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Preface

This is the first of three reports in a multichapter volume characterizing water resources in the 
Big Lost River Basin. These reports document the findings of a hydrogeologic investigation of the 
Big Lost River Basin that was jointly conducted by the U.S. Geological Survey, Idaho Department 
of Water Resources, and the Idaho Geological Survey from 2018 through 2021. Chapter A (this 
report) describes the hydrogeologic framework of the Big Lost River Basin. It includes a concep-
tual definition of the hydrogeologic units, a three-dimensional hydrogeologic-framework model, 
and a description of groundwater occurrence and movement. Chapter B (Dudunake and Zinsser, 
2021) describes streamflow gains from and losses to groundwater in the Big Lost River between 
Mackay Reservoir and south of Arco, Idaho. Streamflow gains and losses were estimated from 
a series of four surface-water measurement events during pre- and post-irrigation season condi-
tions from 2019 to 2021. Chapter C (Clark, 2022) describes groundwater budgets for the Big Lost 
River Basin from 2000 to 2019. The groundwater budgets provide annual estimates for aquifer 
inflows and outflows. Collectively, these reports present a characterization of water resources 
in the Big Lost River Basin that will help address current challenges in water-resources 
management.
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Hydrogeologic Framework of the Big Lost River Basin, 
South-Central Idaho

By Lauren M. Zinsser

Abstract
Surface-water and groundwater resources in the Big Lost 

River Basin of south-central Idaho are extensively intercon-
nected; this interchange affects and is affected by water-
resource management for irrigated agriculture and other uses 
in the basin. Concerns from water users regarding declining 
groundwater levels, declining streamflows, and drought helped 
motivate an updated evaluation of water resources in the Big 
Lost River Basin. The hydrogeologic framework presented 
in this report provides a conceptual basis for understand-
ing groundwater resources in the Big Lost River Basin and 
comprises three major parts: (1) conceptual description of four 
hydrogeologic units, (2) development of a three-dimensional 
hydrogeologic framework model representing the spatial dis-
tribution of the hydrogeologic units, and (3) a description of 
groundwater occurrence and movement. This hydrogeologic 
framework represents the first of three planned reports describ-
ing water resources in the Big Lost River Basin; subsequent 
reports are intended to present a groundwater budget for the 
basin and to describe the results of a series of events measur-
ing gains to and losses from streamflow in the Big Lost River. 
This report was prepared by the U.S. Geological Survey in 
cooperation with the Idaho Department of Water Resources.

The Big Lost River Basin has four hydrogeologic 
units. First, the most heavily used hydrogeologic unit is the 
Quaternary unconsolidated sediments, which are further subdi-
vided by grain size or other distinguishing characteristics into 
six subunits (boulders, gravel, sand, clay, cemented sediments, 
and soil), and which comprise the alluvial aquifer. Second, 
Paleozoic sedimentary rocks, primarily carbonates with some 
siliciclastic rocks, represent the major bedrock aquifer and 
contribute subsurface recharge at the margins of the alluvial 
aquifer. Third, Tertiary volcanic rocks, primarily andesite and 
dacite with lesser tuff, are locally important to water pro-
duction, particularly in faulted and fractured zones. Fourth, 
Quaternary basalt rocks contain at least three water-bearing 
zones at the southern end of the Big Lost River Valley.

The three-dimensional hydrogeologic framework model 
describes the spatial distribution and general thicknesses of 
the hydrogeologic units and subunits and yields new insights 
into controls on water movement in the basin. The Quaternary 
unconsolidated sediments hydrogeologic unit that comprises 

the basin-fill alluvial aquifer is highly spatially heterogeneous. 
The Paleozoic sedimentary rocks hydrogeologic unit occurs 
at the valley margins and underlies tributaries throughout the 
basin, whereas the Tertiary volcanic rocks hydrogeologic unit 
primarily occurs in uplands in the western half of the basin. 
The Quaternary basalt hydrogeologic unit consists of multiple 
basalt flows that are interbedded with the Quaternary uncon-
solidated sediments unit in the southern end of the Big Lost 
River Valley. Subunits within the Quaternary unconsolidated 
sediments unit generally are coarse (sands and gravels) and 
well-sorted with high hydraulic conductivity along the central 
axis of the Big Lost River Valley. Quaternary unconsolidated 
sediments subunits at the margins of the valley tend to be more 
vertically discontinuous and contain more clay, which creates 
locally confining layers in some areas. A laterally continuous 
clay subunit is present about 50 to 100 feet below the land 
surface around the town of Arco, Idaho, and causes confining 
conditions in some areas.

Groundwater flow generally mimics topography although 
wide spacing between long-term groundwater-level monitor-
ing wells limits detailed interpretation. The alluvial aquifer 
is most heavily used (primarily by irrigation and domestic 
pumping) within 250 feet of the land surface although deeper 
bedrock wells occur at the valley margins and in the basalt 
flows around Arco. Potentiometric-surface altitudes vary 
substantially interannually and seasonally between Darlington, 
Idaho, and Arco; annual precipitation, irrigation demand, and 
recharge can result in raising or lowering of potentiometric 
surface altitudes over the irrigation season and likely affect 
streamflow in the Big Lost River. Historical surface-water 
losses occur in areas where the valley widens and substrates 
coarsen; historical surface-water gains occur in areas where 
the valley narrows, streamflow and irrigation recharge the 
alluvial aquifer, and confining layers occur in the subsurface. 
Vertical hydraulic connectivity between multiple water-
bearing zones in the southern end of the Big Lost River Valley 
is unclear but continued monitoring of wells at multiple depths 
and additional aquifer tests could help improve understanding 
of hydraulic connectivity in this area.

In summary, this hydrogeologic framework provides an 
updated conceptual model for groundwater resources and a 
three-dimensional, data-derived hydrogeologic framework 
model used as a tool to represent the hydrogeologic units and 
subunits in the basin. The model shows the spatial distribution 
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of hydrogeologic units and subunits and, combined with 
groundwater and surface-water data, illustrates their effect on 
groundwater movement and surface-water/groundwater inter-
actions throughout the basin. Insights gained from this updated 
hydrogeologic framework will help inform current water-
resource management in the Big Lost River Basin and could 
also be used to develop a potential future groundwater model.

Introduction
As its name implies, the Big Lost River has long been 

recognized for its extensive exchanges between surface water 
and groundwater. Debler and others (1931) described several 
“sinks” where the Big Lost River loses large quantities of 
streamflow to groundwater, and other areas of large gains. 
Crosthwaite and others (1970a, p. 2) stated that “a distinctive 
feature of the Big Lost River basin is the large interchange 
of water from surface streams into the ground and from the 
ground into surface streams.” This pattern of water exchange 
affects, and is affected by, groundwater and surface-water 
resource use in the Big Lost River Basin.

The Big Lost River Basin comprises extensive moun-
tainous uplands and a narrow, intermontane valley in south-
central Idaho on the northeastern boundary of the Snake River 
Plain (fig. 1). The valley contains several small communities 
centered around irrigated agriculture, ranching, and recre-
ation. The Idaho National Laboratory (INL) lies southeast of 
the valley mouth. Streamflow losses from the Big Lost River 
recharge the eastern Snake River Plain aquifer through infiltra-
tion and basin underflow.

In September 2016, the Director of the Idaho Department 
of Water Resources (IDWR) was petitioned to designate a 
Critical Ground Water Area in the Big Lost River Basin by 
water users expressing concerns about declining groundwater 
levels, declining streamflow in the Big Lost River, and drought 
(Bernal, 2016). The IDWR received a subsequent petition to 
designate a Ground Water Management Area (Broadie, 2017a; 
2017b). Contemporaneous analysis by IDWR indicated statis-
tically significant declining trends in groundwater levels in the 
basin (Sukow, 2017). Although both petitions ultimately were 
withdrawn, water users remain concerned about the condi-
tion and future of water resources in the Big Lost River Basin 
(Bernal and Broadie, 2017). The last comprehensive study 
of water resources in the basin was done in the late 1960s 

(Crosthwaite and others, 1970a; 1970b); thus, there is a need 
for an updated evaluation of water resources in the Big Lost 
River Basin to inform current water-management decisions.

Purpose and Scope

The purpose of this report is to describe an updated 
hydrogeologic framework for the Big Lost River Basin 
to help inform current water-management decisions. The 
hydrogeologic framework includes three major parts: (1) 
a conceptual description of the hydrogeologic units, (2) a 
three-dimensional hydrogeologic framework model of the 
hydrogeologic units and subunits, and (3) a description of 
groundwater occurrence and movement within the basin. This 
framework is based primarily on a compilation and interpre-
tation of existing data and previous studies, including well-
driller reports, geologic maps, and groundwater-level data 
collected by IDWR, as well as borehole geophysical data col-
lected during this study. The three-dimensional hydrogeologic 
framework model and supporting hydrogeologic framework 
well database are available in a companion data release to 
this report (Zinsser, 2021). This hydrogeologic framework is 
the first of three planned reports on water resources of the Big 
Lost River Basin; subsequent reports are intended to present 
a water budget for the basin and to describe the results of a 
series of measurement events quantifying gains to and losses 
from surface water in the Big Lost River (Dudunake and 
Zinsser, 2021).

Study Area

The Big Lost River Basin encompasses mountainous 
uplands and an irrigated agricultural valley in south-central 
Idaho (fig. 1). The mountainous areas include the western 
face of the Lost River Range to the east, the White Knob 
Mountains to the west, part of the Pioneer Mountains to the 
far west, and part of the Boulder Mountains to the northwest. 
Most of the basin is mountainous rangeland; about 8 percent 
of the land area is agricultural land and 18 percent is forest. 
Altitude in the basin ranges from a maximum of 12,667 feet 
(ft) on Mount Borah, the highest point in Idaho, to a mini-
mum of 5,240 ft near Arco, Idaho. Mean annual precipitation 
in the basin is 18.2 inches (U.S. Geological Survey, 2016).
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The main geographic feature in the Big Lost River Basin 
is a long, narrow, northwest-trending, intermontane valley 
stretching from the headwaters of Thousand Springs Creek 
to south of Arco (fig. 1). The valley is fault-bounded on the 
eastern range front and contains extensive irrigation infrastruc-
ture, including the Mackay Dam and Reservoir and a system 
of canals. Landmarks and incorporated communities in the 
valley from north to south include Chilly, Mackay, Leslie, 
Darlington, Moore and Arco. The Big Lost River Valley 
specifically refers to the valley south of Mackay Reservoir. 
The drainage area contributing to U.S. Geological Survey 
(USGS) streamgage 13132500, located at the mouth of the Big 
Lost River Valley south of Arco, is 1,410 square miles (U.S. 
Geological Survey, 2016). Downstream from this streamgage, 
the Big Lost River arcs south and east through the INL until 
reaching the Big Lost River Sinks, where the surface water 
is lost to evaporation or percolates into the subsurface and 
recharges the eastern Snake River Plain aquifer. Streamflow 
through this full channel length is intermittent depending on 
precipitation and upstream irrigation demands. The eastern 
Snake River Plain aquifer is highly productive and consists of 
volcanic and sedimentary rocks. It is recharged through infil-
tration of precipitation, applied irrigation water, streamflow 
(including the Big Lost River), and groundwater inflow from 
tributary mountain basins (including the Big Lost River Basin) 
(Ackerman and others, 2006).

Irrigation is vital to agriculture and ranching in the Big 
Lost River Basin. The first water right was filed in 1879 by 
an early settler for a ranch north of Mackay. Copper min-
ing boomed in the White Knob Mountains and small-scale, 
irrigated agriculture began in the valley between Mackay and 
Arco in the 1880s (Bottolfsen, 1926). Extensive irrigation 
infrastructure, including the construction of Mackay Dam and 
Reservoir, was developed in the Big Lost River Basin during 
the early 1900s under the Carey Act (Lovin, 1987). By 1931, 
Livingston (1931) attributed the “present economic distress” 
to the overdevelopment of irrigated lands during the relatively 
wet period from 1904 to 1918. To supplement inadequate 
surface-water supply, extensive groundwater-resource devel-
opment occurred in the basin from 1950 to 1977 (Sukow, 
2017). Surface-water and groundwater irrigation use contin-
ues as the predominant water use for counties in the study 
area (U.S. Geological Survey, 2021a). Thus, water-resource 
management for irrigation, streamflow, and other economic 
benefits remains a vital concern in the Big Lost River Basin 
(Bernal and Broadie, 2017).

Although the Big Lost River Basin is areally extensive, 
this hydrogeologic framework focuses on the alluvial aquifer 
in the Big Lost River Valley, with less attention paid to the 
alluvial aquifer in the valley north of Mackay Reservoir, in 
the upper Big Lost River valley (the primary drainage basin 
west of Chilly, hereinafter referred to with lowercase “valley” 
as that area is not a formally designated valley in the U.S. 
Board on Geographic Names), in the Antelope Creek valley, 
and the bedrock aquifer (fig. 1). This focus is largely driven 
by predominant water-use and water-management questions 

associated with the alluvial aquifer in the Big Lost River 
Valley. Additionally, few hydrologic data are available for bed-
rock, tributaries, and upland areas. This study follows the con-
vention of Crosthwaite and others (1970a) by using “alluvial 
aquifer” to refer to the water-bearing, unconsolidated basin-
fill sediments and using “major bedrock aquifer” to refer to 
water-bearing sedimentary rocks. The Big Lost River Valley as 
far upstream as the Mackay Dam is within the boundaries of 
the Enhanced Snake Plain Aquifer Model Version 2.1 (fig. 1; 
Idaho Department of Water Resources, 2013), and Quaternary 
basalts constitute the main aquifer in the eastern Snake River 
Plain with alluvium in tributary drainage basins (Whitehead, 
1992). Thus, although groundwater in the Big Lost River 
Basin is part of and tributary to the eastern Snake River Plain 
aquifer, this study follows the nomenclature convention of 
Crosthwaite and others (1970a) to describe aquifer resources 
within the Big Lost River Basin.

Previous Work

Early work in the Big Lost River Basin focused on 
improving water delivery for irrigation and, therefore, neces-
sarily considered patterns of surface-water losses and gains. 
Debler and others (1931) described major losses of water 
from the Big Lost River in sinks near Chilly, near Darlington, 
below the Moore Diversion, and below Arco. Losses also 
were reported in Antelope Creek upstream from its conflu-
ence with the Big Lost River. Water returns to the Big Lost 
River were described upstream from Mackay Reservoir, 
in the river upstream from Mackay, and upstream from the 
Moore Diversion (fig. 1). Notably, Debler and others (1931, 
p. 3) concluded that “the waters lost by Big Lost River in 
the Chilly sinks is returned to the stream above Mackay, and 
largely so above Mackay Reservoir” and that “waters lost in 
the Darlington Sinks merely pass through the Antelope Creek 
delta and return in part to the river in the vicinity of the Moore 
dam [diversion].” Debler and others (1931) suggested using 
by-pass channels or canals to avoid losses of surface water 
to groundwater in the informally named Chilly sinks below 
the Moore Diversion and across the Antelope Creek fan but 
advised against a canal to bypass water around the Darlington 
Sinks because of cost and uncertainties regarding patterns of 
loss and gain in this area. Early work by Stearns and others 
(1938) provided a relatively detailed description of surface-
water and groundwater resources in the Big Lost River Basin 
as a part of a comprehensive volume describing the water 
resources of the Snake River Plain. This work included one 
map showing the depth to water table with depths less than 10 
ft coinciding with areas of gaining surface water, and a second 
more detailed map of groundwater surface altitudes near the 
Moore Diversion (Stearns and others, 1938).

The most comprehensive characterization of water 
resources in the Big Lost River Basin was made by 
Crosthwaite and others (1970a). The study provided a hydro-
geologic framework and water budget by drawing on a 
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wide range of new and existing data, including precipitation 
data; streamflow records and measurements; geologic maps; 
groundwater levels in approximately 200 existing wells; 
geologic and hydrologic interpretation of six new wells; and 
seismic, gravity and resistivity surveys. Crosthwaite and 
others (1970a) defined five hydrogeologic units: (1) carbon-
ate rocks, (2) noncarbonate rocks, (3) cemented alluvial 
deposits, (4) unconsolidated alluvial deposits, and (5) basalt. 
Carbonate rocks represented the major bedrock aquifer, and 
basalt locally yielded substantial quantities of water, but the 
principal aquifer was the unconsolidated alluvial fill in the val-
ley. Geophysical data were used to define basin fill geometry; 
basin fill was interpreted to be 2,000–3,000 ft in the Thousand 
Springs Creek area, relatively thin (200–400 ft) near the 
Mackay Dam, over 5,000 ft east of Mackay, and progressively 
thinning to about 2,500 ft near Arco. Test wells described mul-
tiple water-bearing zones near Arco; groundwater generally 
was unconfined but there were some areas of perched water 
and some artesian wells. Variability in groundwater gradient, 
indicated by areas of gaining versus losing streamflows, was 
attributed to variations in the cross-sectional area of the valley, 
permeability of the alluvial fill, and the quantity of water in the 
aquifer. Like previous reports, Crosthwaite and others (1970a, 
p. 34) recognized the unusually extensive connection between 
surface water and groundwater, stating that “[s]urface and 
ground water are so closely related that neither can be consid-
ered as a separate source of supply.”

Water use in the Big Lost River Basin has been a vital 
concern for almost a century (Debler and others, 1931; 
Livingston, 1931). Although early reports focused on the 
efficiency and viability of surface-water infrastructure such 
as using canals to move water past the various sinks, by 1970 
attention had turned to the potential effects of groundwa-
ter resource development. Crosthwaite and others (1970b) 
showed the value of conjunctive management of surface 
water and groundwater, suggesting that groundwater could be 
more heavily used in dry years but that use would need to be 
minimized in wet years to promote recharge because of the 
likelihood that increased groundwater withdrawals could inter-
fere with streamflows and hence affect surface-water rights. 
Nonetheless, this era included substantial development of 
groundwater resources, with groundwater appropriations in the 
basin increasing from about 1 to 80 percent of the current total 
rights from 1950 to 1977 (Sukow, 2017). Correspondingly, 
reports in the 1980s and 1990s reflect an increasing need 
to understand the nature of the groundwater resource. 
Szczepanowski (1989) summarized previous work and advo-
cated for conjunctive water-use management, Bassick and 
Jones (1992) completed an aquifer test and described ground-
water flow and pumpage in the Big Lost River Valley, and 
Johnson and others (1991) quantified the detrimental impact to 
surface-water rights from increased groundwater use. A series 
of reports in the 1980s also documented the hydrologic and 
other effects of the 1983 Borah Peak earthquake (Stein and 
Bucknam, 1985; Wood and others, 1985). In a recent review of 
groundwater levels in the Big Lost River Basin, Sukow (2017) 

reported that many wells had statistically significant declining 
trends in groundwater levels since 1977. These trends were 
attributed to a combination of more frequently occurring dry 
years and increased use of groundwater for crop irrigation and 
were concurrent with decreased surface-water diversion use.

Approach
This study is based primarily on interpretation of existing 

hydrologic and geologic information, although some origi-
nal borehole geophysical data were collected. In addition to 
a review of existing hydrologic and geologic literature, the 
development of the hydrogeologic framework was based on 
four components: (1) interpretation and digitization of well-
driller reports; (2) three-dimensional modeling of hydrogeo-
logic units and subunits using RockWorks17™; (3) analysis of 
groundwater levels, flow directions and gradients; and  
(4) collection and interpretation of borehole geophysical data.

Well Data

During the development of the hydrogeologic framework, 
a digital hydrogeologic framework well database of 621 wells 
in the Big Lost River Basin was created in RockWorks17™; 
the database includes well identifiers, location, total depth, 
borehole lithology, well construction, and other information. 
The primary source of this information was the IDWR data-
base of scanned well-driller reports for wells in Idaho (Idaho 
Department of Water Resources, 2021a). Well drillers were not 
required to obtain a permit to drill a well or submit a report 
to IDWR prior to 1987; thus, the IDWR database mostly 
contains reports since 1987 and should not be considered 
comprehensive. About 1,800 reported wells from within the 
Big Lost River Basin initially were identified using the IDWR 
“Wells” geographic information system (GIS) dataset (Idaho 
Department of Water Resources, 2018). These wells were 
winnowed down to about 600 for inclusion in this analysis. 
Wells were selected foremost to achieve good spatial coverage 
across the basin; if multiple wells were available in an area, 
the well with maximum depth or most complete lithology 
and well construction descriptions was selected for inclusion. 
Additionally, groundwater-level monitoring wells in the Big 
Lost River Basin that were not represented in the IDWR well 
construction database were added to the hydrogeologic frame-
work well database. When possible, construction and lithol-
ogy information was retrieved from USGS well data archives 
and entered in RockWorks17™. However, 10 wells without 
complete lithology and well-construction information were 
included nonetheless in the hydrogeologic framework well 
database because these wells were used to monitor groundwa-
ter levels. The digital hydrogeologic framework well database 
is available in the companion data release (Zinsser, 2021).
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Three-Dimensional Hydrogeologic-Framework 
Modeling

A three-dimensional hydrogeologic-framework model 
was developed to assist in visualizing and understanding 
hydrogeologic units in the basin. Well lithologies, inter-
preted from well-driller reports and entered in the digital 
hydrogeologic-framework well database, were assigned to 
hydrogeologic units and used to develop the three-dimensional 
model that represents the subsurface thickness and distribu-
tion of hydrogeologic units. Well locations were obtained 
from the IDWR “wells” GIS dataset (Idaho Department of 
Water Resources, 2018). Historically, well locations were 
reported to the 160-, 40-, or 10-acre tract level using the 
Public Land Survey System (PLSS); therefore, well locations 
may be approximate, although more recent wells tend to be 
more precisely located using Global Positioning System. Well 
land-surface altitudes were assigned using the USGS National 
Elevation Dataset 1/3 arc-second grid (approximately 33 ft 
or 10 meters [m]) digital elevation model; U. S. Geological 
Survey, 2020).

For modeling purposes, well lithologies were simplified 
to predominant type; for example, sandy clay was entered 
with clay as the primary lithology and sand as the secondary 
lithology. Where wells intercepted bedrock, the rock was inter-
preted based on the well-driller description, published geo-
logic maps, and professional judgment. For example, “lava” 
was interpreted as basalt when found in the southern end of 
the Big Lost River Valley, and descriptions such as “sand-
stone,” “limestone,” and “shale” were simplified to the more 
generic term “sedimentary rock.” Each well lithology was then 
assigned to an overarching hydrogeologic unit.

There are 621 wells in the hydrogeologic-framework 
well database, of which 604 are real wells and 17 are synthetic 
wells. The 17 synthetic wells were generated to improve and 
constrain model representation of key bedrock features. Of 
these 17 synthetic wells, 13 are duplicates of real wells for 
which well-driller reports showed termination in several feet 
of bedrock; in the duplicate record, bedrock was extended 
to 25 ft total at the bottom of the well to improve modeling. 
For 4 of the 17 synthetic wells, 300-ft-deep sedimentary rock 
boreholes were generated in Leslie Butte to constrain model 
representation of this bedrock feature where no actual wells 
were located. In total, 608 wells (17 of which were simulated) 
were used to generate the three-dimensional hydrogeologic 
framework model (the 13 real wells that were duplicated with 
extended bedrock were not used to generate the model).

The three-dimensional hydrogeologic framework model 
was developed in RockWorks17™ using the highest prob-
ability algorithm with a horizontal search distance of 6,562 
ft (2,000 m), a vertical search distance of 50 ft (15.2 m), and 
closest point declustering. Both feet and meters are reported 
because the model projection, Idaho Transverse Mercator, uses 

meters for horizontal location and well-driller reports use feet 
for depth. A polygon shapefile representing the alluvial aquifer 
surface trace was applied as a filter in RockWorks17™ prior to 
model processing such that the model was only developed for 
the area inside the polygon. A grid file representing the surface 
topography—with 656-ft (200-m) horizontal spacing and alti-
tude derived from the National Elevation Dataset 1 arc-second 
grid (approximately 98 ft or 30 m) digital elevation model 
(U.S. Geological Survey, 2020)—was applied as a super-
face filter in RockWorks17™ to force the model to adhere to 
surface topography. Voxel size, where one voxel constitutes 
one model point as represented in three-dimensional space, 
matched the surface grid and was 656 ft by 656 ft by 25-ft 
deep (200 m by 200 m by 7.6-m deep).

Groundwater-Level Measurements

IDWR currently maintains a network of groundwater-
level monitoring wells in the Big Lost River Basin, although 
the number and location of wells monitored have varied 
over time, and many of the wells previously were monitored 
by the USGS (table 1). Groundwater-level measurements 
therefore are available on the USGS website for older data 
(U.S. Geological Survey, 2021a), and on the IDWR web-
site for older and newer data (Idaho Department of Water 
Resources, 2021b). These data have several uncertainties. 
Groundwater levels were not barometrically corrected prior 
to October 2019, but unvented transducer data have been cor-
rected since. The land-surface elevations of the wells vary in 
provenance and thus the vertical datum cannot be verified for 
most of them. However, because groundwater-level altitudes 
vary by more than 1,000 ft from the upper to lower parts of the 
study area, the influence of uncertainties attributed to baromet-
ric effects and potential discrepancies between vertical datums 
likely are small relative to the overall gradient described. 
Groundwater levels within wells were not directly compared 
between corrected and uncorrected time periods.

Groundwater-level data were used to simulate potentio-
metric surface altitude by kriging in ArcGIS™. Because wells 
varied in instrumentation and the frequency of measurements, 
manual measurement events were preferentially selected to 
provide maximum well coverage. For each year selected, the 
groundwater-level measurements recorded closest to April 1 
or November 1, plus or minus 3 weeks, were used. Thus, data 
associated with an “April” surface for a given year may have 
been collected in March or April. Groundwater-level data also 
were used to evaluate vertical gradients in a series of shallow, 
well clusters, installed by IDWR in late 2019 as part of this 
project. Well cluster locations were selected by IDWR based 
on access and prior knowledge about areas where vertical 
gradients likely were important to understanding groundwater 
movement.
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Table 1.  Groundwater-level monitoring wells, Big Lost River Basin, south-central Idaho.

[The “x” indicates that data are available or were collected. Name: As assigned by and used in this report. IDWR, Idaho Department of Water Resources. PLSS 
identifier: Identifier used by the Idaho Department of Water Resources and based on the township, range, and section of the well. USGS identifier: Unique 
numerical identifier assigned by the U.S. Geological Survey and that can be used to access well data (https://waterdata.usgs.gov/nwis). Abbreviation and sym-
bol: PLSS: public land survey system; —, no data]

Name PLSS identifier USGS identifier
Latitude 
(decimal 
degrees)

Longitude 
(decimal 
degrees)

Land- 
surface 
altitude 

(feet)

Total 
depth 
(feet)

Well- 
driller 
report

Borehole 
geo- 

physics

IDWR-1 09N 21E 14BBC1 440649113565701 44.1137 -113.950 6,386 267 x x
IDWR-2 08N 22E 05BAA1 440321113524601 44.0596 -113.876 6,340 87 x —
IDWR-3 07N 23E 02DDA1 435739113405701 43.9614 -113.683 6,085 82 x —
IDWR-4 07N 24E 28DBA1 435434113362801 43.9087 -113.607 5,888 83.5 x —
IDWR-5 07N 24E 35CCD1 435321113343101 43.8897 -113.576 5,837 100 — —
IDWR-6 06N 25E 18ABB1 435122113313701 43.8553 -113.528 5,842 230 x —
IDWR-7 06N 25E 03AAA1 435313113272301 43.8863 -113.458 5,770 110 — —
IDWR-8a 06N 25E 10CDA1 None 43.8594 -113.471 5,693 20 x —
IDWR-8b 06N 25E 10CDA2 None 43.8594 -113.471 5,693 40 x —
IDWR-8c 06N 25E 10CDA3 None 43.8595 -113.471 5,693 50 x —
IDWR-9 06N 25E 11CBC1 435141113272401 43.8613 -113.457 5,676 160 x —
IDWR-10a 06N 25E 14DAD1 None 43.8471 -113.442 5,654 20 x —
IDWR-10b 06N 25E 14DAD2 None 43.8471 -113.442 5,654 40 x —
IDWR-10c 06N 25E 14DAD3 None 43.8471 -113.442 5,654 60 x —
IDWR-11 06N 25E 13CAB1 435100113254301 43.8499 -113.429 5,648 225 x —
IDWR-12 06N 25E 33AAB1 434847113284501 43.8130 -113.480 5,810 450 — x
IDWR-13 05N 25E 11BAA1 434705113264201 43.7846 -113.446 5,680 220 — —
IDWR-14a 05N 26E 04BDD1 None 43.7925 -113.367 5,553 20 x —
IDWR-14b 05N 26E 04BDD2 None 43.7925 -113.367 5,553 40 x —
IDWR-14c 05N 26E 04BDD3 None 43.7924 -113.367 5,553 60 x —
IDWR-15 05N 26E 05DCB1 434713113230601 43.7868 -113.386 5,592 260 — x
IDWR-16 05N 26E 08CAB1 434635113231901 43.7763 -113.389 5,593 202 Partial —
IDWR-17 05N 26E 23CDA1 434436113193901 43.7432 -113.328 5,488 203 x x
IDWR-18 05N 26E 32DBA1 434258113230601 43.7180 -113.381 5,518 250 x —
IDWR-19 04N 26E 04BBA1 434239113221801 43.7107 -113.372 5,444 160 x —
IDWR-20 04N 26E 09BCA1 434129113221901 43.6913 -113.372 5,433 96 x —
IDWR-21 04N 26E 16ABB1 434055113214701 43.6816 -113.365 5,409 139 x —
IDWR-22 04N 26E 21ABB1 434001113215201 43.6668 -113.365 5,390 760 x x
IDWR-23a 04N 26E 21ABB2 None 43.6669 -113.365 5,393 20 x —
IDWR-23b 04N 26E 21ABB3 None 43.6670 -113.365 5,393 40 x —
IDWR-23c 04N 26E 21ABB4 None 43.6670 -113.365 5,393 60 x —
IDWR-24a 04N 26E 23CCC1 None 43.6529 -113.334 5,356 20 x —
IDWR-24b 04N 26E 23CCC2 None 43.6529 -113.334 5,356 40 x —
IDWR-24c 04N 26E 23CCC3 None 43.6530 -113.334 5,356 60 x —
IDWR-25 04N 26E 26DCD1 433819113191601 43.6385 -113.322 5,332 143 — x
IDWR-26 04N 26E 32CBB1 433748113234001 43.6299 -113.395 5,371 253 x —
IDWR-27 04N 27E 31DBC1 433742113170701 43.6282 -113.286 5,344 227 — —
IDWR-28 03N 26E 03DAA1 433657113201001 43.6164 -113.338 5,349 300 x x

https://waterdata.usgs.gov/nwis
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Geophysical and Borehole Video Log Data

Borehole geophysical data and borehole video files were 
collected from 10 groundwater-level monitoring wells using 
wireline logging tools. Geophysical logs were collected only 
in cased borehole sections because of the concerns of neutron 
and gamma-gamma logging tools being ensnared in uncased 
(open) wells. For each well, the measured depth to water, 
logging date, logging depth, and log type are identified in 
table 2. Wireline geophysical and borehole video equipment 
are owned and operated by the USGS INL Project Office. The 
USGS calibrates geophysical logging equipment and sensors 
annually or on an as-needed basis.

Borehole video files were used to confirm well depth, 
well-casing integrity, well-casing size, and well obstructions 
prior to collecting geophysical data. Natural gamma, neutron, 
gamma-gamma dual density, and fluid logs were collected and 
used to examine lithology and to approximate location and 
thickness of unconsolidated sediment and rock units. The natu-
ral gamma signal was used to identify changes in lithology by 
looking at signal changes. Neutron logs are a general indicator 
of hydrogen content and, when combined with natural gamma 
logs to determine lithology location, can be used to identify 
perched groundwater. The gamma-gamma dual density log 
was used to examine bulk density changes in the rock and 
unconsolidated sediment layers. Fluid specific conductance 
and temperature provide a general indicator for changing 
water chemistry when run in a vertical fluid column.

Well-driller reports, when available, were used initially 
to identify general borehole lithology for each well. However, 
this information was general or incomplete so geophysical 
logs were used to update lithology by estimating the location 
of unconsolidated sediment and rock contacts and changes in 
unconsolidated sediment layering where reasonable. Where 
well-driller reports were not available, well lithology was 

approximated based on well-driller reports for nearby wells (2 
miles or less) and geophysical data. Wells without well-driller 
reports presented a higher degree of uncertainty when inter-
preting lithology. A more detailed description of the geophysi-
cal methods is presented in appendix 1.

Hydrogeologic Framework
The objective of this framework is to define the key 

hydrogeologic units in terms of geologic history, lithol-
ogy, hydraulic properties, and groundwater occurrence and 
movement. Given the extensive interaction of surface water 
and groundwater in the basin, this framework also addresses 
hydrogeologic controls on such exchanges.

Geologic History

The geologic history of the Big Lost River Basin is 
complex, and much of it is tangential to the movement and 
occurrence of water in the basin. As such, the geologic his-
tory is presented briefly here (fig. 2) and the reader is referred 
to other authors for more extensive treatment. The Big Lost 
River Basin is a part of the Cordilleran orogenic belt and the 
Basin-and-Range province; it lies north of the Snake River 
Plain-Yellowstone hot spot track. The oldest rocks present are 
the Archean to Paleoproterozoic metamorphic rocks exposed 
in the Pioneer core complex at the western boundary of the 
basin (Link and Janecke, 1999; Lewis and others, 2012).

Most of the sedimentary rocks exposed in the White 
Knob, Pioneer, and Lost River Ranges were deposited in 
a series of successive, passive continental margin basins 
during the Paleozoic. During the late Neoproterozoic and 
Cambrian, siliciclastic rocks of the Windermere Supergroup 

Table 1.  Groundwater-level monitoring wells, Big Lost River Basin, south-central Idaho.—Continued

[The “x” indicates that data are available or were collected. Name: As assigned by and used in this report. IDWR, Idaho Department of Water Resources. PLSS 
identifier: Identifier used by the Idaho Department of Water Resources and based on the township, range, and section of the well. USGS identifier: Unique 
numerical identifier that can be assigned by the U.S. Geological Survey to access well data (https://waterdata.usgs.gov/nwis). Abbreviation and symbol: PLSS: 
public land survey system; —, no data]

Name PLSS identifier USGS identifier
Latitude 
(decimal 
degrees)

Longitude 
(decimal 
degrees)

Land- 
surface 
altitude 

(feet)

Total 
depth 
(feet)

Well- 
driller 
report

Borehole 
geo- 

physics

IDWR-29a 03N 27E 06ACD1 None 43.6179 -113.286 5,298 20 x —
IDWR-29b 03N 27E 06ACD2 None 43.6178 -113.286 5,298 40 x —
IDWR-29c 03N 27E 06ACD3 None 43.6178 -113.286 5,298 60 x —
IDWR-30 03N 27E 08BCB1 433621113163301 43.6057 -113.277 5,274 95 — —
IDWR-31 03N 25E 16ACC1 None 43.5893 -113.484 5,530 420 x x
IDWR-32 03N 26E 16ABB1 None 43.5947 -113.366 5,342 580 x x
IDWR-33 03N 27E 19ABB1 433448113171001 43.5802 -113.286 5,272 214 — x
IDWR-34 03N 27E 19AAB1 433451113164801 43.5807 -113.281 5,270 240 — —

https://waterdata.usgs.gov/nwis
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were deposited southward into a passive basin; these rocks are 
exposed in the pebbly sandstones of the Wilbert Formation at 
the base of the Borah Peak horst, and on the western flank of 
the Pioneer core complex. An unconformable contact between 
these rocks and overlying Lower Ordovician sandstones of 
the Summerhouse Formation suggest an uplift event described 
as the Salmon River arch or Lemhi arch. Subsequent tectonic 
stability and depositional continuity began in the Middle 
Ordovician, represented geologically by the Kinnikinic 
Quartzite, and extended through the Devonian. Extensive car-
bonate banks developed during the Silurian, manifested in the 
dolomitic rocks of the Fish Haven and Laketown Formations. 
These rocks are exposed along much of the western face of 
the Lost River Range (Link and Janecke, 1999; Lewis and 
others, 2012). The Antler orogeny, characterized by pre-
sumed uplift to the west, occurred in the Late Devonian and 
Early Mississippian and is represented in the clastic foreland 
basin deposits of the McGowan Creek Formation argillite 
and conglomerates of the Copper Basin Group. In the Late 
Mississippian and Pennsylvanian, large carbonate bank com-
plexes developed east of the Antler trough, eventually prograd-
ing to the west over the former trough. These carbonate bank 
deposits are extensive and include the White Knob Limestone 
and the Big Snowy, Surrett Canyon, South Creek, and Scott 
Peak Formations. These rocks are exposed most prominently 
in the upper Big Lost River, in the White Knob Mountains 
near Mackay (including abutting the Mackay Dam), near 
Leslie, along Antelope Creek, and at the southern end of the 
Lost River Range east of Arco (Link and Janecke, 1999; Lewis 

and others, 2012). Fine-grained siliciclastic and carbonate 
rocks deposited in the basin during the Pennsylvanian and 
Permian include the Snaky Canyon and Arco Hills Formations 
and are exposed most prominently at the mouth of Antelope 
Creek and in the Arco Pass Basin (Skipp and others, 1979; 
Link and Janecke, 1999; Lewis and others, 2012).

The development of the Cordilleran orogenic belt in 
the Mesozoic caused crustal deformation and shortening 
expressed in widespread folding and faulting. Regional thrust 
faults in the Pioneer Mountains in the western part of the Big 
Lost River Basin developed during this time, including the 
Hawley Creek-Copper Basin thrust plate that comprises the 
rocks exposed in the White Knob Mountains, the Lost River 
Range, and other ranges beyond the study area (Link and 
Janecke, 1999; Lewis and others, 2012). Extension and fault-
ing occurred in the Tertiary prior to, continued synchronously 
with, and post-dated the Eocene Challis magmatic event. The 
Challis magmatic event was relatively short-lived but intense, 
producing lava flows, tuffs and intrusive rocks. The resulting 
Challis Volcanic Group includes some intrusive rocks that 
outcrop in the White Knob Mountains east of Mackay and 
minor sedimentary rocks throughout the Big Lost River Basin, 
but most of the rocks associated with the magmatic event 
are andesitic and dacitic lava flows and tuffs. These volcanic 
rocks unconformably overlie the Paleozoic sedimentary rocks 
and are prominent throughout the western side of the Big 
Lost River Basin in the Pioneer, Boulder, and White Knob 
Mountains (Moye and others, 1988; Link and Janecke, 1999; 
Lewis and others, 2012).

Table 2.  Summary of geophysical and video data collected from 10 wells in the Big Lost River Basin, south-central Idaho.

[Geophysical data presented in this report were collected by the U.S. Geological Survey (USGS) based on well access. Borehole video files were run in both 
cased and open borehole sections. The “x” indicates that a measurement was collected and analyzed. Name: As assigned by and used in this report; site 
identifiers used by the USGS and Idaho Department of Water Resources (IDWR) are in table 1. DTW: Depth to water (DTW) is the measured depth to water 
taken from water-level measurement collected prior to logging the well. Date: Physical date on which the logs were collected. Logged depth: Logging depth 
reported from land surface to approximate bottom hole depth or where the tool started recording data. Log type: Type of geophysical measurement collected. 
Abbreviations and symbol: BLS, below land surface; mm-dd-yyyy, month-day-year; Temp., temperature; SpC., specific conductance; —, no data]

Name
DTW 

(feet BLS)
Date 

(mm-dd-yyyy)

Logged depth Log type

Top 
(feet 
BLS)

Bottom 
(feet 
BLS)

Natural 
gamma

Neutron
Gamma- 
gamma

Temp./ 
SpC.

Bore- 
hole 

video

IDWR-1 82.75 09-12-2019 0 250 x x x x x
IDWR-12 206.13 09-11-2019 0 402 x x x x x
IDWR-15 57.79 09-11-2019 0 131 x x x — x
IDWR-17 30.53 09-11-2019 0 171 x x x — x
IDWR-22 599.62 09-11-2019 0 720 x x x — x
IDWR-25 45.77 11-19-2019 0 133 x x x — x
IDWR-28 208.64 09-10-2019 0 298 x x x — x
IDWR-31 333.28 09-10-2019 0 414 x x x x x
IDWR-32 447.07 11-19-2019 0 538 x x x — x
IDWR-33 176.27 11-19-2019 0 192 x x x — x
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The eastern Snake River Plain represents the track of vol-
canism formed by the migration of the Yellowstone hot spot as 
the North American Continental Plate moved westward over a 
mantle plume during the late Tertiary and into the Quaternary 
(Pierce and Morgan, 1992). Basaltic shield volcanoes likely 
began as fissure eruptions and lasted as long as several months 
at a central vent or vent complex. These features define vol-
canic rift zones, which are linear arrays of volcanic landforms 
and structures. The volcanic rift zones developed roughly par-
allel to the basin-and-range structures at the boundaries of the 
eastern Snake River Plain (Kuntz and others, 1992). Craters 
of the Moon National Monument and Preserve is centered on 
the Great Rift, and the Arco-Big Southern Butte rift extends 
southeast from approximately Arco; flows from these rift 
zones mostly date to the Holocene (Kuntz and others, 1992; 
Skipp and others, 2009). Basaltic flows from the Craters of 
the Moon lava field are present in the far southwestern end of 
the study area, whereas the Lost River butte (the basalt knob 
west of Arco) and most of the basalts at the south end of the 
study area are associated with the Arco-Big Southern Butte rift 
(Kuntz and others, 1992; Skipp and others, 2009); these rocks 
are more broadly described as the Snake River Group. Uplift 
occurring with the Arco-Big Southern Butte rift created a new 
drainage divide and forced the west-flowing Pliocene Big Lost 
River east to its current course (Hodges and others, 2009).

Extension associated with Basin-and-Range faulting 
began in the late Tertiary, continues to the present, and gener-
ated the Lost River Range. Faults associated with this event 
generally strike northwest (Link and Janecke, 1999). The Lost 
River fault most recently ruptured in 1983 with the magnitude 
7.3 (Richter scale) Borah Peak earthquake, originating at a 
depth of about 13 kilometers (km) and manifesting at the land 
surface with a fault scarp that visibly offsets alluvial deposits 
by more than 4 m. The Lost River fault is a normal fault for 
which the movement is down to the west (that is, the main val-
ley is down-dropped relative to the Lost River Range) and has 
an estimated 2.7 km of structural relief (Stein and Bucknam, 
1985). Thus, the present geometry of the main valley devel-
oped in the late Tertiary and is defined by Basin-and-Range 
extension and the Snake River Plain volcanism.

Less comprehensive geologic work has been done on the 
alluvial deposits of the Big Lost River Basin, but the timing 
of basin development suggests that alluvial fill in the main 
valley has been accumulating since the late Tertiary. Small 
cirque and valley glaciers were present in the Lost River 
Range and in the Pioneer and White Knob Mountains during 
the Pleistocene (Pierce and Scott, 1982). Pleistocene glacial 
deposits form most of the alluvial valley fill in the East and 
North Forks of the Big Lost River and in parts of the main 
valley northeast and southwest of Chilly (Lewis and others, 
2012). The extensive river valley and alluvial fan gravels were 
deposited largely during the Pleistocene under markedly dif-
ferent climatic conditions and greater streamflow in both glaci-
ated and non-glaciated drainages (Pierce and Scott, 1982). 
Although cementation occurs in some older alluvial deposits 
(Crosthwaite and others, 1970a), limited cementation has 

been described in more recently mapped alluvial fan surfaces 
and vertical sections (Patterson, 2006; Kenworthy and others, 
2014). Alluvial deposits in the valley thus consist of glacial 
deposits in the upper Big Lost River and tributaries, extensive 
alluvial fans along the range fronts in the main valley, and 
fluvial stream deposits along the main axis of the valley. The 
cut and fill nature of streams and the subsequent reworking of 
glacial and alluvial deposits by stream migration has generated 
a highly spatially heterogenous distribution of sediments in 
the valley.

Adding to the complexity of the basin fill, basalt flows 
of the Snake River Group encroached from the south in the 
Quaternary, creating an area of interbedded basalt rocks and 
unconsolidated sediments in the southern end of the valley. 
Several researchers have suggested that basalt flows from the 
south have intermittently dammed the Big Lost River and 
produced a laterally continuous, fine-grained deposit in the 
subsurface near Arco (Stearns and others, 1938; Crosthwaite 
and others, 1970a). Detailed geologic mapping of the area 
shows at least three laterally extensive basalt flows that poten-
tially could have blocked the Big Lost River for a period of 
time (Skipp and others, 2009).

Hydrogeologic Units

Given the complex geologic history of the Big Lost River 
Basin, the hydrogeologic units are defined broadly to simplify 
hydrogeologic interpretation and modeling, and to accord with 
the level of information available in the well-driller reports. 
The hydrogeologic units are shown in figures 2–3.

Paleozoic Sedimentary Rocks
Paleozoic sedimentary rocks, with minor Neoproterozoic 

rocks, constitute the oldest hydrogeologic unit. The Paleozoic 
sedimentary rocks unit includes siliciclastic rocks such as the 
sandstones of the Windermere Supergroup and Summerhouse 
Formation, the Kinnikinic Quartzite, the argillite of the 
McGowan Creek Formation, and conglomerates of the Copper 
Basin Group. However, most of the rocks in this unit represent 
the extensive carbonate bank deposits from the Silurian (dolo-
mitic rocks of the Fish Haven and Laketown Formations), 
Mississippian (White Knob Limestone and limestones of the 
Big Snowy, Surrett Canyon, South Creek, and Scott Peak 
Formations), and the Pennsylvanian to Permian (limestones 
of the Snaky Canyon and Arco Hills Formations) (figs. 2–3). 
Most of the porosity and permeability within the Paleozoic 
sedimentary rocks units likely are secondary in faults and 
fractures, but dissolution porosity and permeability may occur 
in some materials. Hydraulic conductivities derived from the 
literature for similar materials (limestone, dolomite, sandstone, 
and siltstone) range from 1.3×10-6 to 2,000 feet per day (ft/d) 
(Spitz and Moreno, 1996), where larger values are associated 
with fractured rocks (table 3).
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Figure 3.  Hydrogeologic units, regional faults, and lithology intercepts for wells in the Big Lost River Basin, south-central Idaho. 
Geology is simplified from Lewis and others (2012).
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Well-driller reports and springs issuing from carbonate 
rocks indicate the importance of the Paleozoic sedimentary 
rocks unit as water-bearing at the margins of the alluvial aqui-
fer and this unit likely is important to subsurface alluvial aqui-
fer recharge at depth. Several prominent springs issue from 
Paleozoic sedimentary rocks in the Lost River Range, includ-
ing Lower Cedar Creek and a series of springs along the Lost 
River fault northeast of Thousand Springs Creek. Crosthwaite 
and others (1970a) suggested that Hamilton Springs and Warm 
Springs, located near the head of Warm Springs Creek on the 
west side of the valley, discharge from carbonate units that 
outcrop nearby but are obscured by alluvium at the springs. Of 
the 604 real wells in the hydrogeologic framework well data-
base, 48 intersect sedimentary rocks and of these, 39 are open 
to the sedimentary unit. Most of these 48 wells are located 
along the western margin of the main valley, in Antelope 
Creek valley, or in the upper Big Lost River valley, and a few 
are located on the eastern side of the valley (fig. 3).

Although the quality of lithology descriptions in the well-
driller reports varies widely, the Paleozoic sedimentary rocks 
are not universally water-bearing. For example, well-driller 
reports describe (1) these rocks as having alternating water-
bearing and fractured versus non-water-bearing and competent 
layers; (2) other rocks with long, non-water-bearing intervals; 
and (3) still other rocks with “caverns” producing no drilling 
fluid or cuttings returns. Hydraulic properties are heterogenous 
within the Paleozoic sedimentary rocks unit likely because 

of the diversity of geologic formations constituting the unit. 
Variability in hydraulic properties may be attributed to  
(1) differences in formation (for example, siliciclastic versus 
dolomite or limestone formations) that affect porosity; (2) 
fracture patterns at an unknown spatial scale (for example, 
alternating fractured and unfractured formations) that influ-
ence permeability; or (3) structural patterns (location of forma-
tions relative to faults) that dictate permeability. However, the 
well-driller reports and other available geologic information 
lack the detail to resolve these differences and as such, these 
rocks are grouped as one hydrogeologic unit. Generally, the 
Paleozoic sedimentary rocks unit is productive at the margins 
of the alluvial aquifer and likely is important to subsurface 
recharge in the alluvial aquifer.

Tertiary Volcanic Rocks
The Tertiary Challis Volcanic Group rocks, including 

the minor associated intrusive and sedimentary rocks, are 
grouped into the Tertiary volcanic rocks hydrogeologic unit 
(figs. 2–3). Composed of andesite, dacites and minor tuffs, this 
unit is assumed to have relatively low primary porosity and 
permeability, but fractures and faults likely provide second-
ary porosity and permeability and may be locally important 
for water production. Published hydraulic conductivities for 
similar rocks (fine-grained igneous rocks and tuff) range from 
4.0×10-5 to 370 ft/d (Spitz and Moreno, 1996) (table 3).

Table 3.  Published ranges of hydraulic conductivity, transmissivity, and storage coefficient for hydrogeologic units in the Big Lost River 
Basin, south-central Idaho.

[Data sources are noted in table footnotes. Abbreviations and symbol: ft/d, foot per day; ft2/d, feet squared per day; —, no data]

Hydrogeologic unit Material
Range of hydraulic 
conductivity (ft/d)

Transmissivity 
(ft2/d)

Storage 
coefficient

Paleozoic sedimentary 
rocks

Limestone, dolomite, sandstone, 
siltstone

11.3×10-6–2,000 — —

Tertiary volcanic rocks Fine-grained igneous rocks, tuff 14.0×10-5–370 — —
Quaternary basalt rocks Basalt, thin, fractured, sediment 

interbeds
20.01–24,000 — —

Basalt, massive, fractured, sediment 
interbeds

26.5–1,400 — —

Quaternary unconsoli-
dated sediments

Clay 32.8×10-6–0.0028 — —
Silt, sandy silts, clayey sands, till 30.0028–0.28 — —
Silty sands, find sands 30.028–2.8 — —
Well-sorted sands, glacial outwash 32.8–280 — —
Well-sorted gravel 328–2,800 — —
Gravel, sand and clay — 461,000–330,000 40.0001–0.02
Gravel, sand and clay — 561,000–180,000 50.0006–0.001

1Spitz and Moreno, 1966.
2Ackerman and others, 2006.
3Fetter, 2001.
4Theis method in Bassick and Jones, 1992.
5Jacob method in Bassick and Jones, 1992.
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Well-driller reports suggest that the Tertiary volcanic 
rocks unit may be important as a source of water to wells in 
small areas at the margins of the alluvial aquifer. Of the 604 
real wells in the hydrogeologic framework well database, 43 
intersect the Tertiary volcanic rocks unit and of these, 34 are 
screened or open to the volcanic rock. Most of these 43 wells 
are in the upper Big Lost River valley or its tributaries, along 
Antelope Creek, or south of Mackay. Based on highly vari-
able lithologies described in the associated well-driller reports 
and regional geologic mapping (Skipp and others, 2009), the 
wells south of Mackay are in a fault zone (fig. 3). Therefore, 
the most important observation from this cluster of wells is the 
likely importance of the fault zone to the movement of water, 
rather than the lithology. In the Antelope Creek and East Fork 
Big Lost River valleys, multiple wells intersect the Tertiary 
volcanic rock unit, but most are screened in the Quaternary 
unconsolidated sediments above the volcanic rocks or in the 
uppermost, fractured bedrock. Thus, well-driller reports sug-
gest that the Tertiary volcanic rocks hydrogeologic unit may 
be a locally important source of water, particularly associated 
with fault and fracture zones.

Quaternary Basalt Rocks
The Quaternary basalt rocks are an important hydrogeo-

logic unit in the southern end of the Big Lost River Valley 
(figs. 2–3). Surface outcrops of basalt occur as far north as 
the Lost River butte west of Arco, but the northern subsurface 
extent of basalt is unclear because few deep (greater than 
250 ft) wells have been drilled in the valley north of Arco. 
Subsurface intercepts of basalt occur about 5,000 ft north of 
the Lost River butte at an altitude of 5,034 ft (314 ft below 
land surface) in well ID 384237, and 3,300 ft north of the 
Lost River butte at an altitude of 4,960 ft (430 ft below land 
surface) in well IDWR-22. Using results from a surficial 
resistivity geophysical survey, Crosthwaite and others (1970a) 
suggested that volcanic rocks, either of the Challis Volcanic 
Group or the Snake River Group, may occur at depth north 
of Moore. However, no well-driller reports reviewed by this 
study confirmed the presence of basalt in the subsurface far-
ther than 5,000 ft north of the Lost River butte.

The Quaternary basalt rocks hydrogeologic unit includes 
all basalt rocks in the study area not because they have the 
same hydraulic properties but because the well-driller reports 
lack the detail necessary to resolve hydraulic differences 
between the various basalt flows. Of the 604 real wells in the 
hydrogeologic framework well database, 74 intercept at least 
one basalt flow; however, wells open to the Quaternary basalt 
rocks often are open to multiple water-bearing zones of either 
alluvium or basalt. Basalt flows and alluvial layers above, 
below, or between basalt flows can be all water-bearing, which 
is broadly consistent with extensive hydrogeologic character-
ization of the basalt flows in the INL.

Ackerman and others (2006) define three basalt hydro-
geologic units (numbered 1 to 3) underlying the INL; the 
upper two units are composed of Snake River Group rocks 
and, therefore, are pertinent to basalts of the Big Lost River 
Basin. Ackerman and others (2006) hydrogeologic unit 1 

comprises relatively young, thin, densely fractured basalts 
with higher hydraulic conductivity and porosity than that 
of hydrogeologic unit 2 and with water transmitted through 
interflow zones. Ackerman and others (2006) hydrogeologic 
unit 2 is composed of relatively young, massive, less densely 
fractured basalts with lower hydraulic conductivity and poros-
ity than hydrogeologic unit 1. The researchers suggest that 
sediment deposits between basalt layers likely affect hydraulic 
properties. For example, fine-grained sediment that fills cracks 
and voids may reduce hydraulic conductivity, but insuf-
ficient data were available to define hydraulic conductivity 
for the sediment layers (Ackerman and others, 2006). High-
permeability interflow zones, which are highly fractured areas 
at the margins of basalt flows, are critical to hydraulic con-
ductivity in the eastern Snake River Plain aquifer (Whitehead, 
1992; Welhan and others, 2002). Although the basalt units 
of the Big Lost River Basin lack the detailed information 
needed to correlate them to the INL hydrogeologic units, 
detailed interpretation of the latter suggest that heterogenous 
conditions are likely to exist within and between the various 
basalt and alluvial layers in the Big Lost River Basin. Based 
on the properties of basalt hydrogeologic units described by 
Ackerman and others (2006), hydraulic conductivities in the 
Quaternary basalt rocks hydrogeologic unit can vary from 0.01 
to 24,000 ft/d, with the highest values associated with inter-
flow zones (table 3).

Quaternary Unconsolidated Sediments
Quaternary unconsolidated sediments comprise the most 

heavily used hydrogeologic unit in the Big Lost River Basin 
(figs. 2–3). Most (441) of the 604 real wells reviewed for the 
hydrogeologic framework well database are completed in 
unconsolidated sediments and do not intercept consolidated 
rock; these wells are in addition to the subset of wells that 
intercept consolidated rock but are nonetheless completed 
in sediments. As described in section, “Geologic History,” 
unconsolidated sediments in the basin have three general 
origins: glacial, alluvial, or fluvial. Although the locations of 
these sediments generally are predictable based on geologic 
mapping—glacial sediments are exposed in the upper reaches 
of the Big Lost River and tributaries, alluvial fan sediments 
occur at the valley margins, and fluvial stream sediments are 
deposited along the valley axis (Lewis and others, 2012)—the 
geologic origin of sediments largely cannot be resolved within 
the well-driller reports. Thus, unconsolidated sediments are 
assigned to the same overarching Quaternary unconsolidated 
sediments hydrogeologic unit and are subcategorized as a sub-
unit according to dominant grain size (boulders, gravel, sand, 
clay) or other defining characteristics (cemented sediment, 
soil). Soils are unsaturated but serve an important function 
as infiltration passes through them to become recharge, and 
soils are frequently noted in well-driller reports; thus, soil was 
included as a subunit to fully represent ground conditions. 
Silt rarely was described in the reports and thus was grouped 
with clay because of similar hydrogeologic properties. Wells 
represented in the hydrogeologic framework well database are 
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completed in every unconsolidated sediment subunit except 
soil. The Quaternary unconsolidated sediments unit comprises 
the alluvial aquifer.

The large range of grain sizes present in the Quaternary 
unconsolidated sediments hydrogeologic unit has a corre-
spondingly large range of hydraulic conductivities. Published 
hydraulic conductivities for unconsolidated sediments 
encompassing variable sorting and grain size distributions are 
shown in table 3; hydraulic conductivity values range from 
2.8×10-6 to 0.0028 ft/d for clay and from 28 to 2,800 ft/d for 
gravel (Fetter, 2001). Transmissivity and storage coefficient 
were calculated for the alluvial aquifer southwest of Moore 
in an aquifer test completed by Bassick and Jones (1992) and 
are shown in table 3. The aquifer was described as layered 
gravel, sand and clay with some degree of local confinement. 
Transmissivity ranged from 61,000 to 330,000 ft2/d, and 
storage coefficient ranged from 0.0006 to 0.02 (Bassick and 
Jones, 1992).

As described in section, “Geologic History,” the history 
of sediment deposition and volcanism suggests that subunits 
within the Quaternary unconsolidated sediment hydrogeo-
logic unit are likely to be highly discontinuous vertically and 
laterally. However, some general patterns of permeability 
have been reported by previous investigators. Quaternary 
unconsolidated sediment subunits tend to be coarser (sand and 
gravel) and more well-sorted proximal to the Big Lost River, 
and more poorly sorted with more clay towards the valley 
margins. This pattern manifests in less draw-down for wells in 
the more permeable subunits in the central axis of the valley 
(Crosthwaite and others, 1970a), and greater draw-down, less 
permeability, and more frequent confining conditions at the 
margins of the valley (Crosthwaite and others, 1970a; Bassick 
and Jones, 1992). Confining conditions also are reported in 
well-driller reports for wells near Arco and may be associated 
with a fine-grained, laterally continuous confining layer depos-
ited after basalt flows dammed the Big Lost River (Stearns 
and others, 1938; Crosthwaite and others, 1970a; Skipp and 
others, 2009).

Geophysical Results

The results from the borehole geophysics were difficult 
to interpret in detail for many wells because multiple cas-
ing strings and large-diameter wells muted the response of 
the geophysical tools. Additionally, unknown construction 
methods and limited or entirely missing lithology descrip-
tions further complicated interpretation. The primary goal for 
the borehole geophysics was to help determine and define, if 
applicable, the presence of a laterally continuous, fine-grained 
confining layer. Based on the results of the geophysics, as well 
as the three-dimensional hydrogeologic framework model, 
confining layers in the Big Lost River Basin aquifer generally 
are spatially discontinuous. Thus, the borehole geophysical 
results primarily are helpful in resolving local-scale lithol-
ogy and are discussed in sections, “Three-Dimensional 
Hydrogeologic Framework Model” and “Groundwater 
Occurrence and Movement,” as pertinent. The full borehole 

geophysical results are presented in appendix 1 or can be 
accessed online through the GeoLog Locator web page (U.S. 
Geological Survey, 2021b).

Three-Dimensional Hydrogeologic Framework 
Model

As described in section, “Approach,” the three-
dimensional hydrogeologic framework model was developed 
with lithology data from 608 wells (fig. 4). The hydrogeologic 
framework well database and three-dimensional hydrogeo-
logic framework model are available in the companion data 
release (Zinsser, 2021). The hydrogeologic framework model 
is used primarily to describe the spatial distribution of hydro-
geologic units in the Big Lost River Basin. An overview of the 
model boundaries, model zones, well locations, and geologic 
section lines is provided in figure 4. Model zones were delin-
eated to simplify display and discussion of the model; they do 
not imply or represent hydrologic boundaries. Geologic sec-
tions parallel to the long-axis of a valley are referred to herein 
as long sections; sections that cut across a valley (perpendicu-
lar to the long-axis) are referred to herein as cross sections. 
The geologic sections illustrate slices of the three-dimensional 
hydrogeologic framework model with intercepted wells 
shown to illustrate how accurately the model represented well 
lithology. However, the model slice depicted in the section 
was developed from multiple proximal wells according to the 
modeling algorithm search distances (6,562 ft horizontal, 50 ft 
vertical); thus, hydrogeologic units and subunits represented 
in section may or may not occur in the intercepted wells. The 
model also contains interpolation gaps in some areas owing to 
the sparseness of underlying well data; these gaps are depicted 
as blank areas in the geologic sections.

Upper Big Lost River and Tributaries
The upper Big Lost River and tributaries primarily 

consist of upland areas dominated by the Paleozoic sedi-
mentary rocks and Tertiary volcanic rocks units and narrow 
valleys with glacial and alluvial deposits constituting the thin 
Quaternary unconsolidated sediments unit. Correspondingly, 
the hydrogeologic framework model in the upper Big Lost 
River and Antelope Creek valleys has a greater volume of 
the Paleozoic sedimentary rocks and Tertiary volcanic rocks 
units (44 percent total), and more boulders (12 percent) in the 
Quaternary unconsolidated sediments unit, than in the main 
valley (table 4; fig. 5). Well data are sparse, but most wells 
are relatively shallow and are completed in the Quaternary 
unconsolidated sediments unit, although some deeper bed-
rock wells are completed in Paleozoic sedimentary rocks 
unit (fig. 6A–6B). In both the upper Big Lost River and 
Antelope Creek, the Quaternary unconsolidated sediments 
generally thicken and coarsen towards the mouth of the val-
ley (fig. 6A–6B); this pattern is coincident with documented 
streamflow losses in the Chilly sinks and the Antelope Creek 
fan (Crosthwaite and others, 1970a; Clark, 2022).
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Table 4.  Hydrogeologic unit volumes in each hydrogeologic framework model zone, Big Lost River Basin, south-central Idaho.

[Hydrogeologic unit volumes by model zone are derived from the three-dimensional hydrogeologic framework model. Model zone boundaries are shown in 
figure 4. All numbers in table are percentages]

Model zone
Paleozoic 

sedimentary 
rocks

Tertiary 
volcanic 

rocks

Quaternary 
basalt 
rocks

Quaternary unconsolidated sediments

Boulders Clay
Cemented 
sediments

Gravel Sand Soil

Upper Big Lost River and 
tributaries

22 22 0 12 13 2 16 12 2

Valley above Mackay Dam 15 0 0 1 18 4 24 35 2
Big Lost River Valley be-

tween Mackay Dam and 
Moore Diversion

16 8 0 3 14 10 29 19 1

Big Lost River Valley south 
of Moore Diversion

2 0 45 0 25 4 9 14 1
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Figure 5.  Hydrogeologic unit volumes in each hydrogeologic framework model zone, Big Lost River Basin, south-central Idaho. 
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Valley Above Mackay Dam
The valley above Mackay Dam represents an alluvial fill, 

structurally controlled extensional basin with the Paleozoic 
sedimentary rocks unit in the east and northwest range fronts 
and Tertiary volcanic rocks unit to the west. The Quaternary 
unconsolidated sediments unit is variable in depth and sub-
units are laterally discontinuous with variable grain size. This 
is shown in the model, with deeper Quaternary unconsolidated 
sediments with more clay north of Chilly; deeper and coarser 
sediments near the Chilly sinks; and shallower and coarser 
sediments approaching the Mackay Reservoir (figs. 4, 7). The 
area with fine subunits (clay) shown north of Chilly (figs. 4, 
7A–7B) aligns with geophysical results (app. 1, well IDWR-1) 
and well-driller reports of confining conditions. Areas with 
coarse sediment subunits (sand and gravel) align well with 
documented streamflow losses in the Chilly sinks (figs. 4, 
7A–7C) and streamflow gains upstream from the Mackay 
Reservoir (Crosthwaite and others, 1970a). Some deep wells 
in the Paleozoic sedimentary rocks unit occur on the eastern 
valley margin and near Chilly (figs. 4, 7A), indicating the 
importance of this unit to water production at the margins of 
the Quaternary unconsolidated sediments unit. Overall, the 
Quaternary unconsolidated sediments unit in this part of the 
model is predominantly coarse (59 percent gravel and sand 
subunits), although the clay subunit (18 percent) and Paleozoic 
sedimentary rocks unit (15 percent) also represent appreciable 
model volumes (table 4; fig. 5).

Big Lost River Valley Between Mackay Dam and 
Moore Diversion

Below Mackay Dam, the Big Lost River Valley narrows 
substantially, with Paleozoic sedimentary rocks outcropping 
in the east and west, Tertiary volcanic rocks outcropping in 
the west, and thin Quaternary unconsolidated sediments in the 
valley bottom. The structurally controlled valley widens and 
deepens between Alder Creek and the Moore Diversion, with 
a thicker Quaternary unconsolidated sediment unit dominated 
by coarse subunits (gravel and sand). Prominent alluvial fans 
occur on the eastern range front throughout this part of the val-
ley. The model represents the narrow, thin Quaternary uncon-
solidated sediments as shown in the sections through Mackay, 
with the Tertiary volcanic rocks unit on the west and Paleozoic 
sedimentary rocks unit on the east (fig. 8A–8B). The thin 
Quaternary unconsolidated sediments unit near Mackay has 
been associated historically with reported streamflow gains 
(Stearns and others, 1938; Crosthwaite and others, 1970a). 

The western Tertiary volcanic rocks unit and eastern Paleozoic 
sedimentary rocks unit shown in figure 8B broadly agree with 
regional geology, but the modeled contact between the units is 
inconsistent with expected stratigraphy and was derived solely 
from the model extrapolation algorithm; it is unlikely to be an 
accurate representation of the subsurface geology.

Paleozoic sedimentary rocks also outcrop in Leslie Butte 
and are represented in the model at the head of the Darlington 
Sinks (figs. 4, 8A, 8C). The Darlington Sinks, known for large 
historical and contemporary streamflow losses (Crosthwaite 
and others, 1970a; Rice and Boyd, 2008; Dudunake and 
Zinsser, 2021), align with coarse subunits (gravel and sand) 
interpolated within the Quaternary unconsolidated sediments 
unit (figs. 8A, 8C, 9A). Fine subunits (clay) occur near the 
Moore Diversion (figs. 4, 9A–9B) where streamflow gains 
have been described historically (Debler and others, 1931; 
Crosthwaite and others, 1970a). Overall, this zone of the 
model has the highest proportion of the gravel subunit (29 per-
cent) and lesser amounts of the sand (19 percent) and clay (14 
percent) subunits within the Quaternary unconsolidated sedi-
ments unit, and the Paleozoic sedimentary rocks unit repre-
sents 16 percent (table 4; fig. 5). This zone also has the highest 
proportion of cemented sediments subunit (10 percent), which 
likely owes to the occurrence of wells in the large alluvial fans 
on the eastern range front.

Big Lost River Valley South of Moore Diversion
The Big Lost River Valley south of the Moore Diversion 

is characterized by laterally discontinuous subunits of the 
Quaternary unconsolidated sediments unit and interbedding of 
this and the Quaternary basalt rocks unit as the valley opens 
onto the volcanic rift zones of the eastern Snake River Plain. 
Correspondingly, from Moore to just north of the Lost River 
butte, the model represents only the Quaternary unconsoli-
dated sediments unit with predominantly coarser subunits 
(gravel and sand) in the long section and cross section (figs. 
4, 10, 11A). Well-driller reports describe multiple water-
bearing and non-water-bearing zones near Moore and long 
open intervals occur in wells in this area (fig. 10). The cross 
section through Moore (fig. 11A) also shows some clay on the 
western valley margin with wells open below the clay subunit; 
this is consistent with reports of a confining layer in this area 
(Bassick and Jones, 1992) and consistent with the conceptual 
understanding of coarse-grained sediments in the valley axis 
and fine-grained sediments at the margins (Crosthwaite and 
others, 1970a).
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From approximately the Lost River butte to south of 
Arco, the hydrogeologic framework model represents inter-
bedded Quaternary unconsolidated sediments and Quaternary 
basalt rocks units (figs. 4, 10). Basalt is first intercepted in the 
model at well IDWR-22 north of the Lost River butte; from 
that point south, basalt becomes increasingly predominant in 
the model. Wells are open in multiple units at various depths; 
this is visible in the long section (fig. 10) and cross section 
(figs. 11B–11C, 12) and is consistent with previous descrip-
tions of water-bearing unconsolidated sediments and basalts in 
this area (Crosthwaite and others, 1970a). For example, wells 
are open in two distinct basalt flows and multiple separate 
sand and gravel subunits in the long section through Arco 
(fig. 10), and are open in at least three basalt flows and several 
sand and clay subunits in the cross section south of Arco 
(fig. 12). Clay subunits also become notably more dominant 
in the Arco area, which is congruent with previous reports of 
a fine-grained confining layer in this area (Stearns and others, 
1938; Crosthwaite and others, 1970a). Overall, this model 
zone represents 45-percent Quaternary basalts rocks unit and 
53 percent Quaternary unconsolidated sediments unit, with 
major subunits clay (25 percent), sand (14 percent) and gravel 
(9 percent gravel) (table 4; fig. 5).

Model Limitations and Uncertainties
The three-dimensional hydrogeologic framework model 

is limited by the quality of the underlying well data, gener-
alization of the hydrogeologic units, and model parameters. 
Well-driller reports introduce multiple types of uncertainty 
into the model. As described in section, “Approach,” substan-
tial uncertainty exists for the precise location of older wells. 
Although care was taken during digitization to remove wells 
that had obviously incorrect locations, more subtle errors may 
persist, and many wells are located only as precisely as the 
center of the nearest quarter section. Distribution of wells also 
varies; limited wells were available in tributaries to the Big 
Lost River and parts of the upper Big Lost River valley, and 
much greater well density was available in the valley south 
of Mackay but coverage at the margins of the valley was 
still limited.

The quality of lithology descriptions varied widely 
between well-driller reports and was necessarily interpreted 
and simplified for representation in the model. Contacts 
between hydrogeologic units and subunits should be con-
sidered approximate, and rotary drilling methods can cause 
underestimation of fine-grained sediments. The use of 

simplified hydrogeologic units causes transitions between 
units and subunits to be abrupt whereas they may be more 
gradual. As discussed in the “Hydrogeologic Units” section, 
substantial differences in hydraulic properties within hydro-
geologic units almost certainly exist but cannot be resolved 
with the level of detail available in well-driller reports and 
other sources. Ideally, the three-dimensional hydrogeologic 
framework model would fully represent bedrock geology, 
faults, and aquifer geometry. However, wells (and hence well-
driller reports) are heavily concentrated in the upper 250 ft of 
the alluvial aquifer and represent small-scale alluvial units, 
whereas aquifer geometry is best defined by the geophysical 
results reported in Crosthwaite and others (1970a) but repre-
sents thousands of feet, with no information to inform aquifer 
properties in between. Likewise, bedrock geologic structure, 
stratigraphy, and contacts can be broadly inferred from state-
wide and regional geologic mapping (Skipp and others, 2009; 
Lewis and others, 2012), but wells intercepting bedrock are 
limited and, thus, representation of bedrock in the hydrogeo-
logic framework model is poor.

The three-dimensional hydrogeologic framework model 
is subject to the limitations of the underlying modeling 
algorithm and the decisions of the modeler. In the extensively 
faulted Big Lost River Basin, the highest-probability algorithm 
produced more geologically plausible interpretations with a 
more robust statistical basis than the other algorithm options. 
This algorithm nonetheless is sensitive to the search distances 
(6,562 ft or 2,000 m horizontal; 50 ft or 15.2 m vertical); these 
distances were selected to be approximately twice the aver-
age borehole spacing (about 3,281 ft or 1,000 m) and twice 
the vertical step (25 ft or 7.6 m), and were based on trial and 
error. Limited horizontal and vertical extrapolation distances 
are reasonable in the highly discontinuous alluvial sediments 
but vary in performance for describing bedrock. The 25-ft 
(7.6-m) vertical step likely is too coarse to accurately represent 
some small-scale, important features such as local confining 
layers while also being too fine for practical representation 
in groundwater flow models. The horizontal extrapolation 
distance is conservative for connecting the basalt units around 
Arco (and fails to plausibly connect basalt at depth in well 
IDWR-22 with the basalt in wells in Arco), but a greater hori-
zontal extrapolation distance tended to produce implausible 
bedrock projections for the Tertiary volcanic and Paleozoic 
sedimentary rock units in other parts of the basin. Thus, the 
selected vertical and horizontal search distances represent 
reasonable albeit imperfect compromises between modeling 
objectives.
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Groundwater Occurrence and Movement

Groundwater Occurrence
Based on the lithologies and depths of the wells in 

the hydrogeologic framework well database, groundwater 
resources are most heavily used in the Quaternary unconsoli-
dated sediments unit within 250 ft of the land surface; this 
unit comprises the alluvial aquifer. The Paleozoic sedimen-
tary rocks and Tertiary volcanic rocks units are important to 
water production and recharge at the margins of the alluvial 
aquifer, and the Quaternary basalt rocks unit is important to 
water production at the southern end of the Big Lost River 
Valley, but less data are available for these units than for the 
Quaternary unconsolidated sediments unit. Thus, most of the 
discussion of groundwater occurrence and movement focuses 
on the alluvial aquifer of the Quaternary unconsolidated sedi-
ment unit.

Although groundwater-level monitoring data exist 
for the Big Lost River Basin and can be used to describe 
regional groundwater movement in some parts of the valley 
(see section, “Groundwater Altitude and Flow Direction”), 
the coverage of these data is relatively sparse for the scale 
of the basin (fig. 1). Therefore, the depth to the top of the 
screened, perforated, or open interval (described herein as 
open or opening) for wells in the hydrogeologic framework 
well database was used to describe the general occurrence of 
water-bearing zones across the study area (fig. 13). Although 
the well opening data provided the best spatial coverage of 
water-bearing zones, these data have limitations and should 
not be understood as the top of the aquifer, nor as a poten-
tiometric surface. For example, well-driller reports describe 
water found tens of feet before screen or perforations were 
installed in some wells, other wells are open solely at the 
bottom, and still other wells are open over long intervals 
(greater than 100 ft). The depth to screen therefore is deeper 
than the top of the aquifer in some places, may be shallower 
than a seasonally fluctuating water table in other places, and 
is a poor proxy for the potentiometric surface where wells are 
screened below confining layers. Additionally, domestic wells 
frequently are shallower with shorter screen intervals than 
irrigation wells, and wells often are drilled deeper over time, 
but well types and development date were reasonably evenly 
distributed across the basin and thus not expected to overly 
influence the results. Therefore, although it is an imperfect 
proxy, depth to well opening for the 604 real wells in the 
hydrogeologic framework well database was used to provide 
some insight into the general depth to water-bearing zones at 
a spatial resolution not possible using the groundwater-level 
monitoring wells.

Although wells are limited in the tributaries to the 
Big Lost River (East Fork and North Fork Big Lost River, 
Wildhorse Creek, Antelope Creek) and the valley above 
Chilly, the existing data suggest that groundwater is relatively 
shallow in these areas, with well intervals open less than 105 
ft below land surface (fig. 13). Other areas with relatively shal-
low open intervals agree with historical accounts of areas with 
gaining streamflows, including above the Mackay Reservoir, 
between the towns of Mackay and Leslie, above the Moore 
Diversion, and near Arco. Similarly, areas of historical sinks 
align with moderate depth well openings (105–260 ft) in 
the Darlington Sinks but not in the Chilly sinks, where well 
openings were shallower (less than 105 ft). Some areas with 
deep well openings (261–662 ft) include wells northwest of 
Chilly, and wells open in bedrock at the valley margins south 
of Mackay, near Pass Creek, in the narrow part of Antelope 
Creek valley coincident with several mapped faults (Skipp and 
others, 2009), and south of Arco (fig. 13).

Groundwater Altitude and Flow Direction
Groundwater movement through an aquifer occurs as 

water flows from areas with higher hydraulic head to areas 
with lower hydraulic head; these head distributions are 
described by potentiometric surface maps. The IDWR main-
tains a network of groundwater-level monitoring wells in the 
Big Lost River Basin (table 1); these groundwater-level data 
were used to develop potentiometric surface maps to describe 
general groundwater movement between approximately 
Mackay and Arco. Because of the existence of confining layers 
in some parts of the valley, potentiometric surfaces are used 
here to be inclusive of both confining and non-confining con-
ditions. The groundwater-level data, and hence the potentio-
metric surfaces, have some important limitations. For exam-
ple, only about 24 wells have been semi-regularly measured 
over time, only three monitoring wells are located north of 
Mackay, and well completion depths and construction methods 
vary. Furthermore, wells may be open to multiple permeable 
zones, or screened in a locally confined layer. Several wells 
in the long-term monitoring network were removed from this 
analysis because they are screened in deep basalt (well  
IDWR-32) or in deep Quaternary unconsolidated sediments 
below basalt (wells IDWR-22 and IDWR-27) or indicate 
reservoir surface-water levels (well IDWR-3). Because the 
relation between groundwater and surface water is not known 
for all river sections, and because where known, relations can 
vary seasonally and over time (Dudunake and Zinsser, 2021), 
contours were generated without respect to surface-water 
altitudes.
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Groundwater flow generally mimics topography, with 
flow overall down-valley to the south (fig. 14). Consistent 
with previous reports (Crosthwaite and others, 1970a; Bassick 
and Jones, 1992), the groundwater gradient flattens, around 
15 feet per mile (ft/mi), between Darlington and Moore as the 
valley widens. The groundwater gradient steepens, around 65 
ft/mi, at the mouth of the Big Lost River Valley as the alluvial 
aquifer transitions to the deeper, basalt aquifer in the eastern 
Snake River Plain (Stearns and others, 1938; Whitehead, 
1992; Ackerman and others, 2010). Despite inconsistencies in 
the monitoring well network over time, 50-ft contour inter-
vals of the potentiometric surface altitude are similar between 
April 1968 and April 2019, although the overall potentiometric 
surface altitude has lowered (that is, lines of equal poten-
tial occurred farther upgradient in 2019 than in 1968) from 
approximately Leslie through Moore (fig. 14).

Time-series data showing potentiometric surface altitude 
for select wells in the Big Lost River Valley show interan-
nual fluctuations that likely respond to annual precipitation, 
recharge and irrigation demand, and decadal variations that 
likely are influenced by climatic cycles (fig. 15). Consistent 
with the potentiometric surface altitude map (fig. 14), the 
wells near Mackay (well IDWR-5) and south of Arco (well 
IDWR-33) show dampened fluctuations (11- and 23-ft maxi-
mum change, respectively), whereas wells between the Moore 
Diversion and Arco (IDWR-16 to IDWR-21) show larger fluc-
tuations (71–109 ft maximum change; fig. 15). Wells south of 
Darlington show similar responses over time, suggesting that 
despite the presence of locally confining conditions in some 
areas, at least the upper 200 ft of the Quaternary unconsoli-
dated sediments unit is hydraulically well connected overall.

Fluctuations in potentiometric surface altitudes also are 
common seasonally, although the direction of change can 
vary. For example, 2017 was a wet year for the basin (Natural 
Resources Conservation Service, 2017; Clark, 2022), and 
potentiometric surface altitudes in the basin showed increases 
(that is, lines of equal potential moved downgradient) during 
April–November 2017 (fig. 16). An increase in the potentio-
metric surface is particularly apparent between Leslie and 
Arco, and suggests that natural recharge, incidental recharge 
from irrigation, and (or) intentional aquifer recharge activi-
ties occurring during irrigation season can increase storage in 
the aquifer over months. Alternately, 2020 was a dry year for 
the basin (Natural Resources Conservation Service, 2020), 
and potentiometric surface altitudes declined during April–
November 2020 (fig. 17), particularly between Leslie and 
Arco. These fluctuations suggest that drawdown on the aquifer 
can be substantial over the course of an irrigation season and 
that hydrogeologic units in this area are highly transmissive 

and well-connected. Substantial changes in groundwater stor-
age in this part of the basin are consistent with results from 
Clark (2022) that indicate incidental recharge is important to 
the groundwater budget in this area. Notably, potentiometric 
surface altitudes around Mackay and south of Arco changed 
relatively little seasonally or interannually; this may be a func-
tion of less groundwater demand in these areas and (or) aqui-
fer characteristics such as volume, permeability, and zonation.

Information about vertical hydraulic gradients in the Big 
Lost River Basin is limited. To address this data gap, a series 
of shallow (20-, 40-, and 60-ft) well clusters were installed 
by IDWR in late 2019 (fig. 1); the data therefore have a 
short period of record but nonetheless are helpful in describ-
ing vertical gradients in key locations. At well cluster site 
IDWR-8, located immediately north of Leslie Butte and near 
the Darlington Sinks, water consistently was present only in 
the mid-depth (40-ft) well, which suggests limited groundwa-
ter adjacent to Leslie Butte in 2019 and 2020 (fig. 18). Also 
occurring in the Darlington Sinks, the shallow (20-ft) well at 
well cluster site IDWR-10 due east of Leslie Butte was dry 
in late 2019 and 2020, but potentiometric surface altitudes in 
the 40- and 60-ft wells indicated a large downward gradient, 
although responses were somewhat decoupled between the 
two wells (fig. 18). At well cluster sites IDWR-14, IDWR-23, 
and IDWR-29, potentiometric surface altitudes at each depth 
are within inches of each other and responses are similar, sug-
gesting no or little vertical gradient in these areas during late 
2019 and 2020 and limited attenuation within 60 ft of the land 
surface (fig. 18). The 20- and 40-ft wells at well cluster site 
IDWR-24 have nearly identical potentiometric surface alti-
tudes, whereas the 60-ft well potentiometric surface altitude is 
lower than the shallow wells; this indicates a downward verti-
cal gradient and some attenuation at the lowest well (fig. 18). 
Notably, the southernmost well cluster sites (IDWR-23, 
IDWR-24 and IDWR-29) show rapid increases in potentio-
metric surface altitude in March 2020; this rapid recharge was 
synchronous with increased streamflow in the Big Lost River 
below the Moore Diversion (streamgage 13132100), and the 
resumption of streamflow through the Big Lost River near 
Arco (streamgage 13132373) and south of Arco (streamgage 
13132500) (fig. 18). This response suggests that potentio-
metric surface altitudes at depths of as much as 60 ft can be 
rapidly influenced by the resumption of streamflow in the Big 
Lost River. Thus, although the well cluster data are limited in 
temporal scale, they support existing understandings of verti-
cal gradients in shallow groundwater (less than 60 ft) in the 
Big Lost River Valley.
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Figure 14.  Groundwater potentiometric surface altitude, Big Lost River Valley, south-central Idaho, April 1968 and April 2019. Vertical 
datum could not be verified for all well altitudes.
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Deeper vertical gradients (greater than 60 ft) and con-
nectivity of water-bearing zones in the southern end of the 
Big Lost River Valley cannot be fully described with exist-
ing data. Wells in this part of the basin are variable in depth 
(fig. 13) and open to Quaternary unconsolidated sediments 
and Quaternary basalt rocks hydrogeologic units (figs. 11C, 
12), but it is unclear if the multiple water-bearing zones are 
hydraulically connected. Detailed logging for the deep (760-ft) 
groundwater-level monitoring well, IDWR-22, noted five 
discrete water-bearing zones and a “cavernous” basalt that 
“would take more than 500 [gallons per minute] without dif-
ficulty” (Crosthwaite and others, 1970a, p. 74). This well is 
screened below the basalt and open to Quaternary unconsoli-
dated sediments at 656–661 ft (altitude 4,734–4,729 ft) and 
685–690 ft (altitude 4,705–4,700 ft). The potentiometric sur-
face altitude (around 4,800 ft) in well IDWR-22 is lower than 
the altitude in nearby wells (IDWR-21 around 5,400 ft and 

IDWR-25 around 5,300 ft, fig. 19; and IDWR-23 around 5,370 
ft and IDWR-24 around 5,350 ft, fig. 18). Hydrographs of the 
potentiometric surface altitude over the last 20 years show 
similar multiyear fluctuations in the deep well (IDWR-22) and 
the shallower wells (IDWR-21 and IDWR-25) but the shallow 
wells show more annual variability (fig. 19). This suggests 
that both shallow and deep water-bearing zones are influenced 
by similar long-term impacts such as climate variability but 
does not resolve local hydraulic connection, particularly given 
the water-taking basalt flow between the water-bearing zones. 
Doing an aquifer test in a well screened within 100–200 ft of 
the land surface near Arco and measuring the response in the 
deep well (IDWR-22) and nearby well clusters (IDWR-23 
and IDWR-24) could help to determine hydraulic connection 
between the shallow (less than 60 ft), middle (100–200 ft) and 
deep (760 ft) water-bearing zones.
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Figure 15.  Groundwater potentiometric surface altitudes for select wells, Big Lost River Valley, south-central Idaho, 1949–2020. 
Vertical datum could not be verified for all well altitudes.
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Figure 17.  Groundwater potentiometric surface altitude, Big Lost River Valley, south-central Idaho, April and November 2020. Vertical 
datum could not be verified for all well altitudes.
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Insights and Data Gaps
This hydrogeologic framework provides an updated con-

ceptual model and a data-derived three-dimensional hydrogeo-
logic framework model of the hydrogeologic units in the Big 
Lost River Basin. Combined with existing groundwater-level 
and streamflow data, the three-dimensional model also pro-
vides a means to test hypotheses regarding confining layers, 
vertical gradients, and controls on groundwater-surface-water 
interactions, and to address current management questions 
on water occurrence and movement in the basin. This section 
addresses some of the water-management insights from and 
data gaps in the hydrogeologic framework.

Hydrogeologic Controls on Groundwater and 
Surface Water

The three-dimensional hydrogeologic framework model 
shows general patterns in subsurface hydrogeologic units and 
subunits that are consistent with the geologic history and sup-
port some previous hypotheses regarding controls on gaining 
and losing river reaches and the extent of confining subunits. 
Coarse-grained, highly transmissive subunits occur in the sub-
surface along the main axis of the valley, and coarse-grained 
subunits occur on major tributary alluvial fans such as Alder 
Creek (fig. 8C) and Antelope Creek (fig. 6B), and near Chilly 
where the Big Lost River enters the main valley (fig. 6A). This 
pattern is consistent with well-sorted and fluvially reworked 
sediments expected proximal to the Big Lost River and major 
tributaries. In contrast, more clay subunits and confining con-
ditions occur at the margins of the valleys, consistent with the 
occurrence of alluvial fans with more poorly sorted sediment 

and distal deposition of finer-grained fluvial sediment. 
Groundwater-level monitoring wells between Darlington and 
Arco (IDWR-11 to IDWR-21) show the greatest fluctuations 
in groundwater levels (fig. 15), indicating that highly trans-
missive subunits in this part of the Big Lost River Valley are 
susceptible to variations in recharge and groundwater use, and 
suggesting that declining groundwater levels in this part of the 
valley could affect streamflows (Dudunake and Zinsser, 2021). 
These findings are consistent with observations of previous 
researchers (Crosthwaite and others, 1970a; Johnson and oth-
ers, 1991; Bassick and Jones, 1992), but the three-dimensional 
hydrogeologic framework model provides a spatial interpreta-
tion of the hydrogeologic units that can be used in the devel-
opment of a potential future groundwater model.

The three-dimensional hydrogeologic framework model 
also provides insights into patterns of surface-water losses to 
and gains from groundwater in the Big Lost River. Previous 
researchers attributed these patterns to changes in aqui-
fer width proportionate to valley width (Livingston, 1931; 
Stearns and others, 1938; Crosthwaite and others, 1970a), 
changes in porosity (Livingston, 1931; Crosthwaite and 
others, 1970b; Rice and Boyd, 2008), and changes in water 
quantity (Crosthwaite and others, 1970a). The thickness of the 
Quaternary unconsolidated sediments is critical for under-
standing spatial variations in aquifer volume but remains 
poorly defined. Thicknesses interpreted from geophysical sur-
veys range from about 100 ft near Mackay to 5,000 ft between 
Mackay and Leslie, and average around 2,000 ft (Crosthwaite 
and others, 1970a), whereas changes in valley width are on 
the order of several miles. Thus, changes in valley width 
likely exert primary control on the volume of the Quaternary 
unconsolidated sediments and subsequently affect river gains 
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Figure 19.  Groundwater potentiometric surface altitude for select wells, Big Lost River Valley, 
south-central Idaho, 2000–20. Vertical datum could not be verified for all well altitudes.
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and losses, although depth may be more important to aquifer 
geometry in the narrow valley near Mackay and fault struc-
tures may also play a role throughout the basin.

Historical Big Lost River streamflow losses and gains are 
associated with changes in the alluvial aquifer geometry and 
porosity. Losses in the Chilly sinks occur in coarse-grained 
sediments (fig. 6A) where the valley widens as the upper 
Big Lost River flows into the main valley. Streamflow gains 
upstream and downstream from Mackay Reservoir occur in 
a relatively narrow part of the valley with shallow bedrock 
(fig. 8B). Losses in the Darlington Sinks occur in a wide part 
of the valley where the aquifer is coarse-grained (figs. 8A, 9A). 
Structural controls in this fault-bounded basin also may play a 
role in aquifer geometry and streamflow losses but could not 
be thoroughly explored in this study. Streamflow gains occur 
as the valley narrows upstream from the Moore Diversion 
and near Arco (fig. 1), but other factors also likely influence 
streamflow in these areas.

Although the valley narrows near the Moore Diversion, 
Antelope Creek also enters the Big Lost River Valley in this 
area. Antelope Creek is diverted for irrigation use and lost to 
the subsurface (Crosthwaite and others, 1970a; Clark, 2022), 
thereby contributing to aquifer recharge. Potentiometric 
surface altitudes also are influenced by interannual variations 
in precipitation and seasonal irrigation demands (figs. 15–16). 
High potentiometric surface altitudes are associated with large 
surface-water gains and low potentiometric surface altitudes 
are associated with surface-water losses (Dudunake and 
Zinsser, 2021). Thus, aquifer geometry, groundwater recharge 
by Antelope Creek, and variations in groundwater use all 
likely affect the occurrence and magnitude of surface-water 
gains in the Big Lost River above the Moore Diversion.

Historical streamflow gains in the Big Lost River near 
Arco likely are influenced by local porosity, aquifer zona-
tion, and changing irrigation practices. Historical accounts 
described a shallow water formation that fluctuated with the 
river level (Stearns and others, 1938); more recently, Owsley 
(2013) reported that the timing of streamflow gains coincided 
with irrigation season. The three-dimensional hydrogeologic 
framework model shows a laterally continuous clay subunit 
in the shallow subsurface (about 50–100 ft below the sur-
face) near Arco (figs. 10, 11C), and shallow (20-ft to 60-ft) 
wells at well cluster site IDWR-24 show a rapid response to 
changes in surface-water management (that is, resumption 
of flows in the Big Lost River through Arco; fig. 18). This 
response suggests that the application of irrigation water and 
leakage from the Big Lost River and canals can cause rapid 
recharge of the alluvial aquifer above the confining layer near 
Arco, in turn producing streamflow gains downstream in the 
Big Lost River. Diminishment of streamflow gains over time 
may be the result of decreased potentiometric surface altitude 
in the uppermost unconfined zone although the hydraulic 
connection between this and the underlying confined zone is 
unclear. If the upper zone is perched, decreased groundwater 
levels could be influenced primarily by localized effects like 
decreased incidental recharge (Johnson and others, 1991) due 

to increased efficiency of irrigation methods (such as canal 
lining and conversion of flood irrigation to center pivots). If 
the upper zone is hydraulically connected to the underlying 
zone, decreased potentiometric altitudes could be affected by 
decreases in local incidental recharge and regional changes 
in water use and climate that have caused statistically sig-
nificant groundwater-level declines throughout the Big Lost 
River Basin (Sukow, 2017). Given the spatial heterogeneity 
of subunits within the Quaternary unconsolidated sediments, 
the upper unconfined zone and lower confined zone likely are 
hydraulically connected at least at the valley scale. Continued 
monitoring of groundwater levels in IDWR-24 (in the upper 
unconfined zone) and IDWR-25 (in the lower confined zone) 
and (or) doing an aquifer test in IDWR-25 would improve 
understanding of hydraulic connectivity.

Data Gaps

One of the major limitations of this hydrogeologic 
framework is that wide spacing between long-term ground-
water monitoring wells limits detailed interpretation of the 
potentiometric surface. A synoptic groundwater-level mea-
surement event that captured upwards of 200 wells, similar to 
the networks in Crosthwaite and others (1970a) and Bassick 
and Jones (1992), would provide a clearer understanding of 
current potentiometric surface altitude and flow directions 
and potentially would illustrate changes since the 1968 and 
1991 measurement events. Likewise, additional data collec-
tion at the well clusters would continue to yield insights about 
interannual and seasonal variability in vertical groundwater 
gradients. Aquifer tests near Arco could improve understand-
ing of hydraulic connectivity between the shallow (60-ft), 
middle (100–200-ft) and deep (700-ft) water-bearing zones. 
Continued monitoring and trend analysis of groundwater 
levels in irrigated and non-irrigated areas would help in under-
standing whether declines in groundwater levels are continu-
ing, and if so, whether declines are driven by either climate 
or water use, or both. In the three-dimensional hydrogeologic 
framework model, an improved geologic representation that 
incorporates bedrock contacts, geometry, and faults would 
improve the understanding of recharge at the valley margins. 
Additional geophysical work to refine the Quaternary uncon-
solidated sediments unit geometry could help define aqui-
fer volumes.

Summary
Water resources in the Big Lost River Basin of south-

central Idaho are vital to local irrigated agriculture, ranching, 
domestic, and other uses, and also contribute recharge to the 
Eastern Snake River Plain aquifer, but the last comprehensive 
study of water resources in the basin was completed over 
fifty years ago. The U.S. Geological Survey, in cooperation 
with the Idaho Department of Water Resources, developed 
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an updated hydrogeologic framework of the Big Lost River 
Basin to help address current challenges in water-resources 
management.

The hydrogeologic framework of the Big Lost River 
Basin provides a conceptual basis for understanding ground-
water resources in the basin and comprises three main parts: 
(1) a conceptual description of hydrogeologic units, (2) a 
three-dimensional hydrogeologic framework model used as a 
tool to represent the spatial occurrence of the hydrogeologic 
units, and (3) a description of groundwater occurrence and 
movement within the hydrogeologic units. The Lost River 
Basin has four main hydrogeologic units. First, the Paleozoic 
sedimentary rocks unit, comprising carbonate rocks with 
lesser siliciclastic rocks, forms the major bedrock aquifer 
and contributes subsurface recharge at the valley margins to 
the Quaternary unconsolidated sediments unit. Second, the 
Tertiary volcanic rocks unit (primarily andesites, dacites, and 
tuffs) is a locally important source of water, particularly in 
faulted and fractured zones. Third, the Quaternary basalt rocks 
unit comprises several important water-bearing zones in the 
southern end of the Big Lost River Valley. Finally, the most 
important hydrogeologic unit and main source of groundwater 
in the Big Lost River Basin is the Quaternary unconsolidated 
sediments unit. This unit comprises the alluvial aquifer and 
is further subdivided by grain size or other distinguishing 
characteristics into six subunits: boulders, gravel, sand, clay, 
cemented sediments, and soil.

The three-dimensional hydrogeologic framework model 
describes the spatial distribution of the hydrogeologic units 
and provides insights into hydrogeologic controls on long-
observed patterns of water movement. Within the Quaternary 
unconsolidated sediments unit, coarse and well-sorted subunits 
(gravel and sand) generally occur in the center of the valley 
and on major tributary fans (Alder and Antelope Creeks), and 
spatially discontinuous and fine subunits (clays) are located 
along the valley margins. This general pattern results in some 
local confinement at valley margins, and greater horizontal 
hydraulic conductivity in the center of the valley than along 
the sides of the valley. Historically losing reaches of the Big 
Lost River in the Chilly and Darlington Sinks are associated 
with valley widening and coarse unconsolidated sediment 
subunits (sand and gravel). Historically gaining reaches of the 
Big Lost River are associated with valley narrowing (above 
and below the Mackay Reservoir, above the Moore Diversion 
and near Arco), recharge from surface water and irrigation 
(above the Moore Diversion and near Arco), and confining 
layers (near Arco) in the Quaternary unconsolidated sediments 
hydrogeologic unit.

Groundwater flow generally mimics topography and 
potentiometric surface altitudes show substantial seasonal, 
interannual, and decadal fluctuations in response to annual 
precipitation, irrigation, recharge and climate variability; these 
fluctuations likely affect streamflow in the Big Lost River. 
Data on vertical gradients are limited, but downward gradi-
ents generally spatially align with areas of historical stream-
flow losses and shallow groundwater recharge. Well opening 
data captured in the hydrogeologic framework well database 

provide insights into water-bearing zones, including general 
patterns in the depth of water-bearing zones and the occur-
rence of multiple water-bearing zones in the southern end 
of the Big Lost River Valley, although the vertical hydraulic 
connection between the southern zones is unclear. Overall, 
the hydrogeologic framework provides a conceptual basis to 
understand groundwater resources in the Big Lost River Basin 
and largely aligns with previous assessments of the hydrogeol-
ogy. The use of the three-dimensional hydrogeologic frame-
work model provides a three-dimensional representation of the 
hydrogeologic units that, paired with water data, yields new 
insights to help inform current water-resources management in 
the basin.
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Appendix 1.  Borehole Geophysical Methods and Logs
This appendix contains a description of the bore-

hole geophysical methods and the geophysical logs for 10 
groundwater-level monitoring wells in the Big Lost River 
Basin for which borehole geophysics were completed. The 
well locations are shown in figure 1 of the main report, and 
a summary of the borehole geophysics completed for the 
wells is in table 2 of the main report. Geophysical data also 
are available through the GeoLog Locator web page (U.S. 
Geological Survey, 2021b).

Borehole Geophysical Methods

Borehole geophysical data and borehole videos were col-
lected from 10 groundwater-level monitoring wells that ranged 
in depth from 143 to 760 feet below land surface. Borehole 
video files were used to confirm well depth, well casing 
integrity, well casing size, and well obstructions. Geophysical 
logs were collected only in cased borehole sections because 
of the concerns of neutron and gamma-gamma logging tools 
being ensnared in uncased (open) wells. Borehole geophysical 
logs were used to examine lithology and approximate location 
and thickness of sediment and rock units. Well-driller reports, 
when available, were used initially to identify general borehole 
lithology for each well. However, this information was general 
or incomplete so geophysical logs were used to update lithol-
ogy by estimating the location of unconsolidated sediment and 
rock contacts and changes in unconsolidated sediment layering 
where reasonable. Where well-driller reports were not avail-
able, well lithology was approximated based on well-driller 
reports for nearby wells (2 miles away or less) and geophysi-
cal data. Wells without well-driller reports presented a higher 
degree of uncertainty than wells with well-driller reports when 
interpreting lithology. Large borehole diameters, unknown 
construction materials, and use of multiple casing strings also 
present more geophysical uncertainty observed through muted 
signal response. Because of the limitations in interpretation, 
a generalized lithology approach was applied for each of the 
10 wells reviewed as part of this study. Sediment layers were 
described as clay, silt, sand, and gravel layers or as a combina-
tion of multiple grain sizes such as gravel with clay, gravel 
with sand, and sand with clay. Sedimentary rock lithologies 
consisted of sandstone and limestone; volcanic rock litholo-
gies consisted of basalt.

Natural Gamma Logs
Natural gamma logs record gamma radiation emitted 

by naturally occurring radioisotopes. The natural gamma 
detector measures total gamma radiation without distinguish-
ing among individual contributions of the various isotopes. 
The natural gamma signal was used to identify changes in 
lithologies by examining signal changes. For example, natural 
gamma was used to identify a transition from a clay layer to a 

gravel layer or from unconsolidated sediments to basalt rock 
by examining subtle signal changes. Natural gamma logs are 
especially useful when used in combination with well-driller 
reports because continuous geophysical logs are well suited 
to approximate where changes to lithologic contacts occur 
by indicating where the signal changes, whereas well-driller 
reports can only approximate the location of contacts based on 
cutting returns. For this study, the natural gamma log was used 
to estimate the well lithology in combination with available 
well-driller reports.

Neutron Logs
Neutron logs are a general indicator of hydrogen content, 

and when combined with natural gamma logs (which indi-
cate sediment location), they can be used to identify perched 
groundwater. The neutron detector continuously records 
induced radiation produced by bombarding surrounding media 
(casing, formation, and fluid) with fast neutrons (energies 
greater than 105 electron volts) from a sealed neutron source, 
which collide with surrounding atomic nuclei until they are 
captured (Keys, 1990). The neutron probe used by the USGS 
INL Project Office has an americium/beryllium neutron source 
and a helium-3 detector that counts slow (thermal) neutrons 
(those that have energies less than 0.025 electron volts). The 
neutron logs were collected through drill casing after confirm-
ing casing integrity using borehole videos. For this study, 
the neutron log and approximated porosity log were used to 
estimate where groundwater was likely moving and where 
porosity was elevated. The neutron log also was used in 
combination with the natural gamma log to identify changes in 
lithology.

Gamma-Gamma Dual Density Logs
Gamma-gamma dual density logging detects Compton-

scattered gamma rays that originate from a fully encapsu-
lated 0.2-curie cesium-137 source. The radioactive source is 
threaded into the bottom of the tool during operation, like the 
neutron source. The intensity of the gamma radiation reflected 
back to the probe is a function of the media’s electron density 
after it is backscattered or absorbed in a drill hole, borehole 
fluid, or surrounding media. In this study, an omni-directional, 
dual detector sonde that responds to density variation in counts 
per second was used; it registered higher counts per second 
for lower density material. The gamma-gamma dual density 
log was used to examine bulk density changes in the rock and 
sediment layers.
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Fluid Logs
Fluid specific conductance and temperature were mea-

sured in 3 of the 10 wells in this study; however, the logs were 
run under partially disturbed fluid conditions where borehole 
videos were run as the first log. Specific conductance mea-
sures the ability of groundwater to conduct electric current and 
changes in specific conductance generally are related to dis-
solved solid concentrations within the fluid column. Specific 
conductance provides a general indicator for changing water 
chemistry when run in a vertical fluid column. Water tempera-
ture also can provide evidence for changes in water chemistry 
and (or) suggest where groundwater is moving or not moving 
within a vertical borehole. For this study, fluid logs provided a 
good indicator for where groundwater flow occurred within a 
well column and the general range of specific conductance and 
water temperature for the well.

Borehole Geophysical Logs

The geophysical logs for 10 groundwater-level moni-
toring wells in the Big Lost River Basin are available in an 
Adobe Acrobat® PDF file for download at https://doi.org/​
10.3133/​sir20215078A.
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