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THE RAFT RIVER BASIN, IDAHO-UTAH oG

AS OF 1966: A REAPPRAISAL OF THE WATER RESOURCES

AND EFFECTS OF GROUND—WATER DEVELOPMENT

by

E. H. Walker, L. C. Dutcher,
S. O. Decker, and K. L. Dyer

ABSTRACT

The Raft River basin, mostly in south-central Idaho and partly in Utah, is a drainage
basin of approximately 1,510 square miles. Much arable land in the basin lacks water for
irrigation, and the potentially irrigable acreage far exceeds the amount that could be
irrigated with the 140,000 acre-feet estimated annual water yield. Therefore, the amount of
uncommitted water that could be intercepted and used within the basin is the limiting
factor in further development of agriculture irrigated with water derived from within the
basin, Water for additional irrigation might be obtained by pumping more ground water, but
only if large additional ground-water storage depletion can be tolerated. Alternatively,
supplemental water might be imported.

The Raft River basin is an area of rugged mountain ranges, aggraded alluvial plains, and
intermontane valleys. Topography and geologic structure strongly influence the climate and
hydrology. The Raft River rises in the Goose Creek Range of northwestern Utah and flows
generally northeastward and northward, joining the Snake River in the backwater of Lake
Walcott.

The climate ranges from cool subhumid in the mountains to semiarid on the floor of
the Raft River valley. Precipitation ranges from less than 10 inches on the valley floor to
more than 30 inches at some places in the mountains. Rainfall is light during the growing
season of about 100 days, and irrigation is necessary for most cultivated crops.

About 87,000 acres of land was irrigated in the 1960’s, on the average, and most of
that is in the lower Raft River valley. Nearly all usable surface water in the basin is diverted
4f01‘ irrigation and as of 1966 less than 20,000 acres were irrigated exclusively with surface
Water. Most stock, farm, and domestic water is from wells. Irrigation with ground water is
?iidely practiced and about 69,000 acres were irrigated partly or wholly with ground water
I 1966. In 1963 the valley was closed to further issuance of permits to appropriate
. Bround-water because of declining water levels.

= Geologic structure, lithology, and physiographic history control the surface-drainage
~Pattern as well as the occurrence and movement of ground water. The principal
Water—bearmg formations are the Salt Lake Formation of Pliocene age, consisting mainly of



weakly consolidated sandy sediments and some layers of volcanic rock; the Raft Formatiop
of Pleistocene age consisting of sand and gravel, lake sediments, and thin beds of silt and
clay; and alluvial deposits of Holocene age thit form aquifers beneath the bottom lands of
the valleys. Good yields from wells, ranging upward to several thousand gallons a minute
are obtained from the water-bearing formations. Basalt lavas of the Snake River Group yie;& 3
water where they occur below the water table of the valley. A few wells that penetra
limestone obtain substantial supplies from crevices. -

Thickness of the composite aquifer ranges from 0 to more than 1,500 feet,
Transmissivity of the composite aquifer is estimated to vary from about 10,000 gpd/ft

(gallons per day per foot) along the basin margins to more than 450,000 gpd/ft,

Permeability of the water-bearing deposits is highly variable, but is estimated to average
about 300 gpd/ ft2 for the basin as a whole.

The ground-water storage capacity of the basin is large; in the lower Raft River
subbasin alone, the upper 200 feet of saturated deposits contain an estimated 9,000,000
acre-feet of water. The average specific yield of the shallow deposits is estimated to be 20
percent.

The water yield of the Raft River basin is estimated to average about 140,000 acre-feet
per year as compared to 183,600 acre-feet estimated by Nace and others (1961) and
320,000 acre-feet estimated by Mundorff and Sisco (1963). Surface outflow of the Raft
River to the Snake River now amounts to only about 1,900 acre-feet per year, a decline of
about 15,000 acre-feet a year from the estimated original average outflow prior to irrigation
of about 17,000 acre-feet per year.

Ground-water outflow from the basin originally averaged approximately 83,000
acre-feet annually; it has declined only slightly as a result of pumping and was estimated to
be about 80,000 acre-feet annually in 1966.

In general, the quality of surface and ground water is good; dissolved solids in a few
exceptional wells range up to more than 2,000 mg/l (milligrams per liter) where the
temperature is high or where a substantial percentage of water pumped was previously used
for irrigation. Most of the surface and ground water is suitable for irrigation and has a
dissolved solids content of less than 600 mg/l, mainly calcium bicarbonate. Dissolved-solids
concentration in the surface-water outflow from the basin is increasing.

The pumping of ground water has caused a net water-level decline beneath about 235
square miles of the valley floor. Beneath and adjacent to the bottom lands, water levels
recover a number of feet during years of above-average runoff, owing to recharge from the
Raft River and Cassia Creek. However, a steady decline of as much as 5 feet per year is
occurring beneath pumped areas that are some distance from sources of recharge.

Consumption of ground water for irrigation, under present-day practices, averages
about 1.6 per acre annually. Total consumption of water by irrigated crops has risen from
about 40,000 acre-feet to about 160,000 acre-feet annually.



Pumping of ground water increased from approximately 8,600 acre-feet in 1948 to
235.000 acre-feet in 1966, a yeur of deficient streamflow.

Assuming 20 percent for the specific yield of the water-bearing formations, the
depletion of ground-water storage during the 14 years 1952 to 1965 inclusive wus
approximately 410.000 acre-feet. By the end of 1966 it was nearly 515.000 acre-feet.

Salvage of ground-water outflow from Raft River valley subbasin will require reduction
or elimination of the present northward hydraulic gradient of about 15 feet per mile.
Reducing the gradient by one half would salvage about one half the outflow, or about
40,000 acre-feet annually. However, with present pumping patterns and quantities, this

~ reduction would require several hundred feet of water-level decline near the pumping wells,
“many decades of time, and several millions of acre-feet of additional depletion of stored
~ ground water. '

INTRODUCTION

The Raft River basin, mostly in south-central Idaho but partly in northern Utah, is a
/" major drainage basin tributary to the Snake River. Prior to development and use of its water
¢, Fesources by man, the basin contributed an estimated average 100,000 acre-feet of surface
.*and subsurface flow to the Snake River system annually. Of the remaining estimated
- 140,000 acre-feet total annual water yield, about 40,000 acre-feet was nonbeneficially
. consumed by ripariin vegetation along stream channels. The area of the drainage basin used
in this report is aboat 1,510 square miles, nearly all of which lies in Cassia County. Idaho. A
- few square miles lic in Oneida and Power Counties, ldaho, and about 270 square miles in
* Box Elder County, Utah (fig. 1).

F

; Approximately 700 square miles of the area is in the broad, gently sloping Raft River
valley that extends s»uthward tfrom the Snake River Plain. Beginning in the 1870’s, large
“tra:ts of this acreage hat could be served by diversion of surface flow from the Raft River
.and its principal tributaries were developed for agriculture. By the late 1880’s nearly all
MIlable surface water was appropriated. Pumping ground water for irrigation in the valley
ﬂarted in the 1920’s. but it was not until about 1950 that large-scale pumping began for

- Supplemental irrigation and the irrigation of large tracts remote from surface supplies.

; Between 1948 and 1952 the quantity of ground water pumped annually for irrigation,
¢ 33 computed from power-consumption records, increased from about 8,700 acre-feet to
@‘_‘Ppl’ommately 22,900 acre-teet. This increased pumping caused local concern that the water
Sources of the basin were being overdeveloped and detailed studies were begun by the U.S.
&Ological Survey in cooperation with the Idaho Department of Reclamation to define and
Scribe the water resources of the basin. These studies resulted in a comprehensive report
itled “Water Resources of the Raft River Basin, Idaho-Utah” (Nace and others, 1961).

Ground-water pumping continued to increase until by 1955 the computed pumpage
35 about 64,000 acre-feet annually. [t reached an estimated 112.000 acre-feet in 1960, at
Vhich time it was evident that ground-water development had markedly affected the



streamflow of the Raft River and was causing water-level declines in the more heayi}
pumped parts of the valley. y

The Geological Survey prepared a report summarizing data collected during the period
1956-60, which documented the effects of pumping for irrigation in the Raft Riyer vall
subbasin. The report, “Ground Water in the Raft River Basin, Idaho, with Specia} Reference
to Irrigation Use, 1956-60” (Mundorff and Sisco, 1963), described the magnitude ang -
distribution of water-level declines within the basin and made new estimates of water yield
and ground-water underflow from the basin as of 1960.

New and increased use of the ground-water resource continued in the early 1960's wity
attendant water-level declines. The potential effect of these declines on established water
rights caused the State Reclamation Engineer to close the basin in July 1963 to further
applications to appropriate ground water. This action was challenged by local interests and
litigation followed which pointed up a need for more detailed information on the Wwater
resources of the basin. )

Consequently, the study upon which this report is based was begun by the Geological
Survey in cooperation with the Idaho Department of Reclamation in 1965 and continued
through June 1967. The goals of the study were to:

1. Re-describe those aspects of the geologic framework of the basin that influence the
occurrence, movement, and availability of the water resource. This re-description to be
based on new surface mapping of geologic units, new data from well logs, and the results of

regional geologic investigations that led to re-definition of geologic formations and theip -

distribution within the basin.

2. Re-determine the water yield of the basin by independent assessment of-
precipitation occurrence and distribution, and of natural water loss through evaporation and
transpiration.

3. Collect additional records of streamflow on which to base computation of the
long-term average annual runoff as an indicator of minimum water yield and changes caused
by diversion and use.

4. Update all data related to pumping of ground water, change in water level,
distribution of water-bearing units, and use of water for irrigation.

5. Determine a new water budget for the basin which identifies the elements of inflow,
outflow, and storage change in terms of current water use as compared with natural basin
conditions.

6. Describe the location and magnitude of change in ground-water storage resulting
from pumping, and relate the change to total storage available.




CONCLUSIONS

The study provided additional data over that available for earlier investigations and the
data, when applied to the enumerated goals, allow interpretations and conclusions that
fulfill most of the objectives and current management needs.

1. Ground water suitable for development for irrigation in the Raft River basin occurs
in the valley fill — including Holocene alluvium and the Pleistocene Raft Formation — and
in the upper part of the Pliocene Salt Lake Formation. Most of this water is in the Raft
River valley subbasin, east of the Cotterell Range. There the ground water is generally
unconfined, and the several geologic formations constitute a single aquifer with a thickness
exceeding 700 feet under most of the lowlands, which is underlain by relatively
impermeable rocks. Aquifer permeabilities and yields vary widely from place to place, and
are likely to be less in the older formations whether they are deeply buried under the valley
floor or near the surface along the margins of the subbasin. West of the Cotterell Range, the
same geologic formations are waterbearing in the Yost-Almo and Elba subbasins, but data
are inadequate to delineate aquifer characteristics or thickness. From these subbasins, there
is outflow to the Raft River valley subbasin through the alluvial valleys occupied by Raft
River and’Cassia Creek as they traverse the Cotterell Range.

The Raft River valley subbasin is bordered on the north by basalt which on the grand
scale of the Snake River Plain is highly permeable, but which includes massive impermeable
rocks as well as very permeable zones. Qutflow of ground water from the subbasin through
this basalt and included sediments is indicated by a northward water-table gradient of about
15 feet per mile. This underflow occurs along a section about 10 miles wide, but data are
still lacking as to the permeability and thickness of the section, so that the rate of underflow
cannot be calculated directly.

2. The perennial water yield of the basin is the average natural annual discharge from
the Raft River basin. In this, as in previous studies, the yield has been determined indirectly
as the difference between the average annual precipitation and the average annual
évapotranspiration throughout the Raft River basin under natural conditions. The calculated
volume of annual precipitation — 1,280,000 acre-feet — is practically identical with the
average volume estimated by Nace and others (1961), who also estimated that 86 percent of

- this volume was returned to the atmosphere by evapotranspiration within the basin, and the
:ff emainder of 184,000 acre-feet constituted the water yield. In the present study, the water
- Yield at selected sites was determined by empirical procedures that provide estimates of
average monthly precipitation and potential evapotranspiration and soil-moisture deficit at
tach site; these data were then plotted on a map that was used for computation of average
Water yield in each subbasin. By this method, the calculated water yield is 140,000 acre-feet
and thus 89 percent of the precipitation is lost naturally from within the basin by
Svapotranspiration. Either calculation of the water yield should be viewed as only a rough
3pproximation, in view of the assumptions and empiricial procedures that are involved in
-Sstimating evapotranspiration.

3. The natural surface outflow from the Raft River basin, based on measurements of
% the Raft River as early as 1910, is estimated to have averaged about 17,000 acre-feet a year.



The quantity available for man’s development and use in the Raft River valley subbasin (east
of the Cotterell Range) was considerably greater, for it included average annual inflow of
about 18,000 acre-feet from Cassia Creek, 24,000 acre-feet from Raft River at The Narrows
8,400 acre-feet from creeks draining the Raft River Mountains, and 5,400 acre-feet fron;
creeks rising in the Sublett Range — an aggregate surface inflow of about 56,000 acre-feet,
Most of this water contributed to recharge of the ground-water reservoir, or was consumed
by riparian or phreatophytic vegetation.

Diversion and use for irrigation of the waters in the mountain creeks has caused
progressive reduction in the surface-water inflow to the Raft River in the Raft River valley
subbasin. In the 30 years 1931-60, the average inflow has been 12,500 acre-feet from Cassia
Creek, 11,600 acre-feet in Raft River at The Narrows, and none from small creeks draining
the Sublett and Raft River Mountains. Much of this inflow disappeared by diversion or
seepage. ~o that the river was dry along several miles ot its course cach year. the outflow wyg
probably between 9,000 and 7,000 acre-feet a year. By 1967 the inflow in Raft River at The
Narrows had dwindled to 6,500 acre-feet, and the spring-fed outflow to less than 2,000
acre-feet. The consumptive use of surface water, estimated at about 40,000 acre-feet a year
by riparian vegetation aboriginally, increased to nearly 50,000 acre-feet as the water wag
applied for irrigation and native vegetation was cleared. Since 1948 the consumptive use of
surface water has dwindled with decreasing availability, to about 20,000 acre-feet in the dry
year 1966.

4. Pumpage for irrigation from wells in the Raft River valley subbasin began after
World War 1I, increased from 8,600 acre-feet in 1948 to 148,000 acre-feet in 1965, and to
225,000 acre-feet in the dry year 1966. Aggregate pumpage in this subbasin in two decades
is estimated to have been about 1% million acre-feet by the end of 1966. Pumping began in
the Yost-Almo subbasin in 1956 and increased to about 8,400 acre-feet in 1966, and in the
same year less than 1,000 acre-feet was pumped in the Elba subbasin; the aggregate pumpage
in both these subbasins was only 46,000 acre-feet by the end of 1966. Assuming that 40
percent of the water pumped is used nonconsumptively and then returns to the
ground-water reservoir, the net withdrawal of ground water for consumptive use throughout
the Raft River basin increased from about 5,000 acre-feet in 1948 to 90,000 in 1965 and to
140,000 acre-feet in 1966.

In the Raft River valley subbasin, water levels in wells have been lowered substantially
throughout the area irrigated from wells. From the spring of 1952 to 1966, the water table
declined under an area of 235 square miles, and the decline exceeded 50 feet in several parts
of the valley north of Malta. The volume of materials dewatered during the 14-year period is
computed to be about 2 million acre-feet. On the basis of well logs and other data, the
average specific yield of the dewatered materials is estimated to be 20 percent, and the
water drained from them is thus about 400,000 acre-feet. The water pumped from wells
during the period was more than 1,200,000 acre-feet, and assuming that 40 percent of this
returned to the reservoir, the net withdrawal was about 740,000 acre-feet. From these data,
it would appear that there was inflow to the pumping depression amounting to about
340,000 acre-feet, or an average of about 24,000 acre-feet a year; this may have included
lateral inflow, seepage of surface water, and infiltration of precipitation. During the dry year
1966, the gross irrigation pumpage in the subbasin was 225,000 acre-feet. Assuming the



same proportionate distribution, 90,000 acre-feet of this was used nonconsumptively and
then seeped back to the aquifer; 75,000 acre-feet was removed from accumulated storage;
and 60,000 acre-feet was replenished either by infiltration of precipitation or surface water
or by lateral inflow to the pumping area.

The water that is pumped for irrigation and then seeps back to the aquifer is likely to
carry dissolved salts from the soil and land surface. Several wells in the bottomlands yield
water with more than 600 mg/l (milligrams per liter) of dissolved solids, and in some the
dissolved solids are chiefly sodium and chloride. These dissolved salts accumulate during
natural evapotranspiration of the river water, and available data do not show whether the
concentration has been increased by irrigation return. The surface outflow from the valley,
however, now has dissolved solids about 30 percent greater than those measured prior to
irrigation development.

5. It has been calculated that the average water yield of the entire Raft River basin is
about 140,000 acre-feet a year, of which under natural conditions 40,000 acre-feet was
consumed by riparian yvegetation, 17,000 was surface-water outflow and 83,000 acre-feet
ground-water outflow. So far as the main valley — the Raft River valley subbasin — is
concerned, most of the natural surface-water inflow of 56,000 acre-feet has been diverted
for irrigation in the tributary subbasins, so that by 1967 the surface inflow to the valley
subbasin had been reduced to less than 20,000 acre-feet. The total water diverted or
pumped for irrigation in the tributary subbasins is greater than the amount of depletion of
streamflow to the main valley. This is true because some irrigation consumptive use replaces
natural riparian consumptive use, and the water used nonconsumptively for irrigation
becomes ground water that may eventually return to the stream or continue by underflow
to reach the valley subbasin.

Within the Raft River valley subbasin, the use of water for irrigation doubtless
substitutes in part for consumptive use by native riparian vegetation. but the surface
outflow has also been reduced from 17,000 to 2,000 acre-feet. The principal consumptive
use of water in the valley subbasin, however, is by irrigation with water pumped from wells.
In 1966 this consumptive use amounted to an estimated 135,000 acre-feet, approximately
equivalent to the calculated water yield from the entire basin.

6. The water pumped from wells for irrigation has come partly from accumulated
storage within the aquifer as shown by the progressive decline of water levels in the areas of
pumping. Whatever the amount of ground-water outflow northward from the basin,
Pumping has caused no significant clange in that outflow. This is shown by water levels in
the northern outfl »w area which ha ¢ changed very little duting 14 years of progressively
increasing pumping. Lowering the wa er level by 50 feet in an irea of intznsive pumping has
lowered the water table less than 1 f ot 4 miles to the north. Basalt in the outflow section
has a thickness of several hundred fi et — wells have been drilled in it to depths of nearly
300 feet — and a reduction of less tlian a foot in saturated thickness would cause a very
small reduction in the outflow. Until the pumping in the valley has significant effect upon
the outflow, accurate determination f the amount of outflow is of academic interest only.



The water pumped from storage comes from the valley aquifer where it is generally
most permeable, most productive and thickest. In the area of most intensive pumping north
of Malta, the aquifer extends to depths greater than 1.400 feet, and it is more than 700 feet
thick under practically the entire area of irrigation pumping. In this pumping area, the
aquifer has an estimated average specific yield of 20 percent — comparable to the materjalg
already dewatered — down to depths generally more than a hundred feet below the water
table as of 1967. The older sediments at greater depths and around the margins of the valley
have lower permeability and lesser yields, estimated to average about 15 percent. In the Raft
River valley subbasin, it is estimated that the permeable sediments down to depths 200 feet
below the water table in 1967 contain 9.000,000 acre-feet of water in storage.

7. All studies, including this one. have noted the quantity of ground water leaving the
Raft River valley subbasin as ground-water outflow. This water, once it moves northward
into the Snake River Plain, is lost to use within the Raft River basin. Thus, many have beep
led to believe that pumping near the outflow area would intercept a major part of the water
now moving from the basin as underflow. The pumping to date. however. has not reduced
the outflow by any significant amount. Although pumping until 1966 was less than the
calculated perennial yield of the basin. much o1 that ““yield” continued to flow out of the
basin; the pumping was in excess of local replenishment and, therefore, in part from
accumulated storage in the aquifer. Continued pumping can be expected to broaden and
deepen the existing cones of depression, and to cause further depletion of storage and
increased pumping lifts before any significant decrease in subsurface outflow occurs.

This depletion of ground-water storage poses many problems to the development and
usc of the ground-water resource. Of particular importance is the realization that the
ground-water resources have been and are being depleted, and that this depletion may
continue for decades under present pumping practices. The depletion will continue during a-
transient state of imbalance that began when man first disturbed the natural equilibrium,
and will end only when a new equilibrium is reached. This new equilibrium can occur only if
the total quantity consumed by man is equal to or less than the perennial yield (140,000
acre-feet) of the basin. In the course of this depletion, it must be anticipated that so long as
present pumping practices continue there will be a progressive increase in pumping lifts and
decreases in well yiclds. The information on which to base an estimate of the point in time
at which a new equilibrium would be established is not now available.

PREVIOUS WORK AND REPORTS

The general geology and water resources of the Raft River basin have been studied in
part and in varying detail by several workers. Despite this work, the geology of the valley
arcas and the regional structural features are still imperfectly known, and more detailed
investigations and further data collection are needed on which to base detailed hydrologic
analysis of the basin. The results of all previous work in the basin have been used in the
analyses, interpretations, and conclusions of this report.

The eurliest known study of the hydrologic characteristics of the area was made by
Stearns and others in 1928 during a reconnaissance of the Snake River Plain and tributary



valleys. This work was published in two reports (Stearns and others, 1936, 1938). Kirkham
(1931) compared the Tertiary stratigraphy of the Raft River basin with that of other areas
in southern Idaho. The basic reference on the geology of the area was prepared by Anderson
(1931), who described the general geology and mineral resources of eastern Cassia County
with special emphasis on the upland areas. The report contributed little information about
the geology of the valley lowlands.

Fader (1951) prepared a preliminary report which contained records of wells,
ground-water levels, and pumpage for irrigation. The most comprehensive report of the
water resources of the basin, however, including well data and estimates of all elements of
the hydrologic budget, was prepared by Nace and others (1961) as the result of work done
in 1948-55. That report discussed estimates of the total water yield of the basin, the
amounts of that yield available as surface water and as ground water, the amount of ground
water that might be recovered for beneficial use, and the effects of such use on downstream
water supplies. However, the accuracy of the estimates was greatly limited by the sparse
records then available.

A report by Crosthwaite and Scott (1956) contained data on wells at the extreme
northern end of the basin, and Felix (1956) presented data on the geology of the eastern
part of the Raft River Mountains. Mundorff and Sisco (1963) completed a brief study of the
valley part of the area in 1960 and published a short report containing water levels, declines

" of water level since 1952, pumpage, and estimates of water yield and ground-water outflow.

A principal conclusion of the report was that ground-water development during 1955-60
had materially reduced the unused -and uncommitted underflow from the basin and that
continued ground-water pumping could economically intercept perhaps one-fourth of the
then estimated 140,000 to 200,000 acre-feet leaving the basin as underflow. An unpublished
report by Haight (1965) contained data on pumpage of ground water through 1964, water
levels as of the spring of 1965, and water-level change.

Additional information about the geology of the mountainous parts of the area was
published by Armstrong (1966), Compton (1966), and Damon (1966). The Utah part of the
basin was described on a reconnaissance geologic map (Butler and others 1920, pl. 4), but
the work was too general to be useful in this study.

Present use of water in the basin is considered in the report only in relation to the
hydrologic system. The analysis is directed towa-d the storage and movement of water in
the system. The merits, effectiveness, or relative eificiency of the various uses are considered
to be beyond the scope of this report. The report is intended principally for use by persons
Who have the responsibility of managing the basin and for selecting alternative plans of
developing or regulating the water resources of the valley.

PURPOSE AND SCOPE

Since conclusion of the principal studies in 1955 and 1960, new information has
become available as a result of additional well drilling, additional mapping of irrigated
acreage, and longer records of precipitation, streamflow, pumpage, and ground-water levels.



The availability of these data offers opportunity to reevaluate the elements of the
hydrologic budget of the basin and refine quantitative estimates made during the earlier
studies.

The purpose of the report is to present new data on which reevaluation and refinement
of the budget elements are based, and to describe procedures used to develop a new and
independent hydrologic budget for the basin.

The scope of the studies applicable to the purpose of the report was as follows:
f

1. The areal distribution of the geologic formations and units of importance to the
water resources was re-described with the aid of aerial photographs and better maps than
were available to previous workers. This re-description, along with additional well logs,
enabled the authors to better determine the location of aquifers and geologic features that
control ground-water occurrence and movement.

2. A new precipitation-distribution (isohyetal) map was prepared, including data
gained from new measuring sites established as a part of the study.

3. The total water input to the basin was estimated with the aid of the isohyetal map.
Measurements of streamflow in the principal tributary drainages made as a part of the study,
and recomputation of natural water losses through evapotranspiration were used to estimate
water yield of the basin.

4. All wells drilled since 1955 were inventoried. These data, plus earlier records, were
used to determine and describe the occurrence of the ground-water resource in the basin.

S. Estimates of net ground-water withdrawal were derived from updated pumpage and
consumptive-use data, and data on the quantity of surface and ground water applied to the
irrigated acreage.

6. Systematic measurements of water levels were continued at existing observation
sites, and initiated at others to define historic changes in ground-water levels. '

7. Areas of net decline in water levels were determined and estimates made of net
change in ground-water storage, as well as reduction of subsurface outflow from the basin.

8. A water budget was prepared to interrelate the estimated elements of water input to
the basin, consumptive use, outflow, and storage change within the basin.

9. Streamflow and ground-water samples were analyzed for chemical content as a basis

for estimating effects of development and use on the chemical quality of the water resource,
and the distribution of these effects in space and time.
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REFERENCE PERIOD USED IN THE REPORT

The U.S. Weather Bureau uses the 30-year period 1931-60 as a base period for the
computation of normal precipitation and temperature. For ready comparison the same
period is used in this report for the analysis of precipitation, temperature,
evapotranspiration, streamflow, and water-yield data. Records that do not encompass this

. period are adjusted to the period by correlation with long-term records, and by
extrapolation.

The period of rapid change in ground-water occurrence and use extends only from
about 1948 to the present, and there is no value to extending this record to the 1931-60
base period. Consequently, changes in ground-water recharge, discharge, and storage are
referenced only to the period for which data are available.
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THE ENVIRONMENT

GEOGRAPHIC FEATURES

The Raft River basin is characterized by rugged mountains rising above aggraded
alluvial valleys. The topography in and around the basin strongly influences the climate, and
local factors of geology and water use control runoff and ground-water recharge. Figure 1
shows the location and arrangement of the valley areas with respect to their enclosing
mountain ranges, and to the various subbasins, stream systems, and geographic features
referred to hereafter in this report. The basin includes all the surface area drained by the
Raft River and its tributaries above the stream-gaging station Raft River at Yale, sec. 1, T.
10S.,R. 27 E. (fig. 1).

The Raft River basin has been divided into three subbasins, both because of hydrologic
considerations, and for convenience in discussion. The subbasins have been designated as
Raft River vailey, Yost-Almo, and Elba (fig. 1). Throughout the discussion of water
resources, those subbasins will be considered as entities whose sum makes up the whole
surface-water discharge and water yield of the Raft River basin; the ground-water subbasins,
similarly, conform to the three-fold division but are restricted in the sense that the area of
each subbasin underlain by aquifers capable of yielding significant quantities of water to
wells is distinguished from the drainage subbasin in which the ground-water subbasin lies.

Mountain Ranges

The mountains surrounding Raft River valley have a two-fold importance in relation to
water resources. The crests of the ranges are taken as the hydrologic boundary of the basin,
and the higher slopes within the basin are the areas of principal water catchment as
precipitation generally increases with increasing altitude. Further, the rocks that form the
mountains, and their extensions that underlie the valleys of the basin, are largely though
not entirely — impermeable. Therefore, those rocks are considered to form the boundaries
of the developed and developable aquifers of the Raft River hydrologic system.

The Albion Range forms most of the western margin of the basin, is bounded by steep
slopes on the eastern side, and rises about 5,000 feet above the adjacent Yost-Almo and
Elba subbasins.

The Goose Creek Range sheds runoff to Junction Valley at the head of the Raft River
drainage, and rises about 2,900 feect above the adjacent Junction Valley floor.

The Raft River Mountains lie along and just sou:ih of the Idaho-Utah boundary and rise
about 4,800 feet above the floor of Raft River valley. This range trends eastward from the
valley of South Junction Creek to southeast of Strevell where a low pass separates the range
from the southern end of the Black Pine Range.

The Black Pine Range rises steeply from broad piedmont allu\}ial slopes, trends
northward, and forms the southeastern margin of the Raft River valley. The range rises
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about 4,600 feet above the valley floor and is characterized by narrow ridges and deep,
narrow valleys.

The Sublett Range also contains narrow ridges and steep, narrow valleys that trend
northwest along the northeastern valley margin. This range is separated from the Black Pine
Range by the valley of Meadow Creek and rises steeply above the floor of Raft River valley
to an altitude of about 7,400 feet. The northern end slopes gently downward, reaching the
level of the Snake River Plain about 4 miles south of the Snake River.

The Cotterell Range is a westward-tilted fault block lying mainly within the valley part
of the Raft River basin. It separates the main Raft River valley from the Yost-Almo and
Elba subbasins. This range is identified as the Malta Range in most earlier reports, but
modern maps and most local references now use the name Cotterell Range. The range rises
to an altitude of about 8,050 feet, with the central part of its southern segment rising about
3,400 feet above the Raft River valley. A broad pass separates the range from the Raft River
Mountains on the south, and the northern end slopes downward to the Snake River Plain.
Raft River crosses the extreme southern end of the Cotterell Range at The Narrows, and
Cassia Creek divides the range near its midpoint. The western flank slopes gently westward
toward the Albion Range, but the eastern flank is steep and rugged with massive slide and
slump blocks marking the transition from the sharp crest to the alluvial slopes of the valley
floor. In this report, the northwestern margin of the Raft River drainage basin is considered
to lie at the crest of the northern segment of the range (fig. 1).

Principal Valleys and Subbasins

The Raft River valley is the largest of the several valleys in the Raft River basin. Its
floor is an alluvial plain, 10 to 15 miles wide. The valley floor rises gently from the Raft
River in the central part of the valley with steepening slopes near the mountains. The
altitude of the valley floor is about 4,200 feet near the mouth of the Raft River, about
4,500 feet near Malta, 5,000 feet at The Narrows, and about 5,200 feet at places on the
piedmont slopes.

The section of the valley from about 4 miles north of Idahome to the Snake River was
referred to by Nace and others (1961, p. 11) as the Northern Plains section. This part of the
valley is physiographically a part of the Snake River Plain, but is included in the Raft River
valley because of its close hydrologic relation with the remainder of the Raft River basin. It
has been only slightly modified by erosion since emplacement of the volcanic rocks, and
volcanic cones locally rise several hundred feet above the general level of the valley. The
entire valley, from near the Snake River southward to The Narrows and the vicinity of
Strevell, is designated the Raft River valley subbasin. The entire subbasin is approximately
1,000 square miles in extent and includes several subareas with distinctive hydrologic
characteristics.

The Eiba subbasin lies between the Albion and Cotterell Ranges, and is about 100

Square miles in extent. The valley-floor area of the subbasin, however, is much smaller,
dveraging about 3 miles in width and 12 miles in length. Talus slopes along the flanks of the
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surrounding mountains grade into ti:e atluvial fill of the valley floor. which has a very steep
slope except along the bottom lands in the lower reaches. The outlet of the subbasin jg 4
steep-sided gorge cut transversely through the Cotterell Range by Cassia Creek.,

The Yost-Almo subbasin opens westward from the southern end of the Raft River
valley upstream of The Narrows to torm what has been called the upper Raft River valley.
This subbasin, an alluvial valley ot irregular form which stopes from the north and souih
toward The Narrows. is bounded by the Albion Range on the west. the Raft River
Mountains on the south. and the Cotterell Range on the cast. Junction Valley is separated
from the subbasin by a steep gorge at the Upper Narrows. 1t is a small, mountain-encloseg
alluvial Towland lving mainly in Utah at the headwaters of the Raft River. The Yost-Almo
subbasin contains approximately 410 square miles. The vallev-tloor part of the subbasin
makes up more than halt the total area.

Most of the lowlands within the Raft River basin are tloored by alluvial funs thas
extend. with gradually decreasing slope. from the mountains and foothills toward the Raft
River or its principal tributaries Strips of fairly fevel bottom land occur along the Raft
River. Cassia Creck. and the larger tributary streams. The tributaries have moderately
trenched the altuvial fans to form small local relict. and a few hills such as Round Mountain
stund above the generally smooth alluvial slopes.

CLIMATE

The climate of the Raft River basin ranges trom humid to subhumid in the higher
mountains, and to semiarid on the floor of the Ratt River valley. Records of the various
clements of the climate are sparse within the basin. however, and previous estimates of
precipitation distribution throughout the basin (Nace and others. 1961) were necessarily
based on extrapolations or correlation with records for stations outside the basin. Also, the
isohyetal map developed for the 1961 report showing distribution of precipitation within
the basin, and the one prepared by the U.S. Weather Bureau (1959) at small scale, are both
based mainly on records tor stations cither outside the basin or at the lower clevations.
Therefore. as a part of this study. cight additional precipitation-storage gages were instatled
and operated during the period 1965-67 to provide data for adjusting estimates of
precipitation distribution. Using the adjusted data, a new isohyctal map was prepared on
which to base estimates of water vicld trom the various drainages and subbasins of the study
area,

Records of other clements of climate, such as temperature, humidity, wind direction
and velocity, evaporation. and solar radiation are virtually lacking within the study arca. Of
them, only temperature is recorded within the basin, and that at Strevell.

Precipitation

Precipitation on the Raft River basin is derived mainly from winter storms moving
castward across the basin and to lesser degree from summer thunderstorms that generally
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move north or northeastward from Utah and Nevada. Most of the precipitation in the higher
mountains falls as snow. Winter precipitation at a given altitude tends to decrease from
northwest to southeast. Summer precipitation tends to increase toward the southeast. On
the higher mountains, only about 10 percent of the annual precipitation falls during the
growing season, but as much as 45 percent falls during the growing season in the valleys at
the base of the mountains. Table 1 gives average monthly and annual precipitation for 12
long-term stations in and adjacent to the basin, and table 2 gives data for the eight
short-term gages operated during this study.

The distribution of precipitation over the basin, adjusted for exposure, local terrain,
and rain-shadow effects is given by isohyetal lines in figure 2. The adjustments were made
by the following procedure: (1) The altitude of each gage site was adjusted to an effective
altitude to account for local terrain effects by averaging the altitude at the gage site with the
altitude at eight points of the compass 1.5 miles from the gage site; (2) the effective
altitudes were then plotted against the . precipitation at each site adjusted to the 1931-60
normal, and average altitude-precipitation curves were drawn (fig. 3); (3) curves were drawn
parallel to the average and through geographically similar groups of stations to determine
change of precipitation at equal altitude, generally from north to south; (4) lines of equal
precipitation (isohyetal lines) were drawn; and finally (§) the isohyetal lines were adjusted
either up or down slope in accordance with the curves of figure 3 in localities having obvious
rain-shadow effects or direct exposure to prevailing winter storms. The western and
northern flanks of the Albion and Sublett Ranges have such direct exposure; consequently,
isohyetal lines in these areas were adjusted downslope slightly. Similarly, minor rain-shadow
effects were considered probable on the eastern side of the higher mountains and the
isohyetal lines were adjusted upslope slightly. The decrease in precipitation from north to
south in the basin is probably the result of rain-shadow effects caused by high mountain
ranges west of the .southern part of the basin.

The adjusted precipitation distribution shown in figure 2 differs considerably from the
U.S. Weather Bureau isohyetal map for the area, and at specific locations it differs markedly
from precipitation values given by Nace and others (1961). The differences are largely the
result of the more detailed data now available and, to some degree, to differences in
subjective judgment applied to adjustments. In general, the quantities of precipitation
shown are considered to be conservative. However, it should be noted that data from this
study show an average annual precipitation at Sublett more than S inches greater than was
estimated by Nace and others (1961). Also, a correlation of monthly data for the short
record at the old Almo station gives an adjusted annual precipitation at 12.9 inches for the
base period 1931-60 as compared to the adjusted 15.6 inches obtained by Nace and others
(1961).

As shown in figure 2, the average annual precipitation ranges from less than 10 inches
on the central part of the valley floor to more than 30 inches near the summits of the
Albion Range and Raft River Mountains. Average annual precipitation over the entire basin
is 15.0 inches or 1,280,000 acre-feet of water, practically identical with the estimate of
1,290,000 acre-feet by Nace and others (1961, p. 32).
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The average distribution of the precipitation during the year is shown by curves in
figure 4.
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FIGURE 4.~ Generalized seasonal precipitation distribution
for different parts of the Raft River basin.
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Temperature and Evaporation

Strevell is the only location in the Raft River basin where long-term temperature
records have been collected. That record and records at Oakley in the Geose Creek basin to
the west, at Albion in the Marsh Creek basin, and ai Burley and Rupert on the Snake River
Plain, all at the northwestern margin of the Raft River basin, were used to develop estimates
of average temperatures within the basin. The altitudes of these weather stations range from
4,180 feet at Burley to 5,280 teet at Streveli.

The mean annual temperature for the 1931-60 normal period ranged from 45.4° F
(7.40 C) at Strevell to 49.60 F (9.89 C) at Burley. Recorded minimum temperatures have
ranged from about —359 F (=379 C) at Burley to about —17° F (—279 C) at Streveli, and
recorded maximum temperatures have ranged from about 100° F (380 C) at Albion to
about 106? F (420 C} at Ozkley. The average frost-free period in the Raft River valley is
about 100 days. A summary of tiie mean teraperatures by months and years, all based on
the 30-year nurmal period 1931-50, is given in table 3. Also shown in table 3 is the avzrage
of the mean monthly temperature and the altitude of the five stations.
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Evaporation from a U.S. Weather Bureau class A land pan at Minidoka Dam (Lake
Walcott) near the northern end of the Raft River valley averaged about 63.6 inches during
the April through October period for the years 1949-61 (table 4). Application of an

Table 4. Evaporation from class A land pan at Minidoka Dam.
(Inches of water. Based on records of the U.S.
Weather Bureau)

Year Apr. ~ May June July Aug. Sept. 'Oct. Nov. Total
1949 - 8.61 12.17 13.56 11.69 9.14 3.68 2.94 61.79
1950 - 9.67 9.73 13.51 11.21 7.64 5.15 - 56.91
1951 7.71  9.21  11.25 13.77 10.24 9.24 4,20 - 65.62
1952 - 8.9t 10.30 12.40 12.52 8.68 5.97 - 58.78
1953 - 6.80 9.16 13.84 12.29 9.20 4.77 - 56.06
1954 N 9.73 9.65 12.80 12.20 9.00 4.76 2.37 60.51
1955 - 7.80 10.27 11.37 11.39 8.21 5.42 - 54.46
1956 - 7.27  11.26 12,69 - 10.88 8.27 4.25 - 54.62
1957 - 6.31 10.20 12.22 11.78 8.75 4.19 - 53.45
1958 - 9.33 10.16 12.27 11.55 8.09 5.77 - 57.17
1959 6.93 7.15 11.64 13.49 10.89 6.70 4.69 - 61.49
1960 6.66 7.91 12,26 13.51 11.59 8.31 4.49 - 64.73
1961 6.85 9.37 12,65 13.74 10.96 6.69 3.75 - 64.01

1962 6.96 6.29 - - - - -

Aver- :
_age 7.02 8.17 10.82 13.01 11.47 8.38 4.70 2.66 263,57

8 Total of April through October averages.

equation given by Kohler, Nordenson, and Baker (1959) to compute natural open-water
evaporation from meteorological data at Lake Walcott suggests a probable average annual
evaporation at the lake of about 48.6 inches. A U.S. Weather Bureau map presented in their
report shows an average annual evaporation in the vicinity of Lake Walcott of about 38
inches, but this very generalized map value was based on data from an old record at Milner
Dam where recorded wind velocities differed greatly from those at Minidoka Dam.

A procedure given by Rohwer (1931) also allows computation of evaporation from a

free water surface. That procedure provides a value of 47.8 inches for annual evaporanon at
Lake Walcott from the reservoir surface.

IRRIGATED AREA AND REMAINING UNIRRIGATED LAND

In 1966 the area of irrigated land in the Idaho part of the Raft River basin was about
130 square miles or 83,000 acres (fig. 5). This included some narrow strips of bottom land
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that are occupied by willows and tall grass and are too narrow or irregular in shape to be
economically cultivated. In addition, about 6.5 square miles or 4,200 acres were irrigateqd in
the Utah part of the basin downstream from the Upper Narrows and in the valleys draining
the north side of the Raft River Mountains near Naf, Standrod, and Yost. The sum, aboyt
87,000 acres, represents the maximum acreage irrigated in those years when a fy)
surface-water supply is available. Much acreage in the southern parts of the basin, neas
Almo, Yost, Standrod, and Naf, is supplied by surface water only, and receives inadequate
water in years of average runoff. These areas receive little or no water in dry years. Also, not
all acreage supplied by ground water is irrigated every year. For these reasons, the average
area irrigated annually in recent years is less than the maximum, and is estimated to have
been about 84,000 acres.

Irrigation with surface water in the Raft River basin has reached the practical limit of
development without surface storage. Although the remaining surface flow is small, there
has been a strong demand for additional water in recent years, and the water supply
available for irrigation is a critical factor in the economic future of the area.

Nace and others (1961, t. 19, p. 81) estimated there were about 386,000 acres of
undeveloped land in the lowland area of Raft River valley in 1956. At that time, about
43,000 acres were estimated to be under irrigation. Irrigated acreage increased to about
84,000 acres by 1966. Thus, the remaining undeveloped lowland area of Raft River valley,
much of which probably could be irrigated if water were available, includes about 345,000
acres.

THE GEOQOLOGIC FRAMEWORK

GENERAL DISTRIBUTION AND STRATIGRAPHY OF THE ROCKS

The geologic framework of the Raft River basin is made up of complexly folded,
faulted, and eroded mountain masses of crystalline, metamorphic, volcanic, and
consolidated sedimentary rocks ranging in age from Precambrian to middle Tertiary; with
structurally depressed valley areas containing large thicknesses of volcanic rocks, lake
sediments, alluvial and fluvioglacial deposits, and windblown silt (loess). The valley-filling
rocks and deposits accumulated from early or middle Tertiary time to the present.

Anderson (1931) prepared one of the earliest and most detailed descriptions of the
rocks and deposits of the Raft River basin with primary emphasis on the consolidated rocks
of the mountains. He described the occurrence of the principal geologic formations of the
mountain arcas as well as the highly complex geologic structures that control the
present-day topography and drainage. He also described the simpler structures that control
the distribution of the younger deposits that are of importance to the water resources of the
area. Lack of adequate base maps, however, hampered precise mapping of geologic contacts
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and structural features by carlier workers. and they gave little attention to description of the
unconsolidated valley-filling deposits. More recently, Nace and others (1961), Armstrong
(1966). Compton (1966), and Damon (1966) have described parts of the area in greater
detail.

As a part of the study for this report. the geologic contact between the post-Cretaceous
and the Cretaceous and older rocks, as well as the contacts between the several
post-Cretaceous formations. were remapped with the aid of aerial photographs and some
additional field.studies. This remapping (fig. 1) differs considerably in some parts of the
valley from that shown by Anderson, and also from that shown by Nace and others which
was compiled from several sources.

Nace and others (1961, p. 18-28) discussed the gencral geology of the Raft River basin,
including a description of the rock units of importance to the water resources, the geologic
structure, and the physiographic development of the basin. In general, the present study
confirms the earlier interpretations and adds further detail to discussion of the character and
distribution of the units that are important to occurrence and distribution of the water
resources of the basin. The principal differences are in the subdivision of the Salt Lake
Formation, the modern designation of a Raft Formation including the Raft lakebeds as a
facies, and a reinterpretation of the thickness and dxstnbutlon of the Quaternary alluvium.

The rock units shown in figure I are the ones related most directly to water supply in
the Raft River basin. Rocks older than and including the granitoid Cassia batholith of Late
Cretaceous or early Tertiary age are grouped as a single unit because in the basin as a whole
they affect the hydrology approximately uniformly.

The diagram of figure 6 shows the stratigraphic relations and description of the
lithologic units, based largely on the work by Anderson (1931). but the indicated
thicknesses of the rocks of late Tertiary and Quaternary age are ¢stimates by the authors.

Rocks of Pre-Tertiary Age

The rocks of pre-Tertiary age are extremely diverse; they include metamorphic
materials such as quartzite, marble, and schist, and a wide variety of consolidated
sedimentary rocks such as limestone. sandstone, shale, and chert. ldentification and
differentiation of these is essential only in order to recognize geologic structures and
relations and to decipher the geologic history. Most of the pre-Tertiary rocks are relatively
impermeable and ground water occurs in them chiefly in open joints. Where solution cavities
exist in limestone, however, wells that intercept these cavities yield large quantities of water.

Because of their relation to the structural history of the area and their resistance to
€rosion, the pre-Tertiary rocks form the mountains and highlands of the area. They receive
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the major part of the precipitation and deliver it to the valleys and lowlands as runoff or by
the way of the fractures and solution cavitics directly to the aquifer units of the valley fill.

Salt Lake Formation

The Salt Lake Formation consists of sedimentary and volcanic rocks having an
aggregate exposed thickness of at least 2,500 feet. The general relations (fig. 7) suggest that
the formation is composed of three units having maximum thicknesses of about 1,700 feet
for a lower sedimentary unit, 500 feet for a central zone of welded tuffs, and as much as
500 feet for an upper sedimentary unit. Earlier workers, particularly Nace and others
(1961), considered the Salt Lake Formation to consist of two units, the upper capped by
massive dark volcanic flow rocks that are exposed primarily in the Cotterell Range. The age
of these rocks was not identified by earlier authors, except that they were considered to
occur between the Salt Lake Formation and the next-younger Raft lakebeds.

In this report, the Salt Lake Formation is considered to be composed of three major
units, with the massive volcanic rocks of the Cotterell Range occupying the central unit, the
same relative position as the welded tuffs reported by Mapel and Hail (1959) west of Raft
River valley in the Goose Creek basin. Present usage restricts the name Salt Lake Formation
to deposits of Pliocene age.

Most of the wells that produce water from the Salt Lake Formation penctrate only
beds of sandstone, thin conglomerate, and occasional layers of clayey silt. A few wells
penetrate volcanic flow rocks that are interbedded with the sediments.

Data from 18 wells that derive water from the upper unit of the Salt Lake Formation
only show yields that range from 270 to 3,240 gpm, and average about 1,500 gpm. The
median yield of these 18 wells is about 1,600 gpm.

The Salt Lake Formation yields important quantities of water to many wells in
addition to the 18 cited above. Many wells are drilled through the Raft Formation and into
the underlying Salt Lake Formation, and are constructed so as to obtain water from both
formations.

Raft Formation

The Raft Formation consists of lake and stream deposits that accumulated on the
eroded surface of the Salt Lake Formation, as drainage to the north was progressively
blocked by basalt of the Snake River Plain. The deposits were first named the Raft Lake
Beds (Stearns and others, 1938, p. 48) and were considered to be probably late Pliocene in
age. Work by Trimble and Carr (1961), however, has yielded fossil evidence to show that the
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deposits are of middle or late Pleistocene age. Also, the deposits were renamed the Raft
Formation in recognition of associated, widely distributed material that is alluvial and
possibly fluvioglacial as well as lacustrine.

The Raft Formation is well exposed only in the northeastern part of the valley, yet it
probably underlies most of the valley to the south, beneath a cover of younger alluvial
materials. '

Well drilling has disclosed sediments of probable lacustrine origin at many places
beneath the floor of the valley, and these are presumed to be in the Raft Formation. In
general, subsurface lakebeds at shallow depth beneath the north-central part of the valley
floor probably are Raft Formation or younger, whereas those at greater depth and along the
east and south flanks of the valley are indeterminate as to whether they are Raft Formation
or a part of the Salt Lake Formation.

The percentage of coarse-grained material in the Raft Formation in the main valley
increases markedly toward the south. Gravel is much more common toward the south than
it is at the north, and the sand is coarser grained. Beds of clay are mostly thin but are
abundant. Individual beds thicken or thin within short distances and can only rarely be
correlated between wells a short distance apart. '

The lacustrine deposits of the Raft Formation aggregate probably little more than 200
feet in thickness, and are poor aquifers. Many wells drilled recently in parts of the valley
show, however, that the Raft Formation is thicker, and that generally the materials are
coarser nearly everywhere in the valley than was previously thought. Some coarser beds
previously assigned to the Salt Lake Formation are now interpreted as part of the Raft
Formation, although identification of both formations in drillers’ logs of wells is uncertain
at best. The proportion of glass shards and other volcanic debris is generally greater in the
Salt Lake Formation. In general, and contrary to earlier reports, the Raft Formation as a
whole is a good aquifer from which the majority of the irrigation wells in the valley obtain
their supply.

Basalt of the Snake River Group

In Tps. 10 and 11 S., Rs. 26 and 27 E. (fig. 1), basaltic lavas of the Snake River Group
crop out at land surface. There, and for some distance southward in the subsurface, the
basalt interfingers with stringers of the Raft Formation, suggesting that a thickening section
of basalt progressively dammed the outlet of the ancestral Raft River, leading to formation
of lacustrine conditions in the northern part of the valley, and deposition of thick sections
of Raft Formation alluvial deposits southward in the valley.

The basalt flows, in exposure and as reported in logs of wells, have characteristics
similar to those of basalt underlying the main Snake River Plain. Individual flow units tend
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to be massive and effectively impermeable. However, rubbly zones between flows have high
permeability and transmissivity and may be major aquifers. Each basaltic aquifer zone tends
to be virtually separate from that above and below because of the impermeable character of
the massive, intervening lava. Locally, columnar jointing commonly found in basalt may
provide weak inter-aquifer connections. In the Raft River area, however, columnar jointing
is not exposed, and can only be inferred to occur in the subsurface.

Alluvium, Fan Deposits,
Landslides and Glacial Deposits

Deposits of mud, silt, sand, and gravel are widespread on valley floors and scattered on
the mountain slopes. Much of the material has been transported for long distances by
running water and is moderately to well sorted and distinctly stratified. Where the alluvium
has not been moved far, as in alluvial fans along the bases and lower slopes of mountains, it
is less well sorted and is poorly stratified. Very poorly sorted material along the mountain
slopes commonly lacks stratification and is called “hill wash” herein.

Morainal and outwash deposits described by Anderson (1931) are grouped on the map
with the alluvium and *hill wash” materials.

Windblown deposits are not distinguished on the geologic map but are widespread;
they overlie much of the basalt of the Snake River Group and other formations in the
vicinity of Sublett, Heglar, and the northwestern part of the valley. The deposits reach a
thickness of at least 100 feet in depressions on the basalt of the Snake River Group, on
leeward slopes of hills and in sheltered basins. Most of the material is silt size; it is buff to
brown, highly porous, unstratified, and has crude columnar structure. The age probably is
late Pleistocene and Holocene.

The windblown material is not an aquifer because it is above the zone of saturation. It
forms rich soil and has a high moisture-holding capacity.

STRUCTURE

The principal geologic structural features (fig. [) in the Raft River basin control the
hydrology of the area. Considerably more structural detail was mapped by Anderson (1931)
than is shown in figure 1; only the structures that are known to influence ground- or
Surface-water occurrence or flow in the basin are discussed herein.

The geologic structures most clearly related to hydrology of the basin are high-angle

Normal faults of large displacement. Those faults, trending generally north, bound the
fault-block mountains on either side of the valley and delimit the eastern and western
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margins of the Cotterell Range. The present study did not materially modify Anderson’s
(1931) interpretations, nor did this study include detailed mapping within the mountain
blocks.

However, on the basis of distribution of some formational units in exposure, nearly
linear occurrence of springs and wells that discharge thermal water, and alinement of
volcanic vents and topographic features, the positions of major faults (fig. 1) have beeq
shifted from positions shown on earlier maps. Because fault traces are concealed beneath
younger rocks throughout much of the area, delineation of faults on maps must be highly
interpretive. The faults that bound the Cotterell Range and their extensions from the flanks
of the Raft River Mountains to the Snake River Plain are particularly important ip
interpretation of the hydrology of the basin. More detailed study of the subsurface may
disclose other large faults, also of hydrologic significance.

The floor of the main Raft River valley overlies a westward-tilted block of consolidated
rocks whose depressed western part is blanketed by westward-thickening wedges of the Salt
Lake and Raft Formations. Along the major fault that terminates the western edge of this
block, another block is greatly uplifted and tilted westward. That block forms the Cotterel}
Range, whose eastern face is scarred by great slide and slump masses that have collapsed off
the steep face of the uplifted block. Because of this the actual fault trace is obscured and its
exact position is unknown. The fault is interpreted herein as a broad zone of fractures
perhaps as much as 2 miles wide along which eruptive basalt has issued at the northern end
of the basin, and hot, saline waters occur southwest of Bridge. This fault is shown in figure 1
at the location given by Anderson. The detail of its southern terminus is unknown, but it
has not been identified as extending into the Raft River Mountains. Nace and others (1961)
suggested that it may be terminated by a cross-fault through The Narrows and this may be
the case, but the position or orientation of such a cross-fault cannot be documented with
existing data. The authors believe that a zone of older faulting probably does trend west in
the vicinity of The Narrows, that this zone so weakened the basement ro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>