lines of the Union Pacific
Railroad, by U.S. Highways 20, 26, 93, and 93A, by State Highways
23, 24, 25, 46, and 68, and by many county roads.
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116° 114° 112°

..__._.__.L_————-J-l» 42
116° 114° 112°
FI1GURE 1.—Index map of Idaho showing area covered by this report.

WELL- AND SPRING-NUMBERING SYSTEM

The well-numbering system used in Idaho by the U.S. Geological
Survey indicates the locations of wells within official rectangular
subdivisions of the public lands, with reference to the Boise base
line and meridian. The first number and letter designate the town-
ship, and the second designate the range. The third number is the
section, and the two letters and the numeral that follow are the
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quarter section, the 40-acre tract, and the serial number of the well
within the tract, respectively. Quarter sections are lettered a, b, ¢,
and 4 in counterclockwise order, from the northeast quarter of each
-section (fig. 2). Within the quarter sections 40-acre tracts are let-
tered in the same manner. The serial numbers of the wells indicate
the order in which the wells were first visited within the 40-acre
tracts. For example, well 1S-18E-12bal is the well first visited in
the NE,NW1; sec. 12, T. 1 S., R. 18 E. Springs are numbered in
the same manner as wells, but a capital S is inserted between the
last two letters and the last numeral: 4N-18E-22cbS1.

PREVIOUS INVESTIGATIONS

A report by Stearns and others (1938) on the geology and water
resources of the Snake River Plain included data on the Big Wood

BOISE BASE LINE
‘RA3E. 14 15 16 17 18 19 20 21 R.22E
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FI1GURE 2.—Diagram illustrating well- and spring-numbering system.
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River basin. Piper (1924) reported on the geology and ground-
water resources of Camas Prairie. Chapman (1921) briefly de-
scribed ground-water conditions in the upper Big Wood River val-
ley. Several reports have been published on the geology and ore
deposits of local districts in the area. These include reports by
Umpleby, Westgate, and Ross (1930) on the Wood River region and
by Anderson and Wagner (1946) on the Muldoon mining district
of the Little Wood River basin. A detailed study of the geology
and mineralization of the Hailey-Bellevue mining district was made
by Anderson, Kiilsgaard, and Fryklund (1950). An evaluation of
the effect of surface-water diversions on streamflow records for the
Big Wood River basin was prepared by Jones (1952).
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GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

The headwaters area of the Big Wood River basin, containing
about one-third of the basin, is a rugged region having strong relief
(see pl. 1). The valleys of the Big Wood River and its tributaries
narrow and deepen upstream, becoming gorges in the headward
reaches. The mountain slopes rise steeply from the narrow valley
floors and form narrow interstream divides. The heads of some
tributary valleys open into well-developed cirques. The principal
geographic features are labeled on plate 2.
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The mountain summits along most of the basin divide northeast
of Ketchum, on the drainage divide and boundary between Custer
and Blaine Counties, are 3,000 to 4,000 feet above the principal
stream valleys and at some places attain altitudes of more than
10,000 feet above mean sea level. From the vicinity of Ketchum
southward to Bellevue some peaks attain altitudes of 8,000 feet or
more and the relief between mountains and valleys ranges from
2,000 to 2,500 feet. The only flat tracts are the narrow valley floors
and discontinuous river terraces in the valleys of the Big Wood and
Little Wood Rivers and some of their principal tributaries. Three
miles south of Bellevue the valley of the Big Wood River widens
abruptly and from there southward it has a broad, nearly flat floor
formed by unconsolidated sediments. The alluvial floor is bounded
on the west by mountains of moderate relief, on the northeast by
a steep mountain slope, and on the south by the Picabo Hills.

The Picabo Hills, which have moderately high relief, extend from
Magic Reservoir eastward to the town of Picabo. The hills have
a steep northern face and a more gentle southern slope. Near Magic
Reservoir the crest is lower in altitude and more rounded in form.

Camas Prairie is in the west-central section of the Big Wood
River basin and is bounded on the north and west by the Soldier
Mountains and on the south by the Mount Bennett Hills. The nearly
flat alluvial plain of the prairie is about 28 miles long from east to
west, and about 8 miles wide at the widest point. The gently sloping
surface of the prairie drops from an altitude of about 5,100 feet on
the west and along the northern mountain front, to about 5,000 feet
at the foot of the Mount Bennett Hills on the southeast. The prairie
terminates on the southeast against the gently rolling surface of the
Snake River Plain. On the east Camas Prairie ends against an
older high alluvial plain which has been dissected by streams into
a series of low, rounded hills. The steep north escarpment of the
Mount Bennett Hills bounds the prairie on the south, where the hills
separate it from the Snake River Plain. The flat-topped crest of
the hills reaches an altitude of 6,800 feet in places and is only
slightly dissected by erosion.

The lower third of the Big Wood River basin, south of the Mount
Bennett and Picabo Hills, is part of the Snake River Plain. The
surface of the plain is but little modified by erosion except where
the Big and Little Wood Rivers and several tributary streams have
cut deep, narrow gorges. Elsewhere, the plain is gently rolling and
has low relief except where there are scattered volcanic cones and
rough surfaces of fresh basalt flows such as the Shoshone lava field.
The plain slopes southwestward from an altitude of 4,670 feet at
Tikura to 8,260 feet at Bliss.



GEOGRAPHY 9

The principal streams in the Big Wood River basin are the Big
Wood and Little Wood Rivers and Camas Creek. The Big Wood
River, the master stream of the basin, rises to the north in high
mountain ranges and flows south-southeast for about 40 miles to the
vicinity of Bellevue. The principal tributaries to the Big Wood
River above Magic Reservoir are the North and East Forks, and
Warm Springs, Trail, Deer, and Croy Creeks. Below Bellevue the
river leaves its mountain valley and flows along the west margin of
a broad alluvial plain, whence it flows to Magic Reservoir through
a short, narrow valley.

Camas Creek and its tributaries rise in High Prairie and the
Soldier Mountains; the creek then follows the southern edge of
Camas Prairie to Magic Reservoir. The drainage pattern is asym-
metrical, with most tributaries entering the master stream from the
north side. The principal north-side tributaries are Willow Creek,
Soldier Creek, Three Mile Creek, and several smaller streams. Lake
Creek is the only important tributary entering from the south.

Below Magic Reservoir the Big Wood River flows southward for
20 miles across the Snake River Plain to a point several miles north-
east of Shoshone. There the river turns rather sharply and con-
tinues westward and southwestward for about 35 miles to the Snake
River. The only important tributaries along the lower reach of the
river are the Little Wood River, Thorn Creek, and Dry Creek. The
last two rise in the Mount Bennett Hills and flow southward.

The Little Wood River rises along the drainage divide between
Custer and Blaine Counties and flows southward to the vicinity of
Carey, whence it flows southwestward to Shoshone. From Shoshone
the Little Wood River flows westward to its confluence with the Big
Wood, 414 miles west of Gooding. The principal tributary to the
upper reach of the river is Muldoon Creek. Silver Creek, a spring-
fed stream, drains the southeastern part of the alluvial plain in the
middle valley of the Big Wood River and enters the Little Wood
River near Tikura. The mountainous area east of the Little Wood
River is drained by Fish Creek. Prior to the construction of Fish
Creek Reservoir the entire flow of Fish Creek sank into the Snake
River basalt a short distance from the mountain front. At present
a diversion canal transmits the water from Fish Creek to irrigated
land in the Little Wood River basin.

CLIMATE AND VEGETATION

The extreme range in relief and topographic forms in different
parts of the Big Wood River basin causes wide variations in climate.
The principal climatic characteristics of the region—precipitation,
temperature, dates of killing frosts, and length of growing seasons
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at five U.S. Weather Bureau stations, are summarized in table 1
and are shown graphically in figures 3 to 7.

The mountainous northern part of the basin has long cold winters
and short relatively cool summers. Winter snowfall is heavy at the
higher altitudes and snow sometimes remains on the high ridges
during June. The strong local relief causes some differences in
temperature and precipitation between the lower and higher alti-
tudes. In the comparatively low sheltered country near and south
of Hailey the winter weather is relatively mild and the valleys
usually are free of snow by May, though the foothills may contain
drifts.

Precipitation in the Camas Creek basin is about the same as that
in the vicinity of Hailey. At Hill City, in the western part of
Camas Prairie, the normal annual precipitation (U.S. Weather

TaBLE 1.—Temperature, length of growing season, and date of killing frosts in the
Big Wood River basin

{From publications of the U.S. Weather Bureau]

Temperature (°F) Date of killing frosts
Average
length
Location of station of Last in spring First in autumn

Mean | Highest | Lowest | growing
annual |recorded | recorded | season
(days) | Average | Latest | Average { Earliest

recorded recorded

Soé(tn%xi- Creek Ranger 37.5 100 -34 80 | June 21 | July 30 | Sept. 9 | Aug. 11
ation.

Hill City. —oooocaeee 40.3 102 —44 78 | June 14 | July 19 | Aug. 31 | Aug. 2

Hailey oeccecmeecaee 43.5 109 ~36 110 | May 30 | June 30 | Sept. 17 | Aug. 9

Shoshone.._..ceuuun-. 47.0 106 -36 113 | May 26 | June 29 | Sept. 16 | Aug. 28

Gooding.—.co—..- 47.6 110 —34 124 | May 21 | June 15 | Sept. 22 | Sept. 14

o . [ Average 14.09 inches 7 5 §
§ il 4 Al 7 % é ' g
g- 15 487 S I A N 74 1§ 7 1 7 W 0 I 4 _//__-_;3. Lo &
Ll
] __ %
0/

FI1GURE 3.—Annual precipitation at Hill City.
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Bureau “normal”) during 32 years of record was 14.09 inches, com-
pared to a normal of 15.33 inches at Hailey during a 46-year period.
The average growing season of 78 days in Camas Prairie is about
a month shorter than that in the Hailey area, and the mean annual
temperature is several degrees lower than at Hailey.

The climate of the southern third of the Big Wood River basin is
semiarid, like that of much of the Snake River Plain, with hot
summers and cold winters. The mean annual temperature on the
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plain ranges from 47°F at Shoshone to 47.6°F at Gooding. The
average length of the growing season is 118 days. Precipitation on
the plain is light but during the growing season is fairly uniformly
distributed. The average annual precipitation during 46 years of
record ranges from 10.23 inches at Shoshone to 9.27 inches at
Gooding.

The character of the vegetation in the mountainous part of the
basin north of the Snake River Plain differs markedly with differ-
ences in altitude. In the lower less rugged parts of the area the
slopes and valley floors are covered with shrubs and grasses, and
there are very few coniferous trees. The banks of the Big Wood
River and some of its tributaries are lined with cottonwood, willow,
and alder. Trees become more abundant with increasing altitude
but consist chiefly of groves of aspen and clumps of lodgepole pine
at the middle altitudes. Evergreen trees predominate at the higher
altitudes and on the northern slopes of ridges. Above 9,000 feet the
forest growth is sparse and above 10,000 feet it is virtually non-
existent.

The Mount Bennett Hills, the Picabo Hills, and the uncultivated
areas of the Snake River Plain support a considerable growth of
native vegetation, chiefly sagebrush. In the areas receiving the
smaller amounts of precipitation the natural growth includes desert-
transition shrubs, but in areas receiving more precipitation an under-
growth of grass is associated with the shrubs.

AGRICULTURE

The principal agricultural activity in the Big Wood River basin
is irrigation farming. In most years the surface-water supply is
sufficient to irrigate the lands already developed, but shortages of
water occur occasionally and ground water is pumped to provide
supplemental water for some tracts, especially late in the irrigation
season.

The acreage irrigated in the Big Wood River basin in 1950 was
about 175,000, including lands irrigated by all waters naturally
tributary to the Big Wood River basin as well as those served by
water diverted from the Snake River at Milner Dam. Both row
crops and small grain are irrigated, chiefly potatoes, beans, alfalfa,
clover, oats, barley, and wheat. Large herds of cattle and sheep are
raised on hay and natural pasture. About half the income of the
area 1s derived from livestock.

WATER-BEARING PROPERTIES OF GEOLOGIC
MATERIALS

The geologic features of the Big Wood River basin were examined
only briefly during this investigation. For general geologic infor-
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mation reliance was placed chiefly on reports by earlier authors,
principally Piper (1924), Umpleby and others (1930), and Stearns
and others (1938). The outcrop areas of the various sedimentary
formations and igneous rocks are shown on plate 2, which was com-
piled from all available sources of information. The physical char-
acteristics and water-bearing properties of the rocks are briefly de-
seribed below, with the principal emphasis on the formations having
the greatest geologic and hydrologic significance in relation to
gaging-station sites. In general, the younger and more permeable
materials, such as Quaternary alluvial and fluvioglacial deposits and
the Snake River basalt, are the more significant. They rest uncon-
formably on various older rocks, some of which also are permeable.

PRECAMBRIAN SEDIMENTARY ROCKS

The oldest sedimentary rocks in the region are interbedded quartz-
ite and limestone of Algonkian(?) type, which crop out in an area
of about 20 square miles in the headwater areas of the East Fork
of the Big Wood River and Hyndman Creek. These rocks, which
are generally low in permeability, store and transmit little ground

water.
SEDIMENTARY ROCKS OF PALEOZOIC AGE

Sedimentary rocks of Paleozoic age, which have an aggregate
stratigraphic thickness of about 20,000 feet, crop out widely in the
northern part of the region, chiefly in the mountainous area north
of the Boise base line. In the rest of the basin, or in about half the
total area, few rocks of older age than Cenozoic are exposed.

Sandstone and argillite of Ordovician age crop out in a belt that
extends northwestward for 8 miles along the headwaters of Trail
Creek, where they are in fault contact with other sedimentary rocks
and themselves are cut by numerous faults. The rocks are generally
low in porosity and permeability and have little capacity to store
or transmit ground water except locally, where they are fractured
and faulted. Silurian rocks, chiefly interbedded siliceous argillite
and quartzitic sandstone, are exposed near the headwaters of Trail
Creek. They are confined to a small area and are believed to be low
in porosity and permeability.

Rocks that are believed to be principally of Carboniferous age
have the greatest area of exposure, with outcrops in more than two-
thirds of the upper Big Wood River basin. These rocks are steeply
folded and faulted in most areas. At many places they are overlain
by volcanic rocks and are cut by granitic stocks and dikes. Umpleby
and others (1930) divided the Carboniferous rocks into two forma-
tions, the Milligen formation below and the Wood River formation
above. The Milligen formation consists chiefly of carbonaceous black
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argillite with interbedded limestone, dolomitic limestone, quartzite,
and a few beds of coal. The formation is Devonian(?) and Missis-
sippian in age and is at least 3,000 feet thick. The Wood River
formation, which is Pennsylvanian in age, consists of at least 8,000
feet of calcareous and quartzitic sandstone and conglomerate, shale,
and dolomite. The basal member at most places is massive quartzitic
conglomerate.

The rocks of the Wood River and Milligen formations are well
consolidated, tightly cemented, and low in permeability and porosity.
They are poor water-bearing rocks except where they are fractured
and jointed. Under favorable conditions ground water is trans-
mitted through the permeable zones and is discharged in springs.
Two cold springs, with a combined discharge of about 780 gpm
(gallons per minute), issue from Carboniferous(?) rocks at the State
fish hatchery near Gannett. Hot springs issue from the sedimentary
rocks at several localities, and seemingly, no two hot springs issue
at exactly the same stratigraphic horizon. The largest hot spring,
Guyer Hot Springs, which is on Warm Springs Creek 2 miles west
of Ketchum, yields about 1,800 gpm through several nearly vertical
joints in Carboniferous rocks.

INTRUSIVE ROCKS OF MESOZOIC AGE

Granitic rocks crop out at several places in the northern half of
the Big Wood River basin. From their general petrologic character
and geologic relations it is inferred that the rocks are genetically
related to the Idaho batholith and may be physically continuous
with it at depth. The rocks are believed to be early Cretaceous in
age but they may be Jurassic. One of the largest outcrops is along
the northeastern part of the basin near the headwaters of the Little
Wood River and the East Fork of the Big Wood. The main mass
of the rock is granodiorite, but there are substantial areas of quartz
monzonite and a border facies of diorite.

Quartz monzonite borders the western side of the valley of the Big
Wood River from near Bellevue southwestward to the backwater of
Magic Reservoir. From there the monzonite extends northwestward
to the headwaters of Willow Creek. Quartz monzonite also borders
part of Camas Prairie on the north and south. Smaller bodies of
granitic rock crop out in Deer Creek basin and in the area between
Bellevue and the valley of Croy Creek.

The granitic rocks are cut by many joints, which locally yield
sufficient ground water to supply perennial springs. There are sev-
eral such springs near the western end of Camas Prairie. Near
Bellevue small amounts of water come from mine tunnels in the
granitic rock, and around the edge of Camas Prairie several hot
springs also issue from this rock. Although Wardrop Hot Spring
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(pl. 2) issues from alluvium in Camas Prairie in sec. 32, T. 1 N,,
R. 18 E., suspended sediment in the water is coarse angular granitic
debris that seems to come from granitic bedrock. The suspended
sediment is quite different from the rounded grains of debris in the
alluvium.

ROCKS OF CENOZOIC AGE

TERTIARY SEDIMENTARY ROCKS

East of Ketchum and northeast of Hailey, gravel and tuffaceous
beds of Miocene( ?) age are exposed in belts that trend north-north-
eastward. The tuffaceous beds are largely water laid. These rocks,
which are interbedded with the Challis volcanics there and at many
other places in the upper basin of the Big Wood River, are not very
permeable and have little capacity to store and transmit ground
water. In well 4N-18E-8bcl, which was drilled in this formation
to obtain a public supply for Ketchum village, it is reported that
the drawdown was 120 feet after 1 hour of pumping at a rate of
350 gpm. The yield is inadequate for municipal supply.

TERTIARY INTRUSIVE ROCKS

Stocks and large dikes of quartz diorite porphyry, Miocene(?) in
age, are abundant near the headwaters of the Big Wood River and
its North Fork. Because the permeability of these rocks is low,
they are unimportant as a source of ground water.

TERTIARY VOLCANIC ROCKS

The Challis volcanics crop out in much of the upper basin of the
Big Wood River, in most of the Little Wood River basin, and in the
Picabo Hills. They are believed to be late Oligocene or early Mio-
cene in age. These rocks, with an aggregate thickness of several
thousand feet, are divisible into three groups: a lower series of
augite andesite and basalt, a thick middle series of latite and horn-
blende andesite, and at some places an upper sequence of rhyolite
flows. Beds of water-laid gravel and tuff locally are intercalated
between the flows, which are tilted at angles of 10°-90°. The few
faults that cut these rocks have only small displacements. The out-
crops of Mount Bennett rhyolite extend from near Magic Reservoir
through the Mount Bennett Hills to the western end of Camas
Prairie. South of Camas Prairie the rhyolite is overlain by the
Snake River basalt. The rhyolite is fine grained and porphyritic
and is of late Miocene(?) age (Piper, 1924).

Where they are jointed and overlie relatively impermeable sedi-
mentary beds, the Tertiary volcanic rocks probably are better aquifers
than the older intrusives and consolidated sedimentary rocks. The
Triumph mine on the East Fork of the Big Wood River was flooded
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in the winter of 1952-53 by an inflow of water at the 1,000-foot level
from the contact between beds of Carboniferous age and overlying
Tertiary volcanic rocks. The estimated rate of inflow was 3,000
gpm. Most of the water is believed to have come from the Tertiary
rocks, from which perennial springs issue in the area north of the
mine and at one place on the northeast edge of Camas Prairie
(pl. 2). The rocks, however, have comparatively low porosity and
permeability and store comparatively little ground water, except

locally.
QUATERNARY VOLCANIC ROCKS

The southern third of the Big Wood River basin, from the Mount
Bennett and Picabo Hills southward to -the Snake River, is under-
lain by basalt flows. The basalt is believed to be chiefly Pleistocene
in age, but the basalt in the Shoshone lava field is Recent in age.
The Snake River basalt includes undifferentiated basalt of Pliocene
to Recent age. Where it can be mapped separately, basalt of Recent
age has been differentiated from the Snake River basalt. The rock
texture ranges from dense to highly vesicular. Most of the flows
have vertical columnar jointing, and many have extensive systems
of fractures and thick fragmental zones. The basalt flows, which
probably have an aggregate thickness of several thousand feet, have
been but little disturbed by earth movements.

Basalt flows are present also in the Fish Creek and Little Wood
River valleys, and these are believed to be contemporaneous with
some of those in the Snake River Plain, although they originated
from vents upstream in the valleys rather than from vents on the
plain.

Large quantities of ground water are transmitted through joints
and fractures in the basalt, through fragmental zones, and through
other types of openings, including lava tubes. The importance and
effectiveness of the basalt as a ground-water reservoir and conduit
is illustrated by the copious discharge of water from springs in the
canyon of the Snake River between Milner and Bliss. The average
rate of discharge from those springs is more than 5,000 cfs (cubic
feet per second).

QUATERNARY SEDIMENTS

Sediments of Quaternary age in the Big Wood River basin are
glacial, fluvioglacial, alluvial, and wind deposited. Morainal mate-
rial and remnants of high-level glacial outwash terraces are present
along the upper valleys of the Big Wood and Little Wood Rivers
and in some of their tributary valleys. These deposits and land-
forms were produced by alpine glaciation and melt water from gla-
ciers during Pleistocene time. At lower levels in the northern moun-
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tain valleys, stream terraces and flood plains are underlain by
gravel, sand, silt, and clay. The terraces are developed best in the
valleys of the Big Wood and Little Wood Rivers. The terrace and
flood-plain sediments are unconsolidated, and, in general, the mate-
rial is poorly sorted to moderately well sorted.

Camas Creek basin is underlain by Recent alluvium except at its
eastern end, in the area between Elk Creek and Brush Creek, where
a body of older alluvium overlies the Snake River basalt and the
older consolidated rocks. The older alluvium is poorly sorted gravel
consisting of pebbles and boulders in a matrix of sandy clay. Pleisto-
cene and Recent sediments are here described jointly as Quaternary
sediments; the older alluvium is not discussed separately (see pl. 2).
Unconsolidated light-colored loess and windblown sand of Recent
age discontinuously mantle the basalt and older alluvium on much
of the Snake River Plain. Locally the loess contains limy hardpan
layers a few inches below the surface. The hardpan was produced
by precipitation of calcium carbonate that was leached by perco-
lating water from overlying loess.

The Pleistocene fluvioglacial sediments are quite permeable and
are important aquifers where they occur in the mountain valleys.
The gravel beneath alluvial terraces and flood plains is the most
important aquifer in the mountain valleys, especially in the upper
basin of the Big Wood River and in parts of Camas Creek basin.
The gravel yields water abundantly to wells and at some places the
water is confined under artesian pressure. The deposit of older
alluvium at the eastern end of Camas Prairie is somewhat indurated
and does not transmit ground water readily except through channel-
gravel stringers that were deposited along the beds of former streams.
These channel fillings yield large amounts of water to wells (Piper,
1924).

At some places on the Snake River Plain the loess contains inter-
calated lenses of windblown sand. Where the sand is in the zone
of saturation it yields a small amount of water to wells. The most
extensive sand deposits, however, are above the water table. In the
irrigated areas of the basalt plain these sediments form the soil;
thus, they are important in relation to artificial recharge of ground
water from unconsumed irrigation water.

GEOHYDROLOGY OF SUBDIVISIONS OF THE BIG WOOD
RIVER BASIN

For the purposes of description and discussion, the Big Wood
River basin is somewhat arbitrarily subdivided into six geohydro-
logic districts (pl. 2) that are defined on the basis of geologic struc-
ture, topography, surface drainage, and occurrence of ground water.
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The principal geohydrologic characteristics of these districts are
outlined in this section, and descriptions of individual stations and
evaluations of their records are given in the next section (p. 32).

In the following discussion the term, “water yield,” is applied to
the sum of surface runoff and ground-water underflow from a basin
or district. The approximate percentage of the water yield that is
ground-water underflow has been computed for three key stations.
Key stations are those that measure the surface discharge from an
entire district or subbasin and from which there is a reasonably
continuous record of several years’ duration. These computations
were based on aquifer tests and field data, using the formula,
@ =PI4A (Wenzel, 1942), in which @ is the quantity of ground
water discharged by underflow in a unit period of time, P is the
coefficient of permeability of the water-bearing material, / is the
hydraulic gradient, and 4 is the cross-sectional area through which
the water moves. When the complete saturated thickness of the
aquifer is not tapped by a well being tested, and the value of 4 is
not known, the formula may be modified to @ =7/W, in which 7
is the coefficient of transmissibility of the aquifer, 7 is the hydraulic
gradient, and W is the average width of the aquifer. Values of P
and 7 for sediments in the Bellevue district were determined by
aquifer tests. The values of / for the Bellevue district were deter-
mined by instrumental leveling of the ground surface at wells and
measurements of the depth to water. Estimated values for 4 and W,
based on drillers’ logs of wells, were used for the district. Using
these determinations as a general guide, reasonable values of P and
T were estimated for sediments elsewhere in the Big Wood River
basin. For the other districts estimated values of / were assigned,
using topographic maps as a guide, by assuming that the water table
and the hydraulic gradient in the zone of saturation follow approxi-
mately the slope of the valley floor in the principal valleys. The
values for 4 had to be estimated because direct information is not
available about the cross-sectional areas of saturated material. Dia-
grams showing inferred geologic cross sections were prepared (fig.
8), based on general knowledge about shapes of the stream valleys,
inferences from field examinations of the sites, and drillers’ logs of
wells near the sites. The inferred bedrock profile beneath the allu-
vial fill (solid line, fig. 8) then was generalized to form a triangle
or trapezoid (dashed line, fig. 8), the area of which was computed.

The percentage of the water yield that is ungaged ground-water
underflow was computed by comparing the estimated annual ground-
water underflow in a stream valley with the sum of the average
annual discharge of that stream for the whole period of record and
the estimated annual ground-water underflow. In a given water
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F16URE 8.—Method of measuring inferred cross-sectional areas, using triangular and
trapezoidal approximations of saturated area.

year, of course, the percentage may vary from a relatively negligible
amount of the water yield during months of high surface runoff to
a relatively large amount during months of low flow.

Because large errors are inevitable, the method used for estimating
the underflow is very unsatisfactory. However, the estimates are
believed to indicate the approximate relative order of magnitude of
the underflow component of water yield and to serve a more useful
purpose than would be accomplished by simple qualitative state-
ments that much, a small amount, significant amounts, or other vague
quantities of underflow are inferred.

KETCHUM DISTRICT

The Ketchum district (1, pl. 2) includes the mountainous main
stem and tributary headwaters area of the Big Wood River above
the town of Hailey, where the principal source of runoff is melting
snow. Much of the district is underlain by voleanic rocks and well-
consolidated sedimentary rocks which are low in permeability. How-
ever, the floors of the valleys of the Big Wood River and its prin-
cipal tributaries are underlain mostly by coarse, permeable alluvium.

Runoff from the Ketchum district is into the main stem of the
Big Wood River. Contributions from important segments of the
district are gaged at station 1 on the main stem and at station 3
on Warm Springs Creek. An appreciable part of the water yield
of the district is discharged by underflow through the permeable
alluvium beneath the valley floor. Gage records show that at suc-
cessive downstream stations the discharge of the Big Wood River
increases steadily in amounts greater than the surface contributions
from tributary streams. That increase is ground water that is dis-
charged to the surface stream from the saturated alluvium, in which
the water table is above the level of the river. Although the records
show a net gain in surface discharge downstream, underflow in-
creases and becomes an appreciable part of the total water yield.
From station 1, where the estimated underflow is more than 10 per-
cent of the water yield, the percentage of underflow seems to remain
about the same down valley to Hailey, where it is still about 10 per-
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cent of the total. Thus, surface runoff past station 7 at Hailey
probably is about 90 percent of the total water yield of the Ketchum
district.

BELLEVUE DISTRICT

Conditions in the valley of the Big Wood River below Hailey
differ markedly from those in the Ketchum district. The Bellevue
district (2, pl. 2) includes the main stem of the Big Wood River
between Hailey and Magic Reservoir, as well as the drainage areas
of Croy, Rock, Silver, Quigley, Slaughterhouse, and Seamans Creeks.
Runoff from the latter three creeks sinks into the alluvium along
the border of the floor of the Big Wood River valley and recharges
the local ground-water reservoir. Seemingly, water rarely reaches
the Big Wood River at the surface in these creek chanmnels. The
channel of Croy Creek joins the Big Wood River at Hailey and
that of Rock Creek enters Magic Reservoir below station 9. The
ground-water contribution from the two creek valleys is believed to
be small.

Below Bellevue the valley of the Big Wood River widens to a
broad triangular basin that is underlain by a considerable thickness
of alluvial and fluvioglacial sediments. During accumulation of
some of the sediments the Big Wood River presumably discharged
through a channel around the east end of the Picabo Hills, at or
near the present course of the lower reach of Silver Creek. Later,
the old channel of the Big Wood was blocked and the river estab-
lished a new course around the west end of the Picabo Hills. The
drainage changes were influenced or controlled by basaltic lava flows
that spread toward the mountains from vents on the Snake River
Plain. Silver Creek, a spring-fed stream, rose where the water table
in the valley sediments intersected the land surface, and the creek
found an outlet along or near the older lower course of the Big
Wood.

The consolidated rocks that crop out around the borders of the
district form a floor beneath the alluvial and fluvioglacial sediments
in the Bellevue district. The thickness of the sediments is not
known. Well 1S-19E-8cd1 is 244 feet deep but does not reach the
bedrock floor beneath the valley. The permeability of the basement
rocks is low and they probably transmit very little ground water by
underflow through the district.

The record for gaging station 8, below Bellevue, probably repre-
sents a smaller percentage of water yield than any other station in
the northern part of the Big Wood River basin. Between stations
7 and 9 where a large part of the water is discharged by underflow
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beneath and around the river chanmnel, some of the ground water is
diverted from the basin of the Big Wood River main stem to the
basin of Silver Creek and thence to the Little Wood. Irrigation
wells along the Boise base line, southeast of station 8, withdraw
substantial amounts of water from the alluvium (pl. 2 and table 2).
Between Bellevue and a point about 5 miles south of Bellevue the
river loses water by percolation into the alluvium. A bypass canal
which diverts about 18 cfs of water, was constructed around the
lower part of this reach to salvage water that otherwise would be
lost to the ground. Between the lower end of the bypass canal and
Magic Reservoir the river gains water from the ground. Much of
the gain is from spring-fed creeks that rise in the alluvium and
enter the river a short distance upstream from station 9.

A ground-water divide extending southward through the district
separates the ground-water body into two parts. The western part
is tributary to the Big Wood River main stem and the eastern part
is tributary to Silver Creek and the Little Wood. The approximate
location of the divide (pl. 2) was plotted from Chapman’s water-
table contour map for 1921. There are seasonal shifts in the divide,
depending on the stage of the river and the status of diversions for
irrigation and there may have been a permanent net shift since 1921,
but the general location of the divide is unquestioned. Evidently,
much water originating in the upper basin of the Big Wood River
moves southeastward on the east side of the divide and leaves the
main stem drainage. Some of the water subsequently appears near
the base of the Picabo Hills in the springs and seeps that give rise
to Silver Creek.

Silver Creek derives practically all of its water from the ground-
water reservoir. Part of the ground water is derived from infiltra-
tion of unconsumed irrigation water in the upstream part of the
area occupied by alluvium. A smaller amount, derived from surface
runoff from the mountains on the northeast and from the Picabo
Hills on the south, sinks into the alluvium around the borders of the
basin. The months of highest runoff in Silver Creek are April, July,
August, September, and October.

Artesian water occurs in the southwestern part of the Bellevue
district, where flowing artesian wells in a small area west of the
ground-water divide have a combined yearly yield of about 18,200
gpm (pl. 2 and table 2). A few flowing wells are east of the divide.
Several geologic and hydrologic factors contribute to the artesian
conditions. Drillers’ logs of wells reveal a gradational change in
the character of the alluvium, from sand and gravel with only traces
of clay north of the Boise base line, to layers of clay interbedded



SUBDIVISIONS OF THE BIG WOOD RIVER BASIN 23

with the sand and gravel south of the base line. The artesian
aquifers are beds of fine- to medium-grained gravel in a sand matrix,
in which water is confined under pressure by beds of relatively im-
permeable clay. The beds dip gently southward and recharge is
largely from the north, so that the pressure gradient also is gener-
ally southward.

Gaging station 9, on the Big Wood River just above Magic Reser-
voir, and station 24, on Silver Creek, together record the total sur-
face runoff from the Bellevue and Ketchum districts. The amount
of ungaged water that passes station 9 as underflow probably is
negligible. Geohydrologic evidence indicates, however, that a sub-
stantial amount of water escapes from the Bellevue district as un-
gaged underflow through sand and gravel formations that are inter-
bedded with flows of Snake River basalt at the southeastern outlet
of the district. The ground water probably first enters these aquifers
where they interfinger with confining clay beds in the vicinity of the
Boise base line. The water not discharged through springs or
pumped from wells moves southeastward to the vicinity of Picabo.
From Picabo the ground water moves on through sand and gravel
beds that interfinger with basalt flows (see log of well 2S-20E-1acl,
p- 63) and joins the regional body of ground water in the basalt
of the Snake River plain. Some of the alluvial aquifers probably
are continuous from the base line to where they are interbedded with
the basalt flows near Picabo. Others may terminate northwest of
Picabo, at the basalt cone, which is itself a good aquifer (see pl. 2
and log of well S-20E-19acl, p. 62), or they may thin and dis-
appear before reaching the basalt-flow fronts. Data obtained during
an aquifer test of well 2S-20E-1ac2, near gaging station 24, indicate
that underflow through one such alluvial aquifer is between 20 and
25 percent of the water yield from the Silver Creek basin and be-
tween 5 and 10 percent of the combined yield of the Ketchum and
Bellevue districts.

In addition to the underflow through deeper aquifers from the
Silver Creek area, an undetermined but appreciable amount of water
escapes from Silver Creek by running into openings in its basalt-
floored channel and flood plain upstream from station 24. The water
that escapes as described above is not gaged as it leaves the Bellevue
district and the combined records from stations 9 and 24, therefore,
do not represent the water yield of the Ketchum and Bellevue dis-
tricts. An accurate estimate of the water yield from the area above
the two gaging stations would require detailed study of climate,
surface runoff, evapotranspiration, and ground water, but such a
study is beyond the scope of this report.
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FATRFIELD DISTRICT

The Fairfield district (3, pl. 2) coincides with the Camas Creek
drainage area, a topographic and structural basin that is partly
filled with alluvium derived from the mountain masses to the north
and west and from the Mount Bennett Hills to the south. During
the Pleistocene epoch eruptions of Snake River basalt blocked the
eastern outlet of the basin. Owing to the low average gradient
of Camas Creek (about 5 feet per mile), downcutting by the creek
is relatively slow and its transporting capacity is limited. Similar
conditions have prevailed since the episode of volcanism. Much of
the alluvial fill in the basin probably accumulated while Camas
Creek was cutting a new channel in the basalt barrier and was un-
able to remove all the sediment that was brought to it by its tribu-
tary streams. The Big Wood River, which also was cutting down
only slowly, functioned as a local base level for the Camas Creek
basin. Hence the creek did not reexcavate the older alluvium, and
deposition of additional alluvium continued to the present time.

Consolidated rocks crop out in Camas Creek basin in the moun-
tainous areas that surround Camas Prairie. The rocks are present
also at unknown depth beneath the alluvium of the prairie and at
one time formed the deep valley of an ancestral stream that flowed
eastward. The ancient valley, carved from rocks having low perme-
ability, now forms a nearly watertight floor beneath the alluvium,
and that floor acts as a control to the movement of ground water.
Older alluvium, which forms the main mass of sediments beneath
the prairie and crops out in the eastern part, is overlain by younger
alluvium, which occurs chiefly in broad, coalescing alluvial fans ex-
tending southward from the northern mountain front. The alluvial
deposits, which are poorly sorted, grade from coarse debris at the
base of the northern mountain front to lenses and sheets of clay,
sand, and fine-grained gravel along the stream courses farther south.
The most productive aquifers are sand and gravel.

In the Camas Creek basin water under artesian pressure is ob-
tained from aquifers ranging from 200 to 450 feet below the land
surface. The deepest well in the basin, 1S-14E-10cal, is 447 feet
deep (table 2). The aquifers and the confining beds of relatively
impermeable clay dip southeastward approximately parallel to the
land surface. The alluvium along the northern flank of the prairie
is saturated, and, inasmuch as confining clay beds are absent in that
area, water can percolate rather freely downward to the base of the
alluvium. As the water moves downdip, lenses of clay from the
southeast confine it in some layers (fig. 9). The shallow alluvium
also contains unconfined ground water and yields water to pumped
wells throughout the basin.
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Geologic evidence indicates that ground water may leave the Fair-
field district by underflow through the Snake River basalt in the
vicinity of the reach of Camas Creek just above gaging station 10.
The Camas Creek basin is structurally and physiographically similar
to the Silver Creek basin, from which ground water is discharged
by underflow through sand and gravel formations that are inter-
bedded with flows of Snake River basalt (see discussion of aquifer
test, p. 53). Ground water possibly escapes by similar means from
the Camas Creek basin. Ground water in alluvial beds between flows
of basalt and in joints and other openings along flow contacts in the
basalt upstream from gaging station 10 would pass by underflow
into the Snake River basalt in the Richfield district. Piper (1924,
p. 31-32) believed that part of the ground-water supply of the basin
escapes by deep percolation to the southeast. Lack of records of
streamflow and upstream diversions makes it impossible to estimate
the amount of subsurface loss.

MULDOON DISTRICT

The Muldoon district (4, pl. 2) includes the drainage area of the
Little Wood River above station 20, and most of the drainage area
of Fish Creek, which is included arbitrarily in the district for pur-
poses of this report. The district is mountainous and most of the
runoff is from melting snow. A canal diverts all of the water from
Fish Creek to irrigated land north of Carey, and surplus water
from the canal discharges into the East Canal of the Little Wood
River (pl. 2).

Much of the area is underlain by volcanic and consolidated sedi-
mentary rocks of low permeability. Basalt and permeable alluvium
of Quaternary age underlie much of the valley floor of the Little
Wood River and Fish Creek and strongly influence the runoff at
gaging stations. The basalt flows are contemporaneous with the
Snake River basalt (Umpleby and others, 1930, p. 61), which they
resemble in physical characteristics. A sequence of the flows, which
apparently originated in the vicinity of former station 18, extends
down the valley of the Little Wood River to a point just below
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station 20. Test holes drilled by the U.S. Bureau of Reclamation
near the dam of Little Wood Reservoir, between stations 19 and 20,
indicate that the basalt overlies an older alluvial deposit of unknown
thickness (see log of well 1N-20E-12ccl, p. 60). Similar flows,
which probably originated at vents near the site of gaging station
28, extend down the valley of Fish Creek to the Snake River Plain.
The Little Wood River and Fish Creek were dammed by these
basalt flows and both streams deposited gravel, sand, and clay up-
stream from the basalt barrier before cutting into the basalt the
deep, narrow gorges which they now occupy. Coarse, permeable
alluvium underlies the floors of both gorges.

Conduits for ground-water underflow are provided by the perme-
able alluvium on floors of the gorges, by open joints and voids along
flow contacts in the basalt, and by permeable old alluvium beneath
the basalt. The older alluvium was found to contain large amounts
of ground water where the alluvium was reached by test holes for
the Little Wood River Dam; the lower part of the basalt also was
found to contain abundant water. Ground water moves down the
valleys of both the Little Wood River and Fish Creek and, of course,
is not gaged at stations 19, 20, or former station 23. An appreciable
amount of water passes station 19 as underflow through basalt and
alluvium. It is estimated that between 5 and 10 percent of the water
yield from above station 20 is underflow. About 10 to 15 percent
of the yield from the Fish Creek drainage area percolates into open-
ings in the basalt floor of Fish Creek reservoir and bypasses the
site of station 23 as underflow through the basalt. Part of the
water returns to Fish Creek through springs downstream from the
station and the remainder sinks into the Snake River basalt near
the mouth of the valley of Fish Creek.

RICHFIELD DISTRICT

The Richfield district (5, pl. 2) is bounded on the north by hills
and mountains which separate the mountainous northern districts
of the Big Wood River basin from the geologically and hydrologi-
cally different southern districts on the Snake River Plain. The
Richfield district is roughly delineated on the southeast by the
boundary of surface-water drainage into the Little Wood River, and
on the southwest by an arbitrary boundary which excludes the area
served by the Milner-Gooding Canal with water imported from the
Snake River.

Most of the district is underlain by Snake River basalt, although
spurs of Tertiary silicic volcanic rock extend into the northern part
of the district, and Recent basalt flows occur in the central part.
Coarse alluvium underlies the floor of the Little Wood River valley
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below station 20 and overlies the Snake River basalt in the vicinity
of Carey.

The Richfield district is of special importance in the evaluation
of gaging-station records because large amounts of water percolate
into the Snake River basalt from the channels of the Big Wood and
Little Wood Rivers where they cross the Snake River Plain. A con-
siderable amount of water from the rivers percolates into the basalt
also from canals and irrigated fields. The greatest channel losses
occur in the reach of the Big Wood River between gaging stations
11 and 13, in the Little Wood River between stations 20 and 25, and
in Silver Creek between station 24 and the confluence of Silver Creek
with the Little Wood River.

Before 1909 there presumably was considerable flow throughout
the year in the Big Wood River past the site of gaging station 11
at the northern margin of the Richfield district. With construction
of Magic Dam in 1908-09 and storage of water in the reservoir, the
regimen was considerably changed. During fall, winter, and early
spring months, little water discharged past station 11, and the little
that did pass this station was lost within a short distance down-
stream so that the channel was essentially dry for a distance of some
40 miles downstream to the site of gaging station 16, near Gooding.
During the irrigation season, however, there was considerable flow
past station 11 as water was released for downstream irrigation.
A large part of the water released was lost by percolation from the
channel between station 11, immediately below the reservoir, and
station 13, west of Richfield. Records of the watermaster show that
the channel loss in the reach between stations 11 and 13 increased
from an average of 40.5 cfs during the irrigation seasons of 1917-19
to an average of 149 cfs during the irrigation seasons of 1920-25.
Since 1925 the entire natural flow of the Big Wood River has been
diverted through the Lincoln Canal (pl. 2) past that reach of the
river which sustains the largest losses. During the period 1925-52
the average infiltration loss from the canal between stations 11 and
13 was 55.1 cfs.

During April, July, August, September, and October, the months
of high runoff in the Silver Creek basin, water flows into openings
in the Snake River basalt at numerous places along the creek, just
above its junction with the Little Wood River. During these months
of high runoff, from 1919 to 1952, an apparent average of 17 cfs
was lost from the channels of Silver Creek and the Little Wood
River in the reach between stations 24 and 25. This reach receives
surface flow from the upper part of the Little Wood River only
during years of high runoff. Since 1923 all the natural flow of the

507213—60——3



28 EVALUATION OF RECORDS, BIG WOOD BASIN, IDAHO

upper Little Wood River has been diverted through its east and
west canals and waste irrigation water has been allowed to percolate
from irrigated lands into permeable alluvium and basalt upstream
from the confluence of the river and Silver Creek. The watermaster
reports that prior to installation of these diversion works a large
amount of water was lost from the channel of the river by seepage
in a reach of coarse gravel in the vicinity of Carey. In the reach
of the Little Wood River between stations 25 and 26 the apparent
average loss (flow at station 25 minus flow at station 26) was only
7.8 cfs during the period 1921-52. That rate of loss, however, is not
the actual channel loss in the Little Wood River because water is
diverted from the river for irrigation, and waste water flows into
the river from the Big Wood River and from irrigation in adja-
cent areas. The magnitude of the infiltration losses from irrigated
lands in the Richfield district is not known.

Most of the surface water that seeps into the ground in the Rich-
field district joins the regional body of ground water in the Snake
River basalt, and passing by underflow out of the district, does not
reappear as return flow to the Big Wood River within the district.

Records from gaging stations in this district indicate the surface
flow at given points, but owing to the great volume of ground-
water underflow, station records do not accurately indicate the water
yield of the basin. Indeed, the concept of water yield, as applied
to the Big Wood River basin, has little bearing in the Richfield
district. In much of the district the streams are from tens to hun-
dreds of feet above the permanent water table and large quantities
of water are lost by percolation between stations so that gaging
stations can do no more than furnish a record of point discharges,
diversions, and percolation losses. The ground water contributed
by these percolation losses and by underflow from the northern dis-
tricts of the basin loses its identify by merging with a regional body
of ground water that underlies many thousands of square miles of
the Snake River Plain.

GOODING DISTRICT

The Gooding district (6, pl. 2) is bounded on the north by the
Mount Bennett Hills, and on the west by a natural drainage divide
formed by unnamed hills. The eastern boundary has been estab-
lished arbitrarily just east of the Milner-Gooding Canal to encom-
pass all the area served by imported water from the Snake River.
The southern boundary coincides approximately with the southern
limit of the irrigated area that is served wholly or partly with water
from the Big Wood and Little Wood Rivers. The segment of the
Snake River Plain south of the southern boundary is not a part of
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the Big Wood River basin but is included on the map (pl. 2) to
show the regional uniformity of the geology and to portray some
of the complicated hydrology introduced by importing Snake River
water through the Milner-Gooding and Twin Falls North Side
Canals.

The district is underlain by Snake River basalt. The central part
is underlain by the geologically Recent Shoshone lava field. The
Recent basalt occupies a narrow arcuate belt extending from the
vicinity of the Picabo Hills past Shoshone and nearly to Gooding.
Older flows of the Snake River basalt have a gently rolling surface
which is mantled discontinuously by windblown sand and silt.

The Big Wood River and the Little Wood River follow opposite
edges of the Shoshone basalt flow from near Burmah and Richfield
to Gooding; they join 414 miles west of Gooding. Thorn Creek and
Dry Creek drain part of the Mount Bennett Hills and join the Big
Wood River in this district.

Large amounts of water percolate into the basalt from stream
channels and irrigated lands in the Gooding district. The apparent
channel loss in the reach of the Big Wood River between former
stations 13 and 16, flow at station 13 minus flow at station 16, aver-
aged 68.7 cfs during the period 1917-27. Since 1916 most of the
flow of the river has been diverted through the North Gooding
Canal to irrigate a belt of land parallel to this reach of the river
on the north. Thus, the river channel retains only the water that
is not required for canal diversion, plus an unknown amount of
return flow from irrigation. The reach of the river between former
station 16 and station 27 had an apparent average loss of 9.6 cfs
from the channel during the period 1917-30. Since 1916, however,
that reach has contained water imported from the Snake River
through the Twin Falls North Side Canal. During the period
1921-30 the apparent average rate of channel loss in the Little Wood
River between station 26 and Gooding was 27.2 cfs. Since 1931,
water imported from the Snake River through the Milner-Gooding
Canal has entered both the Big Wood and Little Wood Rivers in
the Gooding district and channel-loss figures thus are not represnta-
tive of actual loss from the river channels.

Many deep wells produce large supplies of water from the basalt.
Well 6S-17E-2abl, in Shoshone, reportedly produces 1,350 gpm
(table 2). Stearns (1938, p. 261) estimated that, in the period
1920-27, 854,000 acre-feet—about 83 percent of the measured surface-
water discharge from the mountainous northern half of the Big
Wood River basin—percolated annually into the Snake River basalt
and reached the Snake River Plain as ground-water underflow. That
estimate did not take into account the water lost by evapotranspira-
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tion from ponded bodies of water and nonirrigated land in the
Ketchum, Bellevue, Fairfield, and Muldoon districts, nor the quan-
tity of ground water that bypasses gaging stations 11, 20, and 24,
and the site of station 23. Nevertheless, Stearns’ estimate does
indicate roughly the amount of ground-water underflow through the
Richfield and Gooding districts.

Much ground water enters the Big Wood River downstream from
station 27, where the river flows through Malad canyon. In that
reach, from the mouth of the Big Wood River to a point about 3
miles upstream, ground water is discharged from springs at a rate
of about 1,100 cfs.

In the Gooding district, ground water contributed by underflow
from other parts of the Big Wood River basin and by percolation
losses of surface water loses its identity by merging with the regional
body of ground water that underlies the Snake River Plain. The
concept of water yield has little application within the Gooding
District for the same reasons that were set forth in the discussion
of the Richfield district.

GEOHYDROLOGIC APPRAISAL OF GAGING-STATION
RECORDS

Descriptions of individual gaging stations and geohydrologic
evaluations of their records are contained in the following discus-
sion. No attempt is made to combine this evaluation with the
evaluation of the effects of upstream diversions presented in the com-
panion report by Jones (1952). The reader should refer to both
reports when appraising the water yield of the area upstream from
a gaging station.

PROCEDURE

The system of numbering gaging stations used in the report by
Jones (1952) is retained in this report. Stations on the Big Wood
River and its tributaries (pl. 2) are numbered in downstream order
from the headwaters to the mouth, with stations on the tributaries
numbered in the order in which the tributaries enter the trunk
stream.

In the following description, “drainage area” is the entire surface-
drainage area above the gaging station within the topographic
divides of the basin. Where the drainage area is not stated the
information is not available. The paragraph “records available”
indicates the period for which discharge records are known to be
available. The records for which the source is not shown are pub-
lished by the U.S. Geological Survey in its series of water-supply
papers. “Topography” includes natural and manmade features, in
the vicinity of the gaging stations, that may affect the gaging-station
records. The paragraph “geology” describes the geology in the im-
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mediate vicinity of the gaging station, with emphasis on geologic
factors that may appreciably affect the movement of ground water
and the loss of water by infiltration in stream channels.

Ground-water withdrawal from the drainage area above a station,
including withdrawal from ungaged springs, is discussed qualita-
tively only insofar as it probably affects the adequacy of station
records in indicating water yield. The available data on ground-
water pumping are quite inadequate, and for most stations on the
Snake River Plain comments about ground-water pumpage are
omitted.

Imported recharge is the contribution of Snake River water to
recharge of the ground-water reservoir in the lower part of the Big
Wood River basin. The water is imported through the Milner-
Gooding and Twin Falls North Side Canals, into which water is
diverted from the Snake River at Milner Dam.

“Ground-water underflow” applies to all ground water moving by
underflow beneath or past gaging stations, and to the ground water
which flows beneath surface-drainage divides from one drainage
basin to another. An estimate of the quantity of ground-water
underflow is possible only in a few instances. The term has no
value in discussions of records from stations in the Richfield and
Gooding districts. In those areas most of the ground water is part
of the regional body that underlies the entire Snake River Plain
and that receives recharge from many thousands of square miles
outside the Big Wood River basin. Therefore, discussion of the
ground-water underflow is omitted, except in a restricted local sense,
for most of the stations in the Richfield and Gooding districts.

The paragraph “adequacy of record” applies an adjectival rating
which indicates roughly the degree to which a gaging-station record
approaches a measure of the water yield of the basin above the
station. “Downvalley flow” is the flow, both surface and subsurface,
that passes the gaging site. It includes underflow around and be-
neath the site but does not include water that leaves the basin
upstream from the site either as underflow or as surface diversion.
The ratings are relative. For example, if ground-water underflow
is believed to be within the limits of accuracy of the gaging-station
record, the record is rated as an “adequate” measure of the water
yield of the basin above the station. If the percentage of ground-
water underflow is believed to be more than this but within 10 per-
cent of the water yield, the record is rated as “fairly adequate.”
Where geologic evidence indicates that over 10 percent of the water
yield is ground-water underflow, the record is rated as “not ade-
quate.” The ratio of surface runoff to ground-water underflow
varies, of course, with the stage of a river, being higher in times
of high runoff than it is in periods of low runoff.
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Accurate data on the water yield, especially in the northern dis-
tricts of the Big Wood River basin, may be needed in the future.
Because of ungaged ground-water underflow some key areas in the
northern districts contain no sites at which a surface-water record
would reflect adequately the water yield. The ground-water com-
ponent of water yield at key gage sites could be accurately com-
puted by drilling test holes to determine the saturated thickness of
the alluvium and the profile of the bedrock beneath the alluvium
and by making aquifer tests to determine the coefficient of transmis-
sibility of the aquifer. Such measurements of the quantity of
ground-water underflow, made in conjunction with gage records of
surface-water flow, could be used to compute the water yield of the
northern districts.

DESCRIPTION OF GAGING STATIONS

[Numbers of gaging stations refer to numbered stations on plate 2]

STATION 1. BIG WOOD RIVER NEAR KETCHUM

Station location.—Recording gage in sec. 4, T. 5 N,, R. 17 E,, half a mile up-
stream from the mouth of the North Fork, and 8 miles northwest of Ketchum.

Drainage area.—137 sq mi.

Records available—May 1948 to date.

Topography.—The valley is bounded on both sides by steep mountain slopes.
From a narrow gorge 134 miles upstream the valley widens to % mile at the
station, and narrows again 1§ mile downstream. Most of the valley floor is
nearly flat, except for gravel bars and shallow channel scars; on the east
side of the valley, remnants of older gravel terraces stand about 100 feet
above the floor. The river flows along the west side of the valley.

Geology.—Impermeable rocks of the Wood River formation are exposed in both
sides of the valley (fig. 10). The valley floor is underlain by fluvioglacial
and alluvial silt, coarse sand, and pebble- to boulder-sized gravel. The river
channel is incised in the sediments and contains angular blocks of rock. The
thickness of the sediments is not known but is estimated to be at least 250
feet (fig. 10).

Ground-water underflow.—Ground water moves down the valley through uncon-
solidated sediments. Two shallow wells northeast of the station yield water
readily by hand pump. The ground-water component probably is more than
10 percent of the water yield.

Adequacy of record.—The record is not an entirely adequate measure of the
water yield of the headwaters area of the Big Wood River. Depending on
the thickness of the alluvium the records may be either inadequate or fairly
adequate.

STATION 2, BIG WOOD RIVER AT KETCHUM

Station location.—Staff gage in the SE14 sec. 12, T. 4 N,, R. 17 E, half a mile
above the mouth of Warm Springs Creek and 13 miles above the mouth of
Trail Creek.

Records available—May 1920 to September 1921, when station was discon-
tinued.

Topography.—The valley is about two-thirds of a mile wide and is bounded on
both sides by moderately steep mountain slopes. A well-defined system of
river terraces extends along both sides of the valley. Remnants of older,
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higher gravel terraces occur around the mouth of the valley of Warm Springs
Creek. The Big Wood River in this reach flows southward near the west
side of the valley, and its channel is incised a few feet below the general

level of the valley floor.

Geology.—The Wood River formation and Challis voleanics crop out in the
west side of the valley, and the Challis volcanics crop out on the east. The
valley floor is underlain by an undetermined thickness of gravel! which con-
tains a large proportion of well-rounded to subrounded cobbles and boulders.
At the station site Challis volcanics crop out in the east bank of the river

(fig. 11).
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Qround-water underflow.—A substantial amount of ground water moves down
the valley through the coarse sand and gravel beneath the valley floor.
Well 4N-17E-13aal, 2,000 feet southeast of the site, reportedly yielded 300
gpm of water pumped from the sand and gravel during a yield test. Domes-
tic wells half a mile below the gage site, in the village of Ketchum, obtain
adequate supplies of water from the underlying coarse sand and gravel,
which is saturated at shallow depth. The irregularity of the bedrock floor
beneath the alluvium makes it impossible to estimate, even approximately,
the percentage of the water yield that passes the gage site by underflow
through the gravel. The ungaged ground-water underflow probably is a sub-
stantial percentage of the water yield.

Adequacy of record.—The record is not believed to be an adequate measure of
the water yield of the basin above the gage.

STATION 3. WARM SPRINGS CREEK AT GUYER HOT SPRINGS,
NEAR KETCHUM

Station location.—Recording gage in the NE14 sec. 15, T. 4 N, R. 17 E,, at
Guyer Hot Springs, 214 miles upstream from the mouth of Warm Springs
Creek, and 214 miles west of Ketchum.

Drainage area.—96 sq mi.

Records available—November 1940 to date.

Topography.—Warm Springs Creek in this reach flows eastward along the south
side of a narrow canyon. The valley floor is about 500 feet wide and is
bounded on both sides by high, steep mountain slopes.

Geology.—Both sides of the canyon are formed by rocks of the Wood River
formation. A hand-auger hole sunk in the valley floor near the station shows
about 214 feet of silt, sand, and fine gravel, underlain by coarse gravel. The
stream channel is paved with sand and subrounded to well-rounded pebbles,
cobbles, and boulders, mixed with angular blocks of limestone (flg. 12).

Ground-water withdrawals.—A cold spring discharges about 40 gpm of water
at a point on the valley floor about 600 feet northwest of the station; the
water bypasses the gage and enters the creek about 120 feet downstream.
Hot springs, with a reported aggregate discharge of 1,800 gpm, issue from
vertical joints in the Wood River formation in the valley wall opposite the
station. Most of the discharged water is diverted above the station and
piped to Ketchum; then it is returned to Trail Creek downstream from
station 5.

GQround-water underflow.—Underflow is believed to be negligible owing to small
cross-sectional area of alluvium; underfliow probably is less than 1 percent
of the water yield.

Adequacy of record.—The record is an adequate measure of the water yield of
the drainage area of Warm Springs Creek.

STATION 4. WARM SPRINGS CREEK NEAR KETCHUM

Station location.—Staff gage in sec. 15, T. 4 N,, R. 17 E, 2 miles upstream
from the mouth of Warm Springs Creek and 134 miles west of Ketchum.
Records available—May 1920 to September 1921, when station was discon-

tinued.

Topography.—The valley widens abruptly from about 500 feet at Guyer Hot
Springs to about 1,000 feet in the vicinity of the gage site and is bounded
on both sides by steep mountain slopes. Gravelly stream terraces, rising
about 16 feet above the valley floor, extend along both sides of the valley.
Warm Springs Creek flows eastward in this reach and its channel is incised
from 3 to 4 feet below the general level of the valley floor.
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FI16URE 12.—Inferred geologic section at the site of gaging
station 3, Warm Springs Creek at Guyer Hot Springs,
near Ketchum. (Datum is sea level; note vertical exag-
geration,)

Geology.—Both sides of the valley consist of impermeable rocks of the Wood
River formation. The alluvial fill on the valley floor consists of moderately
well rounded pebble, cobble, and boulder gravel, interbedded with lenses of
sand and silt. Two beds of well-cemented gravel are exposed in the stream
bank 500 feet upstream from the site. Well 4N-17E-15aal, 500 feet upstream
from the site, extends through the gravel to bedrock at a depth of 37 feet
(well log, p. 58).

Ground-water withdrawals.—Hot springs discharge water from both banks of
the creek and in the channel reach extending from the gage site 500 feet
upstream, where a hot spring discharges 86 gpm from the alluvium 4 feet
above the level of the stream. Part of the water discharged from one of
these hot springs near the gage site is piped across the river for private use
and the remainder empties into the stream 50 feet downstream.

Ground-water underflow.—The permeable alluvium probably transmits a mod-
erate amount of ground water past the gage site. The amount cannot be
estimated.

Adequacy of record.—The record probably is a fairly adequate measure of
the water yield of the basin above the gage site.

STATION 5. TRAIL CREEK AT KETCHUM

Station location.—Staff gage in the SW14 sec. 18, T. 4 N,, R. 18 E,, half a mile
above the mouth of Trail Creek and a quarter of a mile south of Ketchum.

Records available—July 1920 to September 1921, when station was discon-
tinued.
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Topography.—The valley of Trail Creek opens into the Big Wood River valley,
where the creek flows southwestward across the valley flll into the river.
The floor of the Big Wood River valley, in the vicinity of the gage site, is
slightly more than half a mile wide and is bounded on both the eastern and
western sides by steep mountain slopes. A well-deflned gravelly river terrace
extends along the east side of the Big Wood River valley, and a gravelly
terrace at a lower lever borders both sides of Trail Creek.

Geology.—Relatively impermeable Challis volcanics, through which the lower
valley of Trail Creek is cut, are exposed in the east side of the Big Wood
River valley. The west side is composed of well-consolidated rocks of the
Wood River formation. Sediments overlying the bedrock in the vicinity of
the site are rounded to subrounded pebble-, cobble-, and boulder-sized gravel
interbedded with sand and silt. Similar, but less well rounded alluvial
material underlies the floor of Trail Creek valley. Pebble- and cobble-sized
gravels predominate.

Qround-water underflow.—The permeability of the gravel is suggested by the
yield of well 4N-18E-7bdl, 6,500 feet upstream from the gage. The well
reportedly yielded 825 gpm from the alluvium of Trail Creek during an
aquifer test. Ground water moving out of the valley of Trail Creek spreads
through the coarse alluvium in the Big Wood River valley. The amount of
water that leaves the Trail Creek valley as underflow probably is moderate
in amount but is believed to be an appreciable percentage of the water yield
of the Trail Creek drainage area.

Adequacy of record.—The record is not an adequate measure of the water
yield of the Trail Creek drainage basin, owing to ungaged ground-water
underflow.

STATION 6. BIG WOOD RIVER AT GIMLET

Station location.—Staff gage in the NE14NE1; sec. 18, T. 3 N, R. 18 B, half
a mile south of Gimlet and 6 miles south of Ketchum.

Records available—April 1904 to May 1905, and July 1920 to September 1921,
when station was discontinued.

Topography.—The Big Wood River, just above the gage site, flows south-south-
eastward toward the east side of its valley. About 300 feet upstream from
the gage the river swings away from the east side of its valley and flows
southwestward across the valley fill to the west side of the valley. The
valley floor in the vicinity of the site is about three-fourths of a mile wide
and is flanked on both sides by steep mountain slopes composed of consoli-
dated rock. River terraces underlain by fluvioglacial gravel extend along
both sides of the valley adjacent to the river.

Geology.—The side slopes of the valley are composed of impermeable rocks
of the Wood River formation. The valley floor is underlain by sand and by
cobble and boulder gravel. The gravel exposed in terraces in the vicinity
of the gage site is moderately well bedded, contains rounded cobbles, and
shows imbricate structure.

Ground-water underflow.—The gravel beneath the fioor of the Big Wood River
valley in this area is permeable and substantial in thickness. Well SN-18E-
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